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The present invention relates to the field of somatic ent26yQcigen@ans i on,
-particularly to 5 methods for the regeneration of Acacia mangi umthrough
s’orrat#c&&?% alogene5| s. More specifically, the present invention relates to
a net 9% egeneration of plants of Acacia mangi um HEFRGHRHHDNg
explants of immature zygotic enbryos on callus induction nediumto grow
enbryogenic tissue. Culturing of the enbryogenic tissue is continued on
somati ¢ enbryo maturation nedium and germ nation nmedium The germ nated

enbryos areLE ortires newmveicNed to acclinatized to. plants for field
planting. The nethod is well suited for_producing clonal planting stock
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conveni e FALKEROUBHAETHEINVERTIEINed in the appended List of References. |5
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system of regeneration of one whole plant froma single @6ldctodge2085 Acaci a
~.conpri ses about 1200 tropical and subtropical tree species. It belongs to
the fam MOWMNOWaceae. Acacia nmangiumis a mul tipurpose, PCASGOy0@M ng and
nitrogen fixing elite 5 tropical |egune tree. A mangi um has been
increasingly used for plantation, reforestation and soil rehabilitation in
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mul tiplicatign using somati c enbryos can have the potential for

exceedi ngly ‘Q‘ﬁhﬁ ®s of vegetative increase and is therefore of

consi dep@bl e 30 rQuERK6A Bbibd sl @%odﬁ@&%%@&xb@ﬂ(oﬂo&sﬁ@ﬁ@?dﬂﬁ:dy, 1997). In
enbryogenesis is an_attractive option for plant tissue culture. Somatic
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~single cell origin. This 26 Cctober 2005 V\D 01/ 97600 PCT/ S(00/ 00
, 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




3 nmeans that it is unlikely that regenerants are of chi me6i@cdbas2Dgd n,

- since, if a regenerant originates froma cluster of cells rather than a
single sell, the plant tissues may be chinerical or unstable and produce
of f - t PiSLeL 9768 avail ability of somatic embryogenesis pretmenbgefipr pot ato,
or other crop species recalcitrant to somatic enbryogenesis, wll permt
these crops to take advantage of any new 5 artificial seed technol ogy
advances. Sonmatic enbryos are suitable for transformati on via Agrobacterium
t unef aci ersns(tMatitiewslikeBi thatlregendt@023re ofihirh@ichljoBiginl Qhce( %%ﬁ%ﬂ?gn 1987)
and parti.cle zonb@{edﬁﬁg‘&‘ﬁ [l de et aSJi 1992). In addition, sonmaticC enbryos
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t echmol ogyifitial Sed RefinRRigy Mdvan&es572, 827; Bajaj, 1995a). Thus, it is an object
of the presenf invenfion to prog}iﬁde a met hod for regeneration of A
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. gener al stel?ﬂs: %l% enbiyogeni ¢ callus induction, (2) enbryo maturation, (3)
enbtyo  FEFMTGE LY SR dittancay- Kasthisios:, 89matiG embeeyare Ftitable ot thel demelepmednt . |

r egener adfeetifftid Med 1@EndlQYQ . Rik&-Nol B872817284k7 P@kkzed plants are then

transferred t he. fiei};d. It i referred to yse a'two step enbryo

S
maturation. TRES A EEBAPISPHRT MG ProRREREEtpL o fraade pmgthed fie sssndrasionsf dpar i ng
somat i C edpiyotirdugh sdnatic FRBGlogélesidhi s process general ly conprises the first
two previously described steps. The somatic enbryos can be used as a
source material for preparing transgenic plants, can be cryopreserved and

25 can sndepglopedHAROVENTION ci al seed. Accordingly, one aspect of the
present invention provides a nmethod for tprepari ng sonmatic enbryos of

. Acdti a mangi dAf-SERTY ieenipn miates & the felippiapmeticpra e pradestpi, wsrtonlddc toi on
medi um teth i UBE RITRLRGAR Co 2L dcHS R TN oL Mt i pp.. and b)

culturing gl obul ar ‘er%r yosS 0?1 a r?at uration medi %Ir%l %8 ‘?‘%lbr NESONAL i g'p’genbr yos.

Anot her spepieliy.ghe simmtip embongerncsiv protdse for g avighes obihapichmdinkaition egemer at i ng

Acacl a di@@e%lﬁ{g}o%gr&&lals sltegg :(I) embryogenic callus induction, (2) embryo maturation, (3) embryo

germination, and (4) conversion intp 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 medium 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:




26 COctober 2005 3a a) culturing an explant on callus i ndgddtatrerets umto
i nduce enbryogeni c cal lus and gl obular enbryo formation; b) culturing the
gl obul ar enbryos on a maturation nmediumto form somatic enbryoes; and c)
culturing the somatic enbryos on a germnation nediumto produce
regenerated seedlings. According to one enbodi ment- of the present
i nvent.ion, Somatic enbryogenesis of ¥acia mangiumis achieved fromcallus

i nduced from iJyuRikdH: .an M5 basal medi um. suppl enented wth
the conbinations of thi i a%?%%‘?%’lﬁ? SR lﬁﬂlotPéq(g'fea‘i?ébt‘Y‘@e‘g‘éFﬂl“E o)
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mat uration pr oggdurnélgby égul 'Eagrgllg?l st%n%rtn?tgraé%w%gm 9 foup SyRat B OBa s al

medi um co¥ttai ni ng sucrose, phytagel and gibberellic acid (GA3) and then on
V2 basal medi yn.giGi&kinb ‘é\@ 97600 .PCTI 00110 4 contai ni ng
sucrose and _ph%agé& 42%%@09%@) o%ﬁ{i%?mén 5Py G THE 8| PHAUEE Fe8E5™Sr pedo and
cotyl edorfecdtingr yos. 11% of mature somatic enbryos gerninated into seedlings
that were transferred to pot soil consisting of a mxture of peat soil and

sand. BRI EF DESGRIfTib Ghb &hbolientbihdMeRalh MR6S sbiidd AW somatﬁ# enbryo
as

i.nduct i o%’léww %c%ish‘?% the use of the enbryo axis SOREER o
i nduce enbryogeni ¢ ¢ @ cafipgyindyqed dregyisnmative \otomi oo ah IMS bisallued@gmon t he

~ i nduct i ospplesiented ¥ith B0 dombihGisrs of tiiBusi ' el ectron mmcroscopy of
* Acaci.a  mpngi um, .somati ¢ enbryos wi th Fi g%%)%ﬂg g\r{/}\nﬁ*r?gaca O MEP&%

(i ndi cat G4 BYCHIE B9 d5RTagine Gepein) cnayrarticHiydrolyBats hywaminchpalite, SH@ER and

(i M cat portdayl. PO twh Repsof RS [ . 2A- F show somatic_enbryo
maturation arégifglerm_na??%n. Fi g.@ﬁoéeﬁgg\%éjggr{élﬁ'rﬂﬁts? fice W?Bﬁ%f?‘h%%ryos on
AM 425. LIedHR qenigiing sycpsegilistagel argbmiblofellcani (G40 anhtheny/n WBisnaddgn  and
germnation with Fig. 2B showi ng torpedo stage, Fig. 2C showi ng early

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

cotyl edon. 15 Figures 3A-H show t he histol ogy of A mangi um sonatic
enbryogenesis. Figs. 3A-D show sonmatic enbryo initiation fromepiderms
cell as follows: netaphase (A and B, indicated by arrow),

A




t wo- daughter cells (C, indicated by arrow), and proenbryQ@siQGctsier2oosire (D);
Fi gs.. 3E-G show gl obular enbryo fornmation; and, Fig. 3H shows a heart
enbryo. Abbreviations used are: do = demarcation cell layer; pe =
proenbryoni c structure; see = subepidernmal cell; sus, suspensor; and,, 20
tdc = t WO eIglat er cell. Figures 4A-C show somati ¢ enb(‘yls(;(gmnmnatl on. Fig.
4A shows germnating nmature somatic enbryo with the pinnate |eaf

(i ndi cat ed by arrow), elongated hypocojyl and radicle in medium Fig. 4B

shows seedling. before planting into soil. Fig. 4C shows plant growing in
soil (3: 1):onta235ngDE:Td§E!mﬁp%ﬁﬁﬂﬁ?%@kl@ﬁlaﬂdﬁrﬂo%&ﬁﬂeﬂhkoﬂ}@d@ﬁﬂsﬁﬂbdmnventI on
relates to t d of sonmat.i c enbr ducti artl C r nmet hods
for the reff 6‘1’?%‘?‘)&’55%?33‘: FRORST & ’lmf?dg’ﬂtﬁ ﬁwélg‘ﬁ%t{‘ E’G%WU‘JVB&& §T°§ Mor e

speci fical bgn,slstlﬂghéa}ﬁﬂﬂ&en{peatmmmﬁlsamﬂ relates to a method for regeneration
of plants of Acacia mangiumby culturing explants of i.mmature zygotic
enbryos on cal lus i nductl on nediumto grow enbryogenic tissue. 30 Culturing
of the enmbBREFHIESS g iGURESIed on SOfTB.tI c enbryo maturation nedi um

and 26,Cct ober @QQ? Q7600 c{ggggpg m The
germ nat ed enbryos are Sﬂﬂwﬁt%%rg %Hgor?sg;rrtue to acc gn%%gg&hﬁoants or field
pl anting. Fhiée pelangd indycegabiyogspic peliys f e I&Sémﬁcﬁﬂﬁqogqn@wdlus plldaqfrfl Priest ock

useful  for jjsedion Al AABo4. Fm@;plag@t hoR s@ﬂnx%&ﬁn&ﬁ&BMﬁé&%&'n&nﬁzﬁ&er s to
- met hods wher eby enbryos are pro duced in vitro fromsnmall pieces of plant

tissue or PIHHG P‘H‘EF&‘PS Ve Hig 1C hnwing alpbplasstagesindicpted byagropihanz I%ﬁlﬂﬂé 5
because t hgié,lgrsgovd@gnemeﬁagé(mateheyg;amaurc_ 1@g,g@)et ative) tissue, rather than

fromthe sexual oces Ve et atl ve ation via_sona |c enb ogenesi s
has t A& capabi | l'gtE‘)’S? %ﬁt{g&gﬁ'ﬁwm Figght° Pe

“genot ypes. oﬁdihhﬂib&lhmﬂlheun AVege F[@ tznqdﬁloa fe@ridustehed of smaaadaibgmtxﬁatmﬁoﬁ mat i on

and nechani,zati.o alltles endo ic e S .processes
mith tho R TR 2Rk R ek 2 QCR eSB! HRAGR TR KR OF o
r ef or est at 2 shoping pogiedn stif, Fip. En@mxmmawmryofgmnhenqm axﬂ_ém,t 21 showinti on,
somatic enpg&(n%ﬁ %bgyoq{ngg&g@ tl}leﬁ process which can be divided into two.

general steps: em ¢ cal | us i nduction and (2) enbryo nmaturation.
It islpreferr e&l%ﬂ 3ArBehqy thefstdeey pf 4 misrgien saelin aopyessnesisnligh dAdsewt |

sonati C enbiiSenh. 1m@£h&9@efu?é§1d@&ius(é}) as VS LR e R A MADE M afeatedilyl dawfN A
callus i nductl on rredl um conprising a basal _ nedi um suppl errent ed w t h TDZ

and | AA,  (BYo-desstist icrlly (Priadieated by ggovgnand Prqewéiyomw| 3y Figpe of-Gihe®
conpri si ngglablha&azbqaedmmﬁw,mg IBENSh6dks Mhdaht efbeyo. a(ﬂure(rﬁ&ouﬂaﬁeu atenge £ he

enbr yos Onde?:fmscghon ccql layer; pe = proembiyonic structure; sec = subep1dﬂrmal cell; sus, suspensor; and,.

20  tde= two-daughter cell.
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
process which can be divided into four general steps: (1) enbryogenic

. cal | UWOPHYER i on, (2) enbryo maturation, (3) enbryo gecwiscaoname and (4)

conversion into acclinatized 20 plants. It is preferred to use a two step
enbryo maturation. The acclimatized plants can then be planted in the

~field. In one aspect, A - mangiumregenerants are prepared by (a) inducing
- enbr yogegigiGabl Msdidh mg@&&dl@ﬂﬂ%%@ﬁrﬂa%ﬁmmm% aﬂéﬁﬁﬁeﬂmd' um
suppl emented with. TDZ mat uring the enbryos. oil I rst

mat ur at i Bknigd Themetbods W@II ﬁ'gteé f%r uctﬁe@lpwla@tmsmoem@é@rmfmstm (c)
mat uring the BObENRS b9 BoRarR ChBH B UERL PRIRE Wﬂ@eﬁpéﬂﬁfr}o%'a&g;lr@du%

nmedium (d) germnatihg the nature enbryos on germ nation nedi um conprising

a basal . viedrommalicigees ofplank figeue erindivideal eellg&hmewétyeda:p Irefprrest o As gooiati¢ ng

soilg t qggﬁ Suatic
enbryoge%ﬁ%?%ﬂ%¥&%g§%kgﬁ%%§%%ﬁ%@%@é?ﬁﬂwaas ac eve rom géﬁ‘dg I nduced
fromi M@WVWW@WOMM@MQ&% hesdiicrapabilisy tosapirtead] gpndtia gaih of

;gggLB?E ﬂ?ég%gge I%%”gﬁqgé$%sparaglnéﬁgﬁgg5¥T€g¢Lk?%ﬂgggggéﬁégng%%gt|c
rydrol yssester T gl v FomEa0b s il s e 150
g gﬁg@@ ([:33 dbe RV iRWEA08, n%? for Al8restf %g&g(%eé p

procedur turing somatic e 0S on M5 nmedi um 26 Cct ober
2008 WO 01/ 9 1s0ae Mmdm;bﬁ@i E@S®t @@mﬂam, ﬁpmglcmlba@’s @vel preduerdines process)o

acti vat cak; Yo 0f I ferably
5.0 myl ?Qh@%&3 t‘é‘S‘%& ﬁ‘ﬁ’ Bl cﬁf%%omrrg&%’ff"g%%’g% Y _‘?";“ i TEE
150 ny/ | matgrtiorPtgs nsrrpdio) ruse 4 Weﬁteg erbryo iaigriionrduinsspsoinsoaiatic egbrBes agy I of

I
00" o PGk 820 Blty L0 eyfo QRS g MR Ml con il Bl | S
of gl obmnsshurempvmsntﬁbm'ﬁlﬁédndmpe(h)mﬂpgummambra@tcyla@tﬁmaemvyw&umwt h

o Bier o e g POy P ORI o SRR AL Epps O

rng/ |, mgmlabgep vmmmmalmﬁlmﬂmm Asn 150 ng/l, CH 100 ng/l G n 150
my/ 1, Pro 15Q, ggééon@eﬂb&lﬂlcﬁt%ﬁ &I ﬁ@a{l&?@égmla]u%afm PRLULE, tic

enbryos germnated 1 nto seedlings. The seedlings were culture /@ basal

nmedi um IBodused BY Aipsepessowhich cat b%émde% &ty fipe ae:@e%s@ﬂs p(h)y@xa@meampaﬂmn
transf eringibe ﬁ%b%ﬂﬂ thatGABS, $3)RfRe ﬁﬁ%on,saﬂh 0 cémglcfn%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

cori-gin fhigmg & &glfacepW%hsralspee@A e e YRE G fareCﬁflsI,zHéi by 15 RNRL! C
enbryogene5|s underwent 2-cell stage,
. embryogenic callus on a callus mductton medium comprising a basal medium supplemented with

TDZ and IAA, (b) maturing the embryos od  first maturation medivm compnsmg a basal medium

~ .supplemented with GA,, () maturing the embryos on a second maturation medium comprising a
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 achieyed from callus induced from immature embryo axes on MS IJasal
ﬁlcdium supplemented with 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




proenbryo stage, globular enbryo stage, torpedo stage and6dottybes@095 st age.
Proenbryoni ¢ structure 15 was divided frommaternal callus by one
demarcation cell layer and gl obul ar enbryo connected to callus by a
suspensor-|i ke structure. Somatic enbryogenesi s has been used as the nethod
of | arg¥QMA"0pr opagation of oil palm (Huong, 1999; PAFSGEOAHS Bert ossi et

al.,. 1999) and soybean (Trick, 1997), and has been al so used in other
woody pl ants such as Dal bergi a sissoo ®oth (Das et at, 1997), Canellia
sinensis (L). O 20 Kuntze (Ponsamuel et al., 1996), and Picea abies (L.)

Kar st (V\estemaining 30994l suemye 094 dctinptsd charral, Gi5PA df oluttigoivnd 1§ mgbna ingl,
enbr yogenegieirin sfqlﬁdge/%@ﬂ%i; IS %&W%‘n@ﬁ{}\ﬁqgﬂ YRR 1&@ mp/RIRERE ARt i C

enbryogenesi s_provi thé main approach to breed hig uality transgenic

soybean pl &t Bro(1$¢ mgfh thenpggihasal frainge Wil Brepstd 835% ofiphytagel

Agr obact er iidgemematna? ChotmpANShOB IR, TH 10GhAl R 156MEL P80 nigh A @1d Sh

wal nut, pecan, and cherrgd and will be very jinportant in breeding

( Kozl ovski *ZEaherasgy Eridsr, o #9F cmhyosayeliPerite domepde apdrrawieon empyPimpor t ant
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Agr obact er mgfiy Gl dD@tngd, Glnd6E e, Pat 150nnglraay §d¥sactivated [chiadohle 1 3h biehaati ve for
breeding p .or di se | St e, .ober 2005 /9760
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followng Buteiniedd gl ollvivedye and@.36% bEphetegehapd therytrapsieriet] fayot soihtongistingelgeatr e not

i ntended tgul Lk .40 eim@g%&(pwgs eﬁ?&ﬁ&ﬁ{ob\e %ﬂg&jﬂ&gﬁg gchni ques  wel |
known in the art or the techniques specifically escrl_eJ'beIOM/are
utilized.. EXANPieogicarumlysinshewehateomatio prbmesghests was ofivgiclalb erigitefitoum VB
medi um ( MiiRgddpdRmanshn Sk 8RyoediEeainsNfE o R i en&gruﬁaémgﬁdl&ﬁ@&%@t I on
(ng/L)Sigma Cat. No. Macronutrients 10Anmoni um Nitrat eNHANO31, 650A- 3795
ot asbi U PRI RSERNEB LT 25 toDsfasiogh TG PRPEL. Froambryon s

‘dehydnat eCafd did A4 4R6maea0:s MG edmatmicnlbl B« MaSRbufl4203/6 Qdndcleb4o
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.




15Hept ahydr at e KH2PO4170P- 8416 Pot assi um phosphat e nonob@8iQctokenZ0e® ous
-FeSO4. 7TH2Q27. 8F- 8263 Ferrous Sul fate Heptahydrate

- Ci 4H14N2OBNa2. 2H2037. 3E- 6635 Et hyl enedi anmi ne-tetra- 20acetic acid

- (EDTANREBESN) M eronutrients Potassium | odi deKl 0. 83PPETSCOHOILE

Aci dH3B036. 2B- 9645 Manganese Sul f at eMhSO4. H206. 9M 7899 25nonohydrate Zi nc
Sul f at eZnSO4. 7H208. 6Z- 1001 - Mol ybdi ¢ Aci dNa2MbO4. 2H2C0. 25M 1651 ( Sodi um
sal t:di hydrate) CuSO4.5H200.025C 3036 Cupric Sul fate 30(Pentahydrate)
Cobalt Chl ori deCoCl12. 6H200. 025C- 29 EXARIM§&Si c Reagents
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5 EXAMPLE 1
| | Reagents and Culture Media
A. MBS basic medium: MS medium (Murashige and Skoog, 1962)

Name Molecular formula  Concentration (mg/L) Sigma Cat. No.
- Macronutrients 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,.7TH,O 27.8 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 3.6 - 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 B1) Cp,H,,CIN,O8.HCl 0.1 : T-3502
Pyridoxine (Vitamin B6) ~ CH;;NO,HCI . 0.5 P-9755

Hydrochioride




NameMol ecul ar formul aSigma Cat. No. L-Ascorbic acid (Vit&6iQct@)eC@PBE6A- 2174
Casei n Enzymatic Hydrolysate (CH C 7290 5 L-d utam ne (d n) C5H, oN203G 9273

- L-Aspar agi ne nonohydrate (Asn) CAHBN2C3. H20A- 4284 L-Proline

(Pro) CSHONO2P- 4655 SucroseS-5390 C. Plant G owth Regul at ors 10NaneSi gma

Cat . No.WQOUITOch| or ophenoxyacetic Acid (2, 4- D) D- 8407 PCHi6P&00BW0acet i ¢ Aci d
(1 AA) 1- 2886 a- Napht hal eneaceti c Aci d( NAA) N- 0640 1-Phenyl-3-(1, 2,3

t hi adi azol -5-yl ) Urea (Thi di azuron, TDZ3P-6186 156-Benzyl am nopuri ne
(6-BA)B-3408 Kinetin (KT)K-0753 G bberellic Acid (GA3)G 7645 D. Agar

Phyt agel ( Sifyrfdthe QrgahioBeddents P-8169) 1 E. Media for callus induction' AM5
MB + 2,4-D 2.0 mg/LN KT 3.0 nui L 20AWh8aidFoidnui 4 D 2. Qoma Bk lot KT 0.5 ng/L

AM7 MB + NAA 2 Q il g) mg/ L AV BV ¢ NAA 2.0 ‘Tiyldss4 KT 0.5 mg/L AM
14M5 + 2, 4-D 0. &, fiph ,é o T L25AM§2N5+24D027290ng/L+6BA10

mg/ L A 27MB + NAA mL+6 Ongéh _31M5 + N@fy835 ngfL + 6-BA
1.0 my(L AMm 230;5@£3tm§mém&o‘ﬁy&atms%) +KT 3. @‘ !—Hzﬁ'V' 231Ma.ghg2, 4-D 5.0 ng/L +

KT 0.5 ngl L 30ANPR8ANR} 2 id,- 0 Mo/ L p.agss
: Sucrose 5-5390
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-yl)Urea (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.




AM 265M5 + | AA 0.25 ngt + TDZ 1.0 ng/L AM 304NM5 + | AA 0. 26 Quigter 20DZ 2. 0
.nmglL AM308M5 + |AA 2.0 ng/L + TDZ 1:.0 nglL ' Al nedia al so contai ned CH
100. nmg/L, Ve 100 ny/L, G n 150 ng/L, Asn 150 ng/L 35and Pro 150 ng/L,
phyt ay€1 017@®% sucrose 30 g/ L, pH 5.8 after autocl avi pgT/S&H0EELIODEr 2005
WO 01/ 97600 PCT/ SGOQ' 00110 9 F. Media for Enbryo Maturation and

Genni nation' AM 423 %6 + sucrose 30.¢ ny/L AM 424 VM5 + GA3 5. OmglL +
sucrose 30.0 ng/L AM 425 VMS .+ sucrose 50.0 ng/L s AM 426 %65 + GA3 5.0
g/ L+suck OfRdia Gor EntiRyoMatiiidtbanhd GeMrindida®3 2.5 ny/L + sucrose 30.0 ng/L *
Al'l nedia also contained CH 100 ng/L, Vc 100 ng/L, G n 150 ng/L, Asn 150
my/ L and PréMiB3 ng/ L, phyt d6M5-i05ue09¢ 30Lmefat ed charcoal 0.1% pH 5.8
after. aut ocl V424 G SedMBrigads /L (meosa G mgli on) 10 9%R2MS, sucrose
20.0 ng/ L, OABE#Sphytagel H. “MErswpruss Wl welPeat soil:white sand 3:1
EXAVPLE 2 Phlt26nat eri &S ¥33455e0 medl hakfossii@g/lol d i nmat ure green pods
wer e col | ect &W-4670m t weHMS ridi4.e. hingh tagiaiose 30.0 mgtangi um W 11d trees at
Sci ence Par k ' BilinvesliacflsoSbwigiagbCl 10Gnedn Ve detlme e Gin 15omid/Y, Asol 5t r om
pods anchnddsh B m/L phgtagat DBe%datibhtad dateoalioZet] pHB Siftet datbRD)ingd- 5 ti nes.
After .green seeds were surface sterilised with 30% market clorox bl each

- (NaClO for 5 mnutes and washed with sterile ddH2O 5 tines,.the seeds

- wer e st ef. St Gyaiin(Aettinufifatib®h HgCl 2 for 6 mi nutes and washed with 20
sterile ddH2Q.5 tines. Seed coafs. were renoved with sterilised forceps and
ent®yos were/T@%Is‘éﬁ“ésﬂ?OEEWg{r’f%’%é&@é’m@éA) (Fig.1A) were gently separated
with sterile forceps and used as explants for enbryogenic callus

i nductiqn. EXAMPLE 3 Culture Conditions Al nedia were adjusted to pH 5.8
~after adtotPRPPAYISR 121 C for 25min. Plant growth

Peat soil:white sand 3:1

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, the 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

embryogenic 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 zmol.s'm?, with16 h photoperiod
and at 28° C. : '




regul ators tested in experinents were added into nedi a aRé@&ctabet Béd5avi ng
but ot her additional substances were added into nmedia before autoclaving.
Al'l cultures were mai ntained under the warm white fluorescent lights at a
range of irradiance of 23.41-26.01 Fznol.s''nr2, wthl6 h photoperiod and
at 28 Gvo269®mt ober 2005 WO 01/ 97600 PCT/ SGOQ 00110 201AQ000EXAVPLE 4 t om
"Enbryogenic calli were fixed in 2.5% gl utaral dehyde in 50nM pH7. 2 sodi um
phosphate . buffer at roomtenperatuge overnight, then dehydrated through
a graded ethanol series 20% 30% 50% 70% and 90% sequentially for 20
mnutes thrice, at last in 100% etERagMlLE4%r 30 winutes thrice. Al tissues
wer e enbedded in plastics (Leica pl gl' enbed Kit) and were sectioned at a
t hi ckness of 5-10m All sections were ained in 0.025%tol uidine blue for

1 mnute, drieBubpogegicsalli ey fredn W%H‘“BF’X‘@'@BDH)”“W7%¢H“H@EPS%GH a |light
- mcr OSCOP%L{fﬁﬁkﬁ@&ten%M@b@n%hgﬁﬁﬁﬂ%&d}ﬂe %&l&%&d&i&faﬁzﬁ%mm)yogem c

calli were treated with liquid nltro exam ned by scanni ng el ectron
i cr ostopy Uf/ﬂ§ﬂ7ﬁ’5@§@ﬂg@scqyﬁﬁf"ycf@h@dﬂ’9 “f@’f?&r‘?} B0 280 R0 lEEni ¢ Cal | us
i'nduction tlﬂéceEAﬁ Rk Lwaeibhbeied nf;msu&smxda@mtﬁ&mwmsabaﬁak sd&ﬁﬁbdlifla( Mur ashi ge

and Skoo ed with lff t growth
regul at o?s lf B?@Bb%geﬁg??éwt?s%egw §f% "?C"?ng Eﬁ@ agb(@% 592 0

nmg/ 1) and BoBRd vith DP 8 (BDHpAnd eyanfitdAuider zﬂlghlgﬁlﬂr))scmeﬁsaBA (1 0 3.0 ng/l), NAA
(0.5-2.0 ng/l) and KT (0.5-3.0 ng/l) or IAA (0.25-2.0 ng/1) and TDZ

(1.0.2.0 ng/l). Each experinment was repeated twice. A total of 90 enbryo
axes were tested for enbryogeni c dHAMB-EZ0 i nduction on each plant growh

Tegul g or conbination. All n%gmnggggﬁjn@ggoﬁ%ﬁorbi c acid (Vvc) 100 no/1,
~asparagine (Asn) 150 ng/l, casein enzymatic hydrolysate (CH) 100 ng/l,
gl ut an ne. (Q nFmbgeeeniggzlli Wcr&ﬁ@t‘?ﬁ‘r"aﬂ%hﬂ@d pipeasy. adexamigid by wersingskect®g g/ | and

phytagel Onidfadosl rsmismob il mopXRes an), |t Was reported that the initiation
of somatic enbryo productl on fromcallus occurs in the media containi ng

- high concentrations of auxin or a high ratio of auxin to cytokinin
(Kozl owski and 25 Pallardy, 1997)EXANoEEGer, in A nmangi um somatic
enbr yogenesi s, green yellow sh .and friable, .
15 EAs were cultured for two months on MS basal medium (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
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The Effects 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
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~ correspenisioimsopver age results of three replicates. Theegatdaonasi on of TDZ
(2A ng/1l) and I AA (0.25 ng/1l) 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 egy Y0kt I 18vev ,@a&)ﬁciﬂ%-@&clﬁﬁl&m @&a%ﬁ&%aﬁﬁgéeléﬁ%g@?i?@i ning | AA
0.25 np/I to and TDZ 2.0 ng/1 (AM 304) were cultured on V basal nedi um
suppl enent E& apf ispropdag) Pty rbryes feymsd itdgatemigyos YT kepiclPegseon Ue samd no/ |,
Asn 159 MOfpluctibdind@@n. MYerhatic %E%&@ulﬂﬁét'deveﬁb Gorwa tdBierlstaged NYhBIR wad) . 35%
(g/1), and activated charcoal 0.1%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 a it enbryos for each nmedi um
combi nati on. Seedlings ioh @ diasal nmedi um cont ai ni ng
sucrose 20 gll G?b%ularmélmlbryos (Figs.1B-C) induced from induction medium 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

ot and%ely

f1E1TLe

(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}.




as phytagel 0.35%and cultured for two nonths before bei 2§ QatebesPeds ed to
.pot soil consisting of peat soil: sand (3:1). The nmaturation of the
somatic enbryos was in agreement with the results from others that 20
mat ur' WO YH7 %és very inmportant in plant regeneration viZCH3HH

- enbryogenesi s (Kozl owski and Pallardy, 1997; Huong 1999). Two steps of
mat urati on procedure were used for sonmtic enbryo maturation. Firstly,
somati c enbryos were treated in nedi um contai ning 0.35% of phytagel and
2.5- 5.0 ng/l of GA3 (nmaturation nediabm?AM 424, AM 426, and AM 467) (Table !
2).. Secondly, somm nbr Pag:! d on d|a cont ai ni ng 50 5
g/l of sucrose and % %@%‘fﬁo‘rﬁg‘ﬁw\ﬂ‘% fliagn r‘% E"hg W B AM 425) for
desiccation. The treat meidcatvn nigdth um AM 424 foIquwakﬁnfgmhhhﬁaﬁmgbonnted
42.33% gl obul ar somatic enbryos to devel op i nt rddacipe@epeds shda@iyiedodon
enbryos (Fig. 2A; Table 2). 26 COctober 2005 WO 01/ 9¢dhmilic BRb~SEO0 00110 13
Tabl e 2 the Neffects BhsaDi ffe}ﬂltm@/gdlsm@@e@qjmtlc Enbryo Maturation
Freqgency of ngl obul gfedmmbr yos Maturati on nmedi aproduci ng torpedo and

cotyl edon sgppfisc emany®s' $Medipa Basal $6A3 (ng/ 1) Sugrmses.é9/!) No.nedium
CAM 424Y2 Vs 473042,,384 3. 65 As4679%2 M. 5 3018. 67614.87+6M1426112 M5 5.0
5026. 678. 335HM2423 Y2\ 0 300 3QAM 425V7sgVB 0 500 ' %4 grars SD); data
correspond fgr@veraggpigsults of three rgplicates: Furthgr devel opnent of

gl obyl ar sogptisg enbyyps to torpedo staggy and cotyl edon gtage was not
observed on the maturati-on nedia w thout GA3 (AM 423 and AM 425) (Table 2).

These re%mﬁg&a&c%@&mt,@mmw& enbryo. mat uration. Qur

results were opposite to t 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 experiment, somatic embryo maturation was

completed on a relatively high sucrose coﬁcen’(raﬁon. 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 Maturaﬁoﬁ 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. ' |
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20 3Dj). From proembryonic structure to globular embryo, one suspensor-like structure formed at the

base of globular embryo (Fig. 3G). On the induction medium, embryo development stopped at heart
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
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~--the light of histological analysis, it is believed that the outer daughter

cell devel oped into epidermal cells of somatic embryo 15 but the inner
daught™& 0183598 devel oped i nto somatic enmbryo body. H st BCEGEYPOLRCt | ons
-al so showed that sub-epidermal cells next to epidermal cell did not form
somatic embryo but their anticlinal d%vision forned a denmarcation | ayer
cells to divide somatic enbryo and nmaternal,k call usgé giwgs 3G . Q§. This

st r uct ur gerginatedto seedlings with af, e igeripnagy s (ieythiaEo ¢lopeated hporetsér nal
cal | us tgy,g¢! B&ﬂé &@&ﬁﬁ&'aﬁdﬁ%wﬁe@a%mg&mbm@@ At PinhRS leafdokBbkion

demar cati1on ce l'ayer in this paper 3D). From proenbryonic
struct ur@ut@owe@bwaalm serdings Somaiic embsyes N@bl‘helﬂf-‘f?@mgﬁa l?éﬁfﬂméﬁﬂ%?‘ﬁé@ﬂla‘ﬁ t he

base of . HR& OAvidBSH
‘devel oprr‘%‘rjljt8 Q%{c’ﬁ %gi% (P%efa%c%dl%%hﬁg&st aggh)r(}%éﬁ&IL jgb Fi g%g?f)sgﬁgryh‘%ﬁg
mat ur at i mmmglembmoam@nhgymled@mtdop gf Mrfhrep@omeéﬂtpmu@mw% ngtFi g.

2B) and cot X Eed n os (Figs. 2CG-D). In conclusion, sonatic
enbryoge%eey Sl Ot8erwer§é two-cell stage (Fig. 3C), pr oenb'r,yo stage (Fig.

- - 3D), globular stage (F| gs 25 3E-Q, heart'stage (Fig.- 1D, Fig. 3H),

t or pedo stag edon

Somati c Enbr;e/‘gé'l: riﬁlvena I on %n%#osegglna ife en% h&ﬁm% naﬁ%%&%ed

- radi cl e éppigatiembodilnypoafthyinveltiondaib todre mddstoom&atfﬁmhsclq[sumnmmebm
expansi on... Onl y thgse, mat ure .somatic e . radicle,. .30
hypocot y%! il Yee‘aglﬁftgﬁ‘ﬁmtaﬂjém TP Th: gt‘%n lelpe&tha} %aLg%su- S nat e
i nt@ freschitsititge sl in fig:sary, Withia. theldpirit GF the@ivehtien medha sopt\fARdampondedi ni ng
- GA3 5.0 no/l, 11% of somatic enbryos 26 October 2005 WD 01/97600 15

PCT/ SGO¥ 110 germnated to seedlings with root, the first pinnate |eaf
(Fig..4A, arrow), and el ongated hypocotyl. Sonmatic enbryos with radicle

and hypocotyl el ongati on but w tEout tge first pinnate |eaf formation

could not germ nate to seedlings: ryos with the first pinnate

_| eaf f or ABdleRITREHss)VFT StQU {19992 Qg &Cetl] TG Akil ORg. Cad1lSd:sBa7y escued by rooting
m cr opy opagat i on nor enbryos |jke t somatic enbryos with big

SI ngl e c&%géﬁ(‘ﬁlb @fl roRical Eoresh fe€€F££@4f% ctures coul d not

ger ¥ nat gk NP sSQeM) %ﬁm&fmrﬁag&ms hﬂ&&%ﬁbﬂ:&ﬂu&hﬁ&r eRg insthesleasednigirt hi s

~ patent appli gati. on BibtebtoRipd ik Aghivutidieatitbabdi§. 3QfSdalaE Bhibesbeeidapdinaent s Of
the inventi OBy thidd Sed Q. wpq;ag rﬁlgéivéﬂag -jg5ge$.osure is intended in

odi 1 Eiéqyﬁﬁ%l\ﬁn(ﬁ%ggré&? 7 fffe%re,egﬂ?@%% Bhose ski1ed in the art Twthin §he
spl rit ofaylileM. (MOBB) qg,aemd,ﬁkhr@p@ﬁa@escm t he appended
| 20 Bhaskan, P. and Subbash, K. (1996). Indian Journal of Experimental Biology 34: 590—591
Biahoua, A. and Bonnean, L. (1999). Plant Cell Rep. 19:185-190.
Chengalrayan, K.et al. (1997). Plant Cell Rep. 16:783-786.
Das, P. et al. (1997). Plant Cell Rep. 16:578-582.
Galiana, A. et al. (19918). Plant and Soil 135:151-159.
25 Galiana, A. et al (1991b). Plans and Soil 135:161-166.
Huong, L.T.L. et al. (1999). Plant Cell Rep. 56:1-7.
Hutchinson, M.Y. (1997). Plant Cell Rep. 16:435-438.
Jalonen, P. and Amold, S. V. (1991). Plant Cell Rep. 10:384-387.

Kozlowski, T.T. and Pallardy, S.G.(1997). “Biotechnology.” In: Growth Control in Woody .Plant.s',
30 Kozlowski TT, Pallardy S G (eds), Academic Pms, New York, pp436-479 '

- L, C.Y. (1993). In Vitro Cell Dev.Biol. 25P:92-96




- clains. List of References Ab erlenc-B erto ssi, F. et abgdddePreos ant,
~Cell, Tiss. And Org. Cult 56:53-57. Ahnmad, D.H (1991). Journal of

Tropi cal Forest Science 3:204-208. 15 Bajaj, Y.P S. (1995). "Sonatic
enbryogenesis and its applications for crop inprovenent." Chapter 111.1.

| n: Bi sweeaiaboogy in Agriculture and. Forestry. 30. Bomsgamofmzbryogenesi s
and Synthetic Seed. L (Ed: Y.P S. Bajaj). Springer-Verlag :105-125.
Bayliss, hL (1998a). Asia Pacific Papermaker 8: 19 Bayliss, M (1998b).

- Asia Pacific Papermaker 8:64 20 Bhaskan, P. and Subbash, K (1996). Indian
Jow nal ofMdhepe . mehi(HI92)BiloVitg FelBRevaBgl. BRW2-178) ahoua, A. and Bonnean, L.
(1999). gﬁi@ﬁlerc@hl anﬁegguer%%%ﬁ)@l)]-%ﬂrMQW'ﬁyan Ket al. (M). Plant Cell
Rep. 16:7 Plant Cell Rep. 16:578-582.
Gal i ana, AurgshigeT- aﬂ(i%%alj (l9ﬁ)aﬁ{“ysahﬁla§dlsl47%té%’ 151-159. 25 Galiana, A. et

at (1991beufohé ic.3nd. (Bl T39§5 ilodBh7sadsong, L. T.L. et aL (1999). Plant
Cell Rep. 56 1- ng | . . Plant Cell Rep. 16:435-438.
dal onéu, P Beiﬁlr“r‘iglrﬂg% ‘?/’”Cf @1}9‘5@%% Cel | Rep. 10:384- 387.

Kozl owski ,Rakeh] JPaachiPabscar dplantSegondrdi®B Bom #Bhcotuligian of sgheatt by som@Beowt h

.Control in Wodyprfdgariis’, In: 84! Gdzreows 15dmalit CelPebeticshf FEnG Yol d K (edbadeni ¢
Press, New YorkgadquodB@ssAVSv Ydrki ppQ7¥10.(1993). In Intro Cell Dev Biol.

29P: 92- 96@@&@&3&:@%&&'\8@%97}5)99?5{5}}}};@@@5}&@1;10 16 Mathews, H. et al.

(1992). 28:172-178 M chler, C.H and Bauer, E. O
(1991%. PIRehinso8cG. (19990 Nermeiotechraless'Fi HS0- T. and Skoog, F. (1962). Physi ol .

Plant 1. 5{615336419&@(1"9‘953*1@!&%,&@2% cfhtioﬂé cuk, 1%} 285Theor . Appl . Genet
75: 30- 36. Ponsat nuel al, (1996). PlLant Cell Rep. 16:210-214.

Ranch, J. Fsed%%%l etak @@%)A”‘”W‘%IPWP@&%WFI &f*from tissue cul tures of
soybean bysisRsmINSL (108 YRBRIG Hinralia, VoL, 1, Selshn Fakkishess, ppaatl Somati ¢ Cel |

Genetics Ofornls:)sltt?éggnsﬂcul a?nid lO“!ens,IS\T.(!.e(%%b}. J. fﬂ‘ﬁ%ﬁ"ﬁ%ﬂ&ﬁ&‘i?@ , New York, PPp- -97- 110.
15 Toshihiro, O. and Sonoko, T. (1999). J. Plant Physiology 155:110-113.
Trick, HLN. et al. (1997). Plant Tiss. Cult. Biotechnol, 3:9-26.
Tsai, L.M. (1988). Journal of Trapical Ecology 4:293-302.
Tefira, T. et al, (1998). TIBTECH 16:439-446.

Warren, G. (1993). “The regeneration of plants from cultured cells and tissues.” In: Plant Cell and
20 Tissue Culture, Stafford A, Warren G (eds), John Wiley & Sons, Chichester, England,
pp. 82-100

Westcott, R.J. (1994). Plant Cell Rep. 14:47-49.
Wilde, HL.D. et al. (1992). Physiol. 98:114-120.




“a maturation nediumto form

Rao," G V.R and Prasad, MX V. (1991). J. Plant Physiol. 280ctdb2b2@&®7. 10
_Robinson, C. (1999). Nature Biotechnology 17: 27-30. Rout, GR et al.
(1995). Plant Cell. Tiss. and Org. Cult. 42:283-285 Sedgley, M et al.
(1992WO np3€08i al i an Journal of Botany 1:37-48. Si nmmonsPCMs&bo/(i87).
Acaci as of Australia, Vol.1, Nelson Publishers, ppl-31. Sornsathapornkul,
P. and Omens, N.J. (1999). J Plant Schy160: 229-240. 15 Toshibiro, O and
Sonoko, T. (1999). J Plant Physiology 155:110-113. Trick, H N et al.
(1997) . ®RmisTiiggMBII IS: Bi ot echnol . 3:9-26. Tsai, L.M (1988). Journal of
Tropi cal Ecology,4;293-302. Tzfirg, T._.et al. (1998). .TI BTECPI| 6: 439-446.
Warren, G:. (f@‘g%%l‘.’d ‘%Tﬁlgpz}f@&éﬂ‘&?%fiﬂ%ﬁwéPﬂgfagﬁ{@”%’f‘&ﬁo % ed cells and
tissues.” In: Pl agteulering af@iglantéh chitdIntRctdalnedinm, to filade b@bgogdnic\dilus et G
(eds), John Wley & Sonf, Chi chester, England, pp. 82-100 Westcott, R J.
(1994). PI amgl%%{efﬁw ojatippi s Wi de, H D. et al. (1992). Physiol.

98:114-120. .26 CchyRRiringQébuiPebly3y SODmAthraltéalh &EuH (ORI oA EmbiSo LAl MED
IS: 1 A nmethod for preparing somatic enbryos of Acacia mangi um conpri si ng:
a) culturing an explant on callus induction nmediumto induce enbryogenic

cal lus and. '[ﬁé&Qﬁb@.&f@é}ﬁf?%&@ﬁl@{disﬁﬂ{m%ﬂﬂp@s;cm turing gl obul ar enbryos

on a maturation nmediumto formsomatic enbryos. 2. The method of claim 1,
wherei n ‘sai-d st epb¥ syltsingglibglagembpryes qua frsimpatgatorapsdivgy 2 nor yos on a first

mat uration medi Unggegkudde Mellthysiond stddfid RHRfYEPmeud. Second matur ation
medium 3. A nethod for regenerating Acacia tnangi um conprising: a)

cul-turing an explant on callus induction nediumto induce enbryogenic
cal lus and gl.obil &, SOREYENE QLR 3 iPdontprbihstr i N the gl obul ar enbryos on
1 -EiHe éOITHtI ctg_%m)ryg%; CJ culturing the somatic
enbryos on a ger r)raturingameaianinntcaliys indueion medign feindace embryegsail pallysand
T globular embryo formation;
b) culturing the globular embryos on a2 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.




4. The nmethod of claim3, wherein said step (b) conprisess bddpbsr@obsr i Ng
gl obul ar enbryos on a first maturation nmediumand b2) culturing the
enbryos on a second maturation nmedium 5. The nethod of claim 3, wherein
the regenerated seedlings are cultured on an acclimatizing medium 6. The
met hod afoel/aeem 4, wherein the regenerated seedlings aresGalohiaoed on an
acclimatizing nedium 7. The nethod of any one of clains | to 6, wherein
‘the explant is an immature enbryo. 26 gctober 2005 WD 011976. 00

PCTI SGOO 00110 18 8. The nethod of claim7, wherein the callus induction
“medi um conpg.i saslehﬁhht&ﬁ“ajmmdhdﬂmmsupwmmmmump@esmwéaamemm b)

i ndol e- 3- acetlc a n enz. i d rbic acid,
6) L ol ut art e st m,,fmgggq Bl y@me.acafc%&a RIS Smg&cadzgs@%@ephyt et
9. The net hod @loL@tca:bma&;i,e%bgh@mmﬂﬂf@%ﬁ@d%ﬁﬂ&%)Lm@uvtﬁ)@mqm@idulmhmerbr| ses 1.0
rug/l to 2.0 mg/l thidiazuron and 0.25 ngll to 2.0 ng/l indole-3-acetic
acid. 10. The method of claim8, wherein the first maturation nedi um
conpri ses 98-V Thamathodnfdionfh wheisphemiinyindeption eadingcomprisesd lera/ite 2. 4Bl  b)
casei n enzymat '@Mn%ymxﬁgmg)zolmgamelehla&nagauﬁ d) L-glutamine, e)

L- aspar agi ne, proli ne ) sucrose, -h) activated charcoal and i)
phytagel. 11. The nethod of claim 10, wherein the first maturation nedium

conpri ses 1%0 5Thlmé Jllettlﬁi 0B cifdm 8l eheirGhd¥R4: bhnta @ona@éﬁdn adﬁ(im&Q‘/zg:fS baEaﬂ)m&ﬁur@/ | 4
sucr ose. e net ein the secon tion medium
conpri ses 9% NS“H?EF?&P“‘P‘H@H‘? %fhtie?ﬂj‘ﬁﬁ‘f“é\ﬁ%ﬁ‘@ﬁnwlf‘% bﬁ;“’%ﬁ ef IhRstS ¢
hydr ol ysate, b)) i~geeoinhi ¢ aspdagie) f)LL-pglind} gndutrese, H))adhv:asslp&mgalmad e)
L-proline, f) sux%égs%h g) activated charcoal and h) phytagel. 13. The

e

met hod of cl ai M rein the second maturation nedi um conprises %2 M
basal = nedi um suppl enented with a) casein enzymatic hydrol ysate, b)

L- ascor bi ; 90' e Skt ofl lla%%u@l@fmg%%}e)dr ﬁ.g@ggaﬂ%gaa% SptisePs lofi 5.

sucr ose, activ ar codl e net cI aim 8,
wher ei n t_he gema’lmalerebnaﬁémdl}ﬁﬂ@@rﬁﬁrgﬂw@SWQ MS basal medi um suppl enent ed
Wi th a) gibberellic aci d b) casein enzymatic hydrolysate, c) L- ascor bi c
acid, d) L-glutam ne, -asparagine, f) L-proline, g) sucros

activated &har é@émeﬁ‘ﬁ‘él"f qle)lmﬁhyfe%'ahe sqoepd mpfentinp mpdien egmRgises ﬁMfAP er ein
t he ger M nat i OneAREN hPPIGRINRE S8 S) dasdin Ef&_//ﬂzaﬁﬁ QydRolfkatd D) IL-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.




gi berellic acid. 26 October 2005 WO 01/ 97600 19 PCTI SGOO28@ictéberizeoset hod
of claim 10, wherein the germ nation nedi umconprises' M basal nedi um
suppl emented with a) gibberellic acid, b) casein enzymatic hydrol ysate, c)
L-ascOYDPEI%BY d, d) L-glutamine, e) L-asparagine, f) PEPSGhd/emio g)
sucrose, h) activated charcoal and i) phytagel. IT The nethod of claim 16,
wherein the germ nation nediumconpriges 2.5 ng/l to 5.0 ng/l giberellic
acid. 18. The nethod of claim 13, wherein the gerni nation nedi um conprises
"A M5 badéal nHeinkthodsfidpibeltpwhaen thie brmitation inbtive bdmgrisech: $4S bgsaloagiin
enzymati c hydrol.ysate, . L-ascprbic..acid, d) .L: tamne, €)z. ..
L- aspar agi ne, >P IXFE‘?"EF%&"@%?@?)@ (el dg@ecf’se%engg’%al“ﬁggéﬁy s@%@a%?b-%&g;hcaamq,)
phyt ageL 19. &hk-ghiginding «fL-adpadagind &) Dol @) sitosgekyradtishted Rhareshl wad
conpri ses. ZHE %/i‘ to 5.0 ng/l giberellic acid. 20. The method of claim
8, wherein tHheP Fmati zi ng nmedi um conprises '/2 M5 basal nedium
suppl enented a) sucrose and b) phytagel. 21. The nmethod of claim 18,
gegggpoggeagﬁ%e@a;@g% L Gt § Rimhination Teiiam saavisea 3.3 s o 30 Bgf e &

' 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.




