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25 with fast and uniform growih. However, many other traits such as disease and insect resistance,

- different lignin composition and content are difficult to acquire mainly due to high heterozygosity

" in‘tree species and big segregation population. Moreover, the gene(s) conferring certain phenotypes

like disease resistince may not be in the gene pool at all. On the other hand, molecular breeding
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However, regeneration of A. mangi umthrough somati c enbryogenesi s has not
been descri bg’dﬁfug%ﬁ??ﬁ%i c enbryos are clonal in origin and thus
mul tipl bgation uStdpshefuBBRds bferAlTh % HooPifee pripuatibR K RRWEIA bhdPal bR, 1997). In
exceedingly high rates of vegetative increase and is therefore of
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~enbryos reportedly provide nore stable regenerants than shoots. Another
, through ‘organogenesis (Rao and Prasad, 1991}, 4. mangium shoot propagation was reported

{Bhaskan and Subbash, 1996; Ahmad, 1991; Galiana et al., 1991a, 1991b;) and Toshihiro {1999)
25 also reported the isolation of protoplast from sterile 4. mangium seedlings. Our PCT patent
application No. PCT/SG00/00010 describes 4. mangium regeneration through organogenesis.

. However, regeneration of 4. mangium through somatic embryogenesis has not been described.
Somatic embryos are clonal in origin and thus multiplication using somatic embryos can
“have the potential for exceedingly high rates of vegetative increase and is therefore of considerable
30 commercial interest, Regeneration via somatic embryogenesis is an attractive option for plant tissue
culture. Somatic embryos reportedly provide more stable regenerants than shoots. Another

advantage of regeneration systems using somatic embryos is their apparent single cell origin. This
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the plant tissues may be chinerical or unstable and produce off-types. The
availability of somatic enbryogenesis protocols for potato, or other crop
species recalcitrant to somatic enbryogenesis, will permt these crops to
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gener al  cftaefivial ek tRERINSYETH. Pasit NOIS, sTNGCRAGN19069) embryo maturation, (3)

enbryo germ.pati.on, aB;d (eoﬁ.) conversion into acclinmatized plants, i.e.,
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t r ansf ermegitnothtdugh fdredtid emblyopsegief erred to use a two step enbryo

mat uration. The present invention also relates-to a process for preparing
somatic enbryos for A mangium This process generally conprises the first

‘two predlaMARYeFaHRO/SIEDS The somatic enbryos can be used as a

source material for preparin trans%gnic pl ants, can be cryopreserved and
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- germination, and (4) conversion into acclimatized plants, i.e., regenerated plants or regenerants. The
20 acclimatized plants are then transferred to the field. It is preferred to use a two step embryo
maturation. '
. The present invention also relates to a process for preparing somatic embryos for 4.
| mangiunt. This process generally comprises the first two previously described steps. The somatic
embryos can be used as a source material for preparing transgenic plants, can be cryopreserved and
25 can be developed into artificial seed. | '
o Accordingly, one aspect of the present invention provides a method for preparing
somatic embryos of Acacia mangivm comprising:
a) culturing an explant on callus induction medivm to induée embryogenic callus and
globular embryo formation; and
b) culturing globular embryos on a maturation medium to form somatic embryos.
Another aspect of the present invention provides a method for regenerating Acacia

mangiyn comprising:




Anot her aspect of the present invention provides a nethodéf@rosee@e®r ati ng
Acaci a mangi um conprising: 26 October 2005 3a a) culturing an explant on
cal l us induction mediumto induce enbryogenic callus and gl obular enbryo
formation; b) culturing the globular enbryos on a maturation nediumto form
somatic enbryos; and c) culturing the sonmatic enbryos on a germnation
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~inducti op. m AV 304. Figs. 1 C D show %%Hgnm ng ea[ cctar‘:%troﬁ‘%%py of
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AM 425. Figs. 2B-F show various stages of sonmatice enbryo maturation and
germnation with Fig. 2B showi ng torpedo stage, Fig. 2C showing early

cotyl edon stage, Fig. 2D show ng cotyledon stage, Fig. 2E show ng somatic
enbryo germ nation, and Fig. 2F showng a somatic enbryo with single

cotyl edon. 15 Figures 3A-H show the histol ogy of A nmangi um sonati c
enbryogenesis. Figs. 3A-D show

A




somatic enbryo initiation fromepiderms cell as foll ows:26roudtehases (A and

B, indicated by arrow), two-daughter cells (C, indicated by arrow), and

proenbryonic structure (D); Figs. 3E-G show globular enbryo fornation;

and, Fi.g. 3H shows a heart enbryo. Abbreviations used are: do =

demar catWoer/selol | ayer; pe = proenbryonic structure; Bepseomubepi der mal

cell; sus, suspensor; and,, 20 tdc = two-daughter cell. Figures 4A-C show

somatic embryo germnation. Fig. 4A shpws germinating mature somatic

enbryo with the pinnate |leaf (indicated by arrow), elongated hypocotyl and
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More specifically, the present invention relates to a.nethod for
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step enbryo nmaturation- In one aspect, somatiC enbryos are repared by (a)
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Figures 4A-C show somatic embryo germination. Fig. 4A shows germinating mature
somatic embryo with the pinnate feaf (indicated by arrow), elongated hypocotyl and radicle in
" medium. Fig. 4B shows seedling. before planting into soil. Fig. 4C shows plant growing in soil

3:1).

25 DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to the field of somatic embryo production, particularly to
thethods for the regneration of Acacia mangium through somatic embryopenesis. More specifically,
the present invention relates to a method for regeneration of plants of Acacia mangium by culturing
explants of immature zygotic embryos on callus induction medium to grow embryogenic tissue,

- 30 Culturing of the embryogenic tissue is continued on somatic embryo maturation medium and




mat urati on nedi um conprising. a basal nedium |n a secondzedzesbereods of the
“present invention, regenerant plants of A mangiumare produced by a
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enbryo maturation. The acclimatized plants can then be planted in the
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enbryos germnated 1 nto seedlings. The seedlings were culture /@ basal

nmedi um IBodused BY Aipsepessowhich cat b%émde% &ty fipe ee:ee%s@ﬂs p(h)yea@@pgeampaﬂmn
transf eringibe ﬁ%b%ﬂﬂ thatGABS, $3)RfRe ﬁﬁ%on,saﬂh 0 cémglc(n%ﬂé)acaﬂc}ﬁm

.-transplanted seed I ngs are then ready to be planted:-in
H s¥ol ogritdy Taisarefares o pviciorsivarmbg rmaeationh Tirrselimeized plasts ofn theri beel | ul ar

Sorigin fhama & A9l RIEPIEQhIBlpeceld. &Lgmégeg&%& Qrecﬁrlsﬂldféi by 15 RANREI C

enbryogenesi s underwent 2-cell stage,  proenbryo sta globul ar enbryo
stage, tepesemicealisonallsgingucianmedivg gemprisingarbpye) nspprienepted with
o - TDZ and IAA, (b) maturing the embryos ori a first maturation medium comprising a basal medium
S supi:lemeuted with GA,, (¢) maturing the embryos on a second maturation medium comprising 2
25 basal medium, (d) germinating the mature embryos on germination medium comprising a basal
" medium and () acolimatizing the germinated plants in potting soil.
More speciﬁcally with respect to this latter embodiment, somatic embryogenesis of Acacia _

mangium Willd. was achieved from callus induced from immature embryo axes on MS basal
ﬁlcdium supplemented withA tiie combinations of TDZ (1-2 mg/l) and IA A (0.25-2 mg/l) together

30 with ascorbic acid (Vc) 100 mg/l, asparagine (Asn)} 150 mg/l, casein enzymatic hydrolysate (CH)
100 mg/i, glutamine (Gln) 150 mg/l, proline (Pro) 150 mg/l, sucrose 30 g/l and phytagel 0.3%.

- Through two steps of maturation procedure by culturing somatic embryos on %2 basal MS medium




15 was divided from maternal callus by one denmarcation cellOdtelysi20@nd

gl obul ar enbryo connected to callus by a suspensor-like structure. Somatic
enbryogenesi s has been used as the nethod of |arge-scal e propagation of oil
pal m (Huo 1%55 1999; Aberlenc-Bertossi et al.,. 1999) and soybean (Trick,
1997) €@0%een al so used in other woody plants BGERGHEDA| ber gi a

Si ssoo Roth (Das et at, 1997), Canellia sinensis (L). O 20 Kuntze
(Ponsamuel et al., 1996), and Picea abées (L.) Karst (Westcott, 1994). One

of inportant applications of somatic embryogenesis is for genetic
nmodi f i cat i Geptaifieg 3050 shaose.dd iretated eharspdl.cD-35%atf phptagelod?- émpﬁlﬂwmyd the main

approach t QrRre60. d]h@ho%%g‘é%er%tﬂ%%m Abeam @h%bﬁﬁxi ans 1997)

Combi nation of enbry enesi s and Agrobacteri um nedi at ed t| on had
al so succéwh®g 1??1% PR “lerah predip sentpipingaiq /1 of ercroge aﬂéﬁé5%\n°fl’hméﬂlvery

| npor t ant  idgetnboati voiobknal AMSIBB gh anthoRayl @lhdm mgAPh 150%@/1'1@&1@19!% is a
COhTTEI’CI al | aqg{ﬁ)ortant tropical |egune tree paper pul % I ndustry
Neabiaae il

and a Peadf ghareprly 2P % of QP?‘WHWWWE?P?%NO&‘FP“&H&@WP‘W’@? &gener ati on
system 't hmmghnﬁﬁgmému@@dﬁaye@masmﬂa b@ﬂnﬁ@l&ﬁbdnbﬁﬂhghﬁﬁ/ﬁéf@ucrdﬁé bhsdi ol i stic

or ‘Agrobacteri u I.at nsf or row d abl e alternative

for breedi ﬁg" é%‘g%gsd’? eggé“ dLEP g’??[ eélwl &a 4997800

PCTI SG00/ OQI:E&DCH 1E¢)<NMPL<mmsomgn p’rce}si@mhg/llanﬂem%lamvatcﬂ chacobn €1% ehairked in the

fol |l owi ng h d |IIu ratlon and are not
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intended t vention I n-an AT
‘known 1 n- t krataiping 28 g/l offyecreseadd Ri36M e@hstmbanﬂ ﬂ@attalnsfe@é Bmot soibcniigihpafipent e

utilized. XANDP I qeg&% c medium M5
medi um (I\/U?cgshlﬁggﬁan oomm%d 62;%%%&@ Fgaﬁ?do%ﬁ?‘%%oncent ration
(ng/ L) Si grma Cat *StNBEwﬂW@FY&ﬁEiPFVP‘bm@m&@AWQQWNW eft vinicris OB ziBOA- 3795

Pot assi um sifiid dpfe@iNed br SRRp8E chinzalrtd ddibietinBiybglBesis underwent 2-cell stage,
dehydr at eCa 2H2O440C- 2536 Magnesi um Sul f at el\/g 4. 7TH20370M 77
15Hept ahyd Pa§ rjmq% gwm%tagc torpedo stage and cotyledon stage. Proembryonic structure

15 was divided from maternal callus by one demarcation cell layer and globular embryo connected to
callus by a suspensor-like structure.

Somatic embryogenesis has been used as the meihod of large-scale propagation of oil palm

{Huong, 1999; Aberlenc-Bertossi et al., 1999) and soybean (Trick, 1997), and has been also used

ix_x other woody plants su-ch as Dalbergia sissoo Roxb (Das et al., 1997), Camellia sinensis (L). O.

20 Kuntze (Ponsamuel et al., 1996), and Picea abies (L.) Karst (Westcott, 1994). One of important

applications of somatic embryogenesis is for genetic modification. For example, soybean somatic

embryogenesis provided the main approach to breed high quality transgenic soybean plants (Trick,

1997). Combination of embryogenesis and Agrobacterium-mediated {ransformation had also

succeeded in English walnut, pecan, and cherry, and will be very important in breeding (Kozlowski

25 and Pallardy, 1997). A. mangium is a commercially important tropical legume tree for paper and

~ pulp industry and a Ieaciing tree for plantation. Combination of an efficient regeneration system

. through somatic embryogénesis, as described herein, with biolistic or Agrobacterium-mediated

transformation provides a valuable alternative for breeding pest or disease resistance.
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5 EXAMPLE 1
' Reagents and Culture Media
A MS basic medium: MS medium (Murashige and Skoog, 1962)

Name Molecular formula ~ Concentration (mg/L) Sigma Cat. No.
acronutrients o N
10 Ammonium Nitrate NHNO, - 1,650 _ A-3795
:Potassium Nitrate KNO, 1,900 P-8291
Calcium Chloride diliydrate CaCL2H,0 440 C-2536
‘Magnesium Sulfate MgS0,.7H,0 370 M-7774
Heptahydrate '
is ‘Potassium phosphate KH,PO, 170 P-8416
monobasic, anhydrous
Ferrous Sulfate FeSO,.7H,0 27.3 F-8263
Heptahydrate :
Ethylenediamine-tetra- C,H;N,O,Na,. 2H,0 373 B-6635
20 acetic acid (BDTA) : Na,EDTA)
Micronutrients
Potassium Todide KI 0.83 P-8166
Boric Acid HBO, 6.2 : B-9645
‘ Manganese Sulfate MnSO,.H,0 6.9 M-7899
25 monohydrate
Zinc Sulfate - ZoSO,.TH,0 8.6 - Z-1001
Molybdic Acid Na,Mo0,.2H,0 0.25 M-1651
(Sodium salt:dihydrate) ' '
- Cupric Sulfate CuSO,.5H,0 0025 C-3036
30 (Pentahydrate) _
Cobalt Chloride CoCL.6H,0 0.025 ' - C-2911
Orpanic Reagents - ‘ ‘ ‘
myo-Inositol ) : CeH,04 100 : 13011
Nicotinic acid CHNO, 05 : N-0765
'35 Glycine : C,HNO, 20 G-6143
Thiamine (Vitamin B 1) C,H,,CINOS. HCI 0.1 : T-3902
Pyridoxine (Vitamin B6) ~ CH;;NO,HCI . 0.5 P-9755

Hydrochioride




5 L-d@ utanm ne (4d n)C5H, oN203G 9273 L- Aspar agi ne nonohydr &bddctober 2005

(Asn) CAHBN2G3. H20A- 4284 L-Proline (Pro) CSHONO2P- 4655 SucroseS-5390 C. Pl ant
- Growm h Regul ators 10NaneSi gma Cat. No. 2, 4-Dichl orophenoxyacetic Acid
(2,4-D)D 8407 Indol e-3-acetic Acid (I AA) 1-2886 a-Napht hal eneacetic

Aci d( NAAYRWUHE® 1- Phenyl - 3- (1, 2, 3 t hi adi azol - 5-yl ) Ur eRCETSEPMG0at0Ur on,

TDZ) P- 6186 156-Benzyl am nopuri ne (6-BA)B-3408 Kinetin (KT)K- 0753

G bberellic Acid (GA3) G 7645 D. Agar: Phytagel (Si grra catalog No.: P-8169) 1
E. Media for callus induction' AM5 M5 + 2,4-D 2. rrg/L+KT30rrg|L
20AM- 6 NS -B.Xtder Dr@ni@Reaggritd. + KT 0.5 ng/L AM7 M5 + NAA 2.0 ng/L + KT 3.0

mg/ L AM 8MB + NAA 2,0 ng/L + KT 0.5 &ulé%rqn%[\és+2% G5Ngu(L + 6-BA
3.0 ny/L 25AM zgmogblgmﬁ({,;mgmgcﬁgu + 6 ng/ L AM%Z w+ NAA 0.5 ng
+GBA30”U/LC£M1§ atcﬁy% atcrrg +6‘M1 0 mg(L AMp38ONS + 2, 4-D
ng/ L +KT 3.0 nof kg 5 0. mNd(T 0.5 nmyllgr39AM 234N5 +
24D10ng/L1;lr§) %mg)mm&gﬁ@/g |vrs+|¢§g oyt + KDAgd. 0 no/ L
AM304MB + | AA QpRRndBloh g ngl L + | AA P4@sg/L + TDZ 1:.0
nglL ' Al nedigeakso contained CH 100. ng/L, Ve 100 nygklszgedd n 150 ng/ L,
Asn 150 ng/L

fL
5.0

C. Plant Growth Regulators

10 Name Sigma Cat. No.
2,4-Dichlorophenoxyacetic Acid (2,4-D) D-8407
indole-3-acetic Acid (TAA) L2886
a-Naphthaleneacetic Acid(NAA) N-0640
1-Phenyl-3-(1,2,3-thiadiazol-5-yljUrea (Thidiazuron, TDZ) P-6186

15 . 6-Benzylaminopurine (6-BA) B-3408
Kinetin (KT) K-0753
Gibberellic Acid (GA,) G-7645

D. Agar: Phytagel {Sigma catalog No.: P-3169)

f
E. Media for callus induction®

20 AM-5 MS +2,4-D 2.0 mg/L + KT 3.0 mg/L
AM-6 MS +2,4-D 2.0 mg/L + KT 0.5 mg/L
AM-7 MS + NAA 2.0 mg/L + KT 3.0 mg/L
AM-8 MS +NAA 2.0 mg/L + KT 0.5 mg/L
, AM-14 MS + 2,4-D 0.5 mg/L + 6-BA 3.0 mg/L
25 AM-22 MS +2,4-D 2.0 mg/L + 6-BA 1.0 mg/L
: AM-27 MS + NAA 0.5 mg/L + 6-BA 3.0 mg/L
AM-31 MS +NAA 0.5 mg/L + 6-BA 1.0 mg/L
AM-230 MS +2,4-D 5.0 mg/L +KT 3.0 mg/L
AM-231 MS +2,4-D 5.0 mg/L + KT 0.5 mg/L
30 AM-234 MS +2,4-D 1.0 mg/L + KT 1.0 mg/L
: AM-265 MS +1AA 0.25 mg/L + TDZ 1.0 mg/L
AM-304 © MS +1AA 025 mg/L + TDZ 2.0 mg/L
AM-308 MS +IAA 2.0 mg/L + TDZ 1.0 mg/L

TAll media also contained CH 100 mg/L, Vc 100 mg/L, Gln 150 mg/L, Asn 150 mg/L
35 and Pro 150 mg/L, phytagel 0.30%, sucrose 30 g/L., pH 5.8 after autoclaving.




35and Pro 150 ng/L, phytagel 0.30% sucrose 30 g/L, pH 528 Catdber 2005
.autoclaving. 26 Cctober 2005 WO 01/97600 PCT/ SGOO' 00110 9 F. Media for
Enbryo Maturation and Gennination' AM 423 %65 + sucrose 30.0 ng/L AM 424
VNG +We@B/H6@nyl L + sucrose 30.0 ng/L  AM 425 VMS . + SBCTSSMOOMIO ny/L s
AM 426 %5 + GA3 5.0 ng/L+sucrose 50.0-ng/L AM 467 9%2M5 + GA3 2.5 ng/L +
sucrose 30.0 ng/L ' Al nedia also cogtained CH 100 ng/L, Vc 100 ng/L, Gn
150 ng/L, Asn 150 ng/L and Pro 150 nmg/L, phytagel-0.30% activated

char coal g Opbah fie: i@ hioPl ek abie G Seedling G owt h

(Acclimati zati 02{3 %2MS, sucrose 20.0 ng/L, 0.35% phytagel H

Transpl ant at A¥éBeat soi | : whi EMSsmeros: 30.@fPLE 2 Plant materials 15 One
and hal f nonélMs424l d |nna5éM|Se*@¢e‘é9m$@d§um$ﬁe3Odhh$/éct ed fromtwenty-netre
high adult AAM-42%angi um W 11d:MBeewcrase Bdmpte Park Drive of Singapore.

G eén seeds AMr426gent | y #MBHLTAd.G mefa+ poss Hlimplished with sterile double
del oni zed wad¥r46/ddH20) 48 -HGAwsS mallt-orucmseidd mgids were surface
sterilised w'All 3484 ssmrckogiting] G 480 hlpAa¥h 10Nag/L Ol 1H0 niy/Dj At 59 gl washed
Wi th st emidlPeo IM@MMSO%IMWW&%@HY&SW%@@MWM 0.1%
HgCl 2 for 6 m nutes and washed with 20 sterile ddH20 5 tines. Seed coats.

- were renoved with sterilised forceps and enbryos were isol at ed. Enbryo

" autocl a

- axes (EA}. S&H@g]@c):wﬂﬂﬂ&ﬂclgﬁﬁﬂtmnﬁepar ated with sterile forceps and used as
expl ants for ryo o induction. EXAMPLE 3 Culture Conditions
Al 1¥redi a wer/@?gg]‘%%sgég Plﬁ'j[g hé(#‘ﬁ%‘r autocl aving at 121 C for 25nin.
Plant growth regulators tested in experinments were added into nedia after
aut ocl av Rk ot.her additional substances were added into nedia before
gm antalion t yres were mai ntai ned under the warm white fl uorescent

lights at a paingsl-whiteshddgadi ance of 23.41-26.01 Fznol.s"''nr2, withl6 h
“photoperiod and at 28 C. 26 Cctober 2005 :

EXAMPLE 2
Plant materials
15 One and half months old immature green pods were collected from twenty-metre higﬁ adult 4.
‘ -mangium Willd. trees at Science Park Drive of Singapore. Green seeds were gently isolated from
* pods and washed with sterile double deionized water (ddIH,0) 4-5 times. Afier green seeds were
surface sterilised with 30% market clorox bleach (NaClO) for 5 minutes and washed with sterile
ddH,O 5 times, (he seeds were sterilised again with 0.1% HgCl, for 6 minutes and washed with
20 sterile ddELO 5 times. Seed coats were removed with sterilised forceps and emibryos were isolated.
S Embryo axes (EA) (Fig.1A) were gently separated with sterile forceps and used as explants for

cmbryogemc callus induction.
EXAMPLE 3
Culture Conditions -
-25 ' All media were adjusted to pH 5.8 after autoclaving at 121 °C for 25min. Plant growth

regulators tested in experiments were added into media afier autoclaving but other additional
substances were added info media before antoclaving. All cultures were maintained under the warm
white fluorescent lights at a range of irradiance of 23.41-26.01 umol.s™'m?, withl6 h photopenod
and at 28° C.




WO 01/ 97600 PCT/ SGOO 00110 10 10 EXAMPLE 4 tom EnbryogeééiCetabal 2005ner e
fixed in 2.5% gl utaral dehyde in 50nmM pH7. 2 sodi um phosphate . buffer at .
room tenperature overnight, then dehydrated through a graded ethanol series
20% 30% 50% 70% and 90% sequentially for 20 mnutes thrice, at last in
100% etwenobrsbior 30 winutes thrice. Al tissues werecesbadad i n plastics
‘(Leica plastic enbed Kit) and were sectioned at a thickness of 5-10m Al
sections were stained in 0.025% toluimi ne blue for 1 mnute, dried at 42C,
mounted with DPX (BDH), and exam ned under a |ight m croscope (Leica).
EXAMPLE S Scanni ng El ectron M cr d8&¢dRLEETbr yogenic calli were treated with
i qui d nitrogen and exam ned by s R el ectron mcroscopy (JSM 5310LV,
JEOL Conpany, Ean) EXAMPLE 6 Enbr oodenic Callus induction 15 EAs were
cul tured for tGebnegenissalbrewBxuds &F% sharaldodninrdeM B - Zaadusrinsete062)

~ suppl emntﬁ@feﬁ%&&n%@rﬁﬁﬁﬂ&eﬁ@xﬂ@eﬂ%?&ﬂ&it&fuuéﬂ'a%&ﬂec&ﬂﬁﬂﬁl&ném 8dQrs: 2,4-D
(1.0-5.0 /1) and ng/ 1 /1) and 6- BA

(1.0-3 0 mylt Y0%ngad 906 sev Lt fmiglteshrics, aé‘a@“@mgr{wﬂff NER S 2 0 ny/ 1)
and KT (0. 15:16% Q;Hriﬁéuleé wedé erhtdddel th plbticd . (QeidaAPlabtic cmbél Ki4nd &er@sezucﬁed@/d )d fEach
experi nment ) gat e A t.ota xes ested for
enbryogenit(l,‘m %Hd%?"ﬁgﬁe%t?f"egé{’cohogﬁéﬁ‘fde%ggﬁﬁ ?“516 lz nbi nat i on.
Al'l nedia mmhdwnkﬂ?ﬁmbmﬁemwdgmgaligﬁtomcm:gbzﬁ(ua@par agi ne (Asn) 150

ng/ 1, casein enzymatic hydrolysate (CH 100 ng/l, glutam ne. (G n) 150

ng/l, and praline (Pro) 150 ng/l, sucrose 30 g/l and phytagel 0.3% (g/l) in
this experinent. It was reported tHXMRUES initiation of somatic enbryo
produgfion fromcallus occur Sghfink Rcrdi®ficGRNt @i ni ng high concentrations

~of auxin or a high ratio of auxinto C%to rnin (Kozl owski and 25 Pall ardy,
1997) . However Bmprioganic sallh g paiediriiiliguid risparaqed esmined by sewing leptoli sh and

friable erm;@,\égg@mmggiohw e oebig )?ﬁﬂj only on the nedia containing the
conbi nations of 1.0-2.0 rrg/l TDZ and 0.25-2.0 ng/l 1 AA (Table 1; Fig.IB).

- The conbi nati on of TDZ 2.0 ng/l and 1AA 0.25 ng/l was the nost efficient
for induction of enbryogenic call iEX(ALﬁ)M-:]S% (Table 1), which then produced
gl obul ar enbryos and heart e YOS, auanQ’D) Thi s conbi nati on was used
to-induce 30 nore enbrygenic n the media containing 2,4-D
(1.0- 5.0 mg/ 1) EanderKFul{u@d Sor3we m@EhCt M brsala@@Bm (Murashige and Skoog 1962)

supplemented with different combinations of plant growth regulators: 2,4-D (1.0-5.0 mg/l) and KT

(0.5-3.0 mg/f), 2,4-D (0.5-2.0 mg/l) and 6-BA (1.0-3.0 mg/I}), NAA (0.5 mg/l) and 6-BA (1.0-3.0

fng/l)’, NAA (0.5-2.0 mg/l) and KT (0.5-3.0 mg/L) or IAA (0.25-2.0 mg/l) and TDZ (1.0-2.0 mg/l).

Each experiment was repeated twice. A total of 90 embryo axes were tested for embryogenic calllus

20 induction on each plant growth regulator combination. All media contained ascorbic acid (Ve) 100

mg/l, asparagine (Asn) 150 mg/l, casein enzymatic hydrolysate (CH) 100 mg/l, glutamine (Gln) 150

mg/l, and pro]jne. {Pro) 150 mg/l, sucrose 30 g/l and phytagel 0.3% {g/1) in this experiment.

It was reported that the initiation of somatic embryo production from callus occurs in the

media containing high concentrations of auxin or a high ratio of auxin to cytokinin (Kozlowski and

25 Pallardy, 1997). However, in 4. mangium somatic embryogenesis, green-yellowish and friable

embryogenic calli were obtained only on the media containing the combinations of 1.0-2.0 mg/l

“TDZ and 0.25-2.0 mg/l TAA, (Table 1; Fig.1B). The combination of TDZ 2.0 mg/! and IAA 0.25

- mg/l was the most efficient for induction of embryogenic calli (16.41%) (Table 1), which then
produced globular embryos and heart embryos (Figs.1B-D). This combination was used to iqduce '

30 more cmbrygeniccalli. However, on the media containing 2,4-D (1.0-5.0 mg/l) and KT (0.5-3.0




WO 01197600 PCT/ SGOO' 0110 11 ng/ 1), 2,4-D (0.5-2.0 ny/| R6dmioleer 2605
.(1.0-3.0 ng/1), NAA (0.5 ng/l) and 6-BA (1.0-3.0 ng/1) or NAA (0.5-2.0

ng/ 1) and KT (0.5-10 ng/l), no enbryogenic callus was obtained (Table 1).
Rout - W& 0147606( 1995) reported that the conbinati on of kPEESGMMBIO pM (2. 99
ng/1) and NAA 2.7 pM (0.55 ng/l) pronoted A catechu somatic enbryogenesis
frominmmture cotyl edon. However, the g mlar .5 conbination of NAA and KT
did not induce any enbryogenic callus fromA mangiumimmture enbryonic

axis ( Tabigﬂ) 24D The-20ahpMent BdBCAD-5.00ip3 LA @ Se@ehs 6 WaAS(1\005.0 Ayl | 0ose

on the m and KT. The Acacia genus conprises nore than
1,200 spg@%@ Sa‘ﬁﬁﬂtﬁ% and BT '\@AE*&P%%’MPW%F‘H@?“PSW {kebip DyRpw

docunent egh. (RSB EpeHdetat the ChabiantASS bRy inM (2\99 ARG RAIAS2. 2 ANE{0.530
nmetres tall while gne-adult A catechu is only 9-12 nmetres. The variation

10 of r eH3BHEYE %ﬂ&ﬁ@%fﬂ@ﬂﬂ@%@&?@@w&mﬁégm@ww HdhemiE ences

of gﬁnet b&nﬂi@&%ﬂb?%an@md%‘ﬁﬁd&éanf%ryd@ﬁc&eﬁﬁ?ﬂﬁiﬁm%@@
species.tissue culture e eC|a y in recalcitrant species Lu 1993) Qur

resul ts SHbwWeHc exa(Taply efliue pduced fram prbrieric ahWHOWRTSiaed dagse o then A
nxangi ur &w@ﬁ%@ﬂ@h@ﬁ% @hd K'r Tﬁéﬁ%a gﬁﬁ@&h@ﬁsés ke &:461 ’idél%g‘%]chés Yhd 69

6-BA and KT with TD i ncr eased 55)eanu | ant "recovery t Ar ou somat | c
" enbr.yogeweigiiens it orphplogy Binpmensf 553 cynppater ﬁﬁ@ﬂéﬁtber@@ﬁﬂmﬂm oyt of

Plant O gWhdhelifh 2405 30 hoEBNO QICofeHdil S & oy ot
Medi aexpl ant orm ng r yogeni ¢ cal | umﬁg 2‘?%%%]% “bz 6-BA
KT. 10AM 284espghsey 14 ,nbml gr()wgs! iepylatgrs| dhyrmg il fomy Alie)differences of genetic background
among species. TDZ was recommended in woody species tissue culture especially in recalcitrant
- species (Lu, 1993). Our results ‘_.;howed that TDZ was effective to induce embryogenic callus in 4.
mangium. Chengalrayan et al. (1997) reported that the substitution of 6-BA and KT with TDZ
.. . increased peanut plant recovery through somatic embryogenesis.
15 " Table |
The Eﬁeots of the Different Combinations of Plant
Growth Regulators on Embryogenic Callus Induction
Media ' Frequency of
: explants forming -
embryogenic callus!

. MediumNo. 24D NAA IAA TDZ 6BA KT
(mg) @@g/l) (mgM) (mg/h) @gl) (ﬂll_goﬂ)

20 AM-234 1.0 . 0
- AM-6 20 L ‘ 0.5 0
AM-5 2.0 3.0 0
AM-231 50 ' ' - 0.5 0
- AM-230 50 - | 3.0 0
.25 AM-14 0.5 _ 3.0 0
; AM22 T 20 ‘ 1.0 0
AM-31 0.5 .10 0
AM-27 0.5 30 0
AM-23 ' 0.5 3.0 0
30 AM-7 2.0 3.0 0
AM-8 2.0 - 0.5 0
AM-265 025 1.0 11.06 +0.94
AM-304 025 20 ' 1641 £4.75

- AM-308 2.0 1.0 3.51+3.35
35




1.01..0 AM62. 00.50 AM S2.03. 00 AM 2315. 00. 50 AM - 2305. 0260ctamARPAZ0. 53. 00
AM 222.01.00 AM -310.51. 00 AM 270.53.00 AM 230.53..00 30AM 72. 03. 00 AM
-92. 00. 50 AM 2650. 251. 011. 0610. 94 AM 3040. 252. 016A1 f 4.75 AM 3082.01.03.51
3.35 35 26 Cctober 2005 WO 01197600 PCT/ SG00100110 12 r % (nean L SD);
~data comresposd to average results of three replicat eserddiRoe@ebi nati on of
TDZ (2A ng/ 1) and I AA (0.25 ng/l) pronoted somatic ernbryogenesis of A
mangi um However, sonatic enbryo develppnent stopped at the heart stage
(Fig. I'D; Fig. 3H and secondary somatic enbryos forned if heart enbryos
wer e kept. |'éh@ean bADY; dea eamspond tnagoid mrltnefdireenepli@teyat i ¢ enbryos coul d not
devel op forward to |ater stages. Thus, it was necessary to mature the
somat i ¢ enbr yoZhe @ExhivPloEoTIEdAA Mied) arbIAA (B2 e/} premiletsomatic Bbryeisenatis on

G obul ar  egf Y0l iR ,@a&)ﬁciﬂ%-@&clﬁﬁl&m @%%&&%mgéem%@ami ning IAA
0.25 np/I to and TDZ 2.0 ng/1 (AM 304) were cultured on V basal nedi um
suppl ement 88 au tspropdaty, Pty qubrype fegmgd iffgartegatgyos wsre kepiclprgsieon e sag) ny/ |

Asn 150 nOfnluctiftind @8 "Srhatic anﬁ%&s@gum%t'deveﬁb Gorwa tdBierlstaged NYhBIR wad) . 35%

(g/1), and activated charcoal 1% for thirty days. Somatic enbryos were
then tranrefasy MR RPateLMPBA% medi um AM 425 and cul tured for 40 days.
Cotyl edon somatic enbryos (mature somatic enbryos) were then transferred
onto the medi um AM 424 for germ naé)g%ﬂg F1Epch 15 experi nent was repeated
twice with a total of 250 gl obul ar it enbryos for each nmedi um

o Somatic Emb aturation and Germinatio

Globular embryos (Figs.1B-C) induced from induction medivm containing JAA 0.25 mg/l

10 and TDZ 2.0 mg/l (AM-304) were caftured on ¥ MS basal medium supplemented with 0-5.0 mg/1

' of GA;, 30-50 g/l of sucrose, Ve 100 mg/i, Asn 150 mg/l, CH 100 mg/, Gln 150 mg/l, Pro 150 mg/l,

phytagel 0.35% (g1}, and activated charcoal 0.1% for thirty days. Somatic embryos were then

transferred onto maturation medium AM-425 and cuftured for 40 days. Cotyledon somatic embryos

(matire somatic embryos) were then transferred onto the medium AM-424 for germination. Each

15 experiment was repeated twice with a total of 250 globular somatic embryos for each medium

| combination. Seedlings were transferred to % MS basal medivm confaining sucrose 20 g/l as well

as phytagel 0.35% and cuitured for two months before being transferred to pot soil consisting of peat

soitsamd G:1). |

The maturation of the somatic embryos was in agreement with the resulis from others that

20 maturation was very important in plant regeneration via somatic embryogenesis (Kozlowski and

Pallardy, 1997; Huong 1999). Two steps of maturation procedure were used for somatic embryo

" maturation. Firstly, somatic embryos were treated in medium containing 0.35% of phytagel and 2.5-

5.0 mg/t of GA; (maturation medium AM—4_i4, AM-426, and AM-467) (Table 2). Secondly,

somatic embryos were transferred onto media confaining 50 g/l of sucrose and 0.35% of phytagel

25 {maturation medium AW-425) for desiccation. The treatment on mediom AM-424 followed by

| AM—425 promoted 42.33% globular somatic embryos to develop into tnrpedor and cotyledon
embryos (Fig. 24; Table 2}.




conbi nation. Seedlings were transferred to % MS basal nedsWotetantadsii ng

..sucrose 20 gll as well as phytagel 0.35% and cultured for two nonths
. before bei ng transferred to pot soil consisting of peat soil: sand (3:1).
The nWOM&?n of the somatic enbryos was in agreenent PGEBGOVHAIY o5 t 5

- fromothers that 20 maturation was very inportant in plant regeneration
via somatic enbryogenesis (Kozl owski amd Pallardy, 1997; Huong 1999). Two
steps of maturation procedure were used for somatic enbryo nmaturation.
Firstly, somatic enbryos were treateMgm madi um cont ai ni ng 0. 35% of

phytagel and 2.5- 5,0 AIVI:424 AM 426, and
AM 467) (Table 2). & g&%&ﬁﬁﬁ%‘%ﬁ? F'V sE Vgi{{q Ua%%rred onto nedia
contai ning 50 g/l of suE@snaidiad. 35% of phyt afyedquedsy dfigidbutagtmbiyosredi um
AM 425) for desiccation. The treatnment on nedi prdidh#dddpetiobtdoptedoy AM 425
pronot ed 42.33% gl obul ar sonatic enbryos to devel opsdnitio efnbryps'do and

cotyl edon - qudayos (Bhg ZAGA'Eﬁbh%I)Z)SucR:@e@U ober 2005 WD 01/97600
PCT/§GOO’0013,Q 13 JRbjue 2 the Effects of Different Media on Somatic Enbryo
Mat ur ati on Exegdencysafs gl obul g enbr yossgvat ur ati on ndizapy.esluci ng tor pedo

‘and cotyl edgpraomat i g ppabryos' 2$Medi a Bagpl GA3 (no/ 1)g.8usriase (g9/l)
No. medi um AMZ24Y2 Mponps 0 304253313. 65 Add 46792 MS 2. 96 802383676. 11

AM 426112 NgyuoQ 5020 3y8. 33 AN 423Y2 Mz 300 10AM 425V¢g M5 0 500 ' %
(megh SD); Ap2ds3 corggppond to @verage rgsults of three peplicates: Further
devel opnent of gI obul ar somatic enbryos to.torpedo stage and cotyl edon

st age waSig S8 J@E&E@;ﬁmoﬁ% Zepitfdout GA3 (AM 423 and
AM 425) (Ta e 2). ese results 1571 ndi cat ed that GA3 pronoted somatic

- enbryo maturation. Qur results were opposite to the reports
Further development of globular somatic embryos to torpedo stage and cotyledon stage was

_ notobserved on the maturation media without GA; (AM-423 and AM-425) (T able 2). These results
15 indicated that GA; promoted somatic embryo maturation. Our results wete apposite to the reports

that the presence of GAs during both the indﬁction and expression phases of geranium (Pelargonium

x hortorum Bailey) somatic embryogenesis was detrimental to somatic embryo formation on the

hypocotyl explants (Hutchinson et al.,1997). In our expariment, somatic embryo matucation was

completed on a relatively high sucrose coxtcen'traﬁon. The similar results were reported in Populus

20 somatic embryo embryogenesis that sucrese concentrations between 20-50 gll stimulated somatic

embryo differentiation (Michler and Bauer 1991). Biahoua and Bonncan (1999) reported thata lngh

sucrose concentration of 350 mM (120 g/l) gave the most efficiency of Euonymus europaels

somatic embryogenesis and suggested two roles of the high sucrose concenfration in somatic

~ embryogenesis including one nutritious factor and the other osﬁaotic potential in culture medium.

.35 Maturaﬁoa of somatic embryogenesis was critical for many plants such as soybean somatic

| embryogenesis (Ranch et aL1986) and Picea abies (Jalonen and Arnold 199 1) Adding 6% of

| maltose in medmm promoted soybean somatic embryo histodifferentiation and maturation (Ranch

et al.1986). For Picea abies somatic embryo maturation, ABA treatment was necessary in medium

. (Jalonen and Arnold 1991). In our e}qseriment; abnormal cotyledon embryos, such as somatic

30 embryos with only one cotyledon (Fig. 2F) or with three cotyledon structures, which could not
gérminate into seedling, were also observed. ' |




that the presence of GAs during both the induction and expgr@ssberrzophases of
-gerani-um (Pel argonium x hortorum Bail ey) somatic enbryogenesis was
detrinental to somatic enbryo formation on the hypocotyl explants
(Hutchinson at al.,1997). In our experinent, somatic enbryo maturati on was
conpl etwdousvs® rel ati vel y high sucrose concentrati on.PCTIseogeomiol ar results
were reported in Populus 20 sonmatic enbryo eni bryogenessis that sucrose
concentrations between 20-50 g/l stinifl ated somatic enbryo differentiation
(M chier and Bauer 1991). Bi ahoua and Bonnean (1999) reported that a high
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- (Jal onen an d 1991). In our experinent, abnormal cotyl edon, enbryos,
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devel oped fron1one epi dermal cel | .of enbryogenic callus (Fig, 3A-D).
Peri cl i naldFap WW@%“@WW”&P&%@W“’B%@W% eprg) pllos (g dC- 3a. Q)
one out er @augiy dfctelof ftnshed s banah Paughbst seetuke a(nEIr@tenﬁQ:alﬁFhﬁ

cont i nuous ceII d|v15| n of t hter IIs
struct ur e PRI SRR ?%ml 5%@ ﬁ%mugﬁg%u ar H%?ag and heart
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embryo stage (Fig. 1D; Fig. 3H). Through maturation, globular embryos developed forward to
torpedo embryos (Fig. 2B) and cotyledon embryos (Figs. 2C-D). In conclusion, somatic
embryogenesis underwent two-cell stage (Fig. 3C), proembryo stage (Fig. 3D), globular stagé (Figs.
25 3E-G), heart stage (Fig. 1D; Fig. 3H), torpedo stage (Fig. 2B), and cotyledon stage (Figs. 2C-D).

. EXAMPLE 9
Somatic Embryo Germination .
Nonmal somatic embryo germination included radicle elongation, kypocotyl elongation and
the first pinnate leaf expansion. Only those mature somatic embryos consisting of radicle,
30 hypocotyl, cotyledon and the first pinnate leaf structure could germinate into free-living seedlings
(Figs. 4B- C). On the medium AM-424 containing GA; 5.0 mg/l, 11% of somatic embryos




15 but the inner daughter cell devel oped into somatic enbgystdredroos

- -Hi stol ogi cal sections also showed that sub-epidermal cells next to

epi dermal cell did not formsomatic enbryo but their anticlinal division
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WHAT IS CLAIMED 1S: 1 A nethod for preparing somatic enbryos of Acacia
mangi um conpElebriagembeye PHREm; # an expl ant on cal l us induction medi umto

i nduce enbryogeni §) cafthringSsicHuthr emBlyoPor fhaefbioy/Redi@h EPfoir® Rimatid embyoL ul t uri ng
gl obul ar enbryos on a maturation nmediumto formsomatic enbryos. 2. The
met hod of claim 11, wherein said step (b) conprises: bl) culturing globular

enbryos aon aThé msthod B il 1, MReBRAbdRB ) colpsesUl tUring the enbryos on a
second maturation nedium 3. A.nethod for regenerating Acacia tnangi um
conprising: a) cu?k)ﬁmg@b%?wowa(ﬁ&ﬁl“@g“m& di um to induce

enbryogeni ¢ cal | ugp) ai¥ehring 1R uMRYos O 5¥@nd AliiRkbORedifh, Cul turing the
gl obul ar enbryos on a maturation nmediumto form somatic enbryos; c)
culturing the somatic enbryos on a germ nation nediumto produce

r egener atsed d- 4 B} o akm.3, wherein said step (b)
= conpri ses?:' bf)%ﬁéci%} tt'tjl?’i%%céa gf’%%ﬁ ar Jg%%yoﬂso n IJgéfi rst maturation medi um and
b2) cul turing t hea)ewbriggan explapt oneelbn thdpetion medio o induge embryeenit pdlupendnod of
claim3, mhe&gi)aa[te%&oeigﬁgﬁog} ed seedlings are cultured on an acclimatizing

b) culturing the globular embryos on a maturation medium to form somatic embryos;
and -
¢) culturing the somatic embryos on a germination medium to produce regenerated
- seedlings.

4,  The method of claim 3, wherein said step (b) comprises:

b1) culturing globular erabryos on a first maturation medium and
'b2) culturing the embryos on a second maturation medinm.

5.  The method of claim 3, wherein the regenerated seedlings are cultured on an acclimatizing

medinm.

6. ‘The method of claim 4, wherein the regenerated seedlings are cultured on an acclimatizing

medium.

| 7. The method of any one of claims 1 to 6, wherein the explant is an immature embryo.




medium 6. The nethod of claim4, wherein the regenerat edeseachdr?gosar e
cultured on an acclimatizing nedium The nethod of any one of clains | to
6, wherein the explant is an inmature enbryo. 26 October 2005 WD 011976. 00
PCTI SGOO 00110 18 8. The nethod of claim 7, wherein the callus induction
medi um apopres@s MS basal nedium suppl enented with apctbésbioeawr on, b)

i ndol e-3-acetic acid, c) casein enzymatic hydrolysate, d) L-ascorbic acid,
'e) L-glutamne, f) L-asparagine, g) Ljiproline, h) sucrose and i) phytagel.
9. The method of claim8, wherein the callus induction nediumconprises 1.0
rug/l to 2.9 nohbmethéd sficRiziT, &mramﬁcﬁn%&dngiohmbﬁuﬁcﬁxpﬁgp&mhmbm%ﬂnaceti c

acid. 10. The net e um
conpri ses % M5 B e&’l"“‘ﬁ%&’f% %fh‘ ﬁ%&%&dac v ca'%d’ cfm[g%%%&%h h%m ca?ed b)
casei n enzynmat |d¢ua§cdwbalay1é,ahfe-glum)unb,ibls@mn@,ghbmwm Id)suctos‘gﬁndﬂa’hﬁml e)
L-asparagine, |I) L-proline, g) sucrose, h) activated charcoal and i)
phytagel . 11. The nethod of claim 10, wherein the first maturation medium
conprises 295 rilt methesd afclgim Syhereinfhanalius indpconmadipmenmipses Iyme/kio2 Smef)/ |
sucrose. 12 Thealgldadl 08 b Hoaek alykit g econd mat ur at i on medi um
conprises %2 Ms basal nedi um suppl'enented with a) casein enzymatic

hydrol ysate, b) L-ascorbic acid, c) L- glutam ne, d) L-asparagine, e)
L-proline, 14) %@ﬁl&ﬁ&tofahm@cxtzﬂe&ait@*ﬁ:ﬁ&&mamhma&dcdﬁ)pﬁfbhymmﬁkaimacﬁumThe

met hod of claim 10, wher he sec d mat ur at | medi u ises %2 M
basal medi um %%Déﬁ%‘f” [feF?ﬂ'éii“’l )scésie’t’f e PP’?"BIYWd‘I%‘I’ nﬁ’r‘ a‘mg)
L-ascorbic aci d) rcgluthming| & tiaaspaiszined)) L-pralipag)ogime, heotikat@ir chatote  and )
sucrose, Q) act te(il charcoal and h) phytagel. 14. The nethod of claim S8,
wherein the gerl %484 on medi um conprises 9% Ms basal nedium suppl enented
wi'th a) gl bberellic acid, b) casein enzymatic hydrolysate, c) L-ascorbic

aci d, gI a e 5 a i ) £o D)

acti vat ed c]har ;Htl)ia aﬂ%lde(%a;mlg?ﬁﬁigrg{éll%gq?sglfa%té&nnr‘gtdﬁgdﬂ&?n %al m g?s Ther ei n

t he ger m nati omgfeiteghicedhmdi38 gd top08/1mgfoke.t 0 5.0 ng/| giberellic acid. 26
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i2.  The method of claim 8, wherein the second maturation medium comprises ¥z MS basal

medium supplemented with a) casein enzymatic hydrolysate, b} L-ascorbic acid, ¢) L-
glutamine, d) L-asparagine, €) L-proline, f) sucrose, g) activated charcoal and h) phytagel.

3.  The method of claim 10, wherein the second maturation medium comprises % MS basal
medium supplemented with a) casein enzymatic hydrolysate, b} L-ascorbic acid, c) L-
glutamine, d) L-asparagine, ¢) L-proline, f} sucrose, g) activated charcoal and k) phytagel.

14.  The method of claim 8, wherein the germination medium comprises 2 MS basal medium
. supplemented with a) gibberellic acid, b) casein enzymatic hydrolysate, ¢) L-ascorbic acid,
d) L-glutamine, ¢) L-asparagine, f) L-proline, g) sucrose, h) agtivated charcoal and

i) phytagel. '

15. . The method of claim 14, wherein the germination medium comprises 2.5 mg/l to 5.0 mg/l
giberellic acid.




16." The nethod of claim 10, wherein the germ nati on nedi @haaskeri2ees’ M
basal medium supplenmented with a) gibberellic acid, b) casein enzymatic
hydrol ysate, c¢) L-ascorbic acid, d) L-glutam ne, e) L-asparagine, f)

L- pr oWRBL9YY0 sucrose, h) activated charcoal and i) phgT/AaGeloo1d The

met hod of claim 16, wherein the germ nation nediumconprises 2.5 ng/l to
5.0 nmg/l - giberellic acid. 18. The neg$od of claim 13, wherein the

germ nation medi um conprises 'A M5 basal nmedium supplenmented with a)

gi bber el 16c aThetnetha) of cisiel 19, ehasintie igemimatiwingdat eqmmpised 2 2T oashlimedhan d, d)
L--gl utam ne, e)- L-aspalagi . -proline . SULI0S ) .activat ed
char coal and SPHeTIR RGN e Bl G P GR%, pl o @d

ger m nati on n@OL-gHcanE d) Ieaspadgibe, Y /[l-prolined g siitidse, hgadtested lchacatiadd 20.
The nethod of_cl] ainj 8 wherein the acclimatizing medi umconprises '/2 N5

basal nedi umi)B‘[‘?ﬁ"ﬁF mented a) sucrose and b) phytagel. 21. The net hod of

claim 18, wherein the acclimatizing nediumconprises 1 M5 basal nedi um
suppl ement ed a) sucrose and b hyt agel ..
PP 17. lee method 0? claim {jﬁ, wLerQin%hcg rmination medium comprises 2.5 mg/l to 5.0 mg/]

giberellic acid.

" 18.  The method of claim 13, wherein the germination medium comprises ¥4 MS basal medium
supplemented with a) gibl;crellic acid, b) casein enzymatic hydrolysate, ¢) L-ascorbic acid,
d) L-glutamine, €} L-asparagine, f) L-proline, g} sucrose, h) activated charcoal and
i) phytagel. |

19.  The method of claim 18, wherein the germination medium comprises. 2.5 mg/ to 5.0 mg/l
 giberellic acid. '

20.  The method of claim 8, wherein the acclimatizing medium comprises ¥ MS basal medivm
supplemented a} sucrose and b) phytagei. '

21.  The method of claim 18, wherein the acclimatizing medium comprises ¥% MS basal medium
supplemented a) sucrose and b) phytagel.






