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Abstract This study was conducted to investigate the
optimal culture method for gametophyte and sporophyte
propagation in Coniogramme japonica (Thunb.) Diels,
which can be used in various fields. The propagation of
prothallus were cultured in 1/4 - 1 Murashige and Skoog
medium and Knop medium for 10 weeks. The results
indicated that the fresh weight of prothallus was the highest
(14.5 g) in IMS medium. Subsequently, various concentrations
of sucrose, activated charcoal and nitrogen source were also
added to 1MS medium and cultured for 8 weeks. The results
provided that the sucrose concentration was 3% and the fresh
weight of prothallus was the highest 10.8 g. According to the
concentration in the range of 8.8 ~10.8 g, in the case of
activated charcoal, the four treatments showed no significant
difference. The nitrogen source was added at a concentration
of 30, 60 and 120 mM with the ratio of NH," : NO;™ being 1 :
2. As aresult, the fresh weight of all treatments increased to
similar level but there was no significant difference. We
investigated sporophyte formation according to soil type and
the highest number of sporophytes at 228.0 was formed in
soils mixed with horticultural substrate and decomposed
granite at 2 : 1 (v : v). On the other hand, sporophyte was not
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formed in soils containing peatmoss except for the one with
peatmoss and decomposed granite at 2 : 1 (v : v).
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o] Zoiul, L AT EAE WA 5

7} tH(Cho et al. 2017).

| Ao 22 7 e

= oA g A e 7] A AAtekal

485} t}(Shin and Lee 2009). =3t 7] £ 9]

EATEE A7) oo el T S 4 Fol

| olek. shAg 24 e o] -5hel A

= AlZto] T EH, AlojH e 24

JAA A 4> Q) thH(Fernandez and Revilla

2003). o] 3t Z 2]l oF ¥} S kx| A Eof & Lalo] thok

82 FEots Ag-E0] o oA 3 E L itk

(Fernandez and Revilla 2003; Grzyb et al. 2017; Makowski et al.
2016; Mikula et al. 2015).
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Ao 71kl oFe A QA th(Hirsch 1975). 24 g2 Hlj 2] W of A
AAlEd & F&sto] A& A gl 93e v X
Platycerium bifurcatum®] 73 - H] A A& 0l Fe g S oA
st A2 g E fr =gt 2117 9l th(Teng 1997).
SARE ol whef 1 @ e vF Eet S o S w R o
AR FEE e A2 7IW A A=Y Aot o
2FAJAbo] I @ ¢l 0 & o A R th(Fernandez et al. 1999; Cho
and Lee 2017; Jang et al. 2019b).

7}A| 28] LA [Coniogramme japonica (Thunb.) Diels]&=
| JLALE] &(Coniogramme) /3573 THAAY O] Al &0t
HAA L F23 o, A 5 22 ofAlofol 4] WA E o],
ol A= A == oF A & of 4] AR BEAL QLT 4]
SRR IS Joz Mon ¢t MY lHol 9laL,

Ay
9L 20~50 cmol 1 P& HH O HHe

g wret @il 7R Ak of] 7H A e A= ATHKES
2005). T DAL oF Bel A 2w §ATelA R, R
2717H 43 55 7}7tolof) g wo] girkiz Aol Al ol
F th(Lee and Lee 2018).

P4 3] TRl 2 A0] A3 9le] w7k obEehe] A
W 243 B8 o= wol o] &5 glon, FxollA=
NS UE 2 4857 = stch(Liuetal. 2012). E3F, 310
A& Az A A uULE) o] 2 shof, 8F o 2 HE S0
SARE YlofaL, Fol APl B SAME X =5, st
3= vt Qlok tEo] @Yok Bibs|sto] S5
glof ==t AR thal &2 A QITHKBIS 2019). 7FA] aLH|
A= A oFE 9 B AR B8V oY &
Aof tf gt A-L7F v ] she] e A7t HEEA] B a5k A
2t e

wfeb A, 2 o1 chobah R o A B8] 7 9l 7} 3
W] AR B 7)) A ook & ol o AL 5}7] Slstel 4
| ek A QA 2 wfjoFoll A et A S A skalAt A

59 o, Wi A] W sucrose W A A 9] F o} A ERO] Bt
£ 2olsto] gigFSA]of Aok vl x| 2 915t} 5f
Atk E3h 7] Qo A ZALA| A of| HEst Y EE 1
slof, 7k aLv] L AfE] ©] QFA A o] a1 G IFA QI tfjeFS Al

REUEREEESESUHEESEE R
B7he 592 AEF ABA Y 4T ZAG) A A
Wakglow), A7 5 4x1°Ce] AT 22 1S}

SEEL R EERETE 1Y

7\ HEH SAA

EAE 71 oA A A FAE Z 53 5 sucrose 3% (W),
agar 0.8% (w/v), pHE 5.82 X3t MS Hj X|(Murashige and
Skoog 1962)]| At ufFsto] A9 o] A7 = AHE-sHA T A
A FA ol A 7dgt A& 27] f15Fo], MS stock ] & &&=
£ /4,12, 18} = 243} v ] &} Knop ¥ 2| & 245121,
200 ml "H<Fu) QF ] of] 30 m% EFskgITh o] & M F A 300
mge Bt 1 mleh A w22 5A ohH on, v A
of AGA| £7to] FAF HA =T i ImlE F712 3
7¥sto] JEsoleh o] & wj Al W FAEH ] AAA F4
of u] 2] = FFE s A}, AP Aol A AdE vix &=
7150 2 sucrose(0, 1, 2, 3, & 4%)2} ZAIEH0, 0.2, 0.4 9
0.8%)9] s gstglon, FigdY NHyNOs(1:2)9]
230,60, 120mME 2 A5k} AL Saetgict BE
B

7|9l =X ggad

A RE A714EY B
Jang et al. (20192) 2] =2
Ao A EAA o
Al2<] o) AFE (Hanareum no. 2, Shinsung Mineral Co.,
Ltd., Korea), ] E & 2~ (SunShine, Sun Gro Horticulture, Canada),
g 2}-o] E (Newpershine no. 2, GFC. Co., Ltd., Korea) & u}AL&E
(2 mm, Samgye Masato, Korea) S T8 E = &85} 87 9]
WP S 2489t BE Mab Rz AIZH(7ST5TS mm,
Cosmo Corporation, USA)of| 413} %t} o] & A A 1.0 g&
Z52425 mle} 37 10%7F Al =E-3 ¢ (V-8000, Boowon,
Korea)2 223t t}&, = o] 2215 AZHio] # a7 2
2319l 0 W, Za}AE) AFRH503x335%195 mm, SPC532(DP-D),
SH Plastic, Korea] o] ¥ ] 5} c}. 411717} S0} e} e) 4}
A} Yol 1em o] 2 A A4 skl o, ARpe] Aol
fElTS Qo AH SR 4%)E £ A3 o] 5 A
A7t BAE = 3FRE 1Y 13] F4HpE dAlsto] 22}

AR 24| A H L 2% 25+1.0°C, L& 3042.0 pmol m>s”,
715 168hz2 26k ch 8 ~ 1077 uf of T v R
A AGA Y BASS SAsken, e U
A @ W) 7 (SZ51, Olympus, Japan)& ©]-§-5Fo] #23}
t}. 719 TAA FAPA YL L% 25£1.0°C, F & 43£1.0
pmol-m™ s, F3=7]7} 16/8 h2 24 g wj A yjof ¢ ¢]
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AoolA =AbE 2E SAUEC s SAS =
(version 9.3, SAS Institute Inc., Cary, NC, USA) S ©]-8-3}¢] ¥
w0 REFLAE Fokglon, it AA S S £
= A4 ATHp <0.05).

4ot 2 nE

7| HEA A A

AGA SA ol 2=t A& Frgsk7] fste], 771= 9
BRI O] 5 & Fe] A7 uij A of AFAIE oA A
T 10522t v ¥k er. 21 A, Hi A o] 77]E 3 vl o)
raFo] Blal A 52 IMS v X[ ol A 14.5 ¢ 2 48 38l 5-7}5}
of AGA 2 A o] M -3 thFig. 1). HFd 1/2MS,
1/4MS "l R] of| A = A | 2201 6.7,4.4 g © 2 = A 2] 1 7F 59
2] Q1 Aol = f1 L H, Knop v 2] 9] 7% 5.0 g0 2 ohAd 7
B A of mR7RA| 2 SE ST S B AT 47 A2l 5E ]
Wl Kk ) MS Al D o] iAo A 7] =3} vekrl o g
Fol S71e = AT ol TUlele A FE Bk A A A
O Fe P& Al o= Tt A3 IMS Hi A o A A
FAFAe ez TGt on, A AdA = =4
o] o] Fo] A A o] FAJo] W E ATt 12MS HijA] 9] 4

d

¢

T U7 2 ZAAE G AR A5 G A ol A
AR} FEE Al th(Fig. 2). WhH 1/4AMS2} Knop vl 2] of| A]
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Fig. 1 Effect of culture media on prothallus growth of Conio-
gramme japonica (Thunb.) Diels cultured for 10 weeks. Bars
represent standard error (n=4). “Mean separation within columns by
Duncan’s multiple range test (p < 0.05)

imm

Fig. 2 Cultural response and sexual organ formation from prothallus of Coniogramme japonica (Thunb.) Diels cultured in different
media. (a)-(d), prothallus after 10 weeks of culture; (e)-(g), 1 %, 1/2 %, and 1/4 x Murashige and Skoog (MS) media, respectively;
(h), Knop medium; an, antheridium; br, browning; hg, heartshaped gametophyte; rh, rhizoid; sp, sporophyte
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ATA 0.2, 74A) e matel o] A FALL A o] %
R e E R DR R e S

o mul
ozt 7ol 24 WraE el AL o 4 glon], %7}
A G Aol = A 0] Q7 7 5} sholat 2

UGt whekA] 7R AL u] ALALE] O H G A| S
28] 7712 9 v Y1 o] Fheo] =& IMS HY
&5t Ao FsAloll 78 Ak ol m A
o -=ohrhar ek E Qi)

FAAEY] A AA B F Al v A of] - F-7] =2 vl e
119 ko et S0l thEA Yeh= A2 ofv| g
A4E Fol WA ok 2o AP E Y, I
O] Zh=4 AAFE] = IMS v x| o] A A S-0] 7H Fok o
(Cho etal. 2017), - 1LA}2] T} 5 & 7] AL = 2MS Hj 2] of| A]
A 5ol 714 /35 A tH(Cho and Lee 2017). WFH 114|331
H = #j AW £71E3 B el o] =71 v % w2 Knop
2] of| A A 5-0] 744 <& Sk th(Shin and Lee 2009). o] 2|t ¢
T ANEE G 5 Yol A2 27 ALt YU
=AY Aol 7} QLo A T H = dur-2 v i O] FEE
g5k Zlo] v Fastrial Ay zE

A7 A 7 3t SAES EQ IMS x|
sucrose2] TEE 1 ~4%= 2] F7}ste] Ad
A7 AR 7Y A= 7] 7R QL 87k
A A} s eof whel FA 5 Afo] & &I
t}. Sucrose 3%E A 718F A 2] Lol A 10.8 g = A A
vl Z-7}F=] Sl ch(Fig. 3). §HH, F- 4 2] F=22g 0 & 7}
S7he& Holmf uj 2] W sucrose?| F =7t F7He
A o] A A 50l F7rsttt 7L 4% A 2] AR EH = A
2 B AAA S WS du| g o2 At
2 712 9] Aol A = ZFo] 7} Sl S Th(Fig. 4). F- 4]
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AAA o] FAEO| AXTFA SR Hop ] Y ghA
7p7h B oletar BeE gl kA w2 Wf 1
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Fig. 3 Effect of sucrose concentrations on prothallus growth of
Coniogramme japonica (Thunb.) Diels cultured for 8 weeks.
Bars represent standard error (n=4). “Mean separation within
columns by Duncan’s multiple range test (p < 0.05)

1men

Fig. 4 Cultural response and sexual organ formation from prothallus of Coniogramme japonica (Thunb.) Diels cultured in different
media. (a)-(e), prothallus after 8 weeks of culture; (f)-(j), 0, 1, 2, 3, 4% sucrose concentration; an, antheridium; br, browning; hg,

heartshaped gametophyte; rh, rhizoid; th, thin thallus
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AA O] S7rE B F A R 71 B oA 7 F
2 109l 3%7} gttt 11 Tty

ﬂﬂ#ﬂ#%ﬂAﬂﬂm% BLo] w7} A A 4]
of m] A = FFE Ist7] fsto] IMSHj A S 7=l = &
e B m20~0.8%2 T2 A F7lshe] 857t wjakdt 2
T}, A Z0] W97 88~108 g0 7 o WA Glo] RE
A2l ol A 214 Q1 ARl 7F B A 3k Th(Fig. 5). A 2]
T AGA 2 FEH S FrlE o= FAT A3t 47 A
2 B AQA 7 A A o7 skl o v A7) 9] |
e = e 4= A A TH(Fig. 6).

2 Ao R EE e FAI7] 7] sl 22
ol '@ 2] A-8-= v (Thomas 2008), tF&-d 22| FEf = 1]
mﬂ¥mﬂ%ﬂwﬂ%ﬂﬁiﬁ%éﬂﬂ§%ﬂﬁ%%
= 2ot A Bes T AT Sk g A
ATk SPAIRE 71A] atw] A2 o] A1 A vl oFoll A B/ ' A

2o 23t

ﬂl

15
az
c a 1
£10 A I a
Ry
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=
% 5 -
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O b T T T
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Fig. 5 Effect of charcoal concentrations on prothallus growth of
Coniogramme japonica (Thunb.) Diels cultured for 8 weeks.
Bars represent standard error (n=4). “Mean separation within
columns by Duncan’s multiple range test (p < 0.05)

PR e] mIke elat 2ol vt gigick. hAut Al
&S 8ot 2 pastg ey, A gt MG A 7F A A
402 Qe 5L Tglo] ohe A2 ol uls) A&l £
oF T Tl c kA 7hA 3o AR o] A £ 9
AW B Fe A GA o A A A S Y
sel H7ksA) b Aol & Zlolem Betic,
2 A gl F=7 A QA SA o vl A= G
2H318}7] $J5ke] IMS Hl 2] of| NH, 9} NOs 2] H] & 122 3}
30,60, 120 M2 T} 2 7] 3 7}et 5 8227k wjoFahelc). 1 4
60 mMof A 10.8 g & & 7He =2 A A S ek AT,
30 mMF 120 mMofl A 9.3, 10.5 g0 = S & of A 2] 2] 2]
WA EIL AGA F71e] 9140l HahE ek o
X Th(Fig. 7).

128](Shin and Lee 2009), 7} =4] 37 A}2](Cho et al. 2017)=
A v 48] Z77H S-S A akeh o
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Fig. 7 Effect of total nitrogen concentration on prothallus
growth of Coniogramme japonica (Thunb.) Diels cultured for 8
weeks. Bars represent standard error (n=4). “Mean separation
within columns by Duncan’s multiple range test (p < 0.05)

Fig. 6 Cultural response and sexual organ formation from prothallus of Coniogramme japonica (Thunb.) Diels cultured in different
media. (a)-(d), prothallus after 8 weeks of culture; (e)-(h), 0, 0.2, 0.4, 0.8% charcoal concentration; an, antheridium; hg, heartshaped

gametophyte; rh, rhizoid
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Fig. 8 Cultural response and sexual organ formation from prothallus of Coniogramme japonica (Thunb.) Diels cultured in different
media. (a)-(c), prothallus after 8 weeks of culture; (d)-(f), 30, 60, 120 mM total nitrogen concentration; an, antheridium; hg,

heartshaped gametophyte; rh, rhizoid

Table 1 Effect of soil types on sporophyte formation and growth of Coniogramme japonica (Thunb.) Diels in vivo

Substrate” No. of sporophytes No. of leaves Leaf length Leaf width
/pot” (ea) /plant (ea) (mm) (mm)

Hsl 0.0 £ 0.00 ¢* 0.0 = 0.00 ¢ - -

Ptl 0.0 £ 0.00 c 0.0 = 0.00 ¢ - -
Hs2-Prl 153.8 + 4227 b 22+ 0.13 a 49.0 + 4.88 ¢ 139 +£ 051 a
Hs2-D1 228.0 + 20.67 a 2.0 £ 0.00 b 66.7 + 4.81 a 10.0 = 0.69 b
Pt2-Prl 0.0 = 0.00 ¢ 0.0 = 0.00 ¢ - -
Pt2-D1 37.8 + 20.98 ¢ 2.0 £ 0.00 b 584 £333 b 13.5 £ 0.78 a
Hs1-Pt1-Prl 0.0 £ 0.00 c 0.0 £ 0.00 ¢ - -
Hs1-Pt1-D1 0.0 £ 0.00 c 0.0 £ 0.00 ¢ - -
Substrate No. of roots Root length Fresh weight (mg/sporophyte)

/plant (ea) (mm) Aerial part Underground part

Hsl 0.0 = 0.00 ¢ - - -

Pt1 0.0 = 0.00 ¢ - - -
Hs2-Prl 1.7 £ 030 ¢ 21.7 £ 444 ¢ 19.5 + 2.86 a 24 +029 b
Hs2-D1 1.1 £ 038 a 343 £292 a 145 + 0.81 b 34 +0.58 a
Pt2-Prl 0.0 £ 0.00 ¢ - - -
Pt2-D1 1.3 +£0.00 b 308 £ 231 b 153+ 141 b 1.8 £035b
Hs1-Pt1-Prl 0.0 £ 0.00 ¢ - - -
Hs1-Pt1-D1 0.0 = 0.00 ¢ - - -

“Hs, horticultural substrate; Pt, peatmoss; Pr, perlite; D, decomposed granite.
YPot (75x75x75 mm) containing 0.3L cultural medium was used for this experiment.
*Mean separation within columns by Duncan’s multiple range test at 5% level.

“Non-formation of sporophyte.

UAE, 7FA vl L Abe] = A s o] BA glo] A
iﬂiﬂ*o% | ¥sstgict &lﬂlﬂﬁﬂ%o}ﬂ AGA 3
Pt Ao}, & Aol AAF Y AGAE 3
™, 30 mMI} 60 mM 2] A 2] Lol Al = g 7] 7} 2
(Fig. 8). 7FA] i H| AL = F7]& 9 vl el 2] 5

e
L
32 52
Lo

AR Ko}
/lo ].Oﬂoq. Z]
oleh. oretd
mMo] 522 A

E7H2 WA o4 A o A Fol Z7H
W Aol whek A = Aol 7} 91 A 0.5 o
0] Hrheo] T §9)29 Hol i gl
A o) AR|%FS mejsho] w2 ] A= 60
7bh o] Erha st
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7|9l =X ggad

8714 o) v FE ol EF3t A DA E 125 5k Auf gt A,
YA ENALE S 2:1(viv) 2 &-85F EoFo] A 228.07]| 2 7}
- ZAA T BN, ZAA o Bt FAA
oA = 7 St S-S Uy Sloh ot o 2 Yol
E:ggo|E 2:l(viv) ZELEY, Y EHATAIEE 2:1(viv)
B 83 EgollA ZF153.8, 37.870 9 AA 7F B A= 3
ol Hb, YA E O ER A EH 0| E i 1(viviv) £ EOF
NA= AGA 7 A= 7] = st A AT ZAA| 7 & A = A
L osron, AAAE B, HERA g BT} nER
2 EH 20| E 2:1(viv), YA E I E R APALE 1:1:1(viviy)
2 283t Eol A= A 7L B/ E A ek th(Table 1).

o] FFY B EFTI MY EE 2T, EFY
714, oy 4 a8 22 2949 AES At
of At 2 T A S EA N A= HYEE 24
St Zlo] T astth ey Ao AHEE HERA
A4e] 7|7k 2k 3L B o] w2 EF O & Al 7] 752t A]
A2 B U ool rtsto] F714 0 =5l o D
o A A G A o A3} o] Fo] X 2] ool SALA| EH
FAEA G Aoz AZET YAl Y E E3t AA &
oA AAIET} AA| S H|F0] & YO R Hpgol
= Bt

Jangetal. (20192)2] Aol A & Ao AMGH 5 YT E
G oS EARH A, YA E B 9 E
&3 B AA B ool Al Aol ApA|E= H| &0 80% ©]
dor pETF e 2 EFO R HojXt 3 7t
A| ALB| aLARR O] SE2LA 7F A E A 7HA] EFE S WA
O] H]&0] 50 ~80% At of] £ 3FAL It o] A|7HA] E3H-§
EEYANE E= g ERA UIAE E= o] EVL S
GO Y= EG O R ZFA atH| aAbe) 7} A A st AT
g B 37148 fAT AR daE T A ]
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o E7Ie Mk, 35ES Y o Stk ol Y3 B
e 4 2

_/'\_
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[
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X
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RS
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