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Abstract
been developed using the calli of its young leaves. At the stage of callus induction, 6-BA played an important role, and

A highly effective and rapid plant regeneration protocol for the bio-diesel species, Jatropha curcas L., has

2,4-dichlorophenoxy acetic acid (2,4-D) could promote the effect of 6-BA. Maximum nodular callus induction rate (91.98% +
2.1%) was observed on the callus induction medium containing 2.0 mg/L benzyladenine (6-BA) and 0.05 mg/L 2,4-D. Calli
in darkness formed earlier, but more friable with less nodules than those under light. The nodular structure richness and
frequency of shoot regeneration from calli gradually decreased with the increasing of subculture times. 6-BA, kinetin (KT)
and thidiazuron (TDZ) were used to induce adventitious shoots from nodular calli. 6-BA was more effective than both KT and
TDZ. TDZ had greater influence than KT, but most adventitious shoots were abnormal and finally dead. The combination of
6-BA (0.5 mg/L) and KT (0.5 mg/L) generated the best regeneration frequency (68.01% =+ 2.5%, 4.25 shoots per callus). More
than 70% of the regenerated shoots were successfully rooted on the MS medium containing 0.2 mg/L indole-3-butyric acid
(IBA) or NAA (0.1 or 0.2 mg/L), with an average of 5.2 roots. The production and development of the adventitious shoots were
studied by histological analysis for the first time. We observed that calli and adventitious shoots primarily originated from
epidermal cells of leaf explants. Fig 3, Tab 3, Ref 30
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(80 dPA b ) | AR Y[RV, 240 1 JRRKUARE I8 4% B AL T
FERITERE . BT TEAR R T IRRBOR i 1 A2 ) L 0, 4R T
TEZF R AR, IR TAE RN A TR, #E T
FACRI VAR ML, D45 TR JRRIROA & TR 2l R B 1 Sk

1 #5071

R E S L. 6-BA, 6-benzylaminopurine, 6-1 4 Jik
1% IBA, indole-3-butyric acid, M|t T [ig; MS, Murashige
and Skoog medium; NAA, a-naphthaleneacetic acid, ZRLTR;
TDZ, thidiazuron, WEAS [ ; 2,4-D, 2,4-dichlorophenoxy, %
A H,; KT, 6-furifuryl-aminopurine, 6-# 24 5L 1% ; PGRs,
plant growth regulators, 54745+ 7875 7.
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T 50 T 5 1 B RR KOS ol ke U5 T O 1| A B R AR
I E AR TR VD S 5 BB ek, PR E P AEK 2
mo, AEHYEHR16 h, BEEFFE8 h, FIIEEF26 °C. R fh T8 & Al
HiE, BB 137 F Aot ol SME AR R AT 5
1.2 SMEERIAL IR

HHCHAE FLROK R oh Bk 1 b, SEF75% (Vy) WAS R 1
min, FHIEER 7K PE3U A A 0.5%I1 546 5K (HgCl,) Wil
W 5min, &5 HICRE K M BES~TIK.
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A KU 2, B S ARG A 25T (CD Hi 5258 CI
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1.0~3.0 mg/L 6-BA + 0.05 mg/L 2,4-D. CI% 75 [ in 45 3%
B 0.7%IEIEH, pH=6.0, 2 MR IRFF26 C. H4HE 73 it B T
JE13916 h/8 hri i 3%, FIAHYRHING 1 7%, W3 wk, HL#
JCIG IR G 3G F2%t @A 4N 52 ma . 154k 2204~ I3
H 3K,

3 wkiE, FFiF S A L 2L B 4, — 5 VIR
1.5 em’ i/ N AT AR BR SR IEE S AN E 2, B Ukis
om? /N HRBG B2 AT 6 1) L 3 B P ilb A7 A B 5%, B3 R
W, B2 AR I X A ZH U 52 .
14 REFHEE

BB A AL MR 5 ALK E (0.1 mg/L IBA
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242 °0.1~1.0 mg/L 6-BARE0.1~1.0 mg/L KT 10.05~0.5 mg/
L TDZ, sl /Z3FCTKM M W ZH & (383) . PRIGFFREEF AT 3%
BERE . 0.7%305 4, pH=6.0, FiR{R1F26 °C, JG)H 116 h/8 h.
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WOTHA R G4, (BEO AL B g, Rk &5 i,
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Table 1 Effect of PGRs on callus induction
from young leaf of J. curcas

R AR AT 7R S5

Concentration of H"‘ﬁJK AL A
PGRs (p/mgL") Callus 11(1’3}]1/0)t10n rate Morphology of callus
6-BA  2,4-D °
B, IR R
b R
1.0 0 62.69+4.0 Compact, with a few nodules
a B RIRE I Z
20 0 88734211 Compact, with many nodules
. GFA, SR G >
3.0 0 96.65+4.2 Loose, with a few nodules
B, kgD
b -
10 0.05 65.08£1.1 Compact, with a few nodules
XS g ok
20 0.05 91.9842.1¢ %, FREG
Compact, with many nodules

Loose, with a few nodules

RPN RS AR i Rds M 72 S 72 5 8% (P<0.05). R
The different letters in the same column mean the significant difference (P <
0.05) by Duncan’s LSD Test. The same below




6 44 o5 MEAE : RBORS IT 1 0 A AR R R 5 AN RE ZF AR R 791

BT RRBUR R 2

Fig. 1 Regeneration of shoots from young leaf callus of J. curcas

a: MR T R AECIHE IR AL 13 wka ™ ERPIR AR b: 205 T4k kAL
BRI BRI S, RORESE R ¢ o £ RPREIHSVER
S AEPRIEFRIEMS + 0.5 mg/L 6-BA + 0.5 mg/L KT + 0.1 mg/L IBA + 0.1
mg/L GA, L, P/EREMNEY; d: ¥§I10.1 mg/L TDZFPRIFIRAEF TR
HEPIEE s g0 AE RIS by e BRI

a: Nodular callus induced from young leaf after 3 wk culture on the optimal
CI medium; B: Calli turned brown and gradually loss nodular structures
after four subcultures; c, e, f: Shoots appeared and developed from nodular
calli on the optimal PR medium supplemented with 0.5 mg/L 6-BA, 0.5
mg/L KT, 0.1 mg/L IBA and 0.1 mg/L IBA GA; D: Abnormal buds induced
from nodular callus on the PR medium supplemented with 0.1 mg/L TDZ; G:
Shoot elongation; h, i: Rooting of shoots

2.1.2 A B AL SRR A0 R AR 43 1 3
FIYEREFE (16 h/8 h) RIS 35, 3 whii WAL B, Y65 72 Al
SRR S A L U . W 55 357 2 1Y AT A 2H 48 5 A
B PRERR . B, P4 S dalt e W 48 B s A s (H X RR
B GARRE DS E T o0k, A4k 8166 T 55952 wkifHi 5%
SIEARERE LR . R R AT, BT AR AH Y
LUK, AR ek, T B, IR ESHIA 5 3 wk
JE R PR R AT A A FR3E, 2wk PR AR = A ANE 25
2.1.3 4R BT RRIKAN L5 B IR N Z R AR K 75
Joi, B AL SR S R R (0 38 R A I B AR AR 20T LUR
h, BE A ARAR B N, A L S R ek AR AL, G RE
TN B, BT AR BT, SRR ES M T G, AN 2 AR Sl
Z Wb RHIE AR AR LS, AL EAE AL, AR
SE R B E T (E1-b) .
2.2 WS HEITRHER D UAEFRIZ M
30 LLE 1, 3R CTRK A ff F i, B 25 CTKIR &
HORG I, N 2P A R A B S B S PR AR A . S,

Fz2 BRXETAERAER TR
Table 2 Effect of subculture times on callus and shoot
regeneration of J. curcas

- Tt AR
DAY
Ak @RS Frequency of
Subculture .
times Morphology of callus adventitious shoot
formation (/%)
LEE, JRPIRGE .
! Greenish white, with many nodules 67.94+94
ST, RIREEHIF T a
2 Greenish white, with many nodules 67.8555.4
SR, B ARRGE "
3 Greenish white, with a few nodules 52.24+1.8
AR, BUMRRE Y b
4 Yellowish green, with a few nodules 35.30+1.5
75t A i
5 PR, FA 15.566.3¢
Loose, yellowish green
6 0, KA Loose, brown 9.68+3.9°

6-BAE T ANE 2E A YRR e i, TDZHKR, KTHe 2. 6-BA
A fe A VR EE SR 0.5 mg/L, BEVR T, A2 25 P AR 5 14.63.83%
+ 3.6%, BEA ALV TR 4. 250 2, TDZRY Al e A
0.1 mg/L, R5E 2% TR N63.39% + 3.3%, {HiF T H A2 Bl
B Go, BA A R A, AR 2218 (1A
1-d) 5 4kZe85 372 wkin, K A @ 2Umfl T A E 2F
B AR, B FEAEFAERARIMIET. A3 CTK
BAEWE PP E T, KTS6-BAY & AR e, S A
TEZE AR D RE S i, AR R (68.01% + 2.5%) , AN 2f
Hom Z HAat (El-e, £) . 52 ML, KT+TDZHITDZ+6-BA
R A RN E ZR5 F = A T HEH, 75 A0SR R mi AN B ik
fii FITDZ% 6-BA. IRt 2k BRI AS 8 25 P A i e A BE 97
K. MS + 0.5 mg/L 6-BA + 0.5 mg/L KT + 0.1 mg/L IBA +
0.1 mg/L GA,. ¥ 41 SR ) e o i 35 2k 17~15 dik
BETT IR AN 25, 4RS84 351~2 whoi i 4 RE MK £2~3 cm
(KEl1-g) .
R3 WS HEEXAGEARDUAREFHZMN
Table 3 Effect of CTK on induction of adventitious shoots from
calli of J. curcas

ANE 2 R

A4 (p/mg L) BEROALE L T

Concentration of CTK Frequency of shoot B D
6-BA KT TDZ formation (/%) Number of shoots

0.1 16.05+3.1¢ 1.25¢
0.5 63.83+3.6° 4.25*
1.0 50.26+4.2" 3.5a°
0.1 7.97+2.8¢ 0.83¢
0.5 34.07+3.4° 2.50%
1.0 33.95+1.9¢ 2.67%
0.05 39.95+1.7% 1.254
0.1 63.39+3.3¢ 4.00*
0.5 43.4042 4% 2.67%
0.5 0.5 68.01+2.5° 4.25°
0.5 0.1 43.38+6.8" 2.75b
0.5 0.1 31.99+2.5¢ 1.67¢

2.3 BEEKIESER
IBAFINAAZ I TR AR AR R, RITET
ASTRLHR B A TBAFTNA A BRI T A= 1 A AR i 2 . ¢ 1412
A LLE 1, MSEFRIL R MN0.2 mg/L IBA FIERAN0.1 mg/LEY
0.2 mg/LEINAAFBEME 70% L AR A S 7E RN P2 AR R
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mg/L) FINAA (0.4 mg/L) WEETH TR A=A, (HER R
TS GO KB W@, SA SR A K 2
IR R AR K. AR K, K3 KB A SRR
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Fig. 2 Effect of IBA or NAA on rooting of the regenerated shoots of J.
curcas
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AWV AR 7R TR i @ AR e 28 5k
B4 R, RUIAE HRIET R (5 5 a0 2. HH (&
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O 7 AN <11 I e EN 03 o A ot I N I R R A
I B A 4% 2200 BR Y o 24, TE R Al 2. 1753712 dfE, mdndl
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JE L JE: 4 A A ML AT (532 225 ) 4 A 400 A A 1 2 s
A R PR, ke s 3R 2 d 17, JREIR A= 40 AT P9 SR
Ui B ST A 4R R g A (RI3-C) , Bl S, I8tk 4326 i it 1]
PN ) 45 SRS IR e 0 2 A RO, L IR R A A1 2 &
B4 W HEBBIPRE FE BT F A, HiF3~5
GRS (F3-D) . 325 7~10 dA A7, 25 S rh 48
25 VO 425 24 J 500 40 i IX oAk 7 A i 3 ([EI3-E) L B
S5 AR S L K7 T AN T2 2L G, 14 dTE R 2 (18
3-F).

3 e
AT S TR I O AR R, AR IR R B
FREV AR AR AL HT70 d, BA R 48 T 2 A i AF 5
(¥ 7E80~112 dZ[]) . Mty A= 4% 1518 68.01% + 2.5%, &4
WAL LUV 35 72 A2 4. 2540 2F, R 25 AR R0 = TR 00 i
5. Deore (53.5%) 14, Li(38%) U9FSujatha (50%) U1, JFRJUBH
R = A RIR A AL R B ARG SR JEMS + 2.0 mg/L 6-BA
+0.05 mg/L 2,4-D. A€ ZFE B AW L 55 37 3L 2 MS + 0.5 mg/
L 6-BA + 0.5 mg/L KT + 0.1 mg/L IBA + 0.1 mg/L GA,. fef:/E
M HEFEELHMS + 0.2 mg/L IBA.
AR AAE W) 4 I A 2 R B 41 AR, AT
TR, RARYAE 2538 5 & A B A EU 2 (08 R

PEL3 SRR I (3 5 2 BURIAS G 2 R R S R
Fig. 3 The production and development of calli and shoots from leaf of
J. curcas

A WIERp SR HDI . AN (ec) , 4R (vi) . B: K
2R PR 23 2O IR > P A AL JBE T AR AR AT (dm) . C: PR il
UL TP D RS A AL P 2 0945 58 I 550 0 2
FOAHTE, IF AU BUE IR L. 2R L (em) , 8™ AR B9 4R I (avt)
E: 25 i B 14 J] 1 240 M 43 At b JRL G 25 (em) , iHJEUEE (1p) . Bars =
100 um (A, B, D, E), 200 um (F) , 400 um (C) . F: AN5E 4 2F v 4544

A: Longitudinal section of a freshly inoculated leaf-disc. Epidermal cells (ec),
vascular tissues (vt); B: Meristemoids dome (arrows) developing in epidermal
layers. Meristemoids dome (dm); C: Longitudinal section of nodular callus;
D: Each nodule contacted with leaf vascular bundle. Caulinar meristem (cm),
new vascular tissues (nvt); E-F: Development of shoot primordial. Caulinar
meristem (cm), leaf primordia (Ip). Bars = 100 pm (A, B, D, E ), 200 pm (F),
400 um (C)

SER b, R A R B A A AN 2R RE T, Rt
TG LGN o e S DA 25 77 A AR 0 AR ) A T
PR | VR BE FIIEC LS 42 AR A 48 B 7 A e 0T e A3 2L 2
FRPER, H 6-BARIA K2 55 AMEA " A Bt 42100
A BRI IE B -0 120 2 4-DAE T AR 2RI
SRR 7= AR A 0o-20, S 58 ik BH RO - A s 2 2L i
WA TR ) AR A TR T R TR N, 6-BAJE I i R 7 A T
IR H SO AMFEE A, 2.0 mg/L 6-BA™ L WA {H 44
[t i i, IR 2 142, 4-DRERT B 6-BA K 45 4 RUME I, JFHL
ANgx B L A2 o R S 45 .

WFE A B, BRI It 7 A 1) i s 1 R 22 5 22 I kAR
WG, B W ks LaE 7). Rodriguez i #ig i 28 A
Z, VETE AL SR W 2k SR AR AR B 3% 5 2% 25 T 45
HIRE SR, B MBE R R, WA — B, HHa R
W MR D, AR EOR EIC R R, 2ok Ik
o ACRE I FE T2, S A I 5 A L 25 R AE K
R W HL R IR, (5] G0 AR LA XU e RS I 7 I R SR A
e AR B AL RE R A 2H 2R, A L AR ) A s 20 15
FHAARLTETEET, WAL | W 2% T 2] g7,
A FEUE BRSO I 26T LR G A 24 B8 7= A i 2 21
JETF AR R A LA B B, AR S A R, o AR )
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