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Abstract

In this study, the callus was induced and regenerated from the immature embryo and ultrastructural
characteristics of developmental stages in Citrus junos SIEB. were investigated. The yellowish callus was
induced by 5 to 6 weeks of culture of citrus. In proliferating callus after 6 weeks of culture, large vacuole was formed
by fusion between adjacent small ones. In the non-embryogenic callus cultured for 12weeks, re-differentiated
cells of callus showed the large nucleus with globular nucleus and amyloplast with large size of starches. In the
embryogenic callus cltured for 14-16 weeks, the active exocytosis occured in cells, secretory vesicles appeared
on cell membrane and small particles from cytoplasm were released to intercelluar space.In the embryogenic
callus cultured for 24 weeks, a sperical type of chloroplast bounded on cytoplasm by double membrane and
typical grana was dispersed equally among matrix. In the normal plantlet after 26 weeks of culture, a lot of
vessels and companion cells apperaed in the leaf cell of plantlet. In the normal plantlet after 30 weeks of
culture, the immature leaf showed many small companion cells, sieve tubes and central vacuole. Also, the
secondary vacuole protruded into the central vacuole and elongated chloroplasts near plasma membrane. In the
matured plant habituated on the soil, palisada tissue composed of orderly arranged cells contained the nucleus
in the center of the cell and large vacuoles on either side of the nucleus.
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B Ao AML3 Citrus junos SIEB.E Egol
Aozt 21 AR el el AujEA s 2=
ot & Hglel el ol23dst dvle %53
3 Hold Frlet ohe] FE IEla vigw, vl
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1,2).
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s Fd v 7 ste] A 1Y (4% paraform aldehyde-
5% glutaraldehyde in phoshate buffer, pH
6.8)oA FZ3 AFNEE TUF nFPYe s 4
TAAM 2417 A 2}

A mFPe] ¢ AlEE 0.1 M phoshate buffer
(pH 6.8)2 2084 33 Aldsa 1 ¥ a3H(1%
osmium tetroxide in phosphate buffer, pH
6.8)el 2A13F Ft FuAFsn FUH bufferd A
3t alcohol®2 €4 ¥ propylene oxideZ A&
8}y epon-araldite suprr s low viscosity medium
of Eojstget. dRABE 6.5% glutaraldehyde
of ©d Ioul dHY. ¥ul® A8EE LKB/VH
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tome2 2 1im2] HHE A28l methylene blue
basic fuchsine®Z A3t #F dAFLE &9l
g & YT FHdM 24 FHES 3o
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A T ERAAH A (JEM 100 CX-11, 100KV)
o2 #AsIE}. (Forde et al., 1978, 1980: Fisher
et al., 1979, Fontarnau., 1982: Greenberg., 1984).
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Fig. 1 Early stage of embryo callus for 6 weeks culture. Fig. 2 Non-embryogenic callus for 12 weeks culture.
A:Proliferating callus (arrow) after 6 weeks of culture on  A:Non-embryogenic callus for 12 weeks culture. x35.

1/2MS medium supplemented with 44.392M BA.x35. B: Re-differentiated cells of callus showing large nucleus(N)
B:Cell showed thin celt wall(w), lipid droplets(Ld), chloroplast(C) with globular nucleoius(Nu) and amyloplast(A) large
with osmophillic granules(OG), starches(S) and a lot size of starches. x7,000.

of small vacuoles{V) with electron-dense deposits. x4,500.
C:Large vacuole is forming by fusion between adjacent
small ones. X3,500
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. (Fig. 3C.D). wepA olEYE3d NTEL B
GFo)AY Edsten e A ¥ dYELS AF
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AEZZoe BEE exocytosis7t AR EA AE

FHNA B2 BY)AE(secretory vesicles)©]
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clump)Z %¥ shoot’} BASIUAT. (Fig. 4A).
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Fig. 3 Embryogenic callus for 14 weeks culture.

A:Globular-clumped embryo (arrow) in embryogenic callus. Arrow indicate callus be to differentiate. X 35.

B:Many of small cells and enlarged of liquified cells(LC) surrounding it. x3,5600.

C:The cells possess prominent nucleus with large globular nucleolus. %3,500.

D:Active exocytosis occures in cells and secretory vesicles(SV) appear on the cell membrane(CM).
Endoplasmic reticulum(ER) is adjacent to nucleus and a lot of small vesicles is formed it. Small particles(SP) from
cytoplasm is released to intercellular space(lS).x7,000.
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Fig. 4. The shoot induced from embryogenic callus after
16 weeks. 1

A Shoot tip(arrow) induced from embryogenic callus. X
35.

B: The globular cell contains central vacuoles(V), large
chloroplast(C) with osmophillc granules(OG), grana(G)
and active mitocondria(M) with irregular cristae(Cr)
and intercellular space(IS) is developed between cell
and cell.

Dictyosomes(D) exist at the peripheral cytoplasm. X
7.000.

Fig. 5 The leaf and the stem induced from shoot tip for
24 weeks culture.

A:The differentiation of leaf and stem from shoot tip.
Arrow indicate leaf primodia. x35.

B:A lot of developmented chloroplast contain osmaophllic
granule(OG), starch(S) and grana(G).

C:A spherical type of chloroplast bounded on cytoplasm
by double membrane and typical grana is dispersed equally
among matrix.
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Fig. 6. Normal plantiet after 26 weeks culture.

A: Plantlet in hormone-free medium for 26 weeks culture.

x1/2.

B: A lot of vessels and companion cell is appeared in B:

the leaf cell of plantlet. x4,500.

Fig. 7. Plant habitated on the pot after 30 weeks.
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A

A whole plant transplanted to pot for acclimatization.
% 3,600.

Immatured leaf showing many, small compainion cells
and sieve tube, central vacuole. x3,000.

An secondary vacuole(SV) protruded into the central
vacuole and elongated chloroplasts near plasma membrane.
x 4,000.

. Palisada tissue composed of orderly arranged cells contained

the nucleus in the center of the cell and large vacuoles
on either side of the nucleus. x3,500.
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