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ABSTRACT

The aim of this research was to evaluate the samatibryo of meristem culture of ginger (Zingibeficoiale
Rosc) through morphological analysis. This research dus#escriptivee method. Friable embryogenic callus,
obtained from meristem culture, was cultured onlifeation medium. Cultured tissue fragments comiteg
several globular embryoids were observed by miapgcto follow development of ginger embryoids. Base
morphology analysis, at first week it grew into sbimembryo. Somatic embryo that rise from embmigeells
were another contact via a route specific. The s@membryo formed was consist of an apical regiarhasal
region and a suspensor region. On the fourth whetyever, the morphology of somatic embryo was fedimesh the
shape of globular. It's consist of an apical regimmd a basal region.
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INTRODUCTION

Ginger gingiber officinaleRosc.) is a plant of tropical horticulture thaste value that is very useful as a food
seasoning, mix of traditional medicine, cosmetigradients, drinks and others. However, the usespica or food
and beverages remained at the highest portionjeie30% of the total volume of ginger that expoifigd]].

Large white ginger (ginger) more cultivated thae ginger others, because their farm provides skadrantages,
including the production per hectare is higher, phiee of rhizomes per kilogram is more expensihe, market
opportunity is wide open both domestically and abr@o that income received much higher [27]. Totntlee
increasing needs of the community against gingds, mecessary to do an alternative techniquesidnaty tissue
culture techniques. According to Bhojwani and Razd4996) tissue culture has great potential as ¢ ofa
vegetative propagation for plants which are revigimeterms of economic importance. Regeneratioplarits using
tissue culture techniques can be done through soerabryogenesis.

Somatic embryogenesis is the process of estahljshircomplete organ (plantlets) through the fornmated
embryonic structures from non-sexual cells wereudged to form embryos bipolar structure through @eseof
stages of development as occurs in embryogenesisivim but without the fusion of gametes [23][28].
Embryogenesis in plant gamete cells begins withgmmetric cell division, which produces a smadlpical cell
(terminal) and a larger basal cells. The onsehigfasymmetric division gives polarity in the emtoarPlant embryo
develops from apical cells (terminal), while susp®revolved from basal cells. The next cell divisieading to the
globular stage. At this stage three basic netwgskesn (dermal, basic, and vascular) is formed basetthe typical
pattern of cell division. Globular shape of the eyabis then disappear along with the start formmatad the
cotyledons (leaves embryogenic). Cotyledons ar@euelicular can provide torpedo shape embryos, artia
boundary suspensor degenerates and apical meristeshoots and root apical meristem is determinehis T
meristem will produce a adult germination struet{#0].
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The process of somatic embryogenesis different fgamete cell embryogenesis, although almost the stage of
development. Plant propagation via somatic embnyegis can produce new plants are much more becduse
somatic embryos derived from single cells so é@asier to monitor the growth process of each indiai plant [12].
Meristem cells are regenerated through somatic yogenesis, are genetically stable and not easiltated as
happened in the callus. Therefore, even thouglvits-free plants have been obtained from the sailuture, but
somaclonal variation in callus make better be wsfesheristem culture for regeneration system, esigdihrough
somatic embryogenesis [4].

Somatic embryogenesis research on ginger planbeas successfully carried out using leaf explaidscallus
phase [14], and on the callus culture of stem gifi2g#]. Likewise in other plants, for example orttaar culture of
Vilis rupestriscv. Rupestris du Lot. [21], on the zygotic emboudture and megagametoftinus heldreichii[30],

on the callus culture hypokotiCarthamus tinctoriusL. [18], on the zygotic embryo culture dfraucaria
angustifolia[3][29], on the coconut plumula culture [25] on tballus culture of mature zygotic embryos@fyza
sativacv. 5272 [35], and the culture of immature andurafbies cilicicax Abies cephalonicaybrid [17].

The units of embryogenic callus potential to becamovice of somatic embryo formation. This aggtedas a
rich cells cytoplasm and morphologically identictansition from embryogenic unit to form somatimleyos
describe the initiation of somatic embryogenes]s lbw somatic embryo morphology of ginger meristeafture
that differentiate it from embryogenic callus? Nairforms of somatic embryos will grow produce matsomatic
embryos, at the same time will accelerate the draamtd development into normal plantlets. This staiiged to
analyze the morphology and somatic embryo suspeofsginger meristem culture. The use of morpholalyic
approach can improve immunokimia method, and can plovide important information about changesiin s
during embryogenesis.

MATERIALSAND METHODS

The main material used is embryogenic callus cdrgd white ginger meristem culture and growing medihe
main tool used is invertid microscope equipped wittamera, a petri dish, and tweezers, and othrethis study,
the first thing to do is to provide materials of lgogenic callus and culture medium for prolifepatiof somatic
embryos. Embryogenic callus subcultured into aifenaition medium (MS medium + 3% mannitol). Theorstl in
an incubation chamber in bright conditions with @ \#att fluorescent lamp lighting for 16 hours eatdy at a
temperature of 2& [6].

Observations were made every week in order to mis@minatic embryo morphology. Specimens were obdemit
a microscope, photographed so that the image @ataiomatic embryo morphology. This research usssrigtive
method to analyze the morphology of somatic emiane suspensor on meristem culture ginger.

RESULTSAND DISCUSSION

Formation of somatic embryos already visible after first week in subculture on proliferation mediuvAlthough
at that time the embryo is still average size isyv@mall and elongated. The somatic embryos charizetd by
yellowish translucent white (transparent) and ekppshe outer wall is smooth and shiny agrigure 1. At this
time the process of somatic embryo formation semohstable, because it still shows the diverse garbic form.

Figure 1. The shape of somatic embryos ginger one week old Figure 2. Somatic embryos ginger age of 4 weeks
(magnification of 10 x 1). The arrow shows that somatic embryos (magnification 10 x 3)
associated with other somatic embryosthrough a channel

Based on observations, that at the stage of preyegénic, every somatic embryos were formed, onthefend
portion of the poles are interconnected with sotatnbryos to another through a channel as a lidi&tween
somatic embryos, thus forming a set of embryoswhilhinto a globular embryo. Channel that connetis embryo
with the other embryo is clearly visible Figure 1. On the surface of the embryo looks a little lihown spots
that spread, while the elongated embryo inductidren in the second week, the embryo grows and dpsekith
big round or oval shape (globular) and there is alsmall round. The shape globular embryo is mbréous and
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more visible attached to the non-embryogenic caBrswn spots that spread on the surface of thergmis also
more and more apparent after four weeks of sub@ulithis can be seen more clearlyFigure 2. At week 4, the
average of somatic embryos no longer relate amaingr @mbryos through a channel that extends, mibuggr-
shaped somatic embryos that had been attached talius.

Embryogenic callus requires the right time to d#fgiate into globular-shaped somatic embryoshis study, the
first week of media proliferation has stimulatec tformation of somatic embryos. The quantity of eyob
increases, while the shape becomes stable in glofarim until the fourth week. This suggests that potential for
proliferation of specific somatic embryo in its gith and is influenced by the composition of the med To get
the amount and speed of growth and differentiabbrsomatic embryos on ginger, required proper nmadiu
According to Torre®t al. (2001) kesinkronan embryonic development as welha quantity can be increased in
the medium MS added mannitol. This media can affeetspeed of cell division and stimulate the psscef
morphogenesis of embryogenic cells [39].

In addition to growing media, plant growth regutatalso affect the formation of globular somatidoeyo. Growth
regulator used at the time of induction of embryageallus on meristem culture ginger likely toeaff the process
of formation of somatic embryos were subculturegraliferation medium. According to Kirat al. (2008) that the
initiation of embryogenic suspensor mass frequexisy depends on growth regulators. Pescatlat (2008) also
found the presence of 2,4-D in the culture mediam ioterfere with the genetic and physiologicalgmbriogenik
culture, so as to affect the morphology of somatitbryos that will be generated. The existence 4f2jn the
medium can change the PIN protein conformatiomeigatively associated with effluk 1AA, and alteethormal
determination of the axis of the apical-basal sierambryos. Therefore, the process of proliferatbmglobular-
shaped somatic embryos closely related to PGR gatehe time of induction of embryogenic calluskdwise,
when the proliferation of somatic embryo meristamtiwre, it is not necessary media containing PGits Ts likely
due to endogenous PGR has enough available foinudee process of somatic cell division rate andiroize
somatic embryo morphogenesis globular shape. Asxptants Palm (Phoenix dactylifera) successfultjuoed into
somatic embryo within 2-3 weeks on hormone-freeiomad26]. Similarly, the proliferation of somatierdryos on
callus culture of meristem ginger. Currently embiryduction, the process of morphogenesis of girgeioryogenic
callus developed into embrioid-embrioid which shothe average elongated. One part of the embryospole
interconnected with other embryos via an interfa@d@nnel). The channel is attached to one polaé@tmbryo is
thought suspensor (as seen in Figure 1). So mavgiwally, almost all embryos have the apical regimasal area,
and the area suspensor. It is through these chmatiradlis suspected as suspensor, then embrioidadbbtains
nutrients to meet their needs, so the potentiaifferentiate into somatic embryo. According to Kaskima and
Goldberg (2009) suspensor is differentiated embry@rea in the terminal that connects the embryah®
surrounding tissues during early development ofl sBespensor plays an important role in embryoaietbpment,
transfer of nutrients and growth factors in the grab According to Fransz & Schel (1990) and LauxJ8rgens
(1997) suspensor role in somatic embryos suspéotddnction in taking and transport of nutrientgafsport
simplastis of suspensor to the apical cells gamgugh plasmodesmata, which was among the cells [9]

According to Caproret al (2009) and Arnolcet al (2002) embryogenic somatic cell initiation pracés almost
equal to that of the zygotic embryogenesis. Atlibginning of zygotic embryogenesis, the apical-basia and the
radial pattern of the tissue surrounding the emhig/aells only in the size of about hundreds ofscdhitial axial
pattern coordinate system for the initiation of eyalnic shoots and roots. The embryonic cell divioks two cells
are very different to the internal composition asubsequent cleavage patterns. The apical cell iosntiense
cytoplasm and is the site of protein synthesisdgsyvactive, while the basal cell and its descerslaneé very
vacuolization. Early cleavage stages of apical detivatives are extremely reproduce. In contizesal cells divide
horizontally produce filaments called suspensoucttires. Most mature embryos derived from the &ied.
However, the apex of the root is derived from basdk, such as the top suspensor cells (hypotigshcorporated
in the formation of the embryonic root meristem.eTéame was found in Arabidopsis zygote [20]. Arn&ld
Woodward (1988) also found on the embryonic cattukure of zygotic embryos, the proliferation ofnsatic
embryos formed from the regional of embryonic angpgnsor area. Embryonic area composed of a small
maristematis cells and suspensor area composadi®fakuolated almost lengthwise. Then accordingronsema
et al (1997) that the early development of globular grab that occurs after induction in youn@ea maygmbryo
tissue, somatic embryos were formed consistinghefapical region and suspensor region. The celtedmapical
region of small, rich cytoplasm, and active mito3ikese cells contain a lot of starch and microfeibundle. While
suspensor cells larger and more vacuolization. Higiabolic activity in both these cell types, igsavith many
organella, a layer of vesicles, and body multivelsk [9]. Jones and Ross (1989) argues suspen#srdegived
from embryonic basal cells. According to Stas@taal (2002) also embryogenic tissues were incubated! 6
weeks to contain the mass of somatic embryos, asmgbhmlogically similar to zygotic embryos. In embggenic
tissue, a newly formed young embryo each with embrglls that dense cytoplasm and suspensor cells th
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vacuolated is continuously generated by the pmalifen of embryo mass. Embryos at the globularestaij grow
to the elongation phase, which is a sign of a charfgisodiametrik to the growth of bilateral symmgetand the
beginning stages of heart [38]. At the globular grolzontained cuticle layer but not on suspensal.[3

Then according to Hazubska-Przylegtal (2008) the embryogenic tissue is different in pneportion of various
types of pro-embryogenic mass, and presence / ebseihearly somatic embryos which showed that siemat
embryos differ in embryogenic potential. This sha¥at in this study, in addition to media and PGRtdrs that
may affect the potential of embryogenic tissuehat initiation stage of mass pro-embryogenic catlubure of
meristem ginger, may also be associated with timaecting channel is considered suspensor in theyemin the
proliferation of somatic embryos, potential diffeces of embryogenic tissue can be seen clearlyguré 1. In the
figure can be seen that there are some embryo$alvat different shapes and sizes. There are sesmtalyos are
still small and elongated shape, and there are yaalihat are large and oval shaped. This showsiritthe early
stages of embryogenesis, embryogenic tissue haffeaedt potential. There are allegations that tomnective
tissue between an embryo which is considered asu$gensor is in addition to the potential to dffee formation
of the embryo, also has the potential to affectgifavth and development of normal somatic embrybss is likely
due to the suspensor role as a transport netwarks(bria) that absorb nutrients from the growinglion®. Then at
the stage of embryonic development, the storageenmmtthat accumulates will be used in certain inelia
processes during embryonic development [10]. Irs thiudy, while induction of embryogenic cells ore th
progembryogenic mass of the ginger meristem cyltilme cells undergo cell division to form the apicegion,
basal area, and suspensor area, up towards dewaibpiithe formation of globular embryo. At meristeulture of
ginger, allegedly suspensor plays a role in théydarmation of somatic embryos. But after 3-4 weegdossibility
suspensor cells are degraded so that the basalfgasomatic embryo is attached to the callusrdbee, at week 4
the process of morphogenesis showed that the sifagmmatic embryos on average globular form attddbethe
non-embryogenic callus. Then the spots that areqfahe embryo's surface, the more obvious dadwhr These
traits are thought to be a sign that the somatibrgmis becoming more mature than in the first waékr the
culture. If made schematic of Figure 1, associatitd Figure 2, it will be obvious that the age ofwéeks somatic
embryos of ginger, globular shape without suspessotion (Figure 3). According to Filonoeaal. (2000) that the
formation of the embryo cells and suspensor callsurs at the beginning of embryogenesis. Jayasagtkat.
(2003); Yeung & Menkel (1993) also found somaticbeyos derived from embryogenic callus initiatednfro
proembriogenik mass which has basic structure sisgpebut after evolving towards mature somatic ryod
suspensor structures be little or no visible. Basedhe analysis of developments that occurred dtwembryo
with suspensor, although suspensor looks play goiitant role in embryogenesis, but on the matunasiiage of
embryos, suspensor can not survive.

apical area

basal area

SUSPENs0r arca

A B
Figure 3. A. Schematic of the somatic embryo of ginger 1 week old, and B. Somatic embryo age of 4 weeks

There are allegations that the existence of sugperishe beginning of embryogenesis is to ashkestgrowth and
development of proembriogenic mass to the globestabryo stage, because suspensor cells play as@engeans
of transport of nutrients from the medium into #rabryogenic cells. Therefore, it can be said thatexistence of
suspensor structure on the proembryogenic mass ghbular stage to modulate progression from the
proembryogenic mass stage to the globular embagestso as to speed up the regeneration of pkading to the
maturation stage. The second allegation, becawséahal part which differentiate into root apicaristem was
competent to absorb nutrients from the medium, thersuspensor structures slowly degenerate irrdaesoe with
the somatic embryo development towards maturafidws, structural modifications related to the tpos of
nutrients that are not needed when somatic embggsting in a nutrient-rich environment. So thetetof nutrition
can affect the development of suspensor. Mediundlition of the Embryogenic culture can stimulate aodtrol
mechanisms of cell differentiation during somatobeyogenesis [2]. According to Franz & Schuler,9@pthe
supply of nutrients to the transmission unit cauddle been influenced by the basal cells, whichtfans as an area
taking nutrients from the cells of the callus. Téfere, it can be presumed that the callus cell® lbeg ability to
absorb the nutrients contained in the medium, taided by the somatic embryos in morphogenesis. ¢ eund
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Meinke (1993) also found suspensor functioning anlye embryogenesis and then degenerates durindattes
stages of development and no on the embryos madlassically, suspensor is the first passive rolermbryonic
development by holding the embryo in a fixed positin the seed. Based on the structure of the biodtry and
physiology, suspensor active role in the early tgment of a way to spur continuous growth of tmebeyo
proper, then normally the embryo tapping the paédievelopment of suspensor [20]. According tmRdvaet al
(2000) programmed cell death responsible for tlgrattation of the mass proliferation of embryogemien grown
into somatic embryos. Programmed cell death irsadlproembryogenic masses and embryo formati@nraiaited
processes, both stimulated the removal or reduafomost of auxin and cytokinin. Programmed celattheis to
eliminate cells of the embryo-suspensor duringghdy embryogenic. During the phase of programmedddeath
and cell embryo-suspensor showed progressive aigolyesulting in the formation of a large centvatuole.
Almost all the process of formation of somatic eyalsrof proembryogenic mass, occurred on the médiadoes
not contain or reduction of auxin and cytokinin.iSTleondition is thought to stimulate normal somatiobryo
formation and accelerate the growth and developmEabmatic embryos. This condition is also thesfubty of
activating programmed cell death so that part efambryo that no longer function will degenerateshsthat at the
beginning of the formation of somatic embryos ieded role suspensor to transport nutrients intcsthecture of
somatic embryos, but in line with the growth angelepment of somatic embryos, then suspensor witidgraded,
while the somatic embryos grown and germinated avirty the roots and shoots. Root replaces the ifumct
suspensor absorbing nutrients from the culture umedLikewise, this is likely to occur in the prosesf formation
of somatic embryos of proembryogenic mass on thgagi meristem culture, until the embryo has becoratre
and germinate and grow into plantlets strong. Wtiike suspensor region of the embryo begins degrddedg
proembryogenic mass changes to form globular seneatibryo. There is a possibility that the statehef media
that does not contain PGR can activate programnediddeath so that when the growth and developmént o
proembryogenic mass heading to form mature soreatlaryos, while the suspensor area began degradeah be
seen a change in morphology in Figure 1 to fornbglar embryo in Figure 2. In Figure 1 is shown tékationship
between the suspensor region with the young emftyen in Figure 2, in line with the growth and deywenent of
proembryogenic mass seen that somatic embryosrwits part suspensor again. Larssbral. (2008) also found
the polar auxin transport model is important formal embryo development. Model, that where auximassported
out of suspensor cells to embryonal masses duninthe embryogenic early. The transportation iy weportant
for the development decisions of embryonic celld anspensor, and affect both the amount of progeanoell
death and pattern of the embryo.

Apcal domain

Embryo proper
Bassi domain =)

Suspensor

5%
~ ‘.:'%;“54 5] C

%,
4 %

Figure 4. The process of formation of globular somatic embryo at the proliferation stage of proembryogenic mass. A: Embryoswith its
suspensor, suspensor absor bs nutrients from the medium without PGR, istransferred to the embryo is marked with a dotted lineis
green. The condition medium without PGR is able to stimulate mass proembriogenik proliferate, differentiate, and mor phogenesis. In
linewith the process of differentiation, the embryo produces hormones result in increased concentrations of growth regulators so
regar dlessto suspensor (indicated by the dotted linein red) resultsin degraded suspensor. B. Embryoswith its suspensor started
degraded. C. Globular somatic embryo without suspensor

According to Umehara and Canada (2005) embryonieldpment is regulated by suspensor that connéets t
embryo with the donor network. Various factors stimmt and inhibition is associated with the intéi@at between

the embryo and its suspensor. There are two wayomimunication between the embryo and suspensamgdur
early stages of embryogenesis. Suspensor provittemis and growth regulators in the embryo. Irdtethe
embryos are releasing negative regulator for tapgie potential of embryonic of the cells suspenBagradation

of suspensor development will provide a place foe tlevelopment and maturation of embryos. Zhang and
Somerville (1997) also found apical cells and thigrivatives are usually suppress embryogenic piatest basal
cells and derivatives during early embryonic depaient. Thus it can be stated that the processrafdion of
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globular-shaped somatic embryos at the proliferasitage of proembryogenic mass of embryogenic alllture
on the ginger meristem, can be seen in Figure 4.

CONCLUSION

Somatic embryos are grown and proliferate of thérgogenic cells induced from embryogenic callusmeristem
culture ginger. At the beginning of the formatidnsomatic embryos, these embryos have apical repasal area,
and the area suspensor clear. The embryos diffaterib form globular, attached to the non-embrydgeallus.
This callus plays an important role in absorbingrieats from the growing medium, then transpordhe growth
of somatic embryos. In the fourth week, normal siianambryo morphology on meristem culture gingerais
globular shape which consists of the apical andhlbparts. Every cell in proembryogenic mass of giveger
meristem culture has a different potential in défgiation and morphogenesis. It can be affectedanypus factors
including; medium composition and growth regulatoesther at the time of induction callus or indocti
proembryogenic mass.
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