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ABSTRACT

Mutation induction of chrysanthemum cv.vivic (single type) was induced using
cthylmethanesulfonate (EMS). The callus was soaked in 0, 0.5, 1.0, 1.5 and 2% for 60 and 120
minutes. The calli were cultured on Murashige and Skoogs (MS) medium supplemented with
2 mg/I NAA and 4 mg/! kinetin. The lethal dose (LDj,) value for callus survival has 1.15 and 0.72%
for 60 and 120 minutes. In control showed the most of callus size highest percentage of shoot
induction and number of shoot/callus. Plantlets were treated with 0.5% EMS for 60 minutes showed
the most of stomata size highest chloroplast number and chlorophyll a and b contents. One hundred
and twenty plantlets were transferred to pot plant. There were 9 characteristic mutation. Two
characters were found in control, single type and pompon type.There was expected from
somaclonal variation and white petals. Plantlets were treated with 0.5% EMS for 60 minutes
showed two-characters mutation, white petals single type and pompon type. Plantlets were treated
with 1% EMS for 60 minutes showed two characteristics of single type has white and yellow petals,
yellow petals and pompon type has white petals. The last mutation character was found in 0.5%
EMS for 120 minutes showed characteristics of white petals single type. The evaluation was carried
out using 28 RAPD primers. The results obtained showed 8 primers were identified 5 groups of
chrysanthemum and the results from analysis of PCoA values in accordance with the analysis of
grouping with dendrogram.

Mutation induction of chrysanthemum cv.celebrate and cv.canter (single type) was
induced using colchicine. The petal was soaked in 0, 0.05, 0.10, 0.15 and 0.20% for 12 and 24
hours. The petal was cultured on MS medium supplemented with 2 mg/l NAA and 4 mg/1 kinetin.
The lethal dose (LDy,) value for callus survival has to 0.21 and 0.19% for 12 and 24 hours in

I



cv. celebrate and the lethal dose (LDs,) value for callus survival has to 0.2 and 0.19% for 12 and 24
hours in cv. canter. In control showed the most of callus size highest percentage of shoot induction
and number of shoot/callus. There was no statistically significant different in stomata size and
number of chloroplast in cv. celebrate and cv. canter. For cv.celebrate were treated with 0.1%
colchicine for 12 hours showed highest chlorophyll a and b contents. But cv.canter chlorophyll a
and b contents no statistically significant difference. The plantlets were treated with 0.15%
colchicine for 24 hours showed white stem and chimera accounted for 3.33% of the total
30 trunks. Flow cytometer analysis showed plantlets were treated with 0.05% colchicine for
12 hours had the number of chromosome reduced from 2n to n accounted for 3.33% of the total
30 trunks in cv. celebrate. The chrysanthemum cv. canter plantlets treated with 0.2% colchicine for
24 hours had the doubled chromosome accounted for 3.33% of the total 30 trunks. Two hundred
plantlets were transferred to pot plant. There were characteristic not different from the control in
cv. celebrate. But the chrysanthemum cv. canter had single type and 5 characteristic mutation.
The plantlets were treated with 0.05% colchicine for 24 hours showed pink and light orange petals.
The plantlets were treated with 0.1% colchicine for 24 hours showed pink and light orange petals
and single layer petal. The plantlets were treated with 0.15% colchicine for 24 hours showed
two-characters mutation, light purple and white petals and light pink and white edge petals.
The last mutation character was found in 0.2% colchicine for 24 hours purple and white edge petals

and this plantlet has DNA doubled.
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ﬂ1§1\‘1ﬁ 4.1 Nammﬂmm%}ui}uuaz'izﬂznmmimmmzmﬂ EMS ﬁ@@ﬂiﬁﬂi5ﬂﬂ%’)ﬁﬂl@ﬂuﬂaﬁﬁ!ﬂmufl]lﬂﬁfﬂil‘wu‘]qi')'Jﬂ ﬂ1ﬂﬁaﬂﬂ1§!aﬂ%ﬂuﬁgﬂgﬂﬁ1 12 ﬁﬂﬂTﬁ

@ a @ 7,
AT INTTOATIA (lﬂﬂﬁl“]ﬂ‘l@‘]) (:ESE)I

01y (Fa)

2 4 6 8 10 12
EMS (%) 0 100.000.00a 100.000.00a 100.000.00a 100.000.00a 100.00£0.00a 100.00£0.00a
0.5 100.000.00a 100.000.00a 85.00+17.60b 85.00+17.60b 85.00+17.60b 85.00£17.60b
1.0 100.00+0.00a 56.67+44.12b 56.67+44.12¢ 51.66+49.56¢ 51.66+49.56¢ 51.66+49.56¢
1.5 96.67+5.16a 8.33+5.16¢ 0.00+0.00d 0.00+0.00d 0.00+0.00d 0.00+0.00d
2.0 90.00+10.95b 6.67£5.16¢ 0.00+0.00d 0.00+0.00d 0.00+0.00d 0.00+0.00d
F-test sk sk sk sk ok sk
JEazIM (m‘ﬁ) 60 98.67+5.16 62.66+46.93a 60.00+49.42a 59.33£50.20a 59.33+£50.20a 59.33+50.20a
120 96.00+7.36 46.00+45.95b 37.33+42.16b 35.33+43.40b 35.33+43.40b 35.33+43.40b
F-test ns sk sk sk sk k%
EMS (%) szaznan (W)
0 60 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00£0.00a
120 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a
0.5 60 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a
120 100.00+0.00a 100.00+0.00a 70.00+10.00b 70.00+10.00b 70.00+10.00b 70.00+10.00b
1.0 60 100.00+0.00a 96.67+£5.77a 96.67+5.77a 96.67+5.77a 96.67+5.77ab 96.67+5.77ab
120 100.00+0.00a 16.67+£5.77b 16.67+£5.77¢ 6.67+5.77¢c 6.67+5.77¢ 6.67+5.77c
1.5 60 100.00+0.00a 10.00+5.77bc 3.33+£5.77d 0.00£0.00c 0.00£0.00c 0.00+0.00¢
120 93.33+5.77ab 6.67+£5.77¢ 0.00+0.00d 0.00£0.00c 0.00£0.00c 0.00+0.00¢
2.0 60 93.33+11.54ab 6.67+£5.77¢ 0.00+0.00d 0.00£0.00c 0.00£0.00c 0.00+0.00¢
120 86.67+11.54b 6.67+£5.77¢ 0.00+0.00d 0.00£0.00c 0.00£0.00c 0.00+0.00¢
Fetest ok ok ok ok . o
CV% 5.62 7.51 9.18 8.62 8.62 8.62
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4 ' o daa 1
ﬂ1§1\1ﬁ 4.2 Nﬁﬂli‘)\‘lﬂ’ﬂﬂﬂi}lﬂi}uuﬁgigﬁEJ%L’JQTﬂWiLL"]fﬁWiﬁSﬁaWEJ EMS EIJi’)\ilﬂﬂﬁlll"lﬁﬁ"lﬂwu'ﬁqﬁﬁﬂﬁﬂﬂ’ﬂllﬂ'f]}N

o s 3 ¢ a o o o I 2
AUYIUDILAADT L“]Jﬂﬂ“]fuﬁﬂ?ﬂﬂﬂﬂﬂﬂ ATUIUYDA/LAAAT ﬂWﬂWﬁ\‘lﬂTiLaﬂﬂlﬂuigﬂgnﬁ1

12 dland
Vuauaaad
anuna RRRITERp) wesiFuamsina UG/
(#3.) (ASE)"  (53.) (+SE)" 899 (£SE)” uAaad (+SE)”
EMS (%) 0 1.31+0.17a 1.31+0.17a 71.66+11.69a 1.70+0.16a
0.5 1.17£0.23a 1.1740.23a 55.00+5.47b 1.35+0.12b
1.0 0.86+0.56b 0.86+0.56b 46.67+5.16¢ 1.10+0.10c
1.5 0.00+0.00c 0.00£0.00c 0.00+0.00d 0.00+0.00d
2.0 0.00+0.00¢ 0.000.00c 0.000.00d 0.000.00d
F-test ok ok ok ok
32821701 60 0.90+0.61a 0.90+0.61a 36.67432.87a 0.84+0.74
(TRED)) 120 0.51+0.53b 0.51+0.53b 32.67428.90b 0.81+0.72
F-test *k *k *ok ns
EMS (%) AR
(1)
0 60 1.45+0.12a 1.51+0.13a 76.67£15.27a 1.73+0.20a
120 1.1740.07bc  1.23+0.10ab 66.67+5.77ab 1.66+0.15a
0.5 60 1.34+0.03ab 1.39+0.03a 56.67£5.77bc 1.36+0.11b
120 1.0140.23¢ 1.06+0.26b 53.33+5.77cd 1.33+0.15b
1.0 60 1.32+0.12ab 1.414+0.09a 50.00+0.00cd 1.1340.05¢
120 0.40+0.36d 0.40+0.36¢ 43.33+5.77d 1.06+0.15¢
1.5 60 0.00+0.00e 0.00+0.00d 0.00+0.00d 0.00+0.00d
120 0.00+0.00e 0.00+0.00d 0.000.00d 0.000.00d
2.0 60 0.00+0.00e 0.00+0.00d 0.000.00d 0.000.00d
120 0.00+0.00e 0.00+0.00d 0.00£0.00d 0.00+0.00d
F-test ok ok . ok
CV% 21.30 20.99 17.46 13.73
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/i 4.2 Auimaguunaitugingu M1 (A-F) nag M2 (G-L) Ay Tuanmlaeao RIAEUE TS MS
Sluszezina 4 §and fiszduanuduvesasazats EMS nazszeznailumsugans (A),G)
AUATLAN 0% 60 W (B),(H) 0.5% 60 W17 (C).(1) 1% 60 U1T (D),(J) AUAIVAN 0% 120 UIT
(E),(K) 0.5% 120 W17 tag (F),(L) 1% 120 U1



3 o o daa 1 \ {2
ﬂ1§1\1ﬁ 4.3 LLﬁﬂQﬂ’JWNQQﬁ}u Lla$ﬂ1u3ualﬂ mﬂﬂlﬂmﬂuWﬁﬁqﬂWuﬁjjﬂgu Ml Haz3u M2 ﬁlaﬂQUu91W15

Id o
MS Wluszeziian 4 diland

AUIDQYNATU M1 (+SE)"

AUILQYINAFU M2 (+SE)"

anugeau () swouly anwgedu @u)  Swoauly
EMS (%) 0 3.80+0.11 7.00+0.58 2.80+0.05b 5.23+0.08b
0.5 3.88+0.13 7.00+0.12 3.92+0.06a 7.03+0.45a
1.0 3.84+0.13 7.05+0.12 3.92+0.05a 7.41+0.19a
F-test ns ns wox wox
T8I 60 3.93+0.10a 7.71+£0.25a 3.57+0.54 6.68+1.00
(1!1‘171) 120 3.75+0.07b 6.85+0.33b 3.53+0.57 6.53+1.08
F-test *x ok ns ns
EMS (%) 3282131
(1)
0 60 3.87+0.14abc 7.00+0.20ab 2.84+0.01b 5.26+0.05b
120 3.7440.00¢ 6.56+0.51b 2.77+0.06b 5.2040.10b
0.5 60 3.99+0.05a 7.43+0.20a 3.94+0.08a 7.46+0.25a
120 3.78+0.09bc 7.00+0.00ab 3.91+0.03a 7.36+0.15a
1.0 60 3.93+0.08ab 7.10+0.17a 3.93+0.03a 7.13+0.20a
120 3.7440.09¢ 7.00+0.00ab 3.91+0.08a 6.93+0.66a
F_test % * sk *k
CV% 2.33 3.57 1.64 4.76
"Aundefnsnysmiduarsulunuags Tanuuandudueduiiisdidaymeada e enifiouTas3s Duncan’s New
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vue1s MS Sluszezna 8 dland fiszduanumduvesaisazats EMS uazszeziiarluns
UFET (A) AUATVAN 0% 60 U (B) 0.5% 60 UIT (C) 1% 60 I (D) AUAILAN 0% 120 UIT
(E) 0.5% 120 W17 tag (F) 1% 120 W17 (bar = 10 pm)
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M3197 4.4 NﬁélJ’E‘Nﬂ’Jnl!fﬁ}lléﬁ}uuﬁ?;iﬁﬁﬂgﬁnﬁWﬂﬁu‘]}’ﬁWia?ﬂWﬂ EMS aoviaveslhnly uazdiuau

¢ o  dan o 2 o ¢
ﬂaﬂii‘wmﬁm‘umufnmﬁmﬂwuﬁa’m m&mmmsmﬂuﬂuizﬂ:nm 8 'ﬁﬂﬂTﬂ

vuninly =SE” uIUAaD 13
AN (uM) 14817 (UM) wanaaahnly
(=SE)"
EMS (%) 0 26.95+3.39 47.08+4.80b 28.01+3.45
0.5 27.88+1.89 56.43+5.86a 27.73+1.86
1.0 27.10£2.15 49.76+7.83b 29.01+0.96
F-test ns ok ns
ez 60 27.84+1.23 55.05+6.85a 29.03+£2.72
(m‘ﬁ) 120 26.78+3.24 47.13+£5.18b 27.47+1.44
F-test ns *k ns
EMS (%) AR
(1)
0 60 27.39+1.62 48.99+3.85bc 28.55+£2.33
120 26.51+£5.05 45.1745.64¢ 26.83+1.64
0.5 60 28.70+0.93 60.70+4.34a 29.25+4.78
120 28.3342.72 52.17+3.54abc 26.76+0.65
1.0 60 27.4340.95 55.47+7.13ab 29.20+1.03
120 25.50+1.73 44.05+2.20c 28.83+1.06
F-test ns *ok ns
CV% 9.49 9.24 8.38
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ﬂ1§1\1ﬁ 4.5 Wﬁﬂ]'t‘)\‘lﬂ'ﬂﬂﬂi}llﬂi}ulmgﬁ'SEISLQﬁWﬂTiLL‘KﬁWiaSaTEJ EMS Gl@‘l]ﬁll"lmﬂaﬂiiwaalﬂmu"l]ll"lﬂﬁ"lﬂ‘wuﬁ

aa o Az o ¢
'J'Jﬂﬂ?ﬂﬂaﬂﬂWiLaﬂﬂlﬂuigﬂgﬂaq 8 ﬁﬂﬂ“’i

~ A ¢da a o Y o
5uanaelsiaa (Waansuahminaa) (+SE)”

anolsfladio

anolsNady

30.23+13.33a

60.47+30.13a

EMS (%) 0
0.5 78.95+43.34ab 30.24+22.62ab
1.0 54.984+22.90b 21.37+15.85b

F-test * *

FEAIAR M| 60 67.82439.17 30.20£20.60
(119) 120 61.78+27.42 24.36+13.54
F-test ns ns

EMS (%) 32821781 (W)

0 60 87.84+4.45b 29.514+20.98ab
120 33.10+1.81c¢ 30.96+1.47ab

0.5 60 118.50+2.56a 50.57+6.14a
120 39.40+2.15b 9.90+0.98b

1.0 60 51.87+8.30¢c 10.52+3.94b

120 58.10+34.83¢ 32.23+16.10a
F-test *x koK
CV% 22.86 41.15
dingneana WenlSeuiiion Tag3t Duncan’s New
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10 (dav)

1 2 3 4 5 6 7
EMS (%) 0 100.00£0.00  97.61+15.43 97.61+£15.43 97.61£15.43 97.61£15.43 97.61+£21.55 97.61£21.55
0.5 100.00+0.00  98.41+12.59 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
1.0 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 97.61+0.00
F-test ns ns ns ns ns ns ns
RPN 60 100.00+0.00  98.41+12.59  98.41+12.59  98.41+12.59 100.00£0.00  96.82+17.67  96.82+17.67
(W17) 120 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
F-test ns ns ns ns ns ns ns
EMS (%) RPN
()
0 60 100.00+0.00  95.23+21.82 95.23+21.82  95.23+21.82  95.23+21.82  95.23+17.67 95.23+17.67
120 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
0.5 60 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
120 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
1.0 60 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00£0.00 100.00+0.00 95.23+0.00
120 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00£0.00 100.00+0.00 100.00+0.00
F-test ns ns ns ns ns ns ns
CV% 0.00 8.97 8.97 8.97 8.97 12.80 12.80
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EMS (%) 0 20.61+6.31 17.26+4.67 6.88+3.58 1.994+0.49
0.5 21.56£3.12 17.83+1.69 7.40+2.54 2.12+0.36
1.0 21.634+4.59 17.78+3.51 7.45+2.74 1.99+0.34
F-test ns ns ns ns
3TN 60 21.4346.45 17.52+4.53 7.42+3.09 1.97+0.48
(W) 120 21.1044.25 17.73+£2.38 7.06+2.82 2.09+0.30
F-test ns ns ns ns
EMS (%) I8
(W)
0 60 20.01+7.96 17.09£2.16 6.66+2.50 1.8240.50
120 21.21£3.86 17.42+6.12 6.80+2.47 2.124+0.49
0.5 60 22.69+2.85 18.38+1.46 8.14+2.38 2.16+0.49
120 20.43+2.90 17.71+1.53 6.95+3.98 2.13+£0.18
1.0 60 21.61+5.65 17.19+4.78 7.19+2.22 1.99+0.47
120 21.66£3.15 17.95+1.78 7.71+£2.74 1.9940.14
F-test ns ns ns ns
CV% 26.33 20.74 41.18 19.52
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Primer Sequence
OPA-01 CAGGCCCTTC
OPA-05 AGGGGTCTTG
OPA-07 GAAACGGGTG
OPA-08 GTGACGTAGG
OPA-13 CAGCACCCAC
OPA-15 TTCCGAACCC
OPB-04 GGACTGGAGT
OPB-07 GGTGACGCAG
OPF-01 ACGGATCCTG
OPF-02 GAGGATCCCT
OPF-03 CCTGATCACC
OPF-04 GGTGATCAGG
OPF-05 CCGAATTCCC
OPF-06 GGGAATTCGG
OPF-07 CCGATATCCC
OPF-08 GGGATATCGG
OPF-09 CCAAGCTTCC
OPF-10 GGAAGCTTGG
OPF-11 TTGGTACCCC
OPF-12 ACGGTACCAG
OPF-13 GGCTGCAGAA
OPF-14 TGCTGCAGGT
OPEF-15 CCAGTACTCC
OPF-16 GGAGTACTGG
OPF-17 AACCCGGGAA
OPF-18 TTCCCGGGTT
OPF-19 CCTCTAGACC

OPF-20 GGTCTAGAGG
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250 bp
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1,500 bp e —
1,000 bp d —

500bp ——p
250bp ——P
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NINN 4.9 il'lu'JuLlﬂUﬂLf]uLf]ﬂLWiﬁ]']u'Jullﬂfl]'lﬂﬂ']ialﬂs)'AIWﬁHJf]ﬁ OPA-08

%94 M = 1Kb DNA Ladder

Y04 1uag 18 = Negative control

¥94 2-5, 19-21 = EMS 0% 60 1111

¥99 6-13, 22, 23 = EMS 0.5% 60 U1%

¥04 14-17, 24-25 = EMS 1% 60 117l

%04 26 = AuAwAURruMITNh IdiRauAada

[l Y A wm Yo @ o Y a [
YOI 27-28 = ﬁuﬂ’)llﬂlmnlllllﬂWWuﬂ”I‘i"IfﬂuﬂVilﬂﬂLlﬂﬂﬂﬁ
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MNA 4.11 SuuavaB ey Idenms 14 lwswes OPF-06

%94 M = 1Kb DNA Ladder

¥04 119z 18 = Negative control

¥04 2-5, 19-21 = EMS 0% 60 117

%94 6-13, 22, 23 = EMS 0.5% 60 117

¥09 14-17, 24-25 = EMS 1% 60 U0

%04 26 = AuAANTFuMI T IFiRauAadd

' Y Ay o Yo ) Y a o
B 27-28 = ﬂuﬂ'J“]JﬂlmllilllﬂN1uﬂﬁ‘1§ﬂuﬂﬂlﬂﬂuﬂﬁﬁﬁ
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1,500 bp

1,000 bp

500 bp

250 bp

1,500 bp
1,000 bp
500 bp

250 bp

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 M 18 19 20 21 22 23 24 25 26 27 28

~ ° ag a4 o v 4
NINN 4.12 mu’muﬂumaummwnmmu"lmmmﬂ%’"lwamas OPF-08

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 M 18 19 20 21 22 23 24 25 26 27 28

y o I y A o 4
MNA 4.13 SnuuavaB ey a1 19 wswes OPF-13

%949 M = 1Kb DNA Ladder

Y04 1uag 18 = Negative control

¥94 2-5, 19-21 = EMS 0% 60 119

¥04 6-13, 22, 23 = EMS 0.5% 60 U191

¥04 14-17, 24-25 = EMS 1% 60 W19

%04 26 = AuALAUTFuMITNh IFiRauAad

[l Y A wm Yo @ o Y a o
YO3 27-28 = mumuqu‘n”lu“lﬂmumﬂﬂuﬂmﬂmmaaﬁ
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M I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 M 18 19 20 21 22 23 24 25 26 27 28

1,500 bp
1,000 bp
500 bp

250 bp

a o a g A v s
MNN 4.14 ﬂqujullﬂuﬂ!@ulaﬂlwnfﬂ'luquVlﬂﬁ]’lﬂﬂ’]iql%l”lelnﬂi OPF-14

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 M 18 19 20 21 22 23 24 25 26 27 28

1,500 bp

1,000 bp

-

—— b — - — - — e e S G G Gt b St

500 bp

250 bp

1 o < § A o 4
MNA 4.15 SuravaL e Ay Idanms 14 wswes OPF-18

%99 M = 1Kb DNA Ladder

Y04 110z 18 = Negative control

¥04 2-5, 19-21 = EMS 0% 60 117

%94 6-13, 22, 23 = EMS 0.5% 60 119

¥04 14-17, 24-25 = EMS 1% 60 110

%04 26 = AuAAUTFuMI T FiRauAadd

] Y A m o o Y a o
BO9 27-28 = ﬁuﬂ’)llﬂll‘I/lllllHlﬂWWuﬂ”li“IfﬂuﬂWLﬂﬂuﬂaaﬁ
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4171 SnnuueumS el polymorphism 1azA1 PICs 91nuAaza 1wsiaes

AsANEIAUN Y5 IUNIITUENTTUVO VDI UYINIAF10WUE 3N
#1&3ua1sazate EMS innududunazszezinariivanaiaiy Tasmaia RAPD Wi
Insmedildanuuandresiuiunanua 8 Tnswed nazlds i udSuefitany
UANAA (polymorphism) 1-8 41 1MFY 4.25 uauae 5o taziiAnas polymorphic bands
44.2 Wlo5idud TaeTnsmesi1¥1es1F5us polymorphic bands gagafe OPFI8 Falifaau
AveaouAd e 87.5 1Wesidud Tudiuvesm Polymorphic Information Contents (PICs)
Fauaaz Twsieslicn PICs §ai OPA-07 Tifin PICs 0.05, OPA-08 11 PICs 0.12, OPB-07 fifin
PICs 0.13, OPF-06 1ifi1 PICs 0.02, OPF-08 {11 PICs 0.13, OPF-13 111 PICs 0.07, OPF-14 1ifi1

PICs 0.02 tta2 OPF-18 A1 PICs 0.08 1A asnanuamIng 0.07 (15199 4.9)

~ o a g a I o Jdaa Ay Yo A
A1919N 4.9 i]TLl’J‘LlLLﬂ‘]JﬂLEJ‘L!L@"lﬂﬂ’c’ﬂﬂWil‘WﬂL@ulﬂﬂlﬂﬂlﬂﬂluﬁm1ﬁﬁ1ﬂwuij’nﬂﬂUlﬂi‘ﬂﬁﬁ’c’l?ﬁ’cﬂﬂ EMS nay
) = " a ° ¢ o ] a
VUV ULASTSYSLIATNUANA NN U Tﬂﬂmﬂuﬂ RAPD 91U3U 8 thilll@i UAZIUIULDUALDUIDN

1 4
v polymorphism nnuaag Inswes

UL NUIUUDY %
AL yiialwsmed  Adwenmua  Aewedn polymorphic ~ PICs
HANAN bands

1 OPA07 11 3 27.27 0.05
2 OPA0S 10 6 60 0.12
3 OPB07 10 3 30 0.13
4 OPF06 10 2 20 0.02
5 OPF08 11 4 36.33 0.13
6 OPF13 10 8 80 0.07
7 OPF14 8 1 12.5 0.02
8 OPF18 8 7 87.5 0.08
SR 78 34 353.60 0.62

DAY 9.75 425 44.2 0.07
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(Y] v d 3 (Y] Y
4.1.7.2 MmsdanguiugamnamgiugIdaiilasuaisazaie EMS finanndudunaz
d' 1 v Y
szazANAnAIaNUA81suns) NTSYS 2.10m
a 4 o 1 o a 4 o
MNMITUATIZHNTIANGY (cluster analysis) TAGILUNT NFANMKHTOUA N
o a £ J . A o 19 ad Y
dulszansuan a1ia (Jaccard’s coefficient) L‘W?Jﬁ]ﬂﬂqu"llﬁlyaiﬂﬂ’s‘ﬁ UPGMA a8 T1lsunsu
NTSYS 2.10m (15199 4.10) HA1A1MUHAOUNIIHUFNTTUNINY 0.95 A 115D 1LLUN
@ @ @ o  Jdaa ' ¥ @ ]
ANUFURUTNHUENI SNV U IMIAa 1o UEIald 5 g 9InNINA 26 #2981
d d . , _ , o 4!
(PINN 4.16) ag (A1519N 4.11) LAaZNUA cophenetic correlation coefficient (r) tN1NU 0.97 %3
< @ oA A A g 1 . . '
Hunstanguinaun taziiienuANYuLIN HUIBAINIIAN correlation coefficient HALA
o v o Jd o a J
similarity coefficient UAVFURUTUVUNIUALY (ATUA IUNIINAD LazANE. 2547) Ay
doandoInumMstunngu lagedesnyag N1 dagIuIne
° Y] 1 a o J [ . . .
HANTTIUNMTIANGUAIINTAATIZHOIALUTZNOUNAN (Principle Coordinates
) < { a 3 3’; 4 A [
Analysis; PCoA) Tagg1nd1uiuuoufdueifaiunivue 78 4oy (Hena15m1aA1n13

9 v
ﬂ'§$%1EJGITIJ@QLUﬂJUﬂNTﬁﬁ'IEJWH‘ﬁ:”UﬂVNﬁNﬂ 26 AIDYN “L]i);\iLLﬁﬂQN@ﬂJﬂQﬂWﬁﬂﬁ%ﬂ?ﬂ@’ﬂu

'
v A

aa A A o @ 1A
JUnuvaeINa (0NN 4.17) UA1 PCoA d1AUM 1,2 uay 3 ATpUAgUIzAUANNULTTIUREN
s I 4 o w = < Y 9 o @ [
80.00, 5.39 uag 4.52 L‘]J@ﬁ!clfu@ AINAAU FUHU LANTOAAADINURNANITIANYNUAIY
Y] v  Jdaa o % ] 9 a, [ 1 9
HAMNHAYNIWNAUTNITUVDIUYINIAT YW UTIINIUIU 26 AIBYY ﬂ')f]fl%ﬂ'lﬁi]ﬂﬂ@ﬂ"ﬂ'ﬂya

'
NAMANLTZANTYOINNUKNDU (similarity coefficient)
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M5190 4.10 MdV 52 ANTANUABAAINNUFNTTUVOUDYINIRA1BRUFIIN 26 AIDE19 IINMTAIUIUAIGID Jaccard’s coefficient Tag1d 1151051 NTSYSpe

21
2
23
24
25
26

1.00
0.99
0.99
0.98
0.91
0.92

0.94

0.98
0.99
0.91
0.91

version 2.10m

1.00
1.00
0.99
0.92
0.93
0.95
0.99
0.99
0.99
0.97
0.99
0.98
0.90
0.98
0.95
0.95
0.89
0.98
0.99
0.99
0.99
0.99
0.98
0.92
0.92

0.99
0.92
0.93
0.95
0.99
0.99
0.99
0.97
0.99
0.98
0.90
0.98
0.95
0.95
0.89
0.98
0.99
0.99
0.99
0.99
0.98
0.92
0.92

1.00
0.93
0.93
0.94
0.98
0.98
0.98
0.97
0.98
0.97
0.90
0.97
0.95
0.94
0.88
0.97
0.98
0.98
0.98
0.98
0.97
0.91
0.91

1.00
0.99
0.97
0.91
0.91
0.91
0.90
0.91
0.91
0.89
0.92
0.92
0.92
0.91
0.91
0.91
0.91
0.91
0.93
0.91
0.92
0.92

1.00
0.97
0.92
0.92
0.92
0.91
0.92
0.91
0.89
0.93
0.92
0.93
0.90
0.91
0.92
0.92
0.92
0.93
0.91
0.93
0.93

1.00
0.94
0.94
0.94
0.93
0.94
0.93
0.90
0.93
0.95
0.95
0.91
0.93
0.94
0.94
0.94
0.95
0.93
0.94
0.94

0.98
0.99
0.91
0.91

0.98
0.99
0.91
0.91

10

1.00
0.98
1.00
0.99
0.90
0.99
0.96
0.95
0.88
0.99
1.00

1.00
0.98
0.99
0.91
0.91

1.00
0.98
0.97
0.91
0.97
0.95
0.94
0.87
0.97
0.98
0.98
0.98
0.97
0.97

0.9

0.9

0.98
0.99
0.91
0.91

13

1.00
0.90
0.98
0.97
0.95
0.88
0.98
0.99
0.99
0.99
0.97
0.98
0.91
0.91

1.00
0.90
0.92
0.90

1.00
0.95
0.95
0.88
0.98
0.99
0.99
0.99
0.97
0.98
0.92
0.92

1.00
0.96
0.89
0.95
0.96
0.96
0.96
0.95
0.95
0.92
0.92

1.00
0.90
0.96
0.95
0.95
0.95
0.94
0.96
0.94
0.94

1.00
0.88
0.88
0.88
0.88

0.9

0.89
0.89

1.00
0.99
0.99
0.99
0.97
1.00
0.91
0.91

20

1.00
1.00
1.00
0.98
0.99
0.91
0.91

21

1.00
1.00
0.98
0.99
0.91
0.91

22

1.00
0.98
0.99
0.91
0.91

23

1.00
0.97
0.93
0.93

24 25 26

1.00
0.91 1.00
0.91 1.00 1.00
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1 EMS 0% 60 min
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10 EMS 0.5% 60 min
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21

22 EMS 1% 60 min

20 EMS 0.5% 60 min
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Y o ' o daa Ay Yo {
M13197 4.11 LAAINTIANGUVBIA LI YIIAAIEWUE 1IN AT Ua1Tazate EMS Nanuidudy

A Vo Ay Y .
uazizﬂgnmmmﬂmaﬂu‘w"lﬂmﬂ Phylogenetic tree

Y ~ Yo =1
Augunanlasuasazals EMS
ANV UTULAZ T 2o NUANAIINY

d' Yo d'
aonYNAn 1asUa1502a18 EMS 9
ANV UTULAZIZEZIANUANAIINY

duaruaud lu'ldmunnaad

#d5uasazals EMS 60 11

UAI15aLa18 EMS 0.5% 60117

£
e

dun'l

qun'ldsuasazars EMS 1% 60U




1,8,9,10,12,21,22,20

€2 013

2,3,19.24

23

T

ngud 1

MW 4.17 MINTZNLHVOALYINNAOWUFIIN 26 AI0619UD 2 1A 1 1da

Y

Principal Coordinates Analysis (PCoA) Tasn309¥118 RAPD

MMITIATIEH

57



58

[ % o a v J (Y J
4.2 ms¥ninlvimanisnateiuglunavasnugyNATIEWUETIIDIN
. a AN v aAa
(@onUs2197 single Tyan9) laglvarsazaralnaddu

4.2.1 A IMIIOATINVDIAANE

[ [ v { [
WAIINMSUFNAUAD MUY INATIWWUTFIIUTN NTTAVAIMTUTY 0, 0.05, 0.1,
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0.15 uag 0.2 odirud szozal 12 taz 24 ¥ 119 1AV UAIVUBINITYAT MS NANMS
a a A a o 1 A A Aa o 1 A I
AVANMIDIYAD TR NAA 2 HaanTuAeans 1Ay kinetin 4 Uadniuaoanslluszozia
] o T w P = = aa d I 4 [ @ P =
12 d@a¥t nuNdladin 2 navaeniionsiN1ssenrIa 100 wedua ualudairia 4 auda
] P ~ A o Aa Ay A Y 9 aa 49!
dilain 12 navaenBnIIMITeATINNTBAAlBANUITNIUVBIAITAZ A8 TABTTUIUY
o aa = s I A Y v Aaa P
9M31N1550A¥INaAAID4 50 oS FUANANVVNTUVDIAITaZA18 IAATEU 0.2 11T IHUa
J d' o X = < o P
32821781 24 ¥ 1049 (A15199 4.12) MeNAIINMITIZI@eInaUasniluszezial 12 dlas
Yy 9 aa < ~ (Y] AR~ 4
ANUNIUYIEITaz 18 1AATTU 520211 12 ¥2 1u9 A1 LD, Ay 0.21 1esidua az

o A 1w s I3 A
52821781 24 ¥2 109 A1 LD, (10D 0.19 t)odidua (01w 4.18)

4.2.2 YMIAvdINNBRE

WAIINMISUFNAUAD NI YINAAIOWUFHIIUTN NTZAUANUANAY 0, 0.05, 0.1,

<3 o o 9’ { a
0.15 g 0.2 L‘].]’E)%L“])'uigi’ L8801 12 1oy 24 GD"JI?JQ Llaglﬂ‘l\lﬂaﬂ\icﬂquW']if;fﬂﬁ MS ﬁl@]llﬁ”lﬁ

[ 1A A

AIVAUNITATYLAD TN NAA 2 HadnTuaoans uay kinetin 4 NadniuAoans 1N001Y

9 Q

v ] ]
a2 J a a A

Y] 4 1 Y [ a dg! v A Y A lda! A A
2 ’ﬁﬂﬂ'l”ﬁ NUNBUAIULTUAULITNULLAAATNAUU ua?;Lmaaﬁmmﬂuumﬂwmmumaumq

= 1

' Y 9 v
LWlIlI'lﬂﬁ‘Ll Tﬂmmaa’dﬁaﬂymmmmuuuu Nﬁlﬂlﬂ?@@ulﬂﬂ%uﬂN'Juf]ﬂlla$i'f)ﬂ@ﬂ"llf]\1
2 1 A dy @ I [ 4 1 v Ao k)
Fuaiu Weomeunaaaunduszer 12 dUad nuIunad@nIUHIANIUNIG LAZAIINED
~ A a o w = Yy 9 2 a
UINNFA AD 1.66 LA 1.83 IFUALUAT A1NATAU ﬂﬂ??ﬂlﬂlmmum@ﬂﬁ’]ﬁﬁgﬁ']ﬂIﬂa‘;]m)'u

- < Y 1 o Ao Y 9
0 L“]J’é)‘i!,“li‘uﬁ 728217301 12 G])"JIIN (@uﬂ’)“ﬂﬂﬂ) FIAIULAATNUVHIAAINUNIN LASANVUINIUDY

]
=

nga ﬁfl 1.11 4ag 1.06 LY UALNAT ATNAIAD ﬁmwmeﬁjwﬁ’ummmiazawiﬂa%@u

Q

- & A 2~ o
0.2 L“]J’é)‘ilcliuﬁ 32921701 24 GI)"JIIN (GﬂiN‘ﬂ 4.13) c?imeuummmwi’w HagANuINIVDLULA[DT

9 % 2 o o w
UBINAUAIUAN 66.87 LA 57.93 wWeosiua muaiay
Jd & d a o v v
4.2.3 !‘IJ?)i!“lﬂ!ﬂﬂ1§!ﬂﬂ£lf‘)ﬂ!!ﬁ$%1uﬁuﬂ®ﬂﬂ®!!ﬂi‘lﬁﬁ

@ ' o J { [
WAIDINMIUFNAUAD DYV IOHUFHIIUTN NIzAUANUTUIY 0, 0.05, 0.1,

sl & 3 o y D
0.15 1188 0.2 1WosIFua sTezal 12 uag 24 GH’JI?N uazmmfmwummiqm MS ﬁmllﬁﬁi

a a A

AIVANMTIIIYAD IO NAA 2 HadnTuAoans ag kinetin 4 odnTuaoans 11001

y
A 9y o~ A o X

o ¢ &L J Y 1 [ &’ 4
4 gilan ﬂmaamsmuumswmu1mi]mﬂanLmaaaw?aﬁ’amum%wwmmwm Tagn1s



59

[

o < o Aa < v9 a s ' A A A 2 @
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4 ) ' aa v W a @ o @ 1 < @ 4
ﬂ1§Nﬁ 4.12 Nﬁ"’llﬂﬂﬂ’ﬂﬂl"llil"llulm%'53ﬂ%L’JaWﬂﬁLL"]fﬁTiﬁ%ﬁWﬂIﬂﬁ‘]ﬁ]ﬂm@@ﬂi1ﬂ1§iﬂﬂ%3ﬂﬂlﬂﬂllﬂaaﬁ L’Uillui]ﬂﬂﬁﬁwwu‘ﬁfﬁmﬁﬂ mﬂﬁmﬂmﬁwﬂuszaznm 12 dilaw

@ a @ 7,
AT INTTOATIA (lﬂﬂﬁl“]ﬂ‘l@‘]) (:ESE)I

91y (Flaw)

2 4 6 8 10 12
Tna%Tu (%) 0 100.000.00 100.00£0.00 100.000.00 100.00£0.00a 100.00:£0.00a 100.000.00a
0.05 100.000.00 100.000.00 98.33£0.00 95.00+5.47b 90.00£8.94b 85.00:£13.78b
0.10 100.00:£0.00 100.00:£0.00 95.00+5.47 85.00+5.47c 76.67+5.16¢ 70.00£0.00c
0.15 100.00£0.00 96.67+5.16 91.67+4.08 78.334.08d 71.67+4.08cd 63.33+5.16d
0.20 100.000.00 93.33+5.16 90.00£0.00 76.67+5.16d 66.67+5.16d 53.33£5.16¢
F-test ns ns ns *% *% *%
szozna (11 Tu9) 12 100.00:£0.00 98.00+4.14 96.00+5.07 88.6710.60 82.67+14.37 77.33+19.07a
2 100.00:£0.00 98.00+4.14 93.33+4.87 85.339.90 79.3312.79 71.33+16.84b
F-test ns ns ns ns ns ok
Tnadsu (%) szoznm (2 1u9)
0 12 100.00:£0.00 100.00:£0.00 100.00+0.00a 100.00:£0.00a 100.00+0.00a 100.00£0.00a
24 100.000.00 100.00£0.00 100.00+0.00a 100.00:£0.00a 100.00+0.00a 100.00£0.00a
0.05 12 100.00:£0.00 100.00:£0.00 100.00+0.00a 100.00£0.00a 96.67+5.77a 96.67+5.77a
24 100.00:£0.00 100.00:£0.00 96.6725.77ab 90.000.00b 83.3325.77b 73.33£5.77b
0.10 12 100.00:£0.00 100.00:£0.00 96.6725.77ab 86.67+5.77bc 76.67£5.7Tbc 70.000.00b
24 100.00:£0.00 100.00:£0.00 93.3325.77ab 83.335.77bed 76.67£5.7Tbc 70.000.00b
0.15 12 100.000.00 96.6725.77 93.3325.77ab 80.000.00d 73.33+5.77cd 66.67£5.77be
24 100.00:£0.00 96.6725.77 90.000.00b 76.67+5.77d 70.00£0.00cd 60.00£0.00cd
0.20 12 100.00£0.00 93.3325.77 90.000.00b 76.67+5.77d 66.67+5.77d 53.33£5.77d
2 100.00:£0.00 93.3325.77 90.000.00b 76.67+5.77d 66.67+5.77d 50.000.00d
F-test ns ns *x *x oK *x
CV% 0.00 3.72 3.34 4.69 5.96 5.49
Uundeiinsnysmdusiaiulunuads Tanuanduiuediisddynadda donfeuiion s Duncan’s New Multiple Test fiszaua iAo 95%
ns lifinnuuandeduiisddynieada =lanuiandseiiaiiioddaimeada

09



61

M5197 4.13 #AveINNMTUTUIAZTZEZIAIMIUTAITAza10 1A TTU VOUUYINAAORUETIIUTNAD
o - a o o o E
AN anwevenaadd nlesidudmsinases Siuuesunada Merasmsiaouily
@ 4
srEzIA 12 d1lam

VIALAa
anuna Anwen  wesiFudamsiia  S1uduges
(3.) (=SE)”  (#1.) (+SE)" 899 (£SE)” upaaa (+SE)”
TnadTu (%) 0 1.5940.08a  1.67+0.17a 86.67+5.16a 2.1340.08a
0.05 1.24+0.05b  1.31+0.13b 60.00+6.32b 1.61+0.07b
0.10 1.2240.06b  1.31+0.16b 51.66+4.08¢ 1.45+0.05¢
0.15 1.16£0.08c  1.13+0.03¢ 45.0045.16¢ 1.30+0.08d
0.20 1.12£0.01c  1.09+0.03¢ 43.00+5.47d 1.20+0.06€
Ftest . ok o .
ST 12 131£0.19a  1.39+0.26a 59.33+17.91a 1.5620.36
#Tu9) 24 1.2240.16b  1.2140.17b 55.33+15.97b 1.5240.32
F-test ok *ok ** ns
Tnadsu (%) FELET N
#1109
0 12 1.66+0.04a  1.83+0.02a 90.00+0.00a 2.20+0.00a
24 1.5240.02b  1.52+0.01b 83.33+5.77a 2.0620.05a
0.05 12 1.2940.01c  1.42+0.01c 63.33+5.77b 1.63+0.05b
24 1.19+0.0ef  1.20+0.09d 56.67+5.77bc 1.60+0.10b
0.10 12 1.28+0.02cd  1.45+0.07bc 53.33+5.77cd 1.4620.05¢
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0.15 12 1.21£0.01de  1.14+0.03de 46.67+5.77¢ 1.30+0.10de
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24 1.11£0.09¢  1.06+0.01f 43.33%5.77¢ 1.20+0.00e
Ftest . . ok .
CV% 2.97 3.13 9.00 4.74
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AUILQYINIAFU M1(SE)" AUILQYINAFU M2 (+SE)"
mmg@ﬁ’u (s63.) Il mquﬁ’u (e6u.) 1uuly
Tna¥TU (%) 0 4.15+0.04 7.1120.11 4.14%0.03 7.05+0.08
0.05 4.14+0.06 7.10£0.08 4.11+0.03 7.10+£0.06
0.10 4.12+0.06 7.10+0.08 4.09+0.02 7.10+0.08
0.15 4.12+0.07 7.15+0.12 4.10+0.02 7.11+£0.09
0.20 4.10£0.09 7.10+£0.08 4.10+0.04 7.10+£0.12
F-test ns ns ns ns
T 12 4.14+0.05 7.11+£0.09 4.10+0.03 7.09+0.10
("]?"JIMQ) 24 4.12+0.07 7.11+£0.09 4.12+0.03 7.09+0.07
F-test ns ns ns ns
Tna¥Tu (%) FZLIN
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0 12 4.15+0.04 7.13+0.15 4.15+0.03 7.06+0.11
24 4.15+0.05 7.10£0.10 4.15+0.04 7.03+0.05
0.05 12 4.17+0.02 7.10£0.10 4.17+0.03 7.13+0.05
24 4.11+0.07 7.10£0.10 4.11+0.05 7.06£0.05
0.10 12 4.13+0.07 7.10+0.10 4.13+0.02 7.06+0.11
24 4.12+0.06 7.10+0.10 4.12+0.03 7.13+0.05
0.15 12 4.11+0.90 7.13+0.11 4.11+0.02 7.10+£0.10
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CV% 1.74 1.60 1.21 1.43
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12 #1109 (F) dunluny Tnaddu 0% 24 1109 (G) Tna®du 0.05% 12 $2Tus (H)
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ﬂ'li'lﬂﬁ 4.15 Waﬂ]ﬂ\iﬂqulﬂ]lﬂ]uuﬁg53ﬂgL'JaqﬂWle”]fﬁqiﬁgﬁWﬂIﬂﬁcmﬁu GlﬂmuqﬂmﬂﬂﬂWﬂiU LUASITUIU

¢ o dan o 2z o ¢
'ﬂa'ﬂijwaqﬁﬂ!ﬂ]mﬂuWﬁﬁWﬂWuﬁ“ﬂleiﬂ ﬂWﬂWﬁQﬂqilﬁﬂ\iﬂjuigﬂglaaj 8 'ﬁﬂﬂﬁ’i

vuainly =SE)” NuIURanls
’
ANUATE (UM) AN (UM) wanatd/thintu
(+SE)"
TAa%BTU (%) 0 23.45+1.79 52.90+6.27 28.33+1.57
0.05 21.76£1.21 54.23+6.77 29.35+1.28
0.10 21.4842.67 46.50+6.76 29.13+1.98
0.15 22.55+0.91 50.81+4.22 27.96£1.29
0.20 23.92+1.33 56.12+6.02 26.934+2.99
F-test ns ns ns
JEYTLIM 12 23.04+1.45 53.13+5.72 29.93+2.32
("]?’JI?JQ) 24 22.22+2.14 55.09+7.18 28.83+1.45
F-test ns ns ns
Tna%sY (%) F2U21701
(#Tn9)
0 12 23.69+0.27 56.17+6.07 27.10£0.55
24 23.21+2.78 55.36+6.83 29.56+1.15
0.05 12 22.15+1.08 50.44+5.79 29.13+1.00
24 21.17+0.97 56.06+7.34 29.56+1.72
0.10 12 21.55+1.62 48.97+2.29 30.36+0.30
24 21.42+3.90 44.0249.53 27.90+2.28
0.15 12 23.13+0.09 53.12+1.95 27.33+1.22
24 21.96+1.02 48.51+4.96 28.60+1.21
0.20 12 24.67+1.33 56.95+9.14 30.73+4.25
24 23.37+0.97 51.50+2.94 28.53+0.83
F-test ns ns ns
CV% 8.00 11.95 6.26
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4 v 9 ! an 1A a @
ﬂ'li'lﬂﬁ 4.16 Waﬂ]ﬂ\iﬂqulﬂ]lﬂ]uuﬁg53ﬂgLjaqﬂWleTﬁqiﬁgﬁWGIﬂﬁcﬁt’ﬁu ﬂ@ﬂilﬂmﬂﬁaiiwﬁalﬂﬂgﬂﬂqﬁ
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~ A ¢da a o ¥ o
5uanaelsiaa (Waansuahmiinaa) (+SE)”

aaolsvladie naolsiladl
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0.05 238.85+21.77 229.98+17.43
0.10 242.92+26.46 237.72+£16.49
0.15 247.31+£20.09 239.24+18.39
0.20 235.33+£28.70 229.32+13.63
F-test ns ns
FTYTIN 12 256.84+9.12a 238.13+15.31
("]?’JI?N) 24 225.35+19.08b 225.33+13.63
F-test *ok ns
TAa%sU (%) F2eLa1
(#2149
0 12 249.98+6.22abc 221.42+4.09
24 233.40+19.09bcd 223.37+18.67
0.05 12 251.19+£5.07abc 221.42+13.60
24 226.56+£26.51cd 230.49+25.04
0.10 12 263.95+13.40a 250.71+9.77
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CV% 6.19 6.64
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Taad@u 0% 12 52 Tu3 (B) Tnad@u 0.05% 12 51114 (C) Tnaddu 0.1% 12 $2Tus (D) Tnadau
0.15% 12 %2104 (E) Tnasdu 0.2% 12 92104 (F) Aualruqu Taaddu 0% 24 #2104 (G)
TAadHu 0.05% 24 52 Tu9 (H) Taaddu 0.1% 24 $2Tu3 (1) Taaddu 0.15% 24 $2109 1oy

() Tna%3u 0.2% 24 $2 114
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AW 4.25 dnyaizuenenyINANUT s naanndedgnilusyezina 11 ddand (A) dunluqu
Tna%3u 0% 12 52113 (B) Tna¥du 0.05% 12 52113 (C) Tna¥u 0.1% 12 %314 (D) TnaFHu
0.15% 12 %2109 (B) TAa¥&u 0.2% 12 52109 (F) duarugy Tnasdu 0% 24 51119 (G)
TAaTTU 0.05% 24 51 Tua (H) Tnaddu 0.1% 24 %21 Tua (1) TAadFu 0.15% 24 41 Tug

) TAaFesu 0.2% 24 91 104 tag (K),(L) Ina%Fu 0.05% 12 5319



a o aa o ) o dan & o ¢
MINN 4.17 LLﬁﬂ\i@@ﬁTﬂ"ﬁiflﬂG]ﬂﬁWE'N"lnﬂfﬂﬂﬂgﬂl‘]Jinl]lﬂﬁﬁ"lﬂWH‘le]ﬁL‘Ujﬂ LIIUﬁﬁUSﬁL']aW 7 ﬁﬂﬂTVi

@ a J @ 7,
ATINITTOATIA (l‘]Ji'DiL“]ILlG]) (:ESE)I

91y (F1law)

1 2 3 4 5 6 7
Tna%su (%) 0 85.00+26.67 82.50+33.49 80.00+33.49 80.00+33.49 80.00+33.49 80.00+33.49 80.00+33.49
0.05 92.50+33.49 92.50+33.49 92.50+36.16 92.50+36.16 92.50+36.16 92.50+36.16 92.50+36.16
0.10 87.50+26.67 85.00+30.38 82.50+33.49 82.50+33.49 82.50+33.49 82.50+33.49 82.50+33.49
0.15 87.50+36.16 85.00+36.16 85.00+£36.16 85.00+36.16 85.00+£36.16 85.00+£36.16 85.00+36.16
0.20 90.00+36.16 90.00+36.16 90.00+36.16 90.00+36.16 90.00+36.16 90.00+36.16 90.00+36.16
F-test ns ns ns ns ns ns ns
JTYLIM (‘ﬁﬂm) 12 89.00+32.65 89.00+34.87 89.00+35.88 89.00+35.88 89.00+35.88 89.00+35.88 89.00+35.88
24 88.00+31.44 85.00+32.65 83.00£33.79 83.00+17.14 83.00£17.14 83.00£17.14 83.00£17.14
F-test ns ns ns ns ns ns ns
Tna%au (%) szoznm (2 11u9)
0 12 90.00+30.77 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63
24 95.00+22.36 90.00+30.77 90.00+30.77 90.00+30.77 90.00+30.77 90.00+30.77 90.00+30.77
0.05 12 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63
24 90.00+30.77 90.00+30.77 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63
0.10 12 95.00+22.36 90.00+30.77 85.00+30.77 85.00+30.77 85.00+30.77 85.00+30.77 85.00+30.77
24 90.00+30.77 90.00+30.77 90.00+36.63 90.00+36.63 90.00+36.63 90.00+36.63 90.00+36.63
0.15 12 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63
24 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63
0.20 12 95.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63
24 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63 85.00+36.63
F-test ns ns ns ns ns ns ns
CV% 36.70 39.20 40.63 40.63 40.63 40.63 40.63
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M3199 4.18 LAAIAINGN uuly wuaen LLZ‘W‘U‘LHWU’EN@?Jﬂlﬂigﬂﬂ?ﬁﬁ"lﬂwu}g%dﬁlﬂiﬂ ‘Hﬁ\ﬁﬂﬂéj"lﬂ

Ugnifluszozing 7 dland

Aanugedu (wu)  swouly 1UIUADN VUIAUDIADN
(+SE)" (+SE)" (+SE)" (¥3.) (+SE)"
TAa%BTU (%) 0 25.60+13.51 15.62+7.19 9.27+3.51 2.05+0.72
0.05 28.20+14.53 17.82+7.90 10.15+£2.83 2.3840.84
0.10 27.22+13.33 16.42+7.20 10.15+£3.21 2.11+0.77
0.15 29.14+12.96 18.20+7.89 10.3242.36 2.10+£0.93
0.20 28.50+11.49 19.5247.30 9.57+1.87 2.224+0.94
F-test ns ns ns ns
JezIM 12 29.10+13.74 17.80+7.73 9.78+2.48 2.25+0.84
#1109 24 26.36+12.60 17.24+7.15 9.67+3.10 2.09+0.84
F-test ns ns ns ns
Tnadsu (%) FZLIN
(#2119
0 12 31.40+15.09 19.65+7.46 10.90+3.15 1.88+0.78
24 26.00£11.52 19.40+7.33 9.20+3.65 2.00+£0.92
0.05 12 27.85+14.71 17.55+7.33 9.95+2.37 2.49+0.75
24 28.54+14.69 18.10+8.57 10.35+3.30 2.26+0.94
0.10 12 26.39+14.67 16.45+8.24 10.70+3.24 2.08+0.87
24 28.06+12.19 16.40+6.18 9.60+3.26 2.01+0.54
0.15 12 28.88+13.17 17.70+8.29 9.75+0.86 2.01+£0.93
24 29.40+13.09 18.70+7.61 9.85+2.51 2.10+0.96
0.20 12 31.01+11.75 17.90+8.11 9.30+0.88 2.25+0.94
24 25.58+11.73 13.35+6.34 7.65+3.44 2.20+0.97
F-test ns ns ns ns
CV% 47.14 42.55 28.17 38.86
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ﬂ1§Nﬁ 4.19 NWUENﬂ’N‘LIL"Uilsllulmg'53EJ%L’mWﬂﬁLL"]fﬁTiﬁ%ﬁ?ﬂiﬂﬁ‘]ﬁh‘uﬁﬂﬂﬂi1ﬂ1§iﬂﬂ%’«]ﬂﬂlﬂ\ulﬂaaﬁmﬂﬁ]MWﬁﬁWﬂWH‘ljlmum@i mwmﬂmé’wﬂusgaznm

12 dlansd

@ a @ 7,
AT INITTOATIA (lﬂﬂﬁl“]ﬂ‘l@‘]) (:ESE)I

91y (F1law)

2 4 6 8 10 12
Tra%au (%) 0 100.00+0.00 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a
0.05 100.00+0.00 100.00+0.00a 98.33+0.00a 95.00+5.47b 90.00+8.94b 85.00+13.78b
0.10 100.00+0.00 96.67+5.16ab 91.67+4.08b 81.67+4.08¢ 75.00+£5.47¢ 70.00+0.00¢
0.15 100.00+0.00 96.67+5.16ab 11.67+4.08¢ 78.33+4.08cd 71.67+4.08cd 63.33+5.16d
0.20 100.00+0.00 93.33+5.16b 90.00+0.00b 76.67+5.16d 6667+5.16d 51.67+4.08¢
F-test ns ok sk sk sk ok
JEyzIM ("]?’JILN) 12 100.00+0.00 97.33+4.57 96.00+5.07a 88.00£10.82a 82.67+14.37a 77.33£19.07a
24 100.00+0.00 97.33+4.57 93.33+4.87b 84.67+9.90b 78.67+13.02b 70.67+17.51b
F-test ns ns * * * **
Tnadsu (%) szoznm (2 1u9)
0 12 100.00+0.00 100.00+0.00 100.00£0.00a 100.00£0.00a 100.00+0.00a 100.00+0.00a
24 100.00+0.00 100.00+0.00 100.00£0.00a 100.00£0.00a 100.00+0.00a 100.00+0.00a
0.05 12 100.00+0.00 100.00+0.00 100.00£0.00a 100.00£0.00a 96.67+5.77a 96.67+£5.77a
24 100.00+0.00 100.00+0.00 96.67+5.77ab 90.00+0.00b 83.33+5.77b 73.33+£5.77b
0.10 12 100.00+0.00 96.67+5.77 96.67+5.77ab 83.33+5.77¢ 76.67+5.77bc 70.00+£0.00b
24 100.00+0.00 96.67+5.77 90.00+0.00¢ 80.00+0.00c 73.33+5.77cd 70.00+£0.00b
0.15 12 100.00+0.00 96.67+5.77 93.33+5.77bc 80.00-£0.00¢ 73.33+0.00cd 66.67+£5.77b
24 100.00+0.00 96.67+5.77 90.00+0.00¢ 76.67+£5.77¢ 70.00+£5.77¢cd 60.00+0.00c
0.20 12 100.00+0.00 93.33+5.77 90.00+0.00¢ 76.67+5.77¢ 66.67+£5.77d 53.33+£5.77d
24 100.00+0.00 93.33+£5.77 90.00£0.00c 76.67+£5.77¢ 66.67+£5.77d 50.00+0.00d
F-test ns ns *k *k *x *k
CV% 0.00 4.59 334 4.22 5.98 493
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4 ' aa o ¢ P
ﬂ1§1\‘]ﬁ 4.20 WE‘VUf‘)\iﬂ'ﬂﬂ!fﬁ}llﬁﬁ}uuagﬁ5383!,'1%1TﬂWﬂL”]fﬁﬁ'agﬁTﬂTﬂa‘]f"b'u VOUUYIWIATIYIWUTLUAULINDIAD

o s a ° o o 2 g
ﬂ'J'IIan?}N ANNENVOLAAAE 1oTIFUANTINATEA INUIUTBA/LABEE NIIHAINTIaeT)Y

o L4
srazal 12 dlav

VUIRLAARE (=SE)”

anunt anwen  wedifudmsina  Swduees/
(3.) (53.) #99 (£SE)” upaaa (+SE)”
Tna¥xu (%) 0 1.58+0.08a 1.61+0.15a 76.67+10.32a 2.11+0.07a
0.05 1.21+0.09b 1.30+0.13b 60.00+£6.32b 1.61+0.07b
0.10 1.20+0.08b 1.30+0.16b 51.67+4.08¢c 1.45+0.05¢
0.15 1.0940.04c  1.1240.02¢ 45.00+5.47¢ 1.30+0.08d
0.20 1.1140.01c  1.09£0.03¢ 45.005.47¢ 1.2120.07d
F-test s s a s
52T 12 12940202 1.37+0.24a 58.67+15.05a 1.55+0.35
@ Tu9) 24 1.19£0.17b  1.2020.13b  52.670+11.62b 1.5240.31
F-test *k *k ok ns
Tnadsu (%) FELET N
#1109
0 12 1.6540.05a  1.74+0.04a 83.33+5.77a 2.1620.05a
24 1.51+0.01b 1.48+0.05b 70.00+£10.00b 2.0620.05a
0.05 12 1.28+0.01c 1.41+0.01b 63.33+5.77bc 1.63+0.05b
24 1.14£0.08d  1.19+0.09¢ 56.67+5.77cd 1.60+0.10b
0.10 12 12840.02c  1.44£0.08c  53.33%5.77cde 1.4620.05¢
24 1.1240.02d  1.16£0.01¢ 50.000.00de 1.4320.05¢d
0.15 12 1.16£0.01d  1.13+0.03cd  46.67+5.77de 1.30+0.10de
24 1.1120.01d  1.1120.01cd 43.3345.77¢ 1.30+0.10de
0.20 12 1.1240.01d  1.1120.0lcd  46.67+5.77de 1.2320.05¢
24 1.07+0.06e 1.06+0.01d 40.33+£5.77¢ 1.20+0.10e
F-test s s s x
CV% 325 3.80 10.87 5.02
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MW 4.27 AU uINARURLALNDI U M1 #lgsumsazarelnasau 12 52119 (A)-(E) tag 24 42134
(F)-(K) Tuanwilaoadeiiamuuoins Ms Huszezina 4 dlan (A) Aunuaun Tnadsu
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1 2 3 4 5 6 7
Tnadsu (%) 0 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
0.05 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
0.10 100.00+0.00 100.000.00 95.00+26.67 97.50+26.67 97.50+26.67 97.50+26.67 97.50+26.67
0.15 100.00+0.00 100.000.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
0.20 100.00+0.00 100.000.00 97.50+15.81 97.50+26.67 97.50+26.67 97.50+26.67 97.50+26.67
F-test ns ns ns ns ns ns ns
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F-test ns ns ns ns ns ns ns
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0.15 12 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
24 100.0040.00 100.0040.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
0.20 12 100.0040.00 100.0040.00 95.00+22.36 95.00+22.36 95.00+22.36 95.00+22.36 95.00+22.36
24 100.0040.00 100.0040.00 100.00+0.00 90.00+30.77 90.00+30.77 90.00+30.77 90.00+30.77
F-test ns ns ns ns ns ns ns
CV% 0.00 0.00 14.23 17.54 17.54 17.54 17.54
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TnasFu (%) 0 26.48+137  19.82+0.90 8.67+0.85 2.01+0.59
0.05 24.40+2.21 19.72+0.75 8.22+1.02 2.07+0.11
0.10 24.17+6.97 18.55+5.40 7.97+2.40 2.01+0.58
0.15 26.40+1.02 19.85+0.83 8.45+0.78 2.04+0.09
0.20 24.63+7.03 18.62+5.14 8.00+2.43 2.06+0.12
F-test ns ns ns ns
JTYTLINN 12 25.13+4.75 19.19+3.50 8.78+1.70 2.04+0.37
(%I’JIMQ) 24 25.30+4.68 19.06+3.51 8.67+1.67 2.03+0.38
F-test ns ns ns ns
Tna%sY (%) F2eza1
(#2119
0 12 26.61+1.57 19.75+0.91 8.65+0.67 2.02+0.48
24 26.73£1.17 19.92+0.91 8.70+1.03 2.00+0.68
0.05 12 26.16+£2.41 19.70+0.73 7.80+1.05 2.07+0.11
24 26.24+2.06 19.75+0.78 8.65+0.81 2.06+0.11
0.10 12 23.10+8.09 18.10+6.22 7.70£2.77 2.02+0.48
24 24.1945.80 19.00+4.56 8.20+2.09 2.01+£0.48
0.15 12 25.38+0.84 19.80+0.89 8.55+0.75 2.06+0.09
24 25.66+1.18 19.90+4.55 8.35+0.81 2.03+0.10
0.20 12 24.63+5.93 19.10+4.55 8.30+2.07 2.06+0.09
24 23.46+8.09 18.15+6.25 7.75+2.71 2.06+0.12
F-test ns ns ns ns
CV% 18.38 18.06 28.17 38.86
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1.1 m‘5m’§smmm‘sawméamﬁm?}aﬁmgm MS (Murashige and Skoog. 1962)
1.1.1 M3§383 stock solution GIJ’EN’E]WWW?LWWL%ENL%E)@@
A5IATEN stock solution mmmwmwwL'gﬂuf’:m%gm MS TaetasouaIUUD
Macroelements (MS1-MS5) 15 Tiamiduda 10 11 vesnnusuduiidesmsls nazdu

VY04 Microelements (MS6-MS8) 141A MUY 100 (M1 AIA15 198 THAN

MS RREIGHY AN anudutuves | Ysuasves
(mg/L) stock solution (g/L) | stock solution
Macroelements (100 L‘Vh)
MS1 NH4NO3 1,650.00 16.50 100 Haaans
MS2 KNO3 1,900.00 19.00 100 Uadans
MS3 CaCI2-2H20 450.00 4.50 100 Haaans
MS4 MgS04-7H20 370.00 3.70 100 Yaaans
MS5 KH2PO4 170.00 1.70 100 Uadans
Microelements (10 191)
MS6 ZnS04-5H20 86.00 8.60 10 aaang
MnS04-4H20 22.30 2.23
H3BO3 6.20 0.62
KI 0.83 0.083
Na2MoO4-2H20 0.25 0.025
cuSO4-5H20 0.025 0.0025
Cocl2-6H20 0.025 0.0025
Microelements (10 L‘Vh) 10 oaansg
MS7 Na2EDTA-2H20 37.30 3.73
FeSO4-7H20 27.85 2.785
Organic (10 L‘Vh) 10 oaansg
nutrients Myo-inositol 100.00 10.00
MS8 Nicotinic acid 0.50 0.05
Pyridoxine-HCl 0.50 0.05
Thiamine-HC1 0.10 0.01
Glycine 2.00 0.20
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1.2 mawsantivlivied CTAB US3nas 1,000 1ada#3 (Doyle and Doyle. 1987)

1M Tris buffer pH 8.0 100 Haaans
5M Nacl 280 Janans
0.5M EDTA 40 Haaans

CTAB (Cetyl Trimethyl Ammonium Bromide) 20 N3
azangaunaunanualuindulSuas 1,000 Jaaans Weazrinivimes 1) 1¥ada
DNA 1#1@ 015 polyvinypyrrolidone M2a Tutana 40,000 (PVP-40) 4 TN 1Az a3

B-mercaptoethanol 500 14 Tasans Aodsmasansazaetivimles 100 iadans (wisuneuld)

1.3 Msm3aNa1sazaie TE (Tris-EDTA) buffer
10mM Tris-HCI pH 8.0 1,000 luTnsans

ImM EDTA pH 8.0 100 luTnsans

a o a

Y v v ' 4 1
neruansazate ldidinunazdSulsmasdrerhngu so Haaaas i luiainse Ngumngi

QU

~ o 7 2 g A g A ay
121 93FUK ALY ANUAY 15 ‘]JE]‘IMG]E)GHiNH’J L‘]J‘LlL’JEﬂ 15 4N NUNYUNHUND

U

1.4 M3m3sNasazaie TAE (Tris acetate EDTA) buffer

1.4.1 MIm3suaIsazae 50x TAE buffer 1511035 1,000 Jaaans

Tris-base 242 N5U

Acetic acid 57.1 Haaans
0.5M EDTA pH 8.0 100 Haadns
hndu 700 Uaaans

nauasazate linunazlsulSuiasvesaisazarsliasy 1,000 Tadans doe

v Y
[

?:' o & T A A Aa = o 0 g I

inaw i lllinreigungll 121 essimaiiod anway 15 Youdaeaisain Wunal
< ' o @

15 U (Acetic acid) Hunsaudu asldagalionunsa uazwsouneludganiu

1.4.2 M3A38Na15aLa18 0.5x TAE buffer 151195 1,000 4adans

Qlldllgy

(S a aa 1
AN@15a20818 50x TAE buffer U511015 10 Yaaans L%@%Nﬁ”mmﬂaummwaum

= a aa ] Y Y o 3 A a 9
MWNTag 1,000 Waaaas wen lnnu INUNYUN YUY
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1.5 M3te383 Ethidium bromide Aududy 0.5 Tulasniudoiiadans

[

Ethidium bromide 0.5 N3y
UINau 1,000 Haaans

¥ @ A Aaa <
a¥a18 Ethidium bromide 11411081 1,000 Hadans 1ddu nuasazarsluvia

Y . g . <3 ' < 1
uAIAVUA (Ethidium bromide 1Huesnouzi5e aslageiiolumsiaseon)
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U araie

e

UNAIIITT 0gd1Iny
15 NINGIAN W.f.2534
31/3 Mg 3 MUAVNNTLI BUNOUAITEAT TarIauATIgH
73120
) =2 @ A a v A

N.A. 2556 ﬁ'llﬁﬁ]ﬂTSﬁﬂBTi%ﬂUﬂ%ﬂJﬂuﬂﬁifﬂlEl"lﬁWﬁG]ﬁJiLl"Vm

a = = v =
AUNNYAIU Auzma Tu lagnainyas donfumalulad
WIZIDUNAUAUNTITAIANTZI 10520

@ J < a 9 s
uuauuauumnquﬂﬂmmﬂmaﬁmumﬂiuiaﬂmm‘wmym
o W o o a K aov 9 a 4 =S
TIUNNANUIUMNAANE L!ﬁ$'J%fJﬂ']u'J“VIfJ']ﬁ"Iﬁ@']ﬁl!aZW]ﬂIujﬁﬂ
ANINNUANZNTTUMIYANANY NTZNTNANBITMST (AG-
BIO/PERDO-CHE)
Yoosumran, V., Ruamrungsri, S., Duangkongsan, W. and Saetiew
K. Induced Mutation of Dendranthemum grandiflora through
Tissue Culture by Ethyl Methanesulphonate (EMS). International

Journal of Agricultural Technology 2018 14(1): 73-82.



