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ABSTRACT

Carnivorous plants vary in their unique features of morphology, ultrastructure and biochemical properties by species.
Furthermore, prey-capturing mechanism as well as structural and physiological adaptations have been used for grouping
various carnivorous species. In Drosera plants, glandular trichomes, which develop in the leaf epidermis, are known to
play the most important role during the prey capturing process. The present study examined such trichomes, focusing on the
glandular type, in leaves of Drosera anglica using scanning and transmission electron microscopy. Three types of rudi-
mentary glandular trichomes were found to develop within the folded leaf primordia and immature leaf during early
development. The first type, stalked glandular trichomes (Type I), occurred on the margin and upper epidermis of the leaf.
With maturation, the longest glandular trichomes having lengthy stalks. ca. 2.2~ 5.1 mm, developed along the margin,
while shorter stalked trichomes, ca. up to 200 um, were found on the inner leaf blade. The shorter ones consisted of a glo-
bose head having two layers of secretory cells, parenchyma bell cells and tracheids and a multicellular stalk. The stalks
gradually decreased in length in centripetal fashion. The second type, Type II, having ca. 15~ 30 um short stalks, also devel-
oped along the inner blade. Both types secreted mucilage from the secretory cells which had a thin cell wall and cuticle
layer. The sessile six-celled glandular trichomes were the third type, Type III, and were 25~40 um in length. They were
distributed most commonly throughout the upper and lower epidermis, petiole and even on the stalk surfaces of the first two
types of trichomes. The third type was also found to be involved in the active secretion. In prey capturing leaves, all tri-

chome types secreted substances through thin cuticles in the head cell wall, which exhibited relatively loose wall com-
ponents.
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+o 3 2 A 35, aE2E 5o F8 7S 3
s Qe e 2 Fxe) W) wmA 474 Qo 4
2 7]Fo|g}(Fahn, 1990; Mauseth, 2003; Graham et al.,
2006). 7HHE AT d Fx WYY dz AEAY

A2 2 3 W2 E HEd e AxERE Y

RE A4 9T AR 93, A2ARe 239 5
AN 97 Bot & 4 ek

A=A B- (carnivorous plants)®] -2 128 $-9ld)ed I
gs)l7] 42 x2goz Wiy gz gdsic) 2329
& EA0% T2 25 TR 4 s e B
b 239 QAR A2 Sashd 2oA] 1)
gt} (Fahn, 1979, 1990; Kim et al., 1998; Graham et al., 2006).
Y8 AZFAEL A BRI SRl MAE=d, ol &
MRl fanol Fxrt w9 Yo} P osh AAINE
ol AlEAe o] 4 Sl HefE EAFA] o] wljFo
o|#q FEolAl = A2 7|F o] Al EAYA ] A& o3k
S ] A} (Christensen, 1976; Juniper et al., 1989; Jeon & Kim.
2002; Rormanowski, 2002).

23|22 AEA W] P& dx 9 R 87
cryEe] AW BA)5E FAsed HEA WEE

psse oe A 4rdes §r T o9
(Glove & Martin, 2000). 23] 22| A Hltsle] QX 37 o

2 EE% W2 AEy B4R BaprsE iR
735 2 xR0 | REIA 2ol 2] S BuA =
¥ z#] 2 ﬁﬂﬁ' At HjFzdll= Feolut 3A F9
FEWNAE F2157] HE] 5o kol H
A& vl = A (nectary), 392 A& -‘-?‘—H]_J_(glandular
trichomes) 5-o] ¢l 53] EFe] EH|E: RIANE
EL 7|5 sl mgoz wyy Txz 23S
stz 23] A% AA4 B4 AE asass
v|3= 7o =2 oex] ¢ v} (Fahn, 1979; Juniper et al., 1989).
Ssbl MR PUIEE VLTS 42NBE oSl
polsh oy B 999 S z3el S50 A3
o] 71zte =z qlal 1875 w12 “Insectivorous Plants” (cf.
Juniper et al., 1989) o]z} o] % v} @& FAE ¥y gl om]
ol&el g st A+ Y APt A &A= I
A8 = 31 9)v}(Chandler & Anderson, 1976; Christensen, 1976;
Heslop-Harrison & Heslop-Harrison. 1981: Aldenius et al.,
1983: Joel & Heide-Jorgensen, 1985; Fahn, 1990; Kim et al.,
1998; Slack, 2000; Hirsikorpi et al., 2002; Schnell, 2002; Kim-
drdinen et al., 2003; Okabe et al., 2005).

A=A E-0] BH|rE FA f<l X (alluring glands), 343
H1] A (mucilage secreting glands). A%}A] (digestive glands
secreting enzymes) 2.2 Y'HE+}(Fahn, 1979), 32o]|54
2 (Drosera) A E8-52 25 AR w7} 2o 22§ 2n]s}
+ A4 FeAd 9 Aol {8 mujxA]ef sl

M :lo—r'

D

o} (Fahn, 1979: Juniper et al., 1989; Slack, 2000). ¢o|& £n
wo] AHA Q] 2FExI I A3ES BA6 o 5EE
AlZ9] 7|xt o 2 Drosera A8 5| W A7+ A&H
o7 AYPF 1 Qloh B3], D. capensis o) 7}A; ko] A
Hol o] 5o Wi Fu|x AR T2, oM E Y A
23 EX], BB AR, 87|z} So| o AFA
E E539 vlaEe] AgEe] ok D. capensisol] A&
A zkA) A&7 2k (Fahn, 1979 Juniper et al., 1989; Slack,
2000:; Schnell, 2002)o| A 2e] EujAz V] 43545 A=
o] o]l=27|7}A] e A7) EHed 9ok (Kim et al., 1998). 1
B} D. capensisE ¥ E3 YR & T Foll HEME A
A8 AEe] 1A kol B AT ol el A
vl w3 2 g 1Y Tl FA (D. anglica)ys Hito=
EZJ2] A g BA » ATzt Fa% 7%E
£ B RS dAto g o3 QoA AEg Y o
2717 dAM ez FA H EHAAH| TS o] §3)ed
A4A| 3] oA F-8}31A} B9 T

He H B

E N

Az

» Aol Agd 7
2007 849 o7 THR| (7 "M 5% EEF &JH)
NEUIH 2o ofF AAE ASsech LA &
A el 2 463 52 4 § 25 27
A 2] 317 (<5 mm)ol| A HE] ofF &) (6 X2 mm, ZH o] X
2% 458 QS0x6mme] o|27AA) 2e 4
tissue sampling3ti . Mg LHo|FH =3F &Y =
zAe og 28 A AR DR AEHY

AR A2 Q7Y 23 %)
FgehA|, A g edbghAe) o] 27)7hA] Agslach A
o] dAA ANFEY 2FF F-8-F2E 3% glutaraldehyde
Lol o Aleda] 3A)17F A FAE & 0.1 M sodium phos-
phate buffer (pH 6.8 ~7.2)& 1584 33] M|A st} (Lee &
Kim, 2006). o] & t}A| 2% aqueous osmium tetroxide (OsO,)
2 4°CoAM 2~12A17F E1A3sle] = bufferz ohA] 15
2R 33] AFRH 2AHH AEE 10~100%00 °)2+&
graded acetone series2 7247} 152 71H o2 ©H4aA]S A
% % isoamyl acetate 2 302 7FH o=z 33] X33} 4°C
N4 W wasldeh o] F o5 AEE liquid COyl 93
91 A A & (critical point drying, EMITECH K850) A& #
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71 & ion sputter (EMITECH K550X)el|A] <F 10
sl sie} Helstelch G4 Y A B

7| 23R Y o FAle A4 Hitachi S-4200 SEMo & 15
KVel 4551,
Microtekell £J3f scan % digitalization® o] image proces-
singS 7AA Wi A= G-

FHAzEu| A o7 A" AeEe 9o uhs)
A&t glutaraldehydeel] ]38k 1x} A3z =2 OsO,0 23 2
AF F31A, T30 acetoneol] 98 ghpiA & AR g
A2l A& acetoned} resino] UAF w2 EZF o]
2A2p 12170 AA29] rotator AellA] Ale]Hglom, o] %
100% resin S-M o7 1~2A17M4 33] wAlsted =]3s}ei)

old resine low-viscosity resin 24]_1}5 off wlu} &3dt=]g] 17,
9 resin® 2 33] pA|H F A8 5L FojEoe] 65°Col A
48217} 8733} A7) & resin block e 2 A zH=] 9 o)

Leica EM TRIM %! Reichert Ultracut-S ultramicrotome.©.
2 A% blocke2XRE] 0.5~1.0um IerEde wtsy
0.5% Toluidine Blue £-o © 2 oI Al3lod Zeiss Laboval 4 34
adu|AE Bl AR8-d 2nbAH 9 tissue sectiond 2ALS]
o3t} ©] 3% diamond knifeZ 90~ 100 nm2] 9FL- 2ulAdH &
Aztsle] T8|=e| &2 & 2~6% uranyl acetate$} lead
citrate 2. 3074 o|FFA3vE GAH TJl=x g7
2342 A7 HFAE Y] Hitachi H-7100 TEM& o] &
3l 75kVollA o475 ¢) 37, TEM photomicroscopy 7} Al A]
ol o] F o] Eo WHd == el image processing=
Artix Scan 4500t Microtek, Mitsubishi CP9500DW digital
printer -2 A& FFAH o=z BAEC}

o]% image datax Artix Scan 4500t

of

Z =

1) AR EX RS R
2 AR 7é7§51'—‘—"&_—%i (shoot apical merlstem)__i-r—
E| 7|98)e] 8% (adaxial surface)S k3l 180% F<
el o] A0 o) A7l 239 s
qho] SR Aoz wFH T AEes WA gl

0%
o
L‘?‘(
zd
r2
7}
o
H}
=
)
v

R R R 71;«11?.2413} L A
1) q_ F¥e ¥HEE HH e
1g. 2)

8
A

w

| REe 7] Fo2 :FHo|(Fig 3) &S T3 &
A7 Hrh d&FA] o] A%dt wHAld] ol2d ZEPe o
e A 40~65nmme| H3PHel 7l %loi gl &
3], ode] whdsl= Fu|RS) TR % Fd
gl 3] 93 7]5E $£33E B o= 49 2
A Haldlo] dxjpdog wlEEel Al &g F9|3H
Hot o] & 45 ma|xA9 Al A shu 2|3 gidd ¥
(o]

1) Long-stalked globose trichomes (Type |)

A AR B 559 B8R ofFl oA Ad&dt ¢
of olz7|71A] dd3} Aduza] =W AAe| A gt
o]E olM= Hu|x FARL7} 8 E o] Fut A5T
mel ekl o g Ha 2HReE wake] Fxe WalEd
(Fig. 4). o]& TR+ WAz} AAH ] F88HA] e}
v, Aelad Ezle Ry FARol HuelA HH|H7
Alzgie} o] & Rn)EAle] ALK oz HMEFHW FH|E9
FARLE= S2Eo] ALY YHeE HYHC E¥|EE o

M ZA3e] A E (stalk cells)&)} -H-B]AM| Z (secretory cells) .
TAEM, Gl sl HAEZY] Aol <5.0nmef| o
27744 A A o] #ulze) ojsh e )
s AJAFE) wislshed HmlAsE 1ﬂoﬂ}_:,_ SL:_Z-_ gﬂ A 7}ZL A)
%3l Aze] Ae R ¢

B3P} A I B S

e eRly
45le] S5 Fig. 5). LA 4
E3] FA|A, ﬁﬂEiﬂ 52 A *ﬂE 7|HEo] 2 W
= EREe] FAES] EuA AT 3

sh, E1]7]%
o —r‘H]"ﬂ—*& oFzZol| = UF3Ho H-F2A A X (paren-
chyma bell cel)7} &9}2] 7l=3g Ext2 3lom, F4

Bolg AR ol HAZ f dxd= AUt ¥

B
2 BAEo] HoFit Pl Pk I3 2o o
A B2 FAF 232 ExjAzelr En)HT
230 z3g AvEA AFW ET BEo) ke
MA G HA gl Type I #8587t 25 3 gofA
a4l mR £2e) wRlS gkl 4ol Eelsh]
AAeololl FAE sl AN BAC AHEH 5+
42} Foaic(Fig 6). AN T Wie] Pxss $u]5d
Az 3ol S 3

Hojm Jal jRre] Folow A4S

)2 o 7 Folxlch(Fig. 7). e >

umo 2 Hesht gAlel Fof qhﬂcﬂl Wk 7ol
S

N

2) Short-stalked capitate trichomes (Type Il)
oF 15~30ume] WA EE A Evjxz FAHRI7}F ¢
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AFPoz A A9 J¥ Ay I lozAe Exsic) 2
82> ol FE3= Type I #9|Re) vls)] wi$ e
HA 27l AR E A]R|8HA) o} (Fig. 8). FAHL] 9 &
HNZE2 2AH 0| 5E 2 713 2] g Yuls
oz FAFHI o|F A%l ulel FH|EFo| AlztEE
ol EEHY. dFe AL olE Eu|me ARSIV}
A BAEE A= FEFHG o HERE Type Il £H]
2o FAEYANME 57 e 2 HYF o] Eu)7|5&
F3 3= Aoz FAEGCL

3) Six-celled sessile trichomes (Type lil)

AT WA 27F FAEA] e Y R Ee AR
AR A 8l sk, Jela oY #9)¢ EExid. £
Bl ofF 20~35umeo]™, Brujx AAL oF 25~40 umo.
2 ST FH HEA A 7P 2H2- #3 o= (Fig. 9).
R Folle TR AD F EulAxite] ¥0g
Toll Fodsht A&l Eu|=2 Type [ 0] Zol|A e} 7o
ARA EvjEAe] &3] 27| B EEE dAde] &3
yebdet (Fig. 10). £ 32 79 ¥ R: 5d4s 5
AR Ay 937 gz g EejgAe iz
&AW A4 BuAE AEEe B3l WEdd(Fig.
11). ¥¥Ee 6ME2 FAHS I ERHZ YRee=
A7t A& AFIot FUAZ el B3EA] 42 A
of A2 gl vEE=e}, 2xA Fo uHFREC
Type I & Type II 0|2 FH[A oA 2} o] 2 Wiehdt
ot (Fig. 12). o] ¥ 6M| 2] 9] Fu|xe) 34 o3 o
Alel 254 st zAel= oF 300~500 ume] A ZA A
§e) 28o YA (Fig 13), §&2o] J&atm 7o
B2YA gt $ar) wad 23l oY z39e
REse o]F E4 wlFHmay Fuo xe A

FaahA) shoh

'l

Kl

H248e] 9e 23E FU5) TP 452 23
Joz WyHe] I e 42N B 4
aoggo] ABAT o148 & U Fehz A @
S Y et @Aela) A4 g 9eE AaEe
Qo] T Wolx Yo wulEAM Huq A mAe
S AaEH FBH SR 2AHe) AeA 47 1
Ao dash AAYoz ARE-"h(Slack, 2000). TFeF3HA
H9E E2e 23 (wp)e] H9 T} e Ad Ve
penthes)e] A2 pitcherd] (pitfall trap), s}2] x]-2-4(Dio-
nea)®] £7\u|Al E 3} (closing snap trap), Q8B =) Al
Al E-(Utricularia)®] TAA] L33 (suction trap), TLIto]s
& (Drosera)®] 24l 37 (adhesive trap) o2 5

t} (Fahn, 1979; Slack, 2000; Romanowski, 2002: Schnell,
2002).

2 QA7 AR DPETe|FA AVRAT 4
o|= o2 D. binata, D. capensis, D. rotundifolia 5| A 2}
G-A}3l e8] Hnu|mryl dbdshed (Fahn, 1979; Juniper et
al., 1989; Kim et al., 1998), =% f<l ¥ EZA F93
AL gt Type [ 1] 28] FARL]of] ExlF o] 3= A
HA] BA o] FFo] AHEHW wHA FAo ¥ EI}F EF
= sk Aol 94 ¥ (leaf apex)= T35 33 A
Al =oy 4l Wl whddl= Type [ 2 Type I £0| %

et 235 X8, AT YA EY E2FY
H] 2o &= protease, endopeptidase, exopeptidase, esterase.

2 o i

M

anhydrase. peroxidase, lipase, amylase, nuclease 5 ©}oF3h
A Yt Fo] Ee] slvt(Fahn, 1979; Heslop-Harri-
son & Heslop-Harrison, 1981; Juniper et al., 1989; Kim et al.,
1998). 3|, dX & Hu|Hof|= chitinaseZ} AT o] wict
3 222 oFFx B 4 ¢).o™ (Juniper et al., 1989),
A A QS BulE FYRsle] BulAE 54 2
(anticlinal walls) W E-Z&X.9] (protuberances)ol|+= acid phos-
phatase, esterase & ribonuclease 84 o] v Z}}A el
I ¢)o}(Harrison & Knox, 1971). 2|8 x}=¢] ®7}3lt Dro-
sera B-R]) ol A= peroxidase AFEL &AL Hdlo] ZtEY v}
AT (Kim et al.. 1998), o]&-o| Hr&3 HBA] FujAgR F
of| &= oF 4%, pH 52] °F3F AFAIQ] arabinose, xylose, mannose,
galactose T+ 50| A= 22| 7]zl F23 7%
& 3= 7oz dwlx ¢)oh(Juniper et al., 1989). o] 2}
o] AFAlE FH| R Bu|AE, AE71Eh 23S ¥
o} FzE gkt 23 H FF9 B8, &35 713}
< 8o gt ZA HaA 4 HeE FAFHI U
(Juniper et al., 1989; Kim et al., 1998). o]+ o]¥] A]Z&A]E-0]
dotst el AS AEI] ot A\ GEE T
7] 98 Aoz &2 dEEE wEA HIFA|A
ZZEH 2 AFe BE¥|EE YAk veko 2 (Semna &
Martin, 2006) 3-5 X138l 2 AFYd Aoz FAIH.
R R AlEA S RE Hio HEd £ glow, oF
o] £33}= Hu] BAo=z EL3 B3E FHMElIoH(Fahn,
2000). S50 EH| 2 EujN 2o HRAMER A F o
Slom, Eu|A| £ B0]7E YISl o] 3tel] EH]EA A
A gl BHple] o338 3k} (Fahn, 2000; Babula et al., 2006).
w322 A FH|EAE At B¥) ek N UTEH|F
7 g 2 dAlol:= long-stalked globose Type I, short-
stalked capitate Type II. six-celled sessile Type Il #H] %27}
Yo 23 293 2se) FHelN dARos Fag
75g +RshE $3E Type Lol Balgaol 2 2o
A QlA] ok Hule) Type III ¥u)= =3t £ 79| Fig.
045} o] FA%Ye) pulHzlN 3 EAE WS
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stod A58 7)5& pIs Aeow walgy) Eujsake
Mz Fuht Az Weld 2de g4sla o2 o=
A7 vl g5l HAoluzm MzAdoe] 2alsA 74
el s ¥ okl g2 ouvxE e vl (Fahn &
Shimony, 1996; Kim et al., 1998 Mauseth, 2003). Type II 4]
F o= Type I ¥ II 0|2 Eu)d oAl 9} 7o) Ix])
Y A, Fujand T A M zas)Te] 2wk
ol dHPH o= Droseragolx Hu)7)%2] Z3 Azt
3= Type I ¥ Type I1 9]of = 1 o) 61415*51 e Eulw
Type ILI T=3F D. anglica A B oA =
Pate A& ov)sir) =3t H]*ﬂiﬂ
BlE W B 529 2 5L o oy 259 2y
FZAM=E B yxe] ¢lEd) (Fahn, 1990; Kim et al., 1998),
ol gt BA] =3k 7% Type L II, Il Bu) 2 BEu)Ax é}
958 HEHe) 2R g Felge] 245e] Raly):
A&3HA i 5 ‘BJEE atoit.

HT AL % 5% Y3 ke e Abolr}
= EAo= )3 H}:z-_q EARo 7 ZEMbY gl AlZE2)
B Wteyoz 3} 5¢ Asd=d Zedy 9o
(Jeon & Kim, 2002). E3-32] |3t g8-z2 oL} Hulo]
FEEE UE A 29 7)Y AHAaY olnA T
FA 2 2ol: gle} FAL HAte] H gl o|E =¥z
Aol A AAEE ol2F AR Ru|w &
HRAS W G oAgAEds £2 29 9 &
ol M= Fa8t 7|2hg 83}
H| 2ol A WEEE o5 HAA

72 0 925 Amskel 45N 95 o] gln
7} 2 Aolck

&

&l
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Al Al E2] 9l AE ofRS ¥ 23] i T& 5213}
o ZIF 4 gl TFHos HIYHG AFAE 2y 22
el FHjREs B8 nios Ry dadt AES
Fulstol Plolg 2uRT F4E 4 AwS VLU B AT

= 719 T{j?jol-zr-ﬁ (Drosem anghca Huds. ) %*] of W3]

G171 DA M o] Al e 2
$}3ted *Jila’:ﬁi xFHA dor, sl 2A o= vEH| R Y
EE7IEe] B w3 galo] A3 Al o’ %9 2
A ARG ol el EHlEe 71X =EFH T o
=9 FARS B e 99 EREES ol ket
of Ragvy WAlzzt - 2A sk 44 #¥RdE

LS

3 23 A 74 A& 429 A Fa) A8 A
fzol 9 ke fubech dedols 7 WALE A o
2.2~5.1mme] globose V)= (Type )7} vrgsl nbd, 3419
WH2 24442 WM xs Axx oz Frolx Fof FHdMe "’—F
200~300 um®] Z- WA =E A3} FAEY (head)= 23
o] HuAN=, F7ke] Ao fAHEF, St vt=Her -
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FIGURE LEGENDS

Fig. 1. A leaf primodium at leaf initiation. L, lower epidermis; U, upper epidermis.
Fig. 2. An immature leaf with folded marginal trichomes. Other trichome types in the upper epidermis are still covered by the marginal tri-

chomes which shown here are only exhibiting basal stalks (arrows).

Fig. 3. Unfolded mature leaf with various trichomes. Insert: Closeup of the marginal trichomes (arrows). Bar=380 um.
Fig. 4. A marginal trichome, Type I, initiating secretion in the head (H) apex. Insert: The developing head before secretion. S, Stalk. Bar=85

um.

Fig. 5. Transverse section of a marginal trichome. Shown are two layers of secretory cells (SC), parts of a parenchyma bell cell (PB) and tra-
cheid (T). Arrows indicate a thin cuticle on the cell wall (arrow heads). Bar=30 um.

Fig. 6. Introrse curvature of the leaf apex during prey trapping. Most of the marginal trichomes (arrows) have responded to the prey. I, insect.
Fig. 7. A short-stalked trichome developing in the center of the leaf. Insert: Closeup of the stalk in Fig. 7. Bar=30 um.

Fig. 8. A Type II, tack-shaped capitate trichome. Insert: Closeup of the head. Bar=25 um.

Fig. 9. A developing six-celled sessile trichome. Note the smallest trichome size.

Fig. 10. A six-celled sessile trichome during secretion. Arrowheads show the secretion reaching the epidermis.

Fig. 11. The secretion (arrowheads) can be seen above the cavity (CV) in a six-celled type trichome. e, electron-dense globule; CW. cell wall; V,

vacuole. Bar=1 um.

Fig. 12. Dense cytoplasm of a Type III head cell. An arrow indicates secreted materials. M, mitochondria; P, plastid. Bar=1 um.
Fig. 13. Type III trichomes with multicellular non-glandular trichomes (arrowheads). Lower epidermis (L) of the young leaf.
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