






w rq dA d A 71-13 1838 unawumnnmsro schw- lmz Schleiden 8u~lunq~1fi lmn rqdeui 
4 91 

dlea 4 9 4 4 4  4~ w u i ~ ~ ~ m n w ~ u f i a i u n ~ u ~ z ~ w ' w u ~ ~ ~ u ~ ~ u m u ~ r w n n r ~ s ~ " a ~  dunnaiuninrirnuai totipotency 
9 91 A' dru 944- 

9 1 ~ ~ ~ P I ~ ~ l ~ ~ w ' u ~ i ~ ? f l ~ ~  1902 Haberlandt ~ ~ 1 ~ 1 u ~ ~ ~ l ~ l r m u d n ~ u % ~ d ~ ~ 1 1 n n ~ ' 1 1 % n ~ ~ a 8 1  
91 or 4 A a  

ad?#xflZV&i %u3 1939 Gauteret llnr White P I ~ L ~ P ~ ~ ~ ~ I ~ z ~ I ~ ~ ( Q ~ w ~ I ~ ~ ~ ~ ~ ~ ~ Q ~ ~ Q W % ~ ~ ~  
91 91 Y 

4 4 944- fi5'9llrn laudus~uoluouesuiqu (tumoral tobacco tissue) %MU'II~WIO~ I ~ ~ : ~ ~ W I I I I ~ U # U ~  

f i ~oo'vdiaiyipifn'nir ~~uslualaodsznunaiudi~~o - 1957 Skoog Miller W U ~ I ~  

dY d 4  Uln%u 66nzhq 1962 Murashige llnz Skoog % i ~ ~ ~ ~ 0 9 ~ ~ l M i ~ 8 d l ~ ~ l ~ ~ ~ % ~ n ' u ~ ~ i d l 6 ~ ~ ~ ~ 1 ~  

- Jw 4 A  ~R~gd'9%gl~fiunusa~n'fllwfilfdln~@~ ld@pm~mnis~~8~u" (secondary metabolized) ~ i h ~ i V f 8  
ddl '4 diudT~w'u~~wlfl&iw"~w'ui~~dnnlnni ~$us'nuirrirgwmnim 

91 91 91 91 
4 4  nnlwi:liiu~lueluewr~~ni~1#~6w nisriiuqw'mWd#u ( culture of intact plant) ZQ 

91 

n 1 s ~ 1 m r 8 ~ u i ! ~ n t 1 u a n i ~ d a ~ ~ ~ ~ o  I ~ U  f i ~ l ~ i ~ l u i ~ n f i  lln:rns!~t1~~~i~nz (embryo 
or 91 ru w 

culture) ~ ~ ~ ~ ~ ~ n ~ e i ~ u 6 ~ ~ ~ z s ~ w n ~ ~ i n ~ u ~ ~ ~ i ~ ~ t l 9  14it l  nisi8tl~5fin:~e~uzwfiana~ ilnz 
91 91 

dl 4 0, 
d l  t A nir~~uusiu~rtrsnf eeToazoiiqq ussw'r (tissue and organ culture) #enis181iuei~nwrnf ~ I U ~ R I B  

- 91 44 91 a ' &  w u n i ~ w ' P u r d u s ~ a ~ ~ ~ d a u i ~ ~ a ~  6 4 i ~  ~ I I ~ I~~US~UQIUO~O?Q (meristem culture) 09100~1 mi414 
91 

d 4 ~ l n  n'iemsttua!h~scy (anther culture ) I IR~R~(  (callus culture) I ! ~ ~ A R ~ ~ S ~ I ' I I A ~ ~ I % ~ M ~ B ~ Q ~  (cell 
L 

culture or cell s;spension culture) 'bnlsT~~ VI nin ( protoplast culture) ~ U # U  



Pl 2 r n l ~ n ~ l ~ I h l {  (chemical mutagen) n ? 0 ~ 1 ~ ~ 1 ~ ~ ~ ~ s ' ? ~ ~ n i s i w i ~ i n U ~ 1 u ~ i u 8  id8%fl#w'ui 

or 
90, 4 4 a uanoinfin13%#nir colchicine n9~nis%vs~ii~i%n1uo1aawr~fi^mniann1ofiflulGmanld 

r ~ i 4  ,a B e4 or 
4 4 

variation) i i ~  % u ~ ~ 6 i i l o z ~ a a i u i 1 m n ~ i ~ v o ~ ~ w  81~8~8~81fln"l.I rs1sonii  chimera  do i i iuolao 

9 
w w  2' k i  !as'Proind;uaiGmTpIha a ~ u u n i s l i i d i u ~ i n i ? d i w i ~ i n a ~ t w ~ ~ ~ ~ % ~ t l n 1 ~ ~ ~ ~ ~ ~ ~ 3 q  (growing 



lsiu 9unisplR'mnisoinsin'bnu (ginseng) 1flu8u 

Y Y 
CJ d 4 e  

Y 

ds~u~in~Q~qnPuws~w~a (surface sterilization) oinfi141?ddusuue1~1s8safisi:H" Gn¶ii%# 

w w w  
flmwflafl#~~ ~s~~%~m@~n'snu~#8dfii8aal~n~fidn8fl1$8 (aseptic technique) 1wf 1zniS 

Y Y 
4 d  

9 
P I 4  P I 4  du~~suuos~!ihoiiuwru 'a (contamination) ururwusldnu'euo~~i%nlnanaiu18uniun'flnis~~iz1~u~ 

l l ~ ~ 8 1 ~ ~ ~ ~ 1 ~ ~ 1 8 W ~  (Street, 1977) 



? 9 91 
4 9 d  (4 4 14 1 4 i ~  p~ meter I R ~ O ~ G  IHAWWJUWIS 1~foi09n~e1~1ji~fon&1ji uqlnumfl~un~ol~:oq 

d v d  4 d 44 rn alga uPJioudin?u'urduni5nzni~~~uu'uu~~pms~ini (stock solution) n50!num56(1un~i6fl018~.j 
91 

a: 4 A w  li;uIu~wn~um~ O d microwave d1nrirnnouaimsnlSui~1u'~tl oio~lni~wwnn3unu"~dins'pi 

4 4 
13 #B4#1pl6~(~19 (trmsfer room) 

M 1 i 91 
Y t  daqn'uw"suoinicr nia~uhs?i.rgnioluo~ao nio{dnem~!ilo (sterile laminar aimow cabinet) 

d A  K odnsnroul Q d%#udiu?a'a l9iu n&~'e.ronnssaw' q van5n~oim5 Q ~fjlu#nduiYao 
aY a 

{d'nln~~l%tWll#&T~ltYll~~ fl~gC~u^tlu Lamina airflow cabinet 6wri:ri~i~nllnz 

4 d a a 4 n.sesoinia rsu 2 vuan8 6mi~~0dna~  (pre filter) 1 6 ~ z t 6 ~ ~ f i t ~ d n % l ~ t l f i  (absolute filter) ' ~ d  
M M 

S U ~ ~ I  HEPA filter (High Efficiency Particulate Air) 1 1 ~ ~ 0 5 0 d f i n @ d ! 8 ~ s ) i ~ l ~ f  kMn5od 

M 9 d t e i ~ ~ ~ k u ~ u m o d l ~ o ~ , y u  built in h i f i # @ d  B ~ ~ B w P ( ~ u ~ ~ ~ ~ ~ ~ u H ' ~ ~ Q z Q ~ ~ ~ B ~ ~ ' Q u  $I%# 

or 9 iv 
r d 

am ~#~urnrdi~laiunz~imqna'~ %u$'urnmuoio~a&nnomldoii~Q~ (germicidal lamp) fiddorr 



X i  
1.4 #894t19!fd918 (coltnre room) 

4 A 4 d 
Y 91 

*Y 4 4 w  
6u86o8uuoinisns6!%4 l ~ ~ 8 d l U t i l  (shaker) ~ I H ? I I ~ ~ I ~ ~ u ~ ~ ~ I ~ % u ~ I H I ~  ~ H C I ~  R I H ~ U ~ I U ~ Q ~ ~ I Q  





d r 
Y Y 

4 91 r* wr* 4 pr a h  uennnaeuwe4dg~~n1s~~nzqdnzwmi~q W ~ ~ B U R U ~ J B ;  ~ I Z ~ M I Z & N ~ U ~ ~ ~ ~ B  
Y B w  r = a  K i  

i1l9~diodfl~~riiluRni01dn~~l~6 (aseptic condition) ~ ~ ~ ~ ? I u R ? I u ~ I ~ u I ~  fiuluodoifl 

or or 91 
dB  0 * 4 44a #asmes~tnlnn1uod~1~6~8od~n1'5id~nw11%owa q (surface sterilization) ue.j?udau 

c(d 
(contaminate) ~ ~ l d ~ ~ l l ~ ~ ~ 8 4 n 1 5 l ~ t l l a n l ~ d ~ % ; u l n ~ l a ~ a  (Bonga and von Aderkas, 1992) 

2.1.1 aaiufoul$an (autoclave) 
cl ar 4 Y 

1 4  o i v i ~ m i z ~ n a ~ d a u f n ~ u a u ~ i ~ # d a o m ~ d ~ ~ a s ~ u ~ u . j ~ ~ ~ i  (autoclave) &I# 

91 Y 0, 9 9 1  
d A n?ootunQii~uirsiiAo~~uw~~ri).t~m Q 'a msoi1~Qeha~e~1ilo~l4~an1~1a is - 20 uin nusu 

-4' rn~ii~Ckauu6u~aQannia~ti i~ lldu lam maiuitu o001vgO O ~ ~ a r d 9 ~ 1 0 1 v e ~  



44 
1. uaaeinis n?e u a a a i f a d  (flask) ~ 0 1 0 1 ~ 1 ' 1 2 0  - 50 Caiiiias %#!an1 15 - 20 

9 99 

2. U2R81W15 ~ j 8  flask ~ ~ 1 5 5 ~ 8 1 W l l  50 - 500 P1BRll995 %%an1 25 ~ 1 f i  121 O4U7 

4. MR8mWRn84 flask lln%flf ZalPlfIf 8 4  %#63n130 ~ 1 5  121 844111~ml%9~ 

ad 

4. nirswwuun~a iaiu %wsn (ethrel) 68nnu (ethylene) O:Q~Y~IAIUIJU~SU~~YU 
94 

W l 5 8 ~  7 1 h  %(IRI%U (colchicines) ~ h f l i l s  (saccharose) d l ~ f i ~  (zeatin) f I ~ 1 1 ~ ~ 1 1 ~ 8 l ~ n ~ f l  
94 

(gibberellic acid H ~ B  GA,) I ~ ~ Q ~ I I ~ U :  IIA:I~U!%; ld~#u 

9 4 4  

ar ~~nnaanna 'a Bacillus q 9 

f8~~!~01f l~8¶Jl i l f4  (hot-air oven) M ~ O M R O R I ( I I J ~ ~ R ~ ~ U  (ceramic heatinghrbe) f i l~%#!dn?ld  

or 0, or 
4 d  - 4  pl A d a d  4 uiriiq~umsa~ul~nubti~~u~~uau~in q a~uoz+i~nl~so.r~nldno~an~wntiiqtae\li!a onamnuq 



H ~ ~ U V  ~b~aa~i~ff~~U"~~an"nlals~~ (ozone) ~~n%!umfa8~n%s16 (nitrous oxide) iln"a 

4a ~raiiu iinzlelol~ (JAA) ~ n ~ ~ f l i ~ i s ~ i i ~  14iSI FIBRWU (colchicines) I L Q Z L B U ~ C ~ ~ O J "  (enzyme) $4 



9 A J ww rsl~mnse~~wniarw^~ nis l~~aso~nse~uust ln~~~a~utwui~nu ql uwdm%#tnfoil6a 
9, 

a w  54 u u l ~ % 8 ~ 2 ~ o a u ~ ~ f l l ~ n ~ n l t l ~ ~ ~ ~ l ~  l$u l~~al ln50i lV04u~m Millipore f i u u l ~ u ~ r l ~  

~itncnielajo~inu'n ladnin#a'a~nisnsa~n1ca:niod~ui~1uin~i~#8~%#taf 8q49191~ni~ 
9 9 
w  4 A 

(vacuum pump) ~ ~ u a a s n ~ s ~ m s n ~ ~ 1 ~ # a t l n ~ ~ m 7 ~ ~ n r o ~ i 1 1 u u ~ ~ s u ~ 1 ~ ~ ~ ~ o ~ n ' ~ n 1 0 ~ ~ i ~ v ~ ~  

d d  d 
91 rr 

w?e?e~%lmsmuoa (isopropanol) 70 I ~ O I I W ~  ~ i a u n i ~ d ~ n d i ~ ~ ~ ~ ~ a ' u ~ ~ h d a u ~ ~ p r u ' a u % #  

d d  d r j l  91 44 9 4  
n i ~ # l i r n ~ l % l ~ a ~ l @ ~ 0 1 s l n ~ ~ f  6 (sodium hypochlorite) 8~ 6 ld0~1'11ua I U Q ~ I ~ H ~ ~ Q O I J ~ ~ Y U ~ I  

9, 
a 4 

(AgNO,) I~ITU~JU (bromine water) ll'hfl~10~lfl~105d00n1q6 (H,O,) I U ~ R ~ ~ ~ R R O ~ S ~  (HgC1,) 

- 
w d a s  ria W'I~%~UUU~~?BIU (cutin) ~ t ¶ J 8 ? ~  (suberin) ~3elrn6uuwwa R ? J % ~  wetting agent liu f h n  

2 91 91 

(teepol) S ~ ~ ~ i T ~ t i l n d  (lissapol F) W?U - nnum (tween - 20) n .~~d%udiu id~nwi l~o#au 1 - 2 



-4 m M  W Q 

siaA (formaldehyde) ' ~ l a ~ b ~ w n ~ i n n ~ s r i i d t ~ n s a ~ s z ~ ~ i ~ d ~ a ~ ~ ~ n u  (potassium per maganate) fi 
c t  4 u cia a' 

~ S R I A I ~ ~ Q S ~ J ~ W  (formalin) ~ ~ ~ W I I O ~ U B U ~ ' U O ) I ~  I R ~ ~ I S ~ U P ~ I ~ ~ O U I U O ~ I ~ U ' ~ ~  12 4 2 1 ~  

4 ada aaa w e  
99% da~dgrnu: a3iu ~WUUWW (penicillin) almr dlmucrru ( streptomycin ) A ~ ~ ~ I H I J  LIB~UI 

9 Z L i L Y d  9 
4 4 91 

~ H ~ I ~ ~ ~ I Q ~ I ~ ~ B I Z ~ ~ ~ B ~ B ~ ~ ~ ~ ~ ~ W ' Y W ~ W I L ~ ~ ~ ~ ~ U H ~ ~ A W ~ ~ ~ ~ ~ B C  $dma~~nnmasn~s%#aiwanii 

4 , -  
3. rnr#wqlla~ uv Taa~sir~dus'u~riadonia~iuin ~ ' f in~d~~wln~eirnr  actinic 

00f~?1~!i91811~6 (oxidizing agent) 41159011fl #IR?IU~&J#UUB~~~~~SIW gd OZ~II~~SZIJ ~ f l l  J 



d d  d 4 Ada ramuanb4ir 70 - 80 idorlrum maudnirrnrlClrr~ uv ui~nrdoioliln~ uv ri~au'inansra 
t 

uuiiai~~iunros6iaa~ain1e7~ni~piiuda~) n~sdi~a~unre~aiipiu Pre - fdter s(i1~nOjiina180zia~ 
or 

%#d~'ll.r=8m~rnrtni~'ue'a~~~uo~11~uns8~( HEPA) (1d 





( Protoplast fusion for inter-specific md inter-generic crosses ) 

9 d d  t wa1ni(u'7~aan'uff1Y~manir%(lneu%~olvaati~unn1uwu'si~n~~~e1l wall) mnini70ii091%dz%awnin 

aida%#nis PEG i ~un~?d%~ei~~~ i~aa i~ede . rn 'u%ds%c~wainuan  o i n ~ u l # n s z u f i ~ d i  

1 1 

nnnl8 q iiu n15~nol~zn~i~wi~mza'un'yn'a nfeszn41su:iu"eman'yCuds's iduh (wenzel, 

5. ms~f~~i?vb~'i 'u'i~'uymdaa ( Haploid production) 
or or 

n15 niu,i3as~toodinn5 (pollen) Iol%azndei (microspore) ni~iwizidR~jJ W 

or 
4 w  

wn1aYu"a 14iu &a #lam$ alswlz l  iievliJn i ~ u h  (Street and Henshaw, 1988) ~ S Y ~ H ~ Q I  

d 4  a w  n f i ' l ~ ~ q w m ~ % ~ ~ ~ m a a ~ 0 1 u q ~ a a n 5 z r ) ~  (Wenzel, 1998) 
d w  

6. m3Q~1911~61AAd0.~w"fd~n33~ ( Production of transgenic plant) 

a4 tci s %unisdi.rw"vw'ua"%wxiIm~~a'~i~i~w'u~Saan~~nr q (genetic emgineering) W I ' ~ I W Y U ~ ~ W U W ~ ~ ~ R Q I ~  
d A  4 

a 8 n l 5 w l ~ % ~ g ~ ~ ~ ~ 3 o l o l ~ B i . i ~ n a ' l  transgenic plant M transformed plant %u~?u?~I 5 5 0 ~  



91 a 0 4  49 9 w oinu'uosuimn~ssmfZaiatv~np~ DNA uosmnz (vector) mn~dinfYU%~~%wq~uan'c'su 

d 4  
DNA (dWVifqV8~ Tiplasmid ) ~#i?dsauflYY%ar.h~~~~~84w"'11~d1~aiat fil~#!qnnw~flfl4 

9 3 
phytohormones I I R % W ' W U ~ ~ ~ ~ U ~ ~ U I U " D ~ ~ ~  (tumor) VuU1 nisQiloi Tiplasmid ~ i I # # t ~ f h C m  

91 w 
4 4 or 

dl 4 d w d  
t l~ 'Vl tYf l4  phytohormones 88fl ~ ~ ~ ~ 1 ~ t l ~ ~ ~ l f i 9 L U d 8 9 8 n 8 8 ~ f i 6 8 9  fitlfl"h disarm QlnUU89 

- I f l n r ' l a ~ ? d ~ d ~ ~ i " u u ~ ~ ~ ? d u ' ~ u " a ~ ~ ~ u n l ~ ~ ~ ~  ( microinjection ) 

( eletroporation ) 
a 4 d a  rqd - 14(1111$1dl~~~~(il l@~l# gene gun (microprojectile H ~ O  biolistic ) 1 % ~ 5 1 ) 5 ~ n 8 ~ h ~  

Y 

~ i s l i r o i r m i a i i m i n ~ ~ ~ n ~ u d ~ ~ ~ n i ~  saufilds'luaof (promoter) ~ I M ~ U R ~ P ~ ~ U ~ S ~ ~ I Q ~ U  
d 

uss3uIfGtlp1QoaltRi Giuifuey nifin'snlmunf~w~q uRiii~i&Id%uirnL~iz1~a~nQ~ei~1gu 

I 4  
J ~ ~ C T Q ~ U Z ~ U ~ ~ P I B  ( Somaclonal variation) 

B 4 4 
somaclonal variation ~ ~ m a ~ # ~ ' 0 ~ ~ n i s l d f a u ~ 1 d a ~ w 1 ~ w ' u ~ n ' j ~ c u  (genetic) ~9~1ulnaa#mn'unis 

4 9  a# 
9 

~rl~auada~n~n~uuu'~1niniac~~unis11flcdr'u~~ii~~1ftnisds"u~a~1~~1~1nd (adaptation) nfornr 
d 4  

~~udnsu84846df zn6uu891~1nnw~~~~ DNA (Wenzel, 1998) 

1d~auvdaau8shvfu~wi~n~niw q (qualitative) i ! n ~ d ? ~  101 (quantitative) ~ I Z  !dh~t !d~ '1  



sdf ~ ! ! ~ R ~ I u T ~ ~ ~ ~ ~ Q I w Q ~ I ~ ~ ~ I u % % u  ~i!~18unw~ddauadas~uaqidt:neuu~s DNA du 

n~rmddouadaquos3u w'ieo1oiSurnrtdiau11dnq~1~sl~lmw~1~& (cytoplasmic change) 
r*d 

DI % A * .  as n1rlwiada~luelueuaau%uni3~1%#1nP~ somaclonal variation 

(zygotic embryo) I ~ @ I x ! ~ R ~ ~ ~ ~ ? u u Q J & u %  ~~1~~~~1~llmllld~llRn~fl0~1n'~u 'I8mtTl%l 

(Wenzel, 1998) 

naiuiuj (mutagen) 

3. a a i ~ ~ l d f  d$au1~~0inm5m8~lnu8d~~~~%~0~w"(1168aai0~~a~ae, (stress) AIJ~%U 
pr 1 a i  aniNnismiziaasluelae 

9 
W d  rry u w  9 -  4 % # ~ s n ~ s s r n n ~ u r n f l ~ % ~ i n a n ~ ~ n n i u w ' u ~  mri-Aaosaamr 88 somaclonal variation ~ n z  

4 n nis~fl'fi41~~~ion'u~ (induced mutation) 1~~6fluolznln~s~198"nfz ?akllunn&fh'lfl& 

d04 
Y or 4. 1mau'bonin$iuur8u#uw"fl1# (totipotent) mnfli~m~~~d1fi~i1fiu~'lu4)i~i~~'ln!ann~aa'lu 

rn~iia1n"en (selective agent) rda'l~~i#n'n~olz'%~aa~wiz ' % ~ u r n ' i ~ ~ ~ n d i a ~ i ~ t ~ u n ~ ~ w ^ p ~  (toxin) 

9 
p l 4  ci P dani i  variant cell 1 d ~ ' f i 4 i ~ i t ~ ~ 1 ~ ~ ~ 1 ~ 1 f i ~ ~ 1 u ~ v  ~ i n ~ n ~ ~ ~ f i ~ i u 1 1 ~ n i u o s ' ~ ~ i ~ w ~ a a % u n i ~  



A+ 4 4  
J 

~ ~ n % k ~ n L w ~ ~ n a ~ w i d u  haploid (n) 1 h  01nn1%!w~i8aq~:68q1nas~?810~~nfad85" 

lunmrr~iduii~aa'n iia~~~8ilmR"lia?uaoa ~1%~i~ai~d%unrnw41du haploid I~BIIIUII~ 
9 

w 4 w a 
$ U ~ I ~ R R ~ ~ ~ ~ ~ ~ M W Z ~ Q N I Z  ~ ~ o ~ ~ ~ l . i ~ a o m a ~ i n 8 n n ~ ~ d  c~u'u "adu (dominant gene) 

1 w  

IIAZ!U&OU (recessive gene) ~~1~n1ai~~1snYflnrar@8nui!&iwinu fi19~aiui~n~landnp10dz 
0 ' 9  sononI6ia I ~ ~ ~ ~ I U I I $ U ~ I U ~ U ~ R T I U F P I O J ~ ~ U  2n szMiu l~m ( ~ O I I I O Z ~ ~ O U S ,  AA H?B aa) 

4 
W U W  (Bonga and von Aderkas, 1992) 

(Embryo rescue for interspecific or intergeneric crosses) 

9444 
dora (embryo) d ~ ~ ~ 1 n n n ~ n u e ? l u ~ m i 1 ~ # ~ ~ 1 ~ ~ u " m ~ ~ ~ 6 1 ~ n ~ n % ~ n r ~ a a a o l ~ ~ m s o ? ~ w ' ~ ~ 1  

(Street, 1977) 







w 0 1 
4 4 0  

3. ~ l l f l 6 l ~ U ~ 1 ~ ~ 6 1 ~ 8 9 ~ 1 ~ 1 5 ~ #  (browning of the medium) h6dUflq~1f! 
or or 4 4 

? 

s u a r ~ o l i ~ ~ ~ ~ % u n ~ s ~ d ~ ~ ~ u " e ~ ~ ~ w ' ~ f u i ~ ( i l u " ~  q ~n"~oinmroen%~~uv~dni~dt:neuwan phenolic 
$444 9 

compounds ~ d A ~ d d ~ 1 1 ~ ~ ~ ~ i ~ i ~ ~ i d L 1 ~ ~ ' ~ 0 9 l ~ @ ~ ~ 0 ~ ~ n ~ f l  ~ ~ I $ ~ ~ ~ ~ J I ~ ~ ~ ~ ~ ~ u ~ ~ ~ ( R ~ A ~ # ~  

4 or 
w w  

~ H R ? ' I I ~ Q Z ~ ~ ( ~ U ~ ~ W R V ~ ~ ~ ~ C  phenolic l ln~f l l5( lU( ldfn518?~1~f l 'h~ (growth inhibitors) ?& 
or 

~ f l ~ d 1 ~ 1 h ~ 8 l Q 1 ~ f i i f  ~ U ~ d f 1 1 % 8 8 n ~ l ~ h  (antioxidants) l4i~ cysteine-HCl ~ 2 1 ~ l d ~ d ~  100 

Ufl./n. H% ascorbic acid ~ a l ~ l l # ~ # ~  50-100 Wn./R. V% citric acid ~a10~ l#U4~  150 un./a. ?f?8 

4 ? 

polyvinyl-pyrrolidone (PW) 'II~~rniaagfiG¶Jfli3 phenolic 1 1 R ~ f l ~ ~ 8 8 ~ ~ l R ~ ~  %l!¶Jl4fl3d n l ~  
444 4 4 ~ ~ ~ % u n ~ f l s i o ~ a a ~ k d ~ ~ ~ i n ~ ~ n ~ ~ ~ u ~ 0 ~ t l ~ u ~ ~ n ~ : ~ u n ~ ~ ~ a u n i ~ 8 8 n ~ ~ ~ ~ u  (Pierik, 1987) 

'1 

4. r n a h ~ i ~ ~ ~ s ~ 3 i ~ a u a e ~  (shoot multipIication M ~ B  proliteration) & ~ I u  

4 4 red 

~ I ~ v ~ ~ ~ % ~ # ~ I ~ ? ~ ~ Q ~ ~ u ~ ~ w ~ I ~ ~ ~ ~ ~ ~  : ~ I ~ I W  ~ i ~ f h % f ~ i H A i ~ a I  (Street and Henshaw, 

9 -  d 4  4 
4.1 ' h ~ a ~ i ~ n 5 ~ ~ a ~ n 1 5 ~ ~ ~ i % ~ l n ~ I l ( 1 ~ ~ f l  (callus induction) I%Q~W%OJ 

(shoot-root 

formation; organogenesis) ~ ? ~ T ~ ~ n ~ ~ u a u n i ~ f i i 1 u " ~ ~ w a z  (somatic embryogenesis) fiik#!#&~ 

4 
flno~Rd (polyploids) l l t ! t ~ ~ i ? r ~ a ~ a R "  (aneuploids) $ ~ % . n ~ ~ ~ @ ~ a u c t ? s  #~6ib$nd5%n~Hu4 

or r d 4 4  nuqsfu"oznanq8i1"naq13uiuuu %~i lo~y '~~ l#~p lnz~ i~so~~w~~%udu (Citrus sp.1, marl, i l n z 3 ~  

4.2 % ~ ~ n 1 5 Z l f i ~ ~ l ' % ~  (adventitious buds formation) aio~15nhd1%#1~~81i 



ce
- 



gr 1 4d a  la 
dn~rl~3sln?3rwl~r"n~9flud9OJ3016nn"~~l (low-salt medium) rM0n~~1)m~~n~l%w1ner'51n 

w 44 4 ci a w  
% ~ s # ~ f i " 8 U ~ n & f l  ~ t u d ~ 8 ~ ! f i ^ ~ 1 ~ f l % U 8 1 1 1 1 f  W U ~ ~ U I ~ I ~ ~ ~ ~ Q ~ U V ~ B I  (full-strength medium) 

4 B 4 9  %unnd~~~~aiu'aunmd?~uia6fl~6ndaods (half-strength) ~ U Y  I ~ ~ S P H ! Y U ~ . - I  imn~'Ie In:: 

nasamros$ ~iiasinlflue~rnsi~ ni~msnsz~umsrd~dulvi (plant growth regulatorti-ee 
Y 

4 4  
medium) 9 1 ~ ~ 0 1 ~ ~ ~ ' 1 1 ~ ~ 1 ~ 1 f l ~ 9 ~ 0 9 n 1 3 ~ ~ n ~ ~ % ~ n l 3 6 n " ~ ~ l ~ ( ~ ~ ~  Iff0 IBA % ~ ~ 9 I 0 1 f l f  ~ ~ 1 0 1  

0.1-1.0 un./n.) 
t Y 91 

6. ~ I W I ~ ~ # ~ M I Z ~ Z ~ J  (media used) flnsldfa n l ~ 1 ~ 1 z 1 ~ a q l A s ~ n ~ 1 m ~ t ~ n l ~ a a e a  
1 44 r 

(shoot initiation) I ~ R Z I % O J ~ I U ~ U ~ ~ O R  (multiplication) tl10nf ~ ~ # Q ~ H I S ' I I U ~ I ? U ~ I L ~ B ~ I U Q ~ I A ~ B  
dad gmr MS-salts I ~ M R ~ L I R ~ B I O I ~ ~ ~ S ~ I H I ~ ~ I ~ ~ ~ ~ ~ ~ C U I B ~ '  a ~ ~ ~ i ~ ~ ~ ~ ~ s r n ~ ~ ~ a ~ ~ n ~ ' ~ ~ ~ " u w ~ a  

a a w  r e  a a w rn 
MS-inorganic salts, 170 OJnnnf OJQ98nQ19. NaHJ?O,.H,O, 80 L J ~ ~ ~ I ? ' & J ~ ~ @ R B ~ S  Adenine sulphate 

4 , 4 w  a a a w  t 4  

dihydrate, 0.4 Rlnnnf U@!btiWf. Thiamine HCl 100 Olnnn3UQIBt!@!S Inositol I I R Z $ ~ ~ Z I ~  3 

4 4 A1liiwldda~d1fi^uaaiu6119~ I ~ u ~ u f l ~ ~ u 8 . r  blueberry a1TARndIHRBln0d ?h U ~ ~ ~ ? O J I D ~ ~ G O J  
or or 

(1/4 strength) H Q O S U ~ ~ U % ~ ~ ~ F U I Q ~ ~ ~ ~ I O J ~ ~ ~ Q ~ ~  ~~~1aalro:I#na1~1G~1~4~1daqt14 !h k 
fiasn~nsnR'oaddsrlnor % strength liun'u dins'Yrnsdquo~rra~#uauo oaoiq%%%w 

6 1 H l T  MS 112 strength 
9 

4 2 4 w  1 a ~ ~ ~ u i ~ a ~ ~ ~ ~ d i ~ . r n ~ ~ n ~ s n s ~ d ~ n ~ ~ ~ ~ S q ~ ~ ~ ~ m u ~ ~ ~ ~ ~ ~ a ~ ~ ' ~ ~ ~ ~ ~ ~ r l ~ u ~ n ' ~ ~ ~ ~ u  Q 

9 T 
9cj nnlwlzdod ~ ~ n r ~ s u a ~ o n ~ a m ~ u h u a u ~ ~ ~  e61dz8m1nr Murashige IIRZRW:: ( % I T ~ Y ~ ,  2540) 

! # ~ a u i ~ ~ s 8 m n  2 ~Y#HRSIU#'IIH~IB%U"~\  <Q Medium A 1d~1#n'nr~ffu'um5llpsn64 
4 4 ( 9 4 -  t L a  

h S  (axillary branching) ~ ~ ~ % # ~ R ~ Q I H I ~ w u ~ ~ R o  MS IIALI%J 2-ip 30 U~~flSPlplOnAS IIRZ 
4 4 9  a plw 

IAA 0.3 ~llnflfiu'au@O~RS. Iln: Medium B 1 ~ 0 % % % f l ~ l ~ 5 l l f l ~ ~ l ~ l ~  (adventitious buds) 
@ 44 a 4 -  9 4  

% R a % # ~ R 5 6 l H ~ ~ T u l f l n € ! I  MS llt!%P%J~8d'& IAA ~ m ~ ~ ~ ~ u ~ u e d i d n z  2 PlRRfllUR8RRO 

1. , Plant growth regulator ( PGR) ~ ~ ~ ~ u u I ~ ~ ~ ~ I u I I ~ R ~ ~ ' Q B I u I I ~ u B ~ ' ~ ~ ~ c ~ I  





w w 
2. B ~ W I ~ ~ I H S Y  Y ~ ~ M I ' I ~ ~ S I ~  (rootiag medium) 

44 s 
1ub~nionru"n ai~15nudsuiol1ndsii (112-114 strength) IX~lnft 13U %u ~ a r ~ i r ~  ~ p .  

91 
w 4 4 r9 

(112 strength) llnzi~t1fi34nn¶Jji gladiolus, N~WC~SSUS sp. llnzna58!u85 anasin~~$uei~n~ 

44 4 
ficifolio) ~ ~ I I G  riboflavin ~ J < I . J  IBA I ~ ~ : I ~ u w o ~ ~ I ~ ~ ~ ~ ~ I u I ~ ' ) J ~ I  ~zPiat1'l#fln~~Rjaiauu 

pl Y 

uorr&h!u'd riboflavin ~ ~ i % ~ s i n d o u # i ~ & ~ ~ n : ~ i n ~ i ~ ~ ~ ' i q ~ ~ ~ i z u ~ ~ a m ~ n d w ^ a ~ i ~ ~ ~ ~ n ' i u " u  
p l m  

3. UOIJIIZ~P~HQ~ (light and temperature) 1 l ~ ~ l ~ ~ ( l d ~ ~ l i ~ ~ n l ~ 1 ~ 1 ~ 1 ~ t ) 9 w " % ~ ~  

l d ~ ~ u 6 l d ~ ~ ~ 9 6 1 u 7 ~ 1 9 # l u n ' 1 ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ # a U ~ ~ 5 U  (morphogenic process) I R U ~ ~ ~  ad 

(photoperiod) 

94 44 
4.rQslre.rh (species) Iu I~au~u'~nu~iqma~11n~~n"a~in1~ain nisuaiaiiu$~anis 

plm d 2 wua'i~n'ml6ull~~Can'su ~ s ~ i ~ ~ u # 8 s ~ n ~ i ~ ~ ~ n m n n i w a ' ~ ~ ~ 1 0 ? ~ 1 ~ ~ u ~ m i ~  u (juvenile ) IU 

4 4 

l a ~ % s i  n#atrld sid?n'uIalelan nssn(rrrua (gloxinia) ~ n : ~ ~ T ~ ~ ~ u ~ ' i s u  

( rhododendrons) 



9 

4. %u~wr?n%ul~awi w (dioeeious species) ihu%nd c# nnuoiun'u~'i~#mdi%;u~ 
d 4 W Y  44 A d  ti~aiudi~msizluanw ~~rJ"njnmuwuli~m8n1w ~ f i  (male plants) ~lne#unull(i 

or 4 r $ * r  

fir)fil91~!~8 (female plants) l l ~ ~ ~ ~ l i ~ ~ 1 ~ ~ 1 ~ l ~ d ~ l ~ ~ ~ ~ d l ~ l l ~ ~ ~ ~ ~ ~ ~ 1 ~ 1 7 9  q 

a d 9 G ~hn~tusra (d~u%nqjR"s~nuliia) Aodi.r#uirma(ue.rnu'sIudt~ (Asparagus 
9 

r 01 
oficinaris) iioicnnsna~mumuida - 1uu:azno (papaya) iYun~~uaiu~u~T~)am 

d w 4  

&$I (stem cutting) i!hIirnlnsatiiIbi d.s:nouhni.ruaiaw'ui#aa~'~~ama~o~ 

Y 
spp. @6!~'1dlld - ~raceae O k l ~ ~ ~ ' l r d ~ t l n f l ~ l u " 8 d ~ 6 d ~ ~ ~  q k~fll~~'JfItl~~!~~ 







d d  w a 

~ i ~ $ f l ~ ~ l g n  Curcurna xanthorrhira Roxburg 18Uflyu!wf ~ ~ ~ % ~ a ~ ~ a ~ ? n ~ V s l t n : i l  

9 
pra lau 4 deu iu"aIud8unte8uii~s inh%nsuuesiiuGnu~~nifluBau~~sw(tl~~iui%4d~~lu(tlu"uin 7 

4 9 4  4 B d  d 

WB curcumin 18~msw%wnmneswsuqw?a~k~%udo~ nq'ublu~wef3utf (Monoterpenes) 
d a  

nfi~ll ' l lnfl?l~ ~ f % d  (Sesquiterpemse) ~ Q P J ~ U ~ ~ W S W ~ U B U ~ ~ ~  (Phenylpropanoids) 

9 a9 8 1 %  ~ # a d D n 6 1 6 ~ 8 h u f l i ~ n : n i 8  Haiter Bleach (sodium hypochlorite as 
Y 

available chlorine 6% % R O ~ I H ' ~ )  fi310~14~~#'Ul 20 % .bf i~d?0~199~ U l U  15 U I ~  











or 
9 w  d 4 

meristem ~ ~ 4 ~ % ~ ~ ! ~ ~ 0 y m ~ ~ 8 4 ! a s " f l f l 3 Z ~ i ~ Q ~  u ~ z ~ ~ ~ w ~ Q ~ z ~ I @ R w  q ~8 %UU?!?W meristem 

M?B l $ B I ~ ? f l l ~ 8 4 d % ! ~ i ~  a vascular elements 16nr plasmodesrnata BU q WIR las"a$sl J a i m  

(heat treatment) 

d a 
nir rw i~inasrueroSq 

(meristem culture) 

I 

(shoot formation) (shoot multiplication) 

(root formation) 1 



w v 
4 4 44 ~ i n e w n ~ ~ ~ s r m p r v ~ a m ~ a ~ a  ~~PraarprIzr~usdara?~ ( meristem culture) 

d d  d 
9, 

=d 4 44 4 4  
UBR inrndu ethyl alcohol 70 I~BSI'IIUW UIU 2 ?UIW lw~!dd~d81rnm91~~~gw~alu OI~$UI  

or 9, w K 4 4 1 s  ~1~140ndi~Q0#~unisn:n1~ sodium hypochlorite ~ ~ ~ e l j i n ~ u d ~ l ' l r ~  ~iatfii&~ h ~ n l n n 8 ~ ~ 0 ( i  

d d I 14 ethyl alcohol 70 ld851%~6l~(ll)?~1~1 lmUn15f# sodium hypochlorite % ~ n ~ ~ + & h l ' l l @ n l ( l ~ @ n  

Y = d d  . K i a  ! U C ~  4 49 4 or 

nnw'11g8qnclsqnnaiu81t18ww hunrnaludowwynrlaa~~?q (leaf primodia ) 8 ~ n 0 1 n h d ~  
4 4 Y 

~%rddn~Qzd3en8.il#i~ 1-2 leaf primodia l f l U % # i f l ~ ~ l ~ l l ~ ~ ~ l ? d l i i ~ d  

9 d I d #  meristem l~ns15a1iiu!d ~as%#~nea1d;1u'96aiu1nu (cool light) %un~~dss%#n'n#sd %U 
9, 

~ Q I O U U ~ ~ ~ I S I I ~ R  meristern 1IAZ leaf primodia ihu~~ ldnu in  ~tPudiguC~isds=ui 0.1 
Y 

4 4 rp 4 4 
1lll~lU995 lllt:~~l21010la 0.2-0.4 95tM195995 ~31~dll~~~89fl13l%!Jd rneristem ~ ~ h ~ 0 o ' a H ~ l t l ~ h  

1. ~1~fl~89~11Hf b t l 8 ~  (axillary ~ $ 8  terminal) 

2. 6111 l )1¶ . id~89~91~?8~8f l  (basal IT78 terminal) 

or 9 

f I ~ 9 6 ~ 1 ~ l % ! J d  rneristem 2nRI158~1~#~d$u~1~12ll~9ll~%d1~136~~~ f #  pH ~ 8 9 0 1 ~ 1 T f I ~  u 

0, 
d d  d  

or 

1. d1611'~ saccharose l f l ~ d ~ ~ a t ~ ~  2-5 ld89191~09 b~flfi?M~n$i8d?0~?~95 
1 a 

2. ? @ I ~ u  !&ln a@i;u B pyridoxine panthothenic acid IW: nicotinic acid 
C . . 
4 9 4 4 

3. rnsnszfun1no?qllSulav8dw"w (plant growth regulator) w%~1~~rlfl~5ao1na1na'1 

9 -  - auxin !la:: cytokinin +fl'n~1'1~6~~fUf il'ih'11616 

- GA, kIll~4m58fl~B9188 (shoot extension) 

I I 9, 
ad o r r j  &~smzqrunguna~na~u 1lndni1~~%#fias%411n~~1nnnn~ fluorescent ~1nzIfllinaaBulaa1 14- 

16 +?%w 
- 









or 
d 4  

9, B 4 ,  ~~~1unisrwi:rGuslwnnlaua (single cell) % ~ 8 i w i s ~ w i z l i i u ~  wqdf:n8~l&atlnislnuniqq 
dci 4 t w  !&ill6 nisns~6junis~o3~duF~ue~w"r (plant growth regulator) Tis~n%X~vnnmunis~~uqma (cell 

division) ediqs2a1fa GTsnien'anin~drdcauwi~w'uqncs~~~# mtn#8qms%$!n"afiai~)~ 
I 

~ldsdsauwi~w'uqnssusjq"~u niuisn~n'nsiilau%4n1~n'nnaiuw'uf (mutagen) i (ZSYY, 

w 4  
1. Physical mutagen ?#lln sqa6lflu%h (garnma ray) 

2. Chemical mutagen 786 6 f i  n1.l lfid ethylmethane sulfonate (EMS) 

4' 91 
d 4  

5 ~ ~ P l ~ l l ~ l : l ~ t l ~ 6 ( 1 1 R d  % ~ t l l B ~ 1 : ~ 3 1 ~ 1 : : l ~ ~ ~ i g l ~ ~ ~ ~ 3  (single cell) fl1~13nl~Rfl'JlOJ 

9, 9, 
4 A nniwnaa#euft%flunislwi:rGu~tue~ue ~ a a a w i : a d i ~ d ~ ~ i s n a ~ ~ o ~ n i c ~ ~ ~ t ~ ~ ~ f ~ ~ a v ~ ~ w " r  

91 J 
4 A d 9 9 -  

(plant growth regulator) d % f l u m ~ ~ w i : ~ ~ u ~ ~ u n m  u~audi~~Ynd%unis~n~i%w~n~fiaiu~~dcd~au 
I 

w i q i i h l ~ ~ 3 O J % ~ % f  ~ a i ~ ~ d ~ d 3 a u w i ~ w ' ~ ~ n ~ 3 ~ ~ 1 U 1 ~ ~ l 1 f i ~ ~ # 8 1 i ~ ~ u " ~ % d ~ l ~ A n "  (Bonga and 

von Aderkas, 1992) 1#66n' 
4 4 

1. Somaclonal variation ~ ~ ~ f l a i ~ l ~ d ~ d % a ~ ~ i f l ~ % ~ ~ ' l m n d  iinn&Y R ? ~ V % ~ ~ ~ ! ! V ~ U ~ I B U  

(suspension cell) 
4 4 

2. Protoclonal variation ~dunaiulld~dsau~~na%u~~]~~nfiQwU'~ (protoplast) 

1. Somaclonal variation 

91 
pr 4 4 4 J a L d  gn#u.rmuonuiuah ~auwu6nutu:uesauW% (phenotype) ~ l f l ~ ~ l n 0 1 ~ l w l ~ l ~ O ~ l u ~ l U Q O J R 2 1 u  

a 4  4 s?' 

nis I~P I  $13 (negative traits) a ' ~ i u ~ ~ d . r d . r a u w ~ n ~ u u u ~ d u ~ ~ i u ~ ~ d ~ d s ~ u % ~ ~ : ~ u % ~ 1 ~ ~ ~ % ~ 1 ~  

(chromosome) !la%: %U OJ (genome) ~ i ~ ~ ~ ~ ~ f i ~ i ~ l ~ d ~ d 3 ~ ~ ~ 1 9 w ' f d ~ ~ ~ t ~ ~ % u ' ~  somaclonal 



4.2' r a i  

d?uKaua~n"roisnniwila~d~u (physiological adaptation) &IY wznaiu~uln~a~e,~n' f lw'ugn~~(~ 
d or 

*a w w d  6 d s r i i ~ ~ l n ~ n i s r h ~ ~ i m < ~ ~ " ~ ~ ~ n ~ i a ~ d u ~ " ( ~ n n i ~ ~ ~ ' u ~  (s'snquii, 2540) ~ q u u o q ~ a ~ ~ z a o n o u  
? d 9d w ' r k n 6 i a a i u n a i u ~ ~ d s d ~ a u ~ 1 ~ w ' u ~ n ~ i ~ ~ 1 1 ~ d 8 1 n w ' f b ~ ~ ~ ~ ~ ~ 1 ~ ~ m u a m ~ w 1 ~ ~ a ~ ~ 1 ~ ~ ~   IT 

4 ~ I R ~ z H " # ~  a m ~ u " ~ d i q ~  7 kt fi Amplified fragment length polymorphism (AFLP) lln:: m f ~ u ^ ~  
A 4 L5 

polymerase chain reaction (PCR) ~ w ~ ~ i ~ n m s a o n ~ ~ l m ~ n n i ~ w " ~ ~  m~n5ndi~&l6~r~d~rnw%niw 
ol a t  ~ d e s o i n ~ d u r n s ~ ~ a ~ n ~ u f i a i u ~ d ~ a u ~ ~ d n ~ ~ u ~ i ~ n i ~ ~ A d n ~  ~ ~ O S U ~ ~ U U ~ Q ~ R ~ T U T ' I I U ~ I I W C ]  3 9  

~ 1 6 ~ ~ % 8 9 f ' W 6 % l  somaclonal variation 

ol or 
*a( 4 4 0  w 9 1 4  

l ~ m & l 9 f l l 0  (somatic cells) ~f B l ~ B l t l 8 W ~ l ~ 9 l ' l r ( 1 ~ l d n ~ 9 ~ ~ ~ ~ l % ~ ~ ~ l % ~ I ~ ~ l ~ ~ ~ ~  

9 4  nimqdi~uotmr~nl~au~~nln~w'ugn~su ~~arliswalnlna somaclonal variation ihnmwonuilfl 

I ~ ~ w I ~ W ~ U Y W ~  (phenotype) l ~ ~ # ~ ~ l ~ ~ 3 # 8 ~ 6 f l n i Z l d ~ 0 ~ l l d ~ ~ ~ 8 9 n i f  W ' U ~ ~ C S U  (genetic 
4 4 d  

materials) 40 %UM~OR!~W!Q I I R ~ ~ I S I ~ ~ ~ I U ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I S ~ ~ I ~ W ~ ~ \ W I ~ W ' U ~ ~ ~ ~  (Bonga and 

von Aderkas, 1992) 

fl53J'JU n13 meiosis 

s, 4 44 
~ulsona'i epigenetic change ~ ~ ~ ~ i a ~ r l n ~ s ~ d ~ a u ~ ~ d a ~ w u n n ~ n u ~ ~ ~ a ' i ~ ~ ~ ~ ~ ~ ~ f t n d ~ n " ~ ~ d u % ; u  

8 4 4  K or 
d a  a 4  

RI'~ cycloheximide ~(~in~~~~~aziwiz~naql~mnns~luela~ ldo~oinln"mnn~ddou~ldn~ 



9 r 
w w p r d  mswu~aiulh%oS~ai~nqv~~ni~~n'm somaclonal variation Zql f I~ i iq~ t i i i 'q  ldonsrfulnu 

~ 0 ~ 1 ~ i n n i ~ ~ l ~ ~ i ~ ~ d ( d e l e t i o n )  mrnn'yldfi;audii~nu'q (inversion) nir lnRsu8ialazniYu h a ~ q  
9, pl r 

w 4 ? W  ? W  3udau~as 1r1romsnl8oannu~1nz~~ni~#~~u~nu q (translocation/reciprocal translocation) 
Y 

2. ~ I ~ U ~ ~ ~ ~ ~ U U ~ U ~ ? U P I ~ ~ ' ~ ~ C ~ I ~ R  (sister chromatids exchange) 6lnzfil5lh somatic 
1 - 4' 

crossing over ~ ~ O ~ I S % U ~ ~ ~ W Z O Q ~ ~ R Z U I ? I U ~  9) 6dU heterozygous 

O I ~ ~ S  l l~flldi ~ U ~ U ~ U  chromosome ~ ? 8  crossing over % ~ ~ ~ ~ z l ~ ' b 8 1 h  (mitosis) 
Y 

4 4 

3. owmwauo~~uliauCu~ncru~niuis~mdou6iol~ ( transposable elements H% 

%uiibuunuQ;r?dGn~uuwuB~I8;sdi~5arr nisllonoon (excisson) llazmsl~i~di4011es'~1~0i 
pl 9 

(reinsertion) uos~uliqumtiiii di%hsanfi.roonuo~"aunn'n~~~uT~s~nfi~wi~Cu~ncsu~~u 

4. nis~Cr'u41uau~lo~ (amplification) l i ~ ~ f l 1 5 ~ ~ 6 1 ~ 1 ~ ~ 2 t 0 9  (diminution) UO~GU 

Y 

nn1~66?@88ol~~Ulzn~~ l4iu % ~ ~ l ~ ~ ~ l ~ ~ n f i 3 1 ~ ~ 1 ~ ~ 1 u e s ' ~ ~ 1 f  rnethotrexate $4 ?d%l%fll~ 

d 1qiu V8466~l%old dihydrofolate reductase 

2. Protoclonal variation 
a 4 J  91 

Protoclonal variation ~ ~ u ~ a i u ~ ~ d r d s ~ u ~ i ~ ~ u ~ n s s u n n n a v u % u ~ m o u u ~ ~ n i ~  

9 a ~ ~ i ~ ~ i o l i ~ % u n i S ~ ~ ~ 1 ~ i ~ f l ~ ~ ~ ~ ~ ~ 8 ; ~ 1 ~ 1 n ~ i l ~ f l ~ ~ 6 l ~ ~ u ~ ~ ' l a  (suspention culture) (Pierik, 1987) 
pl 

d d ~ l i o h ~ m r ~ r c i z d o ~ ~ d ~ ~ ~ ~ n i n ~ o ~ o ~ ' u d f ~  fiiilradsds~wrn~iuqnrcun~~~ 91 30 idorlw6!u 
9 

#ufldn'pruioin~rlmwnin ku'u~~niuisn~iui%#~n~ouiduQq~ulunisnfi~~iiu 
9 

d w  
or 

nninnniuwnfiq~is~lRemrdrird1~~uguudk~ uonoinii%urnrlmz~~a~IdtI~'wainp~~~ 
a 4 u'udfq ;9uu~ainr~~l l~ds~uwi~w'u~nc~u%u~a'~~~'bac~u~w 'bsowuiimawnr aneuploid 66AZ 





I d 4  
t 4 a 44 

(toxin) P I W R Q I O ~ ~ I P T B Z ~ ~ ~ H B ] U B Q ' ~ T R  ~nnn211~1~n~o~rydu'h811~n~6~ud?uiau~~1~i~~n~~nv~1 

A w  5~o61qG~'uqnnia (Mutant) WRRIIOR!# !#lIfi' 

44 
1. ~ a ~ u # ~ m ~ d @ a i ~ d ~ r a ~ d r  

ad fin~dnwn'uxrin %uii?beuo~m~iu#iuniu~enisd~~a~~ streptomycin %unrnw 
or 

44  d naiutb4ui7 ( 200-500 pg mi1) streptomycin I ~ u ~ ~ ~ $ ~ w A ~ ~ ~ ~ ~ I ~ ~ ~ ~ u I I ? u D ~ I ' I I R ~ ! I R ~  
pr 
4 4 4  or 

I U Q ~ U ~ ~ W ~ W I E ~ ~ O Q  %UWlq¶.I N. tabacunt 1lRZ N. sylvesfris R ~ ? J ~ ~ ~ ~ A I ? J ~ & ~ U W I U ~ ~  
91 A 4 44 4 4 d w  44 4 

m' 

streptomycin 101bl~O9%~81~1f streptomycin lU8108fl~9R9UnlUOa (Pierik, 1987) 
9 

d w  49 uonsinu o 4 f l ~ a l 8 n ' ~ q " n ~ i o n Q I i ~ ~ 1 ~ 4 ~  lincomycin %UUI~Y N. plurnbaginifolia 
4 4 

or 
4 1  

imz N. sylvesfris 'Sae6al~eno1nn1s%1~a6~0?l~u~u ~?iu~i~niuun~mo~wiu!(rnR"l~~ni~ 
4 pl dmi mno'hsrcain 1ua1p.u N. V ~ V ~ S P ~  uym~munYuqnXiuniuda kanamycin ~IA: 

r. 
9, 

f W  

chlommphenicol 6 1 ~ ~ 1 8 ~ ~ ~ 0 ~ ! ! A ~ 6 9 1 2 ~ 2 1 o l h U ~ l ~ a ' J ~ ~ n 3 1 ~ 6 l ~ i l r R  ~ ~ ~ ' 2 1 ~ b i l ~ ~ l U ~ ~ ~  
d w  

! i ~ d ' q  i ? ~ ~ ~ u n n ~ a r ~ A $ a s d ~ ~ ~ ~ i ~ n i t ~ ~ u s z ~ ~ i ~ 1 ~ ] ~ n R " 5 ' i ~ n 1 u  ( somatic cell ) # ? a h  
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a 
6 & ~ 6 s l ~ ~ ~ 1 ~ ~ 3 ~ 1 3 d 1 9 9 ( ~ 1 % 6 ~ ~ ( 1 1 ~ ~ 8 ~ 3  6 MRIU 7 31)U (cycles) 

9 -  ~nliifnmmr~u#r (plant regeneration) 

- ~jl4 a a' os'okfi u ' a u ~ r ~ a ~ ~ s ~ ~ t b n w ~ ~ d ~ u t w " s ' % # m u n i u ~  (toxic chemicals) 
or ." 4 

9 
d d  

91 
r 4 ~ 9 ~ n l s Q ~  (toxins) n1(lrsg~unra~~~1u'~nfi~~~~dnadd8tl68nu1viie'u~~i~~0w"~ nislrralu 



dc4 
91 

w u I r a  Fiji virus 1 ~ ~ 6 8 ~ 1 1 i ? ~ 1 5 ~ ~ 1 ~ 8 ~ l ~ ~ Z 1 ~ d i 1 ~ ~ 1 ~ 6 8 l ~ 8  Helminthospon'um succhari nis 
or or 

~~~~4~nn iaw 'u i~ iun iu~s~ l%aan isn i z~~arw"o i~o  Q ~ iunnvi i1#~zi7a3 761lri 
d * 

1. nirmasl+snimsllsaw"~ q (pathogen) ~ 3 a ~ ~ u ~ v s i ~ t ~  (host) IU~~~WH~BRWRR~J~~#~  

or 

sinu'ui.roiiniri~ll~dtui~111an~nw"'il1~~~nflil~1~u#uw"'il09'e1d (Pierik, 

44 a 
3. ~ 1 3 f l ~ ~ ~ 1 3 ~ ~  (toxin) 8 1 ~ 6 ~ 8 ~ 1 l ~ ~ 1 ~ 5 f l ~ ' ~ 0 1 1 l ~ ~ ~ ~ ~ 8 ~ n ' ~ i i ~ ~ 6 ~ ~ f 8 ~ ~ 1 ~ ~ ~ f ) 1 ~  9 

pl 
44 44 

(correlation) mqno~1Pi fiu'unnnhms b ~ ~ a l f i u n i t ~ ~ ~ ~ " ~ n ~ w n n w # ~ u w i ~ a a r i i n i s i n $ ~ i  

1g031 Helminthosporium maydis W ~ ~ H ~ U B  II%SR~H# (corn blight) % u $ T J ~ ~  hf!J1~1%l~tJ4!tf l t&l  

91 2 d a inis~mtA"snl~ndb;iu~1~68i4ie, Phoma lingam ~m~i~ ie in11~%~0i~ isn i@uni~~nc8 . r1~ io in  
9 9 

(a *;r w d ~ u o ~ a a ~ ~ ~ ~ n ~ ~ ~ ~ ~ ~ r i ~ n ~ a ~ ~ n z ~ ~ ~ a ~ ~ ~ w u ~ n n i d e % ~ u w i u  somaclonal variation) P ~ i ~ d h  



4 a 4 
(non-specific toxin) 'VllfiR01filW951 Phytopthora infestnns ~ ~ H ~ U B ~ T T R  potato late blight !A) 

v 
w d 4 d  5 . m e n u g n u c l ~ ~ o l d d ~ ~ u ~ u a " n ~ a ~ ~ u ~ n ~ ~ 8 " o b t ~ ~ ~ ~ ~ n a ~ ~ n ~ ~ ~ n ~ ~ t n ~ ~ t ~ ~ ~  

9 

%un1srw1:~3"no~olrnhs~arn~en 94 . niu1sa+nd1%nun1r~fi~iirtnz~?i?4~biiao1n 

(somatic embryos H% ernbryoids) (~U?UUIR?# dill~m 
d . 4 4  lema%$~~uvnaann~n~u.rr'ug~u~aiu~irl~rlau Isotaw~rlunsru"l#~a~~u"Qn~~ q riu n1r 

rad d 4  & i a ~ ~ n r o l n ~ w ~ ~ i i ~ n  24 85(116(ml+on 1~1154 32 O J ~ I V R ~ G ~ R .  O Z ~ ~ P ~ R I ~ I ~ ~ U ~ ~ ~ B U B U V ~ ~  

48 2,4-D dlQ~d~lfIl%J (%fVf)'M$ 2540) 





w  4 d w d  4 w  4 -  w  4 ~ d s ~ w a i i ~ f i u f i f i i ~ s ~  aiu rsnlonr ssnllnuul nsessnuamsau ssnoztilu 
9 w  w~ss~u%nnuTuannnA~squaslwni q %au%u~nnn~z~~mnGalgdeeew q (ion) ~lnzdlsZm0n 

w  4 e- 
(free radical) 4197 $ n 1 5 ~ ~ l ~ ~ 9 ~ ~ % 0 9 % O J l n ~ n % ~ f j  $ ~ 1 5 f i l d ~ ~ ~ ~ l ~ l ~ l ~ $ ~ Z ~ ~ l ~ f i ~  l% 

i ldq?f l@~R%s (direct action) ~ f 0 d 9 d l ~ ~ 1 1 9 # 8 ~  (indirect action) % U ~ I O ~ ~ W I U % @ U  

Y 

~wd?fiih8~Bi1d7 8unsaufiuil radiolytic product %um~n~orldu~u~s1ufiu6wan" 

d 4  w 4  4 4 f 

% W ~ % ~ R U ~ S Z ~ ~ U ~ ~ A R ~ U ~ ~ C I O Q I ~ C ~ ~ M S Q ~ ~ I ~ ~ ~ U ~ ) Q ~ ~ I U ~ ' U ~  (chemical mutagen) 

% ~ u n l 3 & 1 ~ 6 6 % ~  DNA (DNA repair) ~ ~ l 8 ~ ~ l ~ f i l ~ 1 ~ ~ ~ ~ f i ~ ~ 0 d ~ ~ ~ l 6 ~ ? ~ s J d  l4i~ 
a w  4 4 

endonuclease TR~JI;OIWR~~ W c 2 ~ 2 1 0 ? ~ 6  (nucleotide) W l ~ ~ ~ t J 0 0 ~  61th exonuclease Qz 
9 91 

d w  d m  4w 
cieuu"an2'belnmuu Q I ~ G ~  polymerase ~z8s~ns1~nuamii%ah~Inoiwaciwudauwmmsen 

9 -  4 4 w  4  4 4 
~ ~ ~ ~ I ~ ~ I % ~ ~ ~ R ~ I ~ M I o ! ~ ~ ~ ~  DNA (deletion) ~58lfl@flI51$001w'0~~~1w (inversion) Mf0U 

4 r 4 4  4 n~slPaudsr~wi~sdauu~s DNA wm~s%ulnnnCu 'a (translocation) msiiawmawmauu 

d~ ld~n~s ld~uuadasw~sw'u~n~~u  B u n i ~  n~snmuw'w< (mutation) 





or 
w d w  d d w d  

wu~asna'~au q iruna'~ n~sna~uwuauas"u 'a (gene mutation) da~nisiJ~u~i iJnsideso~n 

d A  d na~u%ugwisuna'~ msnn~uw'u~ueslnslulcflu (chromosome mutation) 
r or or 
s d t  44- d 4  

n~sid~uuiidnsw~s phenotype idunsra~ nsnrraosu'u~nnnn~uw'uqvu iiu ms 

PI d w 
w1s phenotype ifk~sidnfi0u ~~dslng%niwu~aiou#0s%ra~n1s1nw1~%un1s6iunw"u~nn1u 

(quantitative trait) 

fingerprinting) $ 3 0 % ~ ~ 1 ~ & a i 8 8 n  

genotype 

(dominant gene) ! ~ u $ u # ~ u  (recessive gene) 38 Q1fl A I ~ U  a n ~ ~ 8 1 ~ 1 ~ u m r n n 1 ~ i u ~ ( u 8 9  

4 2 or u 4 w 4 

I~)RVU%UW'IRI!~U homozygous ~n~8smsnm~~u~~i!fiRs~8n%uw"%#uu'~wuw tTlu1Sfi 

u 4 u 4 
%UIWW~~U homozygous (AA i 8 ~  Aa) Zuidutsnsiun1riin~s08nuo9"uu#0ulM %uwrtrw 

or or or 9 or 
U - 9  U 4 w d w 4 

WmSBIU ) . 1 ? 8 6 ~ 8 6 ~ 9 i ~ l ~ i ~ ~ ~  (tissue culture) ~ 1 ~ 1 ~ ~ ~ 1 ~ 1 ~ 1 ~ f  d k 1 9 f l ~  f l I f ~ ~ 1 3 ~ 1  



9 4 Iwwr~sluui (treatment) n1u1so 

9 4  
9 44 ehu~si~~~iou~ufd'nuaa~udw (desiccator) numsqa~31uju riu a ~ ~ 1 4 o u ~ n o l z a '  

0, 

oson (glycerol) %uf?'aiauvi~dq ~ ~ ~ I ~ # ~ ~ I U ~ U B I I U ~ O ~ ~ I C  ~d~1~!m5dfuiddau~#m1u 



d 4  dau~1'7~uin9uhumrnl5unio~w'u~wvlftrrr'~~ O Jqniqa~iiirn?h~gwt iu4~~nn'nu~linit?e'o 

u ' n ? a ' a m u i ~ n ~ i a d ~ u i ~ 1 r ' ~ ~ ~ ~ u 1 ~ ~ u ~ ~ ~ a t ~ i n i 3 ~ ~ n ~ 9 t ~ 8 i i  LD, (50% Lethal Dose 
d u d  

V?O Lethal Dose-50) H?O GR,, (50% Growth Reduction) UOSIU~RW'~III~IUIRI~~'~B~# 

d d  d  4 CS 

lloR (krad) 1H4 l d ~ 0 i ~ d J ~ ~ 1 ~ 1  30 %J ~ l l d Q l l % ~ ~ ~ 3 1 ~ B ~ f  6~91898~nfilWdf ~ 1 ~ 1 f 9 i f  

d d  dl47 n'u 8~i~ouldu~darlwes"%~q control (rr?ni!d~hia%fi) dfu%#~iu?u#uddit~a 

d d  d 4  
91 
d t 

aia so dosau~ ~~anrlPoncuo'Bu9id-1 LD,, monidi GR, 6riiIkhiSaqn~w ~maldiaw 

pr or 

n8i 4inu'na~woq#un81 n~e~inu'fia#quoq#undi I~U#II I$U d?uitur'sil6vii%~'aai11~~ 
4 4 

R R R Q R S ~ V T U ~ U Q ~  control ~ 7 0 6 1  GR, dj?On~3j#~nui~nud~tu:~ilfl~u~iudr'ud~~ 

d  r wid1 LD, u84&i?f ami"uqBno~ 1 o (control) 
91 

30,60,90 tin:: 120 ~'IRII'IR %#~~ld~diu~u 100 ~ ~ d ~ B i o d ? ~ n t ~ f q i j  31 3 41 rii~ubftuid~n 
Y 

l%duunq%unxuzlniz+i Gul1u~u#u6luuinzGuif~r'~if1~daz~ L ~ O B I ~  30 
9 -  d d  d  d d w  

LD,, iisd3uitllfq~6dilH!nanic~iu 50 1d8siwun n'iou8m~im48d'~o~ 50 



d r i p ,  w  4 w  44  1~~fiinumiiuaurunanme~n15raiar~nanzd?onrussfiwoz%#~a~a ei78esnis 

u 4 
(vegetative propagation) ~8wnldesf~ul~nz~vaeudunnia~u"m q nmu010W'U{8aan'a 

* 2 Y 
d 4 

(tuber) U ~ L Z I ~  l h 8 n  l f i d 5 ~ 5 ~  P I W I ~ ~ I R U S ~ ~ ' W ?  U W % ~ ~ ~ I ~ ~ I > Z L J  q I ? ~ R U I I  ~ ~ ~ V ~ I ~ U O I O % U ~ ~  

!Ma lfiurssuriZTm~818aBauBiiqq 6 9 i ~  (tuber) l ~ # i  (rhizomes) Inn (stolon) 

4 4 -  
3Zl lZ juvenile ~ H ~ ~ U W ~ ~ ~ @ Q I ~ ~ ~ U U ~ U ~ ~ ~ ~ ~ U ~ ~ ~ A  

Y u 4 4 9 4  w-4 %uw4muaion'u{i?olue~a8a1rlwc11 ms%~amni~~sirIlr~iu{uiat~iu Q So (conventional 

breeding) d ~ t l l n i d d a i ~ ~ ~ ~ ~ d s ~ n i ~  U q !#66fi 
9 

w dpr u p r u  
1. wan~ua~anu~maaluelo~muwr riau%naiGnn~wtdu el# heterozygous gs wing 

1 w  nis wnugalss Snis~lrmiia'auesR'n~lol:siis7 gnuolzil8uuosw'ol1uun~~ 

9 9  !w-4 ~Suld 1~ofiozl8~nufuziiuwiu%sfileiui +ii%nesas%rar wnoln<u (back cross) 



Y 
0'9 u A p J u 4  

2. wao6uoio%uirraao1wslooau q wm1&~ wan1mn"wnaod (polyploidy) ihaiu 

pkrl rnsqoniau41'lski ~i~warnisds'uds~w'ui~muniswnuw'ui 4 q 'a (hybridization)  mi^ 

Y 
w do1 4 A 9 u  

4. w a ~ ~ ~ a i ~ ~ w u ~ a a a ~ u o ~ a o m u w v  'a i i ~  I$$wa'~n~~Ga~flu apomictic Y Pjm~nsn 

de i4  naa ifluh #awisnls'Ydr4iQaq 'a 1 w'io 2 n'nvtuz1#ild%uw'uywmo~11da 1iu 4osnis 

w 4 d ; i  4 n~ ' lnmr thn~rna la~uquaqt~~~~a tua~~&u~v  (somatic mutation) 

PI- 

~~u~w"odoio?~dnia~om~n"~nit  nniuw'u p' 



or 
w  4 

or 
d w  d w  

hirol?n (chimeric structure) ~ ~ l l ~ ~  s~nalotpn~uirRsial91nn~udn~i~~~~nn%u~~~ 

d i i  ma  n1alv'm~l~~m1tdast~9sem~iaft~un1alvasa 
4, 

9) r u 4  dpr 4 4 9 4  
1. ni~l(arnauues~rmurr~cr~'usmarrruslao~lunr q 

4 9 )  Qlda u ueq wmllmruui~w"ui?'I8 q 1 ; ~  cutting ,bud, tuber, bulb, scale, shoot tip 
9 Y 

w  4 w d o 4  ~rnr$u~ nnraius~nlunl3uicu~i~uirnu niun~~o~sriussnuirwdauuesw'ru~lwizliia~lu 

oinicilaui::nudonisdtuldulmuoqmi#iq U (axillary bud) VT?~RIOBR ( terminal bud )IT% m i  
or 

9, l W 4  
91 or 91 

w 4  4 4 9 4  G I ~  (adventitious bud) nswuusgnuwdauuo~wm%nna.r niciwizi8aqhzi?uuos~v 
or ? 

w 4 r 4 4' !NW munkmsa1o3.rn nunii  nic~wizdo~C3 MIVl ~doao~nisnuonruui~aiauu~n~ft~~an 
91 ? 

9 4  

lQVllr&3 (nodal cutting) u ~ G ~ J s ~ ~ u  k MlV2 l l 8 ~ ~ ~ 8 ? 0 n ~ 0 ~ 1 0 5 q l l ~ f l 1 6 1 ~ ~ + 3  MlV2 ~ L d F l 3 1 ~  

or or 
4 w  4 4 w  d ntjuinoqrgu Yfiiusi (chimera) un~d?uluola8dn~ll~zdauffnniawu~ (mutated sector)*i 

9 9 
4 A 4  d w  s'aufi l l n ~ n ~ ~ & 7 1 ~  n ~ ~ ~ ~ 1 5 ~ n ~ ~ ~ j u 1 ~ 0 l ~ o w n n i u w ' u f i w 9 n u R  'a q 80nj1  solid mutant 

or ? 

~mllunlawlz#8 wie6~6rundnlumm ~ $ 8  adventitious bud ull?i~~Bi~luga M,V, nls 

Y u 4 
liius~o%ue~wnl$onisa'~ln"en (selective media) 61dn1'iia~n1ca'mln"enw'ilw#e~nic~~ I ~ U  



6 4 r n ~ t ~ ~ a u s ~ a ~ ~ r ' n p 1 f ~ 1 ~ 0 i i ~ ~ ~ ~ n e \ 1 u i u  q M, ~ a u ~ a l n e i n  
or 

1. nn3irnani~lr~s: Snvruziioz16~luiu 'a M, ki f i ' iona~jdaiu~n 9 daoin 
p l a  nsiuaunis metabolism ~ ~ u k U a i d  ~ l ~ ~ n o n s s u ~ u l ~ a f l ~ ~ i u i f  ~$16u"u1d 

IdilSurlnii nf tGd5ziin7niwa~nq 
6 4 

2. gene mutation H% chromosome mutation tY11~15~fi1BV0~0l~f~'JV 1 ?d&l 
g'ud~q?d!rS 

4, a ni~d~au~ula~n~n~uunian6~niac'jdlxiiio~lduni~~in1an w a75 z gene 
dm 

mutation H?@ chromosome mutation ~ 1 1 9 % ~ f l ~ 1 ~ 1 0 ~ ~ ~ ? 8 ~ f l ~ ~ k 1 9 ~ 9 1 ~ f l 3 ~ t r i  i n . ~ ' Y %  

9 -  4' 
U B ~ ~ O ~ $ H ~ ~ R P $ ~ I U ~ I ( C ~ ~ ~ ~ )  d R  sectorial chimera mericlinal c h i m e r a ~ ~ f ' i ~ ~  IWZ 
4 4 rd. - 2  A 4 d w  ~usumfuaiojn~uuldu periclinal chimera ~#hnirm& T~adn~lus~asnnaia~uqun~z 

4 r .U Y o~u~1?ar~?u6~du~iuuo~a~a~~e%iuww1un1f ~ i a ~ ' & ?  Bonii oea M,V, wromu M,V, 

d r 
Aio'R~7l~orS38~afddau~~~ basal bud vma~e\ M,V, f i l o ~  ~ ~ a a I w ~ h ~ n n i a ~ u ~ a a u  

4 w 4  4 444 
~ ~ ~ ~ l f l ~ ~ ~ 9 l f l m f ( v ' n f l i # a t l % 9 f l 8 1 ~ ~ ~ ~ 1 t l ~ d 1 #  ldedoin basal bud U O J N ~ U ~ J ! Q ? ~  

(81 A d  
!~U~!UU apical dominance ~ h f i ~ i ~ ~ ! ~ % ) j ~ ~ ~ d l f f  % U W ~ S J ~ I Z ~ Q ? ~ U U U  apical 

v 
w a 

dominance ~ 1 1 ~ ~ # ~ 9 f i l ~ ' i ~ ~ l i ~ 9 ~ 9 ~ ~ 8 ~ 8 ~  (pruning HfQ decapitation) UQ9 M,V, 1Hf81f 
2 dd d ro nwirliauuesnswu basal bud o ~IJ~:WBI 2-3 RI 1 ~ m s ~ m 1 l i ~ i q ~ i 1 ~ m i ~ l n ~ 8 ~ u 3 1 a ~ 1  

4 laon'lul~rn~n1slof~vuu1!dudauus~a8er61~~~~1& (Wenzel, 1998) 





8. iiiuau~tasie&u 
or 

4 w  49 4 
u ~ n ~ i n u ~ ~ m ~ ~ ~ n a r a ~ m a ~ ' ) ~ ~ d d o ~ i ~ d a ~ ~ ~ n ~ ~ u ~ u ~ ~ ~ u  gene IIR:: chromosome I# 

R'nutu: oi~d;rwiu~~aa~~snnduw'u~~~~u~#iwu (sexual cycle) H?O horns 
9 4 4 9 4  

% l n t l % M ~ & 3 t J l ~ O l ~ O 8 1 ~  w % ( vegetative propagation ) 



or or 
4 A 4 4  9 4 

( conventional breeding ) lll% ~ l ~ % # l i i w ~ 1 ~ ~ ~ ~ 1 ~ l ~ 8 ~ ~ ~ 8 ~ t l 8 9 ' ~ ~ ~ ~ 1 ~ ~ 1 t l ~ d f l l f i 8 ~ 1 % ~ l n ~  

Y S  w 4  1 w 
~~r'n~l!~6~@~3n~1~1w'~~'h61~1!'tl39~66n~~~163839 ( cronic irradiation ) 
44 

a m 3  

9 4  
1. n is~n i i i%~ ina t loade~~ in~ l ih? l  

or 
r 4 0 

1.1 ¶ . h 8 & % 8 ~ ~ n i  oldf)noll!'ll@%~ Haiter Bleach (sodium hypochlorite as 
d d  s 9 Pt d d  

available chlorine 6 ~ ~ I W W U B I  R~IOliWJVU 40 ~d8~~UiIR€jPl?~181'5 UIU 15 US 
91 or 91 $4 ~ L Y  

or 
t 4 ni5nzniaollanolinss~n8aadindu wu?rwars 3 - 4 af?r 

9 9 d a 
' 1.2 $in1z~wi:~~a~mi&dainni%~ns\1wdn~a~8~ %UOIHI~ MS ~ ~ Y I U ~ ~ R U  

4t 9 m.rns:{uqunisrdarduTa CJ BA R ~ J I U U U U  20-30 I ~ T R s T u ~ ;  (UM) p~ U O Q B I ~ ~  
or 9 

I W  

6winu 5.7 ~ ~ a ~ i n 6 ~ a a u i u  2 izsu or!~~sdsuucsnoenui~incsi#ia k iaun:  2-3 a m  
? 

9 4  
1.3 ~ i n 1 ~ 6 ~ o l d ? ~ l ~ ~ u ' ~ d 8 ~  ~R~cni l%HlnR in v i m  microshoot llm 

9 4 4 

~u 'odou~i lu#ul$aa~ 6imaosoon ~ i h r i i ? d l i i ~ ~ u u o i ~ ~ ~  MS i i w ~ ~ u n i ~ n ~ r ~ u m ~  
or Y ~o3ydulmn~u cytokinin l&l'llfi BA %U~~~IR?IU IUU~U 10 h % ~ S b l m i i  %$ao~rau ( 

multiple shoot ) Qin microshoot pqqfisd 5 aoa microshoot 





9 91 

1da~inn11#rudiu1w~'qdllnuu1l3a5"9 4.3 llnz 2.9 krad u i l # u ~ % u h  Q MIVl 

9 8 l#su l~rrvlffoufi'Y~suw~~~#s'unitnius'~~ ~ u j i l d e ~ f i u ~ j i l  4.3 11nz 2.9 krad ih$h 

or 4 4 4 w  I W U S I ~ W S  ~auA'nvtu-nloradlzulm~~dnmuu nisllanne oan'amsllan microshoot ldnq 

9 
? e 4 4 4  d d o  a/ 

7wniarnsau'slrnR" msmerjfi~e~nrdauwv~11~~~~11nnwn1n~~~~s~a~u~~a:pii~qn'w oiovli 

dA 
metabolism ~~l~d1%#l'lm~'11~11fi96aas'~1d1#~r~znu"9)1n'9m~n1(rs's~ i lnzo:nia%udq~ 

9 
w w 

proliferating power) Q L ~ U P I I I J M ~ O Q ~ ~ ~ ~ I ~ U  (Venketeswaran Partanen, 1966 ; 854% , 



Total 

dose ( 

k-rad) 







~ o ~ R G R  Amplified fragment length polymorphism ( AFLP ) lbulw R G R w l 9 4 a l ~ l n n n  Q d 

A d  
U @ ~ A I H ~ I % U ~ U  Q M,V, 1 ~ ~ 1 4  Primer QP1aJRalUlVOJlz?1U ~ ~ ~ l ~ ~ l l ~ l l ~ ~ ~ ~ l P J l l ~ ~ W ' l 9 % ~ 9  

or 
PI 4 w d dd d a d auwn1us9ne@no1n8u control ?A sdaauuue~n~ui~~~m~eu~elmaawnu~u 41 ozniuisn 

d d l B dd d a s a ~ n s u m ~ s u ~ ~ ? # n n ~ u ~ ~ ~ ~ n u ~ ~ ~ n ~ u W P u ~ m ~ s u ~ ~ o z ~ n a ~ u ~ ~ n u n ? s ~ a ~ u  peak o z i o i s w i  

control 
w d 

~ ~ Q ~ I ~ % U W W P ~ ~ I U ~ ~ U  Q Primer E-AACJM-CAG 111~113 ~ l l ~ ~ R ~ 1 P J l l ~ ~ ~ l ~ 5 ~ ~ a ' 1 9  

PI 4 w GI w GI awwlnil#~aiussn ( control ) sin8u~iussnnuiuaau B3 aaaz B4 l# %mu B3 llaz B4 i 
B 

IIOPIH% peak %UIm 320.79 !la': 321.82 B'lfllY 41 '119 control %I% dald Primer E-ACGIM-CAA 

1 1 8 ~ ' l J l ~ l ~ ~ t l a J l ~ l a ~  B2 llnz B3 Qln  control %# ' 6 ~ 8  control illnu 93.92,106.17,167.33 

tw : 
l8, 

la, 

4 control 
$A 
- 

I nr, 

c ntrol 

n ..!, .A 7.- 

dd d 
a~uiuwmaeuleuesm~wn~~uiu~uiiu Q 1 ~8 o m d l l a n i i ~ ~ i n  q control 

n IW(%IU primer E-AACIM-CAG n I W %a I primer E-ACG/M-CAA 

at, 

u, 
II, 

'uL 
B2 I 

A - A 
L 4 d L & h  A & J -  B2 

L 
Cu 

p n:aurur~iwcrar I~MUIPIIRIWDWQI 
L 

u, 
I 

m, 
w: 

m, 1 J B3 k 
a, 
t, 

83 
b - * I 

a n:w~//lu/r~w#ar 
- 



9 9 
4 A w 4 ~n~1~5a1nmSd 2 ~ 1 n m 5 l w 1 : l 3 ~ ~ 1 ~ ~ 1 ~ 8 .  auw 29 wqnrn~fiu - 2 iiquiuu 2549. elfils 
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