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Plant regeneration and soil acclimatization through photoautotrophic
culture from leaf explant of a rare species in Sedum tosaense Makino
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Abstract The aim of this study was to establish plant
regeneration from leaf explants of Sedum tosaense Makino,
which is globally rare and endangered species. The leaf
explants of S. fosaense were cultured on the MS medium
supplemented with different concentration of BA and NAA
for callus induction. Callus induction was showed the highest
(100%) on MS medium containing 2.0 mg'L"" BA and 1.0 m
gL' NAA. The highest number of shoots were regenerated
when callus were cultured on MS medium containing 2.0 m
gL' BA and 1.0 mgL"' NAA for 5 weeks. The axillary bud
were cultured on the MS media supplemented with com-
bination of BA and NAA for in vitro propagation. The
highest number of adventitious shoot (7.9 per explants)
formed at 1.0 mgL"' NAA and 2.0 mgL" BA. For rooting,
MS medium supplemented with or without 2.0 gL activated
charcoal was tested. The optimal results were observed using
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MS medium supplemented with 2.0 g-L" activated charcoal,
on which 85.7 (No. of root), 4.6 cm (length of root). 1,200
ppm CO; and 350 ppm CO, were supplied for make certain
the effects of CO, on pre-acclimatization by photoautotrophic
culture. 1,200 ppm CO, treatment was established higher
than 350 ppm CO» treatment. Soil acclimatization of in vitro
plantlets was the best in mixture soil consisted of peat moss
and perlite with 100% survival rate and they showed the
maximum growth.

Keywords callus induction, in vitro, photoautotrophic
culture, soil acclimatization
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(Song et al. 2004).

SUEIE 144 EE thdd 220 flRie|n of
SA 9] 9L 7hAH, AlAH O 25 ~3340] 900~ 1,300%
o] w3k, ejuieto] AAEkT Qi BUETHS] Sedum
20| = FUE(Sedum sarmentosum), ) 7)7)H Z(Sedum midden-
dorffianum), € 7] Z(Sedum latiovalifolium), T3 28] S(Sedum
drythrostichum), %324 3HSedum oryzifolium), 5474 2] H|
E(Sedum routundifolium), M| Q& U-E(Sedum sieboldii) 5 ©]
Sl th(Kwon and Jeong 1999).

AL Y=L AEEY 74 A&l de B2 4
7 ¥ Ee] 11 aFo] 1 L vk 4 H(Rhodlola
sachalinensis) SFAFSE & 14 (Park et al. 2005)2} Hald 3+
A A8 &3} (Choi et al. 2004)7} Y= Ao 2 AT A QLo
o, oF o 9 oA FAA ARt e Aem y
Eltth(Bae 2005). 7| A2 FEE2 40 3iks antE
AYe= Ao R B3 Q)i(Lee et al. 2011b), EYES
HIV & 7+Y wlo]gi A oA G 2H(He et al. 1998; Woo et al.
1997), &F¢F2F-8-(Kang et al. 2000; Park et al. 2002) 2! &31
o Z-8-(Oh et al. 2004), W2t A A5 S 2KSim et al.
2008), ¥9F ofU 2} #H| 7] ofdo] HAF o= It ;‘“’HE
BEAZD] 1ok Hgal ol2EL S AT 4
+= phyto-estrogen©] 2= B4 thaF hH-3k1L
2 orel A chKim 2003).
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B3t Ao SAR} £ 5o EFoF
ilE}(Chm et al. 2002; Seo et al. 2002). E3}, 3]
3 2o W4 Sekoa ofgo] 715atu]
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L) = = v} 1 th(Moon et al. 1997,
Moon et al. 1999; Yoon 1997). A5 ZAujoke] g2 A
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Wep ol wet AR AR A0 aFrst check oln
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E(Sedum tosaense Makino)ZA}= A|F = AAZL
1 4 20104 689 AQHR, AL A4S 49 2
%3] AA & HydE 2542 Nt T:]- 70% ethanol
0]] 187 39, A5t s S5 53] A48
1% NaOCl g9 of] M z]s}e] 1027+ E50] =3t o
*l ot d SRS 53 A & ditH filer-paper 9
of g2 2715 A7ato] Y mEao. wotal
o WA FAuIE BRI AE ABA AR
Aol AHESHAT e HHOJE 22 22+ 1C, FF7
16/8A17F, ¥ 46 pmol m”s™ o] wjoFAlof 4] ujjoFsleict.
Aslo] AHed BE w9 7] 7= 121C, 1570
2027F 32, 39ty

£

R2H|E YHEORSE WA U NERE

=

24 ALet2 919 9

F2u 2o FApol 2 e 4B
-,%05 0.5 em9 37|12 Adstgct. o, 1.0, 2.0, 5.0, 10.0
mg-L BA (6-Benzylaminopurine, Duchefa, Netheland)2} 0, 1.0,

2.0, 50, 10.0 mg-L" NAA (Naphthalene acetic acid, Duchefa,
Netheland)E @& =& &8 *2$t MS (Murashige and
Skoog 1962)8 #] (30 gL sucrose, 7 gL agar, pH 5.7)2 A
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K15 x 2 em)o]) 10 mLA 3351} 121°C, 1.57]
220 7F iR E L) Z
A 17H4 208 A 2 &2 i*o*o

o = m¥ He xo
o[> ® o o

%H AiEE AT

Ao 2o A Fred —7%7—131%94 Z7]ollA o5 EL3}st
= UHE 1 em9] Zo]2 Aste] 1 L wjefy(17 em, @
10 cm)o] 1.0, 2.0 mgL"2)| BAQ} 1.0, 2.0 mgL" 9] NAA7}
727F B3 H7hEo] AzE MSujAo] 34K skEoe
AApste] 957wk 5 Az ok $A, o
AIES 2ASAT e 99 7 WS E 24
HIF9] &7]o]A atH & 1 em®] Zolz drsto] Ao
A2 T}, Activated charcoal (AC, Duchefa, Netheland)©]
ZuEe] WA G dotny] §i5 26l ACE B
£3F MS (30 gL sucrose, 7 gL agar, pH 5.7)u] 2|2} AC
RA7F MU A S 1L Pl 77 200 mLA
5t 121°C, 1.57)¢ 0 2 2087 12719 'EHF3ke] v %]

Az 7F A2l 7 344 SHkE A AeL T 957
Hosto] Melg fug F Welo] ok Melo] Yol
Asteich

EN m mlm ol

YTl opt 2ERIHR| U EURE

=Y uj ot(photoautotrophic culture)o]] oJ3t £IAA 2=
Qs 71wl A wiF ¢ F4HE FAEAE AW F

Sz AHste] Welo] 2o WA AAG Az
plastic v}j %= (SPL, Korea)o]] 24 25 g3} sucrose S 3 7}5}
2] ore MSAA|E|A] 80 mLL H7Fsko] WA S Al 25he
oh FEHuieF Al ofalstet ATt HX| = JERFE YobR
7] 18l 3 At o]ArStekAE =7 1,200 £ 100 ppm
ol = ookg(%i 25+ 1°C, 27] 16/8, FE= 1,600
Lugel A woFst s,  ohE Ae P ol st At E
7} 350 + 100 ppm?l om}uﬂow(ii 25+ 1C, =7
16/8 A1 7k, F 5 1,600 Lux)of| A v ¥t ek A 2 5t5 27)
A% l6usste] ol Astoith. £ AelP wE o ol
AL &x] o3 vjofE| o, 25 7FA O & sucrose’}
HAE A re MSAAMAE BT 85 T AR

3 2AuBe] FA, 99 Set £, Relo] 5ot Ao,

Z719] Zo], q=1sFS ZAEIAL 22T
S AEA 2 g& A Asto] 80% acetone-§-H 9
AA3FYTE 4C = Ao A 4847k 3223} aL chlorophyll

a, b9 gk B3t A(MQX 200R, Biotek, America)S
0]-&35}o] T34 663 nm, 645 nmoj|A] =7 5}53 HLichtenthaler

1987). ZIWei O] EFe3tE fIste] 7IUolAl 4%
3t GAEH F 20l 1~2cem, 2 05~1 cm Q&2
SAEAE Austelch 792 AYo] FRER Bl
=2 HiXF 7 3to] AlAEE & ARSIt E RS peat moss
9} pearliteE 1:1 (vv)2 v g3t &3 v E, vermiculite@}
pearliteS 1:1 (v/v)2 8j3tst &3+ vk &, pearlite T8 vl
FER 248tk ZF AT 20704 F o] A5kl o,
=13 Booisith BFestE ALRA 07 T 2719
wo)o] Zo|, EFURE W AL ZABATT. §2)
A Y e AL 2% 25+ 5C, A 60%, FE 50 ~
60% = ZA519ch

SAHL =4

2 E 9|o]El= means £ standard diviation© 2 3 A5} )
WS AT 7k Afo) S Fobr7] $lalA ANOVAS A
AlBFA AL, 524 0] Q1= 79 Duncan's multiple range test
2 ASAZL 3ttt A 9oL P <0058 HA

Tao

FHH|E YHEORTH callus RS S8 A=A =23}
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50
=
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F_/\}ﬁ]- q-(F1g 1A). 20 mg-L 4 BA %}
1.0 mgL" NAAS ZgAejet sjr o A& iy 25 S5
g QAwo] vrelr] AR AL, Wof 3% TR QA
HollA A7 A7) AJFste] 450 254
o A ATt HAES sHold 4 99l ThFig. lB) NAA

9= H7F iR oA e AR EELof S-S B oL,
BeiAt QABA ga e YA AS BT
2= qloich o) HAALE S AH U E(S. routundifolium)
& 9% HEAY A Ae2o] B3} glo] Helvh B

3 Ao} 7“E}(Kw0n and Yoon 2010). BA ©& X 2]
A 1.0 mgl! BA 2272 49511 2.0, 5.0, 10.0 mg/
BA Al 750 AeAgA 9 Az WA E Bl
%ATHTable 1). HFH, BAS NAAE &3 H7fsto] Ay~
2 o3 A 20 mgl' BAQ 1.0 mgL' NAAS &3}
Aelg Al 2ok A 2o A2 FYL(100%)S HY
3, A A0 BAE 2.7 mgo 2 7FAF B4 Hth(Table 1).
a2 Az0 AT 7 Eekew, Xt s O

o A AgsEThTable 1). 21|50 AHAA
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CHTable 1). BA®F NAAE &3tate] A efst 3¢ A
HAEAE 27 1.0-2.0 mgl ' 5= 2 Z9sto] A2stg
o o2 A FERD AYA FH4& D Alx9 5

Az B mE S48 UER TH(Table 1), 522
H S5 22 Sedum<: Q) &S J—JH]~# 1.0~2.0 mgL"
NAAS} 1.0 mgL” BAS E—JOM Aefstgle o Ao

115} th(Kwon and Yoon 2010).
ol #4u 57} %w golth. el 2L Sedum:
o EUbEo A9L BAS NAAZ EFAY 392 o
2L FJAAe BA Yed AR5 Ao} Afolgt
Zpol 5 EATHAhn and Lee 2004). o] 2} o] Hjx|of 7}

5 Hedo FRe s wt A
Arol T2 (Ryu et al. 1992), A A A 2

Az AT} BAS 75 A7 M7 B
olm, Aol B W HAASHYS ) 45H 3
£ ghch(Skoog et al. 1965). EE3F BAQ} NAAS &%
ZolRALE AYA IS Ay A9 A, Al

8 A} 5ol wlsel ol A
tHTable 1). o]= YARXHEEAL 152 3
4849 ARIAE AT AF B2k g

i
49 £79 % 2 pugel 0B e AT A
o AFHL gon, 2 ARFols BAtE HY

1
Az H oy dgof wetA T Zpo| 2 71x]7] i) A

Table 1 Effects of BA and NAA on callus induction from leaf explants and shoot formation from callus of S. fosaense in MS medium
supplemented with 30 g-L'l sucrose and 7.0 g-L'] agar after 5 weeks of culture

PGR (mg~L'1) Frequencies of callus Frequencies of shoot formation
BA NAA h;iﬁitslo?, Af))f Callus weight (mg) olgusilcl))s:s Weight of shoots (mg) Com;s)izt(r)ltesss of
0.0 0 2 2 - -
1.0 0 - - - -
0.0 2.0 0 - - - -
5.0 0 - - - -
10.0 0 - - - -
0.0 50 2.0 gh” 10 75 £ +
1.0 90 25b 26 ¢ 786 ¢ +
1.0 2.0 90 24 ¢ 22 de 698 d +
5.0 80 23d 21 de 68 g ++
10.0 55 20 g 111 10 m
0.0 10 1.2 jk 4 mn 4 p
1.0 100 2.7 a 36 a 824 a +
2.0 2.0 95 25D 31b 801 b +++
5.0 85 24 ¢ 21 de 118 ¢ ++
10.0 60 2.1 ef 15 fg 18 k ++
0.0 5 1.0 k 30 3 q +
1.0 80 2.2 de 17 f 37 h ++
5.0 2.0 75 2.2 de 15 fg 34 i ++
5.0 70 21 e 15 fg 26 j ++
10.0 55 2.1 ef 12 h 131 +
0.0 5 09 1 1p 3 q +
1.0 15 1.2 4 3 mn 3 q +
10.0 2.0 50 19 h 8 k 5n +
5.0 35 19 h 61 4 no +
10.0 30 1.2 1 4 m 2r +

=not detected, ¥Mean separation within columns by Duncan's multiple range test at P < 0.05.
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B3 Aol Azget A 2RAL 22 197, 6.9
mgO & 7} %=9F 0 W (Fig. 1C), 1.0 mgL' BA%} 2.0 mgL’
NAAS Zaksl g7t Alz4 1370, A1Z257) 10.0 mg
© 2 7HA QIthTable 2). £3}3F Al 2 0] JFAE] 9A]

Fig. 1 Callus induction from leaf explants and shoot regeneration
of S. tosaense derived callus. A: control (1/2MS medium 30 g/L.
sucrose without plant growth regulators), B: Callus formation
cultured on MS medium containing 2.0 mg-L'1 BA and 1.0 mg
L' NAA after 4 weeks of culture, C: Shoot induction of MS
medium containing 2.0 mgL"' BA and 1.0 mgL" NAA after 6
weeks of sub-culture, D: Shoot elongation on MS medium
without PGR’s after 4 weeks of sub-culture. Scale bar (A and
B: 50 mm, C and D: 2 cm)

Table 2 Effect of BA and NAA on shoot multiplication from
callus of S. tosaense on MS medium supplemented with 30 gL’
sucrose and 7.0 g'L'I agar after 9 weeks of culture

Treatment No. of Weight of
-1
(mgL™) o 0 eight o Compactness of shoot
shoot  shoot (mg)
BA  NAA
L0 1.0 20c¢? 228c¢ N
' 2.0 13 d 10.0 d +
- 1.0 79 a 66.9 a +
' 2.0 43 b 339 b ++

“Mean separation within columns by Duncan's multiple range
test at P < 0.05, y)-~-:poor, ++=moderate, +++=good

2.0 mgL' BA9} 1.0 mgL”' NAAS &3t A 2|7} 7H4
Z9rom, 1.0 mgL” BA9} 2.0 mgL' NAAS &3t A€
7t 718 A 23 ch(Table 2). =AM E9] 7|WdEs ¢
3 FEd A2E FAETAA AT 457 5
gYsto] WU A3t AFAER AHESHG th(Fig. 1D). 7]

HF19 activated charcoal (AC) F-34 7} MSH|R| 9} 2 gL
ACE Z7Feh MSuj 7| o 4] S=8f0] =] 9] © ™ nodal culture
5ol wieF 95 & rtE Fejo] o el Ho|E
et A, ACE TR-5HA] ¢ MSHj A= e 4= 377
A, ma]Zdo] 25 cmZ RAME QI 2 gL' ACE 3g-at
MSHj 2| = #e] 4= 85.77), fej o] 46 cm=E FALE Gt}
(Table 3). ACS THot= HiAollA HH Bl /9
Mo g 4573 FHE 7S AL AERE A=
A& sk aL(Fig. 24), ACFH7F wjA| = o] &
o] 2ol x| x| = Zlo 2 3ol 3} th(Fig. 2B). Lee (2011a)
T2 ACE HIIE S EH 7|HolA &utbele] e Uy
o] FH7Ie A ETt o 4tk Bavh glon,
Yoon (2010)5-2] Aol A e AC H717F HIEZH] & §-4]

e o

Table 3 Effect of activated charcoal on root induction from
axillary bud of S. tosaense on MS medium supplemented with
30 g-L'1 sucrose and 7.0 g-L'1 agar after 9 weeks of culture

Activated charcoal (gL") No. of roots Length of roots (cm)
0 37.7 b” 25b
2 85.7 a 46 a

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

Fig. 2 In vitro rooting and photoautotrophic culture of S.
tosaense A: MS medium with 2.0 g/ AC, B: MS medium
without AC, C: Treated 350 ppm carbon dioxide (CO,) of
plantlet after 8 weeks of culture, D: Treated 1,200 ppm CO, of
plantlet after 8 weeks of culture. Scale bar: 3 cm
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7 g e
2sto] A
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Faelol ABAE ol 1 A7)
A) A & th(Karasawa 1966). TE3F AC
2] 9] pH7} WolA = A& HFx] 3t A
o] G Fol By FEE g
T ®H 3% v} Qlch(Eymar et al. 2000; Pan and
taden 1998; Dumas and Monteuuis 1995). ©]Ar9] A1}t
o FIEHER v]go] Mo} | A AC F7HH 7]
WS SAA7IE Aoz AlmE

_&rlrr\‘g
xRl o2 10

rlr
v &
-
i)
of

FEYuopol Ja £FAHE A ol stErast v
JTFL Fobiy] 913 ol AHBHEk 45w S 1200 ppmt} 350
ppmO 2 ThEA SHIE 857k HjoF F AU B G,
WE, T, Z7120], Beldo|, HEF, IS4 T
& S4sac 450 9% 9P olusE

23| (Fig. 2D)7}F A4 18.927H, &
Z 294 cm, H-rﬂﬂ 97 cm &2 350 ppmof| A v} ¥ A&
(Fig. 20) .ot 9-=5qich £7]9F He] 9] Zo|%k 7.09 cm,
7.99 cm= 1,200 ppmoﬂ A vfoFsl A& 7t AYRFo] &5
Stk AEFAALE 1200 ppmol 4 T HEA 9] P

A7F 276 g& & 350 ppmof| A ujFet A=A o] FA 0.74
g TRk Aol 5 H GtH(Table 4). F=dHulok Al A2

o
A APAEE T S s GEL FFS 2T 24, of

A u:E

APSFER A F I 1,200 ppmof| A HiQFSH A&7} 1.46 mg/g
& 350 ppmofl A] vfQFRt Al E A HT; FEA Fo] =&
Ao 2 e TH(Table 5). 25-(Kalopanax septemlobus)
YNGR o tsEes FFNE 297t A%
o] ottt AFARt B ALE Gl v (Park et al. 2011),
7}d) o) A(Dianthus caryophyllus)Z} 2~EFEl 2 (Limonum spp.)
S A oML BT} £ S5E ABA] A
ol F9kew, 1,000 ppmof| A HiFE A=A7F GE4&
B0l g %2 A0 MR ub dekleong et al
1996). F=HuljoFo] 7| W|eH(Gerbera jamesonii) Ao H]
A= ol tigt Aol A= ol AksterA 1,000 ppm A
g7t b Aol v A4, 9%, 2, BAS
A2 ShEF So] A slctal B skal Qlch(Shon et al
1997). o] sFE=ujof A| AEE 9] o]AEEA FFo)
2 AT o A T 5 2ms
AA71= Aoz AtrE
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g} Al HA EoFo| &
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Table 4 Effect of carbon dioxide concentrations on photoautotrophic culture from plantlets of S. fosaense after 8§ weeks of culture

CO; (ppm) No. of leaf Leaf width (cm)

Leaf thickness (mm) Length of shoot (cm) Length of root (cm) Plant weight (g)

350 14.92 v” 121 b
1200 1892 a 294 a

083 b
097 a

357 b
7.09 a

485 b
7.99 a

0.74 b
276 a

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

Table 5 Effect of carbon dioxide concentrations on chlorophyll contents in S. fosaense

Chlorophyll contents (mg/g)

CO m
 (ppm) Chlorophyll a Chlorophyll b Total chlorophyll
350 091 b” 038 b 1.30 b
1200 1.04 a 042 a 1.46 a

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

Table 6 Effect of several soil on the survival rate and growth from in vitro plantlets of S. tosaense to soil pot after 12 weeks

Soil construct Survival rate (%)

Length of shoot (cm)

Length of root (cm) Plant weight (g)

Peat moss + Perlite (1:1) 100
Vermiculite + Perlite (1:1) 85
Perlite 65

5.80 a?
415 b
236 ¢

11.57 a 387 a
652 b 1.96 b
1.13 ¢ 038 ¢

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



J Plant Biotechnol (2013) 40:79-87

85

7 1A

Vermiculite + Perlite i

Perlite

Fig. 3 Acclimatized plantlets in the pot in S. tosaense. A: Acclimatized plantlets in soil after 12 weeks of transplanting, B: Axillary
bud shown in transplantation after 12 weeks, C: Growth of root after harvest. Scale bar (A and B: 3 cm, C: 0.5 cm)
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