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Enzyme activities and phenolic compound were compared to investigate the physiological characteristics during shoot
formation from diploid and haploid of Nicotiana tabacum cv BY4. The Nakata medium with 1.0 mg/L IAA, 0.5 mg/L
Kinetin and 3 g/L activie carbon was excellent to induce the haploid plants from the middle size anther within 30 days after
culture. The MS medium with 0.5 mg/L 2,4-D was good for callus induction from leaf explants of diploid and haploid, and
a lot of plants were regenerated from calli on the MS medium supplemented with 2.0 mg/L BAP. Activities of peroxidase
for both of diploid and haploid plants were the highest at 2.0 mg/L BAE, but those of catalase at 1.0 mg/L BAP. Activities of
IAA oxidase and catalase of haploid plants were higher than those of diploid plants. On the other hand, activity of
peroxidase of haploid plants were lower than those of diploid plants.
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Al Eof| A vbpA| 7L HAE T o8] KFA o4 sHeAde]
AANE AL 1R0d]FE G om, of|F2 Ql9A el upA
o] f71 "ol spEE eyt 2t AelelA ukeA 4
MiEE wfg doky, 5 dERE AAFHA o
(Nakata and Kurhara, 1972). A 8¢ ubea AAle] 7H4
A whdez odeAl ookl At 2 T wiAG
wek el A, F4 B Y F o7 Fop Aigt
AF7F o] g Dunwell and Sunderland, 1974; Cho and
Kwon, 1993). 53] 922] 7%+ Nakata2} Tanaka(19%68)
of &3t MtpAZE f71% oldf W ATUMSel o8 i
A= djgayate]l 7hgstA HdoH(Nitsch and Nitsch,
1969: Nakata and Kurihara, 1972: Maheshwari et al, 1980).

NE ZAuF 715S o Soke] WAl § AW 2 RE
AYAE FEG F o B AEE SAol A4
S CEER EEE N TEEIE R IR PR R
-fo] EFtHWidholm, 1977: Dix and Collin, 1990). o]2|3t

o] AEAY A wWi7bE B3 oA AEZ A

% 7178 °F 5 A3t o] g AR
o olm) AEAH A ol AEA AL F7
A7 B89 g3 Aded 718 4 o, ueA o
ofefAl T AZEAel wpet, 22 AEA 2] F9of wet A
AsFel 2] vehdA o2 AAHY o7 Folx o
F20 28 wjEo2 okedA 9l}(van Huystee and Cairns,
1982: Kim et al, 1990; Han and Kang, 1990).

2 AL g A2A A4e) 29 Aadlez o
293 9t 923 A4 S Add 43 A=
A S st on], a2 RE AEA A wEE
X+ peroxidase, catalase, JAA oxidase, phenylalanine ammonium-
lyase®] FAA =S #3350 ks Aok
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2 A AHEE AR dEdAdRdTE e 24
oAl A1 9l& Bright YellowoA ¥]ZgA=Z Add
Al E %39 Bright Yellow 4(Nicotiana tabacum cv
BY4)E Al-&-819do).

s5RAIEe] RE

Azx2HE UG A2t GE FelE 7z At 0%
e dZo] 027 BHAFE F 3-49-82] Tween 800] 3
7}5l 05% sodium hypochlorite §-<el 153%7F A48 o}-&
W4z 33 QRS 97Y SGehziey e vela)
o] Kinetin 0.5-20 mg/L, IAA 1-2 mg/L % 30 g/L sucrose®}
3 g/L Aelo] AHrlE pH7F 672 A Nakata#]#]|
(Nakata and Kurihara, 1972)¢] 5704 Z]Aks} o}& &% 25
+ 1°C, 2% 1900 lux, 3F7|%= 16/8 he] ZA A wjjcks}
et

Al

Hhei| AE0] HE A

a
0

opujekS Bal deiA AEAS I 5 mmE Azl 006
% colchicined)] 24)7 Al s}ed 1:3 acetic alcoholol] 14] 7+
gt F 60°C IN HClA 1287 7he2sskd e 7
2385 ®alo] Z 1 mmE carbolfuchsine]] 3087+ 45}
FEAHoz AL FAN 2 A A S 8
SR (1/2 MSwljA], 100 mg/L myo-inositol, 6 g/L agar, 30
g/L sucrose, pH 58) & &7 F920, f83 S AA
A717] el 1-3708] A A E oA st FAAFH.

A A ARt gle dx IHHZﬂ’““° qL 0% o™
o Fo] 3027 T AFE ohE 1% sodium hypochloriteo]]
1587 AR A F dd42 33 AF3G w7
el A A=t 45 AHEslde oo FAS AT & 24
£ 7 X 7mm¢ A7E ded MS 7]Eul x| (Murashige and
Skoog, 1962)¢] sucrose 30 g/L, agar 8 g/L& Aslsly AE
AA2AEAL 24-D7F 05 mg/L AH7H Ao 2] Absted
07t weFslgeh wWAlE 100 mL Az Zehaae] 30 mL
¥ BEsa 127]9h 121°Col A 1587 $9°9T skt A
A QAL oAl wEAl o AW fe AYAEYH
BAP7} 01, 05, 1.0, 15, 20 mg/L Z+7} =325 MSu)#|
oAl Arjstoiem, AAE AEA] FEQ 48} ZHolF
=75 5j900,

9 A M FER AHAZHE AEA Ao BA =
= #49¢ peroxidase, catalase, IAA oxidase, phenylalanine
ammonium-lyase (PAL) 9] &X =9} vw3lgtEe] g3
= A E AEE FAAR(T0°C)e A 8A7F 572
Azg = \gzlsf_oﬂ vased. Az 2% 30 mge
eppendorf tubee]] .1 243 £9 L 12 ml 7138k F 4Co) A
FrelEo 2 v d g 15000 rpmel M 1587 Y44l Re s}
o A5AE Badoz Afsdt B4 PHE 2 AF
APEe] S AN FHEE spectrophotometer
(Beckman DU-6)% &3x)8}9t}. Peroxidase (EC 11117)¢]
4 £ Chances} Maehly (1955)8] uhyol Fsle] =33}
gom, Catalase (EC L1116)+= Yang (1985) o] A A3}
De-coupling®t¥] 2.2 2x]8}9ic} JAA oxidase?] FAEx=
Kim (1981) $¢] w}¥S $A3sle] &3 3519 .0n, PAL (EC
4.3.1.5. 9] A == Beaudoin-Eagans} Thorpe (1985)¢] w}d

2 S5} e,

) E3gEe] 352 T4 A2 AR I mgE 2N HOE
Y1 vla3ted 6087 Faol F JAIE(15000 rpm, 4°C,
15¢)3te] A5HE ARE }3_3}93‘;} A8 0.7 mle]
acetylaceton-g 7}sle] 233k & z2F AR AlA 1% HC,
methanol, Na2CO3E o] 2827} ¢ % 121 &, 50% folinA] 2}
2 Arhsto] ohA 0% WIAZ oHe 750 nme] SHol A
FAEE 2R

A A 27t dx 3ote] AZE (9 £ 1 mm), F
(20 £ 1 mm), (10 £ 1 mm)& 233 (Figure 1A},
Nakata wj*](Nakata and Kurihara, 1972)¢] kinetin 05-2.0
mg/Le}, TAA 1-2 mg/Lg €3 A=)six 3 g/Le S4ws
A7 ste] AEA fFrEsld vl wick 159 F oko] zZhiH
“W o o] E]FcHFigure 1B). wioFF 30de] Ad o

Fele ES &3 ﬂ%ﬂ?ﬂiﬂﬁ(Figlm% 1C), 459 Ff
A AEAE Aeke AE 3EY + K (Figre
1D, E). ubpA| 9] A2 i}°H A7) ue} =g G2
vebton, stelrh F7b Ar]eA Fejd FoziEH F2
AHE A& 5 Uk 2=y stele) V|7t & A 3
L2 A% 10 mg/L IAA%} 20 mg/L kinetin, 183 20
mg/L TAAS} 20 mg/L kinetin¥€]A] ¥lpa7l frEsgle
o, 20 mg/L IAAS} 10 mg/L kinetin Z§] 2] ol Al wl
F 30U ol Felle W% o4 HieAst fFEHNA. U
stote] =7|7F F2HE A M= dFEe) A Fe)M uig
A7t frEelom, £3) TAA 10 mg/Le} kinetin 05 mg/L
o] A E A A Wik 15Ul 60%] WAL F
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Figure 1. Induction of haploid plant by anther culture of Nicotiana tabacum cv BY4.
A: Size of flower buds, B: Dihiscence of anther wall after 15 days of culture, C: Shoots induction from anther, D: Regenerated plants, E:
Proliferation of plants, F: Chromosome complement observed in the regenerated haploid plant (n=24).

e ek 0Y o] Folv B-%% ubrAH FEES
veb g eHTable 1).

ofujefell A BeiA AEAI} AXA Fefe) WA A
o] JH-E 7] Hste] e GAATE 24 9wl
n=247) & A dE FJd& 71 K Figure 1F). 71
oA AYE HEAS 2AdA w3 7d AEA 79
o] =3, ofe] whdo] BFsle] YFHYHOZE Wl
q4& & 5 sdueh

A e nel GAA RS 7ML QoA 2le] AE 4
AAZ g BEo olwiAel wlste] AEH L] 7 7]3e] of
£33 Wk 222 A UAeHleo 198, WHANE
o) fEE BE ool} HYNFL Fokel duel ol 4
FANGE Fo| whapn, ABAAY A7), LEHD, A%
Fe A7t A olgt R 3stedo(Koltunow et al,
1990).

E AYdAAME 9z g dAZ G sels e
A& 3bed FAJEl 3 g/L, IAA 1.0 mg/L$} kinetin 05 mg/Lo|
A7}% Nakataw) 2} (Nakata and Kurihara, 1972) 0| A s} 2F3}

Table 1. Effects of growth regulators and flower bud size on the
haploid plant formation by anther culture of Nicotiana tabacum cv
BY4.

Flower bud size

Growth

Regulators Large Medium Small

(mg/L)  Culture
IAA Kinetin Days 15 30 45 15 30 45 15 30 45
10 05 -2 - - 60k 93 B - - -
10 10 - - - 45 65 70 - - -
1.0 2.0 0 46 47 23 40 o4 5 52 57
20 05 - - - 18 43 62 - - =
20 1.0 - - - 15 20 2 - %N ¢
20 20 B B4 12 15 20 - - =

-a: Not conducted.
b Percentage of plantlets formation from anther.

A3 20 £ 1 mm 27)9] Folo| A whpa) A &) Aol
FZ sty tH(Table 1). Nakatawj#A|= &Alsto] Hrlsx
kinetin2 H7}=%] & Az TN BLAE H58Y

Bl & AP Zols) ATt obutE oA FFE
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g, wioF w50 AojiFql ALs Atgdd.

Al EA S AAS WA XAdgel slelA B ig A
de 2AY Lo dont Q2o AS e A% vl
W Wkl A ENUI, dobe] g Aejel 3r9
W Az dA g delA 917] wsEell(Koltunow et
al, 1990) 3}olE 71FLZ wioFE A EAT. A& o
ol SleiME wiAlel A4 % HHe A7l 2xA
7} 1287190 W7p 74 A, o Al7le 5 et
A ga zelz) 9lot A Y= o] FHHE A
9} d A8 }(Nitsch and Nitsch, 1969. Schrauwen et al,
1990). zej¢] 3lo}e] =)= sz} 16-18mm A EEA 2
AN AR $2b37]9] Stobs} H|SEigln. HbeA A
& A A9 =202 457} WAEHA 8]
=9om(Figure 1F) F-Hefito2 Lee(1982)7F #at 7
2 zro] 7|7t w23, 77} A3, o] EFAYI, o
o] 2ot}
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i oFE Fate] dolA AAEAE A A B
£ o231 g ASel oA feld dAatel gAY
A go] BaFste] AAEAE 1-3/0Y FozHE Heldly
ZAst9w A3 fel3 @Al AAHNLH A= )%
ek ol F AEA FAL A2 E 2-3f A=
A& FHA I Q= E71F kA 1/2 MSujA|o] FF3}ed]
AZHE fAANAEE 24-D7F 05 mg/L 371 MSwjAjef
A FEF AeaE BAPYL FEREE A/ wiA]e] o4
F st w), oo 259 o] F2FE green spotE HA
ahaA Wik Y ol FE FEZ RIEE AL AL F
addeh FES Aart £ AFEFE 15 mg/L BAP
A7} A FolM 30U Fofl oujal= 14N + 27 g wheA
= 1259 + 32 go.g BEF ARbo] okl on, £E

Table 2. Effect of BAP on the shoot formation of haploid and
diploid calli derived from Nicotiana tabacum cv BY4.

Callus  Concof BAP  Fresh weight of calli Noof  Length of shoots

{mg/L) and shoots{g/flask) shoots (mm)
Haploid 01 52 + 15 0 0
callus 05 770 + 25 25 B+ 16
1.0 1068 + 12 28 63 + 18
15 1259 + 32 44 75+ 25
20 1L11 + 18 R1d 82 +24
Diploid 01 511 + 06 2 18 + 12
callus 05 572 + 13 13 8+ 24
L0 1081 + 09 39 51 + 27
15 1492 + 27 56 52 + 18
20 1380 + 25 40 61 + 20

Data represent the mean = SE of five indepgndent experiments.

S o AGF B weks wh oAl faskeh 567, uF
AT WAZ S B P FEE SEaec 2o}
#E) Zolx 15 mg/L BAP He|Fo] H)s] 20 mg/L
BAP A=) 7old o £& A%E ved oAz 6l
mm, HAE 8 mm, WE $ES 2= AgAT 20
A o 71 20 mg/L BAP A=)F7} 429 A%z o 3
2 253 Y7t cH(Table 2).

Oltfx|et ghr Faf Z2{2o| §A8HET H W3t

oluf Al el vt A Zweoxle] zle]lE AL
A} peroxidase, catalase, TAA oxidase, phenylalanine
ammonium-lyase (PAL)E¢] 449} sle3gEe] ¢
& 57 819 oH(Figures 2 and 3).

Peroxidase®] &4 =+ WA 9 owjA F3] BAP 05
mg/LHE 20 mg/L7AA =7t S84S5 gokod, v
Ao vl oluAzt FHES o ¥ AFS RAH
(Figure 2A).

Catalased] A== ojujAle} whpA =¥ 1.0 mg/L
BAP?] AHe]FeA Bt £ FAHES et 2vH(Figure
2B), o oA F=Ut FUsld o3 =S 9435 ¢
oJA = AL Bglon, peroxidased] B Eobe FE o
AR vieAely o & AFgE e A (Figure
2B). IAA oxidase®] FAEE oA 7 $ol= 10 mg/L
BAP2] ) Fe|A, BAlE 15 me/L BAPS] Ae)FolA
92 HEYFelA 2ok & SAEF eI catalasest
2ol AL o ART WA ¥ AHE LoArHFigure
2C). Phenylalanine ammonium-lyase (PAL)ol|A &= o]l &) 2]
7% 05 mg/L BAPS| A Fo|A, ukpA el o sleiA
+ 15 mg/L BAPY| He]FoM g& AFelA Eet ¥
<+ B =E veh oH(Figure 2D).

BAP A&/ # =359 W Axy oA 7
2o 9leIAE= 20 mg/L BAPQ) ] Fel A, ukpAlel A4
o] glelME 05 mg/L BAPS] A TlA g ATl
A 3ot B2 Y EF el oH(Figure 3).

AEd oA ABEHS Aol AZAMYE F714
71E A9 93 A 7€ & len, AEL Folvt
wordHe 9o upet AqAFHo| 2w (Skoog 1944),
A Hol e AxGAE efFt AduEs s
Hd AYFTHE oA A% Adges A
FAFNe| AYEA] FHHA %37 ofE(Smith and
Street, 1974)9) A2 deix sleh old AEAS] A4S
$718ke EAe #AA o] WA AEA ] HHE A4
Hoz 2AY $ dx 71g7Le] sFs3let(Ahn, 1990)
Bag v} gle £ AL olujA gt wpA ) AfelE HA
A st o FFefA o|Rat ohjet A)H FHAA AolE
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Figure 2. Activities of peroxidase (A), catalase (B), IAA oxidase (C) and phenylalanine ammonium-lyase (D) of Nicotiana tabacum cv BY4
haploid and diploid calli cultured on the media with various concentrations of BAP.
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Figure 3. Effect of BAP on the content of phenolic compound of
Nicotiana tabacum cv BY4 haploid and diploid calli.

2A8b7] A AZAAY dolN Fag g91ez o
214 91¥(Han and Kang, 1990: Ahn, 191) 43X E o
HAe@FS A3 Peroxidase] 242 i ¢} o wy

A F3 20 mg/L BAPYA ZFrlel= AgE Holod
(Figure 2A), catalase?] FAE ¢A] 10 mg/L BAP %o
2 AgS H9rHFigure 2B). Peroxidase: 19661 A] <}
FIEele] HeldlA A Fd F Az A} A%
TS 245 F8 424 deEzHMiller et al,
1975). o] &Aie| BAF EA9 W= 7)o U7 A,
=Rg4e] F3F Y HEHe] EAsle JFL Fo] AE
9] F3pitrg ZA13ciMader and Fussl, 1982: Johnson-
flnagan and Owens, 1985). Peroxidase®] A2 A1E-Au]<]
catalase, TAA-oxidase, PAL 3 sl%313H83 M2 22
vebfe] AZ2AAY BHE Yelle AL & 5 A
t}(Putter, 1971: Compton and Preece, 1986). =3} #]=-3}3}
E3} TAA Abzhel #A 7} Qok(Miller et al, 1975). Catalase
 H0:E A E3 ARARE Ral|8l™ peroxidasest 7
of ME el M thofat B5& 513 QlvH Yang et al, 1985).
2+ AYME AEAY ANE3bge] I FES Hos}
o 71 20 mg/L BAP Ae]l:x%Eo|A peroxidase?] FHER
F7Vhe A& EoHFigure 2A). TAA oxidase®] 842
15 mg/L BAPeA S =7} oron, ko] nlsjA 2
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WA 7E A FE A% B9oH(Figure 2C). TAA-oxidase:=
peroxidase$} catalase 7Z+o] A} EA Wl s EA)3=
IAA ZAFdold, #HE3gEd 9dA 2d HA s
(Vioque et al, 1981; Mato and Vieitez: 1886).

A 59 oA AR FHoddhe EA F 7Y Wel AF
% phenylalanina ammonum- lyase(PAL)2 ulx]el 7§
+ 10 mg/L BAP, o]ujAl¢] 74l 05 mg/L BAPo]A
A x7} EokcH(Figure 2D). PALE #Hmo A HE
shikimate pathwayol| A key enzyme®.Z 283}= 42 o
#]4 9leH(Camm and Towers, 1973). =3t dz Agrzy
B FE7} B3l A7lols PALS Ao A dEhd
L-d|(Beaudoin-Eagan and Thorpe, 1985), Ahn(1990)¢] 2} 3}
W QA AYAZHE AMEZ w7t RS Al7]e| PAL
o] o] ol Ao Bsle] AeA2ZHE AEA
o] AL AAFE ] WG GE Y-S B
2 AgoME= FE 71 BobAl: 15 mg/L BAP FXx
ol A& PALY| FA =7} Frhstgd o), £ES] Zolrt e
A= 20 mg/L BAP FxoAME ohd Zhishe Ads o
eh oK Figure 2D).

AedgE FF A+ A E 05 mg/L BAPd
A, olujAlal 7Sl 20 mg/LejA Fteh(Figure 3).
%3352 peroxidaseo] oJs] MEHO] FA 3 <GS
7A A Ee 3} kg £x18c(van Huystee and Cairns,
1982). o]23} % 3}3}EZ mono phenolF¢l salicyclic acid,
p-coumaric acid: IAA oxidase cofactor2A] IAAS] A 3=
Z2)3h, diphenol®9l caffeic acid catechol ¢ Zgs&2
TAA oxidase®] & AAIFo2H AFH E o] EAst=
IAAF =S 2Asle A2 d#A 9le(Krishnamoorthy,
1981).

H 2

Axo| ehuoke] 2y WEAE f7lstn YA we
Agh olujAe] AazRE] AZA FIFAAM delut
= AEA ol v|wstazt 140 G4z g
Eo| gekg v ZARsI L WA e AL ot F
HAEE 737]8 o|83led IAA7} 1.0 mg/L, kinetino] 05
mg/l 23 A2)s|1 Adete] 3 mg/L T wiAA 7}
A gzslgdeh Aerd fxe ofwiA P weA 33
24-D =%7} 05 mg/L AR WA A <kssle]on,
AR AR RE ¥ BAP ¥E 20 mg/LelH EopH o]
Ak AE3pA] wstEs G40 BAE FHEsEEe §
2 A2l BAPY s} A3 AEA whel xle]z}
Ssdct. Peroxidase®] A=Y= oAl 2 wkA T3] BAP
FE7F 20 mg/Ldd 7Bt Eohom, catalased] FAEE
BAP?| ¥x7} 1 mg/Ld® 7H ¥ A3g Hooh [AA

oxidase 4 catalase?] FATE o|ujA o] H]s] ulLA oA
o =2 73S Hg o) peroxidase?] A EE ouja s}
o ¥ A%S Jehido

2l

2
S

Ho
rek
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