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Pl ant Stem Cel-l Line Derived from Qui escent Center and Method for Isol ating
the Same TECHNI CAL FI ELD The present invention relates to a cell |ine
derived fromthe quiescent center of a plant and a nethod for isolating the
sanme, andwooo@gpanéi cul arly to a qui escent center- der irgadidzomsmganeous cel |

| ine of single-cell origin, which is obtained from 10 the qui escent center
of a plant without a separate de-differentiation process, and a nethod for
i solating the sane. BACKGROUND ART 15 Pl ants have been used as food

notude a sourbPRTStel I LB DENEL T ol QS LRIRT ;0o
perfumes, pignents, agraﬁ@iM@ﬂh@ﬂemﬁélls@laftﬁlgyﬁhe Safecul arly, because

nost useful substances derived from plants have~physi ol ogi cal activities,
including antiviral, antibacterial, anticancer and anti oxi dant activities,
20 plants are consi dered as ideal resources which can be devel oped into
novel drugs, and active studies are in progress to elucidate the

rel ati onski p between the chem calTBCHNICUAEFIBNG activities of nmany

pl ant - deri ved substances. However, physiologically active substances are
difficult to develop into drugs, and 25 the main reasons therefore are as

fol lows. Firgf, epdrk&gecongﬁa{l Sref&{espzﬁ gxgé § &%’aﬁ‘é&! ¥R @gg%%gﬁn&%?er_lcﬁ Pl ants

are very limt rovvt nts 1's

physi ol ogi cldny andtd mﬂsmbfmamohanga:he vae f a@ctnnmrar;mtnaﬂ@:lpn@steqmemhw in
specific organs qof plants in small_anounts. Fourth, environnental problens
associ at ed WEBRT-(FféY<leRYmoEaTcons 641! HBe of sinalecalhoneinorhish Bt¢htaiggl rom

ghym ol oghcahd Yuidsdehy BerttPSF 2DERT wifolY §Lef &0 B-BMTeiRYiSn Hr5ksS UTR! 4 cat ed

method for isolating the same,
BACKGROUND ART

15 Plants 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,

20 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
25 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,

30 physiologically active substances derived from plants have very complicated
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chem cal structures, such that nmulti-step polynerization processes are
requi red, thus causing econom c problens of high production costs. For
these reasons, it was very difficult to stably supply physiologically
active substamvaesiigderi ved from plants for commerci al i zatviorzods/obanwhi l e, a
pl ant cell culture nmethod, one of bioengineering techniques, has been
evaluated for a long tine as the nost ideal technique which can supply

pl ant - deri ved useful substances w thout causing environnental problens.
According t t |4 i [ Lon..af
Gserul oupstSEkErBebEHEL SR b AReeP SR pISCRGEMET kS

advant ages ahgy caiinRostonomietdstdens vd higiebrddustibs tcansest dt tret rdasbinm
pl ants. Particul arl the plant cell culture method has been regarded as an

y ture .
optimal net Fed Ve dHISRI doustabbnsunils paygelogirally aetive shbtianase idsgvehfrtenced

by external i DERSci to sol ve outstandi ng probl ens such as
ecosystemd g%\reufzo’(t?i%on, %ﬁllilﬁﬁéﬁ% e prior extraction methods. 15 However,

despite gpeat interest and effort in plant cell culture, exanples which
succeeded in industrializing the plant_cell culture are still insufficient.
This i s becddeamvihile. § nlanhesldpuityre aasthodyaaoh brsagpiestng tsehniapes. dag befiber

of Pl ant -celd GHhUes, fh! linde SHBINS St fucPh O REAPLAI, 20 Lol afiyce! |

are used inTp expression syst ens, tissues renti omthe

pl ant cel | s defiogd esedinipludstaheavehowtcansingsavis@eténtalafrebRaisranelbrdihSguES
whose cells no longer divide. For this reason, a de-differentiation process

i s necessar ilgreanFaicagPeblication PP OR 0. dhe arodustiosreferse it nabsliaenidy i nt o

eoes: . e e & e
means. de-oh PILY entciisceiinte bR iy Al VRIS SRR
di f ferent i ateefubsutstantes pieedty frospslantsi cPhuicaliignshe plhancel pilamé nidissue or

organ is cultured. However, during this de-differentiation process, serious
changes in e BEER |reparded @snap piina jacthed swhish| alieirs wapiiagqusneroduction

Parti cul arl y,.:¢ i f.ou hr h celd
cul tur e can LS RERCHERAPed ke 3EHH SHIROAIERS D18 Nl E Msifing,
net abol i t e praidems isuch yasaeeosystent ajebtyudtdnntudliRe dhd Upritg catrh@itg- hetipdeul ture
period. Ho er, nost cells unde?rﬁgo na%é vari ations due to subcul ture.
§1’16r

Thus, it Ps At Q8P @F b naicr GHre i plany secllaeylone exroaded whighd to
devel op a metfadidpor, BRI LDt 1 ht £l HieiicofleCoiP houthif D THORMC! N9

useful substances thro ure. ecause plrants
nust absor bbsedubé chenbrizimu it selbfgromtie and produreival Snr £ guhdbed of grladtheligr owt h
t hereof, the surface area of the root, is significantly large. I'n the tip of
the roots, CHEHES siHlbranedps agp BOrFEPPlstem cel |'s, which divide, expand,

20 Ifplant 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

26 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 oceur due to somaclonal variations.

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

30 industrialized, only when rapid cell growth and high metabolite productivity are
Z



el ongate and differentiate to formthe primary root tissue. The root apicak
10 neristemis covered by a protective root cap, and the cells in the
center of the root apical neristemare called a "quiescent center", because
t hey di viwe 2vmrogsssé oM y. The qui escent center i s covemred/Hnzo@ogeni t or
cells which nmake a primary neristem However, studies on the physi ol ogi cal
characteristics of the root apical neristem 15 are insufficient, even
though these characteristics are very inportant in the root system of

pl ants, Spe§'tafb1)ﬁﬁlahﬁaméé‘ﬁ %’gp&g&%‘ c%?tu{- Mygeh T}R{ el lﬁb’s“t'&e g Vere

used to stu S10 ar act erl ICS O CIUI ESCE er or

root api cal ﬁmymmw&u@tmwﬁcuhm | ﬁhﬁgdt@ﬁzgeﬂ%&iv@fbdnmmsrmb&m bt
there was no exanple in which, am)ng varjious tissues of the root system

i ncludi ng r d’@ﬂ&’é%&? inpgplls 2 foadevel opst ety fesyaeneirngril gereativrly stedi estl and
epi derm s, g&glu‘&iﬂ ‘%fs%ﬁﬁtsuﬁs%}{c% %ﬂ §§gﬁé§g§%&1&g§5tab' Ish a C:'nlj 't'hge

Thus, the qU|esc 'S geneti ca abl e tissue,

i sol ati onst hereof makes |t p055|ble to study the devel opnent and genetlch |
origin of plants. 25 Accordin , there has _been a need to develop a_netho
for isol ati Mjeanvuleo hasmise RiaT gq; sk bperlnsuifeienupmenats 1 ofcwakes 10 mieraltent

years, the flaldOf $h dﬁg}o%ﬁthltppﬂe% sﬁﬁﬁcé?ﬁé’%%f%ﬂ@ dg s?%ﬁ]ﬁ%ﬁﬁ prge.

experiments associate emcf I 'nc |ngs |es n-signa
involved in Inlelwcehpp]f&hst motgrtheesa:esc)oﬂﬁ@walhﬁmtaﬂn&mtwﬁlchl-ﬂl\ml\tgaéxpana, t he
case of am met ho(?% for isolating and culturi nc}; stemcells ]
gate and differentiate to form the primary root fissne. The root apical
10 meristem is covered by a protective root cap, and the celis in the center of the root
apical meristem are called a “quiescent center”, because they divide very slowly.

The quiescent center is covered by progenitor cells which make a primary meristem.

However, studies on the physiological characteristics of the root apical meristem
15 are insufficient, even though these characteristics are very important in the root
system of plants. Specifically, there were studies in which plants such as maize
were used to study the physiological characteristics of the quiescent center or root
apical meristems were cultured in media to develop into roots, but there was no
example in which, among various tissues of the root system, including root cap,
20 vascular tissue, pericycle, endodermis, cortex and epidermis, only the guiescent

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.
25 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

3¢ have been established early, whereas, in the case of plants, there is little or no study
3



30 have been established early, whereas, in the case of plants, there is
little or no study on the isolation of stemcells. Consequently, it is

consi dered that .t he_.inductjon and isolation of .cell .lines.derj.ve romthe
ot escatn hesitlaronon 58 Ghliee CREURILT obtosrsiftd g I8F pHELLIEdA

Accor diteghton eheellplines darivechiremttbe quissreat e WwlTyowpedhe detdoreséobp a

met hod diém cklsBlodddyng a qui escent center-derived cell |ine of single-cel
origin and to develop plant cells which can be used in a plant expression
system wi t hgut, needi ng a .de-differentiati on process. a resylt, . .the

pr esentA?‘r%‘g%]é’r hBRFECT SBY REUY hévﬁlﬁ'i‘aéjgc@_ﬁ‘?y & ﬂ’ft%_i(% f&?@%d‘ Béfod; ffe and
found tibdttinhe jusskattedncelprivdadnelluhee pfsiagletdellt dreginrand o deaelge Rianti ng

| oNg- t el G dHER beGaBd REa Plaabédpréddlchlf siem aifighus Restinda gb-dofdrkntiatiali 1 ity

duri i | 3 i i SUMVARY
it 2%%%?-2?%6%%%2@%ﬁ%o%.ﬁfﬁ@%%n?%?w?%%%%ﬁtﬂfe?%égk%%*%%@éf%”e%?s%i do a
qui escdiite andhiospd daat itheeolatad cefli I wimicrgecs ﬁﬁ A 1 hnge daTRE IWE T ot her

obj ect aftutd)eareodibie nufuef], tinksiprvesbkigh dchlvenbiligndisng oryppesédeatia, net hod

for isqhakb?gmﬁpgghggggggmgp@y&ﬁmgerived cell line wthout needing a
de-differentiation process. To achi eve the above objects, in one

enbodi nent, the present disclosure provides a nethod for isolating a
qui escent center-derived cEPMMARY the nethod conprising: culturing the
gui escent center-containing root tissue of a plant, and then collecting an

undi 1 ef enid alied W EnbddiSidfs of B $RE&nE UVl Gl 8Pk a q{ufbs@é?l@ c@shect,

t here |%%P%§V|g§ a thoﬂ foh |Sﬁlat|ng a qui escent center-derived cel
line, tHEVREEH n%ﬁﬁ%ﬁf@? § SRt HIPIG: t he qui escent center-contai ni ng root

tissue of a plant, and then collecting an undifferentiated white tissue

L orm L hensbt shjeel dfi 1S emboliiRNGI oF thaiptlesh Bseaith 6 enparviden inVe&l@bctﬁJ:rl :j i ne
as the - ef.i: o ” s s during
uspensi O nE R P EGRrtel Ty E iRtk e S BRSNS POBF P

| arger than those of cell lines derived fromtissues other than the

qui escefd aclgrtethe afake ohjeits Buenoambedimsyt, ithe puessentadiselosirs ;provifies & i s

st Sbl( y)ﬂeiheaﬁfdaegﬁm%@wt u[@éc?ahoéeﬂ&!r%ﬁv&f@@geﬁndj Utﬁa%_rlﬁeih@agc_drﬁprmh@gﬂ ture;

an e) I S i i abi dur i S aspect,

her e 1 By e aMiee Bt SR 08, BLURITas fah ter B RRBE S0 EOES

from t hen ﬁ?@@%@ﬁiW@gﬁﬁﬁﬂﬁﬁﬁnhmﬁFéﬁwﬁéﬁéﬂﬁas the foll owing characteristics:
(a) it is present as single cells during suspension culture; (b) it shows a

mor phol paialkpchanaeti€hiotided a M cthdicloBisol g @lqut Radht tHASEIRFveg 8kl line,
the method comprising culturing the quiescent center-containing root tissue of a plant,
and then collecting an undifferentiated white tissue form the cultured tissue, wherein said
quiescent center-derived cell line 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.

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

(a) it 1s present as single cells during suspension culture;

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



lines derived fromtissues other than the quiescent center; (c) it

is surrounded by nucous material s; (d) it is stably maintained

wi t hout_ nor phol ogi cal changes during long-termculture; and (e) it
shows Hingh dgitwsh From JisgHes PHGT By Hi BESCHRHITBRS | n anot her aspect, there is
provi ded a %jn@psmn@é@&e&ﬁwgn@m@ﬁﬁ@t cell line, which conprises
freezing the cell line derived fromthe quiescent center of plant roots as
defi ned abovid) it ris stably maivieled wibodi membolagial ﬁihé%&eﬁtdl&?@cf%d?@ provi des
a net hodyf,QFf ;pteserving a plant cell line, which conprises freezing said
cell line derived fromthe guiescent center of plant roots. Qther features

and aspects @} itshewphigh arabildy dB1ips GyePigpdyath®- apparent fromthe fol | owi ng
detail ed description and the appended cl ai ns. BRI EF DESCRI PTI ON OF DRAW NGS
FIG 1A is an optical mcrograph of a cell line, which was induced by

cul t ur i Ingenoteer pspestcthere seprosideg gnngthednigr mbererting durlayf cll HpgeWchnt , but

i's in atalkes BREALE thi def ffohaterd FEAMMEhGGUERSESN: §OBtant AHs BEG 1B is
a phot ograph of the qui escent center-derived cell line, ich was isol ated
from t heefimpd gbveand cul tured for 4 weeks. FIG 2 illustrates optical

m croscopes of tissues, obtained by culturing the qui escent
center-containing root tissue of a rice plant in nedia containing each of

2, 4- D (W stillcrrtye)embodiment) the|BasepDfiscirmae pEyvideiee pieghodr BPFEFvig & 3
I T'ust F%&}eﬁmﬂega@am) BPRS NN B! IR AR RAGAYIGALuiORERr Matd-on of a

cell Ii erive romroot tissues other than the quiescent center of a
rice pleimiagtFeats. 3 (a)) and a cell line derived fromthe quiescent center
(FIG 3(b)). FIG 4 illustrates optical mcrographs of tissues, obtained by
cul turi nalet he qui escent center-containing root tissues of a mmize plant in

medi a cOfenfostngs et ispotts 2f 4 mpsencpieByure WiA(fe) apprEat fpm Rakpligwiaad
pi cl or agfifeli-description and the appended claims.

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



FIG 5 shows norphol ogi cal changes in cell lines derived fromroot tissues
other 5 than the quiescent center according to the culture period. FIG 6
shows the norphol ogi cal stabilization of the quiescent center-derived cell
| i ne accowdizng/ateis he culture period. 10 FIG 7A i s amrcapzszealoosdocr ogr aph

(400x magni fication) of the quiescent center-derived cell line, and 7B is
an optical mcrograph (400x magnification) of a root tissue-derived cell
i ne. FIG 8 illustrates optical mcrographs showi ng the conparison

et veen L1 G LAIRIAT (RCGVER DLTHOR R R DA RS
(FI'G 8(b)) D(ARCBA(R), 18 A Cor aiDs, NM@Q(Eﬁ@hémeﬁaﬁ; (fhe aggregation rates of

a cell line derived fromroot tissues other than the qui escent center and a
cell Iine derived fromthe 20 qui escent center. FIG 10 illustrates optical

51 80 B TR s LB R

bet ween theC romr I'Ssue heé™qti escent

cent er (FEGihdi{ e )quiiderd: Renteehdcokding telgeicutidrd peatodt he qui escent center: 25
(FIG 8(b)). FIG 11 is a graphic diagram-showi ng the post-cryopreservation
viabilities of the cell line derived fromroot tissues other than the

BETAT LED DEQ BriTeroRE AR PRIl ERPIR B R SR e 0

line according to the culture period.

10 FIG. 7A is an optical micrograph (400x magnification) of the quiescent center-
derived cell line, and 7B is an optical micrograph (400x magnification) of a root

tissue~derived cell line.

FIG. 8 illustrates optical micrographs showing the comparison between the cell line
15 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. 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

20 quiescent center.

F1G. 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
25 (FIG. 8(b)).

FIG. 11 is a graphic diagram showing the post-cryopreservation viabilities of the
celf line derived from root tissues other than the quiescent center and the cell line
derived from the quiescent center.
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= Unl ess otherwi se defined, all technical and scientific terns used herein
have the 5 sanme neani ng as commonly understood by one of ordinary skill in
the art. Cenerally, the definitions of various terns used herein are well
known andwoanwangsonal |y used in the art. In one aspegiciiiesspoassent
invention relates to a nethod for isolating a quiescent 10 center-derived
cell line, the nmethod conprising: culturing the quiescent center-containing
root tissue of a plant, and then collecting an undifferentiated white

e Lo e Ul R e G RPN RE IR0 e pr osem
invention, is obtained by gNDIPFREFEBREPR ENMBIHVIMIENTS Seeds or i s root

tissue differentiated fromcallus derived froma part of the plant. Also, a
medi um which is used in the culture process nmay be any cell line induction

medi um kno t .SKi [ he .art_. Dbut t i.ssue lture is

pr ef er abl ngé‘%l?%r%@%%‘fl% g%%&gdnea%aﬁﬂ%lsd@deﬁ?%&ﬁ éeﬁqn.gr%ﬁ %ﬁ%m 1 me VS
nmedi um  Gankeing ©35niAEdisu Fomnfondf uRdisisbdang KAOMediiser, §1 einpagf afabl y,
the tissue culture is performed in 2, 4-D- containing nmedium_Furthernore,
in the presémncialvedks glefinitiensc of |egiopyienns tused difreisc art wedhkepwdeaid/ed

cell line i%oﬁé&fﬁ% @#;ex%egﬁhrthggmout after 3-6 weeks of the tissue culture.

25 As used herein, m™qui'escent 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 neristem The cells of this
cel | group aR&NRMASHEFL Beperesant dayaadion relatas 1o a pradked &9 shlativgla qugssket for a

I i kvid ty. i bout 15-20 days..These cells are
usual |y iP eSEhpPatie BRIl PR oo R0 st TR 38 iy SR Sl ur ec
during exci sba@indig Myt tedieadl a0pladt! 6@t MRAoli&RRE dnl Rl f¥renihed WHA tissue

from the cultured tissue.

Preferably, the quiescent center-containing root tissue of a plant, which is used in
15 the 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 medivm
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 B35 medium, LS
20 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.

25 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

30 they are injured during excision or by radiation treatment. Specifically, when the
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pl ant root penetrates into the soil, the root cap effectively protects the
root apical neristem but because the protection is not perfect, the root
apical nmeristemis sonetines injured during the growmh of the root. At this
time, thewoehdsmszianst he qui escent center divide to formcapiroalso®ni st ens and
root caps again. Al so, upon 5 exposure to X-rays, cells stop dividing, but
the qui escent center cells imediately start to divide to formdividing
cells without being influenced by X-rays. In other words, the quiescent

center is a ce .l ich. ical e | [ d .

gui escent ¢ é’ﬁ%ng ¢ 8%% ﬁqn\éﬂg%ts ii%t%ggk i Sﬁf}b{%r tc%)'ég%ﬁ ﬁﬁg&b‘?‘%‘ﬁ ﬁﬁotﬁsé:é’ :iiget téor%yaaﬁiﬁai
protoderm \Whdrsferdl Butt B&aRid B Yrotedtiont BMEotOperfdte theoloot hficdhectidteas gent
center can be obtained fromthe root of plants. Preferably, it can be

obt ai ned f r gfinetmes daitiresk duripg 4 LEawWigerinihgaticetl fAbMIS ttisrd. |the sgliséedhe or

can be obt ai 1 I i e difif i f callu erlved
froma part q%l?e%%énﬁl%g}rlltta d&?%? ]E'aor %%#Ay%pq%al é@‘%ﬁg‘}n‘%ﬁ%g’fo&ft %g%sa %a%#'e n%%/sl%hgécf%e
root cap frerpéduge EOMtralvk cell seoddivedihgCiiitiBe quiedddnt @Bntef célboiimddinamisi n
t hi ckness fromthe cut surface, is cultured in cell line induction nmedium

Before the tiakgelivideteferm dnadiasicels wadion! beng pebieneed By &-rvy. bl eliB) ect ed

to a sterili I Yo (0} : 0, se

sii 1 od 1 n tRethe BAEEIT HERAEh Al HER TRt R ML MO ol
sterilized Sgedgulescdnsecsntéheliffodehfgiee dintootrotdfbiuen, Mayoundt nissamd] #ct ed to
a 20 separate sterilization process. The cell |ine induction nmedium may be
any medi um PRIRACTL Wings eredhe priswry merisemsraf tharptexanpl es t her eof i ncl ude,
N6 medi u%(Chu C.C., Proc. Synp. Plant Tissue Cult., Peking, 43, 1978), M
medi um (Miurashige T. and Skoog F., Physiol. Plant, 15:473, 1962), Ganborg

B5 medi um ( Gehpigcetlceniel cal be obned@Rbh tiRefoot 0BPlabhksl, Fr8%8ably, iScdies um
(Linsmaier E,M 25 and Skoo% F., Physiol. Plantarum, 18:100, 1965), KAO M
medi um ( Kao ORtaedafrgmviheneppt i avpRitiepgerminate( gapm, sterilizes: 9385 o1gmB)be put
are not lim h t . r r t] is cultured in a
medi um cont é’?’%ﬂ}\é& %5121 %T%%{%%uguﬁﬁﬁ%%ﬁé‘% ef% Jr%ﬁ %?gﬁﬁ{s&eﬁg%gofﬁ naltiang%‘!{lé) %

concentrati planof Prefgibly, artplnt, @bfingl Bf esrablifig 2hd ré@/dap fBREGHS kdotaipl ture
conditions for cell line induction, culture periods, etc. are deternined
dependi ng® 0AnE RellGeting & nowtiehat alqué i ia dhigkngss fFpm el qus suzdpgs, fsrpatltured

det erm nat i SUG : .S, ohly] . 1.ho Ki ]l e r I n
the i saue o BYSRLAORINDAE, O o skl Ins i uRRich Miark fhot

derived frofisiermay bei shisedtderstdriipationropese aceuitiingemnt £1geastd] mearld |ine
derived fromthe qui escent center was observed. The cell line derived from

root tissue§PRWh& hanankilied 1gtieatentiovarirevhana froimt v glanteeeamtiatsdone d
was homogentos "HPRRse inFbalr qlibfEs B0 Affls pp8RRADS: HEEET R Alea
vi sual | y20 t bepaeait | stdriliwatider proeeksf r ofiieoodll 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 ¥., Physiol. Plant, 15:473, 1962), Gamborg B5 medium
(Gamborg O.L. et al., Exp. Cell Res., 50:151, 1968), LS medium (Linsmaier E.M.
25 and Skoog F., Physiol. Plantarum., 18:100, 1965), KACG 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-DD among
auxins. Herein, 2, 4-D is contained at a concentration of 2 mg/L, and more

30 preferably 2-7 mg/L. Specific culture conditions for cell line induction, culture
8



10 tissues other than the quiescent center had a yellow col or, whereas the
cell line derived fromthe quiescent center had a white col or and was
surrounded by nucous materials. Nanely, the cell line derived fromthe

gqui escentwoendwass@ppeared as "undi fferenti ated white tricggu@bosodsses mucous
material is regarded as nucigens. The nuci gens are known as conpl ex

pol ysaccharides, including sugars, organic 15 acids, vitam ns, enzynes and
am no acids, which are secreted by cells around the root cap and the

epi der el collBacleid IE. 580 SRSOEIAA d oRITER ANLLPISCHRLRBPLORL £

di fference, urescen > derive Ine can sel'ect ed.
FIG 1A is anghied dgeapinashons aghtfhaosus ebeient t?Bosesitined dgtievad cell line
before isolation. In FIG 1A a red circular portion is the quiescent
center-derived cell line. FIG 1B is a photograph show ng the qui escent

-deri | i ' ¥e] . . Ks.
The. co | ect i greph e, MRURPmiRRd o BFRthd Yool Rl e Bl L gl

preferably 2botatitsies cathéruttenothe3 gbicveadk Ssenten dariiiok ecdif @iner adivwedc Bohurige of
4-5 weeks after the quiescent center-containing root tissue of a plant is

i nocul at ed GHiSSCHE! sRRiCTIAS ABEIYeR- 6 Wseted lirerderived S xeqtdissuastpshegihass cent
center-deri i I S,.1 i L.on: .t econes
casy. for \ESpGRent ol Siap BEHE Gl MCad il 1o e RS B dEFP

to all plantsll imedietikad fidhe thpugdswent caenteds danopedogehhd bhdgedcanides!
obtained fromall plants. Nanely, in one Exanple of the present invention,
a cell |ine dNd&rendadion: edilpp.ombehobyeived camallye ihe rcelf linhalerived framgaet of

e ThC TR e NSO SR e o

havi ng the dletiestfom heguiscerdtxanpt Bsd owhpleantd dnt orasWak-©hindedbly BRHCENT
center-derived cell line can be_qbtained may include, but are not limted
to, a rice pragHals.g Mamsly. fhasell Imesderivedt iromnthe suprsenhesnier, apuearadniscepa
and Arabi dopsi | ts S] | cal ristics of
fhe qui escont erERRHSTRAC ARER, S Tre i Rul kIR, SEh T BNt

pl ant, Arab Thdapst¢igenshhrei kirovae pa,coApRHapsigbiotharidiss Woledhk euwdirs € bahiiii ze:
Georgi na_Poncg et, at, Plant Cell and Environpent, 28:719, 2005; Keni Jiang
et al., Devaf@pndfmingpzymes and@oanc AFkpi Woisdi e sreeladobkanisyarownd ge, The

Plant Journal,: 30282% Q@%ﬂ] r , Current Biology, 8:R42, 1998;
Al /urn cepa:0 IS% so, el\%)w yafg‘%l?s %@%@?'469, 1998; Avena saliva: F.A L.
Cl owes, New Phytol., 129, 1982; Pisum sativum Peter Doerner, Current

Bi ol ogy, 8:R42, 19?8] not her aspect, the present invention rel ates

In . §
to a qui escéfEOina ey baredi Qe thic anorpheleaicalyditisrcnes. galy Vesd apicorant ieenter-
qui escent cgpt S f.0l | C ristlics:
(a) it is pr gitslgaﬁit égéls&%@loér:%ﬂée g@?‘f@‘%uﬁﬁ&@hﬁ%@%@%ﬁ%‘ u%?lt% Evr%gé e (ﬁnéS%gnt
20 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
26 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,

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



(b) it shows a norphol ogi cal characteristic of nuclei |arger than those of
cell lines derived fromtissues other than the quiescent center; (c)
it is surrounded by nmucous nmaterials; 25(d) it is stably maintained w thout
nmor phol ogwoabosahsnges during | ong-teimculture; and (e@crdrsémsehi gh

viability during cryopreservation. The qui escent center-derived cel
l'ine of the present invention shows 30 norphol ogi cal characteristics of
relatively large nuclei. It was observed that the 10 size of the nuclei

bout A th f oth C derived
P SeuodobRbRe B R bubBAb g Pl S S0k AERABRL T e
cell line Ofmﬁé‘%@rcﬁﬁﬁaénﬂ RUEBEHA v 2611 STWaM €hy Sbisihad! Bosehll Blafiet h
wi t hout norphol ogi cal changes, even when it is cultured for a |ong period

of time. In Mmlﬁxm@mplh@fph@gmscntum\mﬁmom cell tinqewasobeleieddtom g t he

escent center-derived S. sta cul tur
O ool ogi CaSheR St ae iR mablithe Gt ail P e R M B obsols s, on
the .ot her shanghe INQMA hhBe € hat thelRYd ofeRe hfaBtifRntionTaH BT Phhed tt AN t he
gui escent center was 10 cultured for a long period of tine, several |ocal

di f f erent i atrilams baeing thbsmicseahti ¢entdie E@ampkfgg?rfe@ams&mma%ﬁhncbaar gitiesdent | y,

the d I entit I.0O Ln addition,
bl ant el |5 Gpsraert o el RC b oF GP meTanfodt gPEgry panH it e

i crobi al celidf, hehdige ?Lﬂnt UPR ok S48k bhsa, thﬁm%bb AAU RGP IORB.
causes an environnental difference between the inside and the outside of

the cel | ag@@gmiqtmf‘ plants rbaqﬁlyn@l%@ﬁig@@raqnercs@m ofribav quiessdnt penter of
e ot oHe HRELERYE RUERRERT oy PTGt mheies AYAEr SETA B YUY SlEause
it is cult UDﬁﬁn@%aﬁb&lgb@uﬁ%laltﬁuﬂyétcnm5ﬁ§p@&§fg?ﬁ‘a Ponce et al., Plant Cell and
Environment, 28:719, 2005; Keni Jiang et al., Development, 130:1429, 2003:
Arabidepsis: Noriko Kamiya er al., The Plant Jowrnal, 35:429, 2003; Peter
Doerner, Current Biology, 8:R42, 1998; Allium cepa: R.Liso, New Phytol,
15 110:469, 1998; dvena sativa: F.AL. Clowes, New Phyrol.,, 129, 1982; Pisum
sativam: Peter Doerner, Current Biology, 8:R42, 1998].

In another aspect, the present invention relates o a quiescent center-derived cell
line, which is derived from the quiescent center of a plant and has the foliowing
20 characteristics:
(a) it is present as single celis 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;
25 (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

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



20 culture. The quiescent center-derived cell line according to the present
i nvention can be used in a plant expression systemto stably produce useful
substances. Al so, the quiescent center-derived cell |line of the present

i nvent i onwoapnodaesqsl t ured according 25 to plant cell suspebsisnsaul ture

met hod, and a specific culture nethod can be carried out as known in the
art. In still another aspect, the present invention relates to a nethod
for preserving a plant cell line, which conprises freezing said cell |ine

derived fromthe. gui escent 30 center of .plant roots. .. Moreover nt cells
Showed | ow i TSGR Eoa e NAER oniecheh e et SouBht <Bl Thes
cent er - der i \Reve® Flonl 1i8@ePbihehRaRkRSQbscehv@Mtdron showed a very high
viability of nore than 85% when it was cryopreserved according to a

conventional 5 cell cryopreservation nmethod. If cell lines can be
cryopreserv it. is possible.to stabl |y raw.material.s and construct
o ubstant| aengbpuinE g Rl i 3 B8 Atstell oM obr e Aous B8 |
line of the spib@sesl ckWBNyitEOuICABrPAIcREIP chehdsNever QREH &f 19 ANGirsd 8kl £
manner. 10 The world is now at war for securing research materials

(bi ol ogi cal lewsperiakesftimandin ore Praple wé theopresand invaationf it vas iobservéd that

bi ol ogi cal . f el opi vari ous w_dru and i nproving. fpood
qual i ty. i nefadriseeat e ar PF 4R B b Brphies gRRicutaborptbgich
genes, have daes@EevaiPahtR it wanbilanRed fhf QBRS hheI6 WiIACCUinRUiNer agause
securing research materials-leads to national conpetitiveness, it is

requi red to vdnsthewsl! bed detivete oan ket fissuesestben fiangthe apli¢seenti eapter was

i i.stributing.cell. |i ich . ial .
at or 1 a1 99 AUy TRL e RnEF s arbfaliell i o i oAt S RBE R P pl ant
cel | banks aliecdbagdrtgiondand patisuRBkyheldeleReMaN oM YldvahifiRATBEEATE

snoot h, and the period of studies 20 enploying plant cell |ines can be
short ened. distinctly shown.

In addition, plant cells are cultured in the form of a cell aggregation, uniike
15 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

20 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
25 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

30  center of plant roots,
11



Exanpl es Hereinafter, the present invention will be described in further
detail with reference 25 to exanples. It will be obvious to those skilled
in the art that these exanples are illustrative purpose only and are not to
be const rwedstomsdsigrit t he scope of the present inventipgmxkihesausa:t hese
exanpl es can be nodified into other various forns. Exanple 1: Isolation of
cell line derived from quiescent center of rice plant 30 1-1: Preparation
of plant material Rice seeds were peeled, surface-sterilized with 70%

et hanol for 1 mnute, soaked in 2% sodi um hypochlorite solution for 1 hour,
and then washed once or twice with sterilized water. The washed seeds were

suf fici ent| Wueshed pladthcsltershbwe@dowateability! duridf civopteesrvadnd bherhdri ed
to conpletely renove noisture. The dried seeds were seeded in N6 nedi um
(CHU MEDI UMqueieent, enterpegived cell line of the present invention showed a very high
viability of more than 85%, when it was cryopreserved according to a conventionai
5 cell eryopreservation method. If cell lines can be crvopreserved, it is possible to
stably supply raw materials and construct a substantial master cell bank. Thus, the
quiescent center-derived cell line of the present invention can be supplied in a long-

term and stable manner,

10 The world is now at war for securing research materials (biological resources), and
the preservation and identification of biological resources for developing various
new drugs and improving food quality, including human tissue, plant seeds,

microorganisms, cells and genes, have become important national properties.

15 Accordingly, because securing research materials leads to national competitiveness,
it is required to construct cell line banks for developing, collecting, preserving and
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

20 employing plant cell lines can be shortened.

Examples

Hereinafter, the present invention will be described in further detail with reference
25 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 guiescent center of rice plant

30
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Synmp. Plant Tissue Cult., Peking, 43, 1978) and cultured at 25t for 5
days, such that they were genlinated. The conposition of the N6 nediumis
shown in Table 10 1 below. Table 1 15 Then, fromthe plant germ nated for
5- 6 days,wbhervgessescent center-containing root tissueprsasreodsicewbed. The
root cap was renoved fromthe root tip, and a portion of 1 mmin thickness
fromthe cut surface was collected as an explant. 1-2: Induction and

i sol ati on of quiescent center-derived cell line 13 (1) The expl ant
collected i Rn_fxA ated into N6 nedia, containing each of 2
ng/ L, 3 rrg/[1 ara ar%:&néfgﬁﬁtfnﬂ%?lﬂi nd N6 medi a, containing each of other
auxi n hor nomss sdedéwete pedied, %uﬁ"@&t-i,teﬂﬁﬁdd\)mh [78% éthaga!fer Brilubgl doakedid) .

NAA (1- napht hal eneaceti c_acid), CPA (p-chl orophenoxyacet i c aci d) or

Picl oram 5 @4t sedinge Bypochlarite éﬁﬁ”&%ﬁiﬂ‘cblmﬁl‘scﬁ@cﬁhé? veashed enempptwice with
concentrati ab

2,4- D cont a?%?l}]lgédne .?eg.’ ? ﬁe I'n %’egg Woe% Sd c @ﬁxé@%ﬁg@@v&l}s}sﬁg@}eg d%at%ra
after thesi fierci(] minudes, ahcmt}telmedraad%laamprfﬁtﬁymbmgvmlmrd he i nduction rate of
t he qui escent center-derived cells did not increase in proportion to 10 the
concentration thereof and showed simlar induction rates at concentration
of 2 ng/L a e pr abl e
to culture :[%gmer%'g %eﬁgégf&%géﬁggérﬁ/lrna oﬁl%g{‘u%ngree hanbzrg ﬁtzhlll d?cﬁ% ion,
exper i ment s Syewe Péar riiske dinlz. a?elﬁ@g;@iénﬂﬁm)i aiscudfurdd muﬂﬂ_ C %ﬁmﬂb,ys Sugo/ L, 6
ng/L and 7 mc/ and, as a redult It was, shown that it is nore preferable

'G

to culture tiFd p\p%rﬁtgegqqmate The composition of the N6 medium is shown in Table
10 1 below.
Table 1
Composition ‘ — Concentration
Lalils e 3(3 E g T ': 128, 33&5!!:
K y o m:ﬁ}; .
Hacroslements 5[4
Eﬁsoz
. (Mm
Gewas ition
Mitroalansnts —r—
EESO;‘M»
[ TETED
Composition
Gl'mzana
T}llanmﬂ-‘ﬂﬁl

_ Hmammc aani,‘

15 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




15 concentration of 2-7 ng/L. However, as shown in FIG 2, in the case of
auxins other than 2,4-D, cells were not induced after the inocul ation, and
adventitious roots occurred in the explant. In FIG 2, "A" is tissue

cul tured wa22p943d€ont ai ni ng nmedia, "B" is tissue cul tramatR2nos/028304
CPA-containing nedia, "C' is tissue cultured in | AA-containing nedia, "D
is tissue cultured in IBA-containing nedia, "E'" is tissue cultured in

NAA- cont ai ni ng nedia, and "F" is tissue cultured in Picloramcontaining

medi a. Al i i l en t: I n -derjved
ol 11 ne vl I8 B dolichB i BB er iR bl 1O e ety Lty TC
in FIG 1A ecatteof Rhegll, Ssme/ICahd ureglast REFDoaARING metihe cdnthinbhe eadhadhhi ng
medi a, the norphol ogi cal difference between the cell |ine derived fromroot

tissues ot h&her pn Bermgonessdért (Bupicr-aasitr erid).cBif (ndrledehytyidel a0iddm t he
30 qui , i fical 1 1j i f
Poot 1 ssued A V1 Eiap BRI ARAEHK i PRAPA bSHOoh i Bt AdDCaEBlaNER T O

showed | otalk4-dififiesSnd-tracHionpicobiuic dcdid at éld sdmensondentratis fak dra 4B@e.qui escent
center was honogenous and showed no | ocal differentiation. Wen observed
visually, the cell line derived fromroot tissues other than the quiescent

center had ayellaw GPHRI case dg’gﬁ%??ﬁ%ﬁ Sfifiink thbds AR UELidy mémﬁ%?sances

gui escent center had a white was stirrounde y mucous su

Based on t hivasmbsaivetl G dats sfitdrf the anemlatione Th $he1@, 4-Bhiehainheweddinothe
differentiation and had a white color, that is, the cell line derived from
the qui escefdUSEAR B3ic Ohde guiptcsnbernigriderivad celedikanot ifrreasg in PrOPosioe®

ci rcul ar ;porit i i i t -der.| . ce lj (3).-Kl G 3
11 st af Bty Sbseukih Bk 268 1608h S el diCiles dABpedapTb Lol |

| ine derivedd/r amdrhigiter! | ssvesiimiliet colldmetdaen duit s anticedid 8y cllae dizd t he
cell line derived fromthe quiescent centerg{i{rt:). As shown in FIG 3, the
cel | 1ine d&FPIPRGak FoRReRBatoR [dJne BrRet MHhn (Reddifies comeripentereitas

het er ogeneoug-@A%ut at concentrations of 1 mg/L, 4 mg/L, 5 mg/L, 6 mg/L. and 7 mg/L and,
as a result, it was shown that it is more preferable to culture the explant at

15 concentration of 2-7 mg/L.

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
20 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-coniaining media.

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

25 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 medie, the morphological difference between the cell line derived from
root tissues other than the quiescent center and the cell line derived from the

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



15 showed | ocal differentiations, but the cell Iine derived fromthe

qui escent center was honogenous and showed no |ocal differentiation. (4)
Meanwhil e, in the case where the cell line derived fromthe qui escent
center wadorow/ssiol at ed even after 3-6 weeks and was mctatkowistohsebhe cel |
line derived 20 fromroot tissues other than the quiescent center, the
denaturation of the nucous conponents occurred. This denaturation is
believed to be attributable to the phenol conpound of the cell |ine derived
fromthe of Refert lfiatiethe ThiSsdct b@&ﬁyéewapegé%% S ShnPhendleommRonent s
actively occurs in di ntiated tissues tlon of cell
i ne deri V€Gﬁ1fffd§r6ﬂﬂ1&110n€,3dﬂ]ﬂt fleendedr lofe nierized pfrant tlldhl :qmesemnis comele was
gelmnatedlnthe same nner.as in Ex 1, dfro ero f the
germi nat ed PEREENYe %%poci@ﬁaleqh?'fggﬁwlawﬁ ‘ng és?ﬁﬂa%%ngsvw %ed.
Then, the e t g B3R 10l koD A
LAn 1 BA 3G dete CP%r%%?H?%@% PR Shafl U QB BRALL IR Prehrog 2 "and
whet her t he wiguéassbentl! dimntderivde fione thecqlibsdenneentershadnal wdee oods: emkisxmsved

As a result in FIG 4, when qU| scent center- t ai ni

expl ant of ?H@OM@?‘%WHMBWC% e%asefi %Idi%‘%‘P plogice] AU IZEIE: ftne was
observed inffie difciPshowdCRS 8l bR Adl Hadt s ggxd%ama@{s cféﬂ%ﬁ:ase In

whi ch the qui estent center-containing root expla the rice plant was
cul tured. Heevet fromthb lgeicsese cofitenuxasnsolated enftet Banw2elkt- DIn #@G| sAwersd not

i nduced after the inocyl ation of the expla %‘i ﬁnd adventitious roots
devel oped i ﬁifﬂﬁléfg%&oaﬁﬁt € qgseent cgnterﬂeny ¢elt i8&ue cultured in

2,4-D-conpgaining media, "B' is a tissue cultured in CPA-containing media,
"C'" 10 is a tissue cultured in IAA-containing nedia, "D' is a tissue in
| BA- cont ai ni(hgFHeds allustistesi ph@ognaghuehmhgwhedmmhhl@gi@bmﬂ:)ad:m&nirg] nkdiea, and
"F' is a ti szﬁ‘ cud t.uréa%_l n Picloram contain medi

cell Tine derived from root tissues other than quzescent center (a) and the cell

line derived from the quiescent cenier (b). As shown in FIG. 3, the cell line

derived from root tissues other than the quiescent center was heterogeneous and

15 showed local differentiations, but the cell line derived from the guiescent center

was homogenous and showed no locai 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
20 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.

25 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, TAA, IBA,

30 NAA and Picloram, in the same manner as in Example 1-2, and whether the
15



Accordingly, it could be seen that, even in the case of quiescent
center-containing 15 plants other than a rice plant, quiescent
center-derived cell lines could be specifically induced, when 2,4-D was
used. Exawpl»oddisabservati on of characteristics of celdciurreosdesdrved from
qui escent center of rice plant 20 3-1: Cbservation of norphol ogi cal change
during long-termculture The quiescent center-derived cell line isolated
in Exanple 1 was inoculated into a culture nmedi um having the sane

conposition [ all_ 14 i i Jye=oll ) anple 1-2, that is,
N6 nmedi a con a?sh%}ﬁéggtefr;rg}”lfv%%&% Wﬁ%ﬁgﬂ%ﬂs g#%s\%évdﬁ%?o 25 proliferate.
After 4 weeks and 16 weeks of cell growth, the proliferated quiescent

center cells were observed. Meanwhile, as control groups, .cell |ines
derived frorfyaEsull asshewndphde. frahen e qyirsed sppCEeprignReEPlan B t o

proliferate j r i 4 t: Rl

nmor phol ogi Cé’{nﬂgigﬁ%ﬁg&gfa tEe CJ%]I%Ishslgl(?vxclzir%é1 égﬁg%rﬁgﬂe)ggeggﬁdo&%gggge}gu et,2’éha}g shown
in FIG 55 ronpivhgenahd ichlangane wearmep hs ¢l eghei in Wwhieghrthetquiésssnatecetierd ved
cell lines after 4 weeks (FI GV@A) .and 16 week]s (gho%{gﬂgr aphs, o%lher thfan
FIG 5A) of %Biaupe rox¢ anf Phjeg Kiceaplaply Pag CRltuSEy o FPWEVER dp the case o

di ff tiati i - k ] I ly,
i fferentiatj,ons e ShaPS 8l ekl WwdBGof flduc dg%grqg% h%mﬁ%g ogggée !;ng;ggﬁ! o

t he devel opment of 5 adventitious roots cou stinc

t he ot her hamd adasntslomemodts deVvdbpd inihe axglve. qim E5C.eht“ACdpheissutecilued cel |
line was cultured, no nprphol ogical change occurred even after 4 weeks
(FIG 6A) arfl<t ainyng| ipedigRyBofs & fistusr@iturgl in CPA-containing media, “C

10 is a tissue cultured in 1AA-containing media, “D” is a tissue in IBA-containing

media, “E” is a tissne cultured in NAA-containing media, and “F” is a tissue

cultured in Picloram-containing media.

Accordingly, it could be seen that, even in the case of quiescent center-containing
15 'plants other than a rice plant, quiescent center-derived cell lines could be

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

Example 3: Observation of characteristics of cell hne derived from quiescent cenier

of rice plant

20

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

The quiescent center-derived cell line isolated in Exampie | was inoculated into a
culture medium having the same composition as in the ceil line induction medium
of Example 1-2, that is, N6 media containing 2 mg/L of 2,4-D, and was allowed to

25 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.

30
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Accordingly, it could be observed that the cell lines derived from root

ti ssues other than the quiescent center showed rapid norphol ogi cal changes
wi th passage of tinme, but the quiescent center-derived cell |ine showed
nor phol ogwoabosieds | ity. As descri bed above, the qui eseariroenbswns deri ved
cell line according to the present 15 invention, which is a
single-cell-derived cell line, is stably maintained without changes during
| ong-termculture. Thus, it is very preferably used to select a cell line

whi ch has hi iehd teri : ' L , the
i sol at ed qui‘%‘s}s12(1:géflst%l hb%%%%?F%’?c@%@k}%&ﬁggéﬂ%? 6’%%‘3 SISF%XFW Iog{rsge
nucl ei . As sisewndérivell @l Iiks affee 4sivaksFIGheAT ehd 16iweeks (sledtbgrapss atheit  10-
hown ' FI GmECHY HURIGES ShBE U WeRE ErtTTrieveal [BbORIGIas
shown in Mt [ )

tissues oth [ t was, : [ t

qui escent c%ﬁ%?%&%‘?@e ce‘fsfcnepi ﬁ%@@%@fo& 2: &%ﬁ@%ﬁén&%@g‘éﬁ%‘%ﬁ%r%an on
duri ng suspedsemitions kbats eoulBlbantistmelly bsereedul tured in the formof a cell
aggregation without being cultured as single cells, and the cell _

aggr egat! on consists of a fewto Z;\;_réak@;undr eg;ersof plfﬁgt cel l(fsi qu:;gstﬁa I
aggregat | on (R CEhé hanldy hd SHIHN ld, Wenth 3 X i €
outside of the cell aggregati on,Fnl eIadi ng to cﬁgngeégﬁnecefﬁbgf%vfwaénd 30
t he product ives cofturesie holmapbsipgigekeshanse coculraigévwen aktee theecks{EIGUS A aent

center- derived.c line and the cell line derived fromroot tissues
ot her than tlﬁé”?ﬁlfﬁz;égrgé B)ad s ¥Caggregat e, during suspension culture, was
observed.lOAs aresult, as shown in FIG 8 and FIG 9, the cell line derived

fromroot tissues 5 other than the quiescent center was cultured in a cell
aggr egat i on Axwnglisglynig cobldebef wetvedgbatahakclhiiney detbvedf framlrbst tissuts dther
gui escent center-derived cel

illustrates E_@P}SS?WQF@""&HO‘E"‘%@ r‘éﬁ‘ﬂﬁ|£5¢9ﬁi§{<§g§ﬁﬁ%§{$gﬁh§§|@%§a@|§£@s8
cent er- dor i von RolT T CRIGOH(E) PR gBREs e RRET abiin: < A ng
t he described above, the quiescent center-derived cell line according to the present
15 invention, which is a single-cell-derived cell line, is stably maintained without
changes during long-term culture. Thus, it is very preferably used to select a cell

line which has high yield and stable material production ability.

Meanwhile, the isolated quiescent center-derived cell line had morphologically
20 large nuclei. As shown in FIG. 7A, the size of the cell line itself was about 10-
20/m, and the size of the nuclei was about 2-4tm. 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.

25 3-2: Observation of cell ageregation 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

30 the production of useful substances. Accordingly, whether the quiescent center-
17



10 degree of aggregation of the cell line derived fromroot tissues other
than the qui escent center and the qui escent center-derived cell line. 3-3:
Experiment of viability during cryopreservation A technique for
cryopresevgizig/ogsid |ines is a nmethod essential for suaphsgzneg/oosens 15
materials and constructing substantial master cell banks. The
cryopreservation technique is comonly wdely used in animal cells, but the
application thereof in plant cells is limted, because the plant cells have
| ow vi abi | i ; e L.Rgl on
viabi 1ty oftifel G fiby ARA BRI Py TR CBR dmuon Bing AR LIS BN

the fol | ow rgn egaté’,QiuBmg squ@smrmlmﬁ:nmw%mv@d ceI | line of Exanple
3-2 was inocul ated and suspension-cultured for 6-7 days. The suspension

cul ture was pre cultured in 0.16M mannitol -contai ni ng nmedi um at room

tenper at ure 40 a e e,

I ovrrvl-) t enper a urare et%}lga%sgm%? I{s?%r%gﬁg?ﬁgb?’eﬁ% c%g dd %ﬁ}eéa(l% rg& tzssues

t ransf er r gd otiet ahder yiebipabsceucaner WA ruk@etanhr agl aggredition cmmtl@gmfmg 40%
et hyl ene glycol (Sig USA) and 30% sorbitol (DUCH EFA, The Netherl ands),

and t hen \/veif@é"fc,tﬂlﬁieﬁi3 ‘hyp dﬁﬁéSforceélSnbﬁhﬂ’é?squWFF@ﬁt cemer-demiyes eell disp was
e oS W b ap o on Tl tage ATTENSELEN S B

nitrogen. Then W ng, e 'S, which maln
from root tissues other than the quiescent center (FIG. 8(a)) and the quiescent
center-derived cell line (FIG. &(b)). FIG. 9 is a graphic diagram showing the
10 degree of aggregation of the cell line derived from root tissues other than the

quiescent center and the quiescent center-derived cell line,

3-3: Experiment of viability during crvopreservation

A technique for cryopreserving cell lines is a method essential for supplying raw

15 materials and constructing substantial master cell banks. The cryopreservation
technique is commonly widely used in animal cells, but the application thereof in
plant cells is limited, because the plant cells have low viability after
cryopreservation.  Accordingly, the cryopreservation viability of the cell line
derived from the quiescent center was tested in the following manner.

20
The quiescent center-derived cell line of Fxample 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,

25 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 4C for 3 minutes. Then, the cultured
cells treated with a cfyepreservaﬁon agent were immersed and frozen in liguid
nitrogen. Then, for thawing, the cultured ceils, which maintained in liquid

30 mitrogen for at least 10 minutes, were placed and maintained in a water bath at 40C
18



30 nitrogen for at least 10 minutes, were placed and maintained in a-water
bath at 40C 18 for 1-2 mnutes. For cell regrowh, the filtrate contai ning
the cells was applied to 0.5M sorbitol-containing nedium and stabilized at
room t enpEoatvasrogs4ior 30 m nutes. Then, the cells were realtran@doions 0. 1 M
sorbitol -contai ning nediumfor 24 hours, nedium containing no sorbitol for
24 hours, and then nedium containing 5 no sorbitol for 24 hours. Then, the
viability of the cells was observed. As a result, as shown in FIG 10 and

FIG 11, th 15 P der ' : t Legeent
center shomg%lpgbﬁg%l |'t§$/:r O(%)%gﬁ#éés% %Hé%?élgt%ﬁig&?]ﬁ%ﬁ%ﬁﬁee%@grvl‘%ag%p i

cent er - der i veiMcadrbitbi-emtaiatgy @i rhOaﬁdwete{b:ﬂe.&@l Nt lrwmnﬁempbrsﬂuwvefdh rﬁ(}lp
viability of about re than_85% FIG 10 il]lustrates photographs show ng
the vi abi | i F1iB4Rb1 1 he dBF loels Reresenlived it Och SODIO}-sniaiIRg REAUTRAOT t he
qui escent cent ( 5i6d Lol i cent er
(b), observgght% rség%geﬁ vgﬁﬁ% ﬁgoss%%?tﬁ?ﬁgz\gf ggg’%%gg%e@glri@gf?%ﬁ?ﬁa d FI G
11 i s a gfaphisorbitiohfprédh lshowi NGhdnh éhewialiiiityi of s cellbwhAc obsetivarlgl y, it coul d
be seen that the quiescent center-derived cell line of the present
invention could be cryopreserved, unlike conventional plant cells which
coul d not bascs ot ashueel ifyeG! f LOWFIG AP thd Yell Y 8o HOdESh SobBhudshe
qui escent center-derived cell Tine is suitable for ong-term preservation.
20 | NDUSTRI atheARRan CaBIduidvelis celpac shdveell abeiadility hef dusk ebaent0%, but the

center-derived honogeneous cell |ine isolated . .
quiescent c%nter—dcnveg cell Ime according to the present invention showed a

10 viability of about more than 85%. FIG. 10 illustrates photographs showing the
viabilities of the cell line derived from root tissues other than the quiescent center
(a) and the cell line derived from the quiescent center (b), observed through Evan's
Blue staining after cryopreservation, and FIG. 11 is a graphic diagram showing the
viabilities.

i
Accordingly, it could be seen that the quiescent center-derived cell line of the
present invention could be cryopreserved, unlike conventional plant cells which
could not be cryopreserved due to low viability. This suggests that the quiescent
center-derived cell line is suitable for long-term preservation.

20

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
25 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

30 effective manner, and makes it possible to construct plant cell banks using a
19



according to the nethod of the present invention i-s useful as a research
tool for 25 studying devel opnental and genetic origin and assists in the
devel opnment of plant stemcell biology. Meanwhile, the quiescent

cent er - dewpwew/eehd | i ne according to the present i nvewttirkaredsswssai nt ai ned
for a long period of time w thout norphol ogi cal 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 30 effective
manner, and [ i t I 1 e USkd)0 4,3
cryopreserv§t| ﬁéﬁéfﬁggﬁﬁggéghégmﬁgpgh%ﬁgkagv|a Fﬁﬁ%ing?gﬁg?%§%%%ﬁi Yo
during cryoprepesseatation, unlitd kheophat cglisantNoetllystheNilieline, addoedingld tha ne
according to the present jinvention has advaqtages in that plant cell banks

can be consPFEERedREPR RasnpdaRiAeehaRi Wg! iRlagosel hagks sagupplopnstessisd ch
mat er i al s S@&%ﬂ??zﬁgﬁ%s‘, %?a@cfiﬁge? r@s&&% tB%h%;g? rQJea&%%ét@ﬁg@%o% WHd BM'EEn cel |

|l i nes. Althoug resent ention been descri n detail wth

r ef er encest ohd periglpEcinidies éraployriir@splattceliilines be apparent to those skilled in
the art that this descriptionis only for a preferred enbodi mrent and does
not limt the scope of the present

Although the present invention has been described in detail with reference to the
specific features, it will be apparent to those skilled in the art that this description is
only for a preferred embodiment and does not limit the scope of the present

10 invention. Thus, the substantial scope of the present invention will be defined by

the appended claims and equivalents thereof.
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10 invention. Thus, the substantial scope of the present invention wll be
defined by the appended cl ai ns and equi val ents thereof. THE CLAIMS What is
Claimed is: 5 1. Anmethod for isolating a quiescent center-derived cel

| i ne, thewtetohw@saoenprising culturing the qui escent ceartEKrRmMOsIttasAI Ng r oot
tissue of a plant, and then collecting an undifferentiated white tissue
fromthe cultured tissue, wherein said quiescent center-derived cell line
has the follow ng characteristics: (a) it is present as single cells during
suspension culture; 10(b) it shows %TﬁgQﬁﬂghﬂgical characteristic of nuclei
| arger than those of cell |ines derive romtissues other than the

qui escent center; (c) it is surrounded by mucous materials; (d)
it is stably mai ntained w thout norphol ogi cal changes during |long-term

cul ture; andWis(é Claimefidsis hi gh viability during cryopreservation. 2. The
met hod for isolating a quiescent center-derived cell line according to
claim1, wherein the quiescent center-containing root tissue of a plant is
obt ai ned by pemmim@hddFostigblatinges @liddtents eeger-deriv&l reetit links ke method
differentiated fromcallus derived 20 froma part of the plant. 3., The

net hod for icnmpsisingowturedbe anieseaah rerterertisiatnedert issug ot aqderdinkiben
claim 1, whes il tndfSeitthld White %iREE HRITRE Elided RGO ALl Gia

medi um

quiescent center-derived cell line has the following characteristics:
(a) it is present as single cells during suspension culture;
10 (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 1s stably maintained without morphological changes during long-term
culture; and

15 (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

20 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.

25 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;

30 (¢} it is surrounded by mucous materials;
21



25 4. A quiescent center-derived cell line, which is derived fromthe

qui escent center of a plant and has the follow ng characteristics: (a)
it is present as single cells during suspension culture; (b) it shows
a nor phol a@ madezeharacteristic of nuclei |arger than thosersts@esd | i nes
derived fromtissues other than the quiescent center; 30(c) it is
surrounded by nucous materi al s; (d) it is stably maintained w t hout
nor phol ogi cal changes during I ong-termcul ture; and (e) it shows high

!l ne. accor di ng. 160 & BHOI RepS Pirdor BRpHOLIET e BB Rt ooty

consi sting ofylfrd;iage plant, a maize pl ant Pi sum sativum Avena sativa,
Al'l'ium cepa and Ar abi dopsi s. 6. A method for preserving a plant cell
line, which condej Bebows bighivighilinedwatg cryppresargatder.i ved from the qui escent
center of plant roots according to claim4 or 5.

5 5. The quiescent center-derived cell line according to claim 4, wherein the plant is
selected from the group consisting of a rice plant, a maize plant, Pisum sativim,

Avena 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.

22



