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Plantlet Regeneration from Leaf Protoplast of
Populus nigra 1.. var. italica Koehne
By |
Takeshi MOHRI* and Kiyoshi MIURA*

B &8

€A av-avyr¥ (Populus nigra L. var. italica Koehne) &IftHi&iiko EEEy sk
(16 B B &, 2000 Ix BT T CRIER) DEL DL, 1% 5 —€+ 2 XH RS, 0.25%~
ZEYVT7—EY-2B%2BB06M~v=t—ABREXBNTTe t 7SR P BB, ®EF
WPM i1 M NAA, 0.1 uMBAP RO 0.6 M =~ =t —A 2L, MREBEY 2~4X104/
ml TERELALERE, HROH, ae=—RINILADBEIN, SOz —-RPhILR
1uM2, 4-DRU, 0.8%EXRLHEIML = WPM IZBHEL, 16 BEIAEK, 1000 1x ®¥EITFT
BELICLIA HE2H»L3Icm OBEY LA AREB LA, 20T b 75 X FEXRY
N Ri30.5 u M BAP, 5 ¢M zeatin &ML 7= MS Bz B L, 2000 Ix BT F &Rt
ERBHFHMLBERE I Wiz, ZOTREFIREBELYEL, H10cm OYBEHECEEL T,

F—U—=F. TebTIRE, AAR, FEF AEEEY

1. # 1

BYOT e 7R RERTHL, MBEYHLEL, 2v=—, 2LARRTECHRR
EORBRSL, 1BOEBEL LD, ChizBplicitaVEDERCEEORRTH

19924 3 A 31 B%E Received March 31, 1992

* L E AR R F P E R G R
Laboratory of Chemical Technology of Forest Products, Department of Forest Products, Faculty of
Agriculture, Hokkaido University
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h, EFHELFTh TS, oLy, Y7 =+ 77 2 M 24RO B CHil
ME, BETEASOBREYRTILRL T, *OREHLERYEIES 2 LNFET
B3,

ZTh oD ABRBRIFED 1 DOMREA R, et 7SR MARYV=FLV Y /Y a—1%
DLEHERLESPIMC L Y BEVCEAT5HELFIAT S, £LC, SEVLREEEOL
ENTERWERTh, FEEHLSSELLE e I A VAL YRS IRIZI LRI - THE
M OMBHIIMEHTE 5, COMREERT S L, DOBEEOLET TR LELT S,
Zhhivbd st EmEds E2 B85 Tho T, BRFRKIZEL A BRVEDEOH
HLinsh, £OB, VWHOLMRECTHEEOBRE, HHHTEOBNLE - TH LW EDE
IED T orMEBEDBERTLZATH D,

BED k577 rt 752 OREEFIHLALRBRET S DRI, 08 —BELLT
TR bTISANOERROBUNEREL RS, LALLM, KEEEDIZE\WT, 7rt 7
7 A+ DREPEDOSLICERI) LI BE XEAEE DL, ¥, TOBIBROAT
WA EDORD 1 oMY= 5 v B(Populus) THH, 1986 I T vy v A B 5T I 7Y v
FXRZ75 [P albaXP. gradidentata ‘Crandon, (NC—5339) % 0% P. nigra L.’Betulifolia’ X
P. trichocarpa Torr. and Gray, (NC—5331)] THIDTHRIIL T\ 59, HHik, FoHED
FTCHEANAA TV Yy FRISEAATYV vy FPRISCHART v 73R VOBRBARETHS &
BT3B, LL, ZIBELBWT, FEAMTY vy FESSZEWTS, ¥V Fe(P, alba
L)?2, ¥~ 3 (P sieboldii MSC)®, 7 wv¥ =73 (P. nigra L)Y @B\~ THIIFIH
BEINTD, 2, ThOOBELEERL, RALYy~rF7vBThBeMa v avr ¥
R7e b 77 A EBCERYRRCL LS, ERUMCE TS e b 75 2+ 2MEEI0RE
L, BEML TR LI, ERBRTIE, BBBILIIRF v 2 URT+— VAL, FOEE
HeH7eTHREYRETAZ LT/ 752 FOBEYEE, Yo b 752 b PERBCH
ElLX iz, ¥i, BMADEREGLTRNTIILT, €12V avrFERS R F52
FLRRAR, 2r= ROV AHRCET AR, BeBLABEGYB5Z LK RD
THRET 5,

2. % B

2.1 B

BN, A avavFF (Populus nigra L. var. italica Koehne) DO#IFH &1 HE
BFY LT EF % 1uM a-naphthaleneacetic acid (NAA) % % i L 7= Murashige and
Skoog (MS)ZEFREH® iz 16 BRI B K, 2000 Ix HEATF, 28°C DRHBEAMD T T, MAEEL
TR O hi Y G OEREB L RAV-19,
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2.2 OSSR POBKEC R

BEEBRKIL1% L5 -+ 7 X» RS (Yakult Pharmaceutical CO., LTD.) & 0.25%

~ 7 b )7 —* Y-23 (Seishin Pharmaceutical CO., LTD.) #&# 0.6 M ~v =} —ABEK
(KOH T pH 5.6 5% »HW7,

Sl EOE IR 0.2 mm AT VXA, 0.6M <V =t - ABEERTHE Lic, R
BBz, BEBBOA-ZA752aRkRAN, BERETT, 0CEHR T +—2—32TT0
El/GofEERE Stk ) IREOBRLEXIT I RWT, 70 + 75 2 M ERIZ 40 gm >
4rviyyaCRBR FOHERLECSEL, BOSEEQ0Xe 345D 2T, &
DOMRTHE, EBLIRE, Fredry e —ABRO0.6MYyvhe—X, 8%FFRA 5
v T 40 (Pharmacia Fine Chemicals CO., LTD.), 5.3mM CaClL,]) 6 ml ¥inzB&L, %
OBEEDO LI 0.6M <=+ —ABK1.5ml X80z T2BE>< VELIE 300Xg,
10 5D T - 17 BOUSBRTHE, 2BOBRBR LRI TR b T TR RARAY -
ey P CHORLECBL, 0.6M~v =t —-ABEEM2BRBL, EOSEA00Xg, 5454
M) ®17-17,

BODEWKTHE, BI0.6M ~v =t — 10 h KERCH 5 RIEFE /05 B (100 X
g 3D X 2EEVEL, TR b7 IA L RERLERBCHAV, ik, ELUEFOT = b
75 A EERORGTERYRAVTHIEL .

2. 3 MYMENTO TSR b OIEIBREREDRIE

Fr 75 R NOBEIAKRTHER, T2t 752 BREBEO 1 BeFciiRECBL, &
BEo= v A7 LB (2.5%Evans blue (Wako Pure Chemical Industries, LTD.), 0.6
M~v=1t—rA) RBEH, FORDOIWEERy b TRASAFZ7 52O EETL, X¥HE
BELH T b 75 A P OBEBEERLRAE LY, ods, MAERISEEIRL T T = b
TIAME, =AVAIA—RROAERD, BEBERBCEETALE-TR 2 %,

2. 4 7Ot73RboER
2. 4. 1 ik

B2 3B AR & LT Table 1 iR woody plant medium (WPM)® @ 5 LSBT v %
=y aEBRERDLY) BRI LYY AOREYR 2 I L BE WPMY 2V, Thithkr®
v &L T1uMNAA K T0.1 xM 6-benzylaminopurine (BAP) &, BEEFEHE L L T
0.6M=v=1F—A%zi,
2. 4. 2 E¥ROR

BREBICISIAFy 7 4Ry ry—VEAYL, 15EEA (BRI 2.3mD 4 ORBRK
OE#®0.5ml, 1ml, 2ml D 3&HELL, Frt 752 VEEY 2X10'05 4X104/ml £7t5%
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Table 1 Comparison of modified WPM with MPM and MS medium

m-WPM* WPM MS

(mM) (mM) (mM)
NH,NO;, — 4.95 20.5
Ca(NOy),*4H,0 4.7 2.35 —
KNO, - — 18.8
K,SO, . 5.68 5.68 —
CaCl, 0.65 0.65 2.98
KH.PO, 1.25 1.25 1.25
H;BD, 0.1 0.1 0.1
Na,MoO,+2H.0 0.001 0.001 0.001
MgS0,-7H,0 1.5 1.5 1.5
MnSO,-H.O 0.1 0.1 0.08(4H,0)
ZnS0,*7H,0 0.03 0.03 0.04(4H,0)
CuSO,+*5H,0 0.0001 0.0001 0.00001
FeSO,+7H,0 0.1 0.1 0.1
Na,-EDTA 0.1 0.1 0.1
CoCl;+6H,0 — — 0.0001
KI — - 0.005
Sucrose 58.43 58.43 87.65

(uM) (M) (M)
Thiamine+ HCl1 2.96 2.96 0.30
Nicotinic acid 4.06 4.06 4.06
Pridoxine-HCl 2.43 2.43 2.43
Glycine 0.027 0.027 0.027
Folic acid 1.13 — -
Biotin 0.2 - —

* © m-WPM; modified woody plant medium

XowEELL,
2. 4. 3 EHTM

MRS HLRET B 1biciy, BEERABYEORE X T ARy THmT 5 LEN
BHEVIREY ¥BE R, BEERBYE REROBA <V =+ — 1) OB EjEH L KK
LTOIM T8O Lt LSRR OB C, SRBE 08T E, 208, 30 AT
WEEHATHR L, *OBEBR R AN,

tk, BEITUERET, 28CTiio7,

2. 5 0SS5 PAREHLZOHEM
2. 5. 1 HILAAMAIHEHY

ANAEHEL, IcmBRE S5 25 v 7o v — U BBV, B, WPM 3 L< 3%
EWPMIck LV ELTIuMNAA+0.1 M BAP, 14M 2, 4-dichlorophenoxyacetic
acid (2,4-D), 0.5 kM NAA+0.54M 2,4-D+0.1 tM BAP R0* 0. 8% DEXXHM L7 d D
AW,
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2. 5. 2 REICLZER

BE X, BETH 5216 B HE, 1000, 1500, 2000 Ix 34T T D 4 TV 7 = b
77 R+ B v R IEFE O BB R R R,

o3, BRI TRT28CTT» %,
2. 6 70FTFXPERINAHSLOTEFIHHE

AEFHLIE WPM » 5\ 3 MS #Eiic s €V & LT 0.1 uM NAA+5 M BAP+
0.5 uM zeatin, 0.1 xM NAA+0.5 uM BAP+5 xM zeatin, 5 uM BAP+0.5 4 M zeatin, 0.5
#M BAP+5 uM zeatin R0 0.8%FER LRI L 7z, ToissFI3, 16 KB R, 2000 Ix BEAT
T, 28CTfT-7,

3. BRRUEE

3.1 OSSR MOHREME

H@EEO T v + 75 X % Photo. 1 KiRT, B 25 4m 56 40 gm 57 L, EiF
GRRELTVWA0BBB I, £k, ¥vhe— BRI L 5 2BEEARGELEIER
Lic7 e b 752+ RHEBBH ZE D R ORBHEHITH - 1

3. 2 MURENTO TSR OHEBIRREHREDRIE

KEBEEFET T2~V RATA—BRFDOT e + 752 P REETH L, B5%DNK> T35
e b 7SR HAEZ R (Photo. 2), - T, BREHEDO S = } 75 X + OMRIERER
E 5% LHIMT L7, Tk, EEXELOLRIORE T2 BEEANRELYAV RWBATETr + 7
5 A b OFIEEEERIZIBTHY, vy he—RABRKRCL5 2 BREAREYAV = b
752 MERNEG, HREAEEIRA TRV TR IR M RIDEVWERTEDLII LR
BLTEYTH S LHWL 1,

3. 3 /ObTFRPoiER
3. 3.1 EWANK

BRI ciifc T EA 0.5 ml GEEABEDOK 21%), 1ml GEEABE DK 43%) T3,
7e b7 FAMIEEMEK 1 BUACSEVWCEREL, 1ELMasRYEI T LER{RE
{LL, FERL 7. EHE 14 B EOBE L REBERT (Photo. 3),

BEY 2ml GERABROYET®R) LLLBAE, 775X FAREVREE TS
Lied, BERBENA 3, 4 B ICMBS A X B Lz, Photo. 4 ISR 7 B B oMfam RO RBY
AT, RERPTOBSMTRICL ), ToEER L -MasAENRE, EEMMKI0BEE
m = —%HH L (Photo.5), ¥ERMKS AR CZar=—RPMILVAZHRTEICES
(Photo.6)e Thbam=—R/pH 213, HAREEROEMIZEMEL Y (Photo. 7).
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BEEACHEACTREYSTHILEE, 7r 7R 2EELERE T & LA, 2
BBEIOLOKFORBCI ABBEEDO LR L 2BV THFERD -t Bbh 5,
3. 3. 2 IEM3TR

¥, BHY 10 HBCRBRLALSRE, R0 X 5> CHERBACSRELE-LT30HE
idar=—%FRL, S5 HERCIIVARBRTHCE -, 20 HECEEPTHR L L-BE
X, MRSALHEL 2 r = — 2R THRES Y, 20 = —HEBHAERY S BETH
b, BEREGE 7,30 BECEMPTRLCEE W, MRAsHY#R T &t ar=—.
HREEL ot ZhbOBRIL, BERLERIBLMES LD DT, AH OEBO
BREEZ THHROBEYED S EWADBETHHEWI T LnELLRD, ¥, MiEA
S T 5 REY S, MRELEETATEEYE LD L, BRI ) roME
LR LIEBbRS,

3. 3.3 7abTS5SA FPEEDILANDEN

Table 2 13, 5124 &HCOWT, BEHBER 1 » ARO» 1+ 20, B, SREHROF
%E&@ME%%?&&M@MK$»%V§#CO§DJﬂMz&D&MKt%%Kﬁ%w
N ADEEIEIL o Z & 235325 (Photo. 8,9, F7, BERDWTIE, 1000 1x BHATF T
BELICBECRLBVERIEBOR, Zhil, ThEToORGEEIBET cTbh T
2eDT, IREEWHHELS IEEEXCIOTIDIHE X TORBNF T LV LHEINE,

8, WE WPM AV IHBE W, BRTEY, srevglEA 2%b 1 MNAA+
0.1 M BAP Nz 1254, RiFish v AEMAEE X iz (Photo. 10), Ziuil, X E
TOBERBEENTr 7R HRar=—RIIVRABHE L REEREM L5, ~1re
YV, kBT VRELLETHALEGETH B TH T bEXLNS, T TERETARE
Z &Y, Table2 B 5&EDAH, WPM++&LEY AD5Y, 1000, 1500, 2000 Ix CEE®E
Lich o, o, Fic28HT, 2% W ECBEL THb 6 BERCREFOSLHE

Table 2 Effect of intensity of light, combination of mediaf and hormones on prolifer-

ating microcallus derived from leaf protoplast
(30days after being transferred to agar medium)

WPM+A m-WPM+A WPM+B m-WPM+B WPM+C m-WPM+C

dark + ++++ + + ++++ +
1000 Ix ++ ++ ++ + +++++ +
1500 1x + ++ +4 + +H++ +
2000 1x + ++ ++ + ++++ +
A; 1uM NAA+0.1 M BAP + = ~3(mm)*
B: 0.5uM NAA+0.54M 2,4-D+0.1 «M BAP ++ =3~ 6 (mm)
C; 1uM 2,4-D +++ =6~9(mm)
++++ =9~12(mm)
m-WPM ; modified woody plant medium +++++=12~ (mm)

*; Size of callus (the average X-axis, Y-axis width values, and height values)
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BXhiz, LhL, ThASLOREFREOMENKZ LT, F0#, FEROED D I13R
BEH (MS 85#+0.1 xM NAA) CBHEL TABNWThIZOMERBEINT, 2T
BELTERL -,

3. 4 70MTSR MPEARDLRLLOTEFE

FERICHA e h AR, RO D AV ABEFEEHEORN, WPM+ ALV E&BECOED, 1
uM2,4-DT1000 Ix MHITFCEER LSO (L o £32) &, HE WPM+ L€ v &
A2%¥b, 1M NAA+0.1uM BAP THEETCKELALD LKL LT3) 0 2&@EY
Aulc, Toara%k 2 @E0EM (MS, WPM) AT, »Axx#Es (1, I, O, IV)
REL, FEFFHDOI DLV X444 (D, E, F, G) &L, ks, WwFhoid
b, TEFMLABRCBHEL R, »1r AEEEmBEE 1 »ABETh 5,

- NEFSORERE A A LREF IR S hic A THRR L 1=(Table 3), EAKH &
LT WPM it EX MS B2 B TR EF O 5L B L, TOBROBEL B o, %
fo, ANVEVERHELLTE, FirWLGERAVWESEZ, L hEVHNCREFHMLIBEX
Nz, THIL, M2 A M=V ELTEBAP £ 9% zeatin ¥ F & LIcBARDOH AR &
5Z ERRLTVA, BB, AWk Vv ADOFISELG L LTEBLLE a DHFNRL LD D
BWERIELh, TORKE L TR, HEIEREM, rrey, BEXTNGES TV
ZOTERHRERNE WS ZERBETIORECERAALEBECHLSH, EEO1DELTa

Table 3 Effect of combinations of media and hormones on the period of differentiating
. shoots fromcallus derived from leaf protoplast

I (MS, I s, m (WPM, a) IV (WPM, B8)
D 25 day = — —
E 23 day 43 day — —
F 16 day 31 day 25 day —
G 14 day 25 day 30 day —

I ; Callus cultured on WPM with 1 4M 2, 4-D under an illumination of 1000 1x, and transfer-
red to MS medium. i

II ; Callus cultured on modified WPM with 1 4M NAA and 0.1 4uM BAP in the dark, and
taransferred to MS medium.

Il ; Callus cultured on WPM with 1 zM 2, 4-D under an illumination of 1000 Ix, and transfer-
red to WPM.

IV ; Callus cultured on modified WPM with 1 xM NAA and 0.1 4uM BAP in the dark, and
taransferred to WPM.

D~F ; combinations of hormenes added agar medium to differentiate shoots.

;5uM BAP+0.5 M zeatin+0.1 M NAA.

;5 uM BAP+0.5uM zeatin.

;0.5uM BAP+5 M zeatin+0.1 xM NAA.

;0.5 uM BAP+5uM zeatin.

. No shoots differentiated.

RN Rw)
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111000 Ix BOEST T, g BB T THRERRCL D, a OFRETRI rr v 4 0% hERBEHTT
R Ih T el LiE 2 bhb, 2% ), FHMLUAEMCBELCRAT S IBERIVEA
DHVATHBZ EHLIERBIRLEEH IR T RBRD Y, BREIhsE oM
BHBLTWB T LRSS RD, ik, AERTELRAEREFRIRELEL, H10cm 0
Shid & L= (Photo. 11,12),

4. B ]

LEDOEBROHENTT e b 752 PHRINALOTREFFULHE S FHEEL, Fo
PSRN OBRBEBCE TR, ERBYHCTREASBOBRITELARIFEL, AL
BB BRITOIC &, HARABEECIIWPM AL EY ELT1uM2,4-D 22 7 EXR
B L, 1000 Ix BOEIT FCRET 5, T, FEFHMLICE MS Btz ke 2 LT0.1
M NAA+0.5 uM BAP+5 uM zeatin, % L < %0.5uM BAP+5 ¢M zeatin &N 2 7= EX
B DT LTH B, '

Ih, FRRCHBLALEERYAY, LY== F 5o BOFVYFrOp AT R TS
AL DOEBYRLILEIA FYFRIALAT R 7SR MIUERCHBSEL, av=—%
BB LI, oz ki, 4 2o a v FFERNTr b 75 2V THLRERRS, &%
RELTHBEYHTHHAEREEZTRERL TV 5,

BEXb, KERTHLRALETr 75 A MEERIY, M3y avFr¥FER e+ 7
SAFROFVYFrANLRT v 75 R OMERE I X 5 AMBREEEAEHYERE LR
HERRTWREL Lz, &, EREABROILAEZ TR F 7S A ORBELTCHVAZ £12,
FERET T, ERENRBELLeMav avFFERT R I 75X} IRARL, ERGENE
BELTWRWFVYFesara7e t 752 P ZABRBEIWDZ 0D, MBMERT-1
BRI~ mr7w b 75 A RBHINTIONBETHHFED B,

BEBREYED, BMEYOEREIRYL, BEEGEBAZLNTELELIE XL &
Cikefav arrF ¥y ¥ eoblifaMENFET 5 Licks, TotklilagEod
it FREROEFBILE, €139 377 ¥OREDORE L XY ¥ v ORERE) 25
HDOBFENDTEELD Y, IVHEEODIZHRARNEREINDZ LD,

E &
ARRETOICDIY, BEOLBHAOB I 2B I LHELYRTHRETH S, X
HIAHREO— MR AR FREMAOMBRBLSIZL » TR, DTH 5,



L avavFFERS R 75X eLOSEGEOEL (EH - =) 269

2 £ X M

1) Rusell, J. A.; McCown, B. H.: Plant cell reports, 7, 59-62 (1988).

2) Sasamoto, H. et al.: J. Jpn. For. Soc. 71 (11), 499-455 (1989).

3 BWARTFE» 44 #5100 B AFHESRERIE, FTH, 1989, p. 531

4) Lee, J. S. et al.: Res. Rep. Inst. For. Gen., Korea, 23, 143-148 (1987).

5) Murashige, T.; Skoog, F.: Physiol. plant, 15, 473-497 (1962).

6) BFR ; =HE : BARARMESIEESYTEEE, 1L, No. 22, 44-48 (1990).
T FEEH: "AAEEMORELBERE", BENSE, 1989, P. 190.

8) Kanai. R; Edwards, G. E.: Plant Physiol., 52, 484 (1973).

9) Lloyd, G. B.; McCown, B. H.: Proc. Inc. Proc, Int. Plant Prop. Soc, 30, 421-427 (1981).
10) BAR,; =85 : U BEAFRAHERASESE, BT, 1991, P. 439

1D FEHR; =8B FL2EERKMZERLERE, FHE, 1992, P. 6.

12) BFIR : PR 4 EEIBE AR XER BN KEZERELREE LR

Summary

Using 1% Cellulase Onozuka RS and 0.25% Pectolyase Y-23 in 0.6 M mannitol, protoplasts
were isolated from the leaves of sterile plantlets derived from peeled twigs of Populus nigra L.
var. italica Koehne. Sterile plantlets were grown under illumination of 20001x for 16h per
day. Microcallus was induced by a modified woody plant medium (WPM) that contained no
ammonium ions but included 1M a-naphtaleneacetic acid, 0.1 xM 6-benzylaminopurine
(BAP) and 0.6 M mannitol when protoplasts were inoculated at a cell density of 2~4X104/ml.
Protoplast-derived microcallus developed into a green callus of about 3cm in diameter when
transferred to an agar solidified WPM, supplemented with 1 xM 2, 4-dichlorophenoxyacetic acid
and placed under illumination of 10001x for 16h per day. Shoots began to differentiate at
about two weeks after transplanting ‘the protoplast-derived callus on a Murashige and Skoog
medium with 0.5 M BAP, 5 uM trans-zeatin under illumination of 2000 1x for 16h per day.
These shoots rooted and developed into plantlets of about 10 cm in height.
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Photo. 1 Freshly prtotoplasts isolated from mesophyll cell (bar=50 gm)

Photo. 2 Leaf protoplasts in Evans blue solution (bar=>50 xm)
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Photo. 3 Formation of aggregated protoplasts after 14 day culture (bar =100 gm)

Photo. 4 First division of cell derived from leaf protoplasts after 7 day culture
(bar=50 xm)
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Photo. 5 Colony formation of protoplasts after 30 day culture (bar=100 gm)

Photo. 6 Microcallus formation of protoplasts after 45 day culture (bar=100 xm)
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Photo. 7 Microcallus transferred to agar medium for proliferation after 45day cul-
ture (bar=1cm)

Photo. 8 Proliferation of calli on WPM with 1 M 2,4-D under an illumination of
10001x (bar=1cm)
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Photo. 9 Proliferation of calli on WPM with 1M 2,4-D under an illumination of
20001x (bar=1cm)

Photo. 10 Proliferation of calli on modified WPM with 1 uM NAA and 0.1 M BAP
in the dark (bar=1cm)
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Photo. 11 Shoots formation from callus 14 days after transferred to MS medium
with 0.5 M BAP and 5 M zeatin (bar=1 cm)

Photo. 12 Rooted plantlet derived from leaf protoplast (bar=1cm)



