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ABSTRACT

Vitex negundo is an aromatic plant which releases a unique scent due to the presence of essential oil stored presumably
within glandular trichomes. The focus of this research was to study developmental patterns of glandular trichomes in Vitex
negundo |leaves using electron microscopy. There are two types of glandular trichomes which develop on the leaf epider-
mis of Vitex negundo, peltate glandular type (PT) and capitate glandular type (CT). Structural features differ significantly
depending on size and density, formation of secretory cavity, plastid, etc during developmental stages. In young leaves,
undifferentiated PTs are densely distributed in the upper epidermis, but are not externally exposed in the lower epidermis
because they are covered by non-glandular simple trichomes. Upon leaf development, PTs and CTs show clear structural
differentiation in the upper and lower epidermis.

PTs are composed of up to eight head cells(ca. 35~40um) and one stalk cell (ca. 5um), while CTs are composed of
four head cells(ca. 10~15um) and 1~ 2 stalk cells(ca. 10 um). Although secretory cavities develop on the secretory
head cells, their size, structure, and formation proceed very differently depending on trichome type. In early development of
PT, a large cavity with numerous secretory vesicles form rapidly from the head cells. In CT, however, only a small
secretory cavity is formed, slowly relative to PT, without secretory vesicles. The PTs are considered to play an important
rolein releasing the aromatic components of Vitex negundo.
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5 729 9% b R o)%sle] WEE o |
Mo E 2 PIEE PrlTE g PRl SHE AE Il o
g} ot2 7 Jehdol (Rudall, 1997; Hallahan, 2000).

SER AEe WEshe ARAdAE BulTart o 24 74 Azl 9 243 PEEE AxER o)F
Z13bell A e gl A 9] B Rl wh o oA gl mu|zAels #w]R (glandular trichomes)gh 2
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mony, 1996; Mauseth, 2008) 5 =2 WM = § =7
ojato] Wdd 4 gl

Byujns dubd oz B (secretory head cells), ¥ A
¥ (stalk cells), 7| A A Z (basal cells)z o] Fo] x|, En]A)
29 B4, YAZ Fol, Az P 5o F2H 5ol
ulz} peltatee} capitate §-3. o2 FH 3o} (Werker, 2000;
Huang et a., 2008). ¥0] 23 A4 2 Bu)7)=te] Fe3t
qEe s EHE Ao FAES = A2 EhlA
ZEo] FAH T, o] 5 Al xZ el Eu]7 (secretory cavity)
o] z Whght}. fu]7] 2ol A4 HAsA|E e WAEZ
AN ZE FRHZ shcdel] $A]3e o]& ERHEE
AR 715 3T BulE WA 22 e T
el wheh w9 o kS Bl capitate -3¢l A
|24 7Fsa 27 A3 vk, peltate 3ol A=
v - A 7] ez ddsle] @ 79 peltate £
3a) wulzA mHe] WAEe Yepdd 7|AAH 2
B2 7] 23900l $2]5te] HuM| e} WA ZE =]
| AT AT sh, Q3 HEelA: A8 Y
A 7= g
B Y AN Fo ARos Ags A%
(essential cilg)= 2x} A 2A =2 AlE 7+ Asz)
2o g vle], 3 Al 59| 7
24 £ oo} (Sarikurkeu et d., 2009). R Al E-2] <
F-9lol sl & ke FR|R ol ohekdt 2xHAE
o] FfEo] gl (Serrato-Valenti et a., 1997; Jirovetz et
al., 1998; Amancharlaet al., 1999; Lee & Kim, 2006). Z2-3]
(Vitex negundo) 2 13} £7] 2] 914 A58 A5
o SET P18 Pk W B 2T e B
Ashe Qe WA eklz AHgEAY Fastn Qe
=44 el oa FHAe 7)ol musle] sirh(Duke
& Paul, 1993; Amancharlaet al., 1999).

=2 (Vitex) A1 &l Hgh A7 53] el A=
AR 74 (Malavarapu et a., 1994) A4 A4
2o] Abeo]A] (Rana & Rameshwar, 2003), Af- 5 EAAE
o] X|YE= oF2]H &3 (Telang et a., 1999; Sathiamoorthy et
al., 2007; Sarikurkcu et a., 2009), EAJ Al Bof 2]3l ) =F]
=3 (Amancharla et al., 1999; Son, 1999), 3H-5-A 5ol T
A3}sbd 4] (Santoset ., 2001) 52| A2, 43}
Aell AFHe] ot 1 FRAE WEel T3 V)%
< e T2l Hgt A7 28] wA 4 AA
oluf F FH AFelM FxH Ao =R AF
o] Hx ot FHAE ¥ I BHaE £53e] 43
Z7]el sl 289 F23
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gge] Befsis oz FAE v gk T FuY

rlr

e flo Ho =

2

ox BN rf o o BN e ¥E

> Mg

N
:
iy

4
=

Aot ok

& Kim (2006) 7oA w4l Astele otz o5 £ 4
go) Fa: Hei3) e 0 PE vehla glehKim,
unpublished data). = o}2 ¥}8kAl k221 E-¢] V. ferruginea

Fx27 BAS AR AHEA dx e 71EE e
Stk (Cabral et ., 2008). 121} o]& AFolA AF3H 3
gl oz Abolgt £ R3] En|wo] W oFile] 2HS
Fol £33 A7 gle AA oo & dAFoME F
%3 (V. negundo) 1§ =322 sl Bu|Re] g
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=
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E Adel A" F53 (Vitex negundo)2 o -3 A]
AT oA 2R AR A=, 20099 6~84
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(ca. 5mm)ol| A FE] 45~50mme] A58 o] AF 1,
ol A& 2~5mm? Z7|2 YA AAEE o2
oz AgE I

FAPAA A A o7 AE 912 3% glutaraldehyde £
doz 37 HzA A3 =, 0.1 M sodium phosphate
buffer (pH 6.8) 2 15824 33] A3 3ttt A1H ¥ A8 2%
osmium tetroxide (OsO,) 2 4°Cel|A] 2A]7t-overnight E<F
FAste] FY bufferz 1584 33] M= ek A=
A] 8+ graded acetone series(10% — 100%, 10% =7}, 100%
23], 15% 7H4) 2 &54IA S AH . o|F A8 Emitech
K850 ¢Jst liquid CO, A% 7= (critical point drying,
CPD) #4-& 713 Emitech K550X 2 24 (Pt) =]9h-& 913l
2 3272 9 7Y o FAEY Hitachi S-4200 SEM
o= 15KVl ATH et oleld HAe A% F SEMo
2J3l 43138 image datax= 325 computer programel] 1
¥l & Microtek scanner @ Mitsubishi CP9500DW £ image
processing=| o] ®]w A= A}

FHRAARu oz AFd AlgES SEM w3t &
23}t 3% glutaraldehyde A 3174, 2% osmium tetroxide 377
4 acetone & o 2 Aot d4vF Bt AR EL
acetonez} resing] w|&o] 3:1,2:1,1:1,1:22 533 &
Hoz 77t 1AZHA A9 rotator Aol A X3Sl o]
% 100%resin g4 o2 1A7H4 23] AFRA7] & ZujhA
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= Fn]stgdch. o) resin 942 |ow-viscosity resin A &9
o 28] NSA (26g), VCD (10g), DER (6.5g), DMAE (0.4 )
< Az A7) - £t Axddd &4 resine g W
A¥ A 252 embedding plates]] =Zrj=|e], 65°C drying
oven Yol A 48x]7F Z<F 3173} A]7] = resin block ez
A 2= 9}, o] & resin block2 Reichert knife maker=. wh=
glassknifeo] o]-g3}e] ubds o = A2k= it} Glass knife
£ o]4&-3}ed Reichert Ultracut-S ultramicrotome< = 0.5~ 1.0
um Fubd w-& w77, 0.5% Toluidine Blue £ o =2 oA
& ¥ Zeiss eHen] A Bal AHET 2upEwe) 2
ZAFsE o] & diamond knife2 60~90nm g2 =4
H-& A)z}sle] single dlot grid T2 mesh copper grid=2. 2
7AAZ & 3% uranyl acetates} lead citrateol| ] 2}z 40 o]
% FAEAE o9t 22 FAHFL AR Aee 7=
DAY g FAE 2] Hitachi H-7100 TEM S o] 8-3}¢]
75kVell A AFH S, o] F o]E image datal] =g FF
¢l image processing-2 Artix Scan 4500t Microtek film
scanner, Mitsubishi CP9500DW digital printer 2 £ = ¢lt}.
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1. Peltated £H|2 (peltate glandular trichomes)

Peltated] 28] 2 6~87]9] Bn|A|Ze} 1/]e] WMz
e, Azlel slE el R wbdsigl ot dube
2 AuzAdd v 2 Fxslgch £ f30 29
R B8lx7) 2~33 Azide P2 $8 F
71% At A EuHE R Mz Fo] el I

1 Eu)7Fe] w2 ¥AH7] AlRfElgde ER]7e]
v} ?%“é% F 45T PuHEES] 9 BE ADE9E A
73 °F 35~40umz =A At (Figs. 7, 8). ¥HIH =

l-

oA AR FREAS HZHE 53 Ru)ow oFH
A B Rladel AE A #R1G Wells 23 %
T FEL BHadE (secretory vesicles)o] Fzhe A4
7b 2= ot (Fig. 8). #H| A o] $ubsE7] A #HA2
o] & wjze}¢ (Figs. 7, 9), 442 A 453 ¥
wo] maelME #u]7} WellM AEE 1.5~2um o)A}
o] Avkat of7] ¥njagEe] A B FHAA ] A
71= stek ol F Eu|dAte] AH=WA HFuEH 5o

B4 Aol Rz whHurbH u)7ke] Aehe)rt
A (Fig. 10) s21]7to] 714 5-917b#] 6] &%
Aol Fx2 Wy EH A WM 2ES AAE= skt @
2 ca5ume HMAZE AL =) =2 Az AxEd
o o8l Azl=o] wu|z=o] W2 wdslgir)

2. Capitated 2H|Z (capitate glandular trichomes)

FHlE At BuA zel wls WA ZrF Z2A AR
capitated] H-n| %= peltated] En] Rl B3| ’“Zti—‘;— =
A Fxsh, A 9 he| 2] mRe| wsllot (Fig. 11).
Capitated] Ewv]|x:= Aode]] 27 10~15ume] vlw® 2}
= 4f°] ERHZe} o] 5 AEE= 5~10ume] WA 2=
o] Fo1x Qlet(Fig. 12). 23} Z7|tAllA EuH 22} H
Az SR FRE e st A5l wel EalA
Z ARSI MA B A AlEFsde) a7 o)A
wHM 2] =2 peltated] R RAFH w|wA w9
o, u)sAte] AHHA A $53ka(Fig 13) #H|E
o] w1y v FHMEZ =3t 5 HIYFHAH(Fig.
14). o] & capitated] Fr|E3= o]l WA, peltated]
Fujmo) v A2 2 EEIgu. Capitated] £n]w9
HrHZ ] 2u)7te] widshA S peltated] Eu]we} o=
A AP E At e 27] Azt A et o] 5 e
el AAls] @A #u)7d2 peltated | mebe 2] %}
A FAe] Hla Fu7F el Enlade] JAHA &
ok} (Fig. 15).
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EE Azt oz wrEshe wig- 3k AlxEE A
o} (Gersbach, 2002; Popa & Sipos, 2009). o] E-o] A sl=
walgde dudoz B ez FHT e
g (Werker, 2000; Kolb & Muller, 2004; Osbourn & Lanzotti,

2000), u}EFAd Al EEo] 343l A G} x|l R 4
2] 222 flavonoid =2 terpene Al Afoz By

o] ¢lt}(Chou & Yao, 1983; Hallahan, 2000; DerMardero-
sian & Beutler, 2008).
532> 7k s WEI e W A ER o]E9
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AR Fol o3t FEA 7]5e] A et (Duke & Paul,
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FIGURE LEGENDS

Fig. 1. Unfolded immature leaf surface showing densely packed trichomes (asterisks) in the upper epidermis(U).

Fig. 2. Close up of Fig. 1 showing numerous peltate glandular trichomes (arrowheads).

Fig. 3. Upper epidermis(U) of the mature leaf having glandular trichomes throughout the surface.

Fig. 4. Folded immature leaf surface covered with layers of simple non-glandular trichomes in the lower epidermis(L).
Fig. 5. Close up of Fig. 4 showing layers of non-glandular trichomes.

Fig. 6. Lower epidermis(L) of the mature leaf with scattered trichomes.

Fig. 7. Two-celled peltate trichome. Top view. H, head cell.

Fig. 8. Fully grown peltate trichome with numerous secretory vesicles within secretory cavity (SC). Note darkly-stained cell wall surrounding
the two head cells(H). Bar=5.0um.

Fig. 9. Four-celled peltate trichome. Top view. H, head cell.

Fig. 10. A shrunken secretory cavity of the peltate trichome. H, head cell.

Fig. 11. Transverse section of young leaf exhibiting peltate and capitate trichomes (arrows). Bar=30um. Inset: Two capitate trichomes in early
development. Bar=8.0um.

Fig. 12. A capitate trichome with head cells(H) and stalk cell (arrow) below.

Fig. 13. A capitate trichome initiating secretion. H, head cell.

Fig. 14. Completely shrunken head cells(H) of the capitate trichome.

Fig. 15. Two head cells (H) of the capitate trichome exhibiting dense cytoplasm. Note the absence of vesicles within narrow secretory cavity
(asterisk). S, stalk cell. Bar=2.5um.
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