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ABSTRACT

The ultrastructure and storage reserves of the Capsicum annuum seeds were studied in

order to identify structure and to localize storage components in the endosperm using light

microscopy, scanning and transmission electron microscopy. The seed coat was composed

of one cell layer which contained a large number of lipid bodies, while most of the endo-

sperm cells did not showed many lipid bodies.

During seed maturation, the endosperm

cells were continuously degenerated by the autophagy. Various types of plastids were also

distinguished in the endosperm cells. They contained starch grains surrounded by electron-

dense tiny particles, plastoglobuli,
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239 dely Zo] 1~10cmeol 32, A%3d
capsanthine| 2= carotenoid A% MAE 3L 9]
7] 2ol A e AL Jehin, o2 94 vita-
min A7b 53 E¥sjch 3 AEohu=g 9%q)
capsaicin® ZAFae] 0.1~0.6% 71% TEH =
o, 239 v stE W) dFell FARZA de] Kol
TG £, 1984). @ DREANE AFY o
15%% AR5k B2 o] Ajdle] 9lov], o 1F7]
9 ez A Fo f-8314 AHSET G (A, 1985).

3ol FH dF= 2F¢ ol o] Fo|A o F
2 5o, AEEekell 244 o) Fe|A 41, 72 £
o MEEH d9(Liang, 1991; Lanteri and Picker-
sgill, 1993; Posch et a/., 1994): WZ wx st
ot o9t olEd 239 A A¥EAY P4
SHo Tg A EA dFE Chens} Lott(1991)9 <
T ol9oll = HE o] Folal uiz} gleh. ofd B dAre
gl £9 MM w$ FAF TFo g I3
dgoz 1F Fx7} YL gt doube HESE
ol Mo wdFx wslel HAEAY ¥4 W ¥ &
3| uAl B Ao 24 Hodoh

A7 ¥ Y
1. ARz 2

B Ao A" 2E(Capsicum annuum) BEZ
TEFEARTY S 5% F522A Medga A
g5 A EFHaurE $1 &, £%(20~25
°C)9 dA(H 164171~ 8AIH & AN A4S
#e)shsdch

£ Aol A" AEE FHIRE o]43A 1004
d At AEAY AAbe] oF 35cmel AEAH AHH
Zo] 1.5cm, 3cm, 4.5cm® dejE AT F o|&
o] Ad FAE ME 2 AU

2 BetHoldN wy

FHAAEeY #AS s 2A, Zojg ArE 2
HHA7NE 1pm FAS ZHE BE F, EPe|=R

2)
&7 #9 t}& toluidine blue-basic fuchsin(EMS)
22 o|FgA% ¥, FeAnA(Nikon)2Z ## o
#4-S 3l

3. FAHA oA WY

ZAzke] A A7Ez BHE 1% duje] FXE 6
Hgu)Asle A 1x2mm3I7| 2 ADde 4% glutaral
dehydee 3]z A3XAAZ] ¥ 50 mM phosphate
buffer(pH 7.2)2 $AAA, 2% osmium tetroxide
of 1.547F F2A3ech. A AEZ ethanolZ g
XA iscamyl acetate® A 3FHAZ oS 1087 YA
A%(POLARON, 8001ib/in)AZch o]F 9A7AzxH
Al&E ion coater(JFC-1110F, 7mA)E 7~8%7
gold coatingAl7] ¥ FAHdAEu]4(JEOL) 22 #%
393k

4 FHERHOZAE Wy

FARAERA AEAS 2o ez dvyy
3RS A7 L, ABE ethanolZ FFAIA pro-
pylene oxide® A |71 ¥ Spurr EgYoz AAFA
Aol ZoiEl AJRE 60 °CollA] 2447} polymerization
AR} 24A97)(Reichert-Ultracut S)E Al-43te]
semithin W22 BHE gt ¥, 2A4HHE ¢
200 =¥ 300 meshell AT o&, AXAA gridd
uranyl acetate$} lead citrateo] z}7b 1087H4 o4y
AA EFAAE0H(JEOL-CX 1) o2 Haslont,

ATFHE L
1. oS X7 EX9 ojMgx

23 deie 2708 FEARE o) FeiA sldlen
Foke FHeFRHE FAEH A 249 AR
2 23 A= 259 do) Aok 1.5 ecml £7] v
Aol 1.0~1.5mm=a7]9 FAZ AU Qlxd,
FA FAFEL Foll B0 dt WE st g2 §
715 o] A (Fig. 1), FAH9] w2 139 FHE
2 Zeide Qldlen, o5 IE 1AYoE Fe4
o FAZERE TAH AdEd FEo wMipAE:
EF 739 AAFHLES AW YA Fig. 2).

2 W) 271% AAel 0.7~1.0mmo|glen,
ol5% FENE wifA EAbel: 25~35 AEFoR F
AEe] sladH(Figs. 3, 4, 5). £3] A Z = 7
A o] ol FAFe gl WA EAME @A
¥ekeh(Figs. 5, 6). ¥ 27] Aee) W )4 Lol

e
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vg) #x3 AL AEERZ FAH glslen, W 7}
AR 4] AR MEAME AEHo] thi nEHL
o o} 5 Ao AL i Ut (Figs. 7, 8).

Z9AZY WS IHL 0.9~1.2mZ v]$ ¥ FE
dx FelZd o8 P sdAR, FEHMEHL 0.2
~0.4pm2= % skt AEAL Fsle 2Ed
FAY %2 9ud, wEzseel, A, Jeed
59 ARz 75 2 gl B3] RE AaAe o
oz Fejie AALEs} wlaz
1~344 AV gisled oE9 27+ 0.4~0.8 pm
o geisich.

3 o] AAAe dFE A AR AaA o
FoM FAE 2E 5& AT YoKFig. 9). %9
Axe] gEae $RHo2 HAYEs} oS £ A
E2 F359 gIon(Fig. 9), JEYAo| o5 23
g AT dejHE FFOE 1.3~1.7 pm9 27| E A
J A AR Fo| £3] F&EH(Fig. 10).

WA 2 85 g2 AEyer EuRd 9]
Gom AEZFTe] hdEe] gtk H XY Fojde
R 1~2709 FIAE7 gldled, ¥ F2 Y
o Y E o] FT U2k FIN L e o] E w)
FAEN S 3= LAY FF2E A B3
g e AAFTEA Sl AF WAL, =q wifH
AZe] AZANE B AEJL A A2} AF
#AEsid(Fig. 11). =% wFAEE FA9 A&7
o] AT 4o isigct AT AL AXEH
o]5o) §3&3le o]Fo|2 multivasicular body ol
o5 FAH S (Figs. 12, 13). AlZ 8 214 2H-(auto-
phagy) 22 & A4 Z(autophagic vacuole)9] A
o] pialgldl, o2 old Ei AdFA HMESH Y
do] Fofl Tafloll A 3] FEHYH(Figs. 13, 14).

2. ol £7] X9 o|HTx

239 deldel7t 3cmst 4.5cml F7) del:
2.0~3.0mmaAr}e] FAE AUX ek A F
Zefztoll = o 35~40748] FArt Eo gldded, A
9 F4¥E =7 1.5~2.5mme] W7} YA)sked )
2%e2 v §715 vews. FIMEY wfAE
o MEAL A9 2AHGT TR e ALE B
olf 4 AEAutel AxHE oot EAsdH. F

S LIS

SAEE Y o4 dxel oape AR S &
Aatn s (Fig. 15). =& Fodze 4T W+
AZANNE HEHS meh B2Y AX23 §) 0.7~
1.0 #m9) 27)9) AAYY o] A= H(Fig. 16).

e, AEAdee o el 27|19 a5
#AEG e, o] AEH AU} & EAE
7 AV ek, w=& BoFs FadA e At
Z3sided, 53 o A719 AaAdd= AARYH
22 ¥ AAUEY BAE AYUD SUicHFigs. 16,
17). A¥YPY] Fufele ARALEs} & AT 93
Sol #2331 ek FoAEzHE de) FelA 9l
AR uHAZdNE AAA-He] AL REFHA
Fskeh(Figs. 19, 20, 21, 22).

ZIAEE v 2T dHAEY A7BE gl A%
3 ol ge] GEE 23 2A"HeY, FFHFA A
29 AEAdE JeE AA Yo7k v|EEZ=e et
zd4¥A7L 4 2% 59 A BRIAH(Figs.
19,20,21). 2= F&, 2AEE A7]REAE e
ALaAe o3y W ooksiA ZAHAG, o] &3
BE 2~4709 AEH3e] FFHULH o] FL 0.5~
0.8 kme 275 e Aol Wit B3] ol EFele
AAY 27} o 2 739 2gus A LA,
T3 =r 5139 ARHE A A4A (Fig. 20), L
2|3 oA Mol AAe} §7 vasicular bodyE ZE A
A2A(Fig. 21) ¥ 743 9=9 #4& 2= 424 5
o] thfstA EdsgH(Fig. 22). W, H2AW AE
o Fulbels E4NAR FAFHE A[YAEA] &
3T gJlEd, o159 AAYEE oh$ E3rok(Figs.
19, 20, 21, 22).

o #

%7} 4381 7FX)#(Solanaceae) AE9] )

58 oAy g AN 22 AL
AUt ¢lch(Spitzer and Lott, 1980), 139 £3
ol A EE ARG e] AFELZA EQAE
9, oJ8d A& Py s 23 FAE AFA &
ae, o] AAANHAH FF Ase Chend}t Lott
(1992)¢] 5 A4S A3t dF4He YA
o}
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23 9o Asz7] R QoA FI|H X} o]
QA d¥ WHFAEEL 93 AEL|BE A
g A2EF S AN, ASEr|el SoirbdA AR
Aoz AEAe 2AHT, FYdxrl PTG 53
Hezxrl ZF dule] M FL Fig. 99 o] 424
o] Zubsloln N Er} @A) okon] H xS by A
ALErt 22 Aol &AHE d4ibo] FAHYH, A
AP L vt=A] A F oMt a9l on o Ebo
AAUYEs} 2 BAS0] 4% Fo v|24 xAHF
ol YAFE 7o Vel ofF FAlo] F3E ) AT
of 5= 722 Az}, o|¥g Ade Fig. 103} 2
o] Ho} A" FMEM A3 YFHAS oE
AEANME A7} oS s on, gy A3y
o 1.3~1.7 pm 27|19 AAFAH o] FH3slgeh. 18
v 37 Asdel25E AH" Sk vz A
g W fAEe SleiME AAAHY =7]71 0.7~1.0
pmE o Fo] S¢XT 1 4$= Figs. 15, 16, 173
Zro] A F71EH .

Yeung#} Law(1990)¢] ojs] XxE 743E 234
EoAg} o] B3 F3) Mz AAAY HHALL o
T A7} wole] gleld Fa8 /%S FART ASS
F24 s, FAE dFH e Az o
XM % Figs. 5, 6, 7, 113} 7] A A{ ] g4}
o] Az ABHAYF. = izl AN e FA9
FARZ AT oM Figs. 5, 73 zo] 24z}
e &3o] A ¢l

ol9p2 AL FAe AsH o] wirt Hx A
Aol webA wio] FH A2 HA 2AEE 88
e o% 27071 Sl ek wfo) 2R dd
TS wl7E Al AR E7] digel FAFA B2 iR
AZeol = o AAEA] FHHA o= Z2E I
gk wietd Faled 2 e A5 wifA ESTe] AR
E4E A5 AAT AHAZEY 7)5E pEE A
22 Agdd. & FIMEY o sl FA wiEFH
o) 93 WA IR FHY ARAP L 13 Fap} B
olgl doff R AAYCZA o]L4HE 7oz Bt
e} ~

Dwarte$} Ashford(1982)% celery #j$-2] 2.5 A
o] 3~5mme FAE AL gl ek 1
v 2Fel Sleld AR v Fd FIAEHL 0.9~1.2

—

pm, 19 BE wSHHEHL 0,.2~0.4 umEA] B3}
A sk AEHEE Y3 ek o)A 2FY wlHA
zuo] AAEAY FAAAIL ohte AFUE Yehy
F& Aolrh

T3 ZIALY AZAL B Fwsld 2ei
Ao FERiid, nEETeol, HAad, Helod §
A71%ez 7H5 A glglth, olgst T A g2 A
£ Sl vehle Aatg A9 Aoz} gt
(Saio et al., 1973; Egly and Paul, 1981; Harris,
1987).

A9 A& HEe] T wfAzy fg¥Ee
Figs. 11, 133} 7to] 1~270¢} Zolol g7} utksim 9]
o, de 32 Ay Y g o] Fx EAL Yehy
dch. =3 Fig. 129 2o] wsAZ: 249 443
H¥e] 929 Y4o| s, AT 2L 2TF
3 o]Fo] g3l o] Fo)7 multivasicular body %

R PELEN

=3 A xe] ALz olgt AAlZe] Ao shat
391, o2 s Fi AUF AEI|F g o] Fo}
A Ffel] &3] BAEYH(Figs. 13, 14). o|ZL wj$
Ao P we A 3 Pigeleftl sl

Jde HAele} At g},

W fAl 22 AEA 7R s Es REHAY A
2% Figs. 19, 20, 21, 229} 7o) =02 Sejutel A
AdEsd g 52 789 FHE 1-3448 AV 9l
AEd o594 ZVE 0.4~0.8 pgmo)| DIl =&
o] M 2 AEHT A oM FHE &
E Fol A5 #AH. o}F2 A Nesslerst
Mahlberg(1979), Fisher$} Evert(1982)7} X .313}¢]
o oAy cepst FEE AA Ade FAlsioh
ol-g2] MAAW HEHY FuHfos EAgAR 3
e AALES 52 494 B4 #gsh) $xsn
g ol fAH dF8uEA Hurkmandt Ken-
nedy(1977)+& peroxidaseZ, Henry(1975)% poly-
phenoloxidaseS 7Zt7t M Aol FT2E oA g
g ¥ gl

UAtel 2

199495 @&F 7z ATy
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FIGURE LEGENDS

Figs. 1-4. Scanning electron micrographs of Capsicum annuum seeds.

Fig. 1. Surface feature of an intact seed. Note the central region covering an embryo. Bar=140 #m

Fig. 2. Section of the endosperm(EP) and seed coat(SC). Note presence of lipid bodies(arrows),

Bar=25 #m

Fig. 3. Scanning electron micrograph of a median longitudinal section of a seed showing an embryo(E).

Bar=100 #gm

'Fig. 4. A portion of the cavity between embryo(E) and endosperm cells(EP). Bar=30 #gm

Figs. 5-8. Light micrographs of seeds.

Fig. 5. Cross section of a seed showing a seed coat contained a lot of lipid bodies. Bar=38 pm

Fig. 6. High magnification of Fig. 5. Bar=6.04m

Fig. 7. Transverse section of part of a seed showing an embryo(E). Bar=19 #m

Fig. 8. High magnification of Fig.7. There are some differences in the degree of staining of cell wall

outside embryo. Bar=8.0xm

Figs. 9-22. Trasmission electron micrographs of seeds,

Fig. 9. A seed coat cell: Having dense cytoplasm, and thick cell wall(W) with cuticle. Note electron-~

Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

10.
11.
12.

13.

14.
15.
16.

17.
18.
19.
20.

21.
22

dense substances along the tonoplast(arrows) of vacuole(V). Bar=0.6 #m

A seed coat cell showing the prominent lipid bodies(L) within the vacuoles(V). Bar=0.8 #m
Section of the endosperms. Note the prescence of one or few large vacuoles. Bar=1.3 gm

Small vacuoles of an endosperm cell being coalesced each other. Note the multivasicular bodies
(arrows). Bar=0.4 pm -

Envagination of:cytoblasm with nucleus(N), plastids(P) and mitochondria into a vacuole. Note
the multivasicular bodies(MB, arrows). Bar=0.6ﬁm

Amoeboid-like protuberances of the cytoplasm with a plastid(P) and mitochondrion. Bar=0.4 #m
A matured seed coat cell containing a large number of lipid bodies(L). Bar=0.7 #m

Endosperm cells(EP) with numerous lipid bodies. Note electron-dense substance coming out from
a plastid(arrow). Bar=1.1sm

Endosperm cell(EP) showing various plastids with starch grains. Bar=1.4 #m

High magnification of a plastid with starch grains(S) and electron dense body. Bar=0.3 #m

An endosperm cell having various types of plastids. Bar=0.9 #m

The plastids contains starch grains and a cytoplasmic invagination with an entrapped mitochon-
drion(arrow). Bar=0.4 #gm

Two plastids showing membrane bounded dense bodies and vasicular bodies(VB). Bar=0.4 gm

A plastid of an endosperm cell with starch grains(S) and numerous electron-dense bodies.
Bar=0.3 gm '
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