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Development of New Transgenic Cultivars
and Mass Propagation technique in Phalaenopsis
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SUMMARY
(FEQFFE

I. Title

Development of New Transgenic Cultivars and Mass Propagation technique in Phalaenopsis

II. Purposes and Needs of Research

World market of flowers is 49 billion dollars and trade is 10 billion dollars.
Export of Phalaenopsis to the developed countries such as USA, Japan, European
countries, etc. is promising due to the its high price, low transportation cost, and
less problem of plant qurantine. Domestic market of Phalaenopsis is tens of billion
won and also growing rapidly. However, the imported seedlings from Taiwan and
the other countries are more favored than the domestic ones because of the lack of
cultivars and seedlings with good quality. Therefore, cultivar development with
biotechnological and traditional methods 1is urgently required. Through this
research project, Flowering and flower color related genes were introduced into
phalaenopsis by transformation, efficient micropropagation system of dark pink

colored phalaenopsis were established.

M. Contents and Scope of Research

The subject of this research project is development of new transgenic cultivars and
mass propagation technique in Phalaenopsis. It has three components; 1) collection and
selection of domestic and foreign genetic resources, 2) establishment of
transformation system and selection of transgenic plants, 3) development of efficient
micropropagation system for dark pink colored phalaenopsis. During the first year

domestic and foreign genetic resources were collected and characterized.



Transformation condition was establisged for Agrobacteruium and gene gun
methods. Sterilization methods were established for the dark pink colored
phalaenopsis. During the second year selected germplasm was evaluated for cold
tolerance. Flowering(COG, FLC) and color(CHS) related gene were transformed and
confirmed by GUS, PCR and RT-PCR analyses. Optimum medium and environment
for the micropropagation of dark pink colored phalaenopsis was established. During the
third year the transgenic and the micropropagated plants were characterized in the

greenhouse.

IV. Results and Application

The total number of collected germplasm were 142 lines from domestic and
foreign countries for 3years(2003 to 2005). The fifty lines and 3bhybrids were
collected from domestic in respectively 2003 and 2005. In addition to, 44 species
were collected from foreign country in 2004. These were evaluated for the
important characteristics and databased. They were utilizd as parents for breeding
of new hybrids. The selected five excellent lines were sent to the KV Bio
corporation for in vitro mass propagation. The five lines were as follows : 03PN04,
03PN13, 03PN15, 03PN20, 03PN37.

The collected germplasm was tested for the cold resistance at 15/10C(day/night)
temperature. Highly cold resistant lines wer Taisuco Yellow bay, Doritis, Ever
Spring Pioneer Champion, Brother spring Dancer, Brother spots, Brother Green
Jode, Minho- Princess, Golden Leopard Cheaters. Moderately cold resistant lines
were Taida Salu, Champion Girl, Ever—-spring King, Maki Watanabe, Sogo Smith,
Sogo Beach, Yupin Giant. In this low temperature, these hybrids were not effected
on plant growth although the leaf color of them was changed to light red from
green. Very weak lines in this cold temperature were Brother Julius, Nobby’'s Amy,
Little Angel, Brother Success.

Transgenic plants with the flowering(COG, FLC) and color(CHS) related genes are



growing in the greenhouse and will be evaluated for the phenotype. They will go
through the T generation to produce the GMO cultivars.

Sterilization methods during bud culture were established for the dark pink
colored phalaenopsis. Optimum medium and environment for the micropropagation was
established, and Improvement of regeneration and productivity was studied. The
micropropagated plants were characterized in the greenhouse and found to be superior

without mutation.
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2) RT-PCR % Southern blot assay
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No. | za| ®% | 9% | 9% FHFOD zgael | 2w
(cm) (cm) 1) a7 | Asx | (cm) (cm)
03PNO1 2 116 6.3 5) 1 1 275 4.3
03PNO02 1 16.5 8.8 6 1 1 40.0 3.4
03PNO3 2 13.5 8.1 5) 1 0 27.0 3.7
03PN04 1 14.5 7.5 6 1 0 30.6 5.5
03PNO05 1 20.5 7.0 6 1 0 57.5 44
03PNO06 3 16.0 7.1 5) 1 2 36.0 3.8
03PNO7 3 14.0 8.2 6 1 1 39.0 4.6
03PNO8| 3 13.8 7.8 6 1 3 31.0 6.1
03PN09 2 18.1 79 7 1 0 57.0 5.5
03PN10 1 184 6.2 6 1 0 57.0 6.0
03PN11 2 13.5 7.0 4 1 2 33.0 6.3
03PN12 1 17.1 8.5 5 1 0 32.5 6.0
03PN13| 3 14.1 5.2 5 1 1 35.0 4.2
03PN14 2 194 8.2 5) 2 2 40.2 4.9
03PN15| 2 13.6 4.3 7 1 2 44.0 4.7
03PN16 3 182 6.9 5) 1 3 35.0 6.9
03PN17 3 204 6.7 4 1 3 50.5 5.6
03PN18 2 14.5 7.3 6 1 0 45.8 5.1
03PN19 2 22.2 7.8 6 1 0 66.0 4.6
03PN20| 2 19.0 9.1 4 1 0 72.0 5.4
03PNZ21 2 17.1 79 5 1 0 33.0 5.1
03PN22 2 12.0 8.1 5 1 0 47.0 4.4
03PN23 2 19.3 7.1 7 1 0 78.0 6.4
03PN24 3 16.4 5.6 5 1 1 37.0 3.6
03PN25 1 14.8 6.8 4 1 2 38.0 4.4
03PN26 3 20.1 6.3 3 2 0 31.5 3.4
03PN27 3 18.7 8.4 4 3 2 53.6 52

,22,




<E 1> A% x4 01 Wz 2 8, 3 594
F3A4F | AUHA

03PN28 1 13.6 0.8 8 2 6 34 3.84
03PN29 2 16.5 9.2 7 1 0 56.5 448
03PN30 2 17.2 74 9 2 2 39.5 4.12
03PN31 2 185 8.2 7 1 0 56 4.38
03PN32 2 115 6 5 1 3 39.7 4.17
03PN33 2 16.3 8.6 8 1 0 584 547
03PN34 3 16.7 74 8 3 0 294 341
03PN35 2 16 74 5 1 0 50.2 3.97
03PN36 2 17.3 5.7 4 1 2 36 5.04
03PN37 2 17.8 6.7 6 3 3 39.7 5.92
03PN38 3 20.5 0.8 4 1 3 415 4.45
03PN39 3 17.8 0.7 6 1 3 51 4.62
03PN40 1 20.6 5.2 5 1 2 53 5.33
03PN41 3 185 6.4 4 1 2 494 5.85
03PN42 3 19.1 75 4 1 2 47 5.88
03PN43 3 15.3 8 3 1 2 485 5.73
03PN44 2 13 6.7 3 1 1 375 4.93
03PN45 3 21 7.3 4 1 3 35 5.36
03PN46 2 17.8 7.2 6 1 2 51 7.38
03PN47 2 17.2 71 8 2 0 46.0 6.19
03PN48 2 21 71 6 1 0 415 6.74
03PN49 2 10.2 0.3 5 1 0 20.0 3.44
03PN50 3 25 75 6 1 0 715 5.34
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N lon | FMEE e Taw | @ [ @ PR ¥
03PNO1 | 10 2 PYPS R 52 4.6 3 a8
03PNO2 | 17 3 WPL DP 6.1 5 3 n
03PNO3 | 8 4 W WY 8.2 6.8 3 e
03PNO4 | 3 3 WPS P 6.7 7.4 3 e
03PN05 | 10 4 P R 8.4 6.9 3 .
03PNO6 | 23 3 WPL P 5.6 5.9 3 i
03PNO7 | 20 3 WPL DP 6 4.8 3 s
03PNO8 | 24 3 P DP 4.6 4.2 3 7
03PNO9 | 9 4 WP DP 9.7 85 3 s
03PN10 | 9 3 DP DP 9.3 79 3 s
03PN11 | 27 3 WPL P 4.8 4.2 3 o
03PN12 | 5 2 YBS WY 6.7 6.6 3 E
03PN13| 19 3 WPL P 5.0 4.7 3 aE
03PN14 | 27 3 WPL P 5.8 4.8 3 .
03PN15| 35 3 WP DP 3.0 2.5 4 .
03PN16 | 29 2 WPL P 5.0 4 3 s
03PN17 | 33 3 WP P 54 4.2 3 an
03PN18 | 7 3 W WY 7.7 7.2 3 n
03PN19 8 4 DP R 10.2 8.6 3 E
03PN20 | 9 4 WPL P 10.1 9.2 3 e
03PN21 | 5 2 YBS WY 75 6.8 3 .
03PN22 | 7 2 W WY 7.6 6.9 3 .
03PN23 | 10 4 DP R 9.5 8.3 3 s
03PN24 | 20 3 WP DP 45 3.8 3 s
03PN25 | 20 3 WPL R 59 4.5 3 n
03PN26 | 21 3 W PW 5.8 4.6 3 n
03PN27 | 41 2 WP DP 5.1 44 3 o
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< ®E 1> A&

20 P
No | oy |Ee ;;ﬁu o ;:EU] (CH; 2uo?| @)
03PN28 | 40 3 P P 5.0 4.0 3 of
03PN29 9 2 WPL WPL 9.1 75 3 5
03PN30 | 27 2 WPL P 50 4.1 3 .
03PN31 17 4 PDPL DP 7.0 6.1 3 of
03PN32 | 28 3 WP P 5.0 45 3 s
03PN33 9 2 WPL WPL 8.0 75 3 5
03PN34 | 21 3 WPL P 49 4.4 3 of
03PN35 | 17 2 WPL R 5.0 4.2 3 5
03PN36 | 17 3 WPL P 6.7 4.2 3 s
03PN37| 34 3 P R 5.8 5.0 3 E
03PN38 | 35 3 PwW P 5.3 45 3 s
03PN39 | 35 3 WP R 45 3.7 3 n
03PN40 | 19 3 P R 51 44 3 of
03PN41 | 19 3 WPL P 49 4.0 3 n
03PN42 | 19 3 P R 55 4.2 3 5
03PN43 | 21 3 P R 5.0 4.7 3 5
03PN44 | 15 2 WP DP 59 49 3 5
03PN45 | 20 3 PWPS R 6.1 44 3 5
03PN46 | 12 2 YBS WY 6.0 59 3 5
03PN47 | 10 2 YBS WY 6.1 59 3 5
03PN48 5 2 YBS WY 7.6 .7 3 E
03PN49 5 2 W WY 6.2 5.8 3 s
03PN50 9 4 P DP 9.5 8.5 3 E

J o1 AF, 2 w49, 3 Rks01g, 4 594

> P (Pink), WPL(White Pink Line), PW(Pink White), R(Red), DP(Dark pink)
YBS(Yellow Brown Spot), WY (White Yellow)

A 1 cup, 2 simi—cup, 3 plate, 4 open
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03PN15 03PN37

03PNO8

ARZL 03 - AlE
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X 2> 03 =9 78 FF AFEL AL * 24 01 7 2 79, 3 5994
NO Z A * 44 (cm) 4 ¥ (cm) 4 (cm)
SO03PNO1 2 21.6 49 10.1
SO03PNO2 3 175 6.7 6
S03PNO3 2 176 6.2 7
S03PN04 2 24.8 7.2 5.7
SO03PN05 2 16.4 6.8 7.7
S03PNO6 1 23 8.2 6
S03PNO7 1 22.8 6.9 7
S03PNOS 2 14.5 8.6 7.7
S03PNO09 1 18.4 7.8 6.3
SO03PN10 1 13.8 6.4 5.3
SO03PN11 1 18.1 79 3
SO03PN12 2 145 6.8 8.3
SO03PN13 2 19.8 54 7.3
S03PN14 3 155 8.6 3
S03PN15 2 139 7.5 5
SO03PN16 2 14.7 6.3 7
SO03PN17 1 22.2 39 6.3
S03PN18 2 18.6 7.3 7.7
S03PN19 2 16.9 8.2 6
S03PN20 2 15 7.7 3
SO03PN21 2 179 8.4 5.3
SO03PN22 1 7.8 5.6 6.8
S03PN23 1 10.8 79 5
S03PN24 1 14.8 8.6 5
S03PN25 1 15.3 6 4.8
SO03PN26 1 13.8 56 5.8
SO03PN27 2 13 6.7 4.7
SO03PN28 2 116 6.9 5.7
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< % 2> 0349 F9 #H 5 MsE
2

NO =E Zd+ON) | Zd Aol (em) |[ZH F7](mm)
S03PNO1 I-Shin Pupple Jewel 1.3 45.6 35
S03PN02 King shiamg's 1 50.0 40

rosexequestis
S03PNO3 Little Gem Stripes 1 28.4 39
S03PN04 Taipei Gold 1 451 4.3
SO03PNO05 Little Gem Stripes 1.3 47.0 5.0
S03pNos|  Lapel GoldxBrother 1 358 48
migget
S03PNO7 Little Gem Stripes 1 40.6 5.8
S03PNO8 Ever spring Light 1 26.7 6.2
SO03PN09 Wedding Promanade 50.6 55
SO03PN10| Queen Bear ' Red Sky’ 1.6 235 3.0
soapN11 | Camela’s pixiexP San Je 16 355 48
Diamond
SO03PN12 Brother Sandra 35.7 49
SO03PN13 THAES 33.2 3.0
S03PN14 Little Marry 15 42.7 3.6
SO03PN15 Tropical Lady 1 46.2 6.1
SO03PN16 Little Gem Stripes 1 27.0 35
S03PN17 |Bamboo Nancyx*Challifreed 1 77.6 4.3
SO03PN18 Little Gem Stripes 1 37.3 35
S03PN19 AFE 1.3 355 45
SO03PN20 Black Sandra 1 475 3.0
S03PN21 Kung's Valentine 1 48.8 5.8
SO03PN22 P. amabilis 1.3 24.5 3.7
S03PN23 Black Butterfly 1 46.5 3.9
S03PN24 [New candyxMount Beauty 1 34.1 4.3
SO03PN25 Sogo Lisa 1 36.0 3.7
S03PN26 A& 1 24.3 2.9
SO03PN27 BetrisxMount Lip 1 37.7 3.7
SO03PN28 2390 1 31.7 3.4
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N

03 w7hEk S FHET W NI 54 24 A FAALe] Foln Ta
FFolm vy FFol B =@ ALES tiFE W= gy s Ay

an glen mekekAut efzkel ]S Ay AT
<

[}

X 2 AE>
g | 9z ; A 2

No | Gy |FEE %gxﬂgz @o)xiﬂ(%—) Fadl) W
SO3PNOL| 226 | 16 DP R A1 34 | 26 =
SO3PN02| 143 | 3 p R 6.2 48 | 23 =
SO03PN03| 90 2 WPL | R 5.1 46 2 B
S03PNO4| 30 1 YPS | WY | 66 71 2 o
SO3PNO5| 96 | 26 PL R 59 52 | 26 7
S03PNO6| 6.0 1.6 YBS WY 6.8 6.7 of
SO3PNO7| 83 2 PL R 56 53 3 .
SO03PN08| 65 2 WPS | O 7.0 62 | 25 =
SO3PN09| 180 | 2 WPL | R 57 5.1 3 7
SO3PN10| 93 | 16 DP DP 54 39 2 7
SO3PN1L| 116 | 16 DP R 49 44 2 B
SO3PN12| 90 2 R DR 55 5.0 3 B
SO3PN13| 220 | 2 PL R 49 5.0 3 E
SO03PN14| 24 2 PL R 48 39 2 .
SO3PN15| 65 2 p DP 79 6.4 2 =
SO03PN16| 11 2 WPL DP 4.3 39 4 5
SO3PN17| 66 2 | GyPL | R 9.0 9.0 3 7
SO3PN18| 116 | 16 | PPL R 56 54 | 26 7
SO3PN19| 70 | 16 | YRL R 6.9 66 | 33 e
SO3PN20| 185 | 2 DP R 54 AT 3 B
S03PN2L| 50 | 25 P R 103 | 90 | 25 7
S03PN22| 36 | 23 W W 76 6.1 2.6 7
S03PN23| 75 2 DP DP 52 42 | 25 =
SO3PN24| 45 | 23 W R 938 8.3 2 =
SO03PN25| 3 1 YBS 0 73 6.7 3 of
SO03PN26| 4 2 DP R 6.8 55 3 7
S03PN27| 5 2 W P 6.7 64 3 B
SO03PN28| 3 1 W P 100 | 88 3 B
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J 11 A, 2 A E, 3 9k, 4 5993

> P (Pink), WPL(White Pink Line), YRL(Yellow Red Line), PL(Pink Line),
R(Red), DP(Dark pink), O(Orange), YBS(Yellow Brown Spot), WY (White
Yellow), YPS(Yellow Pink Spot), WPS(White Pink Spot)

7 1 cup, 2 simi—cup, 3 plate, 4 open

SO3FMO1

SO3FMNDS

SO3FPMNT S SO3FPMNT 4 SO3FPM1 S SO3FPMI &

SO3FPM1 7 S0O3FPM1 S SO03PM1I 39 SO3FPMZ20

SO3PM24

SO3FMN21

SO3FPMNZS



AR 03 U o EEE
< #E 3> w5 f 489 AF 3 NS =4
TN 4 ) | o | 2 el o2 UG | 1o
S03PN35 | Phalamabilis formosana’ | 7.7 | 56 |4 | W/Y |3 | <] 149 | 194
SO3PN36 | Phal. aphrodite 92 |59 [4| wW/iN |2 ]|F]| 185 | 1924
S03PN37 | Phdl. schilleriana 141 | 54 |6 P/P 77| 407 [ 194
S03PN38 | Phdl. mariae 118 | 58 |5 | Rbar/P | 1 | % | 170 | 1€%
SO3PN39 | Phdl. tetrapis'alba’ 118 | 47 [4| W/W |2 |F] 109 | 2¢%
S03PN40 | Phdl. stuatiana 115 | 65 [ 4 |W spot/W| 3 | % | 190 | 1€3}
S03PN41 | Phal. philippinensis 132 | 41 [ 4] W/ |2 |5 | 182 | 193
SO3PN42 | Phal. pulcherimma 123 | 46 | 6 P/P 15 % | 267 | 894
SO3PN43 | Phal. hieroglyphica 118 | 49 | 5 W%“e) 5| %] 324 |29%
249,
S03PN44 | Phal. violacea 04 8 U Y/P 6 | 4| 500
844

SO03PN37 S03PN44 SO03PN42

N

AR A Ak
=9 9FES F2 v, Teolrlel, e, =M ¥ Phal aphrodite s
AF 1045z A5 B MNeE5EES 24 23 Phal. amabilise WA o2 F=2 1)

Mo Fa PFOE ol§HI Qi Folth RPe WRE FaIFo|Uom Pul
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pulcherimma, & 7}33stde] 2t +3 UFF Phal  schilleriana(SO3PN37)2}  Phal
violacea(S03PN44)2 & 7] 7}

schilleriana & FAALE T8td-& AYal vk 53] Phl violaceas 35wt 7} 85
ok 7|7t A vety dFolgt: SA S sty wu) Ao R dAvjstod e &
fradatdeoleta AR Y. Phal pulcherimmas 2= o] AIRE SHAll = JHstrb & Ho o
o] AgAol o =AE AHetA st o] & F e T Aot

VAol AT FTES UFE ditedA 13%FFel ¥ A SR Brother

S5 A% mEor o0& £ gloew 53] Pl

Utopia(S04PN32) & 2% &2 o] st S04PN21 & 4% F2 &

)
N
=~
=)
2
ol
o
X,
a2/
32

of mMERoz ogFolth 44

Ho
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< E 3> 04d =9 o FF SARA
No = = AL 9 | AE | A5 | wAF | A | Ed#)
' wee * (cm) | (em) | (ZN) | (W) (cm) (cm)
Ever spring
S04PN21 King 1 16.1 8.8 4 1 48.7 5.0
S04PN22 Taida Pearl 2 154 5.8 8 2 36.0 4.1
S04PN23 | Champion Girl 2 21.3 6.6 5 1 555 4.3
S04PN24 | Nobby's Amy 1 16.8 6.3 5 1 45.8 4.4
Sogo Little
S04PN25 Angel 1 144 6.8 3 15 61.0 47
S04PN26 Talsu%’og ellow| 1 | 9905 | 67 | 7 1 66.5 4.8
SO04PN27 | Brother Julius 2 15.7 6.3 4 15 51.0 5.3
Ever spring
S04PN28 Pioneer 1 209 8.7 5 1 b55.1 5.0
S04PN29 Taida Salu 1 154 7.7 5 1 539 4.0
S04PN30 Brother Girl 1 16.8 8.2 7 1 51.8 5.2
S04PN31 Happy UFO 1 175 89 35 1 44.2 5.0
S04PN32 | Brother Utopia| 1 16.2 | 7.3 5 1 58.0 5.6
Caribbeau
S04PN33 [sunsetx(Mambo| 1 15.2 | 9.7 5 1 23.0 4.9
xcassandra)
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ol
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N
1%

*7]

= e} I
Noo o | = [ aw | @ | @ =% ¥
S04PN21 8 2.5 WRS YP 9.0 8.6 4 oF
S04PN22 5 2 RW P 6.9 6.9 4 5
S04PN23 10 3 W YP 7.8 6.4 3 R
S04PN24 11 3 W WY 6.7 5.8 3 5
S04PN25 27 2 W DP 45 35 3 5
S04PN26| 8 4 Y P 9.3 8.0 3 5
S04PN27 11 35 DP DP 6.7 6.1 3 5
SO04PN28 6 2.5 R O 89 7.8 4 oF
S04PN29 10 3 YRL R 7.0 6,4 35 of
S04PN30 18 2 GYPL P 6.3 5.8 3 oF
S04PN31 9 3 WPS YP 76 6.8 4 =
S04PN32| 7 2 WRS YP 7.3 6.1 3 +
S04PN33| 21 2 BY B 3.8 3.1 3 EiR

)1 A", 2 uAY, 3 o), 4 Foj 7

> P (Pink), WRS(White Red Spot), YRL(Yellow Red Line), WY (Whitek Yellow),
R(Red), DP(Dark pink), O(Orange), W(White), O(Orange), YP(Yellow Pink)
F 1 cup, 2 simi-cup, 3 plate, 4 open
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2 oy Az BEAANDe] FE o) Fx il wa A 3dd PEE fYw
48, 39502 DAL SN mga, A9, SH4, oAX Mo theaA
il FAlolth 23 FARe F AT thololEs FEe 2d tagon I
Mol Aetn AskmBAA, AHBE, BAHIEAE 5 EFS 0] Sod
F9 715 AL QAT B 2 FFE S &4 FEQ LAA=YI )
Zeha whg Aol ofzt RS wof BAo] $5% S4ol Agon] ‘ol EEe
7)€ wwa FF| wa) S7ge] Hu shale] ge 4ol ot}

. eew A F [T [ A | 2oF [2ddel [ Zaw)
' e « | (em) [(em) | OD | OB | (em) | (cm)
05PNOI Abehz = 2 | 161 | 88 | 4 1 87 | 50
05PNO2 | RatdZ=~E | 1 | 131 | 89 | 10 | 1 192 | 46
05PNO3 e 1| 143 [ 60| 4 1 525 | 39
05PNO4 | ©e71=9= | 2 | 201 | 80 | 6 1 245 | 49
05PNO5 AYater 2 | 135 | 50 | 4 1 385 | 39
05PN0G S Ete] 2 | 123 | 63 | 4 1 395 | 25
05PN07 | AH9E(x) | 2 | 155 | 81 | 6 1 517 | 42
05PNOS | AM%%(%) | 2 | 147 | 78 | 4 1 508 | 40
05PNO9 A (%) 2 | 177 | 88 | 8 1 33 |40
05PN10 A () 2 [ 170 | 83 | 68 | 1 604 | 44
05PNI1 | Brother Girl | 1 | 165 | 87 | 8 2 [438/415] 51/46
05PNIZ_ | Autfolelet | 1 | 143 | 63 | 11 1 05 | 47
05PN13 EEE 2 [ 194 | 89 | 7 1 503 | 46
05PN14 | Taipei God | 2 | 192 | 63 | 7 1 415 | 48
05PN15 | FHHEECTT 1 | 142 | 63 | 12 1 385 | 43
05PN16 EOEE 2 [ 159 | 61 | 9 1 a5 | 38
05PN17 | Zaizelol= | 1 | 199 | 95 | 6 2 [438/225| 49/42
05PNI8 opw g 1 | 130 | 59 | 7 2 [143/150] 4.7/45
05PN19 3 2 | 167 | 91 | 5 1 415 | 48
ospN2o | Taisqoi¥ellow |9 | 950 | 88 | 6 2 |435/240| 5.0/36
05PN2I #9 1 | 97 | 44 | 13 | 4 [396/292] 39/25
05PN22_ | White Angel(d)| 2 | 151 | 7.1 | 8 1 52 | 44
05PN23 JFzE 2 | 242 | 69 | 8 1 566 | 45
05PN24_ | WHE(A7D | 1 | 160 | 78 | 4 1 553 | Al
05PN25 | Spring Dance | 2 | 105 | 63 | 5 1 110 | 34
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ERIEN EF Z2 ) z R
No s (O T T e e | )
05PNO1 AtgtE = 5 1 YPst P 5.3 5.0 4 i
05PN02 | Bt ==2~8 | 5 1 Yst P 6.0 6.1 4 s
05PNO3 A= 5 2 Y YP 9.5 8.2 4 5
05PN04 e7lEdE 6 1 YPst WP 7.0 6.8 4 s
05PN05 Atatet 11 3 P DP 59 5.0 4 .
05PN06 g Erte 12 2 P P 51 4.5 3 N
05PNO7 A FE(x1) 13 2 YRSP R 6.5 5.8 4 N
05PNO8 A 5 () 12 2 YRSP P 6.5 5.7 4 5
05PN09 Al (4) 9 2 WPst YRst | 6.5 6.0 4 5
05PN10 A () 9 2 WPst Yst 79 59 4 T
05PN11 Brother Girl 8 1 YPst P 6.8 6.1 4 5
05PN12 | AdtielopZ= | 15 2 DP R 49 4.7 3 s
05PN13 £ 7 2 PP PPY | 6.7 6.1 4 i
05PN14 Taipei Gold 5 2 WYBst WY 6.5 6.5 4 5
EEEEEER
05PN15 58 1 WP P 3.7 3.0 4 s
agE’
05PN16 =388 E 17 1 WYRst RY 59 55 4 T
05PN17 LA elE 6 2 DP DP 5.3 5.0 4 .
05PN18 obu] g 3/3 2 Y WY 6.0 55 4 .
05PN19 i 7 2 YPst P 8.6 8.1 4 N
Taisco’ Yellow
05PN20 12 2 Y YPst | 6.7 6.5 4 s
Boy’
05PN21 T 13 1 DP DP 3.4 3.1 4 T
05PN22 |White Angel(t])| 13 2 WPst | WYPst| 7.2 6.7 4 5+
05PN23 == 14 2 YPst YP 7.8 6.9 4 s
05PN24 | w@&H7H | 17 | 1 DP DP | 48 | 40 | 3 | °F
05PN25 Spring Dance | 16 2 WP PY 3.0 2.5 4 5

Jr1 1 AH, 2 947, 3 9oy, 4 501

D W(White), Y(Yellow), B(Brown), R(Red), O(Orange), P(Pink), WPL(White Pink
Line), YRL(Yellow Red Line), PL(Pink Line)DP(Dark pink), YBS(Yellow
Brown Spot), WY (White Yellow), YPS(Yellow Pink Spot), WPS(White Pink
Spot), sp:spot, st: Stripe

7 1 cup, 2 simi—cup, 3 plate, 4 open
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Sz
No. mee (cm) (1)
S05PNO1 Brother Success 12.9 46
Brother spring
SO05PNO02 Dancer 14.0 6.0
SO05PNO03 Brother spots 18.3 7.6
SO05PN04 Brother Green Jode 16.8 5.6
SO05PN05 Maki Watamabe 16.4 74
S05PN06 Sogo Smith 17.2 6.3
S05PNO7 Minho- Princess 18.0 5.3
S05PNO8 Sogo Beach 17.2 53
SO05PN09 Yupin Giant 21.9 6.0
Golden Leopard
SO05PN10 Cheaters 12.0 6.0
05 FHFTES vl oA Ao Ry vpsFE A5
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Lh 3 fAALY WA HA

2004 785 Nobby's Amy & 9% %S T3R8t doddF4 stagolA Ex
Ho| 7hsst AAAdel 30/25T, 25/20, 20/15, 15/10(F/¢FH = 5043 Agstad. &
HEE dutAgEdon 25E Hit 4000Lux® she] ZA s
SRt e 2nw Asga
[ex]
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717 60€ e 2 10¥9A = o A sle] ZAEA T

15/10C 20/15C
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<E 6> 04d FHE FTE 15/10CoAM e WA HA A
=& g4 = H| 31 W (WA= H| 31
A A E oA 8 o]
= o _ : ] alA o
Nobby's Amy | 4% | Qiqgq |Bversorngl o) HESOE
7O]_Zj mg = Al F\—JL 5
T
olo] 2o Taisuco
Taida Salu s LE@REH o] Yellow s Aol WGlS
o] o Boy
=]
ol&o]  |Ever Spring
Champion Girl A =FA Pioneer A Ao WslglS
W37 =38k | Champion
9l o]
Brother Julius ok A A A Doritis 7 Ao W3kgle
U "oy
. olo
Sogo Little oF B8] %] A
Angel 1 goiy

049 FRE FFE 15/10CAA AR A3 Ao FFet FF S ZE Taisuco

|

Yellow bay © 3%%, Ao 3 FXO0=2+E Taida Salu 5 3FF o2 A EAo <

kel Wsk= Sdley FEe] Jhed A= A % FFS== Brother

N

Julius ¥ 3¥FFOE A9 AN % Yol FAUA AY BHSE JHE HA
e SEelAE s)Ee] e W Aolsk WA Wy Az Age] 20/15C L%

Ezo] A oo] AHMoz Wase 54 ehdrh

!

ol | 'Ever sping Pioneer

<E 7> 059 FHESE 1I5/10CA A ek 24 A3
=&Y e 4= H| 31 =& Y 4= H] 31
o] o] -
A ) — >3 [e) lT‘__a]‘
]Ssiggéig oF B32 A7 | Sogo Smith = shl ]:]‘qa—]_ ¢
U "oi3 v
Brother spring S Minho- ] 0] 0
Dancer 3 W3 gle Princess 3 gl Wskgl=
o] 3l o] -k
Brother spots A 3l %L,]\ o | Sogo Beach = okl Jﬂ 5 A
R j=) RIS & |
Brother Green Qo] L = AEo] 3+
Jode A | adee |Yon Giant|  F 0L
. Golden
olo] H -
Wa%ﬁggbe = e Jﬂ ) g Leopard 7 Sl Wstgls
-" Cheaters
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'05d FHE FFE 15/10TolA AR A3 Aol A3 FF S =2+= Brother

of\

spring Dancer & 5%
Aol opzrel Wt Ao 3
AR o AEAe] gl wet debd g vk Aol oFg #F S == Brother

14 A =E7bse dH= HAdo o

e =2

Ao T3 FFEOEE Maki Watamabe 5 4% 5o =2 A&
B

of bed AEGLh ARFAAE TAHE Fi

Success 1EF o2 9] #AG7HA & Qo] FA
ghA 2 2AE 19%Fol dlElA A=dd A FFEe WS 554

2o Agsud wzgel A,

o

AR A
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- 2] 2] & & |3 o)d o] | ol A | i - - s} o} 2 o] | g} o] 1A
G I S 0 R i S TR F T
30/25 0 0 30/25 0 0
Nobby's| 25/20 | 04 67 |Eversp[ 79520 | 1.8 100
Amy | 20/15 | 30 10 | King | 2015 | 41 100
15/10 0 0 15/10 0 0
30/25 0 0 . 30/25 0 0
Taida | 25/20 0 0 T;H%HCO 25/20 | 25 100
Salu | 2015 | 10 10 | Boy [ 2015 | 30 100
15/10 0 0 15/10 0 0
30/25 0 0 Ever | 30/25 0 0
Champio| 2520 | 85 100_| Spring [ 9520 | 65 100
n Girl | 20/15 | 25 10 |Champiol 2015 | 18 100
15/10 0 0 n 15/10 0 0
30/25 0 0 30/25 0 0
Brother | 25/20 | 08 67| porie |25/20 | 20 67
Julius [ 20/15 | 17 67 oS 79015 | 0 0
15/10 0 0 15/10 0 0
< 30/25 0 0
080 [795/20 0 0
e 2015 | 10 | 67
15/10 0 0

—

w A2 ARE 559 AHFe] 2ol

7y %o gk slolE sl 25/20T Al Al 66.7%, 20/15C ol Al 88.9%(DoritisTH A ]
H), T X FE82 556%2 YEhy SfolRdt AA2EEE Ha 25T, HA 15TH
1 o)A, oldtell A= stolrt A H A ok

Taida Salu & 252 20/15TCAA T EO7F R e AoE Hol A28 F %7}
2 & 4= 9131, Nobby's Amy & 6% &2 25/20TC, 20/15ColA M7t fr=

AOoF Hol A= Qo] FFTHE g zol7t 5S¢ F AL
Doritis= 25/20ColAxt stolrt &Eshgol wet Ao %7 ¥2 gl & 5 v
Doritist= ol Fell = A7t §olghel] wet WAA FF35AH =fol 2 + de 54
= 7HA vk & 9ollA = 05 R w5, 2 stolEA B dEA
A}ek A3 Brother Success 1E% % 20/15Col A 3ol7F # =59 2™, Brother spots
5 5E%FL 25/20C, 20/15TColA, Brother spring Dancer 5 3¥F£<& Eo|dAx=

P
o
rlo

s

it
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LxAg 7RA 05 6.21 , AELE ‘05 8.21
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. i{a]%}?_ glo} 7 o]( ‘??_]-}‘;]—%‘ LS =4 (SPDA)

(C) cm)x 92) (%) 6/21 8/24

30/25 0 0 0 474 33.1

Brother | 25/20 0 0 0 465 456

Success | 20/15 1.0 33.3 0 486 67.1
15/10 0 0 100 43.0 0

30/25 70 333 0 595 65.9

Brother [™55 90 22.2 66.7 0 53.1 62.3

Dancer | 20/15 | 1738 66.7 0 578 | 604

15/10 0 0 0 49.8 52.8

30/25 0 0 0 51.7 51.4

spots 20/15 25.1 100 52.9 64.3

15/10 0 0 333 50.6 456

30/25 115 333 0 377 36.3

Bégéggr 25/20 65 66.7 0 40.1 25.8

Jode 20/15 6.6 66.7 0 42.1 53.8

15/10 0 0 0 36.3 286

, 30/25 0 0 0 451 30.3

ng/tlgrlgab 25/20 113 66.7 0 43.6 470

. 20/15 145 333 42.1 45.3

15/10 0 0 333 365 305

30/25 14.0 66.7 0 525 434

Sogo 25/20 243 100 0 486 479

Smith [ 20/15 233 66.7 0 456 49.9

15/10 0 0 0 52.2 375

30/25 0 0 0 59.8 54.7

Minho- | 25/20 0 0 0 62.4 55.6

Princess | 20/15 0 0 0 64.0 78.8

15/10 0 0 0 62.7 54.6

30/25 0 0 0 517 434

Sogo 25/20 20.4 100 0 486 479

Beach | 20/15 6.7 66.7 0 516 66.1

15/10 0 0 0 47.2 3822

30/25 0 0 0 54.0 36.8

Yupin | 25/20 123 66.7 0 51.4 474

Giant | 20/15 6.9 100 0 50.5 66.5

15/10 0 0 0 50.0 438

30/25 0 0 0 470 54.2

Li%ldggi 25/20 145 33.3 0 466 40.2

Chat e [ 20/15 7 333 0 432 | 591

15/10 0 0 333 536 375
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iz A2l L a b
=5 : - s e e s e e e
(C) A4 | Ads | Aed | Aes | Agd | Ags
30/25 | 302 | 327 | -161 | -153 | 224 22.6
Nobby's| 25/20 | 300 | 291 | -105 | -160 | 150 20.0
Amy [ 2015 | 309 [ 209 | -106 | 78 [ 127 176
1510 | 342 | 468 | 93 | 50 | 1031 277
30/25 | 323 [ 312 | 95 [ -165 | 122 22.9
Taida | 25/20 | 339 [ 337 | -132 | 188 | 1291 30.3
Salu [ 2015 | 351 | 316 | -103 | 184 | 125 29.1
1510 | 344 | 461 [ 97 | -176 [ 11.2 32.3
30/25 | 397 | 360 | -130 | -132 | 174 282
Champio| 2520 | 379 | 308 | -123 | 145 | 165 22.0
nGirl [ 2015 | 384 | 407 [ -120 | -125 | 158 226
1510 | 384 | 446 [ -119 | -131 | 145 24.2
30/25 | 393 | 317 | -132 | 171 | 185 274
Brother | 25/20 | 373 | 289 | -105 | -149 | 172 256
Julins | 20/15 | 378 | 344 | -129 [ -109 | 174 21.1
1510 | 376 | 525 | -114 | 55 | 138 319
30/25 | 371 [ 354 | -133 [ 210 | 191 35.7.
Sogo [ 79520 | 348 | 404 | 132 [ -203 [ 174 36.6
Angel | 2015 | 356 [ 438 [ 127 | -209 [ 163 42.1
1510 | 425 | 486 | -165 | 88 [ 243 31.8
30/25 | 362 | 316 | -100 | -128 | 168 18.4
Ever sb| 2520 [ 379 [ 288 [ -127 | -146 | 17.0 176
King | 2015 | 377 | 320 | 127 | 48 | 160 184
1510 [ 383 | 460 [ -133 | -117 [ 179 236
, 3025 | 322 | 326 | -150 | 169 | 174 23.6
Taisucol 950 [ 395 | 376 | -231 [ 200 | 274 33.6
Boy | 2015 | 357 | 364 | -185 | 75 | 285 23.7
1510 | 321 | 349 [ 134 | -147 | 216 22.9
Ever | 30/25 | 333 | 310 [ -135 | -141 | 233 22.3
Spring | 95/20 [ 359 | 330 | 143 | -116 | 202 209
gﬁgﬁfgo 20/15 | 358 | 298 | -128 | 7.9 175 15.0
n | 1510 | 328 | 350 | -108 | -123 | 240 20.1
30/25 | 439 [ 394 | -106 | 124 | 206 195
Dortis |20/20 | 400 [ 404 | -11.7 | -119 [ 203 19.7
2015 | 422 [ 460 [ 132 [ -140 [ 210 25.2
1510 [ 423 | 439 [ 76 | -120 | 240 25.4
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A2 AlF-kA IO

ALe QT

7t. Agrobacteriumdl| 2|8t & |REAH=Z|/M & FEX, st UH |FHEXL
AN s
D A=

@ HEAE: PLB FA40] FEstm EAWt 4 S5 FF S

@ & 42 COG and FLC gene(7h3tx4d 573 =}), CHS gene(3HM %2452 2})

@ Agrobacterium line ¥ vector: LBA 4404, pCAMBIA2301(CHS gene),
pCAMBIA1300(COG gene)® pCAMBIA1390 (FLC gene)

@ Selection marker : COG and FLC gene(7}3}Z2 54 A}) - hygromycin (hpt gene)
CHS gene(3 24 /44 - kanamycin (NPT I gene)

2) 3

o?i

g

Agrobacterium®l °]gt JHAAJAAE o]&sto] x=7] Mshdx 2 s #Ad {FH
2= HAA3 39t Recombinant DNAZ HAAZE  Agrobacterium LBA4404Z
Hygromycin (50mg/L)°] ¥&% LB agar platel] streakingd}il 28Coll A wjoksle] A
H colonyE A€t & 50ml YEP HA|ujx]oA] 300rpmSZ OD600=0.57F 2 w7} uj
et} ke HiAlE 6,000rpme. 2 1533 YA s o2 0.8% NaCloz M#3s &
PLBe] &dd3gow FH|gt FAHES g PLB= VWHiA|olA 2952t
pre—cultured}il PLBE Agrobacterium®} co-culture3tt}. co—cultivation ¥ 3¢ A= <+

ek st} ohujek ¥ 45 A X non-selection BiA o)A PLBZ

ol\

218k & selection WA
o HAASAZS HMutsle] AR A|ASY. Agrobacterium tumefaciens line<
LBA4404¢]™ selection marker® hygromycin, kanamycinE A}M&-3F3.2™ reporter gene
o w2 GUSE AR&shith

,49,



Lt. Gene gunoll 2|3t & FHRH=7I7HEt REA}, st A FHANe| HAME
D A=
2% A5 PLBSAHo] -8t o)t A& TI0NEAM) &%
@ 8 A2 COG, FLC gene(/M8tx=4 €74}, CHS gene(3tM x4 &4}
® Vector: pPCAMBIA2301(CHS1 gene), pCAMBIA1300(COG gene) %
pCAMBIA1390 (FLC gene)

e

@ Selection marker : COG and FLC gene(7}3Z4 54 2}) - hygromycin (hpt gene)
CHS1 gene(3MZHH4d4F) - kanamycin (NPT I gene)
® AF8717] 2 Gene gun A& : Biolistic PDS-1000(Bio-rad), 0.6¢m gold,
FH2AF disk?t A2l 9em,

572~ 42 900psi

2) FEAF U
7y EFE 9 PLB: Agrobacteriums ©] 83 FZAAZ A9 o] o] 0-2719] B

g7t A e AL ARgdth FdAHES 9EiA 198 % pre—culture 3 Fth
pre-culture A] PLBE HEZUH Tdo| 2 H2cm ZEZ X439 Gene gun 7]7]
AbE Al el & = Qs gt b HE AAE Fd U =S vEoeR
pre-culture® PLBE Gene gundl 21l 0.6me goldE o] &3t &F7F~ 900psi,
A2E 4 disk 74 9em=E ato] FHAE ¥k fFHdA7F 4 PLBE non-selection

Al A 25 A = A SAIZL § SRR &

Ch S2ME M 7ML X =25
71€0l e AZs Aade wEdeR A A #FdAHhygromycin,

kanamycin) 59| selection marker +{AE o]&8te] FHAHMTAE 7oA A L A

£33} A7k < 1009 5ok selection WAl A A2 EAS Aal & cefotaximeo] X
3ty A7 3 hyponex WA 2 &7 AEA=2 A4 A7t
2f, gaMst AEA &l

ZIWell A AdtrEl HAAS AEANEL Ut FEFAATE Aol HAEAE=
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gelstr] 938k GUS, PCR, RT PCR ¥ Southern bolt analysisS 2 A] 8} T},

1) GUS assay

Hygromycin®ol] ¥3tgl wjx]ollA 12} Ae¢E protocorms GUS assayS &3 22 A
el GUS fAxke] 4 223484 v (Jeffersson, 1987)o whal A o] 45%-3F
Ag¢ thd 50mM Na-phosphated] 23 A & dMdoz  JAste] 50mM
Na-phosphate® 22} A& &3l 95% ethanol® 5&7F A gldte] FE24E A 789 indigo
o] WAl Arg B3
2) PCR assay

HEfol AYE FE&AFHEAY FEdy IPd AlolE FEHT £ A atd
primers(Table 5)& AF&38ta, PAA3Z 2 &2 genomic DNAE F3 (template) &2 A}

&3to] PCRE %3 Fo, 5F A9 7|2 JHAHS 75 SRl

3) RT PCR assay

ARG A EA A FE3 RNAE 99 PCR assay®t Zo] PCRZ TE3 $o, &
Z e A2 FAAAE FFE FAsh
4) Southern blot analysis
AAS AEAoA FEH3I DNA 2 RNAZ nylon membrane] tranferd}ir,

chemilumines cent detection system i+ S92 E o] 835}o]  labellingstal

hybridizationd}e] #4 gk},

1) FdAASE Ty HAZS crossingAA T, AAS 53 T wild type 2= A9 &
Ag 7] A8 T Z2AF

2) Ti Aol A =782 77 AAS s PCR 4 % A A4 744 A

ajl
=

Hf. &

()

=L

s

ZAE &EME A et

1= O =2 - 1=

BESAANABEE, BEellol hd AZA, 7Hs 54 )5 HAAIEH
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A2 A+ A

KVulol ()25 w2 #F TI01 PLBE o]&ste]  AlEst s
hygromycins 0, 3, 5, 7, 9mg/L =22 PPTE 0, 04, 0.8, 1.2, 1.6, 2.0, 4.0, 6.0, 80,
10.0mg/L &= H7tste] v 957 & AEE 2 A2sE&S AT agdEe 2
8TE frAstdem 1,500luxe] XA 16A1ZF 4S FAsHaTh

Hygromycin< 3mg/L FEoll AFE Aol AslE 7] Al#stl o Ong/Lol doll A=
RE JRA7F aLAbske] A marker® hygromycin Smg/l 0] A WE Ao LERyE
(Fig. 1. A, Fig. 2. A). vl 855 PPT w=°] wE PLBAES 9 AEsE&S XA
A3 PLBAEES 6mg/L FEolARE  AstHr] Azsislon  fAE  AEdhs
12mg/L IM%E daS @ittt (Fig. 1 B, Fig. 2. B). PPTE o =2F 48 Ad)s)
= AzARA Z7lde 2 Gl vFsht Mg 3MYE F AR A3 0.4mg/L o]
2= AeelA PLBS| AZ38t7} o] FojA]A] o} Ay

120

5 B

=
=

serimg PLEx
a
=

FLE swvnbhileg m:".
= B

=

=

>
os)

] | 1.k " 2k i h 1 L]
hgrami = h cncenkath ning L

LR % R o O N 1 T 4 & I
PRT eiesmith i inig) Lt

Fig. 1. Effect of antibiotic concentration on PLB of surviving rate of Phalaenopsis
CV. ‘T101’. A: hygromycin B: PPT
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A 0 I L& & % & E T 8§ B

b4 w8 12 1k I 4 B b

bgon ol cowsatn kg L FPT comsateativniig L

Fig. 2. Effect of antibiotic concentration on PLB of regeneration rate of
Phalaenopsis CV. ‘T101’. A: hygromycin B: PPT

W) dAAs oA Agrobacterium infection A 7Fo] W] X]&=

o
ot

Infection AlZte]l FAHShol] mA= Jake] w3 A4

yul = u

&

RE XA PLBY A
E&oly AREstdA AEAY Foe & zolE YERA Ykti(Table 1). Bacterium

suspension culturer]7Fo] AojA4=2 PLBO AFE&o| Holxoy A& 2EH 5
v A2 Aoz Yeyh. oz us Ae bacterium FEE FHE Zlo] Q3 Ao

2 7= A tH(Table 2).
Table 1. Effect of infection time on the production efficiency of hygromycin resistant

putative transformants (rooted plantlets) on the selection medium after 8 weeks.

Infection time No. of inculated No. of survived No. of rooted
(min) PLBs PLBs(%) PLBs(%)
16 526 488(92.7) 77(15.7)
30 457 457(89.7) 77(18.7)
45 414 391(94.4) 68(17.3)

Table 2. Effect of suspension culture time of Agrobacterium on the production
efficiency of hygromycin-resistant putative transformants (rooted plantlets)

on the selection medium after 8 weeks.

,53,



suspension culture No. of inoculated  No. of survived No. of rooted

time(hr) PLBs PLBs(%) PLBs(%)
26 180 165(91.6) 18(10.9)
47 142 135(95.0) 9(6.6)

th) Cefotaxim¥} Timentin®] Agrobacterium 37 A &3 9

Adutx o7 FAo| Agrobacterium infection ¥ Agrobacterium 37 JAZ 95|
cefotaxime A8t 1 J o] Hls| wj¢- avlelmw FHit Wol AbgsheE Aidow
A7volaL Agrobacterium 37 A EH7F £ timentin® &3E Stz At
gtk AT AT 300mg/L & ZE FEo|A] cefotaxim®B Tt} B 9318 Agrobacterium 37
= Aoy iAo PLB AiEstel] 2lo] AEstEe] vrol 200mg/L sE== A

st9S wf Agrobacterium 37¢ A E AlEstE &d¥e o2 YERGTHFig. 3).

Fig. 3. The effect of 300mg/L cefotaxime(L) and timentine(R) on Agrobacterium

overgrowth control

2) 94 5 AEs a&S STV AR A A R wiFEd

HAASS 93 PLBsY cutting, pre—culture ¥ co-cultivation

FAAZS 95t PLBE WA F#3] T2 (FigdA)AIZ 5 Slo] 0-2¢0]a |7}
2] & PLBE AM&3t o™ Agrobacterium infections $3lA] o= 1W cuttiong oF
% 29 A% pre—culture 315 tHFig.4.B). Pre-culture® PLBZ Agrobacterium solution

o] 15% &<t shaking & infection A7l & Hir ¥ filter paperg ©|&3}o] PLBE 7%

,54,



A 71tk (Fig4.C-E). %% PLBE PLBZ=AH|X(VWH]A+100uM acetocyringone)l] X4+

st & Agrobacterium®] A37dol whel 1-3€ 8% co-cultivation A1 tHFig.4.F).

A
i
‘H-.“‘r*:

D

Fig. 4. Agrobacterium infection procedure for Phalaenopsis PLBs.

A: PLB multiplication B: Fresh and suitable PLBs for preculture
C: Dissolved Agrobacterium pellet in LB liquid medium

D: Infection of the pre-cultured PLBs in Agrobacterium solution
E: Shaking of the Agrobacterium infected PLBs

F: Suitable growing of Agrobacterium during co—cultivation
3) AEAZY FAA =9

Transferring of PLBs from co—cultivation to non-selection and selection medium
Co-cultivations AlZ1 ¥ cefotaximeo] #7el VW HA A= 4-58 FAs &
¥ filter-paperg °©]-&3t] PLBE i3] 71324121 ¥ non-selection medium(VWHl =]
+ 300mg/L cefotaxime)oll 1Y A% Adu]Ydsie] ~E#~ e PLBE 3]Eght)
(Fig5.A). 3E¥ PLBE 3dAAIGmg/L hygromycin or 5mg/L PPT)7}F E9|

selection medium= At Aloiujgste] 8-10F $o FAXgE PLBE A

rr
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g g dRen S Al 5-8F Fo PLBE Al AlZHS W FHAHSAE
s = ATk Selection medium @ 2 Altjv] st & PLBEZY-H #&=3§tEe] £&0]
At AEsAdE 22 d4S B FAHFighB). 3 wol wEl non-selection
medium¥} selection medium el A Agrobacterium® over-growing®] doiwtom 3k
¥ over-growing® Agrobacteriums A|013t7] A= A2 YEMTE ol & dZEs7] 9
s A¥ filter papers WA ol Zx PLBZ A4S 1S ul Agrobacterium®)
over-growinge] AA Ao ¢bds] Alojerl= = Ao yEutHFig.

5C-E).

Fig. 5. Transferring of PLBs from co-cultivation to non-selection and selection medium
A: After co—cultivation, healthy PLBs in non-selection medium
B: Output of phenol compound of PLBs in selection medium

. PLBs with continuously growing Agrobacterium in filter paper

C
D: Induction and multiplication of PLBs
E: Selection of transgenic PLBs

F

. Selection of transgenic plantlets
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Lt. Gene gunoll 2|8t & FHAe] HHFE

1) -%181‘04 dis %%‘, ‘rr 4]]_.4_‘1)[. dlSk7}‘ 7{?4 }_}\ 01-

Jii
ol
ftlo
-
ol

7hH dE7Es gEo] e PAHS a8

B oA48S 935te] FLC genes ©] 83199 2™ selection marker:= hygromycing A&
sttt Biolistic PDS-1000(Bio-rad)< AFH&-3te] 1um=L7]19] tungstens #F = 900psi
o} 1500psio]l @A gl WA= GEFS stz siadvk A A3 dEvks 4
900psi’t PLB 4 2 AZ3&S o Eole 22 Yl tTable 3).

Table 3. Effect of helium pressure on the regeneration of PLBs in the selection

medium 8 weeks after bombardment.

Helium pressure  No. of inoculated  No. of survived No. of rooted

(psi) PLBs PLBs(%) PLBs(%)
900 375 324(86.4) 102(31.4)
1500 634 518(81.7) 86(16.6)
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Aek Ao YElhg oy 0.6met 1= & A
BE 7beet Aoz AZEAY. dAbe] TRl wE Ae
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Al AE3F&o] Agrobacterium®l
Hlgle] @o] Wolxl= oz yelytor wolm @ Aoz el th(Fig. 6).
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Fig. 6. Transgenic plantlets without(A) and with mutation(B)

) FAAEH diskt Al wE FHAHAN 58 74

ARSI diskit Ade AgE FEeEr] f18] 6cm, 9em, 12cm®zste] A sit
AFAI 6ecme] A5 U A0 Aol FT& &2%S ul PLB7 9F-2 @o] Fol uxte
LB7} Atk 9emet 12cmel 4§ %S PLB7}
2cm FHA o2 294Y PLB7F ¥ ®o] 11Aby
= o ettt meb 9em=E db= Aol 7P A Ao R yETh

b—‘w

ot
iy
Y
rlot
tjo
do
2
N
o

%59 PLBE WA &8 S22 & Agrobacteriums ©|-&
gk FAgo| A e} o] Qo] 0-270¢] Hejrt UA &2 AS AREsiith dExgks ¢
A 194 % Pre-culture 31531t} Pre—culture A PLBE #HE& U412 T4l 2 742cm
AERE 2438t gene gun 717] AREA] gHHel 3 4 QEE SFlth pre-culture¥ PLB
£ gene gundl ¥il 0.6mm goldE °©]-&3ste] AF7FA 90psi, 1+ 9em= st FHAE
29tk FHA7E EAFE PLBsE non-selection®] Ao Al 2= QA sIAIzl & mpz
selection WA 2 & th selection WA A == o Agrobacteriumol X2} 72o]
5mg/L hygromycin % 5mg/L PPTE 378ttt Aoz 7oA Adks = A4
& Agrobacterium®} 29k Agrobacteriums E& HAAET Ao Hls] 7]l A
e = PLBO] 522k A Q0T
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o BAME AEH VUMY

x

7]

=

hygromycin, kanamycing ©]-8 3k

F2A A3 3 non-selection HIAE

AT
ol

JERE)N

1 =

A

ot sty PLBE &AA7 H7r=

selection¥] X ol X8Rt} FLC gene?} COG gene hygromycin 5mg/L 3 7}¢ ul

Ao, CHS gene< kanamycin 200mg/LE
PLB2 g & % A3} 7] A #sksla

shelch A wge 2F vk AAsiedn

T dFe A 248 98 cefotaxime©]
2 B F T
2l FaME A=A gl

1) GUS, PCR assay

7} GUS assay

A7k wiHel Ak dAdE A

1009 =<t selection iAo A 7] WA LS
o] &5 selection BjA|oA] AdtE AAEAE

X3ty ZE3} hyponex BIA] =

Kanamycin®e] X3t% vix|o] A Adw PLB(Fig.7.A)E 7FA 22 GUS assayS 2 A3}

o]
AR

. °lE Adtd PLBE mA g 4587 A#3k & 2 mM  5-bromo—-4-chloro-3-

indolyl glucuronide (X-gluc; Wako, Japan)©] X &% 50mM Na-phosphate®] 37°Col| 4]
AAs7] H&A 5 st 95%

3 A3} PLBolA HAMoz dME spotsS B

AZANE

H— ==

48417F =<t incubation
3t th GUS assay &
(Fig.7.B).

aF3laL,

ethanol % A

= et

EIgEa
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Fig. 7. A: Kanamycin-resistant PLBs formation on selection medium.
B: Stable GUS gene expression of transformed PLBs.

1) PCR analysis

ZIRel A Aty FAAS AEAEEE DNASE F33te PCR analysisZ 3+l
t}. F&3% DNA2 primers, dNTPs, MgCls, 15UTag DNA polymerase(Takara
Biochemicals, Otus, Japan)S mix3 %, PCR =% 24A]33t. PCR conditione
pre—denaturation® 94Col| A 4% ¥ % | denaturation 94°C 453, annealing 60C 45
%, elongation 72T 2% 303 ¥HE3F o™ extensiong 72T oAl 5iE7F A A3t

(1) PCRell o3&t FLC frdxto] Jdd3A &<l

FLC gene #8& #8747 498 248 4842 7164 5 line %))
PCR analysisE 3} % tHFig.8). FLC gene primers 5'-gctctagaatgggaagaaaaaaactagaa
-3', 5'-taggtaccctaattaagtagtgggagagt-3'S 7F# 2 PCR analysis(Fig.8. A)E 2 A g
A3} FLC gene?t 2 =719l 610bpe] ME=ES gH1d 4 U203l selection marker$]
hpt gene primers 5'-ggacattgttggagccgaaatcc—3', 5'—aaaagttcgacag cgtctccgac—3'S
7FA1 3L PCR analysis(Fig.8B)A Al 1S wli= hpt gene¥ 72 7|20 564bpe] W=

fe) S 2=
RS % )~}\}~}\q—

il
dot

M+ — 1 & 3 & &

— R0 B

A

Fig. 8. PCR analysis of transgenic plants for FLC gene(A) and hpt gene(B). (A)
PCR of FLC gene in transgenic plants result the 610bp FLC band, M: marker,
+:positive control, —:negative control, 1-5:transgenic plants. (B) PCR of hpt gene in
transgenic plants result the 564bp hpt band, M: marker, +:positive control,

—negative control, 1-3:transgenic plants.
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(2) PCRell 93k COG 37t @-dxskA] gl

COG gene & F31A7F A4dd JAALE AEZAE 7| A 5 lineS Adslo]
PCR analysis® A A3t tHFig. 9). COG gene primers 5'—-gctctagaatggegacccaagat
tctcaag-3', 5 -gcggtaccttaacaagattga ccatcggtg-3S 7FA a2 PCR analysis(Fig.9.A)=
AAE Ay COG genedt #& =719 544bpe] W= Feld 4= AL, selection
marker$! hpt gene primers 5'-ggacattgttggagccgaaatcc—3’, 5’ —aaaagttcgacagegtctecg
ac-3'S 7FA|3L PCR analysis(Fig9.B)E AA] 3%S wl= hpt genez} #2 =A7]9]

564bpe]l W=E ol & 4= At}

M + — 1 2 3 4 5

+—bigp B -y

Fig. 9. PCR analysis of transgenic plants for COG gene(A) and hpt gene(B). (A)
PCR of COG gene in transgenic plants result the 544bp COG band, M: marker,
+:positive control, —‘negative control, 1-5:transgenic plants. (B) PCR of hpt gene in
transgenic plants result the 564bp hpt band, M: marker, +:positive control,

—negative control, 1-4:transgenic plants.

(3) PCRell oJgk CHS FxAte] dAxAZA =<l

CHS gene & 3271 A4dd F2AS AEAZ 7|WolA 5 lines As}o]
PCR analysisE® A A3+ tHFig 6). CHS gene primers 5'-gttctagaatggegtectecgttgac
atga-3', 5'-gtggtaccttagacggcaaccg tcacggtg-3 'S 7FA 3L PCR analysis(Fig 6-A)E
AAF A3 CHS genedt #& =719 1212bpe] WI=EZE Foldt &= A1, selection
marker?¢] NPT gene primers 5'-gaggctattcggctatgactg-3’,
5'-atcgggagcggegataccgta-3'S 7412l PCR analysis(Fig 6-B)& AA] 39S W

NPT Hgene Z7]¢} Z&2 700bpe] W=ZS kel & 4= ).



M+ — 1 & 3 & 3

1212 B

A

— TS by

Fig. 10. PCR analysis of transgenic plants for CHS I gene(A) and NPT gene(B).
(A) PCR of CHSI gene in transgenic plants result the 1212bp CHS I band, M:
marker, +:positive control, —negative control, 1-5:transgenic plants. (B) PCR of
NPT gene in transgenic plants result the 700bp NPTIHO band, M: marker,

+positive control, —:negative control, 1-4:transgenic plants.

2) RT-PCR % Southern blot assay

7} RT- PCR analysis

PCR analysisE &3 & #FdA7F Aol HASFS QA3 A=ZAE 71
RT PCR analysis® A8t%th. TRI REGENT™& o] &3] RNAS FE8t9oH
RT PCR Reverse-iT' " One-Step Kit, ReddyMix' " kit& A}-&3}o] A&t} 5
Z3¥ RNAE kit 9% ReddyMix MRT-PCR master mix with Reverse-iT VRTase
Blend ¢} primers ¥ 12 RNase/Dnase—free waterE mix 3+ % PCR £Z& A5
St PCR condition< first stand synthesis® 47Ceol|A 30%, initial denaturation=
94T Al 28 3+ % denaturation 94°C 20%, annealing 60C 30%, extension 72C 1%
S 308] WHE-3519 3L, final extensiong 72Tl A 587 AAlstsdch FLC S4A7F A
A"l HAAZIAE FLC gene primers 5'-gctctagaatgggaagaaaaaaactagaa—3’,
5'-taggtaccctaattaagtagtgggagagt-3'S, COG FdA7F Add dAAsA= COG
gene primers b5'-gctctagaatggcgacccaagattctcaag-3', 5’ -gcggtaccttaacaagattgaccatc
ggtg-3&, CHS #dx7F Add FHASAE= CHS gene  primers

[e]

5'-gttctagaatggcgtcctecgttgacatga— 3', 5'-gtgg taccttagac ggcaaccgt cacggtg-3 "=
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AbEsth. RT PCR analysisg€ 2AIgH ZA¥, 7hzbe] positive controloll A 7] o gk v}
9} #o] FLC genee 610bp(Fig.11.A), COG gene< 544bp(Fig.11.B), CHS gene<
1212bp(Fig.11.0)8] =55 FAq T & AU

Mes —1 8 3 &5 Mo | F & 4

A i IB

Fig. 11. RT PCR analysis of transgenic plants for FLC gene(A), COG gene(B) and
CHS geme(C). (A) RT PCR of FLC gene in transgenic plants result the 610bp
FLC band, M: marker, +:ppositive control, —:negative control, 1-5:transgenic plants.
(B) PCR of COG gene in transgenic plants result the 544bp COG band, M: marker,
+:positive control, —negative control, 1-4:transgenic plants. (C) PCR of CHS gene
in transgenic plants result the 1212bp CHS band, M: marker, +:positive control,

—negative control, 1-4:transgenic plants.

1}) Southern blot analysis

o

$1¢] GUS, PCR ¥ RT PCR analysise S3lA & F3A27F Aol HA=
e & AL, o1 lines 7HAaL B copy®l transgene°] A HA=AE
2ol H 7] $13l southern blot analysis 3ttt &2 A3 A& F Agrobacterium=
o] &afjAl Aozl FAHE A=A 379 lines AEerdint. o5 AEd 3749
line® 2 HE DNAS F&3¥ o™ HindlIZE 37Col A over night digestiond} S t.
digestion®d DNA: 0.7% agarose gelsoll runningdte] DNAZS E& o, g3k
DNA¥ nylon membrane®] transfer 33, DNA Detector ™ Genomic Southern
Blotting Kit(KPL, USA)E ©]&3}9] detection 3t} olw] Al-83F probe:
Geneclean Turbo (Bio 101)E A}F-&-3 purify$ ¥, Random Primer DNA Biotinylation

Kit(KPL, USA)E A}-&3}o] biotinylation 3F%1t}. southern blot analysis® 23}, Fig.
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21 =A 3709 line 2% lcopy? transgen©]

(Kb)

21—

Fig. 12. Southern blot hybridizaion analysis of transgenic plants for FLC gene(A),

COG gene(B) and CHS I gene(C).

!

4 HAHES F

LR

Jm

D FAASE Ty WA} izt AEA7re] F5E5A

$old AAe GUS, PCR, RT PCR % southern analysis S84 7]ujollA At
H AEA FAHS AEAULSE BAA FEdA gl #F ¢ dRa, AESA E4
< st7] 98l pot= AR A=Al AwiE i Jk(Fig. 13). To A&EA9 45

0
©
iy

AWk 582 2] 5 A (non-transformed) &} ¥ S w] A{Ldo] w9 =gt} 1

A2 AB7 Fo] 24 Zo7F 81 Y= Ty AEAE HERT 2AEAe v
= o e 544 o] F AolE sV ofE it dow A A Fxt
CHS gene°o] =% Te9 4% HPLCHigh Performance Liquid

R

o

(o

Chromatography)E ©]-&3&to] metabolite?] W3 HEZ a7 3
anthocyaning 48 o Holth, M3z4d Fdx2A FLC gened} COG gene©]

=d% Tool % phenotypic analysise @A A3 A EA 9 2+ 2EAS} vl
e o M3 A7l E S FRs ¢ oy dAA FEAZE ST Kol =
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Fig. 13. (A) Transgenic plant with FLC gene. (B) Transgenic plant with COG

gene. (C) Transgenic plant with CHS gene.
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A 2 FARe Ty AEAE] AFol =g7] "o st o]=277HA= B Al
ol 40" ZAow HAXH, gom I3t He= ARl ol=A HW T, AEA %}
wild types ©]8&3t] gene flowol #3 AFE FaT Aot A Ty A=A <}
wild type®2] cross pollinationgs %3 TiHEAE 92 F PCR analysise E3|
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A34 AE2A M: Pink color &
&A u)ay
AT AT

7k PLB 771 H &4 23t AMA JHM

PLB 7] ¥ S245% o]yl 93 A7 z27S 7987 93 mjx%EHF(hyponex
and NP #]#]), pH A X, charcoal?] FXxo] W& 23S Fhsgdon wjxzxAd Az
= oy 2ok =23 AR 58 T 2 AEA dE 71W FEY S 9 )

A E(HAAEH ), agar®} charcoal®] %%, pH AXd 2 23S £t

D =l 2 =ooll A e FAAdS duF 54 2AME T8 BRFEE AEeiith

2) Adte 4= wEg RE PLB(protocom like body)E 718t oz F2 A7 o)

3) PLB9] f71& - S4& 2 AEshE, Ed¥ols 58 7ITo® wds =AY B
& At

Cl. Pink color SX&te| kMM 5837}

Pink color ZH&e FZ F07k /1 Bout B spujel vs) i waol
ofels] Sl W olue FOAE 2AWGR Fito] v BEG Aotk uteh
4% F3Hdark pinkEEE] o4
7] 1@ 4EL obdls ol ST

1) Pink color &5 &t HopuljfAa] Aa] B FAA|l o3k 2573 9

SA AN PLBE 71871 9 ejobufF WS ol gsk=tl o w Hofe] 7|
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ES) A 2 s AEA ed(MEgehE siAsty] ffd dA} 25AE ol87 o

WA F7F sucroses =, thiamined F%% H7} 2o 2 &3 PLBXH, &
7IW A4 PLBe| "o #3 A& st di=FA 285 Fol7] #F HA
A& e
3) = EA oA 2 oAA Y

g4ksk Al PVP(Polyvinylpyrrolidone) 9 &4 gFAo gk a3 2 wj#] o 3H4ks)
ARl PVPoF &4 vt 4 E PLBE &3t X4k A3 #datA & 2=
23 & PLBY A AF(fresh weight) 52 &(%)& ZALsH
4) viFEA s

PLB S4°l Aga ez = 2 W &7 =03 P
nAE ey Wste] e PLBO quality 34 A=E AT

5) 3aF A4

ey
X
>
2
Sh
o
olN
>,

ER@ 240G % PN A PLB F4F
Bl A AR FS A s oA JEA) 277 AN b Al

=
o] ¥l 2ol w2 AlFte] Ao HUT. Y =AM de] FE&S Eol1
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A2 A+ A
7h PLB ®71 H SAH MES A A 74

1) ¥iXF5H, pHA %, charcoal F%o w2 Hlu o] me vjwis]

PLB 7] ® S2&S ®o|7] A8 wiAEFINP S4¥i= ¢} Hyponex 7821 #jA])e]
w2 HuAdES stk AL 3EF(TIO0N 168, TS 6WHE o Asqit}h oz
o] controlZ 7]&2] PLB %49 2:0]& NP #j#|ol pH 54, charcoal 0.3g3 AH&-3H4

PLBY EA4& cutting 3 5 oF 27§€ & PLB7} 83 S2a52& z}zke] ujA|
09 5 A% ZAnEAS o 2 A2EE PLBY #7] 2 F4E AEE Azs)

A 713 wjA] FFe wE Aol FF T101%
A H e FAd g oo Q35]8 FFT091
& NPSA A7 F2o o] &34 &

¢

1682 Hyponex A 2}8jX]7} NP=4]H

—

+ 99tk pHl me AgME A E
F wF AelTe] F79 pH 58 £ 600] /44 AAsthn ARE oM, charcoal

Tl AdoMdE Al FF EF charcoal % 0.1%7F 249 7F4 2 4dS &

AATH
Table 1. 7] #1#] &5, pHE X%, charcoal F&=ol W& FF¥ PLB 52 &(%)
A/ FF T101 168 T091
Hjj #] Hyponex 670 618 495
NP 460 467 632
pH 54 558 418 430
5.7 680 637 655
6.5 591 610 533
charcoal s %= (g/L) 0.3 435 478 465
0.5 567 582 521
1.0 690 627 660
2.0 422 460 409
2) AT (AAE 7}, agars} charcoal®] &% Aro we A

b WA A whe 87
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Table 3. BiAY H7tE FZol wWE PLB A4 &(%)

. PLB

@7]’% F5E(%) P %)
[ele)

CW 10 31.6

HhUL 15 52.6

30 42.8

45 22.2

60 14.2

CIRBRBRRAAS 15+15 42.8

}) agar®} charcoal®] T ko wWE 29
agar®} charcoals =¥ 2 A]d A3} charcoal? TE7F E=old 45 PLB 54
§o] =& Aow YEYon E3F| agar 0.55g/L, charcoal 1.0g/L A8 F-olA 713 =

Zuj ol A AEA e Aexde] 4% == 2

flo
paV
o
fet
°
o,
XL
Au)
e,
[
2
o
t
BN

=& FAY He=dY F24S A8 wiAl charcoals H7bste Aowm dEA
Jded E AFPANA EE9 charcoale] PLBO A& FXAA 1 A3 AAF
(fresh weight)S S7INFHegd AZ4Ht. A3= PLBY AAF(mg)S S ##3)
A Th

Table 4. %% T101¢] wlx] W &8 H7}¥ agar®} charcoal®] =] W&

Y A% (mg)

Agarharcoal 0.25g/1 0.5¢/1 0.75g/1 1.0g/1
0.4g/1 600 550 500 750
0.45g/1 '700 1250 1300 1800
0.5g/1 450 870 950 1200
0.55g/1 350 1000 1500 2100
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T3 S AH3sk ez I pH 53+02HEY tha =2 pH 6694 71
F2 AY7t YEth o= wld Foll AHAZHE phenol B o] HEEoO x7]9
pHE =74 4% o] T4 &0l ol RAow AlnHth 22y AWy om

1-6.6 Atolell A= pHel W& PLB 5242 Zpo]7h avhA] A4 @42 Ae=m Y
t}. A3+ PLBY A A =(fresh weight)S E3a) #2393t}

Table 5. #F T101¢] A W pHell w& AAF(mg)

pH 4.6 5.1 5.8 6.1 6.6 7.1

AAF(mg) 200 400 360 410 510 250

D =lelld 3 2o FHjd 54 2 ARG F5

w4, 39, Wld & 158 7|Eo® 1o] 3 Zlojw 257, 7= 1-32=
1o] A Aok w3k 4, s 29 99 s 2ot 353 s dele
cmelt}h. 39 Large)2 £37|E %3l DPE dark pink, P pink, MN2 Z¢
=A717F mini(5cm ©]3h), MD= %9 Z7]7F midi(5cm-9cm), ste} spi= 2ol E5F4 <}
A7t 9SS 7127, Y, W, WRE 34 0] vellow, white, white red(®3} 3-2])<
ghet. ol Qo] U= FEuizE g N ol e WE EAIRE Aol W= 3k el
oAei7he] 7HA7F & wWE 7zl

i
%
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As | &2 A st ERE st | v | EYL T | EHE S | et EH e
697 | 2.8 LDP 9.0 9 25| 2.4 2.2 2.8 455| 6
698 | 2.3 LDP 7.8 11 2.8 | 2.8 2 2.5 52 8
699 | 2.3 LDP 9.0 7 28 | 2.6 2.2 2.5 54 7
700 | 2.8 LDP 9.0 10 2.7 | 2.6 2 2.6 58 7
701 | 2.3 LDP 8.0 9 3 2.8 2 2.6 46 8
702 | 2.3 LDP 9.0 11 28 | 2.8 2.2 2.6 61 7
703 | 2.3 LDP 10.0 10 22| 2.2 2.3 2.4 49 4
704 | 2.4 MNP 5.5 10 2.4 | 2.5 2.4 2.4 23 6
705 | 2.6 MNW 5.0 6 24 | 2.6 2.5 2.8 23 5
706 | 2.5 MNW 5.0 6 26 | 2.5 2.5 2.2 22 4
707 | 2.2 MNDPst 6.5 25 2.4 | 2.3 2.3 2.2 28 7
708 | 2.2 MNDPst 4.8 15 23 | 2.2 2.2 2.2 20 7
709 | 2.3 MNDPst 5.0 18 2.3 | 2.3 2.2 2.3 16 6
710 | 2.3 MDWst 6.0 18 2.4 | 2.2 2.3 2.1 21 7
845 | 1.6 | YRspstMDC | 5.5 | 11, 11+? 2.2 2 1 3 21 6
846 3 YstspMDC | 7.6 8 22 | 2.2 1 3 38 5
847 | 2.5 WRspMDC | 8.5 4+5+9 28 | 2.8 1 2 35 5
850 | 1.8 MDY 5.5 | 4+1+4+1+6 | 1.8 2 1.8 1.5 31.5| 6
851 2 MDY 6.0 4+1+6 2 2.2 2 1.5 37 7
852 | 1.8 MDY 5.6 6+3+3 2 2.1 1.8 1.5 25 6
853 | 1.8 MDYsp 7.5 7+2+2 1.8 | 1.8 2 2 25 2
854 2 MDYsp 7.7 7 1.8 2 2 2.2 26 3
855 2 MDYsp 7.7 8 22 | 2.2 2 2.2 16 3
856 2 MNPst 4.5 | 13+6+5+8 | 1.5 2 2 2 21 6
857 | 1.8 MNPst 4.5 | 13+7+5+14 | 1.5 | 1.8 1.8 2 26 6
858 | 2.2 MNPst 4.5 | 14+7+6+6 2 2.2 2.2 2 20 5
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A& EE =ty S5 En ] ufj & ZAEH | B FH =3 =k
Al 27. DPstsp 9.5 6 25 22 25 22 46 6
A2 23 WRstsp 10.5 7 24 2 25 28 47 4
A3 23 MDDP 85 4 25 2 26 22 43 4
A4 22 DP 9.0 3 2 2 23 24 32 3
A5 16 DP 9.0 9 2 24 2 25 50 6
A6 3 MNDPstsp 5.0 1045+5+445 2 23 2 25 34 1
A7 3 W 10.0 8 18 22 22 2.6 60 4
A9 2 WR 120 " 2 22 23 23 70 8
A10 2 DPst 10.0 6 2 2 25 2 48 6
A1 2 MDDP 7.0 8 22 2 24 2 37 4
A12 18 MDDPst 7.0 1" 22 21 24 22 42 6
A13 2 MNDP 45 8+3+4 24 18 2 23 27 8
Al4 2 MNDP 45 3+ 24 2 2 25 28 6
A16 18 LP 1.3 10 24 2 23 2.4 49 6
A17 1.8 W 12.0 10 2.8 22 23 24 65 5
A18 18 W 1.8 " 22 22 2 2 59 4
A19 16 LP 11 9 15 25 2 2 64 8
A20 16 LP 1.9 " 2 18 23 23 65 6
A2 22 MNDPst 59 24248 2 18 23 23 37 8
A23 22 MDYRsp 71 2 2 22 18 2 10 3
A24 23 MNRsp 53 6+7 23 25 18 2 37 6
A25 27 MDYsp 7.6 8 23 24 1 22 43 7
A6 26 MDYsp 7.5 9 18 2 1 35 435 7
A27 15 MDYsp 7.6 8 18 2 2 3.1 385 7
A28 15 MDYst 6.8 2 23 22 22 3 10.1 5
A9 18 LP 7 7 2 21 18 3 51.2 5
A30 2 DP 9.6 15 2 21 2 3 46.5 6
A3l 2 DP 10.6 9 18 26 2 2 61 5
A32 22 DP 10.1 10 15 24 2 22 61.5 5
A33 22 WOP 10.0 8 23 25 18 23 52 5
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MNPSTC

4+4+12,2+3+10

MNWRSPC

0+3+12

MNWRSPC

0+10

MNWRSPC

8+8+8+18,8+8+14

MNLPC

3+3+8,0+10

MNWSPC

3+4+10+4,3+3+4+8

MNLPSPC

18,5+4+5+4+2+2+14,2+5+4+5+19

MNDPSPC

3+4+4+5+13,5+5+5+5+14

MNWC

13,4+13

MDWRSPC

0+2+2+11,0+2+12

MNDPSPC

3+6+5+2+11,4+4+4+13

MNDPSPC

4+4+4+4+4+6,4+4+4+4+10

MDYYSPC

3,2+2+6

MDYYSPC

2+42+7

MDWRSPC

3,7

MDYRSPC

5,3
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AS =2 =y == ERN = ol | 2| STl SEE |
A133 15 MDY 6.9 49 2 2 2 2 R 5
A150 15 DPst 95 18 1.8 =i 2 2 58 6
A151 2 MDY 6.6 9H4H3 1.8 1.8 1 2 % 7
A152 1.8 Yst 9.3 9 24 2 1 3 31 3
A154 18 Wsp 10.2 7 24 2 1 3 41 5
A155 22 | MDvsp | 77 6,6 24 2 2 2 5 7
Al161 22 MDYst 6.6 5 23 1.8 1 3 % 6
A162 22 Lst 9 4 2 2 2 3 37 7
A165 15 Yst 9.2 4 2 e 1 2 5 7
AI70 18 Yst 9.2 7 2 ? 1 3 2 6
A1 1.8 MDDP 70 | 3613H1?7| 23 24 2 3 27 4
A191 2 DPstsp | 92 8 23 24 1 2 28 5
AR 2 oP 9.8 5 1.8 2.2 2 2 27 5
A193 2 Wsp 10.5 9 1.8 22 2 3 % 7
A1 2.4 Psp 8.1 93 2 2 2 2 2 10
A195 24 Wsp 87 | 37 2 2 2 2 2 4
A1 2 Wsp 8.1 243+7 2 1.8 1 2 37 6
A197 2 MDYsp | 7.8 6 1.8 1.5 2 2 3 6
A198 18 | MDvsp | 77 7 2.3 15 1 3 25 5
A19 15 | MDYsp | 76 6 2 2 2 2 23 7
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¥4 wsE W A wE od g B3 /2 @ A
5% 10 2 2 3 3 10

ax 3% a0 s 1 310
il 10% 10 6 1 2 1 10

2% 15% 10 8 1 | 10

5% 10 71 2 10

3% So0% 100 36 1 10

A7 AV 0w 10 2 2 6 10
2% 5% 10 2 7 1 10

) & AA(Tetracyclin)®] 34 A% &3 9

1000ppmoll Al 38 &

W 1 2ua el el e 4
2 shoith AWAN Ao FAA F I
o Ehskom ol

71

FAAELS 99 1D 2o tetracycleS 1000ppmS A3l on IR =
[e)

30wt RFgameta A= ol A

aHETHGE D).

=
ato] 22 0.8%lA X1E

Srobuy] gletel g Bl vhe] EA

o
=
= Azete] 2= aw an} 2 A

nujskA Rk Ald f1e] vy 7t Al el ZarF Yebds A

%7 A v S1Ad B A% ww)
A s AE nE e
T1000V30-1 3 16 13
T1000V30-2 3 16 13
T1000V30-3 1 14 13
TVR0.8V30—1 16 16 16
TVR0.8V30—-2 14 16 2
TVR0.8V30—-3 10 15 5
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2) T4 2&S

71 PLB ¥4 2 FAEAE 47 $13 vixd Sl & A 23 VWHIA](20g/
2 sucrose, 4g/ ¢ phytagel, pH 5.3, 121 Cell A 15%3F E )9} hyponex®¥ ] (N : 20 P
120 K : 200914 PLB &4 &0] 40%°]4 o2 velyony VWHIA| 9] 9 PLB7} =

Aol ALY Fr ekl Wak= Aol Wol hyponexsl Aol 7HE F& B EFS HERIA
=3
Table 8. #& T1019] vix|d FFel W PLB 34 &(%)
Medium No. of No.‘ of No. of ‘ PLB
explants survivals PLBs A 8(%)
MS 20 20 4 20
Vacin & Went 20 18 10 56.5
Hyponex(6.5:6:19) 20 20 0 0
Hyponex(20:20:20) 20 19 12 63.2
Knodson C 20 15 3 20.0
Homma 20 20 7 35.0

) PLBAA F2AES A7 938t #FF T101S AIEE hyponex BIAE 7] ujx] 2
sto] sucrose ¢ FEE TEA Aol 1 Ad}E ol Sk} iAo EIE T
ofyel AEe] e s vAE Ao LA Uk
sucrose TH7He B¢ A=A AESEo] v Weka, tiFEe] PLB7F aLALSH
Ao, sucrose F=7F mobAFE A EA AEsEo] EobHal o] =)ok Hefd
e FolHth sucrose 4%°lA AEst&o] 7HE wohow PLBEFA A E 2 2
e BAFUY. 2y PLB A4l 5%01 H7bAlel SA &0 Yol I #
of AEstrel= 5% H7FA AEA AEstES 23]y solxith w3 2% PLB
dHl= FA A il PLB7F =@k e FHE JHE UYEUAT ol w9

e
sucrose’t 2318 PLBS4 S AdAI71AY PLBE AXA &1 vl2 FAEAZ A&

FRow AgE W

=

,79,



Table 9. %% T1019 sucrose H=°] W& PLBY A&E38(%)

sucrose & %=(%) No. of PLBs No. of shoots A 3h& (%)
0 60 5 8.3
1 60 50 43.3
2 60 65 68.3
3 60 80 71.3
4 60 70 76.7
5 60 40 36.7

sucrose 3% sucrose 4% sucrose 5%

Fig. 1. =% T1019 sucrose %o & PLBY &3}

o) & el A vitamine Z 44l A2 oY AT nicotinic acid, pyridoxine,thiam
ine5°] ¥ T2 AFE-HY hyponexH] #] (hyponex 3.0g/ ¢, sucrose 20g/ ¢, agar
10g/ ¢, pH 5.3, 121°Coll A 1583 Eit)dll thiamineS =¥ =2 A g|ste] PLB 4

,80,



FIFS HA = g LolR Skt Thiamines H7Me 4 H7bshA g2 491t
PLBEA &0 Eolxl oy vl Eotdas A Wato S+ /A7 S8 sksdth
Koch(1974)° 23} callus2%5-8 PLBE 22 A17]7] 9314 0.5mg/L pantothenic
acid, thiamine, pyridoxine, nicotinic acid Z+ 0.2mg/L, 0.5mg/L glycin®] 3 7}¥ v} ]
SATE Aol Hasitha skl Arditti(1967)2 L5 & SAF Foldl thiamine©]

1402 44303 L, Diane(1976)E 2& 2438 A& & A a3t

f

i

=
Gl

YRR AFEe thiamine ¥7H= ol AX PLBEA S FWA7E= 297 98
o & ATk
Table 10. %% T1019] thiamine =] W& PLB 84 &(%)
Cwt) oms s pime  PBOAR0
0 19 19 6 31.2
0.1 19 17 9 53.0
0.5 18 17 10 58.9
1.0 18 15 5 33.3
o F Y- SR &, |
-~'—;:_~.=."T_]1.5nnmﬂ mel ; % "’5 Thiamine 0.1 mgl o

oX

Fig. 2. &% T1019 thiamine ¥ %] @& PLB &
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) Z&He) PLBY AREE M FoutE 442 PLBY et Fashh
WA ARsel A%e AAe] PLBAHE Lolur] 918 48 FAsr. PLB
el 2 ool HwE7] el w9, PLBIA o] =¥ (2%, PLBOIA
slitel Qo] ehaal WA WAGEA), PLBAA ahihe] Qs A48 v

% ol 2 wold PLBO AR5 2ASATh 2 @AW PLBE 9w s

Fehd F 03mm 272 BEee] flaskd 254 Abete] 3w o)
ol f=H7] Aol wAARANA PLBS Awshgo] shg Egrom sfe] Q¥
Rel7k A8 SAURA)NAE PLBE] B0 @A WolA RHEA % o

4 oA Byl Wk ol Btk 49 An Wz = PLBA old4E

Table 11. &8 & 37) #F° PLB @A PLBY Al&sH&(%)

w5/ 9A 17 A 3¢ 47
T101 68.5 414 7.1 14
168 55.4 35.7 6.7 1.1
T091 49.7 294 5.8 0.4
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b. PLB=]A

A, 2fo] A= 71 (1 e A

sle] gL4la] o d 4

= (3vAD

E.

gi=)

=)
T h

(2% 4

o = e e R R R e B

Fig. 3. PLB ©Al°] w2 PLBS] &3}t

) PLB 415 918 w871 PLBO AAU=S
5078¢] PLB & |43 % PLB d4& (%)<

MAel g AA43 PLBE 3004 &7 %73

gtk et WS WA ol FFS A
F o med Age] SRl & Aoz A

Table 12. ¥l¥-&71H 24 PLB /WAl @& P

=437 98t flaskg 10-
ZAbska Tk MgFS71W 44 PLB

A 2ol A PLB @4&c] 713
gonz oo gt &

B d4&(%)

PLB7I A 10 20 30 40 50
PLB 64.5 54.0 785 38.0 325
@48 (%) ) ) . ) .
3) = A oA 2 oAA e A
7}) PLB f&=A AW mAbshs AA7E Bo] @At &8 "ojmes FA Ha
=t olE WAty 9% FAkskAl PVP(Polyvinylpyrrolidone)ol th3l &35 23
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A YT T dmEdol wiAFol JE¥ o PLB

160,0000& 7bste] #Hl=4d 24 FFsAy FHE 6-8g/L ¥ T2 ARGt
=

AleEds 2or oA Auvss ols a3E Bk vhar Wil bt

At
Table 13. PVP T %°] 12 PLB 3X4&(%)

PVP Conc.(g/ #) eﬁgiagﬁs o o Pl ;;L g(%
; 0 12 4 33.3
05 30 22 4 182
10 30 20 6 30.0
15 30 15 8 53.3
20 30 22 11 50.0
25 30 20 6 30.0

) PLB #%A] Z2WAstsE A7 ol wrAste] o] WAEr] Y3 FAdekio|
3t 235 A3 hyponext] Ao FAEALE TR Ao ste] Adst 2y}

5g/ 05 Ve A5 thxzTtol Hlste] PLBEA &0l <71 St
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Table 14. Charcoal 5%=°] W& PLB 34 &(%)

charcoal &% No. of No. of No. of PLB
(g/¢) explants survivals PLBs FAE(%)

0 30 12 4 33.3
0.5 30 23 10 43.4
1.0 30 11 5 45.4
15 30 17 5 294
2.0 30 8 3 375
25 30 10 5 50.0
3.0 30 15 4 26.7

th) wix] W g4kskA) el PVP(Polyvinylpyrrolidone) 8 ZA ¥l AS PLBE E&slo] X
et A BEeA @2 oz yro] AEd § PLB A A F(fresh weight) S 2
&(%)S ZAFSIS T 1 A3 PLBE R a3l X3 Ay 2dehx &S 3 BFo

A PVPET ST E AEd Zo] By =2 S4&8S e

Table 15. PLB “Jei ¢} PVP 2 @48 xd] & F28(%)

PLB A= / A& Control PVP Charcoal
divided PLB 420 471 561
undivided PLB 460 486 583

7H PLB =4& 8<% 714 E=oli mutationS FHAFFA7)E SHXAL FHstax A
&ttt WA PLB S0 2§33 2xx71S 733ty st 222 71zF 23 26,

7)
29, 32C= A3 t}S PLBY AAF(fresh weight) 524 &(%)S ZAstgth 29

,85,



A 257F obd s A=Az 44 sl A2l 26TolA 350% %2 7HE F w0l

o =

Table 16. %& T101¢ 2E=xd W& AAFT T2 &(%)

Temp. . . . 5
. 23T 26C 29C 32T

320 400 230 170

h)  wjEA] Fx7e] ko] WE F28S dolr ] 98] B xE(1000-3000 lux) 2

>

24 Aeg $F PLBO A A|F(fresh weight) 52418 (%)= ARSIt 1 A3

2000522 o] FEd uf Ao FAge] w9kt PLBE ol &3 F4& 249
ol M AFE=(1000-1500ux)l A 2wk WA FAEA 0] A T AL 8
PLB® BT} 23 $x18 2 38 & 5 At

o

Table 17. FFTI1019] Fx] W& AT S24E(%)

Light

intensity 1000 1500 2000 2500 3000
(lux)

RBA =

Z42(%)

430 450 520 550 400

o) w871 kel Aol S flsto] widEle] AME THREE v 3 F PLBY

YA F (fresh weight) T2 &(%)& S43ATH MGE7] AHE FeE AFES

71914 300%= 7HE wekoH, filter PHHE AFS R Aol 2719

Ju

e

Golste] A7 A Az A sl S &0 7 Holde & AT

,86,
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Table 18. <& T101¢] v &7 = W& AT F48(%)

Hj F-8-7] At Aluminaum  Rubber Plast
1 T astic ca
7 1) ¢ foil cap D
A ) ==
2AE 280 350 450 200

<2 &(%)

@) PLB F4¢] 9%< wx: #xdel we PLBO quality ¥4 4wF obuv]
Je BzAL 224 2/ AL F PLB S48S ZASAC 1 A W

Hla RS ) huj el = Felstk AMAF7E 2o15WA PLBY S4 &0 =skon
1

g
2
s
-
os)
To,
1
N
N
2
k!
NS
iy
2
fa)
o
£.
&
NS
g
2
N
rlr
o2
oz
o
i
o,
=
Q
i)
H
H
i

Table 19. &% T1019 F=x7 Az W3ld W& PLB 54 &(%)

Light condition PLB &4]&(%)  Vitrification(%) PLB size

Dark 642 0 o
15 days dark to light 670 0 Ft+
Light 587 31 A+

++++; excellent +++; good ++; moderate

154 ek & s

Fig. 4. %% T1019] #z7A g W3le & PLB 2
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Table 20. F sk W& ZuwArls F59 A

2
94 k. mhebd] F BEE 209 BER AESHE sl g 44

THT FF No276, No.626, No.414e] 32 72w =) of
71 2% Aol FRTH(Table 1). o
2 FR(3-4%)9 F& deaw sy PLB7F AR st

aEe] g A%e Ades Aow &

KRS

AN =

Fe] v No.276 No.626 No.414
0% + + +
lm ++ ++ ++
Em o Bk o

Fig. 5. A, B, C= #FF No.276° 72t Sugar 0%, 1%, 2%% 7}

D, E, F& %% No.626°| Z+Z} Sugar 0%, 1%, 2% % 7.

G, H, I:= ¥% No.4l4el 247} Sugar 0%, 1%, 2% 3 7}

,88,



) kst A Aot whE F5d A el 4§ No276, No626 FFoA = 3
2 A2 e HAUEE wjA A AR ey Nodld FFeAM= AEs H7HsE wjAo
A el =T 1 A S FFl wel 54 Ao A e AFsHol e

Ao AAHA. o] FRe YA FU AAF A7/ LT A0 AR

Table 21. #AFek AE H7bell e ZalgAls F359 A%

4 No.276 No.626 No.414
Potato(30g) +ot et ++
Starch(25g) ++ ++ e+
Starch(30g) ++ ++ e+t

Fig. 6. A, B, C+= ¥% No.276°] Z}7} Starch(30g), Starch(25g), Potato(30g)3 7}.

D, E, F= #% No.626° Z+7} Starch(30g), Starch(25g), Potato(30g)% 7}
G, H, I:== ¥% No.4l4el z+7} Starch(30g), Starch(25g), Potato(30g) % 7}.

b mhle] |y AEE fE duk F3 3M(22E Q) 9 #E HolX AlFE 3VHAE
AF&8FA T 3M 38 HolxZeo He B A= vlo]aAZ X (Micropore) 34 F

o] wbFaret 7et¥E (Durapore) WA= WIS ARG AFAN BE FFAA
T+ 3Z (Durapore) A= WE 3> wlo] AR X (Micropore) RHEI> £9] o2 99
Fo] E2 Zo=z Yeigrh F& o83 A Folxe= F71e] EEF°] Micropore

,89,



Tapee] A$mt} Aol 7 dolgls 2o o] grjdon we v 2dge A
3 UehbA 2Tk ey mlol2R R (Micropore) W] A FihAe] d5a

the gHoR Qs ) B0 Fgout 27 kol mGPER F Taped] 24 &
%

Fig. 7. PO= ©0% 87]9 87 74S e,
P13+ Micropore Tapel & 3744 S ¢,

P2+ Durapore Tapel & 377 -E A 9.

6) A2 A Ahu ory =7}

o
e
b
=2
o
=
=
O,

[ex

d

7hH dwbERl T =AM A0l wE AMA A Al PLBE WY 4052

YAste] AAEARZ 719W & 2/Eo] A TA] 1552 viro] T A Al s
AAstel 119§ S BFsder o2 3 AHEs PLB T4 & AEAE o A

2 %o A el WY 1574 AT ATl 0 A%
Aol wolA ehgkeh, @ AUMAA 249 FF WA ske] Agk PLB
A Aoz 1572 UAAUA AR ARG ods] kel HAH Zo
BT ol AduFon s A&HS FEF

SERE
o} sl Wad B FRo| Fo A%d o]Fojd ABHon An o] A



WAl A wol} Agel Bad By Fuel 47 A

sejo] Aol wEA £3d Aoz AR EHATHTable 20).

) PLB 54 & <ol 2 PLBE ¥ At A B3 45 2072 39S 1
ool 1719l A& A} welo] 2719 AEAE Zeh 7+7t XAAE g 3ME F AS
S AFEAY. O Ay BE EFFAIAPLBE 3 W Aulg Al "lo] 2712 A& A
S =g A4 Aol AKol o Fdth AV E AEAE ANEE A F oA
A gFS 3l 72 @ote Aol 2 o7t WA Fevh wabs] gl 2709 AEA
& WY 20FE AT A 3 e AguYgers FEITE S BT gt
adeE ST dF8A] PLBOlA #3td A=A A7]E aefste] Al &

A 4 F55 AAsor & Aolti(Table 20).

ot
X
=
e
18
KO,
S
2
=)
it
o
ofN
i)

Table 22. T F5 Adud 2] ©

A% 2po] B3

P

_— 405155 205 255
e (7 o <) (23 7 oo o)

19] 290 19 29] 19] 29)
418 ++ +++ + ++ + +
693 +++ +++ ++ ++ + ++
815 ++ +++ ++ +++ + ++
All12 ++ +++ ++ ++ ++
1116 + ++ ++ +++
130 ++ +++ ++ ++++ + ++

* ASAE ¢+ poor, ++ moderate, +++ good, ++++ best
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Fig. 8. Transplants of multiplicated Phalaenopsis
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Fig. 1. A Schematic diagram of Phalaenopsis research.

o))

of FHANRE FF3}

<

9 29l ZokFig. D. SHT Fdx

3} 0]

;.Oﬁl

1o mebA o)

2=~ o
T O

o)
=

AAsE = S&

Ao %

o
T

A

of ol27] 74A

o]

& A 714

dehA 4

A7

€]

itk e of4

tel 7h skl w

SICE

3|

=
=

=

J 2 Hehdes =71 43t

to] gene expression

S

} 31 northern hybridizations S ©]-&

gels

el
1
;o_

o)
i~
oF

W
™

ry
00

ey
Lol
o)
=
o
e
o
ol

!

,95,



A4

A h AL R

IR RS

3

1 oEgE g o

2 3

3} 7]

A

el
%0

_
N
N

Agrobacterium? Gene guns ©]-&

R

.

A

%

o
_
3

7

el

2
=

I

7

}‘\l_

A8

&

S 43} 3L pink color &3 o] o

o

o]

W
=
&

o

of o

WTO, UPOV A Aol A =7}3F 53]

o

R

o~
=

3 A 7

Fig. 2. Clonally mass propagated pink color Phalaenopsis in the green house

A3 B el o] &

Nio
Hia

bk

H37 =

ki3

Frd Aol o

1=}
BS
EFdANTe] 0% T8

It ahebA] ol @ o

HAl A AR AL 3L

S

[e]
T

wK

,96,



,97,



M 7 %

il
)
Ao
ror

Anzai H, Ishii Y, Shichinohe M, Katsumata K, Nojiri C, Morikawa H, Tanaka M.
1996. Transformation of Phalaenopsis by particle bombardment. Plant Tissue Cult

Lett 13: 265-271

Arditti, J. and R. Ernst. 1993. Micropropagation of Orchids. p. 200, 434, 591, 545,
373~375, 467~520. John Wiley & Sons, Inc. New York.

B, Lesobre O, Sangwan RS, Sangwan-Norreel BS. 1993 Factors influencing
T-DNA transfer in Agrobacterium-mediated transformation of sugarbeet. Plant Cell

Rep 12: 621-624

Belarmino MM, Mii M. 2000. Agrobacterium-mediated genetic transformation of a

phalaenopsis orchid. Plant Cell Rep 19: 435-442

CH, You S], Prasad V, Hsiao HH, Lu JC, Yang NS, Chan MT. 2003.
Agrobacterium tumefaciens-mediated transformation of an Oncidium orchid. Plant

Cell Rep 21: 993-998
Chai ML, Xu CJ, Senthil KK, Kim JY, Kim DH. 2002. Stable transformation of
protocorm-like bodies in Phalaenopsis orchid mediated by Agrobacterium

tumefaciens. Sci Hortic 96: 213-224

Chia TF, Chan YS, Chua NH. 1990. Genetic engineering of tolerance to cymbidium

cultures of soybean root cells. Experimental CellResearch, 50: 151-158

,98,



Christenson, E. A. 2001. Phalaenopsis, A Monograph. Timber Press, Inc. Portland,
Oregon.

Duan, J.X., Yazawa, S. 1995. Floral induction and development in Phalaenopsis in

vitro. Plant Cell Tiss. Organ Cult., 43: 71-74

Ernst, R. 1994. Effects of thidiazuron on in vitro propagation of Phalaenopsis and

Doritaenopsis (Orhidaceae). Plant Cell Tiss. Organ Cult., 39: 273-275

Hamill JD, Rounsley S, Spencer A, Todd G, Rhodes MJC. 1991. The use of the

polymerasechain reaction in plant transformation studies. Plant Cell Rep 10:221-224

Hinnen, M.G.], Pierik, R.L.M, Bronsema, F.B.F. 1989. The influence of macronutrien
ts and some other factors on growth of Phalaenopsis hybrid seedlings in vitro.

Scientia Hortic., 41: 105-116

Ichihashi, S. 1997. Research on micropropagation of Cymbidium, nobile-type
endrobium,and Phalaenopsis in Japan. In: Arditti, J. and A.M. Pridgeon (Eds.):
Orchid Biology: Reviews and Perspectives, VII. Kluwer Academic Publishers,

Dordrecht, Netherlands, 285-316

Ichihashi, S. and M. O. Islam. 1999. Effect of Complex Organic Additives on Callus
Growth in Three Orchid Genera Phalaenopsis, and Neofinetia. J. Japan. Soc. Hort.
Sci. 88(2) : 269-274

Ishida Y, Saito H, Ohta S, Hiei Y, Komari T, Kumashiro T. 1996 High efficiency

of transformation of maize (Zea mays L.) mediated by Agrobacterium tumefaciens.

Nat Biotechnol 14: 745-750

,99,



Ishii, Y., Takamura, T., Goi, M., Tanaka, M. 1998. Callus induction and somatic

embryogenesis of Phalaenopsis. Plant Cell Rep 17: 446-450

Jefferson RA, Kavanagh TA, Bevan MW. 1987. GUS fusions: [i-glucuronidase as a

sensitive and versatile gene fusion marker in higher plants. EMBO J 6: 3901-3907

Kim, M. S, J.S. Eun, and Y. R. Lee. 2001. Effect of in vitro culture condition and
lines on growth pattern of lateral bud from nodal cutting in Phalaenopsis flower

stalk. Kor. J. of Plant tissue culture 28(4): 189-195.

Kim, M. S,, ]J.S. Eun, and J.Y. Kim. 2001. Effect of culture medium, temperature,
and light intensity on PLB propagation of Phalaenopsis. 28(4) : 215-2109.

Knapp JE, Kausch AP, Chandlee JM. 2000. Transformation of three genera of
orchid using the bar gene as a selectable marker. Plant Cell Rep 19: 893-898
Kuehnle AR, Sugii N. 1992. Transformation of Dendrobium orchid using particle

gun bombardment of protocorms. Plant Cell Rep 11: 484-488

Kernohan J, Bonham N, Bonham D, Cobb L (eds) Proceedings of the 13th World
Orchid Conference.World Orchid Conference Trust, Auckland,

Murthy, H.N., Pyati, AN. 2001. Micropropagation of Aerides maculosum LindlL
(Orhidaceae). In Vitro Cell. Dev. Biol. Plant., 37: 223-226

Nan GL, Kuehnle AR, Kado CI. 1998. Transgenic Dendrobium orchid through

Agrobacterium-mediated transformation. Malay Orchid Rev 32: 93-96

- 100 -



Nan GL, Tang CS, Kuehnle AR, Kado CI. 1997. Dendrobium orchids contain an

inducer of Agrobacterium virulence genes. Physiol Mol Plant Pathol 51: 391-399

Ohta S, Mita S, Hattori T, Nakamura K. 1990. Construction and expression in
tobacco of a [f-glucuronidase(GUS) reporter gene containing an intron within the

coding sequence. Plant Cell Physiol 31: 805-813

Park, S.Y., Murthy, H. N., Paek, K.Y. 2002. Rapid propagation of Phalaenopsis from
floral stalk—-derived leaves. In Vitro Cell. Dev. Biol. Plant., 38: 168-172

Park, Y.S., Kakuta, S., Kano, A., Okabe, M. 1996. Efficient propagation of
protocorm-like bodies of Phalaenopsis in liquid medium. Plant Cell Tiss. Organ

Cult.,45: 79-85

Robichon MP, Renou JP, Jalouzot R. 1995. Genetic transformation of Pelargonium x

hortorum. Plant Cell Rep 15: 63-67

Roy, J., Banerjee, N. 2003. Induction of callus and plant regeneration from shoot-tip
explants of Dendrobium fimbriatum Lindl. var. oculatum Hk. F. Scientia Hortic., 97:

333-340

Suzuki S, Nakano M (2002) Agrobacterium-mediated production of transgenic
plants of Muscari armeniacum Leichtl. ex Bak. Plant Cell Rep 20: 835-841

Tisserat, B., Jones, D. 1999. Clonal propagation of orchids. In: HallR.D. (Ed.): Plant

Cell Culture Protocols. Methods in Molecular Biology, 111. Humana Press Inc.,
Totowa, NJ, USA, 127-134

- 101 -



Tokuhara K, Mii M. 1993. Micropropagation of Phalaenopsis and Doritaenopsis by
culturing shoot tips of flower stalk buds. Plant Cell Rep 13: 7-11

Tokuhara, K., Mii, M. 1993. Micropropagation of Phalaenopsis and Doritaenopsis by
culturing shoot tips of flower stalk buds. Plant Cell Rep., 13: 7-11

Yarm. T.W., R. Ernst, J. Arditti, and S. Ichihashi. 1991. The effects of complex
additives and 6-(r, r—-dimenthylalyamino)-purine on the proliferation of Phalaenopsis

protocoms. Lindleyana 6(1): 24-26

Yu H, Yang SH, Goh CJ (2001) Agrobacterium-mediated transformation of a
Dendrobium orchid with the class 1 knox gene DOHI. Plant Cell Rep 20: 301-305

JEERE ). 1996, FEEEEAlAGR. (e (12). 7 >/ ¥R T >/ ZWHEY. p. 257~258.

Sweet, H. 1980. The genus Phalaenopsis. Orchid Digest Inc.

B AR A ). 2003. The New Phalaenopsis of Taiwan I, SOGO Team CO.,
LTD. Taiwan.

PELLYE ], 1996. Orchid Catalogue, i35 Hi R bR €t

- 102 -



	형질전환 기술에 의한 호접란신품종 육성 및 대량생산 기술 개발
	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	제1절 연구 개발의 필요성
	제1항 기술적 측면
	제2항 경제․산업적 측면

	제2절 연구개발 목적과 범위
	제1항 연구개발 목적
	제2항 연구 범위


	제 2 장 국내외 기술개발 현황
	제 3 장 연구개발수행 내용 및 결과
	제 1절 세부과제Ⅰ: 원종 및 우수 유전자원의 수집과 선발
	제1항 연구 방법
	제2항 연구 결과
	가. 수집 유전자원의 특성평가
	나. 수집 유전자원의 내한성 검정


	제2절 세부과제 Ⅱ: 유용 유전자의 형질전환 기술에 의한신품종 육성
	제1항 연구 방법
	제2항 연구 결과
	가. Agrobacterium에 의한 유용 유전자의 형질전환
	나. Gene gun에 의한 유용 유전자의 형질전환
	다. 형질전환 식물체의 기내선발 및 재분화
	라. 형질전환 식물체 확인
	마. 도입유전자 발현검정
	바. 선발 및 증식된 형질전환 조직배양묘 온실 테스트


	제3절 세부과제 Ⅲ: Pink color 호접란의 조직배양에 의한효율적 대량번식법 개발
	제1항 연구 방법
	제2항 연구 결과
	가. PLB 유기 및 증식법과 재분화 체계 개선
	나. 대량증식에 적합한 우수 호접란 식물체 선발
	다. Pink color 호접란의 대량생산 효율증가
	라. 선발 및 대량생산된 pink color 조직배양묘 온실 테스트를 통한 생육특성(생장율)검사



	제 4 장 목표달성도 및 관련분야에의 기여도
	제1절 연구개발목표의 달성도
	제2절 관련분야의 기술발전에의 기여도

	제 5 장 연구개발결과의 활용계획
	제1절 본 연구결과의 중요성 및 추가연구의 필요성
	제2절 품종화 추진방안
	제3절 타연구에의 응용

	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 7 장 참고문헌

