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Induction of Variants of Cyrtomium caryoptideum var. coreanum Nakai
by Chemical Mutagenesis In vitro and RAPD Analysis

Jin-A Jeong and Cheol Hee Lee*
Dept. of Horticultural Science and Research Center for Bioresource and Health,
Chungbuk National University Cheongju, 361-763, Korea

Abstract - With the aim of inducing mutation in fern Cyrfomium caryoptideum var. coreanum, rhizome segments of In
vitro-grown cultures were treated with chemical mutagens such as EMS, NMU and colchicine. Based on regeneration
ratios, sensitivities for each treatments were assessed and also optimum treatment condition of each mutagens was
explored. Optimum concentration for EMS treatment was considered to be 20 to 50mM and for NMU 5 to 10mM.
NMU was found to be more effective in inducing chlorophyll and morphological variations than EMS. The RAPD
were performed to check the genetic modification of phenotypical variants. As a result, polymorphic DNA band pat-
terns between wild type and variants were observed by two 10-mer primers.
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M o

A (Gyrtomium  caryotideum var, coreanum)= Bola}
(Dropteridaceae)oll &8k AFAAERA WAE 2 o o)
FESIL ofgti] WKL 22 FoE, FHFoEs T
I{(Grtomium falcatum)@b SABRY 156~30cme] 3712 A
Aoz gt HolckJones, 1987). felURiods AR ER
3ike] uiglEol ApgshH, 1 ol Y&, F=, Qe HE, st
o] FRJof| BESIL = AR A UrhPak, 1961).

FEHAE o83t EAROISTE Ut BlolAt Eej=ld 1
2& 1% e glo] WK £ ltke ol fdHAlel] &
3 ARt} gejsicil & 4 QthDoo ef al, 2001). 3Ryt 719
ZAoA HFHA GRS o8 Aol R BolE
ST o] Boleh] o] gl Folv &) E= o o
A i) WHolxle] P szl FEE EEtiAY &Sk
o] 7] ¢kt IEERE SdolsFel 2Aplielas =lst
of AH o] wolEERE FXols f=3 F 7wl AN

Ol

* WM XHE-mail) : leech@chungbuk.ac. kr

gt BloMEAIE Balsle] IshIRt de dAEo] g3
2P| =t Sinningia speciosa(Pack®} Han, 1988), Oryza
sativa cv, Dongjinbyeo(lee et al, 1993), Gentiana sca
bra(Seong et al, 1995), Qymbidium kanran(Lee et al, 1998),
Gentiana axillariflora(lim et al, 2000), Arabidopsis rhali—
ana(Gaj, 2002), ®l(lee et al, 2002), Gossypium hirsum
(Herring et al, 2002), Glycine maxHofmann et al, 2004),
Dendranthema grandiflora(Latado et al, 20042} Zo] tjekst
ZplerAlEEolA WOl SAGT AlEESinh et
AE0] AL EAWOISGES oSt Holr SAAT= uie ol
ZI5E AdeodA] Z1of] T 7|2AREA} @RS FEGE Aol
ZHollA] WHolaze] Al A] 1 8l ekl Ay 2 <t
Al FopiiAiAle] Ed viEe] AR AdA(selective
agent) ] ARgol| SJste] g 4= Qlrt. T ol 2AM|FEL] At
s, BA 9 Ajd A7E Fok Wido] Sl S AL 5=
Q= o] AXEIL Qi Piqueras ef al, 1996; Gueta—Dahan
et al, 1997, Avsian—Kretchmer et al, 1999). Zlolle vhiz
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(THas 9 o oy o) o83t ExE vl ¥
Restriction Fragment Length Polymorp hism (RFLP), Random
Amplified Polymorphic DNARAFD), Ampli fied Fragment
Length Polymor phism(AFLP), Simple Sequence Repeats(SSR)
5 DNA vA7} 71ujulieF 9 SAHo 1 Helof) Slsle] {7)E #Ho|
O] RAH YIS AEsl] ofet B84Q WEHoR diFRL 9}
CHPredieri, 2001). £3] RAPD 41912 ¥lgio] 71Hs} AL ZAo]
oA Feljgo], Aso] S2 vIAAFAR] S Rol= AME |
oAt EAHOTA Sl 4 ol B4slke Aol Bol o}§
&3 ik

EMS, NMU 52 33FEol 9} colchicineS A2i3t & ZA4A
APES 2ARReRN 2 Azie FEslal, 2% @
3 oS Adsie] WE S ol 5% EolFE

T e WS iEE] $ig S¥es =g

o X

Mz 2 U

9ol A

7SR FHamle] of] AlEAlN IARSE Fotod
) oAl 3 AalzA 3 500mg ¥ &8j8leith EMS, NMUE
Ejg3]o] EMSE 0, 10, 20, 50 2 100mM9] $&&, NMUE 0,
1,2, 5 % 10mM9] =& Zulsle] ZiZold 2AE A7 B9F
AzA2 s1¢ic}, Be|PF3) colchicine 0, 0,01, 0,05, 0.1 &
0.5%9] T2 gl 23S JARE T 29 FF gl
(100rpm) 3ttt EAWHO|UE Hagt 2ARAL IR 33
AlRska, 100mg¥ Lirol Aelt g 58202 kinetin 5y M+
IBA 54 Mol &8 Xal9 1/2MSHiX)(sucrose 1%, EAJEF 0.1%,
agar 0.8%, pH 5.8)0] XAkgt & 12574 wljelsigict o] Fdul
Aol Alchsied 1257 o] wikst & Z}zke) Aaltolld ARYE 4]
EAle] 5 2RI, Skt AP wAsle] Qo] meF
2 AT} HolE AEAS ALet & AR Hixlef 2jAtsled HY
oFtact,

DNA &

o 3E 4 Wolel Als DNAE F5317] $4810] 0.3g9] d=3
< HEAE o8t FA kgt & 65CE vig] 7RAR]
1ml®] CTAB buffer(100mM Tris—HCl, pH 8.0; 1.4M Na(l;
20mM EDTA; 2% CTAB; 1% PVP; 1% B —mercaptoethanol;
0.5% sodium bisulfite)E #7Isle] 65T koA 1A &
oF wheAlFT)  1810ke) chroloformiisoamylalcohol(24:1)-S 27t
Slo] IS AL, EE|(12,000rpm, 1083 A5
isopropanol& 718l —20Cel] 2ARRE 52t DNAS A

g

el srsrE Aol o) g AATulY
#ol §7] U RAPD £4

oh gReRle] e pelletd AR 70% ethanol® AJEEH &
AAAZSK, 0.1XTE 2HEH 8.0)° =31 ¥ 541 RNase
AlOmgmL )2 7J8le] 37ToA 308 %2t wksAzh 5Y
2k} phenol:chroloform:iscamylalcohol(25:24:1)& 7I5lod &
E0S AR, thA] $PBH chroloformiisoamylal cohol(24:1)2)
FEIS AR YRR Al isopropanole A7t
Bl ~20Cold 8128F E9F DNAS Farzch fRjialsiol
AS DNA pellet® 70% ethanol® AHEIEL Adzizst o
0.1xTE -§9e] o] AR§3}3c. DNAS) k2 4 DNA(Promega,
oot ¥ 0.8% agarose gel(in 1XTAE buffer)ollr] A7|g%
3lo] BRIBIHCKLim et al, 1997; Ong et al, 1998b),

PCR ¥F&-

AMeE BE ARRS Promega(Madison, B13)<] AjEolgiom,
60718} ten—mer oligonucleotide primers(A, B, U Kits,
Operon Technolosies, Alameda, Calif.)& RAPD EAof| ALg3}
9k RAPD 9RSE(25, Dol= magmesium—free reaction buf—
fer(50mM KCI; 10mM Tris—HCl, pH 9; 1% Triton X—100)}
20~50ng®} DNA, 200x M dNTP, 3mM MgCle, 1z M primer,
J@)il 1 U Tag DNA polymerase’t Z&=|gct PCR 222
Gene Amp PCR System 9600(Perkin—FElmer Cetus, T} o]
|31 94 A 108 F2F DNAE WAAIZ & 60 cycle(94Col
Al 30, 35T 30x 72T 288 REEAIRSH, oRE
o8 72T 10871 13] FERES Adsisith. PCR ANES
2% agarose gel(in 1<XTAE buffer)olr Z7)%8%=3t o)) othi—
dium—bromide® FAsId UV A4l ERRIsIsTE

Hat W o
EMS 3 #i}

2o 2A2AL 20mMol FAET ojv] 56%00 g
Sl AlEA APUBLS Bgom, 50mMoldE 45%, 100mMolA
= 30%= HAasiHthTable 1), AWE ABAES] B3y HolE
2ARE Az, 20mMel 2.8%, SOmMolbs 8.2% 123
100mMelk] 3.8%2] AEAlell ¢ 2ol wHot BaEgch 1
HEE AEA e #EY WHol F@nleaol AT
b3 2o EMSO] A Aafss 20~50mMRl Ao
2 =ik

Glycine max cv, Troquois®] HME = EMS 1~3mMOE 44]
7 =9t Hepidii(Hofmann ef al, 2004), =3KDendranth
ema grandiffora)®) vldE A3 (pedicel)S 0.77%04 1ARE
4581 atado et al, 2004), 7\HeleEEQl ZEAUoK Sinningia

speciosa)] AZ= 0.001%2] EEofA 12A17KPack and Han,
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1988), K Qymbidium kanran)®l 27 029004 3F7HLee
et al, 1998)2] M7} zizt olgd A2 WU o5
1 o) FXAES FRL | TEAY o AERF
dlglo] EMSef| vl 71 Uide Ave AR A=t 1
dioll Aepbie] webd uixlell EMSE 71eted 30~6097r A
gizoR of AlYERt A Aeols 10~500u Mo 2
Tt ol EPIE St Lim et al, 2000).

EMSE $RRKGymbidium kanran; lee et al, 1998)°; =3}
(Dendranthema grandiflora; latado et al, 2004), 8%
(Gentiana axillariflora; Lim et al, 2000) S04 BEas A
g ISR MaAle] MRS APFIAY TREAIEA
£ #5585 A4 g DNAo| Eddols doryl= 9 axt
Aoz YA ciFarcoqui et al, 1997), 12t 2 A¥
ol ZA|3Hl= Qlo] BEFot AEA ] Hefr} wold AMEANE

of

SRS B o] YA YA st
NMU X&) &zt

Ha)m]0] 27 -l NMUS =g A2t 5 vkt 2,
10mMe] FEoli] B AEA] = FA ] 67%2 7T
Lt O~5mMe] Helolds tiETet FoRIE Eolx] eijict
(Table 2), A8 AEAIS] FHY Holg AR 23, 2mMollA
3.3%, SmMOIA 4,9%, 1231 10mMollAl 8,3%2) ABA oA A8
Ho |7} Ueldal, 2mMollA 3.3%, 5mMollA 2.4% ~12)3 10mMo])
A 6.3%0) AEol Qo) Bk Ei= AEX|0) FepHo)r} Thake]
ot olfE AFENE =g o, NMU H2lo] HARAL

5~10mMellA 3ARIRI Zo2 AJz=|Qlct

7IeiekE?l Wl oK Bagonia x hiemalishs Q@ BHE 2~10
mMe] NMUZ 1A7Fs<t Aefebiai(Bouman and De Klerk,
2001), Capscicum annuum®| 4GS 5mMoA 1A 308 B2t
HeBATkT S19KReo ef al, 1997). E3F 7R 8%
(Gentiana scabra)ol|A| o1} Mok= 1~AmMollA 247ke] A{)7}
ol gl W, FAE 24171e] XE)7t ol 8=I9iiaL st Seong
et al, 1995).

NMUT Helianthus annuus(Triboush et al, 1999u} 85
(Seong et al, 1995), Capsicum annuuniRao et al., 1997), &
LeHlim et al, 2000) Soli Fag "Rl Zo] RS AR
HEA] 55Rle] HiolE WAAYE RlEgv)t Be Aoz Ui
ek ot ohet gete] HE 2Ao] 2L 9y wHolFt &
o1 Seong et al, 1995), T8 Ho FEpt HEH

AEA7E BT SIHTHLim et al, 2000). ¥ AdoA
A1) EE NMU A2lel] ofste] 1o} ezt wolel AlEAet

Sawio] AL BE SWsigt Jelom NMUE TSAE
ok} BRYIAZ Aol HBAe] e R A Mol
£ o] Aubel Seollos Az

Colchicine 2] &Y}

Colchicine 22| AH2HE Yokar] aled, Hamle] &
7AZA& 0, 0.05, 0.01, 0.1 ¥ 0.5%2] =2 297+ |22zt
& AR AlEAle) Sop BHY wolg ZAsigd. 2R A
A" ABA Q] 4= 0.5%01 FAET div] 86%=2 ZaEglont

Table 1. Plant regeneration from homogenized rhizome segments treated with EMS in C. caryoptideum var. coreanum

EMS Mean no. of plants Total no. of plants No. of phenotypical variation
(mM) regenerated/culture bottle regenerated Leaf color (%) Leaf shape (%)

0 215 a* 43 0 (0) 0 (0)

10 15.3 ab 46 0 (0) 0 (0

20 12.0 be 36 0 0 1 (2.8)

50 9.8 bc 49 0O 4 (8.2)
100 6.5 ¢ 26 0 (0) 1 (3.8)

*Mean separation within columns by Duncan's multiple range test, P<0.05,

Table 2. Plant regeneration from homogenized rhizome segments treated with NMU in C. caryoptideum var. coreanum

NMU Mean no. of plants Total no. of plants No. of phenotypical variation
(mM) regenerated/culture bottle regenerated Leaf color (%) Leaf shape (%)
0 18.0 a° 36 0 O 0 0
1 155 ab 31 0 O (IN(0)]
2 15.0 ab 30 1 (3.3) 1 @33)
5 13.7 ab 41 2 4.9 1 (24)
10 120 b 48 4 (8.3) 3 (6.3)

*Mean separation within columns by Duncan's multiple range test, P<0.05.
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ol gigich ARIE AEAQ HewolE ZARE Hul
0.05%04 3.6%, 0.1%014 3.2%2] A2Aolla €] 2oF F= 4]
EAl9] eyt Hold Zlo® JeRdchTable 3). 22t Feo]
AEA)9] ploidy level-Z E4J3H A}, ANA| =9 vigsh= )l
=2 tthdata not shown), TERZ B AgolA AEAC] A
8 9l wHolEe] FHRITEA] A8k colchicine
274& Agslrle of=isict

71 deiel mulberry(Morus  alba)q= 73oFE 0.05~0.2%
o] HTR 107F Aefst At 0.1%04 4] =7t 7R &)
Ao, 0.270= 238]3 #AAEUTAL SHTHChakraborti
%, 1998). WY Brachiaria brizantha®] 713 (basal segment)
AE2 0.01%14 2%t APt 2Esilal(Pinheiro et al,
2000), Alocasia micholitziansPlA A% tip& 0.01%004 244
b A7t 4uid] f=o) 7R &Eo|gle, 0.05% oldelid=

HE seeh $EET 0.1%0k e ZE o] AR
1 319K Thao et al, 2003).

ojgiet ATES 1EE uj, ZuiRdEe) ABHel Az ¢
H@e BAHOS 0,01~0,1%9) colchicineollH] 1~2212] X7} H

Aeie) 2y

ZIWellx Betedriold Ao 9% B4 nH|9

HolF 7] % RAPD 4

S AR So] EIFHQ] ACR oiAXIs|, Tt HefsEr)
ROl AJBAjo) 480 B Flolzte) §7] Wi} ot
A Ao® oA,

AdkEl HolFol BA

7IUigHgolln A2 ofzge Al aglel sk ey
gol7} Wt 7RsAdo] b7l wiEe, ZIUdRE A 5~107) opdel
QAT EHeE Foll= FUSH Fo| A FRlEREAE TRt
T QHolFE Aldeliyinh AFHoR AE wWolEs EMS A
Tl 47K, NMU Hzj7ellx] 127§%cHTable 4; Fig. 1). EMS A
2o AdkE wolre BT dgolR SH(finnate)o] =
ojut FuAIe] ml WHo |7t dhggt AEAET Fuo] opYF W
ok EE5kL g Hold ABAIY NMU Azjolx A= 12
7§ SollA 5709 AEAke GMjo] wold Holla, e A
9] ez} Hold Aol GMRo| AEARE FAlEAe b
BAEAVE A=, TREAEAPRAN g Hols wie- &
TP M2 GV S8 dinich Gaigoele] M=ot 83
Hamls ZHeke Bk NMU Ao AdE Heso] 45

Table 3. Plant regeneration from homogenized rhizome segments treated with colchicine in C. caryoptideum var. coreanum

Colchicine Mean no. of plants Total no. of plants No. of phenotypical variation
(%) regenerated/culture bottle regenerated Leaf color (%) Leaf shape (%)
0 19.7 a 59 0O 0 (0)
0.01 235 a 47 0 () 0 (0)
0.05 140 a 28 0 (O 1 (3.6)
0.1 155 a 31 0 () 1 32)
0.5 17.0 a 34 0 (0 0 (0)

“Mean separation within columns by Duncan's multiple range test, P<0.05.

Table 4. Morphological characteristics of variants obtained from various mutagen treatments in C. caryoptideum var. coreanum

Mutagen treatment condition

Variant line Mutagen Con. (mM) Treatment time (hrs) Characteristics
CcarE20-1 EMS 20 3 Yellow plant
CcarE20-2 " n " Narrow, toothed finnate
CcarE50-1 v 50 " Round finnate, numerous frond
CcarE20-2 " " " Fine, numerous vein of finnate
CcarM2-1 NMU 2 " Broad and round finnate
CcarM2-2 4 " " Broad, toothed finnate
CcarM2-3 ” ” ” Variegated frond
CcarM5-1 " 5 " Narrow and long finnate
CcarM5-2 ” " " Narrow and long finnate
CcarM5-3 ” 4 ” Narrow, toothed finnate
CcarM5-4 n 4 4 Numerous frond
CcarM5-5 ” ” " Narrow finnate
CcarM5-6 " 4 " Variegated frond
CcarM10-1 " 10 " Yellow plant
CcarM10-2 " 4 " Variegated frond
CcarM10-3 ” U U Variegated frond
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Alelhs $Ho] op¥Fe] ulsle] 3 A, 7l
2 Edof §Y Eoo] EsiRl Mok So]
B} Bajlpy) B Ae Adisigint

Fe A, Ee
sigion], opyE

Fig. 1. Morphological variants of C. caryotidium var. coreanum re-
generated from rhizome segment treated with mutagen In vitro.

(A) Wild type, (B) CcarM10-3", (C) CearM5-6, (D) CcarMI0-1, (E)
CearM5-5, (F) CecarM5-4.

“Refer to Table 4.

RAPD £4

RAPD EXo]| ALH BlolF Crarfi20-12 3 = A4
PO, Ceal50-2= QW) WAl EFERE  AEA9h
CearM5—2= $H0] {11 ZA| W= e, CeaMI0-3y+= ¥
TAEAR] CearMI0-39] o2 RE MV Adield Ay
SHAEAIG o5 wlojRel opFe] Als DNAE &3
RAPD E4& AAGH 23 OPAO3(AGTCAGCCAC), OPAl3
(CAGCACCCAC), OPBOS(TGCTCTGCCOC), OPBIOCTG CTGGG
AC), OPBI2(CCTTGACGCA), OPUOL(ACGGACGTCA), OPUO5
(TTGGCGGCCT), OPUIS(GGCTGGTITCO) % 8712l primereiiA
7% DNA WIS €2 &+ %ith 11 ol OPBO6Y}
OPUOL primerofld] opdEat LR Holse Alolof thg4 DNA Hi
= djgs 2ol vhE, OPAO3E HIESH UMA] primerES Y
gk oWl oES JepickFig. 2). OPBO6 primer®] 7%
Cearfs0-29F CearM10-3y°ollA op¥Ex}t 28] DNA Hi=7h 22
E)R] 993, OPUOL primere CearlMb—204 opEan) tfE &=
71e] DNA W=7} veli=d), 1 371= Z2F 700bp Y 500bp™
Tg ot 27E E wf, RAPD BATREE YxjAE0A 7Y
ATUEE Blolo] 334 HHo| ofBE AT 4= Q= fAEsH Wb
Z sh=E AZPE|QI

SERRE 71 gio)| thee] —&]EHtﬂo1$‘oﬂk‘ RAPD £4HE o]83}
o F3 Blols FEsh=dl Aufsiairidata not shown). o=

=
(T 2

Ak wiole] Fefjgio)zh ARl a2lell 7IQIEky] HEY
S glov), E3 Aks DNAQl At poolold] WAEEH ¢leje)

A HolE BAske ) ¢lo] RAPD EARINIC 2 8:840)
AL FBP] "2l Aes AN ol Hae] Sshd

Asparagus officinalisRaimondi et al, 2001), Picea glau—
caDe Verno et al, 1999), T WIpomoea batatas’ lee et
al, 2003), T7VA M Lycium chinense. lLee et al, 1997),
Qryza sativa(Kim, 2003), =% AE/MNI(Forsythia kore—
ana. Shim et al, 1994) 52 739 RAPD EXof ojsled A=
Hol Wl ofzHo] 58 fiEoR SRIT 4= QIglov, wamo}
(Begonia xhiemalis, Bouman and De Klerk, 2001), 7Rt
Fowrre et al, 1997)9] Ftolrs B3F 2 Asrdel Blo]
7} Bslgigol= BEFSIa RAPD HI= Al thdAle] AEER]

STk sl =R A Wolse] {57 wlolg kot
agAor HAs| fEide ARsEAS vlEsl AFLP, SSR,
RFLP & o8 BEAHE Wosier & Zog AZ4=¢H
(Coulibaly et al, 2003; Devarumath et al, 2002; Nakajima
et al,, 1998; Ude et al, 2003),

Fig. 2. RAPD bands in wild type and variants line of C. ca
ryotidium var. coreanum using primer OPA0O3 (AGTCAGCC
AC), OPBO6 (TGCTCTGCCC) and OPUQ1 (ACGGACGTCA).
Lane: 1, 6, 11, wild type; 2, 7, 12, CearB20-1% 3, 8, 13,
CearE50-2; 4, 9, 14, CcarM5-2; 5, 10, 15, CcarM10-3y; M, the
size standard (100bp DNA ladder, Promega). “Refer to Table 4.

x4
A1

to

colchlcme—- ZJEIO} ‘:} AEA ZH"E &
7 e 20~50mMo|gon, NMUL 5~10mM,_‘ Aoz &
=i}, T3 FR ol Hef Al 9 FEfE Blolg A58
L ] glo] NMUZF EMS Bot &1px9] Aoz sRI=ict w3
3 HHo| AlEAS] R WHolE A $igled RAPDE =343t
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E Qs ARRAREHRY S IEAL] AelEeaT
Q] FEdishL ASAARIIEATAES] ] okt A
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