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ABSTRACT

In this study, the induction regeneration of callus from immature embryo in trifoliata
orange (Poncirus trifoliata RAFIN.) were accomplished. The embryogenic calli were induced
from the immature embryo derived from seed when the calli were irradiated for 16hr at
about 2,000 Lux in 4+ MS medium supplemented with 3% sucrose, and 44.4#M BA.
Regeneration to whole plants was the most successful in MS medium containing 5.04M BA.
The yellowish callus was developed at 2 to 3 weeks of culture and the callus was changed
from yellow to green at 5 to 6 weeks culture. In vitro regeneration was directly induced from
embryogenic callus in MS medium containing 3% sucrose and 5.04M BA. Multishoot was
formed at 16 weeks culture. Moreover, when the root-formed plantlet was transplanted to
soil, they grew to a whole plant. The compact cultured-cells were observed by light
microscope after 4 weeks of cultivation and the embryogenic clumps were formed about the
5 weeks. At the same time, the neighboring cells were liquefied. In addition, differentiation
of leaf and stem from the callus was odserved after 12 weeks. The developed oil sacs and the
profacicular cambium of the immature leaf were observed after 18 weeks. Therefore, we can
see the considerable changes of cell arrangements according to the developmental stages of
calli from trifoliata orange.

Key words: Trifoliata(Poncirus trifoliata RAFIN.), Yellowish callus, Multishoot,
Embryogenic clumps, profacicular cambium
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Embryo culture

2 weeks

Embryognic callus
(12MS + 44.39 M BA)

3 weeks

Subculture
on the same medium

6 weeks

Subculture
(172MS 44.39 M BA)

8 weeks

Embryo

12 weeks

Induction of
shoot and root
(MS + 3% sucrose)

16 weeks

Plantlet

24 weeks

Acclimatization
to soil

Fig 1. Protocol for plant regeneration from embryo in
Poncirus trifoliata RAFIN.
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Table 1. Effects of BA on callus induction.

BA(M)
Explants 1 20 44.39
IMMATURE Leaf + ++ + 4+
Pericarp - - +
Embryo ++  F4++ 4+ +
Endosperm + + ++
MATURE Leaf - + ++
Pericarp - - -
Embryo + 4+ 4+
Endosperm - - - +

Degree of callus induction
- ; none, + ; rare, + + ; moderate,
+ + +; good, + + + + ; excellent
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Tableé 2. Effects of concentration of sucrose on callus
induction.

Hormone Concentration(%) Callus induction
Sucrose 1 +
3 ++++
6 +++
9 +

Degree of callus induction : + ; rare, + + ; moderate,
+++; good, + + + + ; excellent
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Table 3. Effects of illumination time temperature in 1/2
MS medium supplemented with 3% sucrose and 44.39
M BA on callus induction.

Time Temperature(C)
(hour/day) 24 25 26 27 28
8 + + ++ + +
12 + ++ +++ ++ e+
16 ++ +++ ++++ ++H+H+ 4+
20 + ++ +++ +++ +
24 + + ++ + +
Degree of callus induction : - ; none, + ; rare,
+ +; moderate, + + + ; good, + + + + ; excellent
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Table 4. Callus formation and regeneration from
embryogenic callus and nonembryogenic callus.

Frequency(%)
Callus
Formation of callus  Plant regeneration

Embryogenic

6/30(20%) 5/6(83%)
callus
Nonembryogenic

24/30(80%) 2/24(8.3%)

callus




Table 5. Effects of various concentration of hormone
supplemented on MS medium for regeneration.
. Hormone .
Basal medium BA NAA Regeneration
MS 1M - +
1M - ++++
S5eM 5eM ++
Degree of callus induction : - ; none, + ; rare,

+ + ; moderate, + + + ; good, + + + + ; excellent
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Fig. 2-11. Various developmental stages during induction of callus in Poncirus trifoliata RAFIN.

Fig. 2. Embryogenic callus on 4+ MS solid medium supplemented with 44.4 pM BA. X &

Fig. 3. Early stage of yellow colored embryo callus (arrows) induced on the callus induction medium for 3 weeks
ulture. X 35.

Fig. 4, 5. Early stages of green callus converted from yellow callus for 6 weeks culture. x 35.
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Fig. 6. Yellow and green callus for 10 weeks culture. X 40.

Fig. 7. Embryogenic callus contained with globular-shaped embryo (embryogenic clumps) for 9 weeks culture. X 40
Fig. 8. Multiple shoot tips are differentiated from embryogenic callus for 12 weeks culture. X 40.

Fig. 9. Multiple shoot formation from embryogenic callus for 16 weeks culture. X 40.
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Fig. 10. Normal plantlet cultured in hormone-free MS medium for 20 weeks culture. X +.

Fig. 11. Plant habitutated on the pot in the outdoor condition. X 3.

Fig. 12-17. Light micrographs showing various developmental stages of callus in Poncirus trifoliata RAFIN.

Fig. 12. Early stage of callus for 3 weeks culture. X 400.

Fig. 13. The early stage of embryoid development according to changes of cell arrangment in callus for 7 weeks
culture. X 400.
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Fig. 14. The early developmental stage of meristimatic tissue of callus for 7 weeks culture. X 400.

Fig. 15. The early developmental stage of shooting appearance (arrow) from embryogenic callus for 9 weeks culture
X 400.

Fig. 16. The early appearance of the leaf and the stem according to differentiated initiation from shoot tip in
embryogenic callus for 10 weeks culture. X 400.

Fig. 17. The developmental structure of oil sac in the immatured leaf for 16 weeks culture. X 1,000.
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