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ABSTRACT

Development and Ultrastructure of the Haustorium
in the Parasitic Angiosperm Cuscuta japonica Choisy
penetrated the Host Plant

Yeon—-Hee Kim

Advisor : Prof. Kyu Bae Lee

Major in Biology Education

Graduate School of Chosun University

The development and ultrastructure of the endophyte in the parasitic
angiosperm Cuscuta japonica Choisy growing within the host plant /mpatiens
balsamina L. was studied with light and electron microscopy. The
endophyte consisted of mainly vacuolated parenchymatous axial cells and
elongate peripheral cells. The peripheral cells had large nuclei and a dense
cytoplasm including abundant cellular organelles. It was suggested that the
elongate peripheral cells are metabolically very active. These cells were
transformed into the filamentous hyphal cells which were separated each
other and independently penetrated into the host tissues. Cytologically the
hyphal cells growing within the host parenchyma were similar to that of the
peripheral cells. Especially the hyphal cells contained various plastid types
including well-developed thylakoids, starch grains, crystals. The hyphal
cells reached the host xylem were differentiated into the water—conducting
elements, xylary hyphae, by thickening of the secondary walls. The hyphal

cells reached the host phloem were differentiated into the



nutrient-conducting elements, phloic hyphae. The phloic hyphae possessed a
thin layer of peripheral cytoplasm showing a typical feature of sieve-tube
member such as the parallel arrays of smooth endoplasmic reticulum,
mitochondria, and plastids with the fine starch granules. The structural
features of the endophytic cells were compared with those of the other
parasitic plants and were discussed in view of the translocation of materials

from host to parasite.
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1.4 &

A E 265 F ol A ES| 43 Yt O Foe SFEIHE
o el 7] 2 A 5o NASEA dIERAT FEE FFEM Aoprie 4
Eo] Q& o5& AN E(FAE T, parasitic angiosperm)olztil
t}. ZIAHARES AAHoz o3fl(Santalaceae)d] 304 4004F, E3F
(Orobanchaceae)ell 14% 18041%, @AIHH(Scrophulariaceae)el) 26 560 F,
W] Z £} (Convolvulaceae)ol &= 50% 1,2009]Fo] B X319, F4 FEol o
7] BAL 222 Azt 1 99 FEI 27 EAE SFAEY g&sie v
7184 vAAEz g8 Qe AR (Loranthaceae)dll= 604 9004F 0]
Exictn gald dchVisser, 1981). o] dolx fElyeltes £X3A ot
o2 uvgtelA g 7] E 24 Olacaceae, Myzodendraceae, Rafflesiaceae,
Hydnoraceae, Balanophoraceae, Lennoaceae 2@ Krameriaceae 59 &3le A EE0|
I cHKuijt, 1969).

M2 (Cuscuta) AEL AARLZ o 1500 Fo] X3y EHFFHo= uZ
F(Convolvulaceae)d] &3tt}. o] A5 Fa17} wolst o Ryl & EHHL
a3 2o AL A 27 SF4EY E7U 48 BonN sFH4E

2 7] € 771 24 #% ohe} FE & F53o Agdh(Peirce, 1893). w
2 Aats: AEL Aoprted e 2E IS SFAE &t AVl
A g2 dEA 9t

7A$-Atol#(Hull and Leonard, 1964a; Miller and Tocher, 1975), ¥4t}
(Okonkwo, 1966; Govier et al, 1968), 28]l AJ4t&(Pattee et al, 1965;
Wolswinke! and Ammerlann, 1983; Penot, 1986) 59 7144 &dA "C¢} °H
A T 94E Y sF4ES] FFY AEe] AEE vl vt Ismail and
Obeid(1976)F C. hyalinalX FEFES] T Aol g A+E T3 LAY
FHA2MC, R BAE £FA29 FPA B0l Aatg A8 2HdqM F

=

ZH ot w3 H 2o 33 A Swl(Nicotiana tabacum)&Eel v ZAE

lo

rr



P (green fluorescent protein, GFP)o] A4t& 2 E(Cucuta reflexa)®l &
15 FA3e A ZF AX, & APIAZGER KA, hyphae)ol 93 F+d
5 719 ABEZE o5t Aol FA=UHHaupt ef al, 2001).

Mg A8 A, E77F SFAES oW 2719 AFFAAAN F(R
Bt sle 7o) LA sFAEZRE Aolrte W 8% EFo] AHNd
tHKuijt, 1977). AAZ 71AAAEANN  “F717 &= &ol= 1813d De
Candolled] 93] M &9 714 7|8 71A87] 34 22 ARS-HUTH

Kuijt(1977)€ 5289 2Fd A& F7] #E<E  ‘upper haustorium’ , &
T Zo] Hstd A= F7) FES  ‘endophyte’ e &olE H3 H}
At Aol £FAEd HYstd EHE FFetE VTS FH5] wEd, ¢
Z o] Q7] A(intrusive organ) =& S5 7] B(absorptive organ)ojzta & F 9}
ou(Kuijt, 1977), ZEF SFHER JAXES JdAAVIER  dZEV®
(connective organ)olgti= & 4 JHTsivion, 1978b).

Musselman and Dickison(1975)2 A% I3RS SFAETS HAZ7(EMHEH,
SF AR AYINURAL, 281 55 27 A B2 FEE T3ts
A=21(BEE) 522 e 5 Uk it

ZNRQAANEY &7 FFE Sloms-Laubach(1867-1868)°] 93ty Hx=z F
gHoz AL vF Jon, Al AFE Schumacher(1959)0 olgjA o] Fof
Aok 283 Kuijt(1969% “714@34E9 A= (The Biology of Parasitic
Flowering Plants)” olg}= HAA 71A8AE] £, =, A", F7]9 729
Aeldry 9 5d a1 F& JlEsty, JIANAAEY YETH AT o E
Ak Ao JE7)E ST

e £F2EF}9 HZ(Peirce, 1893, 1894), <393 (Zimmermann,
1962), ALOlE71W(Tsivion, 1978b) Sl <sia A ATh Koch(1874): C
epilinum?] E71A #F HAEFE YA mdF HEEo] EEsta A4HY
719 71del He AdMETES 4o Stk Peirce(1893) C

americana®l &717F (A vlZ bl A& HF9 {23 HEEo] £4¢

N



3] m}x], &2} Zo] BARTtR 31Qth Thoday(1911)E €3¢ HE2H £7)
o] Uz ulE uige) Qe S MEY £4) g3 F717 viA EAZ(RER)FH
FAEEHAl 2RO sch. A (Cuscuta australis)?) 3% £719 9AF F4
FolA F719) AYMEE] FrEFHIL O|ZEE FLXRF o] wadiy, ojojx FH
AEZF, AFAES, dAAET T 3 T7Y AE2 49 458 37171 719%
tHLee and Lee, 1989).

AR ERE &R S HEY Ay A2 e Y3t 384 7
£ gA3] FIP}A E3dle AL olYrh Macleod(1961a, 1961b)e C
campestvis$t C. gronovid]l WA T 942 EXE MC0E o83 AgdA o]
2 ESo] B AR T, C campestvis®t C. reflexa® Z7)1d GE427 <
oA FMol o]FAFYLE FH3IIG}. Pattee ef al(1965)L C. indecora, C.
campestvis, C. approximata 9] F2EE°] & FgH 89L& AYzm Yo,
SFAE VA AT E7]dA9 A FEo] Zaddtie AMNS B
t}. Machado and Zetsche(1990)= C. reflexa?} B4 LA 5ol YL w3}
Dinelli et al(1993) C campestris7} 9§54 as} b, PIIZRE Zt1 lom, ¥ &
9] PSO7} dojdrln 3j9lek 3k Hibberd er al(1998)L C. reflexa®) #vhat
4 FRd g23% $8E FRhsts AEI oA dE dAsta dS g3tk

Sherman et al(1999)-2 C. pentagona +8ENA AEFA 2 F+Z L AYT3F
S4E d7sth 252 FAEY 4SA6A ezl Fojyrst F2 2-57)
o] 749 zehvbr A FAETD stk B, A9 71de COo, 1A
o] W3 A4E0] gon yh "alzolto: PSI Y gl ES} P
g P24 EAE] ASS @3k Kooij et al(2000)8 6F 9 Aj4atE A1E Fo
A 459 AaAddRE dalzelsg zZtu 9oy, ada 1FdME g F80)
#ay A2A9 rbel SAA gukm st Lee ef al(2000)L ABAHC
Japonica) 7t £ WAL EL *“‘“"?JX}E zk31 QUA] ARE, GA A 3Y
A3 FAESG gA H PAA 24 394 6Y 5 AF FAE9 FE AT

1% AEZE0l TBES STAAGTAE 23 de AL FRISAL. 39
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Park(2009)2 &3 # HAAX e A +482) FE I 717 AXENA 24
%9 "Helzmole 2o g g aslyE Z2E ASAES FEIA, FHEE] 55
AEof 71837 Ao A7t 43E AT g d& Ao 3

71 et B A7) o] FAHAIRY, MAE(Cuscuta) A& F71) g
AT F2 £F24E9 HAY$ F71(endophyte)el FAFH o} At} Peirce(1893)=
C. americana®l Xl AYAELE0] &F ZHd] I F712) 7180 B3R &
avt B3lEe] €719 EdFel d4d8ux 33tk Thoday(191DE® #AT F71¢ 7
gl AAste 4 BEoR A ANERK A EE (haphae) 3} &7 ABy
9] ALAAE Alole] dyAAEIIE BE3IUH.

Thomson(1925)= C. reflexa®] &7)7} &3 AEHW EHA XS] AFH
o} du]F7)(prehaustorium)& At £FFHoz JYT oL, o ulF7)
o] w2 9 e BERIAMEE] dHE79 JUdEE wepd At &
Rk 2 F F719 APHAEES 559 ERF-9 AEHO Freaz Risln,
3 E3 e 3719 J1RE FEA FU1HoR oRejAH, U] ol ABE
7F §lebar 3F3iTh Moss(1928)% C. gronovii®l 7164 2 384 Zr1 Q= AW}
AEE0] 59 ERF FFais AAHY JleRoz By, ARHEE
of @AKol AdstA HA AlaarEo] FIHI APIHNEE s BFor EX
He 5A% HAddn 3w Schumacher(1934) 2 Schumacher and
Halbsguth(1939)= C. odorata®] &7 AE7} 5489 27 £0=2 s
of Agsin], F719 AMFAEEC] SF4EY ABRE SAEF HEY o]F Al
of AE dFAIIANE FTaA d¥ BEZol AMIMEER olBste RS HF
Auj @ o2 Q% v Ut

Bennett(1944)= C. campestvis, C. california, C. subinclusa 59 &71& &
A olE A AE AVEZRE £FAE] AVRE, 183 F19 AR
MEet &5 AXE Alole) AFAATAE F8A FHEZHE Aids 8=
slojgjxrt HelEo] BHHTtn #3ith Macleod(1961b)E &£FA &9 FxAd

AJ(3I C. campestvis$t C. reflexa 719 AVRANEEC &F HELZHE dUE



AL FFen, AAFAEE ST 5 @Y =EdkA] JustE F7 23
of BEBR B84V £=EE AU dokn gk

Dorr(1967, 1968a, 1968b, 1968c)E C. odoratad X &T2&<] A@Fd 2
Ak F7)e] AMAEE(hyphae)?] AlXEEo] AEXH Qo g Aetx BHF o] F7}
ANEe S FHz AFddctn sgdd. 28a Dorr(1969) SF4EY
23 AX o2 EE AEE AlZ AFdE AMIAEES  “searching
hyphae” 2t3 dtgien, olgid AMINEET &3 AE Alold AFAAHAL
EAgT T Sith

Tripodi(1970)E C. pentagona Z7)9A A#Aste A5 MEZEDR ol 24
I Qe g2y g2 M FEo] B-glycerophosphatase?] 4L 7IA 1 AojA =
F 29 HYol F2F Aojgtn 5t Dorr(1972)= A4S A& F71dA
SFAEo AR e AW/ M AES AMSAEES  “contact hyphae”

2
&
2

g 3=y, o] MEEL T2 BHATAS] Axd FHo0F Y g
st mHTEREH ERAL rYgozA Fr A AXE Eiste S EUs

£

Tsivion(1978a, 1978b)2 C. campestviso| A 7]%50] +4d®" &7 cytokinin
& AYs A3 Fr)9 o] FERHI I o strgo] EIHH, sFAFe
Fo weA F7) JpEREd Qe AMSMEESC] £F289 ERF9 T840
712 E25A gugt® 719 7R EREL E3Ee FYE #E2E v ok
Israel et al(1980) C. odorata ¢ C. grandifloradld &7] &°l A48 AL
220 A o] AL AEE £V £FAEY ABFIF dZHA ASS
w3l u} ¢lt}). Forstreuter and Weber(1984) 5% (Euphorbia) 2 &l 71233}
Cuscuta. reflexa §715 Jdv|Z4 oz #Fste o T2 22 2 A4H
5o #3 SRy P& W3t
Lee and Lee(1986, 1991b)9} Lee et al(1987)& HAMAMN(C. australis)®] F
7)o B3 SR » ATR AT A4 #7149 F7l(upper haustorium)el]
A Y &0t BgY AFMEESO £F 2§ $02 J94sa, endophyted]

ot rr



AGHNEE0] &3 AXAlo)2 AAAAN AT ER AFEHD, 554
oy 2 AR Z2A7A TG AMINEES 7+ 2R 2 AEF 8
FRo2HN SFAE2REH o3 dFEAS FFLE F Aok 3T

Dorr(1987)& C. odorata®l &71 A4 &% ¥ A& 847}
B 233lx] 21 F19 23 Axz2 R JdEa, oEd F3%9 3= o]
Mas B9 FE FozEE 79 € £ P4 JAPdHY, B8 sF4E
(Pelargonium)®] F+A Xt F7] AX Alelo] A AdA b/ F4ddn i
1hi(1990)2 &FAB(ErtE)Y dig o7 F9 MiaS 489 AYY F=E =
Al A3, A& SFAELSE 2R AdS JEE9 FU1F 84EHA Fo}
Aol F3tt

Vaughn(2003)& <F(Umpatiens sultani) 23] AYstd s+ HE F0=2
AZste C pentagona 7144, &5 AEet F719] APFAIE Atold F AlE
xS BE5ste 4¥8da=/N0F EAEE BRI

SElyete] EXste AAdS A8 FoA AN (Cuscuta australia)®] &7) T
Z9} wdo] #E AFE Lee and Lee(1986, 1989, 1991a, 1991b), Lee et al.
(1987), 283 Lee(1993) 5ol 93 o]Folx u} gk 22y A4t F719 &
Az PR B3 AFE oFF ol vk AR A wlet {2lEd BHEE o
TE Park(2004)°] 93 ol#HATt ZIAFAA SN F719 LT} B mE
T2 AAHQ] AFe 7IPAEY 3 A FEDY 5o @ A
&3 715& olFEty] AaA FAH e AFHolof g

wets, o] dAFe Sy Exdte= vEdd &3le A (Cuscuta
Japonica Choisy)®] F2&ddA LgHo () SF4Ed IYste A&3te F7]
(endophyte)E A% @A W=z A3 ¢ Axsty EJS 7|Astn, o]22E (i)
o] F719 7143 S olFdt=d 2 FHol U



HqGgr Al7)e] wrao] iy FEo HFAEQ B3 (Umpatiens balsamina
L))o A& &8t} MAN(Cuscuta japonica Choisy)S ZEA 7171 S =
% 19 AE AT A ADs, S43 2719 IRL 1lemAE AF Ao
71 A7kt

2) A FA9 Tol R FHEMEYS BT

Aol Asd FAE A PAHS0 0 25, 35, 458 ¢ BokA Zog
13174@ T, ZEE SRED FRES AUT. A AT Bolwe AN
= SelEn 30T ofFE F&7]d wolrajFch

ol & %oﬂ"i 458 3¢t A% S AT A FAQ ols e 90%olNo R

mebA] A Bt g 4583 AT FAES ATl /\}30}“3} Z‘Jﬂ
< APTF A FAEL A2 AAAE Boksd #
o) F2 &7 FoA LoltEF F3ith F27] FojA 3Y %"J g f74
o] B RES F& £o2 A 500ml H]o]A wiete] g3 Ado] F =g F

7kl FolFA

3) A B 7Y
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F27lM 34 2 FrtlA 34 Ad, F 68 T A A #4
SFAEQ B3 £7] o] ANEWH ZAA AU 53] +4E 7
e o Hee H“"c}-"— Z @t @tk F, A FHE FEE7D
Zae Bgor @ FEo] BAHst S7d 2 A UEF He9 4
of AT, o]F o}zl o A FAEY S0Vt aF4ES 2
& A7) HEoith
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Fom ¥

oo fr
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o
to BN

) B3 % E}ARENF BF A=

720 A9 F7] BES 4% A H2 AR 33 L =R
A7 BEe A% AZE AEHAG

1. 95 3= #F

rd

A B9 ol9gH 2 RSy P2 U4 seHNikon coolpix 5000)
o= #dagc

=Fz Ko AYst F7) "?’——E—(endophyte) S g2y 2 Wyoe=z AHesldl
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laboratory microwave processor model 3450)°|4 10% 2 20x F¢F vlol=
20522 70% 2 0% power)E ALt

AiHol 45d AEe TR A AHES dedoz A2oA 1584 33 A3
3tk F1RPL AEE 0.1M sodium cacodylate ¥ENOE 4ZH 199
osmium tetroxide A MPH 6.8)91 Y3 40x F<¢ 39 rlojma=3H70%
power)E ZARSIGITH TUT ST Aoz ALAA 15848 3 FAEA &5
acetone FE A% o2 HAABUL &, 30%-50%70%90%100%100%~100%
THE 4 gAmt 402 F<¢F wto] A2 3HT70% power)E EALSIITH
g7t 8 A8E Spurr FAE AFARKSpurr, 1969). &, oHHEFH X

S Fo2 4L TP 2 o5 £AE 39 @ty FFAAC 4 I
HAQel 4 dAE 158 59 vlo]a23H70% powen)E ZAVSIATH A4 AF
I 489 AET X vlEAA 68C F27]00A 19X A= FHAIA 27 0]
B0 e FA9 EYg UEAT. £F £o] A8E LKB-V 2¥EU2 {3
g AHEE] F72 2HEES REAT FAE UL 0.05% toluidine blueZ
W3ted F3En H(Olympus BX50)o.2 a3t AA vz o2 2992 g
sttt ©HAl RMC MT-7000 =ubdsizjolx g2 HHg wEch B9
uranyl acetate®} lead citrate(Venable and Coggeshall, 1965)Z o]|% Azt
3ted Hitaachi H-7600 ¥ JEM 100 CXII ¥3@Adn| 4 o2 80 kVelr &#Z .
#gskad.
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m. 2 3

1. A4 &7]9 #+=x

F&7)A 39 zEa FtelA 38 A, F 6Y FE A AY /AHEL
SFAE BA3 2718 F 2 282 £ UAES A 78 7EE7DY ¥

o A& Zie BFoR @ Fio] A 74 2 AA I=F B A4NNE

717 9AEA 2 2240 A FABe 27t $FHEY B4 57
3 A%y gWosny B850 3

s x
E W3 es F3 AU SFYEY £7]9
E7

2 Wil ohFig. D).
2. FFHE F=Fo AL F7

SFAEY F7]d HFE FHEREH 449 Fle sFAEY 244 3
Astd #r] 2ol F7](endophyte)E HA 3R} Fig. 2). o]&d

" #23 AEEo F5& oFH, I /M e thh AFE AEXERE TAH
Ak 13D AR AXSS FA AZ DolAA A 2oz A A 4
RAC VNIl hyphae) B2 4E3sith(Figs. 3, 9). AMIHELES A 43 2

MEQ AEE 23, 59 F23 AT A EE AR APE3AcHFigs.
4-8).

F719 AR AEES AT P} FRT A, Y2V 2 AELS Fx
A AIEF Holle HELF, vEZ=de}, A%, 2ln ARYAE FHE
A2 To o2 AELrEe Bol Z3 YJtHFigs. 6, 10, 11, 15). AFFAE
9 MEAF} AE &of AR BRI £ YASe] AAHFigs. 6, 15, 16).

59 f27 £o2 A AT Axga dg @] SIS
2 EEHE 498 22 F ANHFig. 1D. AN ETF $F9 §2F A2
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HEQ AL oS T Ao NIHL vmE F BEHo dokFig. 12), At
2 AMAEZE 79 f23F AX dEo] AYSEA 79 AEHI dFgA
2 BEASI(Fig. 13) B A3 Bz FAL »AKFig. 14). 284 &
719) AT EN 59 FFA NEE AXEE BFste d¥ZIgre +

ZE BRHA Gl ol AFAEEL I F R TR AL e A
& H3 & AR BEE Ze AEZE, 12 &9 HEE, nEZELe}, &XA,
AEYAE /T M2, 280 AALETF 22 A& 5o g8 Axaras

< BEY F YW 5 1 F9 v»ﬂm W APFA TS MEDAN BEF
e YRS} g %lz}%l A &3 AT AZY ZAGHNE E £ AR,
EF o] 9 FHell Q= FF2 xﬂliﬂu dgAne] REHoz Ras: 4

S Hol7l= 3 vHFigs. 15, 16).

FH SFAE FEAE A7 F9 delFol=2 o)Fojd st F wg
o] AAHFig. 17). &, F2F ) A3 F719 AMFAEE &= o8 9
detgols ¢ 2 SLYIAE iete AUt HEEHJAHFigs. 18, 19). EdF
A3 Fe oF Ao Hwa, 2-3709 daFol= u an AFA &
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Fig. 1. External morphology of parasite (Cuscuta japonica) stem-bearing
haustoria and host stem. The parasite stem twines the host stem. Some
upper haustoria (arrows), lying external to the host tissue, are formed at

the contact side of the greenish parasite stem. <5.



Fig. 2. Anatomical view of a section shows endophyte (ED, arrow),
haustorial part lying internal to host stem (HS) tissues, and stems of the
parasite and the host plant. The ED has penetrated between two vascular

bundles of the HS. The ED and stem of the parasite are greenish. X7.
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Fig. 3. Light micrograph of a simple peg-like endophyte (ED) reached
the cortex of the host stem (HS). The ED consists of the parenchymatous
axial cells and elongate peripheral cells. The latter have transformed into
filamentous cells, so-called hyphae (arrows) which are indicated as PHC for

the parasitic hyphal cells. HX, host xylem: HP, host phloem. *<150.
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Fig. 4. Electron micrograph of two walls (PW) of the parasitic hyphal

cells (PHC) in contacts with the host parenchyma cell (HPC) shows the
PHC to be separated from each other. x23,600.
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Fig. 5. Light micrograph shows lots of the parasitic hyphal cell (PHQ),

located at the tip of the endophyte, sectioned transversely, where they are.
Some PHCs are separated (arrow) and growing independently of each other
(arrowheads) at the peripheral sides of the endophyte within host

parenchyma. Most of the PHCs contain large nuclei and dense cytoplasm.
x270.
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Fig. 6. Electron micrograph of the parasitic hyphal cells (PHC), sectioned

transversely as in Fig. 5, of endophyte growing within host parenchyma
cells (HPC). The PHCs have a conspicuous nucleus with large nucleous and
dense cytoplasm containing abundant cell organelles such as dictyosomes,
mitochondria, the vacuoles, plastids with starch grains, and electron-dense
particles within vacuole and cytoplasm. Note the walls between three of the

PHCs are separated (arrows). <4,400.
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Fig. 7. Light micrograph of the elongate parasitic hyphal cells (PHC) in

the host parenchyma. Some of the PHC are growing intracellularly
(arrowheads), whereas the others are growing intercellularly (arrow). The
apical region of the PHCs contains dense cytoplasm and conspicuous nuclei.

ED, endophyte. *330.
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Fig. 8. Light micrograph of the elongate parasitic hyphal cells (PHC) in

the host parenchyma. Some of the parasitic hyphal cells (PHC) are
transversely sectioned, while the others are longitudinally sectioned. Hyphal
cells growing intracellular (arrowheads) and intercellular (arrow),

respectively. ED, endophyte. <450.
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Fig. 9. Light micrograph showing an endophyte (ED) reached near the
host xylem (HX). At the periphery of the ED, the parasitic hyphal cells
(PHC) with large nuclei and dense cytoplasm are growing within the host

parenchyma. *<140.
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Fig. 10. Electron micrograph of apical region of the parasitic hyphal cell
(PHC) sectioned longitudinally that has a conspicuous nucleus with large
nucleolus and a dense cytoplasm including abundant other cellular
organelles such as dictyosomes, mitochondria, vacuoles, plastids with starch
grains. A chloroplast (arrow) of the host parenchyma cell (HPC) is visible
near the PHC. x3,000.
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Fig. 11. Enlarged view of the very tip portion of the parasitic hyphal

cell (PHC) that is in direct contact with the host parenchyma cell (HPC) in
Fig. 10. Note the walls of the PHC and HPC show a wavy uneven

appearance (arrows). *<13,400.
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Fig 12. Electron micrograph showing the host cell walls being invaded

by the parasitic hyphal cells (PHC). The parasitic hyphal cell (PHC) is in

contact with a host parenchyma cell (HPC). The cellulosic fusion of the
host cell wall (HW) and the parasitic hyphal cell wall (PW) is clearly seen
at the point of contact. xX32,300.
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Fig. 13. Electron micrograph showing the digestion of the host cell wall

(HW) and plasma membrane seem by the invading parasitic hyphal cells

(PHC). At the host-parasite interface (arrow). <17,100.
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Fig. 14. Electron micrographs showing the digestion (arrows) of the host

cell walls invading by the parasitic hyphal cells (PHC). As penetration of
the parasitic hyphal cell (PHC) progresses into the host parenchyma cell
(HPC), the host cell wall and plasma membrane (arrows) are almost entirely

digested. HPC, host parenchyma cell. <31,000.
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Fig. 15. Electron micrograph of the tip of the parasitic hyphal cell
(PHC) penetrating the host parenchyma cell (HPC). The PHC has a
conspicuous nucleus with three nucleolei and dense cytoplasm containing
several other cellular organelles such as mitochondria, endoplasmic
reticulum, dictyosomes, plastids with starch grains and numerous
electron-dense particles. Note the dense particles in the PHC are also seen

near the wall of the HPC. V, vacuole. %3,100.
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Fig. 16. Enlarged view of the arrowed part in Fig. 15. The

electron-dense particles are near the wall of the host parenchyma cell
(HPC) that is in contact with the apical portion of the parasitic hyphal cell
(PHC). The dense particles (arrows) in the HPC are very similar to those
of the PHC. Note the walls and plasma membrane of the HPCs appear
partially digested (arrowheads). *12,900.
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Fig. 17. Electron micrograph of a chloroplast in the host parenchyma
cell (HPC) shows organized grana (G) that consist of several layers of
thylakoids. Compare this chloroplast with one of the parasitic hyphal cell
(PHC) in Fig. 18. x30,800.
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Fig. 18. Electron micrograph of one of various plastid types in the
parasitic  hyphal cells (PHC) growing within the host parenchyma. The
plastid with starch grains (Sg) appear to be transforming into a chloroplast
because the plastid contains somewhat developed thylakoid membranes

(arrows). N, nucleus: Nu, nucleolus. <11,200.
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Fig. 19. Electron micrograph of various plastid types in the parasitic

hyphal cells (PHC) growing within the host parenchyma. Each one of the
numerous plastids contains starch grains (Sg), a few thylakoid membranes

(arrows), and crystalline inclusion (Cr, arrow). <8,800.
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Fig. 20. Electron micrograph of various plastid types in the parasitic
hyphal cells (PHC) growing within the host parenchyma. One plastid
contains starch grains (Sg), a few thylakoid membranes (arrows), and

crystalline inclusion (Cr, arrow). <30,200.
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Fig. 21. The other plastid possess a few of thylakoid membranes
(arrows) at the peripheral region and a crystalline inclusion (Cr). The
inclusion shows a lattice substructure of transparent and opaque regions are

arranged in a two set of periodicities. X46,700.

,_32_



i R

Fig. 22. Electron micrograph of various plastid types in the parasitic
hyphal cells (PHC) growing within the host parenchyma. This plastid
contains starch grains (Sg), a few thylakoid membranes (arrows), and
crystalline inclusion (Cr) enclosed by a membrane. The crystal shows a
lattice substructure of alternately electron transparent and opaque regions

in a parallel pattern. x35,100.
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3. &F A& ATz =dF F7|

F719 AMIAEELS AGE ASEHY sFAEY EAF R AR =4 #
gk op] &} 4‘—(&{%) ZHN A =DstchFig. 23). Fohd XA TG AMIAHE
Zo & na ﬂg}% A3 & AATEY AXAS 23 UNTHFig. 24).

*z*-l%° EfFd =g AP EIES 559 FAL EF SHd HSE
Fol 239 o] BlFd ERME(xylary hyphae)2 £33 =HOoH, o] XL Eo| &
o] 233 E719 BH AlolE AAEtHFigs. 25-28). 3, F719 AMAE
o] @R & £FAEY BT 8o e I F ZFIUAMFig. 29),
7] HEEo] =2d %3459 EFEL HEYD oxE EFo| REHo=
X EAE HAFig. 30). 719 MEEo] =gH SFAE9 E@RFx
S5 =@ AXES &3] dxst 8 AXEZ AYA YN, oY =HELS
dd 5719 A EEl oA A= de] ol YAvh(Figs. 31, 32).

S£FA 529 A@Rd =G5 A E(phloic hyphae)‘: SF AEY AHELs
= Aol2 AYsld sEde §3E BESckFig. 33). 579 AFaird] Y3
ARAIEE A 3 demels % Ze M %° 7} o (Fig. 34), W2

e 2 gH ok ot AN e

1n

T ddzZolE g, AAFHE e 4AA, 28 AaA 3R E wE £ X
te & 52 ZVIE StHFig. 35). 59 AAFd =Ed ol AFMEE
2(Fig. 36) A7t9¥e FHste FAAYEEY ABARAA & F U FFAHY
538 #d5 AUALE Z3HA § AXF Fd g2 gHAEAESo IX
2 2 Axde F£oF widatu(Figs. 37, 38), B2 "4 5T 4AE £}
© MaA(Fig. 39) 55 #FE + AU

4. AYF F71Y JFe WE $F =4
479t AHE AN E7104 FI7F wEsle] 7489 24 Foz 198
e W, F77h AW 539 27 $Ro oldHom W ALE B2

._34_



T ANTHFigs. 40, 41). 3719 UYL A Fe BHEY SFAE Z7]04, @
AEL FACGEFZZ A4 N2 Egzoz 99 ARE $1 3
NAattHFig. 42). 28y F7]9 2F4L B 32480 ZrdAs
A Atoldl AW {2 HETEC] By FR&FYEoT 23
W A S0l MZ dAFHAKFig. 43). F719 FAHEL w@e ¥ e

=9 7194, HEF & FASE 9% @ B XS0 B35y, 94
AAYY FAXEE Bdid 47 € $UPHZ0] ALY Fig. 44). B
719 Aol ALZHAA F7] =4 L FAsE AXEL 98 Zez e
B2 st ch(Fig. 45).
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Fig. 23. Light micrograph showing that the parasitic hyphal cells (PHC)
of the endophyte (ED) have reached the phloem (HP) and xylem (HX) of
the host. The tip of the ED has reached the pith (Pi) of the host stem.

x150.

_36_



Fig. 24. Light micrograph showing that the parasitic hyphal cells (PHC)
are in contact with the host xylem (HX) and phloem (HP). The PHCs have
dense cytoplasm at the apical regions: the upper PHC has reached the HP,
while the lower PHC is in contact with a host vessel (HV). ED, endophyte.
% 360.
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Figs. 25-28. Light micrographs of a serial section from the rectangular
portion marked in Fig. 25 shows that a xylem bridge has been formed by
xylary hyphae connecting the endophyte to the host xylem.

Fig 25. The parasitic hyphal cells (PHC) have reached the host xylem
(HX), and the xylary hyphae (Xh), have differentiated into water-conducting

elements by deposition of the secondary wall. <140.
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Fig. 26. In this section, the xylary between the endophyte and xylary

hyphae (Xh) is disconnected (arrow). The XH is in contacted with a host

vessel (HV). x3580.

_.39_



Fig. 27 The xylem bridge by the Xh is formed between endophyte
vessel (EDV) and xylary hyphae (Xh). The Xh is disconnected (arrow) with

host vessel (HV). X550.
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Fig. 28. This section shows that the xylem is disconnected between
endophyte vessels (EDV) and host vessels (HV). x420.
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Fig. 29. Light micrograph of the parasitic hyphal cells (PHC) of
endophyte that have reached near the host pholem (HP) and xylem (HX)
longitudinally sectioned. The host vessels (HV) are straight and seen as
empty pipes. Vascular cambium cells (VC) exist between the HP and HX.

x240.
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Fig. 30. Light micrograph showing the parasitic hyphal cells (PHC) of
endophyte reached the host vessel (HV), which is sectioned longitudinally.
Some of the HV seem to be distorted and swollen because the vessels are

filled with cells (asterisks). *<380.
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Fig. 31. Light micrograph of the host vascular tissues, sectioned
transversely, attacked by the parasitic hyphal cells (PHC) shows clearly
some host vessels (HV) that are filled with a few cells. The host xylem
tissue penetrated by the parasitic cells appears to be disturbed. The

vessels are discontiguous. *X550.
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Fig. 32. Electron micrograph of a transverse section shows that a vessel

with the secondary wall (SW) is occluded by two large vacuolated cells.

%x3,300.
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Fig. 33. Electron micrograph of a parasitic hyphal cell (PHC) of

endophyte reached the host phloem (HP), phloic hypha (Ph), as in Fig. 23.
A large phloic hypha (Ph) sectioned longitudinally has penetrated between
two sieve elements (Hse), sectioned transversely, of the HP. The PHC has
a large nucleus (N), and a thin layer of peripheral cytoplasm including
plastids (Ppd) with some thylakoids. The sieve elements (Hse) of the host

contain typical plastids (Hpd) with fine starch granules. <3,900.
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Fig. 34. Enlarged view of the rectangular portion marked in Fig. 33

shows clearly the ultrastructural difference between the plastids in the PHC
and the sieve elements (Hse) of the host. Ppd, plastid of the parasitic

hyphal cell; Hpd, plastid of the host cell. x22,300.
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Fig. 35. A plastid in the PHC contains a crystalline inclusion (Cr), a

couple of thylakoids(arrows), and vesicles (arrowheads) along the periphery
of the plastid. Ld, lipid droplet. *<31,700.
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Fig. 36. Light micrograph of the phloic hyphae (Ph) sectioned
transversely penetrating the host phloem (HP) sectioned longitudinally.
% 390.
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Fig. 37. Electron micrograph of a phloic hypha (Ph) penetrating the host

sieve element (Hse). The Ph exhibits some typical features of sieve
elements such as parallel arrays of smooth endoplasmic reticulum (s-ER),

mitochondria, and plastids (Ppd). Note the plastids (Hpd) of host. *4,300.
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Fig. 38 Electron micrograph of a phloic hypha (Ph) invading the host

phloem (HP). Enlarged view of the rectangular part marked by (A) in Fig.
37 shows the parallel arrays of smooth endoplasmic reticulum (s-ER) on

the tonoplasts of vacuoles (V). *x32,500.



Fig. 39. Electron micrograph of a phloic hypha (Ph) reaching the host

sieve elements (Hse). Enlarged view of the rectangular part marked by (B)
in Fig. 37 exhibits that the parallel arrays of s—ER and platids (Ppd) in the
mature Ph. Compare the Ppds with plastids of host (Hpd). *<20,300.
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Fig. 40. External morphology of a host stem attacked by the
haustoria(H) of Cuscuta japonica. Photograph of a host stem that is very

swollen by penetration of haustoria. x<5.

_53_



41

Fig. 41. Anatomical view of the endophytes (ED) within the host stem
(HS). The parasite stem and its endophytes are green in color. The
infected upper half part of the host stem expanded compared to the
uninfected lower half. x8.
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Fig. 42. Light micrograph of the host stem, uninfected with endophytes,
shows vascular bundles (VB) that are separated from each other by

interfascicular areas (JA). HC, cortex of the host stem. x<320.
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Fig. 43. Internal structure as the host stem is parasitized by endophyte
(ED), the vascular cambium (VC) is formed at intra— and interfascicular
areas, and thus the vascular bundles are in contact with each other. X,

xylem: P, phloem. X250.
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Fig. 44. Internal structure the swollen portion of the host stem, formed
by penetration of endophytes (ED). The cells of vacuolated parenchyma
cells of the host cortex (HC) and interfascicular area (IA) are divided.
Vascular cambium (VC) is formed at the intra— and interfascicular areas. P,

phloem; X, Xylem. <160.
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Fig. 45. Internal structure the swollen portion of the host stem, formed
by penetration of endophytes (ED) as in Figs. 40 and 41, consists of

numerous cells around endophytes. HC, host cortex; HV, host vessel. x150.
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1. 719 714

&z A& A A7l A9 F7|(upper haustorium) 7o g AF
& A £FAE 20 AYs AFY F7) FE(endophyte)d] 71 €4E& o]3)
37] YA Basith £F489 o JAse F71d A P9 B9
HozrE 7)A5E Aoz Y3 tKStephens, 1912; Chuang and Heckard,
1971). Thomson(1925)& &719] HFo A “ELH=AANETE"S F7]9 A
AMEFolgtn &t B3 Koch(1874)5 C. epilinum €719 dFo] 44 A
A A%} & AFZd HEZES F719 MELolgta &l

Peirce(1893)% C. americana &719] Wz<] HlZ o X3 HF ALY
B o3 F77t 719Hn, £719 71de] k& B M ES FU]e] TER) A
o] glo] =29 Al FAln} u|g3lttn 315tk Thoday(1911) 94, F7)e
Uz B2 924 e IF AXst £931d A2 vxsA gAdua 313l
th SHGYYEEA S 2 £AHZL B Ux EE FHAFY 23 HAX
sz212g 71989 Aoz w3A UtHFoard et al, 1965; Bonnet and Torry,
1966; Byrne et al., 1977; Blakely et al., 1982).

Kim(2005)e) &8}, AMAHC. japonica) ZE717F &F2 g0 HEHA 1359
FgRd JHE AT Eo] F3RI Y} £ BxY MEF Fol g2 AxL7B
ek 15

2tz F719 AdAE S0 FEHIL, o|2HE £zl &

gt 53 AYAEGEERAMMES 2 g3 52 229 AEF & o2 7HA
AE271BE Bo| zZra o)A diatgAe] v &g 535 AYn, AFAZ
o] vtz 9ol JXste FIAHNITES 3 2 FHELS &89 519 FHHo=E
o8 Mo AE dFNE FARITy. DN (Cuscuta australis)® F71%, M

Hlgh 3g #3A4S AAA, FEALE, AFGHES, dFAEXT 5 3379 AxX
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Z02 FAHY, o]g9 2AA EAR JIAZ A4 A Hlxdth(Lee and
Lee, 1989).

&F 23 &o FAQet] A= F7) FE(endophyte)S FE X3t
23 AXEo] FE& oFH, ZgAEY ' v AFE AEES HE 2
Ho] AMAFEGRIRMIAE, hyphae) B2 AgHT FI19 F5E& o|F: H]E% ‘3—3
AgAE Y AMGHEEY A vid 2 AEEHY 5%

7] A F7)(upper haustoruim)E T3 FHAHE
3t} old 539 dAXA4L endophyted] FF5 Z )‘H}/‘ﬂﬁaol Z}z} upper
haustorium®] FAMEE 2 AFHAEZEZHH 7149HASES A

2. 57 Ax A

&F 23 FoA F719 PFEAE AXELS AE EEEHOA AMIAEER A
o] FAEY FAHAX Ao]lZ EE FAHAXE £o02 Fdsto A3 o™
AL g s HAEEINME & F AtHSchumacher, 1934; Dorr, 1968a,
1972; Lee and Lee, 1987; Vaughn, 2003).

APEAZES T T £ 2xY AEF Fo A2 R MELXVES
Bol zm QlojA, o] AMIAEE] tAtH o R F& A AHC ASZFE AAF
gth 53] AMIAEES] A o Az D=L & dAREC] 59 Jon, ofH
AEHIEETS F3 e sF AEY SAGHE T4 dAEo] BFHJD
ol 5 Mz Ho] REALE T FdE EAth o AFE Hol,
ABHEEANA A7 e AALET 2 ARAES 55 HAEES FAIAY &
3= LS = A2 FHHATHToth and Kuijt, 1977b; Nagar et al.,
1984). wetA o] QatEel digh sEtA Aol FAMEIEE Y FoE )l
wojof & FA|olrt.

A et

flo

2-1. §7] % &3 AXE FFR9 09 gPAA)
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SFAE AELZRHY E4 FFE AT 729 A, LAHATH F7)1%%
&F AEE Alo)9 E3 A9 52 9¥s ¥ o= AZHE d¥FdEA)
(plasmodesmata)E& 4T3t $vH(Thoday, 1911; Schumacher and Halbusguth,
1939).

Cuscuta-Nicotiana;t(Bennett, 1944)2} Cuscuta—Pelargonium>#(Dérr, 1968b
1969, 1987), Cuscuta-Impatiens%(Vaughn, 2003), Arceuthobium-Piciazk
(Tainter, 1971), 283 Pilostyles-Daviesiast(Dell et al., 1982) 5< 717l
A T oolF AE AR H¥He Aues d3AAFAPL EAgtt itk E=3
Dorr(1987)¢t Vaughn(2003)¢] B3 o]fld] EE ATAEL AF FHdx F
AT AEHS A3 AFss dFddegrty FRE AARA G Qo
W, ANMN-ENER(Cuscuta-Trifolium; Lee and Lee, 1989), A717|A(HCF
#) 3=  Cuscuta-Cuscutait(Lee, 1993), Arceuthobium-Pinus%(Alosi and
Calvin, 1985), 28|31 Pilostyles-Dalea%(Kuijt et al, 1985) 59 vwlAlT+x ¢
TFAAE F o)lF(FRME) NEY AxHE #Fsie dFId=E #2HA I
.

ojare] ZNAAE AHWWA, (1) Cuscuta-Pelargonium’% R Cuscuta-Impatiens
% 383 Cuscuta-Trifolium% R Cuscuta-Cuscuta’, (ii) Arceuthobium-Picia
%% Arceuthobium-Pinusk, 183 (iii) Pilostyles-Daviesiat®} Pilostyles—
Dalea’t 5oA Cuscuta®t Arceuthobium 2 Pilostyles S-& & £(&H)< 714
a2 Eolrt, T Q7S webA, ol F7] AT o|F(RE) 545
A X Alolo] AFAAFAL] &4 ARIt M2 27 FFE ok Kuijt(1983)
T Y JIRAA olF HMEEY F AEHS st dFdAdZE EA4%

© 47 Ade obvtx AAER A stdA AF:R BEA Y LHFY F dvx
g vk A

2 dFdA 71 £F39 F AzE S BEste d¥ddEnig #2g
AATh A i AEAME 78R sFAEA NELS 5 z
A 71FE EAEA G' Aod Koy, Fre F MX F AMEHo] 3t



o) AMEW A Z(apoplastic pathway)E F3A EF A7 o]Fod Aoz A
ZteE tH(Alosi and Calvin, 1985).

F7] Aol MiA

s AEES HEFLE 2T YN T4 84 7|37 ARAE FHA
o 93 EHAIUYE FHh’HZimmerman, 1962; Pattee et al, 1965), S§F4&
of 718sHA HE FFA4 Tl #AsHA FrHMacleod, 1961a, 1961b). o2
Ol Z At gL FAVIBHANER EFHL A

Kooij et al(2000)& 6% (Cuscuta reflexa, C. subinclusa, C. gronovii, C.
campestris, C. grandiflora, C. odorata)®] Mi& A& E7]9A M2A £3,
I, ATE T #F S4S A7 v Aok 380 AR 6F ke 4F
o] MiAlE dgZol=gE ZAI Jon, o0 Ad HEF4 ab9 HES ATH
oz A FEH 17vE(pomoea) AEQ &7] A4 = A} vk}
th gy 239 AixAdE old dEAE ¢ln dEtIol=x EAEHA] ¥erh
2 gl X Cuscuta australis(Laudi, 1968), C. pedicellata (Lyshede, 1989), =
2li1 C. pentagona (Sherman et al, 1999) 59 Z7]d 9t HAZ: MIEEIA
det 3ol uhg Zhe MAA(YEAN dAdn

&2 AFolA Fig. 1, 2 ¥ 39, 4043, A4 £719 A7 Ao 5220 3
g3t AFste Aire F71e SAS 91 AT B B2 AVHEE £E%
F7 AZEAA detzol=rt Bgd AAA, & HEAE &3] E 5 U 9

53 ZAAoA Ajte] BE #EAEC ZIAste v, o] A e At

o

o
b

Fl

F717F skt 2 2B £33 Adsto JAddE A& 1z davt
A& Aot o]d 2B %FAE9 A% AAF Polo] Y= A7k Yo B
[o}

HE F A7) Qi TV AEEAdA FPAS 74T & de dgRolest
g3t AoF Algdth a2y 719 HE AF A A F71Y AR 55
o] A@F Mxe} Thix AR a42 B ofH AL AN FU NEES

4 Getmol=E we e ASAJ} VLAUDE FYFEL AT F A A=
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2 AP &go]l 7] "EY A2 AsdEYt. S HEY F7)(upper
haustorim)®] X &M XFEHAMM)E(Kim, 2005) ¥ £ A7 F7|(endophyte) Al
FEA #ZE dEAS Zo], VAR EEY F7] AEAA FSAT 2R
de o}l&7tx] B3u® dHF gltl. Vaughn(2003)2 o] AT Algd &3
(Impatiens balsamina)t 22 %9 &FAE(Impatiens sultani)®] 7133t A4t
X E(C. pentagons)®] F7|(endophyte) AMXEA "HetIol=rt HEd AFA)
dest YA &t

EE AR SoA Az YT w31 W FEo] MEFHE AxFH AA
A7t FZEAY. o]F AAAE 55 2F AYsr] A FNE FAse AY
AFEEAA £3] B & UAHKim, 2005). o]z 2R A FEgAdo #dd 99
AEA o 2009 F7F7F @EtEolE Ful & FAHY de ALE WA Yot
(Robbinson and Mant, 2005). ] 2R A9 3513 JAE& &3] ¢7] Asix= 2
FAAE MARNZRE £t EM3te A7t olFodxor & Aol

w Jb

3. A Az E3s)

rr

71 AXE

Dorr(1972)= SF2E9Y Fx24 94 AFste A A8 F719 AW
HAZLE “searching hyphae” &3 8gl3, o] HEJ} £F¢] AP =4S
@ “contact hyphae” 2t g v Aot o]g Lol AlEE searching
hyphae7t 39 23 2 AT HEE QAT F de Z3 A& F1 Jod,

AAZ AAFE #I FAE v A2 BAHKuijt, 1983).
3-1. 534 AEZ E3sle AMFAXE
Dorr and Kollmann(1976)2 B339 2% 8% (0Orobanche) 21 &9 7] AL

7} 59 23 Ho et ojxAEHe] H|FHEH ol F AEs HIoR
dZdcta 3ty 281 Dell et al(1982)2 F7] AlX7t 59 E8d =3}
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tEle g 248 ¥3 ste AXst goka sk B8 372459 e
ANt A9 Castilleja®s 2% (Dobbins and Kuijt, 1973b) 2 w79
Commandra & 4 E(Toth and Kuijt, 1977b) SdME F71E°] 579 E3
AP Fo F AXY HEWA ME¥o] EH FPo| EjA A= EF
(open lumen-lumen linking) 8024 B3 MN¥X= &3, w3 F 2o a4
o] Striga% 229 F7] AXLEL HI L B T4 2B AT So= JAD
g &7 AEY AEY Eo] BidozA £ AER Z33dtHDorr, 1997).

£ AFAAE F7] 71EAEAA FHE AVIHNEEC] 7489 Edd A
3 ool 2348 o] A= EF AXE E3EAT AF o)A AMIAEER
3td &3 M X E(xalary hypha)2 &F9 B33 F719 F5%¢0 JA4d
Aste uF 9L 35tk old 5L 2F €% (Orobanche) 4 E9
7190 A ¢t H]S=3hH(Dorr and Kollmann, 1976), Castilleja%:(Dobbins and Kuiit,
1973b), Commandra%(Toth and Kuijt, 1977b), Striga%(Dorr, 1997) A& T3}
= TE0. B3 AVINEO §59 EF £02 AFAE YAtk AYstd A
3 Tof] EF AXE E3ste A 719 A= thEZd(Lee and Lee,
1989).

2l

W o

It

o oo T
)

3-2. A# MER B33t AMHAEE

Thomson(1925)2 Cuscuta. reflexa®l &7] el A@HE7 EA311 Fe=ctu
sttt 28y C. americana(Peirce, 1893), C. gronoviiMoss, 1928),
odorata(Dorr, 1972, Israel et al, 1980), C. austrails(Lee and Lee, 1989)
o] FIldME 9% EZY olF T2 AMFAFRIL EA%T. 13 ¥ A
W(Nicotiana tabacum)&ol A= =UFJIMA(green fluorescent protein,
GFP)ol M4té: 21E(Cuscuta reflexa) &719) APFAXGRMKDN 28 S

& £719 ABEE o)Fste Aol FAHUHHaupt et al, 2001).

ST A@HFo] TG3 AMIANZEL 39 AT AELE Alol2 AU

Bt Ad AZE L3EAT S AMAIEES] e AEF FoA AX

o oot O



Hoju} aAzutd] Ao 3oz wddls FUXIAE, vEZ=0}, 28n
41 ge =T JAs e H2F 59 vl4Fzs £ £ AWHDorr, 1972
Lee and Lee, 1989). °l& FZ& ANF IS FH3e AAXNEEY AT AX
2 4 e AFHA EFolt} £33 APLio] EFH  FAM AMAHXE
& Zra(callose) B ABR-TWA(P-protein) & LTAEY AT MEAA
T e T2 BFHA Gt o) WAHTRES AAdAE E 4 A}
(Lee and Lee, 1989).

m}m il _h

47 249 7=

o
flo

719 §4& ¢

>
ool

E AN Frle AFAEEC 79 dnpdxd 53] 28R JYsie=
A%, A0D APIATE d8iM £F9 BT MEES] dwido] m@dH, shte
ERFAN BB AXE] A= EEE A=Y X3 JjdE & F ' 942
d AEE0] vlx] AFAE FANR 5579 EF AX $02 P/ 3
Atk A8 A9 Fr7F FA”Y 5F E7] FHAAM, FE AOF 239 HXE0
2oz FYGEHMAY FEAT o) FHdA ok Atold] JF £
SRR FAZERE Bd3ld £384S5E oFAT B2 F7ld wg
T %)X Thomson(1925)9] AT o]de] F7|e] YL ZE AP F 9
stel] g AFE A9 ot B & flvh. 2+ AMAE A E(Cuscuta reflexa)?
717V 8383 Ficus carica) B TE(Cucurbita) A& 5 714 A4, o
&3 AE £7]9 9457 FAAFY FAXE] BEsd F7] 24 2F 0
HEH, SRR G2 RE P AdFol YEhES A% vk Aok 29 dF A3
e B Aol #2" A A dXEAn. olet T £F FALE] £E &
AL ged] F719 AYelgte Al g wgog A7E YA, ofd™ F7]
FAL Fo3r] A3 e R AN AZ & FIHATIE AUAE

X

oV mt ok (% R

_65_



V.2 &

LFA 5o AAZ 7| AARAE MM (Cuscuta japonica Choisy) &7 AXE

o wg 2 HATEE Fot 2 AAAVFLE ATF Ao e Bk

1. &5 24 & AYstd BFst= F7] ¥ E(endophyte)> F= gy oA

& e F23 AEE0] F5Z olFH, /A v tha AFE AP
(FRMIFDER ol FolXth AXe A3 wid 9 539 dX4o= RHel
upper haustoruime T4 THAHEE 2 APAHXEZHE endophyted F
% D AMAEE 47 71dErth

2. AHE A EZE & 98 Ze A A7 52 dx9 AXZE o o
A MERIHE Bol 2m YoiA, tlAbY GAo] Bge Wit

3. 53] APIAEELS "etFols o] wdd MAAAESAE #Hn ded,
ol £F9 HF A A3t F7 MEESN7A Wol FAME & 7 o
¢ Aoz AsdH

4. &3 HEY E@F E2E AMHEELS BB SHd HFFHE o olat
AEHo] FAYA EFQA(xylary hyphae)Z #3}3t), 3. 5 2 &9 A@
Fo 223 AMVIANEES AEY FH gfe MEXd F Fo MEeon) Axg
o FA0E WidE FHAEA R NG STUAE ZE A2 5 2E A

2)
Z(phloic hyphae)® ¥3}3tt}.
F71¢8 F4& ¥ w39 E7)4A, HF AEE0

=2
Abolel gl £RAQCHMMING FHALSE Bddle] £fREILZoR B

M
12
Ol
-
=
kA
et
r a
0
T
=
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