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ABSTRACT  

TITLE THE EFFECTS OF COLCHICINE AND ORYZALIN 0"-1 CHROMOSOME 

DOUBLING OF PHYSIC NUT (Jatropha cuscas L.) 

BY TEERAPONG BOONPROK 

DEGREE MASTER OF SCIENCE (AGRICULTURE) 

MAJOR AGRICULTURE 

CHAIR ASSIST.PROF. ARIYAPORN PONGRAT, Ph.D. 

KEYWORDS :  Jatropha cuscas L. / COLCHICINE / ORYZALIN / POLYPLOIDY / 

FLOW CYTROMETRY 

Physic nut (Jatropha curcas L.) was.narrow genetic based of energy plant, resulting low 

productivity. Chromosome doubling was a mutation technique, that could enhance genetic 

variation. The chemicals used for chromosome doubling was colchicine, toxicity for life and 

oryzalin, less toxicity for life. In this study, the shoot tip of physic nut seedlings were treated with 

0,0.05,0.10,0.15 and 0.20 % of colchicine and 0, 0.0005, 0.0010, 0.0015 and 0.0020 % of 

oryzalin for 24 and 48 hr. to induce polyploidy. The results showed that the survival of treated and 

non-treated physic nut seedlings were non different significantly. The number of tetraploid and 

mixoploid were increased mostly by 0.0015 % of oryzalin and 0.2 % of colchicine. Whereas, the 

physic nut seedlings were soaked with 0,0.05,0.10,0.15 and 0.20 % of colchicine for 48 hr. to 

induce polyploidy. The results showed that the survival of soaked with 0.05 % of colchicine 

seedlings was 41.25 %. The stomata size of diploid and induced by colchicine and oryzalin 

polyploidy were different significantly. Therefore, the stomata size can be used to detect 

polyploidy. In addition, the flow cytometry is one of efficient method to detect polyploidy level. 

http:0,0.05,0.10,0.15
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• • «I .. <v " <I J! <I .. <v 
(Jatropha curcas L.) 'W'NfI' Euphorbiaceae 

n1.J u,,:::t'ht-u'Ul1l1\lfli'W 
, '" , 

11 ';j::; l'YIffl'Y1V 
"I Ad. QI<vt/"

::;t'YIff t 'YIV 91'-3' 'W '11 ';j611\lfUlhJu'W 
'" . 

'l'llfl1111LffmnV''W1i'Wl ('ilt';j 2527 2549) 

::;1.J1'Wf)1';j'l'lll1.J (biodiesel) ff1ll1':! 0'1111111 
.dod d cv 'o.c.t Q"Ictlo 'jI cv : c;.; d. Q,.I 4 

'YIl-3f)1';j m'l:l¥l';j 'YIllfl1111!';j1';j 'W ffll1.J¥lfl"lVfl1.J'W 'If V l'I1" 

2549) 300 . ., 
!rlfliifllfJ 3 U 1'U fll';i imj ff1111';j f,) 

!fill H" ¥I 'U fl-3 flll 1:l irfl ni fl.:J fl1' 'W 11 ';j::; I'YIfI'l 'YI VlJ'j! lJ f)';j ';j 11 (genetic 

potential) Ufl1.J U":::flW::;, 2534) 1m
""d J! .. 'ji hi hi'" '. 1 ')J 'ji .1 J! .d 011i f)1';j '11 'W 'YI ff1111'.i f,)ff';j 1 1111UlJ ';j lJ';j 1'W 'YI 1m ';j 1 '11 fl 11-3'U 'W 91'.:jf)1 ';j 1'W 

"" .1 '" 'ji, "" ... 1 'ji "" .1 "':111 , 'J/«I1fl';j 1 1 'I1';j6ff1111';jf,)l'I1'WVllJ1 'If11 
d QlQI <vt! 

ff1'.iAflll (flQ'l:lt)l 2551) 

1m11119111 
t 'jI Q,./r!31 0' " t'lf'W (haploid) (Alan et aL, 2007) f)1';jff';j1-3i1'U 

&J Oil ii, , 

f)';j ';j 11111 rl'1l'111U'U' M fl11 i lJ f)1 ';j 11 f -3ff1 i111 rl'll '11']]r'W \l fl HffW.w fll Vi 11 
cv tI 

(Madon et al., 2005) Royal Blue (Gentiana trijlora vaT. japonica) 
<I ... 1 'jid'" , I ,(tetraploid) mil LI"::; U'H'Ul (Morgan et aL, 2003) U":::f)1';j 

i'W 'ilW1. 
lm:::iff1 2542) 

'" '" 1m111 191:IJfifl ff1':i colchicine !t,,::; oryzalin 2 

'" '" f)1m-U-3I91'''rl' (antimitotic agents) 

(tubulin) (microtubules) (spindle fibers) 

http:tJH~1'.il


2 

I ,3) • 

lG]$ClftlJm'mU-119l1 (Petersen et aI., 2003) 1m111 9$-1 
" 

m'l ffjl-1r11111Uih i.h 'qtn 'l II m'l ffflEJ Cl 'U eNffl'l colchicine 

oryzalin 1m111 

4& 41 9191.. • 
1.2.1 colchlcme oryzalin 

1m111 

1.2.2 tv7tlli.J'1 ff'Yl fl-1 colchicine oryzalin it-l 
1mill 

1.2.3 fJUll1tJiJ/,lflEJ i l'U1'YltJl'U fl-1I91'W 

1mill 

1.3.1 colchicine tiiJ oryzalin 'W 

ill 

1.3.2 colchicine oryzalin 

ill 

1.3.3 colchicine oryzalin 

1mill .. 
, , " 

1.3.4 flru i 1'W 1'YlVl'Ufl-1I91'U i fI"j III i 

o & Q,.t , 0 QI 0', d C'\ 41 0' , 

'Yl1 fl n fl'fl EJ 1 fliJ ff 1 ffltJ'Vl 'W 'q ff ,H ff'.i II 'U fl-1 fffll'W 'Yl ml tl\l Til fJ 'Vl'l1ff1'U 1iJ 'Yll'Y'i 

-elltilflliifl-1'Ufl'U Wl'U ru '£llUfl-11'U 

http:lv7flffflEJ111Cl~1i.Jj
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" " 'il1f1fll'l' fffllnfl rru ff11J 1'5 11'1-11 1tl'l 'Wfll'5 Hfll11Jmh 11 '5 1'W1..r II

111 1m . . '" 
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UYIYI 2 

..h Jatropha curcas L. 
•'1 0' oJ <!l "I • '" "' • '" tlQ lJ1-i1fl (Family) Euphorbiaceae CJS.:JlulJ'W'lf tlJfHllJl'fltl1fliJ VN'WUl !lHltCJStllJ 

QI 0 Q.I : d fI If(' .J 4 dd 
lJlJfflU::'H{l.:J lJllJml'lfff'H !VJ (Genus) Jutropha 

mflfl1l 470 'lflJ'fl (species) 

Ull.ullJl U flilJ Ul::: 1'Yl fli 'Yl1'.I i 'fl1'.l'lf11 i U 'J ffiT tl til ('Wl i'1'.I I'H tl.:J tl lf1l'W.:J ft, .. . 
2549) 5 'lflJ'fl (J. gossypifolia) 'H'4mlJu.:J!I'YilJ 

(J. podagrica) i:J'fl'fllI1t1 (J. integerrima) 'tJlJ (J. multifida) II"::: (J curcas) .. 
3 ffll'.1l1lJi 'WlJ.qHfII'.I11 'WlJiH€lfl"lJ'lflJ'lnn'fllhlJfl"l.:J U€l:::l1lJiH{l 

&fIfl ('Yl1rrfl'fl 2548) 

'U'-4 tlll'.lhh!tltlflil 20 11 qq QI .. 
Ul:::mW 2 IlJm 

2.1.1 'no 
I."; <$ 'JI '" 

'J 1 fl'lltl ffiJ'fll'YlI'W lf1LlJ t'I'fl'il::: l'lJlJ l1flUfl1 u,,:::m lflU'll lJ.:J U'fl fltltlflml'lJ lJ... 

.. 
hiiJ'J lflUt1'1 1 flU'll lJ lflfJum'YilUlJ 

2.1.2 .. .. .. 
tl1iJUl U'flfl 

illlPi'lJff-il 3 7 IlJ'fl'J (latex) i'H"tltlfl .. 

2.1.3 1u ... .. 
2 '1iJ 

liI'W (palmate) h 1 fllJ f1 c)'ltltliJ'liJyt'fl'fll€l !I{l::; 

1'W'Jl:::iJffl'Ji'll (cutin) mfl 'llUiJ'liJt1tJf1 ii 5 - 7 
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V t 

IlJ ff1lJ 1':i t\ U1lJ1 ff Iil 'W U11J'W ITI fl t II VI 'W t! 11J'W CJ1Gl t'W IfI fl 'HJ 'W 

T:i !''If'W 'j 1fl11lJi'WI'U .. 
v v v 

60 : 40 <u 

"I" 4 .. • i "_I "" "'I I i 1 '" (Baitiang et aI., 2008) iJ 
Gt "Q.o1 4 (1'...:s d, .c::t Q.I' 1I Q,I tI <IQ; 

1'lf'W 'jt\iJ'jH'ln fI1fftJlPl'j 
v v. 

""nJGl6, 2544) ffllJ1'jt\ t ihlfl 'IlVl (Jet A fuel) t 'W 
• v • 

fllPl'jl1:Y1'W 50: 50 

(Air New Zealand, 2010) 

2.2.2 
jI SI t J iI 

2.2.2.1 Lil'Wu'W 1f n'll'H n LTIflilo-:Jn'W 

'I11f111lJlfflJ111VniJul1(1-:JU\lfl iH 'j i CJ1tJ1iJfI (hydrocyanic) 

1ilo-:Jn'WfllJ ., 
2.2.2.2 

'.dl .c::';i; 4Q i "'" 
"I V.!"I •2.2.3 fl111'tihJ'lU)1'Ml1'UtlUJ't;f1:lfJ 

t iJ ti fl'W'I1 'lJ t\ UllJ 1(11n'l1 fJ rl-:J ff1'11 f iJfiJl1 'j Vll'W 

lri'Wfll'111'j h 'j iC)l'V1iJfI t 'W n'l11mV 
OJ 

fl'W IlJ fi fl iliflYi1:l ffllJl'j tI 11'U11 'j m'W mlifl'WLlJfifl5 ') 

ilff-:J ill1flv flfl'W!m:::ffIPl1 

2.2.4 fll':i1,r,i1u81'MniilvrJ . ., 
, 0 d .c:!i Q,I 0 tV ,,4 I t4 

mnff\jfl1 (press cake) UlPllJ 
.Q I J d 'jJ I 0'.::::.. .Q tI

ff1'jlfHJ'lCJ1'W (curcin) 1w1'UGlfl Ifl'tYlI'lO'j (phorbolic ester) UC)I'W 
v 

1'V'1iJ'W (saponin) 1UYlLOff (protease) (phytase) .. 

2.2.5 hft q 

" • III 

1:Y1'W'U tl-:J fflJu&im-:JtJ1VilJiJiltytyl'lfl111l'W UllJ1 t 

2.2.5.1 ',*!il'WVlciltJ 

http:l1GlO~.nv
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2.2.5.2 11m 
2.2.5.3 ')UI'W11 

2.2.5.4 1f)'tl1 hflv:l'U 

2.2.5.5 liJ uti' 

uti'i'W!tJ'W UfN tlD'WVi'tl i'li'• 

.. . 
uti'tl1miluv VfVW'J 

2.2.6 

'W Uf) 1f)rl'ffTW W'l f1'111nrn41111vj,!1J'W 

4.44 'rltlf1''rlU1f1' 2.09 . ... 
1.68 Irltl!tl'1 i 'W 'Jf)1l f) lJt'l in \!t'lI1J1Pl 

11iJmJ1f)'rl1'J'Ii'1''J 
_I <I", 2.2.7 m'tl'UPll'U t)'U , 

l'lill 1
h IUll1 Vi 1f111iJ'WLi'ltlm tlf111iJ'Wli'ltl H1 !1J'W Vi1i1'V11-D'1'U 1J'W ff1'W j:-jf1'11 

itlVi1ti'tl'W01'W alPluYi'J ff1'W 

31ti fitl 
IV f! d '0 d d d I.d.d 4 d J:::! ': 0 

2.3.1 'Utlltl'Yt'UllnJiUl III ftlPl f1'\j1Pl 1i'l!f)iJ!f) f) 1If1'!11 ft 'Jf1''Wl 1P11t'l IPl 1) 
o 11} gJ Q.1.&':11 G] gI d.d<=\ .... d QI Q.d d lrJ g)

f1'1111 'J tl 'W 1111!'W ! i'l 'W i'l II !11 fl111111 'lf11P1 'lJ U'J III tl!1J 'J VlH'VI fJiJ f) iJ!lI t'l1Pli'l!f) iJ !1'W 1'W 

'" 'l;;J _I dt;;J ;;J "" _I '" 0 '" _I45 60 1'W f1'l'Y1'JiJf11'J1J'ijf) 

i 'W f1' f11'W utlt'l'Jtl\1f)1 'J fl1'Jtl\1f) i 
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2.3.2 " . 
15 - 20 'U1'U 

30 - 60 ilml1 

" ('Y'l'JitJ 
r:I 0 Q.I.:y

mm'Y'l-:jff, 2549 ; Gjf1'U1ty 2549) 
w " • , " IQ.I 4 SI Q 4 -4 -4 '1 0' Ito .I!!I 

2.3.3 
I iJ 'j).J' Q.I rI 3J 

l'll'jty LGjf'U iu tll'\.J 

.: "')J 0 .1 "l'" • '1.1_1IGjf 'll'UllJ'U 'Y'l Gjf'YlfflJU'j ru 1l!;'l1'\.J tl 'UI 'J fJtH'Vt 1::; Gjf1t1!;'1::; 'UUlJ'll 'll fl 
q 

o QI QI 4 tI 
('Y'l'JGjftJ 2549) 

'U i '\.JtJ'j ::;L'Ylffi 'YltJii 2 U 11 ft fifl UIl'll1 tl 
" 

l'Ylff U!;'I::;fl1tJ" 'UtJ'J l'Ylff 'j 91 

'" ... '"" 

2.4.1 

'illflflUfftl'l:l1fl11lJl1'lllfll1 

42 random amplified 

polymorphic DNA (RAPD) U!;'I::; inter-simple sequence repeat (ISSR) 

(percent of polymorphism) 
o "l _I "" '" • I " • I "Q" . ., "_I "" '" .,42 64 IlJij'j19l'\.J1Pi 

• I d "'1 •I""'" • 0 i ')J ')J .I A i!lli • I"" • I ..."lJ'j::;I'YlffllJfl91 tl l1tl1H'tI'\.Jn'w Gjf 

(Basha, 2007) 38 \ltlfftl111 
".4. 

Q.I Q.I , ..:::::S 
amplified fragment length polymorphism (AFLP) 'Y'l1J11lJ 

'Uli m 26.99 ItJij{lci'WIK ti'W ofiijiifl11lJl1 fIlfll1 li m 'j 

(Shen et aI., 2010) 

2.4.2 

'lllflflU fffl'l.ll '"tlll NCl Y;}1'il1fllll1l:i H"l 'l.l ::;1'Ylffi 'YltJ tYl11lHl 

iJi' 3 fiij rI'UiNmJ11 

http:fffl'l.ll
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d:t 0 de" .t:::4 d 

fl tl lJ 'I1l1Y1tl leW!fl 1Y1 tlWtl ff'U 1Y1 (I'W'lP 'Hl tl 11 (llJ'W) Ifltl) 

ffmi111itl(l'W'l[i l'l1'fflJl fflt!
1'lJ 3 -W'll' i 11 -W'll'ff1'U 'lJtl'U Un'U ff'U V'U j flU i'lf1flll 1itlflll fffl(l'U rll 

'" 
I9l11Jrl1.:jI'l1iitl fl1lfltl1..:Jmiitl 

(lmJi Ylrll 'U 1 (ltil (I A'1 'U 'U 1 1'U It(l 

lJ'I111'Y1 'YIfli 'U i (IV) l'l1'lJ (l 1i..:J '.i 1) '.i '.i m 1 'If lJl ftTl1l1rl11lJ fflJli'U 

" DNA AFLP 4 - 5 

500 - 1,000 tn(lfli'lJ,;tli'i,;v'iJ ('ll1'Ulty Q'mull1 2549) 
d/ '" • 0 "''' _I I _I .. 31 

i)1 mmfll 'j fffl1l1'W'U tl'.i '.ilJ'lJ tl.:j ff1tl'W'U 'lJtl..:JlJ'.i 1'YIff tI '11 

i l'U 'W'U tl'.illJtlfl'U ff1(l'W'U i litH fll '.i 

flt]ll(]l fflJ'W'U1i1i'mJ (2551) 

U fl11i fl 1 'j '11 ff1lJ 1) U 1 flv;ll.:j'Yll ,!J'W'U 11 tl'.i 'j lJ Vi'll'i1 1tJu" 1'U 'W'U tl'.i) lJU(I::; 

ff1lJl)UU1lJli

.., " 2.5 (mutation) 

1 tli1l tJ flfJ 11H1i'U i'lJ tl::J 'U'?I 1 i,f! 0\11 tl'U 

ft tllJ fl U 1 tJ tl 'UutJ (I,!J (I 11 (I 1 fl UtJ i''U 1 'lJ V,!J Vi 'If$l..:J fl ri 11 Vi 1 i,f fl11lJ 

'11 (Ilfl'l1(11tJ'YI Hi'U 11 tl'.i '.ilJ tllJ i' Irltl ff ft'mJ tJ tJ'UUtJM ff11'11 19J'I1i1..:J 

d d 31 '" _I"'.... '" '" "''' ., " "" .I IIJ 31 _I ...Yllfltl1'lJ tl..:J fl'U fll)lJ) ..:J'W'lI'fltlfl(lltl'W'U 11 C)$..:JflUfl(llV'W'U 1i 2 fltl 

31 do",
U(I::;flUm'U(l1'U1'W'U1itl'.iUI (genetic . ... .lIlJ3Imductton 

" (spontaneous) (artificial) fll'.itl(lltlYf'UiftllJlluUti..:Jtltlfl 3 

fitl fln (l'U mJ(I.:j 1.;,cpl'U'I1,.J1(lYf'U1itl'.illJ (nucleotide) (lWjl fll)!l (point 

mutation) I'tl'U fll'j 11ffYf'U tl'.i 'jlJ flll! tJ (l'U LA tJ(I..:J irrH N'lJ i m llJ i C)$lJ 

(chromosome mutation) irll ilJ 1C)$lJ (ploidy mutation) 
<v OJ OJ cI 

(flt]fJ(]l fflJ'W'U1illflll, 2551) 

http:1i.:j'l11~iil'l.JN
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2.6 (polypliod) 

. 
ttl'Wm'l . 1m111 . lf1'j III l"l$ll'U'tH 

nt'l! i'W 

J <!t <!t tI "'ol '" '1 <!t ::71'" tI "'ol '" "" '1 '" tI.70! t!'J!"I$'W\9l llt'l::; 95 I tl'j!"I$V\9l . 
i M11\ijJ 'W 1 f)1';; -W'J)'I (J'W Ittl tltll'1';; 1 Il"l';; l::;tI 'ill f) nl';; I l"l t'l 

(genome restructuring) hni 1mIII1"1$llflti'lVtl'W 

"" .1 J I '1 1 d ..& '" '1 '" crossing over 'lJ'W';;::;tl11'1fj lfl'j!ll "I$ll (ml"l'tl 1) (Soltis and Soltis, 1999) 

'til ftllJ1Hl'Wl! tit 'W f)1'jtli'1Jtll 

• 

Traditional view 
(a) 

111111888666 88  
t  

111111 888688 88  

Diploid A Diploid B 

x 

c!!  
Revised view 

'" .fl1'W'i11 U1J1J 
" . . 

(a) tl1J ml"llt1liVitli'1Jtll'lttflt'lJ 

ttlii 'W 1 m 111 l"l$llrlftll (allopolyploid) 'til t t 'ilil' 'If)1'j 'Wll 1 tlli 
" .

111 1mI]J1 "I$ll rlftll (b) (Soltis and 

Soltis, 1999) 

Maternal parent Paternal parent 
(b) 

+ 
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"",. '" d' "" .lliJ91 "I '" '" "'" °'1914.1 .J ",,J ....'If l'Wti'i'JlJ'lflWll1':l'fJlJ'W1:HJ'lffl'Wl • 
1l1flmmU 191m,,'1'W ':l'::;tJ::; 1lJ i 

I (unreduced gamete) 2n 

ffl111lJlJlflfl":i1 1 1'i1 (polyspenny) 1
'" 91(tuf'!!lllJ1f1'  2553) 

1.... .... 1fl':l' llJ

.J 91":  '" 1 1 1 '" I .J ""..; '" .d d. .1 .d0  0m lJ tJfl11 euploidy tJflWlllJ 1l1'W1'Wl'l'.... lJ'IJ'Wl'l 

,'li'W 1mllJ (2n Ix) monoploid 1m1lJ (2n = 2x) 

1mllJ (2n = 3x) triploid (2n 4x) ,1'J'W' 

l(monosomic), 2n-2 (nullissomic), 2n+I (trisomic), 2n + 2 (tetrasomic) (mp::I{Jl fflJr1'W1il 

i'm:i', 2551; fJ1& 2550) 1fl'.i llJ

2 autopolyploid 1m1lJ allopolyploid l1lfJ 

amphidiploid (m.... 2) (flqll{Jl fflJr1'W1ni'mJ,2551) 

species A species B  speclesC 

1\  2n=CC'"'''-y-'''''' 
F', A8 

dtl!ohill<tpklAi I 

jn AOC 

!in MBBSEl 1 
Gn MOac 

J Q,fQ..'t/ <VQ.J Q,1r1 
i1Wffl 2 autopolyplods alJpolyploids (flqll{Jl fflJ .... 'W1il':l'flll, 

2551) 

1 

an AAAABBBB 
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Qlif4 I dlJ fQJ 

genotype 
'" 1 d d .ad \fJ fa;X 9J .d 0 \l1...'i9J <t' '" d dQItfIt;) !llt;) !t.lGjjtJ 

dit;)'illf11 flfl ..11'1,r
" " 

'" "'" '" '" '1 ,.I 'lId II] 31'"I'YIty'\JtJ t"lftJ 1'U t;)t.l1l1'U 

guard cell i'U (stomata) pollen 

31 1 d '" a '" d OJ" '" , .J • i 3id '" ltJ'YIltJ 'ift 'YItJlftll 'YI flt'Wflfll'i rrl1l1 fI'YIl 

d tI" d.. '" d i ,J '" i JIIi <!I70! 'YIty'\JtJ (Ali et al., 1992) 'YI'HI "lI' tJfIlHI'fIEl1ft1111 

Illlflc1frr (Soltis and et aI., 2003) 

2.9 ft'11 colchicine oryzalin 

'Il11t;)t.lll'4ElV 

colchicine t;) 

,J "" d?l '" 31' ..oryzalin tJ I utJ'WEl'U flll'4 El tI 

colchicine Colchicum autumnae 1I'lviilm.:Jrrrl.:J'YI1.:Jlftii . . 
d d4 4 , 

fl1'W'YI 3 1l"lffl'YIN!ft1l11 (S)-N-(5,6,7 ,9-tetrahydro-l ,2,3, 1O-tetrametho\.y-9-oxobenzo(a)heptalen-

7-yl)acetamide (C22H2SN06' M.W. 399.43) colchicine 
Q.I <I 1i]9J: if d ,

!t;)'1tJtJ1 (Muzaffar and Brossi, 1991) "lf1.:J 
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1,500 ilnfl'U 1'l1 ffUtf\)fl mn l'Jfll 'llsU'tI tl1 J Omff'IJ'l 'U HU 

(Graham and Roberts, 1952) 550 (Edward, 1945) 

1)'U () '1111) 

3 1flHfffWt1HLflii'lltl-lff1'J colchicine (Wikipedia, 2012) 

ff1'J oryzalin dj'U ffU -rl fl-l n'U 01 fl1'l1-n'l1 'l lh L.f1 Vln fl'U -l tlfl (pre-emergence 

herbicide) HLfl fl 3,5-dinitro-N,N-di(n-propyI)benzenesul-fanilamide 4) ffU 
.d e::,".d, QI d .dt .d IfjI G) d al

oryzalin rt'IJ'J"IrtlilJ ftfl1:l lJ'ULm fl'H 'J tlN'1 fffflJ ft1fJ ! 'U LLtlftfltl i'!tlft (aceton) 

surflan AS, oryzalin AS dirimal (Dvorakova et al., 

1997; Oregon state university and Intertox, Inc., 2012) 'Hlfl 

fflJNffff1'J surflan as fl11lJ 

'HlmJ1'U flftl-llrJ'Unm'Ul'U 2 - 3 fll'illll1 

'" ... '" .," fl (Oregon state university and Interrox, Inc., 2012) 

4 oryzalin (Wikipedia, 2009) 
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" f'fl'J colchicine mu: oryzalin 'tr,Jf'fih.J 
i'l1J"ii'\..l i 1 W'J lvJ f'f m 'J . . " 

m'J.;if'fl'J colchicine oryzalin 

i iJ Y4" 'tl'1 i 11'1 fI'j IlJ 1 C]$lJ 11] IttJnililn 0''\..11 U 11 95" u,,:;:! iJnl'J H 

(cell plate) IlJ 2 nl1 
0' (Ranney, 2004) 

. .d '" _I o'e:!. 0' .. 1'"W1J11m'J 'lff'fl"'l,f1Jf'fl'J,,:;:mtJ colchicine 2 'VI" 

colchicine 2 

Morgan et al. (2003) Genlina triflora var. japonica 
'" 0'1 '" '" • '" i'If oryzalin 15.5 Y4f'flJ '\..Iill'l1l'J 

J 0.1 0.1 4 91 d " Cj 1 '" 
'\..11'\..1 4 f'fUIiIl'l1 b'W Ht'Jil'\..l 

iltJ,1 1 'ill'JiU 1'W ii'1 r.Jl 1'If'\..l 
Q,I d Ij) Q,I Q 0'51 

i1J i1J li'lfl'\..lfl flow cytometry 

'" "''' 1 1 1 ' " d fI " ct 1-=QfI'j lJ C]$lJ 'il:;:lJIJ'JlJliU DNA 

l'yhO'1J 9.26 (pg.) It,,:::; 17.77 lf1'J IlJ 2n 

l'YhO'1J 26 U":;: 2n l'yhO'1J 52 
.. .d '" "AI '" Thao et al. (2003) '11 Alocasia (Gree velvet) (2n=28) 

h. . '" - I "c:!. 0' '" colc lcme 0,0.01, 0.05 0.1 oryzalin 
_I 0' c:!. 0'. J 0' c:!. 0' 

l'\llJ'\ltJ 0, 0.005, 0.01 0.05 ';j1lJn'Uf'fl';i DMSO 1!1 tJltJ 24,48 II"::: 

.;, 'I '" 1 d '" 0'72 'lf1llJ"1 flow cytometry 
"''I 0' 22 u":::JJn 22 'illn'illtJ1tJ 396 

Smith et at. (2004) 
A• fj/ I 0' c:!. 0' 

U'lff'fl'J colchicine fl11lJ1'\llJ'\ltJ 0.5 dimethyl sulfoxide fl11lJ I.fi'lJ.u' tJ 

-I  
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rI d 1 '" 1 d Q ftI tlfjI
2 'Ul'U 2 '11'1 lJ.:J m1\lfftl'U'J:::fl'U flow cytometry 1"l'U1l \l1f)f)1'J 

500 Otlfl iJ 6 

Madon et al. (2005) 

1lJ191'lJ colchicine U":::ffl'J oryzalin . 
iYW! l'U1'VlOl 1'If'U fl1l:lJI1'U 1'l1t1.:J1'U II"::: 1fl'U'Ulfl 

_I "1 :'1 'jJ 'jJ 'jJ 191 '" 0 1 1 1ulf)!'U U"11'l'J1'i1fftl'Ufl10f)1'J "If!'Vlfl'Ufi flow cytometry U":t'U'U'ill'U1'U'I1fl m lJ 9I'lJ 

, 1 "''''' 'l9l'jJ _I " '" ", di "1 'jJ'jJ '" 1"l'U1lffl'J fI{;1"lf9l''U'il::: n'i1'l'Uul"lJ'VlI1J'UI'Vl'Vl'J:::1"llltlOflmf)f)1lffn oryzalin !')1I'l'U'YII1J'U 

""19I''t'fll t10flmf)f)1ll'" 'Vl'Vl1 :::1"l1l t10fllJf) " 
. " 

Leire et al. (2006) 6 ffl0fr'UTI 
1 

_I o'd " '" 'jJ 91 _I "d '" ...Ull:: 0.002 lutl',H9I''U1'l Ull:::ffl1 colchicine 'l::fl'UflJllJi''UlJ'U'U 0,0.00511[1::: 0.01 lutl':H9I''W1'l 'l1lJf)'U 

_I "d " .:, 1 w 1 '" 0'91 '" ffl'J DMSO I 'Wl'W 24,48 Ull::: 72"lf1 Ull::I'l'l1'ilfftl'U1:::Y1'U 1"l1l't'flltlfJflfl1fJ1'Vlfl'WfI 
, .., 'jJ 'jJ _I o'd " ':'1 "1 91 'jJ

flow cytometry 't'f'U1lffl'l oryzalin 'l:::fl'Ufl1llJt'UlJ'U'W 0.001 !utl'}l9I'tll'l 'Ul'U 24"lf1 lJ'i !')1I'l'W 

0' '" "" _I "d " 43 tum 19I''W1'l 

Nassar et al. (2008) 

'lItI.:Jirmll'll:: mr'i i' 1 01U1 tl'U 
9J 0 _I cv,., .d tV l)/ <j/ OJ 1 d'd d'cv I ... 

1'l1"lIH'lItI'iI'l'UlJ'W fflu:::'Ht'H 19l10ffl'J colchicine 'Vl'l:::fl'Ufl11lJi'UlJ'U'W1V11f)'U 0.2 'Ul'W 

12 Irltl 'W 'W 1 fitl'U 
'" 

1"l'U ';hti 1'YI'Vl'J pericycle 
.1.. 'jJ ,'jJ... 0 _I .., _I "" 
'lI'WlIll:::lJ secondary xylem 

lII"'QI 0 fjJ d 
Glendon et al. (2008) Ifl"lff)'Wl1')1 Watsonia /epida N.E. Brown iflfJI1"ll:::mO.:jllJ{;1fll'W 

"<j} QJ d Q J(/ .Q

MS 3 ffUfll'H ')1'JtllJflJllJ'l.:J'll1:::mW 4 !9I''U II"::: 'U1mm fJ.:j1'W 

'" .., 'jJ 'jJ _I 0' d " tIl')1l'l MS 'VlHtYlJtYl'J oryzalin 'J:::fl'Ufl11lJ!'lIlJ'U'W 0,0.001, 0.002, 0.003 till::: 

_I" d• • '" 'jJ 9i . " Ull:::ffl'J colchlcme 'J:::fl'Ufl11lJl'lIlJ'lI'W 0,0.001,0.002,0.0025 U,,;:: 'Ul'U 24,48 

-- I 



16 

, " 
Sainiya and Te-chato (20 12) 11ltltJl secondary somatic 

embryos (SSEs) MS colchicine 0,0.05, 
.. I rI I'j) d l.eli eo 

0.10,0.15 11m: 0.2 lutl'JI"l$\JIfll'UtI1ll')tlfI')llll'n 120 'HJlIlltl'Wl'Y1 25 tl-1i'1'l 
Q 1" QJ )' d 0'3) Co 

t"l$C1t"l$tlff 'Wl'W 12,24 1!C1::; 48 'If') tWJ flow cytometry 
I d.., 'j) 'j) _I '" '" '" .:, '\" .., 0 '1 'j)'V4l1,)lffll colchicine 0.20 (w/v) 'Wl'W 24 'If') tW.I ffll11Hl'lfn'Wl I'll 

http:0.10,0.15


, 
.os 

111111 3 

'" y3.1.2 
y 

3.1.3 • 
Y  Q 

3.1.4 ., 
"" 0 J!I3.1.5 
d 

3.1.6 

3.1.7 dropper 

3.1.8 

3.1.9 l'lll
: .:!t d Q 

3.1.1 0  'Ultllt'fl 'l ff 
3.1.11  t'VltJm1iff 

3.1.12  

3.1.13  flow cytometer 

. ., . 
fll 1 fl 1 tJ 'U fll'j 'Vl ft tJ '1 iJ::iTI fll J 'ltJ ;j tJ ll'ill fl fl tft tJ fl 

d '0 d tI QJ.l Gi:J,J d", d 
III ffll\!Hilt 'U m 'jfl}j1'fl11lJ'If'U ! '11 1t1fll 'j 'fl III 
.,;. I '" d/ 0 Ill_I 'I 'jJ Y "" d/ 'I Y!'JlJ-:JeJfl'.ilflun:mw 3 - 4 1'U 'iH'Ul 7 1'U 'il'l !'I1ffl1 colchicine.  . 

oryzalin 

3.2.2 fll'l1-Hffl'l colchicine oryzalin 
'1 31  I 'j) '11 ' 0

3.2.2.1  fHi !'I1ff11 colchicine oryzalin 

(V) eolchicine 
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.10''''  0' Si .10'''' 0' ';'10,0.0005,0.0010, 0.0015 0.0020 !lJV'J!91'WlI 0.8 IlJV'H91'Wvl 'Wl'W 24 um; 48 IN 
 , 

2 'I1tJ'fl 1'J11P1l 

i t:j)  f d 10 

3.2.2.2  fll'J Yiffl'J colchicine U'I1!llel'flff\j'fll 
Q.I..:9 d • 0 dd 0" 0  9J 
i'l'fltClVfltllel'flff\j 'fll't'lllfl1111ffll\j 'J W 'iJ 'U'iJ Hel1 

!Ii a J: Q.I d dl 0 I • Q,.I IjJ Ij) 
f1elll'fl1tJ'Y'l el1ffllflt'Y'lV'Jfl1:J1f11111 'I1'iJ el'fl fl'J 1 t1lH'iJ lll1U'I1ff1 'J colchlcme 'J 'fl 'U f111ll! 'lJll'IJ 'W• 
;il  .1 ., '" ., '" 1 " Si • • Si dI 

. 
IlJ'W 0,0.2,0.15,0.10 Uel::: 0.05 llJV'JI91'WlI 'iJ1'W 48 '111 colchlcme 

YWYi ll1'fl '1 1 1 tlll'll:i: i Madon et a1. (2005) 
v  <i' Q d 

3.2.3 rfm'Yt"tlUYl 

3.2.3.1  fll'J1'fl'IJ'W i 'U 

! 'W 1 'Ul nw i 'U i 11'ii 
" 

Q :Ii -: : 'j/ 
'IJ'iJ1'fl 0.5 X 0.5 19l'W1I1ll1l'J l'Itl'iJ1tJ1't'll!{l'Ul'JllH'lH 

" i 1 i ffuih'U fl'J:::; ff1 {lcpj' 
" " fll1 i ff'J tl'U uri 'W'U 1tJ1'Y111 tltlfltl'J:::ll1W 0.2 19I'W 1'fl 'IJ'W 1'flfl1111tJ11tllfl i'U 1 1'W 

et al. (2005) 

"""" Katsiotis and Forsberg (I 995) 

3.2.3.3 DNA 'fl1t.l!'t'li'l'Wi'l flow cytometry 

50 1111f1'jfli'1l plastic petridish 

buffer (Cystain UV ploidy) 

hUTU 400 1111fl'jijll'J pVP ( polyvinylpyrelidon) 0.1 fli'll 
"  " ,'1 u1l'1'U lI:;;Ufl'J 'l 1'W{ltl'W'IJ'Wl'fl 30 111fl'jtl'W tl rlJ i 11' 

1;{tllll1l1'J 2 iJ{lijijl9l'J flow cytometry 

DNA 19I1111lifll'J'IHJ\I Sarathum et at. (2010), laskani et al. (2005) U{l::: Kaewpoo and 

Te·chato (2010) 

http:0,0.2,0.15,0.10
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least significant difference (LSD) 95 

"I <I d <I99 \utJWI1U\9! 



, 
U'n'n"" 4 

,.lf1fll'.imdVTth 1mIlJlttrlJ A'1Vffl';i colchicine un:: oryzalin . )) 
Q QI " jJ f.c:S Q,I Q '1lJNnfll'.i'YIt'lnfl.:lt'l.:l'il 

..,;.... !)/ !)/ AI <I d 0' 
oryzalm 'YI'.i::t'lUfl11lJt'UlJ'U'iI 0,0.05,0.10,0.15 un:: 0.20 hlfl'.itttr'il91 um: 0, 0.0005, 0.0010, 

0.0015 un:: 0.0020 'il1'i1 24 un:: 48 ;¥11m 71'i1 It'1t1fll'.i 

11 tlt'lU'iltlflt'l6fl'il mJA URfll'.it,.l 1

A'l l' Q,t d 
. 

11) JI<:v J". 0 <;) " QI .... I'iI'1f1.:1U'.ifl11n.:l'YI \t'I'.iUff1'.i colchicine un:: oryzalin 45 1'i1 n.:llJ'jf1 

l'i1 flfll'.im 1,.ffflU'.i:fi'Ufl11lJtrJ'iI1 tlA fi1iifll'.i 
.,; 

5) 

.c:t " " • 0 Q,I 1Y QI ".Q a 31 'j) .d,jI ....ll1'ftfl 5 11ff1'.i colchicine mQ 45 1'i1 (ttr1t1) 
t • , ., f II 

ff1'.i ('U11) 1mIlJlttrlJfiiiafl'I!Jw:i1fl.:lflflfl'lJeJ.:ItumVfl ('jflff'.i;f) 

http:flfll'.im
http:0,0.05,0.10,0.15
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1191 IlJ lC):flJ 1191fJ 

colchicine 0,0.05,0.10, 0.15 
.... 1 0' Q fI c:, I d J Q 1Q

0.20 L1JtI:iIC):fUI91 Ul'W 48 "If1llJ,;J !!€l::l'I1J11 ffl:i colchicine lJr-Hll91t1fll:i 191'UtI,;J 
I 0 "1" QI d J 0 lq 9Jw fJ} at 0 " ,

VlUff1J19l1 !l9lfJ11€l,;J'illfllll€ll9lff1J19l1 !191:i1Jffl:i colchicine 'IlUl\9l 1J 
" . . 

IftfJ,;J1mYU€l::11u 1 :i lfliJ'IlU 1191111qjU€l:: Llitil9lfJ11 (fill'lil 6) lUi:: 

o d 
. 

.:::!Q d Q 1 ' Y !V f jJ f 0 d 
. 

Q.I QI" " 19l1Vl:i I'ilHUll911J Vlfltl'W'Ill,;J"If1 ff1'WI91'Wfltllff1J1911Vl:i1J colchicine :i " 
.... 1 cf d cf Q..I f .eA jJ Y ... I QI Gf 

0.10, 0.15 0.20 t1JtlWIf'W191 5 1'W U€l:::;1911fJ 
.d. 

(1911:iHVl 1) 

.. I 0' d 0' dQ fJ} r;J I 0 d J (V fj) jJ ,
(ill'.'iH'YIl IlJtI:iIC):f'Wl91fll:i:itll91"1f1191'1ltJ,;JI91Ufltllff\ll91l'YHI"Ifffl:i colchiciJ1G "l 

dty jJ QI 

5 1'W 

. 
o v,:=t 

'ill'U1'U(il'U'YI'.'i tlYl'lf1(il 1l1'U 1'U 
colchicine (%) (%) (0/0) 

o(control) 96.25 a 95.00 a 

0.05 41.25 b 38.75 b 

0.1 O.OOc 0.00 c 

0.15 O.OOc O.OOc 

0.2 O.OOc O.OOc 

F-test ** ** 
c.v. (%) 21.3 21.91 

http:0,0.05,0.10
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. ..,. 9J" ".J!10 GI GI I GI 

.fl1Ttl1 6 5 1'U 'Hlt'HllflU'lfff1'i colchicine 'i:::f1'Ufl11W'II1l'U'U 0, 0.10,0.15 Ult::: 
.. c:I .. .:.. 

0.20 tiJ6'ilC)f'UfI 'U1'U 48 'In111-:1 

.., 'JI Y., • <I tI 'II '.4.3 colchicine oryzalin flB1I'U1f1I"1QiUl1J 1n 

1'U'lfl1m1111 1viifll'i 'HVfI'U'UV6f1 

V6'U colchicine Ult::: oryzalin 2 - 3 

U 'U 1'116"1' rNff1'i'llV"I colchicine Ult::: 

oryzalin 1 'U 
" .

2,606 fl"l Tm'h 
35 - 50 'llfl'iV'U colchicine ''It::: oryzalin 
" .

35 'llmv'U \l'Utl"l 1I1flfl11 55 'llmv'U (fllTtii 7) 
.. _I , "" .. 'r ... 91 91 _I .. c:I .. 

lC)fltltf.llllJ1fl 'UflTtltVVfI !f1Vff1'i colchicine 'i:::f1'Ufl'111l1'111l'll'U 0.20 Ult::: oryzalin 
... 91 _I ",91_1 0 _I,Y. .. c:I .. c:I.. .. I 

'i::: f1'Ufl111lt'll1l'U'U 0.0020 LlJV'i 'H L 1JV'i 1'U fl"lVlll'll'U lfl LC)fltltf.llllJ1fl 'U1I1flfl11 
, ... _I .. c:I ..... , ... "" 

55 llmv'U "l"lt%f1 flV 2.35 !tll::: f1"1Ufffl"l 2 

50 'llfl'iV'U flow 

cytomeny 

http:0.10,0.15
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... d , '0 ..11 'j/", ••fl11HlI 2 colchicme 
d Q.I ",. 

oryzalin G'j 

.... 
1::RUfll1j,1 

1-i'j,lt'U (%) 
If , 

Utlllft1135 

(%) 

35-40 40-45 45-50 50-55 
, 

j,llftft1155 

('tj,lfl1tlU) ('tj,lfl1 tlU) ('tj,lfl1 tlU) ('tj,lfl1tlU) ('tj,lfl1tlU) ('tj,lfl1tlU) 

o(control) 3,03 57.58 36.36 3.03 0.00 0.00 

col. 0.05 19.25 66.20 14.32 0,23 0.00 0.00 

col. 0.10 12.25 67.55 16.00 1.50 2.00 0.75 

col. 0.15 13.37 67.07 10.08 2.47 6.17 0.83 

col. 0.20 14.79 65.02 9.62 3.29 4.93 2.35 

ory.0.0005 6.25 75.00 13.64 1.14 3.40 0.57 

ory.O.OO1O 1l.6O 56.35 30.94 0.00 1.10 0.00 

ory.0.0015 21.29 62.58 10.32 0.65 5.16 0.00 

ory.0.0020 17.22 61.24 13.87 2.39 3.35 1.91 

col. colchicine Ull:: ory. oryzalin 
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ffnVl'W1i m 'l 1Ji'-r'Uffn colchicine !Ul::; 

oryzalin 50 i:umtl'W 114 hW!'YIflUfl flow . " 
cytometry 'W'U'h (4x) I [ 'Wtlnt!'WmatJ'W 

"" '1''' ')J "" " A "" ?I AI "c;j " , :II ')J:un (2x + 4x) (2x) 

:II :II AI "0$" "" ",:II :IIl'U:U'U'W 0.15 0.11lJtl'jICJ1'W1'I (I'InN'YI 3) 'W'U11 ffU oryzalin 0.0015 

AI "0$ '" '" :II '0 """ i" '" '[:II4) tll'l 'Jj' flow 

cytometry 1 1'Y1'Y1'l::; 

uCl::;i';n 8).. 

0 'lI I 0 ... 
. .., 1 -"I J 'tH1.... (%) 

.., '1/ 'lI 

tTl'J colchicine (%) (%) 2n=2x 2n=4x 2n=2x+4x ' 

o(control) 0.0 100.0 0.0 0.0 

0.05 0.0 99.7 0.0 0.4 

0.10 9.1 97.9 0.3 1.8 

0.15 18.1 97.9 0.3 1.8 

0.20 16.7 96.2 1.0 2.9 



-------------------------------
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, 
o 11' 0 ..c::t 

'lll'l-!l'l-!VI'J.HJ\lmn'U'l-! lV1 

!CJI t1 Fl'uth 01'lJ• 
oryzalin (%) 2n=2x 2n=4x 2n=2x+4x 

o(control) o 100 0 0 

0.0005 4.4 96.3 0 3.7 

0.001 0.6 98.9 0 1.1 

0.0015 10.9 93.1 2 5 

0.002 9 95.1 0.5 4.4 

<10, 
I 

o 

o 
.,1 

I 

...o .., «Xl 

,201 
- ! . 1 ,I• 

.,i 

.,'i 

.1 ''''''I!-

8 (2x) (fl) iJfllC)f'VHWtly;) (2x + 

4x) ('II) (4x) (1'1) (2x + 4x + 8x) 

'OlflNII fll':iftflEJ i TW1'Vltll'lJ il'W 1 

colchicine oryza1in 'Vny,h colchicine oryza1in 
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Q,I' J jI.Q elti!4 4 .Q.Q 1" '",I.Q jJ jJ 
1'Y1 lHllfW1U tll'HnlfJtl flO OfJ 

1l1ullJ 111flff:IJNff . 
Iffflfflfl:uolllu'liotloflffuui:I:l11qj (ftTVlli 9) Ui:I:tlOfl 

"" "" 1'.1"; " 1 'JIl . ..,.1 '.111ty'\lU 10) '\lUltl&CJfi:li:lfJ:lJlJlfl 

11) 

5) n ffl:1J1'lf:lff

12) 
'.c:::I ... 1. jJ d '\1 1.Q d 'f AlIi I d QJ 1'JI 

Ni:I111ty :lJllJi:lOflll:IJt:IJi:ltl11Ul (1t1'Y1 13) 'If . 
fftU !lU1'Y1tn1 UOl'1 fltl tii liflltl ':h 1 ffllJ 1'1 om:..", 'l

1m 1:IJ 
..1 '.1'"'\lUltl1

9 (fl) IIJ 1CJf:IJ ('\l) 

(fl) Ui:I: 
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. . 
At 'JI 'JI 'JI , 0 "'1111--

fll1HfI 5 fl1111t111 

colchicine 

!II 
'IJ'U1RROm't'ltlf;f . ....

if-liflRaO-li tllllJtlll (.tJ.) tllllJfl1'H (.1.1.) a::OO-li&nif1l't'ltl&9' (tlJtl10'U) 

control 0.597 b 0.633 b 89.06 b 

colchicine 0.741 a 0.764 a 115.5 a 

F-test ** ** ** 
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.  
<=I 

U'YI'YI 5 

t) ih.hlfJ fll ';i 'YIVl tUH 

1 _I J Cf J :J! v f 0 

5.1 Ut"l 'Ut).;JiI11 colchichine oryzalin 

.., j/ j/ .1 '" d '" <Vcolchicine (0.05 - 0.2 t1JtlWlfU\9l) fl'U oryzaUn (0.0005 -

0.002 I itl'nn colchicine oryzalin 

iiNCIi 'U 1 uoii li1 'Ulnw i 'U ffll NYltloii.. 
<V (j t, "I d .doQ t Y IjJ '0

i'U i 'H1J l10\9l11Jffll oryzalin 
'" I d gJ o..t & d ttl: q.J 

'UtlfJ01l colchicine Madon et al. (2005) VI'Vt'U1l t11C11J'U11J'U 

'Uffll oryzalin iifllmlltylii'U 'Uff11 colchicine 
" " 111ii 

(2542) 1 'H tl1th' i 1 119H.Jfll1 i fJ 

j/ <jJ • 1 '" d '" <jJ. i <jJ..."" colchicine fl111J1'\J1J'\J'U I 2 11Jtl119f'Ufl1N'U'UfI'Utltl'U '1f1!iNff1Jff11 colchicine fl1l1J 
':JJ ,., tI <I QI 'j) r Q,J t Q.e::l :; d 

1'\J1J'\J'U I 2 Itltl119f'Ufi 'Ul'U 6 1'U 'Vt'U11T6fll1V1.;J 21JNa• 
fitl 60 - 80 Sarathum et al. (2010) 

protoconn like bodies (PLBs) 'Vt'U1l 
dill g/Q.I gJ 'j) ... I fI d (j W d QI dQ

PLBs VI LYl1'U colchicine fl111J1'lJ1J'\J'U 0.025 - 0.1 !1JUW]f'U\9l tAl'U 14 l1J 1Jtl\9l'.i lfllntlYl'1f1Y1 33.5 

'1flJfI hit 'Hjjtl'U 'tl'lflfll
<!I .., " 

o .., , • • .., <jJ III .1 '" d if 
'Uff1'.i colchicme 0,0.05,0.10, 0.15 0.20 11Jtl'.i!C}f'U\9l 'Ul'U 

l' . . .., IJ/ III .1 if d if "".., """" 48 '1f1 'Vt'U11 ff1'.i colchlcme 0.05 

http:0,0.05,0.10
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0'l3JY .Ql3Jdi'l'J1 3J., 'lfJJ ., Q.I rIto.Q CJf,:j 'JI'ffl'.i colchlcme 'Ut),:j 
'" " 

!f)'!:J '.i (2549) i 1'IJ l'H ernh'1 fll'.i! 1fl'.i 1111 CJfll'U t),:j 

colchicine 0.08 - 0.12 'lJl'IJ 41'IJ . '" 
20 - 40 

• '" q. 
, d QJ ..:::t I 0 , f 

Gao et aL (1996) Salva miltiorrhiza Bge. 

colchicine ''IJ Inca lily (Lu and Bridgen, 1997) 
o'l'J1 I 3J3J d 

'illf)N"fll '.i fll'.i m1'ilWf)ffl'.i 'YI1 t 'H'YI'.i l'U11fl d 1:JJl'U1I'U'IJ fJ::; n" 1'Y1 

l'HlI1:ffll 'l 'lJfll'.i 'lftff1'.i colchicine ih1" ltJ'il ri,:j 
90' t, J , 

!'If'W illm'.i 
'jJ 31 &: a'jJ d .Q Q,.fd, 'jJ 0 tQ.l 

!'UlI'U'IJ ffl'.i colchicine CJf,:jll1f)'H'.i t)'IJ 'ill'.i ru lm'UtJf)'U 11 'il'il fJ'YI 

" v ,J _I 41 '05.3 colchicine Ut1::: oryzalin 

'" 3J 'J1 • • .1 0' d 0' colchlcme (0.05 - 0.20 !lJt)'HCJf'IJ191) 
QI old 0'. rI : cv 
f)'U oryzalin (0.0005 - 0.0020 I9It1tCJf""fJlItl1f) 'l'U'IJ'IJ 

fJlItl1f) '1 1,800 'illf) 20 'y.j'U'llmll1fJl1'Ut),:jtllf) '1 'U 

..: .1 ,,,,.ck '" .1 'I • " i .1 i.1CJf,:jllfl1111fJl1lJlf) 35 - 55 lI'fl'.it)u 'U'IJ lJ 

3J 3J "" 0''1 3J "" 3J " i 3J , ,Gentina triflora Var. japonica 
"'?t 0' 'l'J1 I., "". 'Ifl1'.i fl1111'H'Wl'UtH I'U 

0' .1 'I ?t 3J 'I ... <!I J 'J1 .ck d", d 3J.,
'U'IJ "fJ lIlJ 1 f) I'U ! 1J'IJ I'IJ m '.ifl CJf,:j f) 11 '.i 1 tJ,:jltl 'YI fft) fl" t),:j f)'U'H "1 tI,:j 1'IJ 

!'If'IJ calla lily (Cohen and Yao, 1996) (Van Duren et a1. 1996) Inca lily (Lu and 

Bridgen, 1997) (Saradhulhat and Silayoi, 2001) (Smith et aI., 2004) 

" " colchicine oryzalin 'H1t)tl17 'l

0' .1 '1 ?t d 0',1..: .1 d ... "'1 1 1 ..:.1'U CJf,:jI1J'W epidermal cell 1l:::!'y.j1l'UW1Jf)'y.j'Jl'lI 'fl'.i 11 CJflll'y.jll'U'IJ 

"" 0 ij/' 1II d I '1 1I":::ffll11Hl'YIl 'lJfl1'.i f(f)'!:J1N"'Uf),:jffl'.i 
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colchicine oryzalin 

I Q.I 'j} 'j} .... 1 tI d rI w 
'ViU11 colchicine (0.05 - 0.2 IlJflWlI'W\PI) flU oryzalin (0.0005-0.002 

_I 0' d 0' <!t., 91 91 _I 0' d '" 1 • 

IlJfl'jIClf'W\PI 0.15 0.1 IlJfl'jIClf'Wfl ft'1'Wft'n oryzahn fl11lJ 
91 91 _I o'd 0''''19191 10 0' <!t 

l'UlJ'U'W 0.0015 0.002 IlJfl'jIClf'W\PI 'VI flfl 2.0 0.5 
_I o'd 0'& 191_1 o'd 0'91 1 • 1IlJtJ'jIClf'W\PI Lelre et al. (2006) 'Wfll'j 

liT'W Nf Hft'lJ i 1'W fl1111'j ft'\PI'j MS 11'j 11 'j " " . 
., 91 91 _I o'd '" .,

'Utl'l ft'1'j oryzalin 0, 0.001 0.002 IlJtl'jIClf'W\PI colchicine 
91 91 _I 0' do'l ., _I '" d 0' 

fI11lJl'UlJ'U'W 0, 0.005 0.01 IlJtJ'jIClf'W\PI 'j1lJflUft'1'j DMSO 1 'Wl'W 24, 48 72 
.;" i 1 ., 91 91 _I 0' do'';'' i , 9191 

'lf1 lJ'I 'ViU11 ft'1'j oryzalin 0.001 IlJtl'jIClf'W\PI 'Wl'W 24 'lf1 lJ'I 

1 ., 

-nU\PIflIPiH fll'j tllJ 1 'W 'j 1M ft'1'j • 
I 'j) 'j} d 'j} "l do Q,I.d. Q,I 

colchicine oryzalin U\PIfl11lJl'UlJ'U'W 'Ufl'lft'l'j'VI'lft'tl'l fl 1 !111 'W flflil'iJ 'iJtJfltl 
• " " 1

'In'W 'W ft'1'j 'Vl'l ft'fl'l 111' tl 'l-nU\PI fllPil'1n'W 1'lf'W 1'W fll 'j 

(2542) 
q q q cu 

91091 i '" 0' 1 , '" "'., 91 9111!lJ'W\PI'W 'ViU11 fln colchicine 
"d tI 'j} i d. cr'.et.d 1 '" 1 'j} 'j} Q.I ClI2 l11mIClf'W\PI 'lf1'WHft'lJ colchicine 'VI'I 2 

1Pi''W Glendon et al. (2008) Watsonia lepida N.E. 
I QI cr' 1 .d 'j}Q,I 'j}Brown 3 'Wtl1111'j'l\l\PI'j MS 'VIHft'lJft'l'j oryzalin 

_I 0' do'., 91 91 _I 0' d 0'
0-0.004 IlJtl'jIClf'W\PI colchicine 0 - 0.01 IlJtl1!Clf'W\PI 'Wl'W 24, 48 72 

i1 ilJ 'I 'Vi U 11ft'1 'j vf'l ft'tl 'I'lfij 111'111 1Pi''W ii fl i 91 'Vi tl flfll11 'VI 'VI 'j 'Vi tl U 'j 

"'., 91 91 _I 0' do'';'' i 1 '" 0 1 'J/oryzalin 0.004 IlJtl'jIClf'W\PI 'Wl'W 24 'lf1 lJ'I 'Wfll'j!11'WtJ1'Wl 11 

'" 91 0'", <!t '" _I 0' d '" 

1
Watsonia lepida N.E. Brown 30 IlJtl'jIClf'W\PI 

9191 0' '" 0' d 0' 
11 \PI'W I'VI 'VI 'j 'Vi tl lJ1 fl 33 1 11tl'j IClf'W \PI.. , .... It:! d. d. 0 , .0 jI , 

llJtlllJ'jtJU!'V1tJUfll'j!11'WtJ1'Wl'Utl'lft'1'j colchicine oryzalin 'ViU11ft'1'j 

d. .... I 1 d °1'j}tt:!:It. 10 cr', &G}31colchicine 'Wfll'j!11'WtJ1'W1 ft'1'j oryzalin Clf'l!l1 
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'0 "" t '" " .J ".., 91. I " 'I 91"" <::l\9l'Wff11\9l1lJ fl 19fVHHltJ\9Illlflfl flll ffll !'\1\9lflllJCl\91 ., '" 
11J 19l'lJ colchicine• OJ • 

oryzalin (Madon et aI., 2005; Sainiya and Sompong, 2012) 

111fl flfl1:l tm tJ11L'tltl11tlfl1:l ffW! 1'W 1Y1 til 'tI 'U ltl U 1 

colchicine oryzalin .... . . . 
oHflt'il'W fifl lf111lJ 

rl1'W 111 '1mu i 11'H'Wl 'tI'Wl\9lflflm.... .... ff!ijtlii'tl'Wl\91 1 mu 11'
" OJ " 

91 91 91 "" "''I "... 91 '" IfflN\9l'W Gentina triflora var. japonica \9l'W\9I .... Clfltl\91 

GenUna triflora vaL japonica l'lf'W UCl:i: 

'" .1 1 91. '" 1 • ... '" 1lJI " 91'Htyfl11\9l'WfI .... Nassar et al. (2008) !fI 

ihflllflfl'l:J1flYlll.... l .... n .... flH 'H .... 
I if I J} 

iT'W {htl::'H .... pericycle 'W19J secondary xylem 
$I 19JQ.lO Q.I ":41.=t tI $1;{Q,Il

'W lJ'W ff1'W i'W tllCllJ'W llJ'W 1.... Cl .... ClfltJ91 t91tJ tim:: i 11 
.do 91 ,rp Q d 

t'tltl11'tllJfldl\9l'W\9I.... Clt)tJ\9I (Madon et at, 2005) 

If111lJ 19l'lJ'H7flffll";'W'q mllJi

ffW! 1 'W lY1 tll't1 'iI:i:U\9l 1 'W fl1:l W i1fl1:l W:i: ij fl'W tl'WUCl:i: 
5lt.... d ... '" "4 91 d 1 'I I .. .... ".10!91flfl 11'H'Wl 'tI'Wlf1\91flfl !'HW u 

d Q,I .d.c:::\ I Old tI 4 d 111 'QJ d IQ,I t 

fl1:lW:: Yltflfl'tl'W fl11 ff\jfll .... Cl .... Cl fltl\91 fI U I. 'W mJ 'W 1 'Wl'il:: 

l .... n.... (fll:] 1:1 !jl fflJ";'WllTirl'hl, 2551) 



, 
.c:t 

1J'fI'fI 6 

'" v v tI <ld <I V '0 """ 1 <Ioryzalin 0.0015 t tI'Jt"ll'WY'! "lI11CltlflY'!".l-3'lY'! 

colchicine oryzalin 'W'Ui1ffl'J oryzalin 
., v v v , "I v tI <I d <IV , 0 '" 'J:::Y'! 'Uf'l11'll1'l1'll'll'W 'W tlfln11ff1'J colchicine llCl IlH tl'J t"ll'W 1Pl1Pl'W ff\!Y'!llVlVl'J::: 'W Cl tltlY'!' lIln11ffl'J 

colchicine 

9J 'o.d 111 9J C',t,d 
colchicine UCl::: oryzalin fl1fJ11inl':i'I'Wfl'U'W 

tlfl;11Pl lli tI nl'J 11Pl'll 'iI i1 

nln tlfl nti' colchicine 11'Ui1 
., v v tI <I do'", ., "."" tI <I d " 'J:::fl'Uf'l11'll!'lI'll'll'U 0.05! tI':itCJf'WIPl'lltllPl'J1nlntlfl'l111Pl 41.25 1 tl'Jl"ll'U\Ol 

ci'fifHll::: ffW i 1'W1Vl 'W ffW i l'W . , 
<!!". '" '" yVV 't1 '" "'2 v "V'" 2 "I "I'" 'I'f'ltl'llnl'Jlll'JWtlPltl tlPl'l11n11 nlPl Cl11Pl'U tll'W tu 1m::: !'U'll'll'W1fl tl1WUCl::: u 

.f v, t "I' v".". CJ ,.f <I tI 
11'W11Jln'll'W nl'W'I1t1fltlnff'WUCl::: mw !'I1W'lI'W 'lI'WlJiU"lIClClf'l'll 1n u cu t.I q 

1'lJ1!Cl Cl tI &nff'J 1 runi1t1 F-l Cl Cl'ti ylj 1111 I'll ifll 'iI 'W ci'n 11 w::: F-lCll11 ruii u t.I 
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(I Q,J cI (),.1 1'1 
ff1'U f1 'V'l'lJ'vUI 'H 11'Vl1'J1 'ft tilf1 'I:l 1911 fY1 ff 1911. 

lf11'Vl6 iWl'U1UUJUJ151916. 2539. lvJ'ft 1"lf1'Vl III 'Vll. : u u • 

lfi'l:l1911. 2: 67-72. 

'lftyl'U'I:l! Flow cytomctry", 
d 

cytrometryhttp://www.gpo.or.thlrdilhtmVFlow-cytometry.html. ll'U1f1ll,2555. 

..H1'U1ty ,llmull1 U'ftZflUlZ. 2549. : -w'Un . 
Ln'l:l'lJl91j. 2549. III1"lflll'UlhpJ 

lll'ftf1f'lffll (Curcuma alismati{olia x C. rhabdota) lf1£llf1'ft1i9f'U 1 'Ufffll'Vl'HCWfluIl1, .. . 
: 

u " q 

... . .... 
1fY1::: 

"1 fffl'U1'VltnfY1f1]Il'ftZ!'Vlfll 'U 1 'ftV (ffff1'Vl.). 

http://www.ipst.ac.thlbiologylbio-ArticIes! mag- content 36.html. i'U11f1ll,2553. 

'V41<itl 2549. f1Hl'Vl'Vl"l : . 
fIlff'iJ1911 u'ftzty'U5ml ty'Vl1lf'l'ft l'Vl\!'ft6. 2548. 
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fJl1mW'fIltl'l'U flow cytometer "1 flV 

1. 

m"nhn'U'UB-3 flow cytometer 

" ... 
<U'U U':i mh'W fl1'IJfJ l.I fl1 'J 111 Cl ff1 'J Cl::: Cl1 tJlG)fCl 'U l.I1 r.l TIm1l.1tl'lJUi'lIi'l v {-vi Il tlfl11 

"sheath fluid" i Cl tlW11ri 1tf rJ 'U "1 



46 

t::S Q.I flQ.,1 t::SdQ.l I G' W t::!.31Q.I I I 

tI tI f)m lJ fI 11lJ fflJ'VfU 1i f)11 'j 1 lJ 'U tI'IlI tI'U 1Pl11 tI \P1 'YI 11 t1tJIPl f11 J 'j\P1 fI 1 llJ II IPl f) 1Pl1 'I 'U tI 'I ff tI tI lJ 
'" . " .-

tI'IlIff mu 'UtI'I f11'j I rr 'I fflU fllPl 'j 1 
" . 

rm 1\P1f11'j tI'Illff 'I \P1 \P1cJ111 II f11'j I U ff '\J 'Ufl 11lJ til1f1 ii'U 
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