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Abstract

The structure and development of the upper haustorium

in the Parasitic Angiosperm Cuscuta japonica Choisy

Jin-A Kim
advisior : Prof. Kyu Bae Lee
Major in Biology Education

Graduate School! of Education Chosun University

The structure and development of the haustorium of a parasitic
angiosperm Cuscuta japonica Choisy growing on the host plant
Impatiens balsamina L. was studied with [light and electron
microscopy. Three-day-old seedlings of the parasitic plant grew at
30C in the dark and for three days in the light. As these
six-day-old seedlings were made in contact with the host plant
stem, the upper hasutorium, which lies external to the host organ,
was initiated endogenously from cortical cells at the middle layers
of the parasite stem at the contact side. The initial cells
possessed large nuclei and dense cytoplasm containing a lots of
cell organelles such as dictyosomes, mitochondria, rough
endoplasmic reticulum, plastids with starch grains and thylakoids,

and lipid droplets. As the contact between the parasitic and host



plants was kept, haustorial initial cells were developed into a
group of meristematic cells. Cytological feature of the
meristematic cells was similar to that of the initial cells.
Especially the meristematic cells had plastids with developed
thylakoids, abundant ribosomes, and several small vacuoles with
electron-dense particles. At this time, epidermal cells of the
parasite stem at the contact side had dense cytoplasm and
conspicuous nuclei and were changed into somewhat elongate form. As
the haustorial maturation was progressed, the meristematic cells
developed into an upper haustorium, that consisted of three cell
types: (i) at the central region, very enlarged elongate cells
(digitate cells) with very dense cytoplasm and large nuclei; (ii)
at the proximal to the digitate cells, smaller file cells with
conspicuous nuclei, and (iii) at the distal to the digitate cells,
compressed cells. The file cells were divided periclinally and
anticlinally, and thus they were arranged in several files. The
digitate cells contained very large nuclei with a few nucleolei.
Their dense cytoplasm including various and abundant organelles:
especially the digitate cells contain a few types of plastids that
had thylakoids, crystalline inclusion, and starch grain.
Ultrastructural evidence was suggested that the digitate cells were
metabolically very active. It was thought that the three cell types
was formed to invade into the host tissue. On the other hand, Tips

of elongate epidermal cells at the side contacted host were

_Vi_



branched |ike toes, in which cytoplasm and nuclei were localized.
In the cytoplasm of the branched tips, vesicles containing
electron-dense particles were fused with plasma membranes and the
particles were released into walls and then were secreted to spaces
outside the folded-walls. It was interpreted as the secreted
material might play a important role in cementing the upper

haustorium on the surface of host organ.
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I. F

SR E JtEdlols 2E50] doprt=d B3 FEIN 4G EAE 574
E(EXHEZERE d= AEE Aed, olE ZIAIARE(FAEHTFHEY,
parasitic angiosperm)olZti 3ttt 7JAYAAELE £FAERYES] B &

TE 7L 3o 27kA] R LE EEY. S VAR Bl GFLEER

x1

F)E FAHY o] FAH FRACEAER)E & F gl B9, 82 &
EFN 2§57 9% EAMMAE SFAEERE dE F9=E ojd &S 94A
71 A& (52 E MY, holoparasite T obligate parasite)ol2ta 3o}, 3k
H, FFY $8E AU YA sF4E0 dAHo R & & A& v
71 A B (L H MY, hemiparasite T facultative parasite)o]dta 3ot

(Kuijt, 1977).

T A AHE 7[Fo R IS W, 55252 B rIdste /3
(root parasite)d &7] 2 Qo] FEA 71Ast= 48 (shoot parasite)<.
TES7IZ 3, d2A, 33 (Santalaceae) 2t €37 (Orobancaceae), B4}
F}(Scrophulariaceae) Foll &ate 7| EEL 5459 P 7145,
SFAE AR Jldd ZA¥ss AEA Aol (Loranthaceae EE
Viscaceae) ¢t ®l &3} (Convolvulaceae) ] MA4&(Cuscuta) A& 5°] ATk,

IR AAZ ] AAA x5, G 30F 4009F, EFIANE 145
1801 F, dtol= 264 5600 F, AjabSols 15091, 2o Aol st
£ 604 90099Fo] &alA Aci(Visser, 1981). o] §lolx $-gyalols Ex 3}
A ot g YA B8R 712524, Olacaceae, Myzodendraceae,
Rafflesiaceae, Hydnoraceae, Balanophoraceae, Lennoaceae & Krameriaceae 5
of &z 4EE°] AH(Kujit, 1969).

2
TRt og dZ3}(Convolvulaceae)ol &3dte A4S 2EL {71822

it



BE 2% 2] BAMAE £FHBEVE Froel 4BhE SN E
o, FAF Wols F Welt T PRHD YU A MEYL 7k B1E
57489 ARY 7@ 45 A4 ZolhPerice, 1893).

S A EAA F717F BAEY A FAY FAE R 719 A4
Fugita(1964)= AAH(C. japonica)olX FAF &9 A& W(R)9] 728 &
#3531, Truscott(1966)= C. gronovii®l Wj(FE)E wlFsle AFolA, Y
I Rels A7t dS FAsd 24 A Eol Mstets FAA HItg Aojzn
T EF Lee er a/.(2000)2 FAlA Eolgt F 29 @ AH(C
Japonica)EA7} ol Ao Y9} vlwsle IA WtE ATt § 3.

Loo(1946)E (. campestris®] F+E Aa¥-o] HHo| JF3] B Fo 4=
27F Jdew, of HUE gt Folok o] FAHHJUotm B3
Macleod(1961a)= C. campestvis®t C. gronoviidl “(0,Z o]&3lA o] AEE
o] F&A HAE&E FYPdvs AMEE FHIHGIL, Zimmermann(1962) (.
pentagona® FA7} ot ¥ £719] ER-EAA HFAIT B3t A7t EF
S FHT 5 ot 39}, Lyshede(1984,1986)= C. pedicellata A&} 52
o A& FdHoE AFEGL, 159 T4 AT FAHEY wAFZE
#Zst, FAEY FE BN Hliﬁaol SEUAE Fetn i, L
B okl 3F% th(Lyshede, 1989). Sherman et a/.(1999)& &F2| &< 7]
= Ae9 C. pentagona 2154 €etzole Fujur) 2-57] AxE
ZAe 72 @ B9 54& ATt

Lee et a/.(2000) C. japonica & ®i¢} S21E2 AF Ao wzl g
st gjRerx o F AR, Kooij e a/.(2000)L 6F2] AMAS A& F9
A, 4F0 AiAe gEtReol=E Za glon o5 HEA a/b HES AT
Hog AAEA #HAH DT (Jpomoea) A2 A} v|LEta, 229 MA
Aole AFa 2 defzel=rt glon, Egk 1FRko] MAA 9] rhel FHA}
sithal F3ith. Park(2004)2 M4k T2 &9 vk #4E9 A% T 2 7



ATFZ T4, &4 2 FANA 47 394 694 T AF A FHES
TE A 715 AREAA 2-4 T o= Hor H s Za 9
T Q4SAES BEslY, FAEEC SFAE 7187 Hol At dYE
A 5 A& RAolzka 3GiTh.

HCol H 5o MM BHYAE BAE 3250 3 AEo] oy A4t
& 259 ZHoA AEH ul Adon{(Macleod, 1961; Pattee et a/., 1965;
Penot, 1986), HZolv FA ASA B (Nicotiana tabacum) &l A& T
A(GFP)o] ML A E(Cucuta reflexa)®l ZF oA AZH Y= (Haupt et
al., 2001), o|RAZ 71828 Q3 {7 EADC] SFAEZRE A (HBL)
doe AME R3S

olgg & M= “F7](HES, haustorium)"of 3|4 o]Fojx|ny, A
2 7|1 BYAAEANA "F7)” g 8ol 18134 De Candolleo] AAiH&re] 714
718 71AE A Hz2 AR ATHKuijt, 1969). 7] AHAAES F7|
= £F4E72] HZ(Peirce, 1893, 1894), <A 2% (Zimmermann, 1962), A}
o) E7)I(Tsivion, 1978b) T 93liA FEsH I LI, Holgle sFAE
o HYstd EHE FFee 715 FYIHV] wEe, dF9 AYs#
(intrusive organ) % JF57]%(absorptive organ)olgtz 3 4 gloH
(Kuijt, 1977), &3t 5253} 7|PAE Alo]9] AA7]#(connective organ)
olgtnx & % ArH(Tsivion, 1978b).

Kuijt(1977)= sF4E9 9o e &F7] ¥E-2 upper haustorium, &
F ZFo APt A= F71 F-EL endophytezt= ol Hslgr).
Adyrrlo g F79 A% AL sFAEHY FFV], 5 2F229 A
71, 283 w5 23 Y4 83 =& %Eﬁ}h A&7 Fo8 YoM
H35}7] = &t} (Musselman and Dickison, 1975; Kuijt, 1983). 7] A zA &
7] TZE Sloms-Laubach(1967-1968)°l ¢J3te] 22 FFH o2 ZAld
Nnew ) AhAA AFE= Schumacker (1959)0] 9j&iA o)FojATy, a8ln
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Kuijt(1969)= “714 @3} E9 AE3(The Biology of Parasitic Flowering
Plants)" olgte AXNE T3 71AHYAAEQ HESE AT o) g =t

s AESAA F719 AEE L mjATRd #g A7 B2 FA
o] Fo] ul Qlt}h. Koch(1874)= C. epilinum®] E717} £F4EF AEFHW
95 AEEo] £8sta NGt F719 AlAAET] A7, E7|7F dgE
F71e sF234d AT Aok vk, Peirce(1893)E C. americana &
A4 F71E Uz w2 b e 959 323 AXEE £4E3td Ao
3 s old FrIE €719 71de] e EHE /AW E & AFH
o] AA ¥FE B AEr] "E] 29 B F vk dgle

glomerata®) ¥7)E AEF AZo] A ARHE, /9 £F2H AYL
A P sEFe] FAEoF o|Folztta dGitt. Thoday(1911)E
europaea®t C. reflexa® ¥717F €719 Uz vlZ vl e AF HEE9]
EE oA AL W&o FAZ] B FgT Zo] |dETn e
o, B3 sFx2A0) AP F719 HERE AXse APHERIRDANEZE
(hyphae) 3} &9 AAF- ALRAE Alolo] AFAAZAI SR 313
=

Thomson(1925)= C. reflexa®l €717} 5ol AEFHU TIMEE0] A
Ho] du]F7](prehaustorium)S FAsle £F%xF o
AAEEC] AAH, 2 F F79 APHAZE &
EAAEE B3Pt 300k, Macleod(1961b) = 532189 &
C. campestvisS} C. reflexa 719 AFAELEC EJHNEZ 233t o
AIN}E BAFUY. Tripodi and Pizzolongo(1967)= C. pentagona =
T &3 AEEY AEE 9% ¥ rF Fo] TEHE nAHERE $EF)

Ca

o oA AELERYE F717 FAH} 7489 zAoz A3

i

2] =

719] E#H9 AAHAYn FATt.  Peirce(1894)= € europaea®t C.
= 3 5

C.

ol



< &5 AXEY HESE BFSGY.

Ismail and Obeid(1976)-‘5 C. hyalina\A BAREFALE(MC, ‘D=2 F4
d 7325 P AEo] NS AEY 2HqA FEHEH, olF sF
AEZRE dY EHo vﬂ% T3 Aits AER AA@EMEE Aoz A
33}, Forstreuter and Weber(1984)= WS4 (Luphorbia) A&l 71 d=
Cuscuta reflexa F719 Tx9 44 2 AAFA 5o 4T AFTH 52
BT}, Gupta and Singh(1983,1985), Nagar ef a/.(1984) C. reflexa®]l &
718 ZABIAE W, 718 £ e WF E7)00A RNA Bflaie &
A3} cytokinin = 5 98 7HA] AEES A4AES] FE7F I WHUFoAR
o Eoe AL AT

Lee and Lee(1986)x AMA(C. australis)e] 710 #& &8 = n)A
& ATolA A4 £719 upper haustoriumoll Al FAE E71HE 2g A
FAXE] sFAE9 23 £07 AYs}taL, endophyted] ATAXLEO] 5
AEA 2 IYABASUEA AMFALER AREY, SF2E 235 2 A
BT 2A7HA =G AMBAEES 742 ERF 2 AdF 247 E3EoeR
N SFHEZRE o3 JY¥EHE FFLE F Ava ).

Vaughn(2002)& C. pentagona® Z7)9 213"

-E3AE(cell wall-loosening complexes)S ®H|3lo] AEHS {

o, MExHo]l FYEo] A I 4T HEAAZ gt Hu 4
HHlgte w32 R F-&Ast= 7|&E A9e vt Aok, E§ C. pentagona
%719 APEA E(hyphae) 9t SF (B3] AEE0] g AAHAA F AX
e Foets dI3AAFAE EAPTa stk (Vaughn, 2003).

SEvhatel] EX3tE NS AE TN AN (Cuscuta austral is)S] F71
Aaze] mAlFze #HE AT A7 T 2D HAHo Wt Lee and
Lee(1986), Lee et al. (1987), Lee and Lee (1991a, 1991b), Lee(1993) ol 9
3 ZA3) thFol A gk, 2ol Lee ef al.(2000)2 MAHC. japonica) &) Wl



4 FAES AF 4R wet JuE L oz st 1Yy A
F719 BT Fxo] FF AT obF o]FolR ut glvk. N AHAAAEAA F
718 A o] mME Fxo A AT 7B EL] AL EER
o] 5o &g ATH 75S o] A FAH oz AFHo ok Tt

metA, o] dFe Syt EXdte oo &t A (Cuscuta
Japonica Choisy)®] FA&0°] «FAE&3} HEF FHH TLst= (1) F71
(upper haustorium)E A% @A ¥2 35 2 ARG F oz B &4
2 nAFE FE 54 JIAStL, ol2FFH (i) F719 7|43 ¢gS vt
gtod o] 7] AR F o] FFALA JPE Fag 7] 717 ojEE FE 1
20| g},



I. #k 2 HE

1. A=

1) sF248 3439 T2 I3F

G Al7le] o] gy o] =FAERZ ALY FA3H(Impatiens
balsamina L.)®] A& 9F8Avt. M (Cuscuta japonica Choisy)®l #+4&

ZAN7] QElX e F 19 Ax AF $A30F AGsie, B35 2719 3

AL 1emAE A Aol 7HF AHIFst3 ).

2) A FAe] ol B FAE A%

o
X
il

e A3k 222 g #F4HH,S0,)00 25, 35, 458 F<¢ BIHA
HAW g, 32 X8 SFTE AUY. 2 AHAE BotES
AA Yol F9& W FAE 2008 &5 30T ofFE F27] oA &
ofAlZiTh, o] & FolA 4568 T g Fabe A A TR dobES 90%

oo the Ael o] Ha WS EE Folk

& 20
mrekA g Ao g 4583t AP FAES o ATl AHSEST. I
FAE AT A FASS AL AARE Bols2 8] A fo &¥Fn
30T AFE F27] oA Loldt=F &tk F27] FolA 3d 5 At
FHAEEY P e A o2 244 500ml BlA wlge) w3 Adle) Z

=& 3ol Fobrdnh.



3) A F+4e9 24

F2710M 34 a8n %"7}01]’\1 39 A, F 64 T AT AY wAE
SFHEY $A3 £7] ol F Sl AT, ol 53] #2E el ”o“{}
Z zgsof vt F, M FAE FE(EVDY B dE 21 BYoR
FEo] A3 E70 2 AA JEF P AAE 2Hst A (Fig.
D. ol¥A stx @od A 229 2717 57482 2 #4322 5§

7] W&oltt.

:q'
KX
=
2

4) 33t 2 E5A4x3nR #F A8
S5 2 FEHHA FE A FHE
A2 42 AP TR F7] REE, %7]7} T A &7
B3 R T3 JAANE #EE A% A
2. ¥4
1) 9%-FH

Ade €71 5488 WHFLE #a gephdA Ago. A% 34
e oR-gel= tAY FhvlEt(Nikon coolpix 500002 #F3tAct.

2) %3 % AAA G B

7480 FEHA G N4 FAE) 271, A AFD F A= de



A g A Mi 7] FEE, F7)(upper haustorium)Zt EAF A A4
7] & 52 U3 22 o R A A9 ARES F IwrIAV|E
A& oL, 0.1M sodium cacodylate SZFN(pH 6.8)22 AF5H 2.5%
glutaraldehyde - 2% paraformaldehyde R0 2 2~4A17F AR oA H11H 3}
Aok, Angsts X A5 24 & Solde VS #WudTh. dnA
ulx) e gAlo}, 800W who]ZZ3(#) A 27FX|(Pelco laboratory microwave
processor model 3450)9A] 10x % 20% < wlola=s(AZ 709 2 0%
power )5 FA}SHA T,

AnRo] AxE AZE 1A A A3 g3doz ALX 1584 33 A
Ak, AL ASE 0.1M sodium cacodylate FEHoz g9 1%9)
osmium tetroxide LA N(pH 6.8)0] Y11 40=x= F<t 3 vlo] I =3 (70% power)
g ZAeH AAIRE U2, Y% g5 A0 2 Ao 1584 3 A4 5%
g acetone 3 A5 ©o 2 HAEGYH. &, 30% - 50% - 70% - 90% - 100%
- 100% - 100%2] <X Z+ SAvtc} 402 F<F vlo]l A2 9H(70% power ) S FALS
ﬁ‘:}.

7t 9 AZE Spurr FAE AFAZ S (Spurr, 1969). =, olAH|E7
ZF—Z% ZE Fo2 A2 EFALE IARA vy, &5 FAE 3 1)
o FAFART. FX JF FAH ] 7 gANA 158 F<t whe] A= 5H(70% power)
g AT A AF0F 459 Ase TR WEAA 68T F27]00A
19-2173F AE SHAIA £ 0] 9 A= T4 E9& *HEUT. £Y —‘—4
Mg ZEEATZ(LKB-VAA FatZdE AMEStd F74E dHE 4=
£ AHL 0.05% toluidine blue® GMaled 338317 (0lympus BX50) o 3
#Eegich. ol FHHAYANZ R AFAT FHE FAste], AT (RMC
MT-7000)el A gk HHS wHEAT. o] AWE
citrate(Venable and Coggeshall, 1965)Z ol% AAGA 3t F3Az3 0|
(Hitachi H-7600 2 JEM 100 CXII )22 80 kVollA & - &dstoich.

2 uranyl acetate®} lead
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Fig. 1. Light micrograph of internal structure of the Cuscuta stem
devoid of haustoria. In transverse section, the parasite stem consists of
a one-layered epidermis, five- or six-layered cortex, and a central stele.
Outer walls of the epidermis is covered with darkly stained cuticle. The
cortex (CT) consists of vacuolated parenchyma cells, many of which contain
starch grains. X390.
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Fig. 2. External morphology of the parasite stem. Tip of the parasite
stem, whcih is in contact with host stem, is greenish and hooked. X1.5.
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2. F719 g

A $4E 27070 $FA80 RIS o e e 27 W Y
B, 4% 429 Ed] FEH Yt T A FAE 2718 FASE
ATSL AE5R R wulEe) AT S0 Hate] WZo] T} 2golA W3
b Atk = FAE P& AES A7) BT FAH A3 B =2
AAE, zeln AA FA" HEAL 2= 2R3 Axo] dolrh(Figs.
3-5). old MES2RE F3 F7] 2o Y=Y WEd, o]5& T
NQALGEERRST 9. 2 F 389 AEde] W EHIAE
SA W7k dEt, &, 3 AE5Y 4% ¢S FRHNT AEDY
AYYE Z/EYon, T2 RS Kol AT o] RAstd I} Fol
t}(Figs. 3-5).

NQAAZENA A & 2 AL 2-37 7HAE, AL dxe] A¥
A Zoe Fe ALES, Hux T golmol=g 23 dE MAAS, vE
2o}, AEAJA, £HAEA], g XA F& o #FE F J/dG
(Figs. 6-8). £3], EZ=zlol2 o] BAW 4 gl v)7F 21 o <
Zo|= o) xEbr} weks] UQTHFig. 7). T AAATSY AYxAE 2
< ALFA, A & 52 gF, a8ln &3 T 21 JA(Fig. 8).

A fAEe] Aol ASHEAN, ENALSIA A3} ALAo] B =1
S 98, ERAES Y BEE $F0 WEEK) Fe AL g2 g3k A
ARG YHFig. 9). EF, 129 FPo] U $2F ALSRHE Sz
NQAZE0] Bs] BAsr] AR T, o] AESL £ FE9] ATAL 7}
Ae] 1 Go B ARET Thela ER ALAVBE 21 Jlow, AEH
2 PAE 4 2FEE BT T 5 AAHFig. 10).

A A8 279 92 FFR) JE AQATES) B B o HA

=

dee] BEXA(H2HEM) AXTol AT olm A F4]

__13_



74 AZAYYE B FEol AE T EFNA Bol APIA WAsHAT
(Figs. 11, 12). o] BE2A AXEL 331 5% A3 A2 x2S 21 Q)
A}, EZF FEHH] FHMEEC] %7 AA AFHEH, 2 FRE Hol 9
A3ta BEE 7)5o) YR8 THFig. 12). 9N AX3 H F2F A
2 TAE 959 Yol 2E€2Fo AAEH, sF2 & FEE Wl A=
AGE EVAEZELS BUIEAYE Eo] ZekA AUTHEFig. 13).

Bdxd AEEX AlAAXEe mATx Hze 5AE Boy, AEE
dol ¥ st AT IFE HolA Jon, W2 gL vEZ=gotE ztn
Ae AXT BEHAG(Figs. 14-16). FEx2F TI3F de AEENA, A
o 3 S & Qo] o, FHE, vEZSel, a3 FE I Fof
Bdx, AEEL gkttt (Fig. 14). AX3 | 13 A X splold e gz
A ANEE wE A GSAE 27k ged, o gEAe 2 ddd defzmol=
93t GEAY ARG E g BEIE &Y 52 23 AJHFig. 15).

e dAxs g g% AX A e £423 AXdAae 2 ddd g
Fol=E ZE AALA(GFAY A Y=t ¥ YAE FHF AX So] #
ZEJH(Fig. 16). T3, REZAMIEL 2 wadd ZHAEN 2D A A
FoY 2A & A4 229 dA F& 2 AJUHFig. 17). 2E€x2F A
T o} 7HE el e At FAE £719 HF AEZES ST B9 dE
AEA(EFZAE 2Ea glolA, detsols o] wad ALA(YEAE z2t=

T2 Az 4A 722 & JAHFig. 18).
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Fig. 3. Light micrograph of internal structure of the parasite stem,

At the

that was gently in contact with the host.
first contact stage, haustorial initials (HI) appear in the cortical cells

sectioned transversely,

Compare

(%).

the difference of some features such as size and contents of the epidermal

in the middle layers of the parasite stem at the contact side

xX410.

and cortical cells between upper and lower halves of the stem.
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Fig. 4. Light micrograph of lower half of the parasite stem at the

contact side in Fig. 3. At the contact side (%), epidermal cells are
smaller and contain denser cytoplasm than those of the epidermis of the
parasite stem that is not made a contact with host as in Fig. 1. Note the
haustorial initials (HI) in the middle layers of the cortex have densely
stained cytoplasm, conspicuous nuclei, and numerous starch grains. X650.

_16_



Fig. 5. Light micrograph of an internal structure of parasite stem,
sectioned longitudinally, at the first contact stage. In lower half of the
stem, the haustorial initials (Hl) in the cortex and the epidermal cells
have conspicuous nuclei and a dense cytoplasm. Asterisk (*) indicates the
contact side. PX, parasite xylem. X330.
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Fig. 6. Electron micrograph of a hasutorial initial cell that has a
large nucleus (N) with large nucleolus (NU) and a dense cytoplasm
containing many other cell organelles. Ld, lipid droplet: Sg, starch
grain. x10,000.
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Fig. 7. Electron micrographs of a hasutorial initial cell that has lots
of mitochondria (M) with well developed cristae as well as various and
numerous cell organelles as in Fig. 6. D, dictyosomes; Ld, lipid droplet;
r-ER, rough endoplasmic reticulum; V, vacuoles. X10,800.
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Fig. 8. Electron micrographs of a haustorial initial cell that contains
proplastids (Pp) with electron-dense plastoglobuli (Pg), starch grain

(Sg), and vesicles (arrows). x30,100.
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Fig. 9. Light micrograph of the dodder stem, sectioned longitudinally.
At the contact side (*), the haustorial initial cells in the middle layers
of the cortex begin to divide, and some epidermal cells (EP) are changed in
shape compared with that of Figs. 3-5 at the first contact stage. X260.
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Fig. 10. Electron micrograph showing division of the hasutorial

initial cells that possess a dense cytoplasm including numerous
ribosomes and various and abundant cell organelles. Note vesicles
forming a cell plate (CP). D, dictyosomes: Pd, plastid; M, mitochondria;
Pdm, plasmodesmata; r-ER, rough endoplasmic reticulum; V, vacuoles.
X7,300.
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Fig. 11. Light micrograph of the parasite stem, sectioned
transversely, in which a group of meristematic cells (MC) is developed
within the cortex of the parasite stem. At the contact side (*), the

surface level of epidermal cells (EP) is flat. x210.
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12. Light micrograph of a group of meristematic cells (MC) in

Fig.

The meristematic cells have a dense cytoplasm and prominent

1.

Fig.

The epidermal cells (EP) at the contact side (*) are elongate:

nuclei.

nuclei are located at distal side and vacuoles are occupied at proximal

xX430.

side.
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Fig. 13. Light micrograph of a meristem developed within the cortex of
the parasite stem that is sectioned longitudinally. A group of
meristematic cells (MC) contain a dense cytoplasm and conspicuous
nuclei. The cortex of the parasite stem consists of vacuolated
parenchyma cells. Note elongate epidermal cells (EP) at the contact side

(=) are branched at the tip like toes. X160.
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Fig. 14. Electron micrograph of a cell, at central portion in the

meristem, that contains a large nuclus (N) with large nucleolei (NU) and
a dense cytoplasm including mitochondria (M), plastids (Pd) with
thylakoids, abundant ribosomes, and small vacuoles (V) with dense

particles. xX9,100.
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Fig. 15. Electron micrograph of a meristematic cell, near the
vacuolated cortical cells of the parasite stem, that has a very long
chioroplast (Ch) with thylakoids. X16,500.
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Fig. 16. Electron micrograph of a meristematic cell, near the

vacuolated cortical cells of the parasite stem, that has vacuoles (V)
with electron dense particles (DP) and several chloroplsts (Ch) with

wel |-developed thylakoids and small starch grains. xX11.500.
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Fig. 17. Electron micrograph of a meristematic cell containing numerous

rough endoplasmic reticulum (r-ER) and electron dense particles (DP)
around dictyosomes (D). X25,000.
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Fig. 18. At the interface of the meristematic (MC) and cortical cells
(CC) of the parasite stem, the former cell's plastids (Pd) has thylakoiods,

whereas the latter one contains starch grains (Sg). X14,000.
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3. 44 F719 72

ol

FAE £7)9 FAEFEAANA FF 28 F2Fd A 4 F7)(upper
haustorium)7} 3 =HATH(Fig. 19). %M]H AFE npe} Zol, A &7 F
Ae 2927 AEEo] =3 L FALLEE AT FARE AX 571 T8t
Atk oln) REgxA o FTUAR AEEL F2 FFoz FEato] 4 AFE A

< P4t o] AEEL B2 9x AEAL /A, 2 ) 2L o}
E ATXEL 32 £ygo = BI3rh(Figs. 20-22).

ol T AX FdoZRE 37HA] 39 AXxFoE FAHE F719 239

Bt o] ME FaelA 37HR FF Y AXES TEE & UJH. F F
Fro] YA NEEL FHZE 3t I AFE &7 2¥ AE(ERA
2, digitate cel)EZ2 o|Folx T& FAAT. AFAEZTY Al =7
7t Z3 Fo] FHEp £ 9 ?—I—E—%’ 3td A7l AIEEo] AZZ s E o]
d(5))& B AE(HIME, file cel)EQ Zo] YA}, AFAT
9] ol tiA ¢Ed H]E( BreiliE, compressed cell)Eo] Z& o]F 1
AATHFig. 22).

7178 A6 Asartis 5528 W AW HEAY 1Y
AZEQ B0l At WaEdTt. &, %9 52
A HQHHFig. 11), 2 & &3¢ AP AT &
A ohx) d7te mofo 2 WEH Aok (Figs. 20-22). @71 oz A8 &
o AEAA, 4889 A A dert g2

N

Hl(Fig. 23), &' <kl 80 9 Y52 dgA%3 634d F Axgez
9t P BAHFigs. 24, 25). I ¥ 2E7} & $BL YAEL B}

g Eger A AlxY Atojilole] PAHHE Foz wH EHAHFig. 26).
EF ol2g AR FHAM B2 AwY BERE] 1%5]91E}(F1g 25).

37HA w3 MEEE 7AHE F71A,

ofy
o2
o,
D)
ok
=
bl

ol
do
=2
had

rr

ol
n
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AZTAZSE 21F A2 £ R FH02 2R RSk 3 A =L
o}, 53 AYATEEYE B2 Yt ATYSFT o 2 9xg

(Fig. 27). @ 57191 3901 AT AYAZEE 2 42 A4, Yt
04 Ee XD Hot MESSel, 29 224, 9Ho%, 3L AXE 5
ofe) 1A MEAZIBE ES ol 23 UAATHFig. 28). T Ank YL
2-370e] & A2 23 A& A Takwl, o Fue ATAlN =2UA, A
44, Qekmol= 5§ 2e GId AaAE BIY + AATHFig. 20). 53]
AYAEAAE QAo HTYR, T D AAA S 21 A= 42
23] 2 & AR HFigs. 30-31), Fuel gl A 2719 I3 ATTAME
SUAAR 715 A9D STAE BB + AAHFig. 32).
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Fig. 19. Eexternal morphology of haustoria (H) that are developed on the
parasite stem (PS) at the side contacted with host stem (HS). The lower

part of the parasite stem is wilted. X2.5
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Fig. 20. Light micrograph of the parasite stem-bearing an upper

haustorium (UH) sectioned transversely. The UH is not protruded from
epidermal level of the parasite stem. The immature UH is formed in the
mid-cor tex of the parasite stem at the contact side (*). Note the epidermal
cells (EP) at the contact side (*) are branched at the tip like toes. CX,

cortex of the parasite stem; Pi, pith of the parastite stem. X150.
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Fig. 21. Light micrograph of a longitudinal section showing the dodder

stem-bearing an upper haustorium (UH). The immature UH is formed in the
mid-cortex of the parasite stem at the contact side (*) and is composed of
three cell types that may invade into host tissue. CX, cortex of the

parasite stem. X230.
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Fig. 22. Light micrograph of a longitudinal section showing the dodder
stem and mature upper haustorium (UH). The UH consists of three cell type:
at the central region, the elongate digitate cells (DC) have very dense
cytoplasm and large nuclei; at the proximal to the digitate cells, the
smaller file cells (FC) have conspicuous nuclei; at the distal to the
digitate cells, compressed cells (CC). Tips of the epidermal cells (EP) at

the contact side (*) are branched |ike toes. X190.
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Fig. 23. Electron micrograph of the tip region of the branched epidermal
cell at the side that contacts (*) the host stem, numerous electron-dense

particles (arrows) are located at the cytoplasm near the wall (W). x10,700.
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Fig. 24. Electron micrograph of branched tip region of the epidermal

cell contacted with the host stem. Note a vesicle containing
electron-dense particles (arrows) is in cytoplasm near the wall and the

particles (arrow heads) are released into the wall (W). X74,500.
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Fig. 25. Numerous electron-dense particles (arrows) are released into
the wall (W) contacted with the host stem. The cytoplasm at the branched
tip region of the epidermal cell contains organelles such as dictiosomes
(D), rough endoplasmic reticulum (r-ER). Note fibrous materials (Fm) are

visible outside of the wall at the contact side (*). X15,300.
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Fig. 26. Electron micrograph of branched tip region of the epidermal
cells contacted with the host stem. Electron-dense paricles (arrows) and
fibrous materials (Fm) are filled the spaces formed by folding of the walls
(W). D, dictyosomes ; r-ER, rough endoplasmic reticulum ; Ps, polysomes.
X 8,400.
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Fig. 27. Light micrograph of file cells within the upper haustorium.
Periclinal (A) and anticlinal divisions (B) take place at the proximal side
of the upper haustorium. The farther the file cells are from the digitate

cells, the larger their vacuoles are. X260.

_41_



Fig. 28. Electron micrograph showing a typical feature of the digitate

cells at the distal side of upper haustorium. The digitate cells contain
very large nuclei (N) with nuclolei (NU) and a dense cytoplasm including
various and abundant organel les such as dictyosomes (D), mitochondria (M),
rough endoplasmic reticulum (r-ER), small vacuoles (V) with electron-dense
particle, and plastids (Pd). x7,200.
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Fig. 29. Electron micrographs showing typical features of the digitate

cells at the distal side of upper haustorium. The digitate cells contain
very large nuclei (N) with three large nucleolei (NU) and a dense cytoplasm
including many other cell organelles such as dictyosomes (D), mitochondria
(M), rough endoplasmic reticulum (r-ER). Note a various plastid (Pd) types
with thylakoids (Tk), crystalline inclusion (Cr), and starch grain (Sg).
X 7,900.
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Fig. 30. Electron micrograph of a plastid in the digitate cells. The

plastids (Pd) possess various inclusions such as thylakoids (Tk), crystals
(Cr), and starch grain (Sg). %53,000.
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Fig. 31. Electron micrograph of plastids in the digitate cells. The
plastids (Pd) have various inclusions such as thylakoids (Tk), crystals

(Cr), starch grain (Sg), plastoglobuli (Pg), and small vesicles. x29,700.
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Fig. 32. Electron micrograph of amyloplasts with starch grains (Sg) in
the cortical cells near the upper haustorium formed within the parasite
stem. X7,700.
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A AL At dFe Astd 24 222 Askgo] o= BHIA,
Aol B s JPRA) 4% 7| BoT e Ao AHE 24BN &
2480 71459 B9%e HAsA HYe Rez AZHTHTruscott,
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Peirce(1893)< Wx wi2 vbgo] & 59 FXIAMNEES] £ 23
A F217F 71953, o] FrlE £719 71l o B E JHAH, E5-E40 A
FHo] oA HFE Ea AEr] wEed S22 ¢ AT vxslitta 3
t}. Thoday(1911) % F7]& Ux vl2 vl A= A5 AE7F EEsto A7]7]
ol TR BAFIH vsA rlddvia aglvk. A FU17 £71
o] FFLo 2Ry 7jddds L 7] @7FAE(Koch, 1874; Peirce, 1893;
Today, 1911; Thomson, 1925; Lee et a/., 1986 )¢} A7 A3} Aol A Ft},
SHIFAEENAN ST € 2T B9 Uz B FHAFY 24 AXE
ZRE 71495 += Aoz ¥ A Avh(Foard et al/, 1965; Bonnet and Torry,
1966; Byrne et al/., 1977; Blakely et al., 1982). 22} A4 F7]1e] Al LAl
I V]9 HF5 FEF AXEESH J|ddn. 29ER 52 3 FAIY
A FAF= FEEojoF & Aot

7B R B A Fr]o FAAF dEe ZH Y (Zimmermann, 1962) =
cytokinin(Tsivion, 1978 a) F°ll A £HH™, 53] Peirce(1894)= =
AE R AP A HEAT siA S 7171 dAHE T ST
719t 59 A AHE EYE st F7] B9 ] RE A57)o o2
= AF A& 2ATH0E 2ASHE e 57189 FEE F710 29
CHlee et al., 1986). A4 A= S717F sF2 8] F2EH 728 £7]9
5 H F719 ANGAET] YAHHL o]2HE BEEXF o] wEdnt. 3
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1 FEMEE, AFAELE, SFAES 53 22 3FHY AXTToR o
oJrith. AlitE ol9)e] VAR EE] FIAAME o]t A X ET FAE
TZ7F Rag v gled, AR sty AEE 457t & ATEZ 0]F9
A ok, 283 o] MEFL Z|AFAAE] Fo mpEtA o FH ZA I 2
2 8HA Aol thie] Apolvt oy, A EY 26 AP = UE V1S
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€ d7AE sty oY §olE "HH YT o] AETES & A7
AAAE FH AF AMEEZHEH FHHA FAE Jell A, EFol
AE OE A TR AETLeE FAH A= &k B3I T AAE}
oq Q3 Z AE ZE At 3 UL TA, nEEZ=Eel, 9EHE, I
A, grEF, ALA F A8 A AELINRE e TSN F2 AE
A AEE Ad A" AEES I A ol de F AEZLE(TEHAESF
R FHAES)FAE FHHez: JAASHA FEEHI] wEC] “‘AFAHXE
(digitate cell)” 231 HHaict. oj¢t e A4 Fr]o 723 §IJL 4
M (Cuscuta australis)®] Z(Lee and Lee, 1989)# v]=&}3T).

2. M)

ol & 109 AX ¥ Cuscuta pentagona®l F7] MAEAA E719 FF A
T2 9EtHolE ¥o g FAHE st ddd HEAE Z=tH(Sherman
et al., 1999). T3 C. reflexa 2 C. subinclusa 719 9&F AEEE 1%
AEEAA & F de 2AAE et Bad 4538 2= (Kooij et
al., 2000). Park(2004)& o}F& oA 3U A M FAE2 FE FTF
AEEL ANLAE 7HXY, gz fAWoe] HixE ZA 39S o AT =,

69 B¢ AT MM FAE FE VY ATEN H29 L ARAE 2
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T AT 4FAVF 2Ed A

nLOrl_Al

AzeE debmols %o 23 Py H42
o2 gadr.

o] AFelx MAiFel F71 AE7t depmol= uto] wad JFAE 2L 9l
= e 02 JANRNESY Fr] AXANE 28, S8 AN Cuscuta
australis)® 7] AEAAE FZE & ANF S ojth(Lee, 1989, 1991).
718 7% ARBHAEEL det=mols, 5294A, a3 2A & #

3 AE MaAE T3 22 QT 53] AR WETF 3 W2 B vs#
o] 243 vidd AAA< 69 T A A FAE FE FD A= AEE
oA Wol #ZFATHE, 2004). ©o] AAA= dtzols Fo2 R e I
(F1) ol den stz og s dfdon, B2 AEES] T3 7]#el
= AEA BZH v JtH(Newcomb, 1967; Price and Thomson, 1967; Tsekos
and Schnepf, 1974; Hoefert and Esau, 1975; Miller ef a/., 1976; Sherman et
al., 1999).

A2 A7 AR, Qehamol= 9 Fols FHIA YU Behots F
grEEAobdT FA | R |19 B¥E 2 of gld 5 oF 2000 FTFH &
Aol £0] Qv A= 4dA ,,lE]—(Robbmson and Mant, 2005: Peltier et
al., 2002; Schubert et al., 2002). ZHEZ M oA TASE AR A=
%E}E’_OIE FAezHE B £o7 HAd 5 Y& AoR FHH
w71 &3 Fd e A 719 A5 AEES 5LAARER JHE

ZE3 AT ol AL AFAE 23 U= FU19 A+ 2HQ
9]

o

3. E3) AEHe) WYst Frlo B2
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718 AANE Y FrE F4EY] U g3 181 ASHoR FAE

o] glojof F719 MEE] £Fx4 £o8 st 7182 5 A (Kuijt,
1969; Malik and Singh, 1979). A (Cuscuta australis)NX, 719 3F
o NAAEE i—r‘ﬂ ExF o] BB FIAHEEC] SFAE E9H
o2HE Hold AY EExFo2FH Frl Ao FAHA &
1986). £ AN w59 FF8A G2 A £7]9 B9 AZES
ojdot, M £717F 59 W FFHI £719 AT EE€xF 0] 44
4 FHole ta AFE 13 A XS] AR TU FHAYN A HF 3
AT, U7 A 7, 59 B A A9 89 AXEY E F
o] npx] WrtEAE o8 AR AepAA, AxEHe o7 2o FY FHE
FAsE. o] 2 H AE(H) MY HA 4 (Lee and Lee, 1986)9] 7
-9t Aol o, (. pentagona®l A X Hl=F %2 H At (Vaughn, 2002).

By AE(E)Y AP L 5348 ¥ RZ7] Y& HEA g9 g
F Ue MEEY WE Z93 P ujEEo] #E F de U B ol 1
8t7] A% FHo g M. AE(H)Y FF Ee A Al 9E L FA
TR &Ago] AERF et ¥ AA o] X8 FF i (expansin) e T
Yol i Atolo] AL =8 FozA Aol HPH T (Vaughn et
al., 2001). o] A7A5 ¢ostH, FFAAL= MAas 28 (C. pentagona)oll A
XY Axdo] wiygd o WARE AXEE-old-E3AE(wall-loosening
complexes)® T4 84F F9 & 71A ot}

57178 =50 F-3str] A 29 AEEo] ME(EH)sts B4 714
A mE i oE RAor dEA Jdvh. Aol g JANAAE
(Viscum minimum) o)X= B3] A3EANA 2+ (F )7 Bul=a, 2 o 244
239 AxAA 38 23 E T B 720 A 72 FHA {

Act(Heide-Jorgensen, 1989). &3 A &9 Majd] 7 Bst= AT} 7| YA E

25
=)
EA= F71E F&FA1717] A% BEAEZA OFFE W&o (Neumann et al.,

™ rlr r

N
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1999). A& 218 (C. odorata)l A< E¥ 9 vlZE AEY 9o Zr9E 4]
3}9 (Weinert and Barckhaus, 1975), B2 A& AE(C. pentagona)ol X+ &
3 HEolA AEH-olI-BFASE Bulste] AxHe] I ¥95 A,
I F0E AEA 9EL ste A o2 YYA £F9 ) daslA BE
o} B dFA AExBo] FgEo] B BN X & R e MEF
A= ZHAEA S} —,E]S’_—'-, a3 HE|lo o2 Y VYE Aog Hol=
¢ % & A% 53 §e A4 U= Ee Ao w*u
(osmiophilic) B2 ?JX}Ecﬂ AEY vre] Fnor RS vATx
< B9 AEE0] 50 3317 98 AL WEds Aoz dMHr). 131
U wlE Edo] @d 55 B8 53357 A% EAJAA BE AV HEy
ST ZAS LT § e 249 Aol TFFH A=A, o dlEAEs &
o2 o AFser & FHA|ojr}.

4. F719) 24 529 324 A PA

717 sF23 $o029 AP JAZA ¢EIA 5he] EI FHgo] T
7 Zgste o] Fojd Aoz PAHO Frh(Peirce, 1894; Kuijt, 1969; Toth
and Kuijt, 1977a, 1977b; Nagar et al., 1984). o] d-folA =3 JT7 =
T4t AJMETH 2 Ho de TEAEFTS 47 a9 84 2 74

A Zgel 93 &5 24 AY 7IFE AWl 2 AAE olFx de
Aoz Az7tAnt, & FEHNEZF HNIES 289 ol A& de AFA
I3 Wko R FHAQ o7 e €2 olF1 AUNUTH. o9 FE FI]9
ZATH 54L& AL B¢ ﬂlﬂol B] 53}l tHLee and Lee, 1989).

T3 APNEZFo2REH dE dv FTEANZIFE gzt L= AN
T} olg3t AX F7]9 g7 HAEELS] AFAEZ] NS HEYolA



O U dojdd ATt F7] SolA] ojd 22 AXE F9 T/ B
2L AFAEES SFAEY BFo2 AIANL F A& AolH, mEpA &
z7 £o07 FRAQ AYY FAol 7idsiA 2 Ao 49, =%
AZEG ol & AEZY ARE AJHAEEY] sF23 JYE  &olst
A" e 7AF dEHE e T JE Ao dddn.

Tripodi(1970)< C. pentagonaolA ABAsH= F7IMXES} o]l ML Y
T 4&E AEEC] AVt EHEALY FHE VA QolA, o] &h9 F
|08 SFxZol EIiE + AL AHolgtn & ¥ U, aga
Tsivion(1978¢)2 Tripodi(1970)¢] Ao WL, 529 £ &3
= JMrEsade #4L 4FdE AEEY AR E F84d Aol
Rk,

SR, B dAFoA F719 ST AAE AFAEES AHE AXEE
2A, 2-3719 & 9& 7 AR ¥, ¥ JEE, ZULEA, HEIZE
ol, HEHLF 59 48 7}A AXA7HE D3] Bol 2t AUt o]t
MEEA 5L AFAEF] dAF LR ] & 24 FHdd A& AlXt
goh. ol EAL (. pentagonalA  “AFstE F7l AEE” 9o AF H[£3F
L, o] F7] AlEENA e A iR as 2 oA Fajade] &
Aol FQHH, ol olEAEY A A w7 XFo] FIF A
Ab@eH(Tripodi, 1970). mebx oids] & Al 848 AV de AFA
X5, TEAEFAA IAHE EIAHA AdEH GHAET ArEE 2
olo mE HFo W A %l A, sF & £o2 AR AYde

1e& 7YY Aoz FAHHTG.
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V. & W

SFAE(BA3H)o 718t de MAH(Cuscuta japonica Choisy) F7]9]
A JAE F2lEo] 387 AE3 FHE 745 2302 AYsr] A
7HA] @A B2 F5t 2 EqAxEn|F e #Edo T 7Y i 1A
S A7, g 2 AES 4.

160 F AR A FAES SFAR B0 AR, 2 A5
e S

AEGA AS FAHNE AWNEEZRE I
rezy HIEEOI wean, o $azd 4TSS AZTHA 598 AUAL
o wle fAbsE], 2 93 Be WEe AXA Solt oY AR ATLIB

& Wol Zm Yok, = o] B SFAEF FEH32 YD B AEEE
w2 29 Axdst d& AT, i dA AFE A

3. F717F 443 AxsiuA, EExqomRy 7HA 39 AEFoR
74" F719 £Fo] TEdn. & ol & 3 2 dxe HIE%J_%
zZte e AFE AZEAHPAES) HASH, 2 Hdde FRE AHS #
T A2 AES(FEAES)], 2 AFAZEFY otdol= E} = Al
EE(FFAES)0] AT, FHAXEL 78 R oz U] B3}
of A7I7F &AL AEEC] 9 A AGDE olgd. AFAEES F /Y
2 e e AT A3 G AXAVBE W go] 23 lojA], A}
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