MEXAN LS| H26H Hl4S
Korean J. Plant Tissue Culture
Vol. 26, No. 4, 251~257 (1999)

S83 (Larix leptolepis) S=UEFEH FHO0I R X A=SH =

Adventitious Bud Induction and Plant Regeneration from Mature
Embryos in Larix leptolepis
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ABSTRACT . Adventitious buds were produced from the cultures of mature zygotic embryos of Larix leptolepis with
the highest frequency of 91.7% in SH medium containing 1.0 mg/L zeatin. The most effective cytokinin
combination for inducing adventitious buds was 1.0 mg/L zeatin + 1.0 mg/L thidiazuron (40.3%). The highest mean
number of adventitious buds induced in 1.0 mg/L zeatin + 1.0 mg/L 2iP or 1.0 mg/L zeatin + 1.0 mg/L kinetin
combined treatments. Elongation of the adventitious buds occurred the best on half strength LM salts medium, on
which the buds elongated upto 27 mm. Also, the supplement of activated charcoal in medium suppressed the
elongation of the adventitious buds. The highest frequency (23.3%) of rooting from elongated shoots was obtained
on the medium containing 5.0 mg/L IBA and 0.2 mg/L NAA. The highest number (3.5) of roots was induced on the

medium containing 5.0 mg/L IBA alone.
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LarchFe] FAokfEel #3 A I+ Bonga® Me-
Innis (1983)7} Larix laricina®] Wol5Q]l x| 21qg 2 5}
&S wjdele REAolE fFEd o|FE Larix decidual)
A 2 SHiFA A7t ojFolF o™ (Karnosky and
Diner 1984), 1 ©]% Diner 5 (1986)-& L deciduaol| X &}
W A 9 EEY FAIRERRE BAMRE, Ax A%
= B3 WA widleS Ysh B 4389 g
TE 9H4EY FAHoME d+E Bonga$l Pond (1991)
7F 3034 Y AEF Ax WA BAoE frd
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2 A8 ARE 3hF TAE $E S5 X ¢
FE 28 AELIA AT ASZTAREH EYste o] &
stk AHG T AREH7EA] 4CollA BAstgiod, &
A EHidZ 30% H.0; 0l 3077 g F BH5FTE |
3] AAg o 10% NaClOg-9of 307 Zgstar oA 1
3] MFsEck 1% 1% HgCl £9o)] 2087
0 g ARTRTE 53] AlA & stk A £
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HiX| 2 cytokinin &7}

7| Euf x| 24 SH (Schenk and Hildebrandt 1972) vj%]
£ o] 839 "R 3% sucrose, 0.3% gellan gum
(Sigma)S F71etglnh HEQFZEEZS BAP (6-
benzylaminopurine), kinetin (6-furfurylaminopurine) %
zeatin (6-[4-hydroxy-3-methyl-2-butenylamino]purine)-&
0.5, 1.0, 2.0 mg/L 59 3459 55 #7189 TDZ
(1,3-diphenylurea, thidiazuron)<= 0.01, 0.05 € 0.1 mg/L =
52 FH7iskgok wiAl = pH 572 A3 BAP ¥
kinetin2 ¥|#] A ER | 7151497 TDZ 9 zeatine 13
£ FE (02pmE o83 QA7 F Ya%e) By )
ALEst4SC AEE H4UE W Bhsdch WRAL 25
L1, 16/8A1708) BF713leA) NPT, ABARZAR
A APtk 44 20714, 3o 7t AT 3
6074E HiFsIOm HlF 4F F HEYRZUEDC) 9
Fazgel A2 WAZ ARGk Bk 8% F v
A, 4EHF2AED FF ¥ 52 B2 TAo fx o

Nz 7o) & AT
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Cytokinin EgH&(2|

1.0 mg/L zeating 7|2 & H7}3t3 1.0 mg/L TDZ,
BAP, 2iP (6-y-7-dimethylallylaminopurine) ¥ kinetin &
AN Ael it Ao 20744, 3o Aelre

% 0NE WFataom woMF 5 AEAdREEH)
T TR AEL WAZE A Fstsict. 87w &
Aol f &, H ¥4 f1=F, BFC (bud forming capaci-

ty) A% % Nz Ao 52 2Ash

4z g2

ESSIIES

4% HEF %Z £ GD (Gresshoff and Doy 1972),
LM (Litvay et al. 1985), LP (Quoirin and Lepoivre 1977) ¥
SH 59| 7|&ujx|e] 1.0%9] B (Sigma)S H718 22
Tob RA7t Ay Nz AEE D A Az Po)g
Mok 453 F 2k 72t AT AZE 10744, 20
°2 %2079 AxE wstar

LILM 7|2 =)o) 2% sucroseE H7}stg o WA et
= 0.02-5.0 mg/L. IBA 2 0.2 mg/L NAA7} A7k 73@)7
NA 4FulE 3 dhE, BT D FYA YPES A
Aok 7 Mt F AERE 1Y, 390 2 & 30709 Alx

2 vtk
AgH Kzt

g2 AEAZE 5~7T am & Holrt =W perlite :
peatmoss : vermiculite (1: 1: 1) W{U¥EZR o|4)s & &
G HEE §Y 1 Y2 FHE olgEdE B2 ¥ 2541T
Z79 i FA (16A17F FF7DWolA 457 FsialATh 1

YL WY 1A 2HolE ol e BESRT 45 Fo
= F4& AMA%] dol YR 3 3l 85 Folle 2
AZ 27 pot HE SAAHATLL
Za o ng

HHX] 2! cytokininZ=g!0]| 2 BXot S=

GEE ASTAMERE FAHIRFEA H) gl A,

cytokinin £7% 2 L aHAE FAEEE vl 1.0 mg/L
zeatin 24 91.7%9] 71 2 Bt RE&S B
ARt zeatin FETF 29 FAA o9 AREHA o}
HAol frgolle 598 I35 HolX oy gE =7
9] cytokinin A2 FH} zeatin 2|77 7H E234¢ A
o2 yehgth (Table 1). 131 2 mm o]4}e] A% §59)
AHE BE zeatin oA 58.2~67.9%F TE T/
cytokinin Zg]72Ht}t AR F3A o)tk Zeatin F7MA| A
FAHol F&S B9 o Thya occidentalis (Harry et al.
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Table 1. Effect of plant growth regulators on adventitious bud formation and shoot growth on SH medium from mature zygotic embryos of

Larix leptolepis.
Medium Plant growth regulators (mg/L) Adventitious bud Shoot growth (%)
SH BAP zeatin kinetin IAA TDZ (%+S.E.) <2 mm >2 mm
0.5 638+ 14.2cd" 94.6 54
1.0 627+ 6.2cd 100 0
2.0 85.1+ 8.6abc 100 0
0.5 883+ 1.7a 32.1 67.9
1.0 917+ 6.7a 41.8 58.2
20 86.7+ 8.8ab 404 596
0.5 0.05 533+ 7.2d 93.8 6.2
1.0 0.05 633+ 3.4cd 92.1 7.9
20 0.05 55.0+ 2.9d 100 0
0.01 65.0+ 8.7bcd 94.9 5.1
0.05 50.8+ 2.9d 100 0
0.1 483+ 3.3d 100 0

aMeans with the same letters are not SIgmﬁcantly different as deterimined by an analysis of variance with Duncan's Mutiple Range Test.

Pr>F: 0.0005, F value: 4.99.

Figure 1. The induction of adventitious bud from mature zygotic embryos of L. leptolepis.
(A) A freshly isolated mature embryo; (B) Adventitious shoot buds arising from the cultured
embryo surface; (C) Further elongated adventitious buds after 4 weeks on induction medium
and 2 more weeks on hormone-free SH medium.

1987), Pinus halepensis (Lambardi
et al. 1993), ¥ Picea glauca (Ellis
et al. 1991) SolAT o] 4
zeating FH7}sle HAo} %Ei‘::" 3t
ATuTE WA Yrk 9w oy
24429 A9 BAP B11 712
52 $ESS YshiE 02 By
31 J+=ul (Harry et al. 1995;
Lambardi et al. 1995), Larch%-2] 7
£ L. occidentalis| X< 2.0 mg/L
BAP7} &#F0]2]7 (Chesick et
al. 1990), L. decidua 2 Euj k]
7A¢ RAol fFEolE 1.0 mg/L
BAP/} £2 Zo7 HIFHLL &
3 HAAAT P f#=gE 1.0
mg/L BAP #7p7} a3Folgty B
F5o] (Diner et al. 1986) 4,
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astE = 73 By Austd AFEYl s48 9
dome Rko] HAolY7] Aol ARo] o|FolHMu) E3H
1.0 mg/L zeatin 7} iAol freh e ABAE spE
Z Q71390 7R RAML Bol K= BV 5 9
9t} (Figure 1B). W o= AH 23] Alo]Z A|Z-&
Az Al 4ol AFHICH oln] REH N ol

Aol BS ARHERS BRY F YA (Figure 1C).
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Cytokinin 2&t%z|0fl T2 FHot F=

Douglas firoll X %2 cytokining &£ 2|5l Ao}
FERFHE BF o]z Cheng (1975) olol &g Ago] 3
Aol Zo] o]Fo| Atk Table 2= FAP|E5E] Ao}
FEA o8 2579 cytokinin £ S ZA Ao
Z 1.0 mg/L zeatin + 1.0 mg/L TDZ X &7~ 40.3% 2] 7}
2 2L FEES BYoH 1.0 mg/L zeatin + 1.0 mg/L 2iP
AYFAME 23.8%] FE&S Hol =T vs) &
Egol "olxe AL Btk T2y P Bt {EF
+ 1.0 mg/L zeatin + 1.0 mg/L 2iP 2 1.0 mg/L zeatin + 1.0
mg/L kinetin M 2] oA FAplF 1742 T FEFE
Bo] o5 Xl vs) I &= vsasnh EHot ¥4
55 Uehlle BFC A= 7.98-8 H<S 1.0 mg/L zeatin +
1.0 mg/L 2iP Ag|ollA 71 =9k 4.479] BFCE EQ
1.0 mg/L zeatin + 1.0 mg/L TDZ) A 713 woicth A% 2
olo] W& T AEAE 1.0 mg/L zeatin + 1.0 mg/L 2iP
(57.9%) 2 1.0 mg/L zeatin + 1.0 mg/L TDZ (55.2%)¢]
oA AUt Picea rubens®] ZAp| 2o AL
1.0 mg/L BAP + 1.0 mg/L 2iPA g 7oA 713 =& 2o}
SESS HHY (Luetal 1991), Picea abies?] TolH =}
Ful A= 0.5 mg/L zeatin + 0.05 mg/L kinetin 2] 2]}
A 74 ZAolzt 71 A&7y 7V Bol FEHA2 Y 4 mm o]

Table 2. Effect of various combinations of cytokinins on
adventitious bud formation and shoot growth from mature zygotic
embryos of Larix leptolepis on the medium with 1.0 mg/L zeatin.

Adventitious Mean no. Shoot growth
Treatments buds of buds BFC (%)

mgL) g 1sE)  (rxSE) M

<2 mm >2 mm

1.0TDZ°  403+3.7a" 1.8+03a° 447 448 552
1.0 BA 363+56ab 1.7+02a 468 862 138
1.0 2iP 238+53b  19+01a 798 421 579

1.0 Kinetin 28.8+23ab 19+02a 6.59 739 26.1

*BFC (bud forming capacity) index = (no. of buds per embryo)/(%

of embryo formingbuds) X 100.

"Means with the same letters are not significantly different as
deterimined by an analysis of variance with Duncan's Mutiple
Range Test. Pr>F: 0.1080, F value: 2.81.

Pr>F: 0.8856, F value: 0.21.

Fol Axe AEAAZAEH H7HHA @2 AFolA
7H3 @o] f-=5 o] (Ewald and Suss 1993) £ Aga= 2}
ol BHAth ¥ AR 2mm o] ZolF EHQl 4Ax %
= 1.0 mg/L zeatin + 1.0 mg/L kinetin 2] 26.1%
2 27 Yeh} Picea abies?) ol AAgul% Aot FAL
SHe BYEd olx 1.0mg/L zeatin®] Kinetin F7MHTh=
2iP -2 TDZ7} Bt} 21%e] A4 EFHH AS2 AlR
Aok I3 FAol K& $3 table 19 cytokinin THEA|
2] ¢} table 298] YA E I WLAHEY zeatin®] TEH7}
N a9 Ao HArh

=S4

AaZApi 2y Bild Az dEfEE Y8 A%2E ¢
S ARAE Borh Qe table 32 B3R £7154]9
AHAEA KGD vzl SRS H7betA] G2 A tellA
M 2 ARAEE (100%)S 2IT 1.0% S48 37t
FAME A ZFA FAQe] EF 75~100%7A] =2 A
EF&S B MY AEEE HKe A= el
T %GD iAol 1.0% 848 A7HE ALE 3714 84
g A7 E AE AEE] 55~60%71A] e 248 7
A7 U2 AESS Bt AZ Aol A A
g e B2 2olE BERed 58 KLM sz
AE AlzE 9 do)Rth 27 mm FE ZojAFs He 7t
& ZAHAR] Ao g4 23t A B
2 Az Zo] AolE BHIOY 1.0% e HrlolM+=
0.2~0.9 mm Jr=o] Ho| AT Hof Nx FHoE Ao &
71 A

Pinus banksiana® 73-¢ e Ayl 0.05~0.5% EA ek A
I MEe] ES AEAEEREEE 2 JxER
g FHHE AsA £29 F5E A 894 ¢S a5t

Table 3. Effect of various media on the elongation of shoots
induced from zygotic mature embryos of Larix leptolepis.

Survival of shoot  Length of elongated

Treatments

(%+S.E.) shoot (mm)
%GD + 1.0% charcoal  90.0+ 5.1abc® 0.6+0.2¢"
YBLM + 1.0% charcoal 60.0%+11.1cd 0.9+£0.3¢c
WLP + 1.0% charcoal ~ 65.0+ 17.6bcd 0.21+0.08¢c
5 SH + 1.0% charcoal 55.0+10.4d 0.3+0.1c
% GD 100.0a 4.7+1.3bc
“BIM 95.0+ 3.8ab 27.0+54a
»LP 85.0+ 11.5abced 10.2+2.4b
% SH 75.0+12.7abed 5.3+0.8bc

“Means with the same letters are not significantly different as
deterimined by an analysis of variance with Duncan's Mutiple
Range Test. Pr>F: 0.053, F value: 2.61.

*Pr>F: 0.0001, F value: 17.86.



Table 4. Effect of auxin on the rooting of shoots induced from
zygotic mature embryos of Larix leptolepis.”

Shoots forming Mean no. of Callus
Treatments .
(mg/L) root roots formation
& (% +S.E.) (x£S.E) (%)
0.02 IBA 00+£00c"  0.0+0.0d° 0.0
0.2 IBA 20.0£5.8ab 3.34+0.3ab 26.7
2.0IBA 20.0+5.8ab 2.5+0.2b 933
50IBA 13.3+3.3abc  3.5+0.4a 100
0.2 IBA+0.2 NAA 6.9+3.1bc 1.5+0.2¢ 86.2
2.0IBA+0.2 NAA 6.7+3.4bc 3.0+0.2ab 96.7
5.0IBA+0.2 NAA 233+6.7a 2.6+0.2b 100

“Basal medium: % LM + 2% sucrose.

®Means with the same letters are not significantly different as
deterimined by an analysis of variance with Duncan's Mutiple
Range Test. Pr>F: 0.0211, F value: 3.67.

Pr>F: 0.0001, F value: 23.98.

Aol A&AHQ WA F71HE 2t (browning)® WA
3Rt B2 91y (Harry et al. 1995) B A# 9] 4%
1% S8 H7xolle F37HE T oS @ AR AEES
Hoj glof Ao} dvtele Adke ERY B 7 £5nith
Hof Ax F2E Bolg wiAE 5704 B2 Ao|& EO-‘?
AA3 Agke A SR Thuja occidentalis 735 Y%
LPujRIo A 1.5~2 cme] I AAEE Ho] (Harry et al.
1987) $5700] A% ZAL 93 FF w7} e @

1Tl O
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4 3k
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Figure 2. Various rooting patterns of shoot regenerated from
mature zygotic embryo of L. leptolepis. (A) A newly induced root
(arrow) after 2 weeks on rooting medium; (B) S-shaped roots; (C)
Mixed pattern of B and D; (D) Up-right and lateral side oritented
rooting pattern.
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2 93} auxinz]g)= thE-E IBA (Chesick et al.
1991) & NAAS W22 (Harry and Thorpe 1994) 2

SAE 30 Ao s wiA|o] A7keh= W (Sen
et al. 1994), 8A|ZHl| A SU7EA] B2 A TEEE A
AEsl= "R (Lambardi et al. 1993), perlite @ peatmoss
o} 22 WGEd mE] AEAGZHELS FVMAIA BLF
T8l= 7192 (Harry et al. 1995) 5 tlokst wlo] A}
53 Utk WA table 4= AFE AXE FEH oY7HA
w242 E 3 AAEA, 5.0 mg/L IBA ¥ 0.2 mg/L NAAS
A7Ve wiRo A 7H w2 23.3%9) 2SS Bon 0.2

£ 2.0 mg/L IBA AT E 20%2] 428 Hol &
Abst E3E Bgoh 28y 02 2 2.0 mg/L IBAS] 0.2
mg/L NAA7Z} H7H A2l XE 42 6.9%, 6.7%2 Ax
g g BTk 53] 0.02 mg/L IBAXE] Tl M= A
o] o] Fo{R)A] grot THE Aot B2 ApolE K 4
=AREAEE 7 2 54 "t 2 237 29 ek
g 324l ol E 5.0 mg/L IBA Aol d 73
e 30709 HE4E BT 0.2 mg/L IBA 2 2.0 mg/L
IBA + 0.2 mg/L NAA A 7oA wites 47t 3.3, 3.0
AA7E Yot 0.02 mg/L IBA APl ME AF W
T A3} glo] WA wet B2 AolE B

W25 Tol= g7l IBA 2 NAAS 7+ auxin®o &k
O 7 2% IAFME AYArFge] AF AFEHEY £
AFME 0.02 2 0.2 mg/L IBAXHFE AYsi=
86.2~100%71A1 8] =& AHA S BEHh Pinus ayac-
ahuite®] ANz F2A) 0.8 32 4 uM NAAZ 20 uM IBAS
EEA A= Aeagge [ giglen, 100 uM NAA
£ 18A1ZF A Aol 40% o149 & 9 Aeixgy 7
A8 K3l (Saborio et al. 1997) Wb Ho) wiebd 1
EEE B2 Aol Holmz 7 £

o

ok

B2 HF 2-3F FolE F71shaRe] 0.5-0.7
em Zole] WelPHE BBY 5 IO (Figure 24) EF
AFEE auxin £5F 9 5ol WAgle] 371 WAREL B

At} (Figure 2B, 2C, 2D). 1 = 3t {32 g TREo]
o7t #]o)7] SAF o¥olw (Figure 2B), &£ T2 #3& 7]
ERES FAHCE A9 % AF0Z 4A W2 §Y
(Figure 2D), wpx|2to. 2 gte] F7kx] f3o] EAlshe &3
(Figure 2C) 5-¢] 7] dejo] WLK3 S HAk olzfsh
2HE8E Larix laricina® AQH shiZEe] WIZHEAl

auxing AZEA e wiAlolA Y] TIHFFL 5 LA
WO HIRNYE WYY, 0.2 mg/L IBA A7 & 3~47]¢]
Fo] olg2 M FefS BPOn 75 uM ethephon F7}t

Aol 34709 F2 FHOE # $2 Bage) VI
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S Ho o8] §39 &2E BUFT glo] (Stein and
Fortin 1988) & A&

AgH Tt

Ao A 8F wFste] W1 AEA (Figure 3A)E
Al@ ol 4 AU perlite : peatmoss : vermiculite (1 : 1: 1)2]
HYEERE FA Wgd B2 Q8N 4577 £33 &
stagol 2 3 &gol gle 4EA (Figure 3B)& 242
7 A& AZE N 39 F 593 FHES M AR
He} HlaLate] (Figure 3C) 1373 GGt 4047
X A FARHS BT

Figure 3. The plants regenerated from mature zygotic embryos of
L leptolepis via adventitious bud induction. (A) A rooted plantlet;
(B) The plants regenerated from embryo culture; (C) The plant
recovered from embryo culture (left) shows similar shoot growth
compared with the seedling (right) after three years.

(o3
K orle te

Are Y9E (Larix leptolepis)©) ZRIZR-E wljul
b &

& 48A ARIAAY AR2AL FHIA S
| 2 s e o) fokg 4 Stk Ho) ¥R}
&2 SHujx]el 1.0 mg/L zeating H7}3k xja] Lol A
P %2 91.7%9) Aol 54 HYoem, cytokinin &
4425 T FAol FEE 1.0 mg/L zeatin + 1.0 mg/L
TDZ Az)telA 403%% 7P =& &S Btk 18
3 B FAol fleg = 1.0 mg/L zeatin + 1.0 mg/L 2iP 2
1.0 mg/L zeatin + 1.0 mg/L kinetin A g] 7oA Zx 1.9
NE FY FEFE Ho I 3= vtk 4ok
Ao AFFE AWNCE Z9 ULMMX o)A Ar)u)
FARE W 71 £ 27 mme) Nz 47gsle] 1
A AT vebdth F48 AZe 22£S 5.0 myl
IBA ¥ 0.2 mg/L NAA 371X 23.3% 2 7hd £9k3 A%
A FEd ®e)$E= 5.0 mg/L IBA Hgold NEg 3.57)
2 71 Btk
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