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Several Factors Affecting on In vitro Culture of Prothallus and
Ex Vitro Sporophyte Formation from Prothallus of
Dryopteris varia (L.) O. Kuntze

Jin-A Jeong and Cheol Hee Lee*
Dept. of Horticultural Science, Chungbuk National Univ., Cheongju, 361-763, Korea

Abstract - The most effective conditions of In vitro culture and ex vitro sporophyte formation from prothallus were
studied for mass propagation of Dryopteris varia. The most effective medium of prothallus proliferation was Murashige
and Skoog's basal medium supplemented with 10:50mM of NH;:NO; and 2% sucrose. The optimum pH level was 5.8
and prothallus growth was promoted on medium containing 0.6~0.8% agar. Almost of the tested growth regulators
(NAA, 1AA, 2,4-D, BAP, kinetin and 2ip) were inhibitory in prothallus proliferation as the concentration of growth regu-
lators became higher. The highest number of sporophytes was obtained by transplanting prothallus on compost only than
on any other soil compositions. Sporophyte formation was promoted remarkably by soaking prothallus with 100uM GA;

for 3 hours.
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FAAEZ YSAdo] Astar F49et o] 2FMo] AdE =2
< Fo] AAJdo] HoldoR W yfold HRER V7 &
T}, o5 Foltt HY T4 AfRHols EEolx e 4
oA Ao gof olgFaL et

dHo] zAFr|es o8ty PAMES R
= BEHQ WHEo] A=, Nephrolepis(Padhya
and Mehta, 1982; Paeck et al, 1984; Higuchi et al, 1987,
Higuchi and Amaki, 1989; Dawson et al, 1991, Hvoslef—
Eide, 1991), Adiantum(Salome et al, 1987), Fatycerium
(Camloha et al, 1994; Teng, 1997), Polypodium(Bertrand
et al, 1999), Osmunda(Fernandez et al, 1997a), Blech
num (Fernandez et al, 1997b) S0l AGH ke E3t
& AEA WAool Bad uvt g, ojge] &g}
W, FE& H|Est] x| o|slEy EA Ia AEAFE
HAEZA Fo] 7IWellA HgAl A% =24 wgd 5 A 1
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Ao Je F= A= AT

SEjuzlel] Apfehe FRIAES = gAERl wet i 9
A2l o7} lovt thek 253 734:9] 226 (HE o3} ALl
Ao g2 QlckPak, 1961), HUtKDryopteridacea)oll 4
sk EARE(Dryopteris varia)e 50~75cm®] HlwA & 4
B FRIEERA L T2 g AEER ol§IAt &
Fo2 IS R4S mi= 7IEAY e AFERI FAE
Fell(deltoid®)E 0]F1 QtHJones, 1987). 25=E H|E3|
TR g FRo| oRl & ol AMYEIN, L, F,
&, "9 Sollz EEslPak, 1961).

2 A7e AGAe) iRe B3 SAE|TANEY] chispHAA]
AS sk, AGA ARl A wixle] 2AFE
TE, Adgd vE, B % pH, agar %, YH2EEA
o] 27 9 F5)& THsKL 7IUelA disAd HEAE
7192 ojAdle] ZAAE AEshe TN EFY FHet
X212 (GAs, TAA, BAP ¥ KNO3)9] g3k 733l7] 9Jsle]
AAsHAct,
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EAM| AR ZAj= Ao AM3E] Z7EA] 4T A4
Bastgct. ZAE Fatidol A717] §JEk, 2R SR8 A
7¥t 3 2A17F B ZBeK100rpm) 3t S E-S SE8] T4
7k, Sieve(65y mE EANES: 7 E & 15ml FEE 4 94
22)(2,500rpm, 383}, HopRl Ao 1% sodium hypo-—
chlorite® H7Isled 1587 Aust & Hy<=2 33 Mi&signt
A Akl HdeE kst MS7|EuiA|(Murashiget
Skoog, 1962)¢]l Xpdetyict, vl 3 oF 20 o] AGAE A
2 = Qd%eH, olF FY uix|d) 3 & 7HEOE Aculekste]
FAAIZ T,

AGA i) AYEAS 3] gt ofst BE AFelM WP
A A2 FA oh £ 100mg¥] Wiro] 30mle] Aguile) 2|
Aelger, RE A7 o 4RiEo=m Agsiglth Hiklri
25+1CgoH, 3,000lux® 16417+ ZHsHsT)

Hiz|e] F71E 9 vjER] FEr AGA] F4 vjRle g3k
T8l HR AEelX= 1/4, 1/2, 1, 2MSHiA] 2 Hyponextli 2]
& Agslgch AT By e Tebl Skl
NH,":NO; ¢ &EH|E 60:0, 50:10, 40:20, 30:30, 20:40,
10:50, ¥ 0:60mM= AjstHon, A3 sucrose $EE 371 A
slol, 0, 1, 2, 3. % 4%9) FEE ge] Azlelel A@sia
Agar?] =& 0, 0.2, 0.4, 0.6 % 0.8%, 712 pH= 38,
48, 58, 6.8 U 7.82 217} 2dsiol AHTE AYRERA
& NAA, IAA, 2,4-D, BAP, kinetin @ 2ipS 0~20u M9] 5%
FEOR ZPZF o8 ALt

ALl 712jela] Al Y EFS dokr] 9t Agerde
HAGA Fol2lE EE Alsle] e B5F AASE 3, vl
10006 BjMdlle]] 1A Bt A, Al R ER S35 ¥
Tol Fok olgA FHgE HGAlel 1 Esfel B FrIRiaL
7] blenderZ 10~2037F B 7+ 3ol 1g8 Uiro] AFE(TKS®
2, Flora gourd, &%), IJERA(Sunshine, Genuine, iU,
FFTES] kg EQN wujEeo|E(ad-1, AR, 3
=)ee] £8§ EKTable D)o} @71 ZE(ZA dem)ll A= & 4
HEEA] 2ElGinh AGA 719oldl Al AxeE]e] ATE Yokl
7] $15F AEolMe AR AFGAIE GAs, 1AA 2 BAP(O, 20,
50, 100z M), TZ8]3 KNO(0, 200, 500, 1000z ME 2}7] 0, 1,
3, 6 ARF Bt FAAY sigich A7t B AGAE SRES
A AL ABAIR}F B B2 F7Rl %7] blender® F
Al 7+ &, A=(TKS® 2, Flora gourd, SUE e djo] =
EEE 9em)oll 1g4 E551] Apfsisict. Aels 70% XRgAIz]
H7H Aol AABIGon, EQjo| niEr) JEE AR T
3] Fck 123 gt ol ZF Eqfelial FAAE ZAA 4=

=

FAu Al AR Zue 9 719} A
4o T2l Bl

o} Aoj, #2 Zo], AT 5& 2RI,
Zo @ o

vz o] FRFo W2 F3F

MS7)EulA|e) 718 9 HE] 5=F 1/4~2812 233 4%
] Hjz|e} HyponextiRlofA] ZAm|TAKE]S] ABAE vt 2
I, SHES MSHiRlolN 7P w=3kckFig 1), 2MSHiR|) A9
AAIEe] MS9] 10.64gell B8l 812502 AAEIS Bk ofy
2t AE =N oA SuRle w23l wEseith
1/4~1/2MSER[eIM= HgAe] Ao] e Ho] JYRE
o] A ZAAY] Wk iREe] AulolA ujmjsks] o]
FolFler), 1/2MSHiR|elA 80702 7 wol A=)

A Aol oshH A el Last FYFEAY At
T FRAEY Bl wet o R R, Asplenium
nidus, Blechnum spicant, Dryopteris affinis, Pter is ensi—
formis®t Woodwardia virginica 52 SAM|IARISE vk
2 MS7IEdiRel AGAIe] el FEgl o2 BuEQch
(Fernandez et al,, 1993; 1996; 1997b). ¥V Csmunda regalis
9] ZEAR= Knop HIAIAE AoiFes GFopdio] e ujzjo
A 2 ek Ao dEAtHFernandez ef al, 1997a).
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Fig. 1. Effect of culture media on prothallus proliferation and
sporophyte formation of D. varia. Bar indicates standard error.

AL FYe Fxulo] o3 g3

Aage F=HIE gEtle]  HMGAIE whst Zal
NH,":NO;"9] &ZH7} 10:50mMS]l Aol AlEo] 12,96
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Fig. 2. Effect of nitrogen source ratio
proliferation and sporophyte formation of D.
indicates standard error.

WAl Balo) ofstH FX|AZe] HMPAls YHEoE fEuo}
B Aol A Aavt dFE HigR 2% S uiRelA
Azto] oFsEl Zlow oA QAUHJin, 1999), Osmunda re—
galis= KnopiliRlel] diuole) AAE Hriska}l HgAle] A
o] A=Yt S}tk Fernandez et al, 1997a). & AgolA
FAMIARE] E3E dRYolE] glo] AikeEEARtE ke HiRlel
ME HGAS] Aol vlwd ofmsley AHPA Al Hagt
AAaFYe] FFel sEule PRAE] Fof weby tiES &
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Sucrose ¥E9] 4%
Sucrosed] BEE 0~4%E Gedle] HQAE wjst An
1~3%2] AHelFollA FAztell vlsle] AJAlFo] #A3| SVt
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Fig. 3. Effect of sucrose concentration on prothallus

proliferation -and sporophyte formation of D. varia.. Bar

indicates standard error.

T, 4%7elk= oA ok Fasle ARke EyickFig 3). ol
= oA A, Eelwa], A9Jin 1999), ¥ Blechnum spi—
cant(Fernandez et al, 1997c) Sojlx 2% Zujel ARE ok
o)k

3 uhRlo] A7k 3% o =Sl sucrose= HAEAE A
2l 2 gl A Asels Ae® ZAERITE & su—
crose®] Tt OoRSE AdAe A FHEROH Bt =4
< Ha & DlRE] Rl Ro] vlAAR] 25 EHA
o} ZAH|2] Wk 2959] sucrose?t 7Rl wiRlolA 7P &2
Hlen, FXERt 4% Heleldes A WA goich 1
2E2 ZAuaAEe] HAA el APRE sucrosed] FEe
1~2%) RO ThE|Qi,

pHOl W& FF

AEiRY] pHE 3.8~7.8% sl HAHE HigRE 2k
pH 5.89] Hizlold S4jo] 7P B3I pH 4.89] HiR|ofM®=
Bl gt 245 2k 1= pH 3.89) AMJuiA pH
6.8~7.89] F4 R ey wiRlolMe BAEel o 1/3 71
AaEickFig, 4).
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Fig. 4. Effect of pH on prothallus proliferation and sporophyte
formation of D. varia..Bar indicates standard error.

Platycerium bifwrcatum®] AJA] E3F pH 5.0~7.02] 274
Al uielst Zak pH 55004 Aol 7MY FEsiETaL led
(Camloh®} Gogala, 1992), EAM|UAlCL RARE FekS B
o} et Asplenium  nidus(Fernandez et al, 1997b)et
Blechnum spicaniFernandez et al, 1997¢)9] AGAR= pH
4,7~8.7 ol FAlol] HrhE Xjolrt igirtal Har EgS-C
B AR Fof| mat HAGA Aol At pH o) e
Aoz p7rE|qiet,
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Agar H7159) 9%

Hi2] o] agar FEO] RS HGAIe] FAlo] A=
= g7Ept UATHCalmloh and Gogala, 1992; Douglas
and Sheffield, 1990; Fenandez et al, 1997c), ZA|2ARE]2]
AGA= agars: A7IBHA| &2 AAEiRle] Bl 0.6~0.8%2]
ol Age] Thi: Bl Ao UehithFig, ).
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Fig. 5. Effect of agar on prothallos proliferation and
sporophyte formation of D. varia after 12 weeks in culture.
Bar indicates standard error.
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g=AT.

AFzEEH 9%
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It ARRAEEA SR WAGle] =7t SRt wet AR
o] MY asle AR veirhFig. 6). o=t Y 2,4-D
7oA 7K sl ek, ole €™lo] Farte], A
A, AREAMS, Fae], FAAR], vRRlaAl, JHam] 59
HEA wijolM= B v 9lckdin, 1999).

AREEAS ke AGAY] SAEEETE opel FEY
Aol ghe JFe virle AR SRI=Ed|, s=(10~20
© M2l BAP ¥ 2ip AHqose A=t AR dgAEtt
deilege] o] AArt wol WEERY, Aw=4 24-D
AHejross Aeie)y FARE Fet vYeltth, Blechnum spi—
cantoM= BAPY IBAS] Hzloll 2Jsie] Widmbgo] Asiel A
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Fig. 6. Effect of growth regulators on prothallus proliferation
of D. varia after 12 weeks in culture. Bar indicates standard
error.

7190olA] A EF TR ¥

EApIARIY HEAE 63 EWTable 1) E2 of4fslod
LA ol A3 B st ZAke AE EEl
Al 1g9] AGA & 133702 71 Bol FA=NeH, EAAL] A
52 HERA Thgoi ZXA| Zo] 3.0cm=Z thE Bl Hist
of sMJelglt). o HiEjo) WEE AJE el MERA T
T4 6,0~6.3cm= 7P ErslgitiTable 2).

Table 1. Soil composition used in this study

Code Soil composition
S Compost only

SV Compost : vermiculite = 2:1
P Peatmoss only

PV Peatmoss : vermiculite = 2:1
C Cocopeat only

CV Cocopeat : vermiculite = 2:1

| AT Qro| WaAeIet BojmE|in, 1999) 12
3 BRI, AnlaAl] 9 YEuAlR|Lee, 2001) FolA @
ozl P dXBIGTh. &, WS FRHESY BF =S 2ol
3 =1 2Rl B EKlee, 20000l =
A2 Wigo] ERwls Zies AZEgich v Sokmis Al
e ol o] AR Tl ulgl AdtideR W B
Al ZAAY] Bl EXEe ZeR YEAWIn, 1999), A
P WYY FYRTTE dHE R Wes o 5 e
Table 2. Effect of soil composition on the induction and

- 255 -



EEZEEE Korean J. Plant Res, 19(2) @ 252~258(2006)

development of sporophyte from chopped prothallus (1g) of D.
varia after 12 weeks in cultivation

Soil No. of Fresh Length of Length of
compositio sporophytes  weight  sporophyte root

n (ea) (€3] (em) (cm)

S 133 a 233 & 13 b 6.3 a

Sv 89 b 1.39 be 13b 49 ab

P 42 cd 067 d 3.0 a 6.0 a

PV 65 be 1.78 ab 14 b 44 b

C 26 d 0.58 d 0.9 be 34 be

Ccv 17 d 091 cd 05 ¢ 25 ¢

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

71910]4] Al Ao dF

7Rt AEAE Bl oWk IHgelM AdxdEd
9 IR ARt A de] niile FFe Yok
ff8lod, GAs, IAA, BAP 9 KNG; of) HAIAIRE & 7]2jo]4| 8}
St

Table 3. Effect of GA; on the induction and development of
sporophyte from chopped prothallus (l1g) of D. varia after 12
weeks in cultivation

Soaking No. of

Conc.

(UM) &r;lsei spor(g);l)ytes we(:fig ht spo(rggl;yte Egrg;
Control 49 b* 097 a 09.¢ 45 a
20 1 60 b 1.01 a 1.0 ¢ 46 a
3 71b  139a 12bc 56a

6 60 b 1.14a 20a 53 a

50 1 68 b 140a 15ac 55 a
3 63 b 093 a 1.6 ab 55 a

6 65 b 1.05 a 14 ac 4.1 a

100 1 69 b 126 a 1.7 ab 5.6 a
3 141 a 1.83 a 1.8 ab 54 a

6 66 b 1.52 a 1.5ac 43a

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

GAs A=) ddollA XS] $442 1001 M, 3ARE Al
A AGA 1g 7 4R izl visle] o 3ulf Zirte] X
Aok AAE R Y] ASS tiFE Azl EHE A
£ Hola] gigke, EAAY] S GAs Al FAR
of uisle] Agkdom Hdt HWo|tiTable 3). Anjarleiel
YEIAE], RARIARE A GAs HAEel ojsled ZARAe]
ol E AR Huwlollee, 2001, GAs HX2= oA
Hog R Aol Apaoln A% FA Sk Ao o
A,

Fresh Length of Length of

Table 4. Effect of IAA on the induction and development of
sporophyte from chopped prothallus (1g) of D. varia after 12
weeks in cultivation

Soaking  No. of Fresh  Length of Length of
((Zo;dc). time  sporophytes weight sporophyte  root
H (hrs)  (ea) ® em)  (em)
Control 49 be* 097 a¢ 09 d 45 cd
20 1 54b 108 ac 11cd 55bd
3 108 a 169 a 220 59 a-c
6 19c¢c 058¢c 1.2 cd 37d
50 1 56b 1.04ac 09d 54 bd
3 63b 157 ab 31a 7.6 a
6 58b 1ll4ac 1l4cd 36d
100 1 49 bc 084 bc 10cd 54 bd
3 66 b 103 ac 210D 6.8 ab
6 57b 120 ac 1.7bc 53 b-d

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

Table 5. Effect of BAP on the inducation and development of
sporophyte from chopped prothallus (1g) of D. varia after 12
weeks in cultivation

C Soaking  No. of Fresh  Length of Length of
ongc. : :
(UM) time  sporophytes weight sporophyte  root
(hrs) (ea) @ (cm) (cm)
Control 49 b 097 ¢cf 09c¢ 45 ac
20 1 43 b 059ef 1.1 bc 50 ac
3 133 a 2.03 a 14 bc 63a
6 62 b 144 a-d 13 ac 53 be
50 1 47 b 0.78 df 09 ¢ 4.9 a-c
3 115 a 125be 11bc S55a
6 46 b 153 ac 16 a 4.3 a-c
100 1 41 b 054 f 09 c 30 ¢
3 66 b 084 cf 15ab 45 ac
6 40 b 1.83 ab 1.1 bc 34 be

*Means separation within columns by Duncan's multiple range test,
P<0.05. ’

IAA 2] Afol= 20u M, 3ARE A=Felld 1g2] AEA)
3 1087H2] ERAZ FAJEle] tiTe) 49710) Blske] g 2
g Bt ZAAS Zols 50u M, 3ARE Aol 3 lem=
=] 0.9cmell vlste] AJE|Qlem, Heje] wae ot &
Aol Azt HejolA thERF9] 4,5cmell Hdkd 5.9~7, 6cm=
ARk oz FYEI9riTable 4). Lee(200D)0) ojsld FAALA
2|9} 9 TAA 20u M AHejrolr] ZAA| /o] thh =S
B DEhoks 288 AdAEL, YEIA e diRe & &
ol Holx| ggtem, AmanEle 232 FExjzie) vy
[AA 2] Azjtolla] ZARA|Q] FAdo] Azt sigict TeiB
2 A 719oldlolin TAAS] &l FRAIES] Fofl wet ke
Zio=z AgzE|Qict,
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Table 6. Effect of KNO: on the inducation and development
of sporophyte from chopped prothallus (1g) of D. varia after
16 weeks in cultivation

C Soaking  No. of Fresh  Length of Length of
onc. : :

M) time  sporophytes weight sporophyte  root
(hrs) (ea) (2 (cm) (cm)
Control 49 ¢ 097 ab 09cd 45a
200 1 21 ¢ 049 b 084d 36 a
3 65bc 106 ab 20a 46 a
6 105 a 161 a 15ad 46a
500 1 49 ¢ 058b 11bd 36a
3 99 ab 150 a 1.7 a-c 47 a
6 90 ab 141 a 1.8 a-c 48 a
1000 1 46 ¢ 050b 11ad 36a
3 111 a 125 ab 1.8 ab 50 a
6 9 ab 170 a 1.8 ab 37 a

"Means separation within columns by Duncan's multiple range test,
P<0.05.

BAP9] 2] Aol ZARS] H4L 204 M R 501 Mo} 3
ARE Aol 1g9] A F 2z 13371, 1157089 E=ARAPE
F=lo] 7 Fust ZNE BT, ol Mol ®elo) W
g oA Batelgink Bk ZARL) AR 504 M, 6AIZF D 100
u M, A Azl o] ZAH Zol 1.5~1.6cmi THE Halo]
ulsle] okEslgithTable 5). AvjalE, HAZTAR] 2 Yz
INE A = U AT o 2oL A
BAP A2jo] ojaled ZAHe] Ade) EEQLEL S1%rHLee,
2001),

Al KNOsE A28t 23, 200 M, 6417 & 1000x
M, 3A17F HelFol A 1g & Zhzk 1057H, 11170e) ZAA
7} wAEle] tiRTel His) £xE ZukE HHTHTable 6), A
AFS AHoz Azlo] A4E Zvlle AgS RO
o, AR AL 2004 M, 1AZF Mol tha odxEle)
d R AoJEtE BE HEiold SARIATE Lee(2000)0] u}
29 Auaae, BIAE 9 Y2 2R Ca(NOg),e)
Aol ol EAHS FAo] FAELkR signy 2=
2 X|AEe] HFH| KNO; E= Ca(NOy), 59 Zrl@as

HARE 5 Bl oAt EAel B4l EAEe I

% Qe

H 2

2 e SN diEgsiEE Jigsh] $El A
Ao Zhielier E 719 XA P4 HY 2AE F8lAr AA
=t 7ol HIA S MSulx|el Fo1E FHolA s
ks, NHUNOs 9 BEH7F 10:50mMe)T., 2%9) su—
crose7} Z7FEl viRlollA Ao SRYEIQIt AR AR =g

FAM A AGAY) 7R D 719) R

4o mAE Aag

3t Hile] pHi= 5.801%108, HA agar FEE 0.6~0.8%2 %

AP, HiRlell 71 APEEEEENAA, TAA, 2,4-D, BAP,

kinetin % 2ip)2 iR 5=t woHSE A e o

5 Aslshs AR e Zivleld S AaAE B E

2 7)9elafgt At AR HgelM 7P B ZAAE 9

ANeH, GAs 100z Mol 3A1F F9F A2 & HAA=RE
FAA2] /o] BAS] SHHII,

AL AL
2 ATE AR - dEIsE Y Ae) AgERd
TAER S5l SR IEATAES] A|go] 28t A
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