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24 = 1 Z 2 ¥ % 4= 3
Fopez ) ® oY F F

MAES: @ lv ¥ mdn gL By SE 4 A a2

3}% B I AFELRHLESET > 77 1 mg/LBA -~ 0.5mg/L NAA ~ 0.25mg/L GA;
3mg/L AgNOs ~ £2 5Smg/L putrescine 2. 2% sucrose :77 MS 5 ~ B g 27 5 % = & fie >
HOR- S SRRy AR as Rl A B2 FE 66.7%T70%
PR ERRSOL A RN TR o AE T REFERL Y 9 T s
+ ERENIL g fé??%“"%} Gl pRpst T R RITH A AL
R EEA > T gd T RE A sk £ 4 BLJ% | (organogenesis pathway) o & & &

EEE S ﬁ,_kf‘ Bt FOREE 0 BlAe RS LA 6 T3 %-JE] B B et g
o %,M& CEAEMFH R BEE A ko LT e A s 4

£ 4 3% | (somatic embryogenesis pathway) » @ £ 2 = {54k o

2

EL
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B g R L 2 TSR 0 2 RN AER 5K Rehed B oo
T3k 3 % (George and Sherrington, 1984) < e 532 £ iE/2Y > BAMDER ¢

Sepa a4 o e B oA T 2 A INA BRI A e o
R RV IR T] #*"fp#ﬂmé}iﬁ“ RNAEEY E ﬁ‘*eji- dme o BIPE IR ot
TE A %%x?%ﬁx%g\%ﬁﬂi\'fﬂi%\+ﬁ :ﬁ_—{:gﬁ 44*3\44:“5,\\8L;*\;\g\.§§_,. g
%32 32 A (Loweetal, 1996) o b ¢ A E# 32 A AEPE T & B2 A cn | ~ 12 7 4
ERBEPHINER T oA O RA ST lﬂﬁtmi«ﬁvi*"’”%fzi 4 ey i o g
? %5 N AEsasnic 4 » 3 4p . (Margarita and Margarita, 1991) °
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— |E;1;\.;4,;—r]g j«'v\%-ﬁ /J sk - yl/"] ﬁ}‘é‘%ﬁgﬁgﬁ s} ’j;%%ikgﬁt‘_q_:,\:éfté;*ﬁi
LR S *:H&Mzﬁa LR TR TP S S S
GEERUREE 5 S Ry r{é@ K p - Bfpb B Ry & aug £ AN ATe el
BT LL I BAPRF - MEAF BRI FH AR ESF EF L EREH A
s 7 4v g & = & (George and Sherrington, 1984) - 4% 3 2 éi‘}"drﬁ?ﬁ‘fy RO S N

] g g i
FRRNRZEBEAN LRSS XTI 0F- AP T HEF - HE P nimg - B
] %L.-f-w\ FPRAMRFIREARS > FE2 - L] E ;:.;zgwg%@i,%

Y K

HoE o2 o

- &R

AREE L 3R E R B2 v ¥(8 ¢ Brassica campestris L. ssp. chinensis L.
Makino, # % Pak-choi) 3 #%##! » #FB% & 5'5 B - 5 (Tainung No. 1)&'5 B - 5
(Tainung No. 2)» & B ¢ # 5 S & 22 F iz h 2 2 5fb o Bikd a3 i 70%F 30
P8 1% & fadp 12 A 482 0 R AR 0 REFRHES 27 2%EBE 1%EF%2 MS A
*# % 72 (Murashige and Skoog, 1962) » #3fBk & * o 32 % if it 5 25/20°C (P /&) > k5%
B 5 150 uEm™s™, 16 -] ik P~ & FHE A1 % 3 X chF H & T oadh (£ A X 2mm) 5
MR M o
I Rk
(-) wim kA2

ME T 2%E S 1%F F % 2. MS (Murashige and Skoog, 1962) fie ™ i i A A3 %
B FABRMER 2 FLED SR OBEFERR B2 LR b S
% . g? R R T2 LA AR FTAENEE AR%TT B A AL pH BHED K
5 5.70+0.01 > & B i 5 121C ~ 1.2 Kglem® > & FjRF R 15 4 48 o
(=) B A A 2 /%@I“’
1. A& & 453 e hn

™ 1mg/L24-D+1 mg/Lkmetln EAMILSPRFEI(D2EMS 2B RHYE >
FWEA QIR EMS BRI 2E MSF A o
2. A R B ER LI E LR gb/%@“’

M2EMSEBBRGEE 2EMSF B4~ (PMS) 5 A A=4p53#:(1) Img/L24-D
+ 1 mg/L kinetin; (2) 1 mg/L BA+ 0.5 mg/L NAA;(3) 2 mg/L BA+ 0.5 mg/L NAA;(4) 2 mg/L
BA + 1 mg/LNAA ; (5) 2 mg/L BA+ 1 mg/L NAA + 0.25 mg/L GA; °
3. RARAT 5 ORNT ~ f e KR S AL i e AL

4 1 mg/LBA 82 0.5 mg/L NAA 2 MS fie™ 3 fh & & A iRl3E T & 5 4o 4
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2 2% (1) 3 ¥&ps (proline) Smg/L ~ (2) ¢ "=f& (tryptophan) 5mg/L ~ (3) f&3-v -k
f&4» (casein hydrolysate) S00mg/L ~ (4) & f& 42(AgNO;) 3mg/L ~ (5) & "= (putrescine, Put)
S5mg/L ~ (6) I #F "= (spermidine, Spd) Smg/L -
Z o @EmAAAR

ABEHVERAMB AL AS A LBR AT RMEFEDE LR RATR 7
(1) MK R ~(2) lﬁj Hesz g merdd LR (3) 3 TH LA apkRE T L

4 % (shoot regeneration rate) ~ ()13 7 4 £ KR E L 4 & (root formation rate) e

3

5

“‘ﬁﬁﬁ Heoehk-5U2'S R85 9 FRAMEL 4 2 P25
Beolw F2 T (RN 2mm)EF ER A FF 1 mg/l 2 24D £ | mg/L 2
kinetin (72> £ MS 5 4% = 4 (Murashige and Skoog, 1962)% > & & 1/2 & MS # # %4 » 14
FRHEPBREH 0 F27 B ;E,gﬁgﬂtmﬁiarsodg\lm;%%ﬁ_—r, SR-BU ¥
BAEWIE MS B R A ST s B AN FER G 2R (AN
53. 3%)»%7» :w(/»\ 4 133% 10%)0t Fg 3 4 12 8 MS £ 148
WA AN 5 60%87 50% 5 F BT EF A WG 10%2 3.3%) 5 fe iR fx;ﬁﬁaggg@
J , @: '”Ajshig £ 128 MS RS R AIT S S HOE A G A R4IF S o d £ 2D
RN LSRN FREROSFNNEE R 2 F MS ABREALT E A
&G R (T0%) 8 B Y (16.7%) s F vt i 12 MS & 18 B a7 i O 1 %
FEFL56T% P RTEEFL6T%); BB RE4A5 X gHIEL 12 EMS £
BALEAEET EREME N7 UTen LT w3 B G e $ 5 6
12 £ MS & # B 47 /539 (53.3%)5% B0 > & MS £ 18 3 ﬁﬁﬁvr@gmﬂ%)’ e iB AR
AT 5%«‘&?%4@t P hE A2 2 AT A ESF A2 MS RS R IEE 12
F MS £ R PAIT e k30 (05 6.7%) 0 ©3E 1/2 £ MS & B aF ke 4
ST PRESE P
d %\» 12422 %b7 S R- 38 SR B 6 FARAE SRR AU
mLJE‘ FeS2Z FEHI AT LE A5 B0 ER A 4 RN T e
8 E%”(LLMS B 12MS & EJEIG 2 2 AR e k) L 3 T2 FE S 5, 12MS A
2 e (1 mg/L24-D £ 1 mg/L kinetin)2 ™ 233 7 f8ez B30 3 FR AW > L 25 'SR
- B LR ’?fu"]'ﬂ 35 2 2pk SR (T M2 2 TRAEF L 33% 0 A
FERAMzZ P TFHEF S 0%) 0 MS E&IZ 2 (1 mg/L 2,4-D £ 1 mg/L kinetin) & #
’9&—%3”%5@%5“:*&3”% R EFES TR L A .

tm %a'g 42?
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AL EPREH R R ERagE il pE Y
Table 1. Effects of inorganic salts content on the explants regeneration of Pak-choi 'Tainung No.
1
BER LRk E % e p FHE 2 dep ? 24P
Medium Explants Callus Induced (%) Shoot Regeneration (%) Root Formation (%)
c’ HY C H C H C H
40 32 8 6 0 0
MS 60 60 66.7%" (533 (1332  (10.0) (0.0) (0.0)
36 30 6 2 0 2
1, MS 60 60 (60.0°  (50.0)*  (10.0)*  (3.3)P (0.0) (3.3)

VRS B & 18 45 = 2 #idy o Data were collected after 45 days of cultivation.
= 3 60 B3z 748 > = £4F o Sixty explants per treatment, 3 replications.
# > H: T %$h o C: Cotyledon, H: Hypocotyl.
TEHMAPRE Y 32 47 2 Fisher’s LSD test 4 i£ P=0.05%¢% ¥ -k & - Means with the

@)
4y
ki

same letter within each column indicates no significant difference at 5% level by Fisher’s
LSD test.

FECR-SE SRS RRESAPTZ % B ’L‘L)E] i e 7 TG 2 o
28 MS £ B 2 B 1/2 £ MS #.*.#ﬁ B ERJE 0 F T iR BJR35EE A
2EMS EZPRHFLE 2T MS G =4 HMS guga% ¢oo

A EDEHRESE -G R SR o5 0 ALt 2 BF

%+w%41%%@@@2mmf+xﬁ**3%&&msa%%ﬁﬁzi S
XA MS AARGARBREAY CEFAELDSHLIAFEEREERIZET S (D
Img/L 2,4-D +1 mg/L kinetin ; (2) 1 mg/L BA+0.5 mg/L NAA ; (3) 2 mg/L BA+0.5 mg/L
NAA ; (4) 2 mg/L BA+1 mg/L NAA ; (5) 2 mg/L BA+1 mg/L NAA+0.25 mg/L GA; °

d 2384425t BRSO ER L L RITHFE S L - B
s BB R }‘_ﬁﬁé":)g‘ B 5%\;%%& SRR S VAR =V~ 7 ‘v Img/L 2,4-D ¥ 1 mg/L

kinetin m@w EL ﬁxrﬁ m}%»“;, _‘ﬁ?&(‘:g%_’k (-}ﬁi’rs_}_ﬁj7 J.iﬂ]? :“‘E,"%’{,'
70% 2 ' 5 B = B 71.7%),T PR WL Y R LK LA T RSBmO 40% T

(F E2 Torghz Ti9)> H ¢ 02 2 mg/L BA+1 mg/L NAA \@j‘—l« 2. (FEE T hpghz T



B R B I36.7% 5 B B 16.7%) 5 4 0.25 mg/L 2 GAS F A § A R
gemf % 0T BAILY 12 2 mg/L BA 0.5 mg/L NAA 2 § e i 5 his > A
:1

% e
F B 4% T .

4 W g 2, _ oA . s w
22 BSBEH R0 FRANE 2 2P

Table 2. Effects of inorganic salts content on the explants regeneration of Pak-choi 'Tainung No.

2",
BEA S E S B e pdp FHE 24P EIEEEE 9
Medium Explants Callus Induced (%) Shoot Regeneration (%) Root Formation (%)
c’ H’ C H C H C H
42 28 10 , 4 0 0
MS 60 60 (70.0)  (46.7) 167" (6.7) (0.0) (0.0)
34 32 4 4 0 2
15 MS 60 60 (56.7)  (53.3) 670  (6.7) (0.0) (3.3)
WEYE ek 1 ATaE o
W, X,Y,2

: The same as indicated in Table 1.

B T aEE S @ 0 2 Img/L 2,4-D +1 mg/L kinetin 2_ eJ2 5073 2.5 £ 4 F B K (F
F2 b T35 AR 8 117% 5 B 8 21.7%) 5 @ 1 mg/L BA+0.5 mg/L
NAA -~ 2 mg/L BA+1 mg/L NAA £ 2 mg/L BA+1 mg/L NAA+0.25 mg/L GA; = i AL 3
(¥ % 43.3%~61.7%)> 2 ¢ ' 5 B — 5" 12 2 mg/L BA+1 mg/L NAA+0.25 mg/L GA; kg2 2. #
T E A5G0 5 51.7%; ' 5 B = 502 1 mg/L BA+H0.5 mg/L NAA EJ2 5 5§ » i
61.7% -
b7 RAVAREE S 5 0 B S8 0.5 mg/L NAA #7ie 1~2 mg/L BA thd AJw 2 4
F B o iE 38.3%~55% o 2 mg/L BA+1 mg/L NAA e g2 2 35 F a (& B 25 B
— B 20% ' B TR 28.3%) 1 it GAy § R SR HIF L 5 S AU 1
1mg/L 2,4-D +1 mg/L kinetin 2_ )i‘@l‘*’ FRF RN (3 SRAOFRFEE 0%) e
HEHREERET OSBEFILATHLIAFEER DL ITP R/ RN RS B
B FERAMOENT i A B - 52 Img/L 2,4-D +1 mg/L kmetm %L
wme L B - 52 mg/L BA+H0.5 mg/L NAA EJ2 e ¥ > T 33 fihi2 Zﬁ_%ﬁi:)gi. FEsAESG R
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ﬁi%i’ﬂﬁ; EH 240 W AR -BE LB B0 ¥ APk %
B F BT T i RE( S B - *‘3’5—* Erai %ﬁa% TH L2 FwnT M—%f—“
BFAFFL 3~16%; "o Bo5'L 39 7~23%); & T2 F > 6
R a2 #15 frT ndh “?“' vt S B - BUATRE T T Sa i R Y 2
+ 37 (¥ &2 mg/L BA+] mg/L NAA+0.25 mg/L GA; k2 24 § &) )
FE'CR-sE SR oS REOERESE *§F‘F?¢A£5§-JE‘ Haso PR ER
Img/L 2,4-D # 1 mg/L kinetin 2_ {64~ 4 £ A & H 0 & AJ2 ; FF R+ T 524 2 27
TAI2.A52 > P12 1 mg/L BAH0.5 mg/L NAA ‘e & dcid » g% s B - 5 L B - 8
B EfaEG e arck ;) 2= G 2mg/L BAH0.S mg/L NAA 2 2 > % 5 2. 4 827 %
1122525 m 2mg/L BAHI mg/LNAA 282 7 25 £ 4 F iG> 254 L :2mg/l
BA+1 mg/L NAA+0.25 mg/L GA3;2. % 5 5 £ 4 F ik » RFERFHEL o AFTF LT gz
YRR =SSR R %*?;‘?F ‘e 1 mg/LBA 2 0.5mg/LNAA 2. MS A Afe= @ > F H 7
i?i#i'—%ﬁ’ﬁ ”«U‘Q’ Aj R o

APLHRE ~ FRAF R KR A A RAR SR -SUR RSB R AWML

#eolw F2T B&_ﬁdv(f‘i B % 2mm)E 5+ E 1 %%?;‘;’]& ‘v 1 mg/L BA £ 0.5 mg/L NAA 2z
MS A& &fe> ¢ > Hi ﬁ#f' B2 mdZF 648 (1) 5 <& (proline) Smg/L ~ (2) ¢ "epk
(tryptophan) Smg/L ~ (3) B v KRSy (casein hydrolysate) 500mg/L ~ (4) # iz 42(AgNO;)
3mg/L ~ (5) /&% (putrescine, Put) 5Smg/L ~ (6) I #% "% (spermidine, Spd) Smg/L -

b & S5BL6nEElT 'SR -E LR -89 FABRAY KA kiR
o7 fe‘lﬁ‘uf;— P2 FEFET]31.7%33.3% (F E A T agh2 L) 56 A B
%’mrﬁéﬁ-? TH 2R A8 TR A3k 24 (FER T2 2 2T E 4K
e L AR g AR -5 L 433% FEZ T agh d INF EF T
He o R-5U333% s k= %’683%)0 I B A A I B SRR WP
FRGEBL IR B RE A BT LB S EFE K H S R AL R H
T ufw w@ ARk AP0 FE A Tz 2 AT L2 S mlf:m R
5 40% ~58.3% > "o B 2 B 36.7% ~60% 5 F+ EE T rghz 2 24 it FenTimgE ' h
B— 55 433% ~T71.7% 0 "o B2 85 40% ~81.7%  H s T B &I ? 9 dRpk(Smg/L)
Pk L 0 B iR(Smg/L) £ I R(Omg/L) ik bt 0 4 BAPIT o FRE R Y S E Ay
B3 2T LA F7E5667%~70%> 2 3334 C F 'S B - 57 ET T1.7% ' 5 B - 5L
B R(Ome/L) 2w B iE 81.7% I #F "=(Smg/L)EJE ™ % iE 75%- @ Eﬂ'ﬁiéﬂ@mg/L)i
EATERFFAITELF ARATRI CR-R AT ELFH5 10% wH' SR
SR E PR R 20Tk o

WA RMA SR W SRR F RGP FLARLY 27 AR
dFBHUIERAHMRTRMEAREE (o B- %{‘.] 5 16.7~30% ;'S B - B S
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6.7~20%) » F RAVZ FWE S FRAM L F o FE L P- BIEL S BE Bl
Mk Bt ERZRARGeRfo % 7 LT 24 2873 T2 F 1 ORT g
i—;iﬂﬁ_iﬁ a0F e

“f’ﬁﬂ‘#ﬁ%i%‘ B2 AN g AT 2 hh(B 1A)S + (B 1B) & i 0 B
FEDA G ERA T R(R 1C) > £ ke N T RW(R D) > 3T H (R lE)’ 4K
IR S 1“7(51 IF) > 2) = & 4 48 $x(H lG)Eﬁiﬁvfi gd TRy AjA g4 R
(organogenesis pathway) > @ £ 4 S etk e F g 2 B H ALY K4 ? méﬁ’ IR S
oo g WA et F I Gk AT smh(g] 2A)& 5 ¥ (] 2B) AR > 15
A E R AR Sd FERL AR DT H 2R 20) 0 A 2 HR(F
2D) 5 T d TRz s2 P 4 F 4 32T | (somatic embryogenesis pathway) » @ £ 4 =
ek o

3 i EREART CE Il L
?k cB: 3 ;g},,; p gk o Ct 3 ;;;;,é;:h.zﬁ—su])::;ﬁf,‘;zw-/w\fwh‘f}gz
E:TRUHTH - F:EN2TZFT 2R -G:HIER2Y AL Ao
Fig. 1. In vitro regeneration of Pak-choi explants via organogenesis pathway. A: Calli were
induced from hypocotyls. B: Calli were induced from cotyledons. C: Adventitious roots
were regenerated from cotyledons. D: Formation of shoot primordium from calli. E
Shoots emerged from shoot primordium. F. Growth of adventitious shoots and roots. G.

Regenerated Pak-choi plants.
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Fig. 2. In vitro regeneration of Pak-choi explants via somatic embryogenesis pathway. A:
Somatic embryos were induced from hypocotyls. B: Somatic embryos were induced

from cotyledons. C: Formation of regenerated. D. Regenerated Pak-choi plants.

#ow

Cai & 4 (1997) 12 <s&Hrg 2 g1 $ 8 B S o Fividkuf > s+ g
FERSE S RGBS AT R RIS - £ E (1996) £ R AL L
Wi AFIEB I F 5 TWmEE P9 LRGP REHAE S 2 H3E2 T
PR A R F S EEMAET LT RS (F 1997; %,1998; 1,
1999; #,1999; #,2003) > H F ~ "% ~ F = F - T g 73 LT IR (5,
1997; %, 1999; # 2003; Ding et al, 1998 ) » @ sz A R ehy #61 ¥ 12 4-8 T | 5 i ¥ (4,
2003) c AEHFEHT C BHEHFERLAFLF AT LL L6 B EnaH
2 AN T A A e AV A E S 6 0 Toaph A Bt e
BERA S R-SUE SR G FG RS E

AR ASBPRGRS LY AN R SR R 58 F R AR
G d L LA i % 0 T 12 B MS & 18 B A EIT e B2 2 F MS £ 18 Bk
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¢°E"ﬁ%ﬁ%iﬁ%£%ﬁ%%ﬁzi?ﬁ\ﬂﬂé%@’imﬁziﬁﬁﬁgéi
chidd > T BAE0R T I 2 MS £ WA IR0t 1/2 £ MS & 8 Bk
ﬁ:a4f”L%%ﬁ%$£%ﬁ% BEI T ARG 05 BT R 2B %
d LR S fE e d B E'_F‘«i%% AR Ao B B A A g F) S G £ A
L &3 M (George and Sherrington, 1984; %, 1987b; George,

—ﬂ}

P auxins % cytokinins ¥ 7 & 2.
1993)

4
2003) > i F f A zi\ 7
TEEE PG PR 2
ooz HEd B E Al

adenine » M R ¥k F e

EIC

~ w

\v

=¥ % oleracea fai# % ¥ # 4k campestris Ak E# F 5 (BF,
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Establishing In Vitro Tissue Regeneration System of Pak-choi
(Brassica campestris L. ssp. chinensis L. Makino)

Jia-Yan Hsu”  You-Ming Chang®  Meng-Jiau Tseng”
Key words: Pak-cho, In vitro tissue regeneration, Organogenesis, Somatic embryogenesis

Summary

The sources of explants of Pak-choi (Brassica campestris L. ssp. chinensis L. Makino) and
the components of culture medium were studied to develop a tissue culture system for Pak-choi.
The results indicated that the MS basal medium (Murashige and Skoog, 1962) supplemented
with 2% sucrose, 1 mg/L BA, 0.5 mg/L NAA, 0.25mg/L GA;, 3mg/L AgNO; and 5Smg/L
putrescine was the best components of culture medium for the explants regeneration of '"Tainung
no. 1 'and 'Tainung no. 2 ' Pak-choi, and 66.7% to 70% of regeneration rate could be achieved.
Higher regeneration rates were obtained from the explants derived from the cotyledons than
those of from hypocotyls. In general, calli were first regenerated from the explants of Pak-choi,
and then adventitious shoots and roots were regenerated on the regeneration medium
subsequently, ie. via “organogenesis pathway”. However, embryoids rather than calli were
regenerated on the regeneration medium supplemented with polyamines (e.g. putrescine or

spermidine), ie. via “somatic embryogenesis pathway”.
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