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substances derived froguerRAEO Aepent only in

speci fic organs of plants in sma anounts. Fourth,

envi ronnent al probl ens associated with the destruction

BI nature are involved. Fifth, . .
ants have been used as food resources in the past, but the meaning thereof is

currently expanded to include a source for a wide range of chemical substances,

including drugs, perfumes, pigments, agricultural chemicals and dyes.

Particularly, because most useful substances derived from plants have physiological

activities, including antiviral, antibacterial, anticancer and antioxidant activities,

plants are considered as ideal resources which can be developed into novel drugs,

and active studies are in progress to elucidate the relationship between the chemical

structures and activities of many plant-derived substances.

However, physiologically active substances are difficult to develop into drugs, and
the main reasons therefore are as follows. First, the contents of physiologically
active substances in plants are very limited. Second, the growth rate of plants is
very slow. Third, physiologically active substances derived from plants are
present only in specific organs of plants in small amounts. Fourth, environmental
problems associated with the destruction of nature are involved.  Fifth,

physiologically active substances derived from plants have very complicated
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causi ng econom ¢ probl ens of high production costs.
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If plant cells are used in plant expression systems, tissues which differentiated from
the plant cells, for example, leaves, stems and seeds, are permanent tissues whose
cells no longer divide. For this reason, a de-differentiation process is necessarily
carried out in advance in order to convert the tissues into a cell line having the
ability to divide. The de-differentiation process means de-differentiating a tissue
or cell, which have already been differentiated so as to perform specific functions,
when a plant tissue or organ is cultured. However, during this de-differentiation

process, serious changes in the cell line can occur due to somaclonal variations.

Particularly, the production of useful substances through plant cell culture can be

industrialized, only when rapid cell growth and high metabolite productivity are
2
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variations. Particularly, the production of useful
substances through plant cell culture can be
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of plants. Specifically, there were studies in which

pl ants such as nmai ze were used to study the
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apinalemeristegenwiere shiltyradhin media & dbvelop iintusgotsnblutt there was no
isolati. . . . . .
clexsa?npalellgnwhlch, among various tissues of the root system, including root cap,
vascular tissue, pericycle, endodermis, cortex and epidermis, only the quiescent

center was isolated to establish a cell line.

Thus, the quiescent center is genetically the most stable tissue, and the isolation
thereof makes it possible to study the development and genetic origin of plants.
Accordingly, there has been a need to develop a method for isolating a homogenous
cell line from the quiescent center. In recent years, the field of stem cell biology
has newly emerged, and many experiments associated with stem cells, including
studies on signals involved in developmental processes, have been conducted.
However, in the case of animals, methods for isolating and culturing stem cells

have been established early, whereas, in the case of plants, there is little or no study
3
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cell line fromthe qui escent center. In recent years,
the field of stemcell biology has newly energed, and
many experinments associated with stemcells, including
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conpl eting the present invention. SUMVARYOF | NVENTI ON
It is an object of the present invention to provide a
qui escent cent er - deSUNBHARY OF INVENTIOGan be stably
cul tured. Another object of the present invention is
to provide a nethod for isolating a quiescent

enter-derjv cell lipe wi.thout needing a )
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a net ng a qui escent center-derived cel
line, the method conpri sing:

Another object of the present invention is to provide a method for isolating a

quiescent center-derived cell line without needing a de-differentiation process.

To achieve the above objects, in one aspect, the present invention provides a
method for isolating a quiescent center-derived cell line, the method comprising:
culturing the quiescent center-containing root tissue of a plant, and then collecting

an undifferentiated white tissue from the cultured tissue.

In another aspect, the present invention provides a quiescent center-derived cell
line, which is derived from the quiescent center of a plant and has the following
characteristics:

(@) it is present as single cells during suspension culture;

(b) it shows a morphological characteristic of nuclei larger than those of cell
4



culturing the quiescent center-containing root tissue
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aspect, the present invention provides a qui escent
center-derived cell line, which is derived fromthe
quiescent center of a plant and has the follow ng
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'S an I'cal” m crograph of a cell line, which was

i nduced by cul turing the quiescent center-containing
root tissue of a rice plant, but is in a state before
Others featureatand pspaeis h)é thgu PISBEN mrvcntlon anidl beGppagentsfrom the

ot 0 t he ent ce r-derived cell
?(?lﬁ) n&ﬁ{e@aﬁp%iespggp eoﬁ‘ﬁpceﬂ ¢ cladms. and cul t ur ed
for 4 weeks. FIG 2 il I ustrat es optical mcroscopes of

ti ssues, obtained by culturing the qui escent
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is an optical micrograph of a cell line, which was induced by culturing the
quiescent center-containing root tissue of a rice plant, but is in a state before it is
isolated from the quiescent root, and FIG. 1B is a photograph of the quiescent
center-derived cell line, which was isolated from the tissue and cultured for 4

weeks.

FIG. 2 illustrates optical microscopes of tissues, obtained by culturing the quiescent
center-containing root tissue of a rice plant in media containing each of 2,4-D (A),
CPA (B), IAA (C), IBA (D), NAA (E) and picloram (F).

FIG. 3 illustrates optical micrographs showing the morphological observation of a
cell line derived from root tissues other than the quiescent center of a rice plant

(FIG. 3 (a)) and a cell line derived from the quiescent center (FIG. 3(b)).

FIG. 4 illustrates optical micrographs of tissues, obtained by culturing the quiescent
5
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FIG. 9 is a graphic diagram showing the aggregation rates of a cell line derived
from root tissues other than the quiescent center and a cell line derived from the

quiescent center.

FIG. 10 illustrates optical micrographs showing the comparison of post-
cryopreservation viability between the cell line derived from root tissues other than
the quiescent center (FIG. 8(a)) and the cell line derived from the quiescent center
(FIG. 8(b)).

FIG. 11 is a graphic diagram showing the post-cryopreservation viabilities of the
cell line derived from root tissues other than the quiescent center and the cell line

derived from the quiescent center.
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center and the cell line derived fromthe quiescent
cent er. DETAI LED DESCRI PTI ON OF THE | NVENTI ON, AND
PREFERRED EMBODI MENTS Unl ess ot herw se defined, all

sane meani ) TATLERLBRSCRFEEROREEY DR ROVINEION Ay
skill in the art ANBPPREYERRED EMHODIMENT S
various terns used herein are well known and
conventionally used in the art. In one aspect, the

sent _inventjon relates to a nethod _ for isolatin
Elﬁ%c@ﬁ?r‘@éﬁtd@lfm&éf all dechnieal nch écwmhﬁc ieipysed herein have the
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I ng an
Geefdl8T afti ééf@lﬁtl\bﬁkt@f Hiafidle tfefrﬁ§n uded Beteini’f€ well known and
ti ssue. Preferably, the quiescent center-containing
cowventiopslly uséd & fieaart., which is used in the present
invention, is obtained by gernminating sterilized plant
seeds or is root tissue differentiated from callus

hr USZang&O ppé% t Hvehfitn ReRMs ¢ %ﬁeth%d%?i'&ffh‘@ﬁeé Gquiescent

I'n t e culture process nay
catteeiedvedredil ulind nhienmicthddh @§1¢1p§1|siﬂg| Q&ﬂllﬂuﬁn@hﬂleaqmescent center-
but the tissue culture is preferably perfornmed in any
ePriaindag tentdissee okd pﬂ&tﬁmraﬁﬂiﬁg CNHemrtg amyndiferentiaied white tissue

nb ll% ﬁl um LS nedi um and KAOM nedi um More
&lﬂbg}@'reg%@“&f U ssue culture is performed in 2,

-D-contai ning medium Furthernore, in the present
|nvent|on the collection of the quiescent
Brafemblyy dhe veiescent cdniterecortaining rraahisgue af rai ganQuihich is used in

%fter 3-6 weeks of the tissue culture.
¢ present invention, is obtained by germinating sterilized plant seeds or is root

tissue differentiated from callus derived from a part of the plant. Also, a medium
which is used in the culture process may be any cell line induction medium known
to those skilled in the art, but the tissue culture is preferably performed in any one
medium selected from among N6 medium, MS medium, Gamborg B5 medium, LS
medium and KAOM medium. More preferably, the tissue culture is performed in
2, 4-D-containing medium. Furthermore, in the present invention, the collection
of the quiescent center-derived cell line is preferably carried out after 3-6 weeks of

the tissue culture.

As used herein, the term “quiescent center” refers to a group of spherical or disk-
shaped single cells consisting' of 500-1,000 inactive cells located in the center of
the root apical meristem. The cells of this cell group are known to be arrested in
the G1 phase of the cell cycle for a long time and to divide at an interval of about
15-20 days. These cells are usually present in an inactive state, and divide when

they are injured during excision or by radiation treatment. Specifically, when the
7
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center of the root apical nmeristem The cells of this
cell group are known to be arrested in the A phase of
the cell cycle for a long tinme and to divide at an

i nterval of about 15-20 days. These | |.s are usual.l .
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X-rays, cells stop dividing, but the quiescent center
swsirils; thengaiksatet gensemist a placdiini whichgdnstinally siallargells are stored.
&gllpl s Wt hout bei nai(fjfnfl uenced by X-rays. In oth

d

r .
guicsgent GPRICE o HHITERIAIPS {1010, pogRRY F‘anmﬁf@Hng meristem and
Leal |y r r ui escent
ggﬁ?@é@i‘#’%@ﬁéﬁﬂ@t@ }‘lﬁlt%egrs%%%nﬁt Hrenw(gtfgund neristem
and protoderm which are the primary neristens of the

root. The qui escent center can be obtained fromthe )
Thequisscentgenter qndrecobipingd fram dherens ofiplantaedPreferably, it can be

the.root. of lantl.et germnated fromsterilized

ggtglgge%ofroghﬁﬁ%go%top i n¥lptog?1gm!na H]pgjs ﬁ%rlhzeg seeds or can be

BbtafRideibhh ot &B%@d?ﬁ%&ﬂﬁa’c@& Rt gﬁ@ﬁ@ deRPd RAIma part of a

plant. Preferably, a explant, obtalne y renoving the

phat. cBrefénably, ahexplarii obianetihbly cahbeiigi thg r@opoap ifiwsin @he root tip
ut. Inmin thickness fromthe cut surface, is

ab [ )
é%ff?@#%amigrﬁ pertion ofigbopt  gramiis thigkaessriromdhe et surace, is cultured

' .col | d .pl '
bl LB 6o, AR, R e300 B, T S8l Bran ror
asermby B Sitfe&BOD 4 StelilRafon Prbé&d dclotdifs ¥ ta general method
However, when'the root of plantliets germ nated from

knewi Ito tewseshdisd instheset, Hboweverl Mdendte roatt off plastlets germinated

not. . .be, subjected to a . ]
ot sterilized seeds 1s used, the collected root tissue may not be subjected to a

separate sterilization process.  The cell line induction medium may be any
medium known to those skilled in the art, and examples thereof include, N6
medium (Chu C.C., Proc. Symp. Plant Tissue Cult., Peking, 43, 1978), MS medium
(Murashige T. and Skoog F., Physiol. Plant, 15:473, 1962), Gamborg B5 medium
(Gamborg O.L. et al., Exp. Cell Res., 50:151, 1968), LS medium (Linsmaier E.M.
and Skoog F., Physiol. Plantarum., 18:100, 1965), KAO M medium (Kao K.N. and
Michayluk M.R., Planta. (Berl.), 126:105, 1975), but are not limited thereto.

More preferably, the root tissue is cultured in a medium containing 2,4-D among
auxins. Herein, 2, 4-D is contained at a concentration of 2 mg/L, and more

preferably 2-7 mg/L. Specific culture conditions for cell line induction, culture
8
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medi um (Chu CC, Proc. Synp. Plant Tissue Cult.,
Peki ng, 43, 1978), MS nedium (Miurashige T. and Skoog
F., Physiol Plant, 15:473, 1962), Ganborg B5 nedi um
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ot her than the quiescent center had a yell
bhe rmacigene aoe khowinnas demiplexd pdlysacdhiasidesyi mslmhﬁg sugars, organic
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The nuci gens are known as conpl ex polysacchari des,
i ncludi ng sugars, organic acids, vitam ns, enzynmes and
Astordingly dbasaghon Hhis maspholegied] jfferehts, amlguﬂmt ginescent center-

derived cell line can be selected. FIG. 1A is a photograph showing the quiescent
center-derived cell line before isolation. In FIG. 1A, a red circular portion is the
quiescent center-derived cell line. FIG. 1B is a photograph showing the quiescent

center-derived cell line, which was isolated and then cultured for 4 weeks.

The collection of the quiescent center-derived cell line is carried out preferably
after culture of 3-6 weeks, and more preferably culture of 4-5 weeks after the
quiescent center-containing root tissue of a plant is inoculated into a medium.
About 3-6 weeks after inoculation, the quiescent center-derived cell line is induced,

and thus the isolation thereof becomes easy.

Because the quiescent center is the tissue that all plants have, the inventive method
9



root cap and the epidermal cells of the root.
Accordi ngly, based on this norphol ogical difference,

woaoop3gdhe qui escent centerderived cell |ine cROT/ER2008/005604
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selected. FIG I A is a photograph show ng the
qui escent center-derived cell line before isolation.
In FIG 1A ared circular portion is the quiescent
enter-derjved.cell I|ine. hoto

FotPlgneibe G eceRr tertentaraersil e Sof b2 ApRURE g atplants, and
‘fﬂfsl 'tﬁ@'(gh&% ff dcetnhﬁ’.rhe‘}iveﬁu e iRk n""%@k ta_ﬁFk[Ql from all plants.

ect t € qui escent center-aerl ve 1 ne

INangely | ineehOEkam Eﬂaé of thel presdritdnventidny aecetif lide tvasdsdated from the

and nore preferably culture of 4-5 weeks after the

quicssardwentes wfdhe eanittissue arice @tld tnilagé@ plagts, é)% itawill pg obvious to
weeks

thige kAl B Re il tecBhmod B prroPRERNefids b hy apgtied toall

E[Hi'ﬁ'é:ﬁgw %n@let QHSsdehe cearkat EQﬁ‘nfpl@r@PﬁlaB?sC%%‘* vﬂﬁéH -a quiescent
ecause the quiescent center is the tissue that al

pemot-detived cell Himei canclt bbtaimek tmagifmcluds,obmt amgmtﬂamted to, a rice
grl escent, center-derived cell |ine can '

.applied to . .
qnipf PRige PR L€ sABVAL dveih Sain ik FeR@ndefrabidopsis.
n alfe 1n.
E{Qﬁ%ﬁ@s F %@@%'}%’s gh%l \g'ie%%l &%?Qcttéﬂstﬁgnﬁf Yhe \ﬂgue%@gnt center of
watathade foeem dthidied Uh@%fcﬁféludéeéltrﬁﬁlz@fplﬁﬁ’te Ar%tdosdsfss Uglium cepa,
of rice and maize planfs, but it will be obvious to
were sgiivd,| Bdunmsatknemar¢tct[Malzehéimeglh@d’mfcetdteal Plant Cell and

BreGreat ot n2003: BerinRant e’ Bl adteRldsmnin SR 1229, 2003:
Incpﬁggmsbcm&ﬁao ied&mrv,sdeﬁ ol j’ﬂe”?’l&r?tn.lgﬁn%t %'sf‘z?éb T8403; Peter

ut are not Fimted’t pl ant ,

b]oaﬂte,r, Ri'swrens Biblogy, $R4Da 15998I VAlIuﬁM uqm Cﬁ)Els@ndNew Phytol.,
r abi dopsi s. Exanpl es of plants, thef\ghy& ol ogi cal

éh@\ﬁé&t dPP8: ibrengt Sqtnlél unAebcéHpW@é,n W d“fhymg;,th%alf%SZ Pisum
Ar
Pty PRGE Dogitk, LUt 2icteft i Re%: ctc [ Mbize:

Georgi na Ponce et al., Plant Cell and Environnent,
28: 719, 2005; Keni Jiang et al, Devel opnent, 130: 1429,

Boasother aspect, the present invention relates to a quiescent center-derived cell

line, which is derived from the quiescent center of a plant and has the following
characteristics:

(a) it is present as single cells during suspension culture;

(b) it shows a morphological characteristic of nuclei larger than those of cell
lines derived from tissues other than the quiescent center;

(c) it is surrounded by mucous materials;

(d) it is stably maintained without morphological changes during long-term
culture; and

(e) it shows high viability during cryopreservation.

The quiescent center-derived cell line of the present invention shows

morphological characteristics of relatively large nuclei. It was observed that the
10



Ar abi dopsis: Nori ko Kam ya et ah, The Plant Journal,
35: 429, 2003; Peter Doerner, Current Biology, 8:R42,
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Avena sativa: F.A L. Cowes, New Phytol., 129, 1982;
Pi sum sativum Peter Doerner, Current Biology, 8:R42,
1998]. In another aspect, the present invention

R Y S SCEL SR 0 S5t B, P o P s
H@ﬁvé&‘?rlohf’{ikﬁ‘i’l]é’g %gné}ﬁﬁé@ﬂfee(i)diégc!eﬁ%er{tfé\% it is present

as single ce uring suspension culture; (b) it
shows a norphol ogi cal characteristic of nuclei |arger
than those of cel|l lines derived fromtissues other

thgrauipgcegtiicentcerderivedeell lipe ofj thej presentr wiygaten wjso shows very

PR S T BREA WihobEhndrbib gl sttt Bh et Plured for a
(g pdrichergmel 9n naExalniple @ BreEMARVARRIN 3 WS observed that
The ‘qui escent center-derived cell” Iine of the present .

threy gnics et steote - dusivsdotdh linal washstablyt enltstedcwithbut morphological
Gl Bl DAL,V hndd oo B B vt DR e han
Wfl%ﬁetpgfce‘i’lt ﬁﬁé cﬁ?kfledlfré}ﬁsro rtisgl?e% I)ﬁ’l%{nﬁ{lé.ﬁs %l&’eeﬁufétsggr{t center was
t han e quiescent center. The qui esce

celnired -fdera loag eeidd bf fithedlseldia] Ricas differeAMBRSACWeRd SBserved in
shows very stable cell growh w thout norphol ogical

Hieaerdleaggregationaand parti¢Wadyy thardesrefopment oS tlae pdvénsidions root was
one Exanple of the present invention, it was

t,] ge I gh .

8b°‘ 8?‘\]/'% ¥4t the qui escent center-derived cell line

was stably cul tured w thout norphol ogi cal changes,

even when it was cultured for nore than 16 weeks. On
Ihedditivay, planid celieate tdudtueed linl theefatar iofed delloaggeghtion, unlike
ti,ssge? ot her .than the_qui escent center was )

microbial cells being cultured as single cells. This cell aggregation causes an
environmental difference between the inside and the outside of the cell aggregation,
thus causing changes in cell growth and the production of useful substances.
However, the quiescent center-derived cell line of the present invention has no
possibility of such changes, because it is cultured as single cells during suspension

culture.

The quiescent center-derived cell line according to the present invention can be
used in a plant expression system to stably produce useful substances. Also, the
quiescent center-derived cell line of the present invention can be cultured according
to plant cell suspension culture method, and a specific culture method can be

carried out as known in the art.

In still another aspect, the present invention relates to a method for preserving a
plant cell line, which comprises freezing said cell line derived from the quiescent

center of plant roots.
11



cultured for a long period of tine, several | ocal
differentiations were observed in the cell
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adventitious root was distinctly shown. In addition,
plant cells are cultured in the formof a cel
aggregation, unlike mcrobial cells being cultured as
single cells. This cell aggregation causes an
environmental difference between the inside and the

b¥&t, Oplahh&efi8! shAO&d QBH ivaabilityh UWrur iRl Urisprefana8én, but th
%&?el I ’gégwtheand the producti olnl{}gf lﬁggfjul e

gulestancesnter-eneveel cell Heneooif dbe gresent ninwentie isheweded [very high
i nyention has no possi bil

| {ne.of the present .ty of .

ym%hfa/@r{gegq ﬂr_ae&g%aew g0 flWRL PIYQPESEE sd3cfgrding 49 peonventional
[ ur@. uies . .

U1 USRS B4 oA Bronreserye, it s possibi o

sRABBNSUPly EAN nigtetisle GnidtoRstBh@nit subsiheiabinabtes X8l ®ahkO Thus, the

stably produce useful substances. Also, the quiescent

quiesesnt ¢entoyalgrived celliling affthe pecspnieimantiomeambe enppliad in a long-
e C%IH{ u[rﬁ@ according to plant cell suspension culture

Eeé{’h SR MY cific cul ture method can be carried

out as known in the art. In still another aspect, the

present invention relates to a nethod for preserving a

fhawort@ id ndw e wartfoe becuping teseach hesedislg (bvlogical tesources), and
|.ine derived fromthe quiescent center of plant . .
thsopeeseyationand isieatification of driolpaisal sesopredsi fartdeveloping various

M e R0 o g Fflad Yl SRA0ERE  Plrpem, s, plant seeds,
EHONRF i NAS, Yeells B d eRbd, Hal¥ beéori® 'il%gbﬂﬁﬁ‘t I%f@nagplf‘dbekﬁes.

was cryopreserved according to a conventional c

cryopreservation nethod. If cell lines can be

ryopreserved, it is, possible to stably supply raw .
Astidingly, erause sequringreacarclh maksrialalcads do @atignglcompetitiveness,

' - |V cel .ilpe of .
RSl (At SAP DAL 5B Bl e S by lring nd
distributing cell lines, which are used as essential materials in studies in the
bioscience-related field. Thus, when such plant cell banks are constructed, the
supply of research materials can become smooth, and the period of studies

employing plant cell lines can be shortened.

Examples

Hereinafter, the present invention will be described in further detail with reference
to examples. It will be obvious to those skilled in the art that these examples are
illustrative purpose only and are not to be construed to limit the scope of the

present invention, because these examples can be modified into other various forms.

Example 1: Isolation of cell line derived from quiescent center of rice plant

12



The world is now at war for
resour ces),

and stabl e manner.
securing research materials (biol ogical

WO aomd/o8$ue6 preservati on and identification of bPOT&R20m/005604
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resources for devel opi ng vari ous new drugs and
i mproving food quality, including human tissue, plant
seeds, mcroorgani sns, cells and genes, have becone

[ t ant .nati.o aIt A rties. Accordingly, because
@m&@&%&ﬁl s | eads to national

RIOPELedt wegd éled' Surfsoel ?&‘i‘hi&ﬂwﬁﬁ 7000 etan6! f&ef hihti@Esoaked in

banks for devel opi ng, [ecting, preserving and
d%; sodibnt hppodsotite $(ﬂeﬂon b € thoar eants tibnawasisgleoticeabr twice with

s in studies in the b|0$C|ence related field.
lzemers uckhewastedcseeds peeag sutficientbhweshed with sterdlized water

?Wp?éel?%tag%?ﬁ?b%%} AR G P pISIED SRR PR R R e “Can
be shortened. Exanples Hereinafter, the present

i nvention will be described in further detail with
d&f edriask scads W%ﬂ'rpﬁébd int NG medbun (@HGUSERIWM, schu C.C., Proc.

Kill f he S a es ar q

¥t /! ot s OoBing, Mo do T EM: et 251 Faretydays, such
of C

DA %3“’?5&’3%1 NG AR hBwn in Table

i detswv. Exanpl e 1: Isol ation of cell I|ne derived from

qui escent center of rice plantl-1: Preparation of

plant material R ce seeds were peel ed,

surfzgg slterlllzed with 70% et hanol for 1 m nute,

soak {n 2% sodi um hypochlorite solution for 1 hour,

and then washed once or twice with sterl I | zed water.

15

Tﬁé'mm,ge suffrcieyrtty—wa & nt‘.&ntﬂa mn ‘
sferTT1zed wateq T oCatiD- ZEOTUTEE ‘ : e
conpl etel y renpye—nogpye- NI T H"‘F‘?
sieedackob londdhs e (- GELL M Chip =10 T
H ant Tissue Cullt . _PeKI*ng, 9 if"-f d cult ur, Pu"??
25 C for 5 days
(NH; TS0, KR 463 00mg7L |
Conpas ition Concentration
“FeNaEDTL U, TOa 5. T0mg/L
S ~H:B0; 5.5 K T E0mg/L
Nicroslenents I K859 U BOng/L
Has0; - 400 19770p K 3. 3me/L
Composition ___ Loncent ration )
GIscine . H e I ( 2. 00e/L”
. ~ Thiamine-HCI 2. 0op N 1. 00ng/L"
‘Vitanins  Pyridoxine-Hol Z. 80K 0.S0me/L
Nicotinic acid 4.06p X U.B0ng/L"

Then, from the plant germinated for 5-6 days, the quiescent center-containing root
tissue was collected. The root cap was removed from the root tip, and a portion of

1 mm in thickness from the cut surface was collected as an explant.

1-2: Induction and isolation of quiescent center-derived cell line

13



that they were germ nated. The conposition of the N6
mediumis shown in Table 1 below Table 1 Then, from
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center-containing root tissue was collected. The root
cap was renoved fromthe root tip, and a portion of
Immin thickness fromthe cut surface was collected as

2D S0hi, ok B B Dy SRR, contaning

Eg%ﬂ’ﬁf?_ thefL @%%ﬂoﬁq@;rﬁg/L4B}&gi{@6 g X6 Iﬁ@&iﬁabﬁ%ﬁﬂnng each of

et sguxin anmineg, EAah (imdold-Bacetiendcid)h dBrp (asiol¢-B/butyric acid),
i ndol e-3-acetic acid), IBA (i ndol e-3-butyric aci dg
(AL-rapinbalsneacetie aqi@), L )(p-dparophenoxyacetic acid) or Picloram

e §ﬁ#§ S EBERBTF kb G B IS Sin? iiMsntiafigns g ghe above.
concentrations as the above. As a result, in the case

of the 2,4-D-containing nedia, the i nducti on of cell .
Aisnee seswdts i ke cased o thal 2ys Dadangaininge miedog thatinductidnnof cell lines

t“eeéb@é‘m%di I BHS abier Ve iesauiation. o Mothe, héraseoetining media, the
E)fl r&’t% 06 Pct-: 2@16%8 ec'?—:h étdggﬂlgﬁ Q:;Q? ﬁf%ﬁ§€1n§p?%§ En gﬁqportlon to

theg&ﬁfcenﬁ@ﬁ@ﬂ thér8by and tshG\QéJdi dirhBasRRActiGRtratel at Toncentration of 2

preferable to culture the explant at concentration of

meyle anddrighemy/Accardingtidiit corld bexgpenithatnit 4s peaferable to culture the

car,ri ed out at conceptratigns of

FRplpnt” gt ﬁﬁ?ﬁﬂﬁf?ﬁw /naorsnﬁl o2 r&gﬁesﬁt aéﬂl{{%ﬁasexgﬁ%mms were
[ [ r-ahl r t

%%%%gniuﬁs?fgﬁéﬁ}t%% AN gl £ 3 g MR 7 e/l and,

& a resulte itasss ehownxthas ibtihehotehpreferabld, tocelltre hiceexplant at

not i nduced after the inocul ati on, and adventiti ous

eenpentraien of &/ mg/khe explant. In FIG 2, "A" is

tissue cultured in 2,4-D-containing nedia, "B" is

tissue cultured in

However, as shown in FIG. 2, in the case of auxins other than 2,4-D, cells were not
induced after the inoculation, and adventitious roots occurred in the explant. In
FIG. 2, “A” is tissue cultured in 2,4-D-containing media, “B” is tissue cultured in
CPA-containing media, “C” is tissue cultured in IAA-containing media, “D” is
tissue cultured in IBA-containing media, “E” is tissue cultured in NAA-containing

media, and “F” is tissue cultured in Picloram-containing media.

Accordingly, it could be seen that the quiescent center-derived cell line was

specifically induced, when 2,4-D was used.

(2) As shown in FIG. 1A, when the tissue culture was performed in the 2,4-D-
containing media, the morphological difference between the cell line derived from
root tissues other than the quiescent center and the cell line derived from the

quiescent center was observed.  Specifically, the cell line derived from root tissues
: 14



CPA-containing nedia, "C' is tissue cultured in
| AA-containing nedia, "D'" is tissue cultured in
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NAA- contai ning nedia, and "F" is tissue cultured in
Pi cl oram contai ni ng nedi a. Accordingly, it could be
seen that the quiescent center-derived cell |ine was

speci fically induced,  when 2,4-D used. (2)

S i rtke | PSR, Ve Yoo RelprbaFicqss ald® showed local
AEehiRtords) bRE thet CHOMM MetelCqidin {KE quiescent center was
nor phol ogi cal difference between the cell |ine derived
homogenots tnd shesvedt e flot¢dl adifferantiptions c 8vher @bsevedndsually, the
the cell line derived fromthe qujescent center wa]s

68l ing dgrived dram reef tispues otber than the gricgeentcegter hga yellow color,

%%}eatsi the %%ﬁqsl{kegellsiﬂe?]mgéﬂ}et}%uéﬁgl&%ﬁé rce%%% glgld Whitg lj:tolor and was

erogeneous an OoCa I ons,

theotRldd by Buétals yigsdtdncesn t BEsedUbE TRRNofEHYISEicHR difference, the
honogenous™ and showed no | ocal differentiation. Wen

tibsyer yaucly sboraed yio dififerasiatiohiand hist @ vddtef eaor, rtbat is, the cell line

e Tpf e Piant el i Sa@acEete oigeds” *In H16. 14, a red
' . ' S surrounded

BHETRE Aol AR E RGBT ARV R BT fAE0S ool

di fference, the tissue, which showed no

differentiation and had a white color, that is, the
6B F1Gi 3dllystrates photegraphte shpwisgcihet moghalegicakebservation of the

G o A 8 e S L SR B gt cn
TLE 1 5 SRR MU 1y, 1G, 3, e <ol
tlerived fiom troststissiestdther thaanthehpicsdeas ceter erist ketefogeneous and

nd the cell line derived fromthe %zi_escent center
ghpwedndocah slifferentipfiens, Hutithe cedl) ling dgeived fremdhe r@tiescent center

RAP bobloBRASa ] ok S B R ARG BB or Tl one, bt

the cell line derived fromthe qui escent center was
honbgenous and showed no | ocal differentiation.
(4) Meanwhile, in the case where the cell line derived from the quiescent center

was not isolated even after 3-6 weeks and was mixed with the cell line derived
from root tissues other than the quiescent center, the denaturation of the mucous
components occurred. This denaturation is believed to be attributable to the
phenol compound of the cell line derived from the other tissues. This is because

the synthesis of phenol components actively occurs in differentiated tissues.

Example 2: Isolation of cell line derived from quiescent center of maize plant

Maize seeds were germinated in the same manner as in Example 1-1, and from the
root of the germinated plant, the quiescent center-containing explant was collected.
Then, the explant was cultured in media containing each of 2,4-D, CPA, IAA, IBA,

NAA and Picloram, in the same manner as in Example 1-2, and whether the
15
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fromthe quiescent center was not isolated even after
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fromroot tissues other than the quiescent center, the
denaturation of the mucous conponents occurred. This
denaturation IS believed to be attributable to the

ne nf)?ép t‘ni.cellline erlvdfrmthe
i aren ETRE T Rp <ol din e waBEe S5 KBRS of "phenol
conmponents actively occurs in differentiated tissues.
Exanple 2: Isolation of cell line derived from
dusi eeroselty ascshvar ir0F1Gred, zehqil thietquidsiczet mmﬂscmmiaing explant of the
germ nated in nner S|n nple 1-1, and
iz p M@étc‘Jim iéﬂg@a tBP&ﬁ lrtwaa@béweﬁﬂn the 2,4-D-
%&qtlfa (}H&'ﬁhq s)émeaﬂ{ a$ %% %8§ aﬂ’th% Ielﬁlescent center-

was cu tur I'n nedra contalni ng eac
Eoﬂtai?un@'?éot b)glani BAthd\Pde plantPival @ufttied. N 6@ eS&8n the case of
manner as in le 1-2, and whether thequi escent
ovxins othrsrtherd, 4:-& lcells n@rwagt induoed dftomtheapeeulatian ofithe explant,

T XY T
f'bldDe ni&%gn(%]ﬁfgd% |3 8 {195%6 ﬁqiuréd ﬂ?Cﬁf‘-cE;Ht%%iﬁgqnedia “C”
in“the tainrng nedr a e Sane manner  as

tasetisste Waltohed e 1A -esptaiting Qﬁécﬁac 6Dt ajsna Rigstie@ i IBA-containing
explant_of the rice plant was cult ur ed. However, |“n”
el ade’ ds aatisisues cuﬁwd ihAAA-conBinig medimr anchF” is a tissue

I the nocul ati.on of the explant, and
3‘3‘@%‘?? ?%Eﬂgr%'&?g ad%‘&‘&%ﬁ‘@a in the explant. In FIG
"A" is atissue cultured in 2,4-D containing nedia,
" B" is a tissue cultured in CPA—cont aining nedia, "C'
Ascardingyué aowld beasden thdtAéverpin diencasg ofepliiescetilXeritsr-eontaining

tjssue jn | BA-contai ni ng nmedia, "E'" is a tissue
lafs, oghen; (haaA das A lafitn A gssient %ﬁéer"dﬁrwesl gelli kisge could be

S R NI T2Ce % " escan

center-containing plants other than a rice plant,
guiescent center-derived cell lines could be
xample 3: Observation of characteristics of cell line derived from quiescent center

of rice plant

3-1: Observation of morphological change during long-term culture

The quiescent center-derived cell line isolated in Example 1 was inoculated into a
culture medium having the same composition as in the cell line induction medium
of Example 1-2, that is, N6 media containing 2 mg/L of 2,4-D, and was allowed to
proliferate. After 4 weeks and 16 weeks of cell growth, the proliferated quiescent
center cells were observed. Meanwhile, as control groups, cell lines derived from
root tissues other than the quiescent center were allowed to proliferate in the same
manner as described above, and then the morphological changes of the cells were

observed.

16
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of norphol ogi cal change during | ong-termculture The
qui escent center-derived cell line isolated in Exanple
1 was inoculated into a culture nmedi um having the sane

ARt 85 Rowaini 8. 3 momheifH SFbeh ek PRGred in the root
BisdreRierl YAP1ibd BRGC heoRS QFIEL5A) nd Al Recks HRSaraphs other

an weeks of ce grom h, the proliferate _ o
thaneElKenfA y efiteltureel |sfterclewebke of edlturvk sewehnall localadifferentiations

contrql groups, .cell lines derived fromroqt tjssues
Biore robseEved; e i ssld crgeresaitan, M dalicyadys the “development of

' j descri bed above, and
B R iols o b BB BBEerdPa 12l PP Pore
observed.As a result, as shown in FIG 5,

mor phol ogi cal changes were observed in the root ) .
Onsthgeother hanskl as shpwni indd Gaf6, svhea the sjudesceniGengey-deniced cell line

R SRR DR Gedl chihgt OEPured bust] 4 4 Sveeks (F1G. 6A) and
%f‘&l‘,&[{gr@pj@té?gf YRkfeobserved in the cell
n

aggr egat’i on, particul arly, the devel opnent of
adventitious roots could be distinctly observed. On

t he of her hand, as shown in FIG 6, when the quiescent -
Asgertingly, it\conld be obserwed fkas the cel liags dagved from root tissues other

I ' h .ed f.ter .4 week FI G .
R U O PR R B o im SRR Rl T B pasiie of time,
Bauki Riebss vasdet-Bativéd@efclihe 'she%ddﬁfdr%ﬁ&ogfc‘am tability. As
root tissues other than the quiescent center s owedg
degsribedmboive] thg emiescoatngasemiltdivgrhselhdmeoheddrding tutthe present

t he quiescent .center-derived cell Ijne showed L .
wa(ﬁgﬁ%maoa’. I%taaslmglerg‘f@li-ﬂgrlu@f cellpkine, alsostably maintained without

%’}Hglgé% tﬁﬂ}ingqgﬁgﬁéﬁiﬁ Chieg. CelLﬂusl itqg V%?}p Bfeq'ier%%b; 18setci1 fo select a cell

line which has high yield and stable material production ability.

Meanwhile, the isolated quiescent center-derived cell line had morphologically
large nuclei. As shown in FIG. 7A, the size of the cell line itself was about 10-
20pm, and the size of the nuclei was about 2-4um. On the other hand, as shown in
FIG. 7B, the nucleus size of the cell line derived from root tissues other than the

quiescent center was very small compared to the quiescent center-derived cell line.

3-2: Observation of cell aggregation during suspension culture

Plant cells are cultured in the form of a cell aggregation without being cultured as
single cells, and the cell aggregation consists of a few to several hundreds of plant
cells. This cell aggregation causes an environmental difference between the
inside and the outside of the cell aggregation, leading to changes in cell growth and

the production of useful substances. Accordingly, whether the quiescent center-
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i nvention, which is a single-cell-derived cell Iine,
is stably maintai ned without changes during |long-term

woceulotoasse6 Thus, it is very preferably used toPEEBKR2008805604
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cell line which has high yield and stable materi al
production ability. Meanwhile, the isolated qui escent
center-derived cell |ine had norphologically |arge

f the cel

§¥?4 eﬁimggﬁ higefi@e#e%ﬁhtﬁwgléf%& s§yes Pﬁtéerﬁhﬁﬁl g?e quiescent
el et Ring BudpRfisith Ll ifas ARCBRANE 1D, i

root tissues other than t he qui escent center was very
smal | conpared to the q&l;ll escent center - derlved cell
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%év@%ese‘i/%{dlshurﬁi?gdst Bff déﬁ's' bﬁ‘lgﬁ{eeqafeb@éhtc&!ﬁ%éﬁde%n@d éell line was
few to several hundreds of plant cells. This cel
aglured asi singleacallss  AlGedvillustratestthe cdilf Ibeelsmfethbectal\lehne derived
he inside and the outsjde of the cell tio

RUTRG! HISSUSR PG than dog Iauissssinoatier (R pPERLEnRcthe quiescent
géntgrs ﬁéff{/ecf %Q ?IG d' Ff&iy9 )gn gt]ilgﬁ Ehcl?lagram showing the

quil escen cen |ved Ine a

d@gﬂeEG&‘ ﬁgg@ga@@i dﬂ theues] Qﬁleedeﬁ\rb’m filo® rabt GSSRRt other than the
center aggregate, during suspension culture, was

abicseans gentas and thesguiescens cenfendetiveded liseand FI G 9,

the cell line derived fromroot tissues other than the

qui escent center was cultured in a cell aggregation
§C§’%x%tehﬁ%n?fof@1afb‘?mvt(ﬁlrﬁ@’@&8ore!gé‘%fls fs of cells, but

the qui escent center-aderrved teftl TT1ne was cultured as

A teghmiquel fos crydpesdivinlgl ¢l tinte 4 hrethed lesk@itrll foobupplying raw
the cell line derived fromroot tissues other than the
mateideend c@msgmc(mg Gubstenyial aasterheclhbasksenthe cryopreservation

%?ﬁﬂﬁhg dglr Ig\éﬁ’g?ﬁl e l#g ﬁg‘g 1y g@l,néag)%ﬂls Fbﬂ% g)%aeimsi)éﬁagian thereof in
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qui escent center and the qui escent center-derived ce
tiyopreservation.  Accordingly, the cryopreservation viability of the cell line

derived from the quiescent center was tested in the following manner.

The quiescent center-derived cell line of Example 3-2 was inoculated and
suspension-cultured for 6-7 days. The suspension culture was pre-cultured in
0.16M mannitol-containing medium at room temperature for 3 days, and then
incubated at 4°C for 3 hours. The low-temperature-treated cells were collected,
and the cells were transferred into Cryobial (Duran, USA) containing a medium,
containing 40% ethylene glycol (Sigma, USA) and 30% sorbitol (DUCHEFA, The
Netherlands), and then were cultured at 4 C for 3 minutes. Then, the cultured
cells treated with a cfyopreservation agent were immersed and frozen in liquid
nitrogen. Then, for thawing, the cultured cells, which maintained in liquid

nitrogen for at least 10 minutes, were placed and maintained in a water bath at 40 'C
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substantial master cell banks. The cryopreservation
technique is comonly widely used in animal cells, but
the application thereof in plant cells is limted,

ecause.t he pl.ant |1s have, | vi abi ] i.t. ter .
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Viahiitiesninthg pellslingvderavesd froatirentdissuesnothien dern theaquiescent center

ter thoat 40 Cfar. 1-2. mnutes. For cell .regr h, .
(A1, 8 A B it gmctng oBiispeie ceBlor Bh tsetisdhigyeh Evan's
BRiithidling BREAENOPEsERA U AMFEGaP] id ic URRIPh i
te eratrllﬁ:e for@gg r?l nutles. T egd} tLe %gg?@ﬁ%gr m showing the
viabtlitiesd in 0.1 M sorbitol-containing nmediumfor 24
hours, nedi um containing no sorbitol for 24 hours, and
t hen medi um cont ai ni ng no sorbitol for 24 hours. Then,

bali |kt I d.. As.a. Lt .
Ao ¢ ol S5 S BOSEEN Sy RE g of e
present! i@@tntions Soaki Bk f‘&?oﬁﬂé@&v&:&ﬁuﬂﬁk@%@ﬁ%ntﬁﬁﬁ'l Ylant cells which
showed a viability of Tess than 10% but the

could not be cryopreserved due to low viability. This suggests that the quiescent

"

center-derived cell line is suitable for long-term preservation.

INDUSTRIAL APPLICABILITY

As described above, the quiescent center-derived homogeneous cell line isolated
according to the method of the present invention is useful as a research tool for
studying developmental and genetic origin and assists in the development of plant
stem cell biology. Meanwhile, the quiescent center-derived cell line according to
the present invention is maintained for a long period of time without morphological
changes and cultured as single cells during suspension culture. Accordingly, the
cell line allows various useful plant substances to be produced in a safe and

effective manner, and makes it possible to construct plant cell banks using a
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qui escent center-derived cell |ine according to the
present invention showed a viability of about nore
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single cells during suspension culture. Accordingly,

theeinpended clagma pnd gquivatendutherendt ul pl ant subst ances

to be produced in a safe and effective manner, and

makes it possible to construct plant cell banks using

acryopreservation nethod, because it shows a viability

of nore than 85% during cryopreservation, unlike other

plant cells. Nanely, the cell line according to the

present invention has advantages in that plant cel

banks can be constructed therefrom thus making it

possible to supply research materials snooth, and

shorten the period of studies enploying plant cel
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Al t hough the present invention has been described in
detail with reference to the specific features, it

wORdd9o3ges apparent to those skilled in the artPCH&R2008/085604
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description is only for a preferred enbodi nent and
does not Iimt the scope of the present invention.
Thus, the substantial scope of the present invention

will be defined by the a L and equi val ents
t her eof . THE CLAI M5 What P’gﬁ%fdwbs L A nethod for
i solating a quiescent center-derived cell |line, the

nmet hod conprising culturing the qui escent

Mehaeis-Claiimedrisng root tissue of a plant, and then
collecting an undifferentiated white tissue fromthe
cultured tissue, wherein said quiescent center-derived

ﬁ?l A He'ﬂ?oc{] Br g{gglaf(t:fé:g: gwgﬁ?els%}ﬁr %g%t%f-id?}i{/g% u(fefllazléﬂet, (g‘l)% method

prese as sin suspensit on

cbmphigis cﬁllﬁﬂﬁ@lﬂbleiié‘s@lantcé&téfdcﬁﬂtéiﬁiﬂgcro@f tis4ifd &ff a plant, and then
| arger than those of cell lines derived fromtissues

colhegtingham undifferentisted nwhide tissue fioe) the culturdr tiswmedadherein said
AT Bt o b b Tl TRl

Lt - . . by i
oty ol DEL iftiSe(ns'sin QU Bl YuBehiioheuidre."9

qui eseittshedteimogstiolvgidar ehdratteristi@of andieh tarker thaai thvse of cell
1, wherein the qul escent center-contal ning root tissue

bnesdgnivad frpm tissugs ader Bhandde guirscenicestesii | i zed pl ant

seed 0{.i s. root, tissue di ffe{senf iated fromcallus

deri 3@& fsrw%néiggtbydpui:% er ﬁ‘ta_.s’s. The nmet hod for

i sol @&dﬂ 1195 481 SRSRMInES Wiltfout $hdpRbldpitd] él'{a?g?se dll,lrsing long-term

according to claim1l, wherein the tissue cu
paltireramdl i n 2, 4- D- cont ai ni ng nmedi um

(e) it shows high viability during cryopreservation.

2. The method for isolating a quiescent center-derived cell line according to claim 1,
wherein the quiescent center-containing root tissue of a plant is obtained by
germinating sterilized plant seeds or is root tissue differentiated from callus derived

from a part of the plant.

3. The method for isolating a quiescent center-derived cell line according to claim 1,

wherein the tissue culture is performed in 2,4-D-containing medium.

4. A quiescent center-derived cell line, which is derived from the quiescent center
of a plant and has the following characteristics: |
(a) it is present as single cells during suspension culture;
(b) it shows a morphological characteristic of nuclei larger than those of cell
lines derived from tissues other than the quiescent center;

(¢) it is surrounded by mucous materials;
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4. A quiescent center-derived cell line, which is

derived fromthe quiescent center of a plant and has
woRom/oBilib o ng characteristics: (a) it is preBEMKRABS/005604

single cells during suspension culture; (b) it shows a

nor phol ogi cal characteristic of nuclei |arger than

those of cell lines derived fromtissues other than

. e ass agof e Elaipb§ it o thelY R Long-term

ouReRobegi cal changes during |ong-termculture; and

(e) it shows high viability during cryopreservation.

5. Tlfe) igshews bigh viahildy -dueing\weyopresdrvatiore according to

claim4, wherein the plant is selected fromthe group

consisting of arice plant, a maize plant, Pisum

a (0] . .

5 X LA PUR gl frod VAL HIR REAAARE o KA I Bilcfein the plant s

seleped sfesmf theegionp donsistiaylofl d Biee qaéanty admbizZRmplabe Pisum sativum,

qui escent center of plant roots according to claim4

dvemqa sativa, Allium cepa and Arabidopsis.

6. A method for preserving a plant cell line, which comprises freezing the cell line

10 derived from the quiescent center of plant roots according to claim 4 or 5.
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