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Ultrastructural Changes and Formation of Storage Materials in
Endosperm Cells during the Seed Formation of
Panax ginseng C.A. Meyer

Yu, Seong Cheol and Woo Kap Kim
(Department of Biology, Kovea University, Seoul)

ABSTRACT

This study has been carried out to investigate the ulirastructural changes, formation of storage
materials in endosperm cells with electron microscope during the seed formation of Panax ginseng
C.A. Meyer.

In the early stage of seed formation with green seed coat, the endosperm was cellular type.
Cell plate was largely composed of dictyosome vesicles in early stage of wall formation after mitosis.
Central vacuole was gradually subdivided into several small-sized vacuoles. During the differentia-
tion of plastids, some proplastid was replaced by amyloplast with starch grains and lamellar struc-
ture. A number of mitochondria with well developed cristae were distributed in cytoplasm. Rough
endoplasmic reticulum, dictyosome, microbody, free ribosomes and polysomes were evenly distri-
buted in cytoplasm.

Spherical spherosomes were formed from dictyosome containing the lipid materials of even
electron density. Protein bodies were formed by interfusing between vacuoles and vesicles derived
from rough endoplasmic reticulum which contained the amorphous protein of high electron density.
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neutral formalin, carnoy®e] HE%sti &= —i’-i H'”‘7J\?€1-
E paraffined] 85} c). 2w E A] 2E rotary microtome
(AQ)2.2 7-10 yms) AHUH & Al=}sled alcian blue-
Schifl’s reagent(PAS)-hematoxylin, safranin-fast green,
Schiff’'s reagent(PAS)-light green 528 Hifudle] Y&
HhpE(Nikon APOPHOT) 22 sh#abeivh

BT REMERD k. I+FL4E4% +~9-% phosphate buf-
fered(pH 6.8) 2.5% glutaraldehyde#} paraformaldehyde-
glutaraldehyde (Karnovsky, 1965) So Sl zHzh |
AP A g EdE 9oz AF47 o, 1%
phosphate bulfered osmium tetromdc(pH 6.8) el A 143+
T yAA A 598 gkl o HAHE A== ethanol-
acetone ‘wpEitAg 7|A Epon &% (Luft, 1961) 3}
Spurr’s low viscosity medium(Spurr, 1969) ¢l @asleich
A= A 5= LKB-VE ultramicrotome 2.2 1 um 572

drL. A=sk &, mcthylene bluet} toluidine hlue2 <
A 5o _Lh"]'d“] ez i HARSE #Hald P, &
Wit B4 243 A z2Heled copper grid(200

mesh) 01] ZLA]7] & 1% uranyle acclates} lead citrate 2
o] Fad 4 6}0-] EEBT FEME(EM 100 CX1, 80kV)e R
_ﬂ%ﬁ} 7, 1’

®woOR

HEREEREE) B
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(alropous ovule) = \375123.2__15 B slel =7t 4EIERk (ana-
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dothelium) = wi-f-A 27} F2ixglel] wat ey Hajs}
18] Mz2 £5 Zhisldoh(Fig 2).
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(Fig. 3). 8bH, salranin-fast green 9408 A&k IL74]
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52 o] 2AU(Fig 20), T T
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2 dolr} 2.0-4.5 mme]gct. o]F
Ite 2% el =y, [Gfle 3t 2 =7)e] Habs
viehd A ebgle
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2 T3
% PR IS B (nuclear type), MRS cel-
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(micropylar region)e] & HZ7l fel@idzn o)
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Xr AL¥ A2 Fakde] ke 8 Badnlg Sdeis
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A Falel gle] ARl StREGE A, I8k = e Hel e 1MW FAA7Y Fa
IEFLARRR T hekyl o Mab-g-2 4130 A3l B hematoxy- iz ge] sfvial Heog Y7
lin, PAS 53} £e 9714 Qg 744 g9h2-8 el e} Bhatnagar®} Sawhney(1981) = SR % 28}&(Gossy-
(Fig. 3), NfFFslf2 fast green, light green 53 & pium), Petunia, o) (Capseila) 9 wd-2el IMFLR
e 7l opdebe-g viehiich(Figs. 3 and 4). fuel v EZo el elddd, whiE, BEy o8 tiek
o]} gk "]’”% I ] o g v e AdEde] gtk A Wb, e E 2] ok ZelAdE Zhed s
of, A MM 974 @A dr4EAe ke e, AZEe] IRFLANeS =) aev) A O s
the AR g A e ® vellle 7lelqdn). E3, safranin- AR Y vlEZTE el by glorh o] 52 D %7
fast green I4ub3-Z AAY 23} w2F RIAMGRE  AXHI dPste] jebwteK(Fig 8 and 10), F7ldE
Aol oo ghel RIS MMIEES safranine] o] Hasle Azl JAdstsA 9= 8w ch(Figs. 10,

A AeE vehg A efokeh(Figs. 4 and 5). ©]7A& o1 F
Axrme] EPsEA] ok dzgen FAFT e
el Aeolodc)
Esau(1977)}—t~ AFFLH4) 2EES
Ao, T okEel BAEhe 4 o‘?‘i
H] Fie '“%1 N "Hﬂiﬂl o3 1} E'i}

Py o Hwﬂr
AT,
Oj}}'AL%. 7+ oke 7_-;}, oq g?r_]uo_fr_ A:;_.T] )
oza WAL @ AFEAZR] e stk
556-1-, G Hhed sase rfﬁﬂ@ﬁ%ﬂ At e
1 5] =

5(1980)2 45 & ICAADRES] AT~
Fa) clakgr &9 apale Exhg A9 Y, &A
HAt7lse] F3 ol afE AR 75 W 79}
Aelgtz Adw3teich

w4 Fo RAAE Vehbs GFME Z7)e) B okol
ol chepd Huk opEl MEHELS ZHAZ gle el
HaE il Bl (Capselia) <l A, 3-5712] ¢35 etz
o] E(thylakoid) 5 714 {EE#rF ¥ 7% 9 57(Bhatnagar
and Sawhney, 1981), HAvbxH(Ricinus communis)l A=
AT HE 71 dell A osmiophilic bodyS -2s}ed o.m(Vigil,
1970), el eleiMe EBOYUHEE(proteinoplast) 7} +}
ebdrla st oh(Jennings ef al., 1963; Morton and Rai-
son, 1963; Morton et al., 1964).

Baumgartner

Kim $(1979)2 W A7), £7), 718 Ax= & i
NERT MRl A&l w3 FaEx o
HE B 5] HRA BE TS sidw *—ﬂioﬂ
Mon-g THels GEETL Busle] gEEATR S %
btz shggek

H o

ol 4 Fig. 99 o), & & IRAS =7Pus
A dehie Bxige Gt Ts wHE @

gal gz, 2ast ,’-AQJr plastoglobuleo] 3= g}
”i—f ,EHH@__] Hlikol] r.l:]ﬂ,]— T @¥Ems % Ao 7hi

&= L = i

g A |

12, 13, 15 and 19-12). =3 Fg]~ee] o &o] elhj=
AR Bel oli= XY AiEd TS ZrpANE
Aoz Az,

Morre(1976) £} 1“4 E=(Moore e al., 1973; Sexton
and Morre, 1978) &2 v} 2} (Ricinus communis) WRELE]
o] zae 28] M-S wrslgs, Molle-
nhaver®} Totten(1971a, b)Y S+F(Pisum sativum) 2} 7F
FEe] Ague) Wehbs A7 £27E axde) d5ee
ol g4”cky &gdel. 22, Figs. 10, 12, 13 and
152k o] AZee] MFLMER ~dE2£2 Ie]odey
GEH AE50) g8 FHEE Ao Pz,

D(Triticum aestivum), S5P(Zea mays), mung bean
T slelA Mg £EAE PFAWE 274 99
e w9t Fo gdskA fAEAT o) % wxygen
Fohsba A AxA Aol vepdela #gich(Jennings of
al., 1963; Khoo and Wolf, 1970; Harris and Chrispeels,
1975; Bhatnagar and Sawhney, 1981).

AT £=7) rE 3994 (Figs. 6 and 8) 258
EEE #3447 Eok(Figs. 16-18, 21 and 23)9) iF
FAfEs THAEARS Az gladed, o)L M
Redt X2 QAR HEHoR vyt olzdr 2
e d, 99 Ry 58 dde® A9e Miflin '105
(1983) 9] YR Ael dxsle Aol =3y =dibE
He Alaelds Yaa @2 ALdHoz 7 Zrisiglch
(Figs. 13 and 14).

A7) HAS o] &3t @5 (Bailey ef al., 1970)2} A3
38 o] 7-(Larkins and Hurkman, 1978: Bolini and Chris-
peels, 1979; Plchel ef al., 1979) < &jabd A Aghulze.
ZHAXA o) AEEC A FLBRNLZ f4h0)
I Hspgde o, Mool Pell A X Figs. 8 11 and 133} e

—

olF ZHLFA Foe £xEE EHMEAC o 2
E3gich Briarty S(1969) 3} Bailey S(1970)2 A2
=27l Be BEe] gl mEEe] TalAF A

HAEle] dEWR SHPhs sl o, A 4=
Figs. 16207} #teo] ele} Fdgh A=}-2 ehulgich
Briarty 5-(1969), Bailey -$(1970), Murray(1984)%=
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HEENE) HAe] AL SR wel 2Hsxss 3
~gbeha shgdnk ol dh 7\11%“-1& QlAke] IRl =
tolaled, BRI WA stael oA i“di%uﬂ“ k!
Ho g sl o)eldl aahe
dhrel Hadel = gedh ]f: A
3+#, Buttrose(1963) Helod: 4
o FredFbciar sledond, Cralg(1986)-a‘: met 5ol &b
52 FEeld HEled pihmE(mature face) o FHY
AZTTL opAds AFAEE o]FA)ZIck T shgich Her-
man=} Shannon(1984a, b) 2 Bauhinia purpuread] 7}
A deese A FRENAEZ 4400 5
et} (Krishnan et al., 1988). Craige} Miller(1984), Nieu-
den 5(1984), Kim =(1988)2 He o4 AT wid
e} A2 #Haslel e, Khoost Wolf(1970) = £
LRl 4 sty deledm d4et ghude] 3
& g wshgdch Zelv), Briarty(1978) & HE| 24|
TAFHA Ftells viehdA] geohil sl

E AT, ol4s] o3y Rushe gE] HEledd
theb AW ET-9) HAuk Feldt= o AlmEch
Craig $(1979, 1980)2 <72 ULAMAA o aby-2
o] gl Eale] §glo] z=7lato 24 A aichn
stel 3, Herman® Chrispeels(1980)-2 T Ik
F Azl Aawkwals #4479, Larkins®} Jurk-
man(1978) & BEFFEWHS MTE 2EA F49) E
AApepel g, & A z1ckw shglcl Harris(1979) 2} Craig
(1988) = el el &vlol A Fofell AAstAd
HEL BB SHs et FalAe g o] AR
A hEgda, ol He AT FRfbos ¢
s8ie} 3 gh9dvh(Bain and Mercer, 1966; Opik, 1966; Ha-
rris and Boulter, 1976; Neumahn and Weber, 1978; Yoo
and Chrispeels, 1980; Craig ef al., 1980).

AZE LHMie 2 °11£‘”—°- vhieol zhe HAzz o
#Hslo] opofet WAFEE FHEbn(Fig 12), 2HARE
el FA== 521%_94 43t AREEr) 2L v
a4 galo] el -] glee] yhabledr}(Figs. 17,
and 19-21). o|2&t A= Ayl HAEAL] 3] B
2l &t Krishnan 5(1986) 3% Kim %(1988)._1 7l
Azl w3k AEE Ayl &5 o oE
T F2E Jepde REgo gy EEQ@# o Hxse
weidte Zez QA7 ol dEde] fehie
« '?‘-1-3‘ S(1987)2] e & o
Hol sA= ElEe aystalloidd 28471 7
e ez alzEich
Miflin 5(1983)% Murray(1984)+ w44 Eao
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76)2 EEfke] RNAgl 2l3=s Exyoz 7lri
U R gl s sl sheinh

2 aAFela, @aae] wiA Jehis AR WAMEE
AE Qo] FAER efoka, 78 R epsidge) £t
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E3e Az fgle] AW vh(Figs.24 and 25)
L2(Khoo and Wolf, 1970)2F (Matile, 1976) o) 4

R3gl e} o) EEEle SAAe) B9A PN 5
A58 A Aoz 4Rs © QFHoler @ £
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g 2 A WL TERRE S

°1£-3]'°1 Ry Ae
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Explanation of Figures

Figs. 1-5. Light micrographs of ginseng seced. Bar=200 um.

Fig. 1. An immature seed shows anatropous ovule (AQ) and embryo sac (ES) at early stage of seed development.
Ovary wall (OW) consists of six to seven layers of differentiated cells. Fig. 2. Endothelium (End) derived from intepu-
men(s has 10-15 cell layers at early stage and endosperm (En) cells have hecome of active cell divisions. Fig. 3.
Both of embryo (Em) and endosperm (En) cells showing postive reaction of PAS and light green stain. Fig. 4. Postive
reactions of salranin and fast grecn staining appeared on the endosperm (En) cells, but embryo (Em) showed no
reaction. Note the compact cytoplasm at the outside of endosperm. Fig. 5. Quter cells of endosperm are filled with
the protein bodies (PB).

Figs. 6-25. Electron micrographs of the endosperm cells at the stage of seed with green and red seed coat. Bar=1.0
um.

Fig. 6. Endosperm ccll at early stage of seed development contain a large nucleus (N) with a little heterochromatin
and large vacuoles. The fibrilar inclusions are contained irregulary shaped vacuoles (V). Proplastid (Pp), mitochondria
(M) and Golgi complex (G) showed. Fig. 7. Late stage in cell division show the development and growth of cell
plate (CP) with numerous eleciron franslucent vesicles derived from Golgi complex. The similarity of nucleus (N)
and cell organelles appeared in both of the daughter cells. M, mitochondria. Fig. 8. Rough endoplasmic reticulum
(RER) originated vesicles and Golgi complex appear in the cytoplasm. Microbody (Mb) occurs in associgled with
the rough endoplasmic reticulum. CW, cell wall; M, mitochondria. Fig. 9. Amyloplasts (Ap) bounded by double memb-
ranc contain a few starch grains, lamellar structure and plastoglobules. The cristae of mitochondria (M) are well
developed. The vesicles produced by rough endaplasmic reticulum begin to appear in cytoplasm. Free ribosomes
are located in cytosol. V, vacuole. Fig. 10. Spherosome (S) and plastid appeared. Golgi vacuoles (GV) are derived
from Golgi complex (G). CW, cell wall; V, vacuole. Fig. 11. Vesicles and vacuoles produced by end of dilated rough
endoplasmic reticulum (RER) are released to the cytosol and then they contain electron densed inclusions (arrows).
Fig. 12. Golgi complex (G) and rough endoplasmic reticulum (RER) are located in associated with the vacuole. Sphero-
somes are formed from Golgi vesicles (arrows) containing the lipid materials of even electron density. Multi-membra-
neous structure occur in vacuole. Fig. 13. Round shaped and electron densed spherosomes (S) are related to the
highly dilated rough endoplasmic reticulum (RER). Numerous plasmodesmata (Pd) are obscrved in transverse cell
wall. G, Golgi complex. Fig. 14. Rough endoplasmic reticulum (RER) are observed in associated with the mitochondria
(M), vacuole and spherosomes (S). Fig. 15. Secretory vesicles (arrow) derived from Golgi complex (G) are similar
to spherosomes (8) in shape and electron density. Fig. 16. Adjacent portion of cell wall, protein vacuole (PV) appear
to accumulated in vesicles produced by rough endoplasmic reticulum or to form at the enlarged ends of rough endopla-
smic reticulum. 5, spherosome. Fig. 17. Rough endoplasmic reticulum (RER) is highly dilated and found in associated
with the vacuoles (V) and the spherosomes (S). Electron densed inclusions (arrows) appeared on vacuoles. Fig. 18.
Protein vacuoles (PV) are derived from rough endoplasmic reticulum (RER). S, spherosome. Fig.19. The vacuole
(V) contains the electron dense proleinaceous materials and its divisions appear. N, nucleus. Fig. 20. Proteinaceous
granule (arrow) are condensed and accumulated in vacuoles (V). Fig. 21. The protein body (PB) consists of amorphous
protein with a high electron density and proteinaceous matrix with a low eleciron density. Note the electron densed
vesicles (arrow) derived from rough endoplasmic reticulum (RER). S, spherosome. Fig. 22. Gradually, protein body
(PB) are [ormed by interlusing vesicles contained the amorphous protein of high electron density. Fig. 23. Electron
densed proteinaceous granule (arrow) and protein containing vesicles appeared. P, plastid. Fig. 24. Vacuole-like protein
body with a scattering of electron-dense material is observed near the vacuole (V). Fig. 25. Proteinaceous materials
are deposited in the vacuole (V). Gradually, multi-membraneus structure occurs in vacuole.
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