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ABSTRACT To establish a optimum culture condition in vitro for production of seedlings in Wasabia japonica,
the effects of salt strength, sucrose concentration, and NH4/NOs ratio on the shoot growth in MS medium were
investigated. The full strength of MS medium was the best condition for shoot growth, and in 1/4~1/2x or
2x MS medium the growth was significantly suppressed. Growth of shoots was enhanced when sucrose was
added in MS medium after 2 weeks of culture, and the best result was found at 3% sucrose addition.
NH,"/NO53 ratio of 10:50 gave the highest biomass of shoot in the liquid culture with MS medium, and
increasing the NH4" ratio in the medium significantly reduced the growth of shoot.

N B Ho} giTh (Bun et al. 1996, 1997, 1998).
dvtAo R chilzol 7|USA B FAUT ARE
5ol (Wasabia japonica)= AREI] &3Hs 42 AN ANHES B3 FAARIC Tt WA
A ukga] AR A QAR AZAEeR RS W 2 943 B AR A8ttt Az Zolrt 2 em ©f
ek Al 227} Hgslo) Qlo] Hajat Azt FE A slon] AT 0.05 g ©I3k] AKo] BHF A2 A
o)) 2 AR AT (Park et al. 2007). A BRAME  wjef Fof TABAL 22 F7H Bk 02T £A)
FAR=Y Oy SolN uEgolE Uk glow, & ¥ sEs] gl AN W FE /1W B
Aol AE wRgo] Anlgel thrig £0] SKESt  FAe) Qo A2BRE FANA BT BE #E A
3 9Jc} (Byeon et al. 2004). oA uifo] TiEFARARS ol Ujo isFo.2 AR S sl 71ed) Bdo] dasht
A3t A= 2 7S o] 83 FHS & E 1F AlE AL 24 9) ujokol| A ull 2] 9] salt strength, sucrose
Wo) o|<HiS o] g3t AN B U AR F4, AT B, A Fut AA90 FR Y I HE SOl AR
Bozzo] ofst nAZalo] ATE vl Qlu, IFole] i zxo] ko] IA S A 22 hAHRES] A4
RO A gt s off Wk Atk Bl o= J3ke |2t} (Moreno et al. 1995, Pan et al. 2004).
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7} Wt (Chevreau et al. 1989, Leblay et al. 1991, Yepes and
Aldwinckle 1994, Matt and Jehle 2005).

AT Yol FHE T kel Bas XA
H] ;q Z27% 18}7) Qale] viA) 9] salt strength, sucrose -
= 9 NH/NO; Hlgo] a1qdllo] 4lx0] A&of ujA|:= 9

HRE BA A GofjA B 5= o] (Wasabia japonica
R S5 TAE sl mEY A ARAR &
oA Bl Ao AMSIGTE FXE sodium hypochlonte
2% BHO R 2083t Aol Amellon, YR 33
AAE 3 FREtE 98 2°C o WAILAA 100 mg/L o]

GA3 S0l 10947F JAAIH T fHEta & 9jof e i)
2}kl
2t MS 71l R]of] 519 0.1 (Murashige

o5 -’—X}E 24 2= U2
0.6% agars

and Skoog 1962), £.¢4o] 2~3uf] SHPL wf YR 22|
4 AY7) 1~ E ZEAA ARl "R MRS
BA | mgLE H713t MS 7] HAafj A of| A 25=7F 130 rpm
o2 Wy djokalgl o, ojoA] 2Afo) FE WA A]o

A 30~60% F3t AchEekate] thilzs skl HjA)
L pHE 572 2AT g ALY EA7) 2 121°ColA 15
B7b watdt § AR Sgleh ARG 100 mL S

22:50] 30 mLo] HAHAE F5=310] 130 pm o2 X%
shglom, wjorslA e &1z 20+1°C, 40 pmol/m’/s2] BT B}
ol A 16417, FATE] 8AIZES] 7] E BHolth
Wlié ofofol Rejo) 2 ~3uf g Hasiglon o
olate] AAEE A A2E S 24 7
AEo] Yz AMESFFT} (Figure 1).
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Figure 1. Production of multiple shoots of Wasabia japonica. A: multiple shoots onto MS medium with BA 1.0 mg/L after 2 weeks
in liquid medium and after 4 weeks of subculture in semi-solid medium, B: separation of multiple shoots, C: multiple shoots in
MS liquid medium with BA 1.0 mg/L after 2 weeks, D: Induction of roots onto MS semi-solid medium.
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Sucrose ST &3} TA}

Al 28] 7ol 1) 2] := sucrose 50| FFE FAFSILA:
BA 1 mg/L7} @71l MS 7] 248 2] o] sucrose= 1, 3, 6%
2 2] Asto] 27t vt £ SAIH A% 9] 429t Zo]
2 AT APk S o AR sE A
b 2Ab A ARERE B} F sttt

NH4NO; HIE &3 TAF

WA o] A4 NHy 2k NOy 5% H[-go] Ao
A 290 Aol mjz)= P2 ZASH] 9)5ke] MS 7| E
WA Ao 27] F Ad FEA 60 mME 7|E 08 51
NHs :NO; H]-&-2 0:60, 10:50, 20:40, 30:30, 40:20, 50:10,
60:00.2 zdsto]l A sk 2AY 8l& 0:60, 10:50,
20:40 HE]9] ZLofli= NHS 7 NOy' 9| 558 NH.NO:9
KNO; & olgate] 2A3tgirh 30:30 H)e) 49-ofl= NH,’
¥} NOs 9] k& NHNO:2 238519 om K9 249E &2
A3} 215ke] KCI 19 mM-& A7sRath 40:20, 50:10, 60:10
229 9otz NHy' 5= (NH):S0:9F NHCIZ 283}
Feu NOy Fees KNOsE of§ato] 24515 o Ko
AYS Hast] fiste] KCT 19 mME H7staleh 74 Az
d uffz]ofl BA 1 mg/L, sucrose 3%5 FU3HA Hristed 25
b AZE wjofetdch P e 9 TR s 2
ZALOY A ARGSE I FUSkITh AR TR - SAE
Az, Azdol, AAlEE AR e E5H i o] pH
wstol Al %) NH, 3 NOso] s ohaat gro] 24}
st} A2 68°C ovenollAd 39 7+ AZA7 & Willy
mill2 Fafsto] A Alms ARSIt Al% Fo NHy 2t
NOyE #= B8 23819 o, 2202 045 um membrane

filterof] E+Aj7Z] & flow injection autoanalyzer (FIAstar 5000

fe

?

¢

system, Foss Tecator, Sweden)E- ©]-8-5}0 NH I N0y E B

Asteir,
Az
Hel Aole] ey AAL SAS ZRIAL olgslo]

5% -9-0]¥ 9] Z:z0]A] Duncan THEH|ILZ A 2|51 Th (SAS
Institute 1989).

2n Y Dy

HYX|Q| Salt StrengthOl ME MEQ| Y&

WA R ofollA] o] Az 7 SAlof ARt
MS 821 9] salt strength S FAFeE A= Table 13} e} Al
Z4E 1ax MS HiA[ollA] 1x MS H|Z]742] 37148 5ot
|8l3ko] Z7}8tch7t salt strength7} o 52 2x MSH|[X|of| 4]
L sty ot BE Aolla] folak glo] Bt 2R
Bao] Mgetaieh Alxo] ol Wik 22 A3k Hylo
L} 1x MS uiAjoll A 48 emZ 7P 2910w, 1/4x B+ 1/2x
MS ujz) 9] Alzo H]ste] Zo]7k 28] o Fo.2 Zgith MS
w2l & FEE ZIEHiR] O] 2ui 2 SFlE wf 4lxef Ho]
A2 AAfs] H4stoich MS 7] 2uiR]of| A Ao Zo]
7} 23 wlof v mhE L8 FAE]o] it 3.6 cm @ Zo]
AL 2o 100 mLe| Zupia o] wjeko] o o4
HieFat7] ofSick (Figure 1). AAIFE MS 7]2aA]ofiAf 1.8
gO 2 7P f=qkom, 712 ujzjof wistel ¢ FEE YA
U SRS ) gAEe] AAS) WStk Salt strength7)
52 2x MSHiR| A= AEA7F AA Mkl Yt e
BlEY 9 Hgi7h A 78S HER I

jug)

Table 1. Effect of various medium salt strengths on shoot
multiplication of Wasabia japonica after 2 weeks of liquid culture

Strength of Shoot length  Fresh weight

No. of shoots

medium salt {cm) (g/plant)
1/4x MS 7.78° 2.2b 0.2b
1/2x MS 8.8a 2.3b 0.3b
1x MS 9.2a 4.8a 1.8a
2x MS 8.5a 2.8b 0.6b

“Mean separation in columns by Duncan's multiple range test,
5% level.
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wz)e] SEZEEL Azt AEA 7L A 25 23}
7| 9¥E 58 53t o el JEe Fok 2 A
79| A= Gymmema A ZeFA MS vjx)9] G F=7F
NZAA | n|A= A= FABIAET) (Lee et al. 2006),
2x MS HRIc) A AAFRe) 7t Tisme] ool ofsf wiA]
o] R HMo| dolA A7} WAL RE AZEEIL A
Zol Qg 8 F47t A7 gEQ] AR FE3IA
th. a3y 22|AE 1] Casa Blanca®] 7% ¥ & &
=7t &8 iz g4 = 2 QYAFo| F7IsH] 2x
MS HjR)7} 7} 94sictar 319 2.m (Woo et al. 2001), 1)
g} zAoFe] AL sucroseE 9% AVIBIEE o 1/2x MS
w27} 74 Ajet Aoz oA Ut (Ikeda et al. 2003).
wEhd A8 £HYUE = uijof BYHR sucrose =]
gpo| tha th2A Yehts 2o AZ4H.

T2Yol9] Az ZA1L salt strength7} RS HjR| o)M=
A ZBIGIL, MS 7| BujR|of A& Alzg20] 71, Aol A%
2 AAF Z7H7E FHojuk MS 7|l Aj7h nagol o Az
ZAo) 7H Aget Aoz wedd

Sucrose S&0f THE AZEO| ME

Hi219] sucrose =7} I5Yo] Alzo] &l vlA]=
FL ZARRE ATN= Table 29} 2tk A29] 45 HjoF 25
3 sucrose 1, 3, 6%0l| A ZH2- 4.9, 4.5, 41702 F-2)3} §lo]
et Az 9] Zo)E sucrose 3% A} 3.0 emZ THE A
2ol 2.3 emQl ol B|3) 0.7 cm ZA UebstTh BAF
2 sucrose = 1%0]] |3} 3% H 6% A A YERKLTE
Sucrose 5% 6% A2 -4 3% Ao vlgte Az 4
7} A2 3 Zolx Feg T Azke] AAFY o7t

= 2L sucrose F= 6% AFollA FKo] FAYAL
ol n|tidiAE dAF o] Yehhs 22 gidE

Table 2. Effect of sucrose concentration on shoot multiplication
of Wasabia japonica after 2 weeks of liquid culture

Sucrose .
concentration  No. of shoots Shoot length  Fresh weight
(%) {cm) (g/plant)
1 4.9a° 2.3a 0.3b
3 4.5a 3.0a 0.6a
6 4.1a 2.3a 0.6a

“Mean separation in columns by Duncan's multiple range test,
5% level.

Sucroscls TAYIT} AFEOPRAR Wk AT A2
279 AR 83 AFL sh=t, YA OZ iz
sucrose =7t Z7FE4E wjokA| o] AT 23k HiAt
AF2o] Z7A5He A0 L#A Tk (Zhao et al. 2001). T
go| AMEHERE AEA Ao BF Aol =W
sucrose S =7} 1%0)4 3% 2 ZF7181HA 429 421t Zo]
74 ol 271t ol4e] el A8 B
A319 T AAEL sucrose 4%A HLZ Eow §%7HA]
SABIA 7t 1 5 F43] Zatthar s41ct (Choi and
Choi 1999). 1/2x MS HlZo) A Wate] 27| rw-g wjoyat
) sucrose 3~4%0lA] Al o] S8t on Hid He
AR o= sucrose 2% 7} AAE Z o= e O™ (Nhut et
al. 2001), 1/2x M5 vjR] oA 9%2] sucrose 5 =7+ Bg+9]
BAAR 7H A3t Aoz e (Tkeda et al. 2003).
wjeb HiRle] B8, ABO B8 EL vk AgEHE £
2] Zof wtA sucrose A4 FEe A @ = At
2 AL Aezel 2 Ak glou Azl 4ot 2
o] 121 AAFE I 1T o 15| Az T4
o 7} A3 sucrose HEE= 3%E WHEHETH

NH/NO; HIS0| E Mz 4T

AJ2.2 NH, 7} NOy gejo] A2E &4 ojgst=, 4
Bo] 2z} uet o] et AAUE T4 5T o8
e)7} k2ot (Touria and Douglas 1998). A= 420 &
Sxo] thild AL ofulR, 54, AL FO 8 3}
e E3E AEAA & YT vt By
ofoll = Wjz| 9] NH, I} NOy 9} Hj&-2 AE9] 44t
B210] armut ofz} 4189 Jef YYo= FFE |3
t} (Choi and Soh 1997).

MS 7] 2HAHIA] Z] NHy' : NO; H]&o| 150l Az
o] Q&0 n|X|= F3re 2ARSE A= Figure 29 30 U
ERNZITE NHS' @ NOs vl &9 A2 FollA] NOy 9 HIZo| &
olA4E T3Yo] Alx9| o} Zof 9 AFFol BF T
7Vl A3k B o, NH,' : NOy HlE 0:603% 10:50 A 2]
oA X128 491 o] W A Fo] B 7 £35S
th NH," : NOy H|&o] MS7]EH}%] %2l 20:40-& H|Z3}
30:30, 40:20 7HR)= F-AF glof vlT AFE BTk 1
#U} NH," B &o] @4 &2 50:10, 60:0 HLofH= A=
o] Qo] uf & Az o AEAZ}F AA WK
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oy o 25 F9] AlZH F9 NH,/ 7} NOy' 98 248
L 80 AI= Table 33} k. wix]of] A2js Al FollA NOy
° -

2 0 o] H&0| F&FF AEA FY NOs o] S7sten,
5wl M2 NHL9| Hlgo] E84% ASH N/ 9} FHeol
- Z7}e13ich. 53] NH, Hlgo] AtjH o FAl £ 4020,
2.0
50:10, 60:0 AT HE AEA] Fol 40 mgkg o}4F2] NH,'
> a7k ZAE Lo, 60:0 Aol N D47 1128
5 gkg7A| TekalAl A= ek viok 23 & wix|o] pHE %
56', 3.0 4
s
§ “ Table 3. Effect of various ratio of NHs” and NO3 on nitrogen
7] 1.0 contents of Wasabia japonica plantlets after 2 weeks of liquid
culture
g Nitrogen ratio (mM) Content (g/kg)
s
% NH4+ZN03_ NO3-N NH4-N
£ 0:60 13.9 10.1
®
; 10:50 16.4 172
& 20:40 75 24.8
0:60 10:50 20:40 30:30 40:20 50:10 60:0 3030 43 21 7
Treatments (NH,*:NO,’) 40:20 0.9 423

Figure 2. Effect of various ratio of NHy and NOs in MS 50:10 0.6 54.7

medium on shoot multiplication of Wasabia japonica after 2

weeks of liquid culture. 60:0 0.0 1128

Figure 3. Growth responses of Wasabia japonica seedlings in vitro with various ratio of NH," and NO;™ after 2 weeks of liquid
culture (Ratio of NH;' and NO; A: 0:60, B: 10:50, C: 20:40, D: 30:30, E: 40:20, F: 50:10, G: 60:0).
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Table 4. Change in pH of midium with various ratio of NHs" and NO; after 2 weeks of liquid culture in Wasabia japonica

NHs :NO3 (mM) 0:60 10:50 20:40 30:30 40:20 50:10 60:0
pH 6.1a° 5.9b 5.6¢d 5.6bcd 5.7bc 5.4d 4.46e
IMean separation in columns by Duncan's multiple range test, 5% level.
AVt A7} Table 49F 2tk wixlo] A2ld Ao Fold 2% M gk AU FF € 2 HE ol AE E
NH vlgo] 5342 Wix9 pHt Yobglom 53] da & 2e) YA Pk nlAth £ AL Agars B
o)

Yo NH, e FFE 60:0 HFol A= wxe] pH7}
442 AEASS A AT 4= e AT AMdE vE
Wick olgh e ARE B wix|F9] A FoflA NH,'
Fej7F ol W uFgo] Alz0] o] AsfEn whetbA
T4E NHy o] 223] 3= 2aha Aol AotehA 3
HEE Ao waEch 24 yolA NH, o]29] A
el 715 & uEA QA gFAg 482 o) NH, o] 2t
A 2= S4& e (Givan 1979), NH, 9] 5
3h= cytokinin®] AT} AU} HolE Aol Aoz U
A 9Jc} (Endres et al. 2002). 12|11 A)lE0] NOyof H]3}
NH,'& Az o2 go| F5314 AU o] 278 5 vl
A2 H 0] 42311 (Mengel and Pilbem 1992), vz} 2]
AMske oA A& S-S A3fsHA o

A2 22w ol A NH,'of) u]3to] NOs 7} of AAe A
4ol AeE deiA glon, 945 d7ddto] = NOy

S 3FIAE AE P Eafel wrgo] FE5| 0] Fof
A Ao daA ) (Bayley et al. 1972, Wetherell and

Dougall 1976, Wu et al. 2005). BF o] wj2|o] NOs & ZAEA]
7IH A& P Balet o] IA AfE= Aoz B
&4 I} (Walch-Liu et al. 2000, Ramage and Williams 2002).
ey R 4 NOsE 8 AAY0R 513 NH,' o
NOs ] H1&S 3| 2W3te] FFSR= Aol 2ol
A ofg 7HA] AES ARl vl et Ao WA 3
o (Chevreau et al. 1989, Leblay et al. 1991, Yepes and
Aldwinckle 1994, Matt and Jehle 2005, Lee et al. 2006), &
el AT ojst A% A7ATel Yxske Zoltk
wjeba] wiA] <] NH, 7} NOy 9 H]&-& 10:502.2 245}
L o] AR B N2o] AR FA g A

et Aoz g

¥ 2

A2 AEL 242) sjoyolA] ¥l salt strength, sucrose

3t MS 7| 2u]2]2} BA 1 mg/LE 75t MS 7] A
A At S5to] AYAkst thAlzE Hole} Eejo)
2~30) HEE B33} ARE o] g5te] MS HA )] salt
strength®} sucrose 5= % NHy/NO; H]-&o| j13o| Alx
o] o] vl A P 2ARSHY] BFYol F1.9) ik
P o3t 2A WA 2AL sttt aFgo] Az F4
o= MS AR ul x| 9] salt strengthi= 720l 71 Aetet
Ao Vet o, 1/4~1/2x T+ 2x MS Ao A= 23
Wo| 951.9] o] FA| A Hct 71 B2 MS &)
i Ajo] sucrose 3%E H7IIRE wf nFYo] Az AR
o] 7} 943t Ao 2 el o U sucrose F5 1~6% H
oA Az9 4} Zol Fo4 Ux AolE HolAl ¥
T}, 7|29 MS HAElx|o] A A4 0T NH, 7 NOs
o] W% 10:5002 2H3PE o Yol Az AF
o] 7H $4:3 A2 UEton, NHy 9 Hl&o] 71
FE A AA U
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