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Kamontip Sungkaew 2015: Polyploid Induction in /n vitro Lindernia sp. Using
Colchicine Tablets. Master of Science (Horticulture), Major Field: Horticulture,
Department of Horticulture. Thesis Advisor: Associate Professor

Thunya Taychasinpitak, M.S. 84 pages.

The purpose of this research was to study the effects of colchicines tablet solution on
Lindernia section that could induce polyploidy in vitro. Nodes and leaves were cut and soaked
in different concentrations of colchicines solution 0 5 10 15 and 20 ppm for 1 2 and 3 days. It
was found that survival rate, plant height, internode length, number of roots and root length
were decreased; but stem thickness, root thickness, leaves width and leaves length were
increased but polyploidy induction rate was decreased when colchicine concentration and
treatment duration were increased. The frequency of polyploidy induction was higher in node
sections than in leaf sections and the plants regenerated from node sections were also stronger
and had a higher survival rate when transplanted than those regenerated from leaf sections.
Morphological characteristics of diploid and polyploidy after transplanting were compared. It
was found that the plant height, internode length, stem thickness, leaves size, leaves thickness
and flower size of polyploid plants of Lindernia sp. were increased when compared with diploid
plants. Flow cytometric analysis showed that the nuclear DNA of putative polyploidy Lindernia
plants were doubled and quadrupled relative to that of control diploid plants. Shows that the
putative polyploidy Lindernia plants were tetraploid and octaploid plants, respectively. It was
found that the Lindernia plants which were treated all concentration colchicine and duration
induce tetraploid plants and the treatment group exposed to colchicine at the concentration of 10
ppm for 1 and 3 days induce octaploid plant 2 and 1 clones, respectively. Cytological
characteristics of diploid tetraploid and octaploid plants were compared. It was found that the
length stomata and pollen sizes of tetraploid and octaploid plants were larger than doubled of

diploid plants and stomata density were lower than tripled of diploid plants.
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= Jd YV %
NINUUA ANUGIAU (FN.) anuenIlaes (wa.)

) Ty ) Ty

A: ANUTNIHYDIAIIAATTY (ppm)

0 3.69+0.36"" 4.45+0.68° 1.15+0.14° 1.3240.16°
5 3.29+0.43° 3.6140.70" 0.8740.18" 0.8640.25"
10 3.64+0.83" 4.27+1.01% 0.88+0.18" 0.97+0.20"
15 3.86+0.52° 3.99+0.54" 0.99+0.21" 0.96+0.18"
20 3.6140.66° 3.95+0.99" 0.99+0.21" 0.96+0.22°
F'test Kk Kk kk kk

B: szaizia) ()

1 3.39+0.52" 3.77+0.65" 0.88+0.17" 0.93+0.27"
2 3.7540.42° 4.14+0.84° 0.97+0.16° 1.0740.20°
3 3.7340.77° 4.25+0.96" 1.080.24° 1.04+0.27°
F'test k% k% sk kk
A X B kk kk skk sk
C: Fuaivy 3.6240.61° 4.05+0.85" 0.98+0.21" 1.01£0.26°
F-test *k *ox
A X C * kk
BxC ns *k
AxBxC wox *
C.V. (%) 20.05 24.00
HINENTA) * Sanuanaasunisadansedunnniesiy o5 nledifud
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= ' ) Aaa A 4 s 3 P
#* PANUUANA NN UNNADANTLAUANUFDNUY 99 18T IFUA
ns JTANUUANANNWADA
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a v Y a a Ay v 2 ) v Y Yo
M319N 4 mmqmazmm&n’;ﬂaawamuaummuamllmnﬂ%umummmﬂu Waﬂllﬂiﬁﬁ"li

1
Taadau 60 Ju maldanmiasaye

ANV SzEz ANNGIAY (IBURINNT) ANNeMYARI (1B UAINNAT)
vosmslna- (1) Fuawiy Fuawii
FHU (ppm) 0 Tu ) Ty
0 1 3.56£0.46™""  4.58+0.61°  1.08+0.17°"  1.37+0.21°
2 3.80£0.30°"  3.81£0.40°  1.13x0.09®  1.31x0.13°
3 3.7240.28°  4.95:047°  1.24+0.11° 1.26+0.12"
5 1 3.08+0.52" 3.20+0.55" 0.84+0.14"  0.70+0.11°
2 3.3240.39"  3.61£0.51"  0.83£0.19°  0.91+0.20™
3 3.48£0.30™  4.00£0.81°  0.95+0.20""  0.97+0.31™“
10 1 3.3740.40"  3.51£0.29"  0.79+0.07°  0.83+0.16"
2 3.8240.37°  5.25+¢1.12°  0.96+0.11°"  1.1340.14°
3 374130 4.05£0.41%°  0.89£0.27"  0.96+0.19™“
15 1 3.5040.64™  3.76£0.52"  0.79+0.12"  0.88+0.14"
2 4.12+0.37° 4.09+0.37°  1.00£0.13°“  0.95+£0.09"
3 3.96£0.32%  4.13£0.66°  1.20£0.12%  1.06+0.23"
20 1 3.4540.50™  3.78+0.33"  0.88+0.12"°  0.88+0.11™
2 3.66£0.29™"  3.94+0.43%  0.95+0.14°'  1.04+0.16""
3 3.7340.99™  4.13+1.67° 1144026  0.95+0.33™
F-test . . . .
C.V. (%) 16.85 20.99 21.43 25.74
HIENTA) #* fanuuanaesunatanszauaFesu 99 nlodifud
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Tasues Taasau 60 7u meldamnilaoao

~ 4 v
NINUUA anunNaly (wu.) ANNENIY (w.)

) T ) Ty

A: ANUTNIHYDIAIIAATTY (ppm)

0 0.23+0.03""* 0.2240.02° 0.53+0.07° 0.53+0.08°
5 0.41£0.05 0.46+0.12° 0.67+0.12° 0.62+0.13"
10 0.39+0.08" 0.43+0.10° 0.70+0.41° 0.70+0.13°
15 0.42+0.06° 0.43+0.09" 0.68+0.09" 0.69+0.10°
20 0.40+0.07" 0.44+0.10" 0.67+0.10" 0.7120.12°
F'test Kk Kk kk ks

B: szaizia) ()

1 0.38+0.09" 0.4120.12 0.65+0.12 0.63£0.13"
2 0.380.09" 0.40+0.12 0.62+0.10 0.64+0.11"
3 0.35+0.11° 0.38+0.14 0.68+0.33 0.68+0.15"
F-test * ns ns *
AXB kk kk *k k%
C: Fudruity 0.37+0.09" 0.4020.13" 0.65+0.21 0.65+0.13
F-test o ns
AxC ns ns
BxC ns ns
AxBxC ns ns
C.V. (%) 28.95 26.15
HINETiA) * fanuuanaaunsadanszduniniesiy o5 nlodifud
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a v Y a a Ay v 2 9 v ] Yo
139N 6 mmn’muazmmEmTu611ENmuaummuam"lﬂmﬂ%umumaLmﬂu ‘Viﬁ\ivlﬂiﬂﬁﬁ

1
Taadau 60 Ju maldanmiasaye

ANNUNTY  szezna anunIly (suRmns) ANNENIY (BUANAT)
voimslna%d () Fuanii Fuawii
AU (ppm) Yo ly ) ly
0 1 0.24+0.03"%  0.22+0.02" 0.49+0.04° 0.48+0.05"
2 0.23+0.03" 0.22+0.02° 0.53£0.67"  0.53£0.07"
3 0.21+0.02° 0.23+0.02" 0.58+0.08° 0.58+0.08™
5 1 0.40+0.06°  0.46£0.05°  0.63+0.07™  0.54+0.06"
2 0.4240.05°°  047+0.07°  0.6740.13"™"  0.69+0.07“
3 0.4140.06°  0.44+0.20°  0.71%0.13""  0.62£0.17"
10 1 0.3940.04'  0.43+£0.09°  0.65+0.10"°  0.87+0.11°
2 0.3740.05°  0.46+£0.14°  0.6120.08"  0.66+0.13“
3 0.4140.12°°  0.41£0.06°  0.84+0.70°  0.76:£0.12°
15 1 0.45+0.03¢ 0.46£0.12°  0.74+0.08  0.710.11%
2 0.4240.05"°  0.42+0.05°  0.64+0.04"™  0.64+0.07"
3 0.39+£0.08"  0.41£0.08°  0.64+0.09"™  0.72+0.12“
20 1 0.43+0.06°  0.47+0.05°  0.74+0.11°  0.75+0.09°
2 0.44+0.05°  0.43£0.07°  0.66+0.09"™  0.70+0.10“
3 0.3440.07°  0.42+0.15°  0.62+0.08"™  0.70+0.16“
F-test o o o .
C.V. (%) 24.32 32.50 3231 20.00
HINETIA) #* fanuuaneeiuneafafsz iAoy 99 lodifud
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WeonSeueuaunae 1ae3s Duncan’s New Multiple Range Test (DMRT)
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Tasues Taasau 60 7u meldamnilaoao

d °
NINAUUA VIHIUIN ANNYIITIN (HBN.)

) Ty ) Ty

A: ANUTNIHYDIAIIAATTY (ppm)

0 23.25+4.91°" 26.35+4.15" 2.5340.35° 2.41+031"
5 12.20+2.59° 13.0443.65" 1.73+0.28° 2.10+0.45"
10 12.46+3.69" 12.97+2.90° 1.8620..47% 2.19+0.28"
15 13.85+2.30" 12.4242.48" 1.97+0.29" 2.15+0.30"
20 12.6142.67% 11.66+3.34° 1.86+0.38" 2.19+0.41°
F'test Kk kk kk kk

B: szaizia) ()

1 14.05+4.16" 14.61+5.59" 1.92+0.37" 2.1340.33"
2 14.36+4.02°" 14.66+5.37" 1.92+0.40" 2.23+0.29®
3 16.22+7.21° 16.5948.05" 2.11£0.55" 2.27+0.45"
F_test k% kk sk *
A X B kk kk skk sk
C: Fuaivy 14.8845.39 15.29+6.48 1.994+0.45" 2214037
F-test ns *k
A X C skk kk
BxC ns ns
AxBxC ns ok
C.V. (%) 39.52 20.48
HINETiA) * fanuuanaaunsadanszduniniesiy o5 nlodifud
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a o Y a a Ay v 2 ) v Y Yo
MINN 8 mmmmuazmmm’siwﬂmamuaumamaﬂﬂmﬂ%uﬁ’mmauaﬂu waﬁmu

1
a3 Inasdu 60 Su meldanniasayo

mmss{f:n%’u IzaTIA %0114!7]1!’51ﬂ (310) AITNYIIIN (wuﬁmm)
vomslna%d () Fuanii Fuaiy
AU (ppm) Yo Ty ) Ty
0 1 20.3042.75"% 24.7122.36°  2.29+0.17%  2.41+0.39"
2 21.17¢1.98"  23.8242.58°  2.38+0.23°  2.33+0.28™
3 28.28+4.84°  30.51+£3.73"  2.9040.28"  2.49+0.23°
5 1 11.6142.87°  13.15£2.22°  1.59+0.27° 1.91+0.26"
2 11.15¢1.78"  11.5442.38" 1712023 2.1740.29"™
3 13.8342.36"  14.42+521°  1.87+027""  2.2240.66™
10 1 12.2243.24™  12.4242.19"  1.76£0.25"  2.02+0.22"
2 12.24+1.90™  13.26+4.01"  1.59+0.33"  2.34+0.34™
3 12.9245.37"  13.24+2.33°  221+0.56™  2.21+0.18"
15 1 12.86+2.43™  12.22+1.80"  2.03+0.42*"  2.05+0.30"
2 14.6241.54°  12.62+2.62°  1.94+0.17°°  2.18+0.28"
3 14.0742.60°  12.37+#3.06°  1.93+0.23"°  2.2240.33"
20 1 13.2442.35"™  10.5342.47°  1.93£0.28""  2.23+0.25"™"
2 12.60+1.88"  12.04+1.83°  1.99+0.47°°  2.1240.25"
3 12.0143.58™  12.40+4.90"  1.67+0.31°  2.21+0.62""
F_test skk kk kk kk
C.V. (%) 36.25 42.38 22.61 16.74
HINETIA) #* fanuuaneeiuneafafsz iAoy 99 lodifud

yoro o d oA
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WeonSeueuaunae 1ae3s Duncan’s New Multiple Range Test (DMRT)
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d' @ Y a ~ @ Yo aa A Yy 9 o
MNN 6 ANVAULIINVDIAUAUIADITIE HAI91N 1A UET IAAFFUNANUTUIU 5 TzaD
(M li'ldsuans Inaddu (yanunu) @) 185uens Ina%du 5 ppm
@ 185vens Ina%du 10 ppm @ 185vensTna®du 15 ppm

Yo aa
@) 18513 1na%¥su 20 ppm
A a = s 9y a =Y
1.3 Audvesmsina Inanaseavesduauaeiile

A a a s Y Ay Y L ) v Y Yo
ANudveIMINA Inanassavesaui lannsuaiuvenazlunda lasuaislaa
FFUNTLAVANUANTUUAL TZ o2 TUMTUFETUANAIN Y WU ANVTUTUVDIENT 1AAT
a ] Qsl 1 1 { a L 1 1
Fu 5282921 T UMTUFET LASFUAIUNYADANNDVRINIIAA ITNANADIANANVUANAIIDE1
v o @ aa % o a 4 4
tiedry Taensldas laagsunnanududuamisasnildina Indnases 1a uaziile
3 ' § 1 @ o
ANuNTUYImsazateg Iy szezna Tumsusuuiy dwwaldanuamisalumsdmi
a 4 { aa I o
TinaTnanaseaanad (M3199 9) Taganudutuvesas1aa¥sy 10 ppm Hunar 1 Ju
! v ) v o qYa Y A 7o Yy a g 4 a
dana liruaiudeansosnmihldmaduIndnaseadiuiu 43 du aadluanudvesmsina
s S 3 P v o a o {
Twawasen 10.70 nlosikud Feamnsadmiliina Tndnased ldgeiiga uazsesasuniy
Yy 9 aa I [ I o I o
[WNTUY0IE13 InasFu 5 ppm tTunar 1 3 20 ppm 1Tuna 1 34 vag 15 ppm funar 1 4

v o q¥Ya Y = o £ o v a g A
fmm*aﬂfﬂuﬂmﬂﬂ@uiwawaaﬂmmau 34 33 1Y 26 AU AUAAU ﬂmﬂummammms
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v o qYa a s P 4 o w o o 2

¥ lviina Inanased 846 821 uaz 6.47 1WeIFuUa Mua1ay azdmsuruaIuvesly

1 aa I 19 o o a o
WU 915 1AATFUANVTUIY 15 ppm Hunar 1 3w awsednih liinadu Indwased la

° Yy a o P a = s P-4 A A
gagasnu 17 au aatluanudvesmsina Inanaosa 4.23 Wleosidua (m131399 10) uazilio
= 1 Qy 1 9 1 9}@91 1 9 (% o Y a =
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ANUAINTUVBIANT IAAFFULASFUAIUNY UBNTNAABOATINTIBAFINKAIeNgn Tagdn

dyy R y a /3o aa A e
Tuganruguin ldnnsuaiudeuas lulinlesiduanisseadiamasgaga 100 1esisud diu
9 A Yo Aa A Y Y = 1 v A J I o
aunlasums Taasgunanududurazszoznar lumsusiuanaieny Julesisudmsson
Aaa [ 9 A a Qs’ 1 Y A o aa a
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m‘snﬁ 9 amwamewumu‘ﬁ% ﬂ]WNL%N"ITH“U’ENﬁﬁIﬂEI‘D’%H uazizﬂznaﬂumm%mma

=~ a A s a ~ R aa o Y
ﬂ:nllﬂel]@qfnjlﬂ@Twawa@ﬂﬂm@\iaul@@luﬂ Waql1§15Uﬁ15Tﬂaﬂfcﬁu 60 U ﬂ181@

2
anniasare
= d o Y = d d‘ a S d
NININUA uauInanasan ANNDVRINMIIDAINANADYA
) u ) lu

Yy Y an
A: ﬂ’ﬂNWNﬂmﬂlﬂﬁﬁ]ﬁiﬂa‘U%‘l—! (ppm)

0 0.00+0.00"" 0.00+0.00" 0.0040.00" 0.00£0.00"
5 23.33+11.59° 10.67+4.16" 5.81+2.88" 2.65+1.04°
10 22.00+18.19" 8.67+2.52° 5.47+4.53" 2.16+0.63"
15 21.33+4.16" 14.00+3.00° 4.56+1.87" 3.48+0.75"
20 22.00+11.00° 12.00+5.20" 5.47+2.74" 2.98+1.29°
F-test * * * *
B: szazia (W)
1 27.20+16.36 11.40+6.73 6.7744.07" 2.84+1.67
2 15.40+9.89 10.006.04 3.83+2.46" 2.49+1.50
3 10.60+7.09 5.80+3.90 2.19+1.23" 1.44+0.97
F-test ns ns * ns
C: FUTIUNY
17.73+13.07" 9.07+5.81" 42743.28" 2.25+1.45"
F-test * *k
C.V. (%) 81.12 82.51
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ns 1NUANUUANANNWADA
v A 1A
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WenlSeueuanae 1ae3s Duncan’s New Multiple Range Test (DMRT)



d‘ A a = s 2 1 9 a = [ Yo
M1319N 10 AMUDUBINTINA InanasgannFudIutouas luvesauaeiily waqmﬂ"lmu

aa d' Yy 9 d' 1 %
13 InasFunaNuINTUILaE ST eI NANANNY

ANdatuves STz UM ANAEvRINIIIAA
aslnaddu lumsus dulnanaoua Twanasea (%)

(ppm) € ) T ) Ty

0 1 0 0 0.00 0.00

2 0 0 0.00 0.00

3 0 0 0.00 0.00

5 1 34 14 8.46 3.48

2 25 12 6.22 2.98

3 1 6 2.74 1.49

10 1 43 1 10.70 2.74

2 12 9 2.98 2.24

3 11 6 2.74 1.49

15 1 26 17 6.47 423

2 18 14 4.48 3.48

3 20 1 2.74 274

20 1 33 15 8.21 3.73

2 2 15 5.47 3.73

3 11 6 2.74 1.49
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8ATIMsTONTINMaI0angnuesduaLAeiiie

= dJ o % = d
NINNUA ‘iﬂ“l—!’J‘Hﬂ“lﬂWﬁ‘Wﬂ@Elﬂ
) lu
% k% ana
A: mmmumummmﬂm‘mu (ppm)
0 100.00+0.00°"” 100.00£0.00°
5 97.33+2.31" 53.97+22.88"
10 87.41+3.82° 66.83+14.80™
15 89.78+6.34" 64.03+18.45"
20 96.97+5.25™ 28.87+26.94°
F-test * *
B: szazia (W)
1 96.00+4.90 77.39+16.87
2 92.53+8.56 65.08+25.58
3 94.36+5.16 45.76+36.08
F-test ns ns
C: TuaIUny 94.30+6.13" 62.74428.67"
F-test
C.V. (%)
M@ e * flanuuanaiuneadanseauanureu 95 nledidud

#* YANUUANA NN UNNADANT

ns ITANUUANANNWADA

1/ v A oA
CAURAY £ ANVIUVUNIATIT

2/ A A v 9 (Y A [
2 MRaeNA NN IAID NI NANNU I ULU

A 4 P-4
ANULBOUU 99 Lﬂ@ﬁl“ﬁu@

HANUUANANINUNADA

WeonSeueuaunae 1ae3s Duncan’s New Multiple Range Test (DMRT)
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mMs19h 12 SasIMsTeaTIandteenlgnuesduduasiiisNnsapnonsudiuvestouasly

ANMANT UV JTeznMm 9n31N1330A3 INHAI0n1Ugn (%)

@15lnasdu (ppm)  Tumsury (3u) Vo lu
0 1 100.00 100.00

2 100.00 100.00

3 100.00 100.00

5 1 96.00 78.57

2 96.00 50.00

3 100.00 33.33

10 1 88.00 72.72

2 83.33 77.78

3 90.90 50.00

15 1 96.00 82.35

2 83.33 64.28

3 90.00 45.45

20 1 100.00 53.33

2 100.00 33.33

3 90.90 0.00
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M9199 13 INTNaVIA NN NI UUDIAT IAaTTY szozna lumIuyans uazdnswaion
FEUINANNTUT U095 1A BT 1az5zezna TUMSITE1TA0ANUFIVOIAY

auaeitiy naseenign 15 71 30 Tu wag 45 Ju

1098 ANNGIAY (IBURINNT)

15 30 U 45 U

Yy Y an
mmmmmmmﬂﬂa‘wu (ppm)

0 6.67+1.51""% 9.53+1.77" 15.613.08"

5 6.83+1.97" 9.86+2.30" 18.16+4.23"

10 6.20+1.72" 8.6842.18" 17.46+4.63

15 7.12+1.94° 9.43+2.32" 17.55+4.64°

20 6.33+1.97° 8.8742.53" 16.964.31"
F-test * * *

sTazra (IM)

1 6.82+1.87" 9.7442.16" 17.65+4.04"

2 7.07+1.64° 9.89+1.96" 18.44+4.02°

3 6.01+1.88" 8.19+2.27" 15.35+4.17"
Fotest . . .
ANANYH x 13D ok ok *

C.V. (%) 27.90 2435 24.90

v 4

1 @ aax 4 @ <
HUYLTA * ﬁmm&mﬂmﬂﬂummamﬁsmumm&%auu 95 L‘].I@%L“]ﬂ!@
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= 1 [ aaa A o d 3 4
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WonfFeufeuaunae 1aed5 Duncan’s New Multiple Range Test (DMRT)



M1 14 ANUgvesAuauaeiiiy naseontlgn 15 1 30 u uaz 45 T

Yy Y
AITNLVNVUUDN

3381301 ﬂ'ﬂllg\‘iélj‘l! (wuﬁmm)
151na33U (ppm) () 15 u 301U 453U
0 1 6.43+1.53"""  9.04+1.43" 15.19+2.72%
2 6.93+1.48"¢ 10.26+1.72% 16.47+2.38"
3 6.65+£1.58"¢ 9.31+1.99"¢ 15.18+3.95%
5 1 6.62+1.80™" 9.73+2.39™ 17.7243.82"
2 7294227 10.47+2.30% 19.05+4.68"
3 6.57+1.86"" 9.40+2.24™ 17.71+4.29"
10 1 5.80+1.82° 8.79+2.18™ 16.89+4.50™
2 6.42+1.45™ 9.09+2.23" 19.46+5.14°
3 6.39+1.92™ 8.1642.17" 16.03+3.74™
15 1 7.63+2.24" 10.2942.63% 19.03+4.61
2 7.63+1.44" 9.97+1.68" 19.43+3.54°
3 6.11+1.78" 8.04+2.00" 14.18+3.95"
20 1 7.60+1.37" 10.88+1.39" 19.43+3.23°
2 7.07+1.32™ 9.69+1.71™ 17.79+3 .42
3 4.33+1.39" 6.06+1.34" 13.65+4.17"
F-test *k *k *k
C.V. (%) 27.90 2435 24.90
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WonfFeufeuaunae 1aed5 Duncan’s New Multiple Range Test (DMRT)
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M99 15 INTNAVIA NN NTUUDIAT IAaTTY szozna lumIuyans uazdnsnasa
FEHINANUTUT U983 InaTFFU tazszezna lumsurasaenueldss

YosduauaoLiie vaseenlgn 15 3u 30 Tu uag 45 Su

a8 ANNe1IYA09 (B UAINAT)

15 30 U 45 U

Yy Y an
mmmmmmmﬂﬂa‘wu (ppm)

0 2.35+2.40""% 2.3240.36" 2.40+0.34°
5 2.61+0.55" 2.46+0.43" 2.7240.54°
10 2.40+0.60" 2.23+0.51" 2.424+0.49"
15 2.65+0.52° 2.28+0.35" 2.56+0.38"
20 2.45+0.52"™ 2.13+0.54" 2.56+0.42"
F-test * ok Hok

sTazra (IM)

1 2.5140.51" 2.33+0.41 2.58+0.44
2 2.58+0.52" 2.31+0.40 2.58+0.45
3 2.38+0.56" 2.20+0.54 2.44+0.45
F-test * ns ns
Y %
ANNANIU x 1IA1 ok *ox o
C.V. (%) 21.28 19.74 17.79
BN ns Tifinnuuanaaneada
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WonfFeufeuaunae 1aed5 Duncan’s New Multiple Range Test (DMRT)
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M1 16 ANweldosvesdudumeriio vaseenilgn 15 31 30 i uaz 45 Ju

ANMVNTHVRIENIINATEFY  STeznm anueMldes ((BuUAINAT)
(ppm) (W) 15 30 Y 45 Yu
0 1 2.47£0.47™" 2.25£047™  2.47+0.39™
2 220+£0.34° 2224021 2.24+0.26"
3 2.38+£0.36°  2.48+£0.32%  2.49+0.34""
5 1 2.60£0.55°  2.35£0.49°"  2.77+0.55°
2 2.76£0.63°  2.50£0.42°  2.74+0.59"
3 247+0.44%  2.52£040°  2.64+0.50"°
10 1 2.2940.53"  2.31£045™  2.39+0.51"
2 2.41£0.52"  2.09£0.50°  2.55+0.49"
3 2.50£0.76™  2.28+£0.58™'  2.32+0.48"
15 1 2.5740.49  2.30£0.38™  2.59+0.39""
2 2.78+047° 239028 2.62+0.34"“
3 2.59+0.60°  2.12+£0.35°  2.47+0.40""
20 1 2.6240.47°  2.43£026™  2.68+0.25°
2 278£0.31° 2342041 2.73+0.33“
3 1.96£0.37°  1.63%0.51°  2.28+0.49"
Fotest o . .
C.V. (%) 21.28 19.74 17.79
HIENTA) #* fanuuanaesunadaiszauaFesu 99 nlodifud

1/ v A oA
CAURAY £ ANVIUVUNIATITY

Y
(4

2/ A A v 9 v o A @ = 1 @ aa
Z AURRINANHAINIEADNEINANNU TULUIANANUULANA NI UNNTDA

WonfFeufeuaunae 1aed5 Duncan’s New Multiple Range Test (DMRT)



M990 17 aNTNaveIA NN NI UUDIa5 InaTTu szozna lumIuyans uazdnsnaion
FEUINANUTUT U983 InaTFFU tazszezna lumMSUFaITADAIIUNHU

yosdduaumariio idsesnilgn 15 Ju 30 Tu uaz 45 Ju
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1098 ANNHINVRINAU (HadINn3)

15 30 U 45 U

Yy Y an
mmmmmmmﬂﬂa‘wu (ppm)

0 0.73+0.09""” 0.83+0.10" 0.93+0.06"
5 0.93+0.11° 1.1340.13° 1.3240.15"
10 0.91+0.11° 1.1240.13% 1.360.13"
15 0.90+0.14° 1.06+0.14° 1.34+0.15"
20 0.91£0.14° 1.07+0.15" 1.36£0.17"
F-test *% *% *%

sTazra (IM)

1 0.90+0.14" 1.03+0.15° 1.25+0.22
2 0.90+0.12° 1.07+0.18" 1.26+0.19
3 0.83%0.15" 1.02+0.17" 1.28+0.23
F-test *k * ns
ANUYNTY x A ok ok *
C.V. (%) 15.91 16.35 16.67
BN ns Tifinnuuanaaneada
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WonfFeufeuaunae 1aed5 Duncan’s New Multiple Range Test (DMRT)
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ANNINTUVDI szEZa

ANNHUIVDINAU (aaINAT)

@151naBBu (ppm) () 15 Tu 30 11 453U
0 1 0.76+0.12""" 0.85+0.11° 0.92+0.05"
2 0.73+0.06" 0.84+0.08" 0.96+0.06"
3 0.70+0.07" 0.80+0.11° 0.92+0.05"
5 1 0.89+0.15" 1.05+0.13" 1.23+0.13°
2 0.93+0.07" 1.19:0.08° 1.33+0.16™
3 0.97+0.10"" 1.14+0.13 1.39+0.13"
10 1 0.91+0.11% 1.08+0.15% 1.37+0.14"
2 0.94+0.11%" 1.45+0.13 1.35+0.12
3 0.89+0.10" 1.12+0.11° 1.36£0.14
15 1 0.92+0.12% 1.05+0.12% 1.31+0.13"¢
2 0.99+0.09" 1.12+0.14> 1.33+0.15™
3 0.81+0.16™ 1.03£0.15" 1.38+0.17"
20 1 1.02+0.07" 1.11£0.09™ 1.4340.16°
2 0.93+0.09" 1.08£0.21" 1.31£0.12%
3 0.78+0.13" 1.020.09° 1.34+0.20"
F_test kk kk ksk
C.V. (%) 15.91 1635 16.67
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WonfFeufeuaunae 1aed5 Duncan’s New Multiple Range Test (DMRT)
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YosduauaoLiie vaseanlgn 15 3u 30 Tu uag 45 Su
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e anunNaly esuRmng)

15 30 U 45 U

Yy Y an
mmmmmmmﬂﬂa‘wu (ppm)

0 0.89+0.08""” 1.17+0.10" 1.22+0.11°
5 1.28+0.17° 1.71£0.21° 1.8540.17"
10 1.17+0.20 1.58+0.18" 1.87+0.17°
15 1.23+0.21% 1.6140.16° 1.83+0.20°
20 1.2240.23% 1.59+0.19" 1.86£0.17°
F-test *% *% *%

sTazra (IM)

1 1.18+0.22" 1.54+0.26" 1.71£0.30
2 1.24+0.22° 1.5620.25° 1.75+0.29
3 1.06+0.21" 1.50+0.26" 1.73+0.31
F-test *k * ns
ANUYNTY x A ok ok *
C.V. (%) 19.82 16.99 17.34
BN ns Tifinnuuanaaneada
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= 1 [ aaa A o d 3 4
*UANUUANA NN UNWNADANTEAUANUIFDNUU 95 1Wosiaue

an
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1/ v A oA
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WonfFeufeuaunae 1aed5 Duncan’s New Multiple Range Test (DMRT)



M50 20 Anwneluvesduduaeiiio vaseanlgn 15 3u 30 Tu uag 45 3u

ANNUNTUYRIANTIAATHY STz anunNaly (wsuRng)
(ppm) (W) 15 30 Tu 45 Yu

0 1 0.89+0.09"%  1.15+0.11" 1.19+0.11°
2 0.93+0.08°  1.20+0.09" 1.2540.12°
3 0.87+0.07°  1.15+0.10" 1.2340.09°

5 1 1.20£0.15°  1.6120.17°°  1.7540.14"
2 1.39+0.13" 1744024  1.8540.15™°
3 1.2740.17*"  1.79+0.18' 1.95+0.18°

10 1 1.13£0.19°  1.5740.17°  1.88+0.18"
2 1244020 1.60+£0.22°  1.89+0.17"
3 1.1320.21%  1.57+0.17  1.8540.16™°

15 1 1332021 1.6740.18°"  1.88+0.16"
2 1.2940.15°"  1.6240.15°°  1.88+0.16™
3 1.0740.17°  1.55+0.15° 1.7340.25°

20 1 1.35+0.08"  1.70+0.17""  1.8540.16™°
2 1.36£0.12°  1.65+0.14°°  1.87+0.14“
3 0.95+0.17"  1.43+0.15° 1.87+0.20"

Fotest o . .
C.V. (%) 19.82 16.99 17.34
HIENTA) #* fanuuanaesunadaiszauaFesu 99 nlodifud
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M9199 21 INTNAVIA NN NI UUDIAT IAaTTY Srozna lumIuyans uazdnswaian
FERINANUTNT U983 InaFFU tazszezna lumsuraisaenuely

YosduauaoLiie vaseanlgn 15 3u 30 Tu uag 45 Su

1098 ANNENIY (BUAIAT)

15 30 U 45 U

Yy Y an
mmmmmmmﬂﬂa‘wu (ppm)

0 1.46+0.18™" 1.99+0.18" 2.1120.16"
5 1.53+0.23° 2.03+0.23° 2.26+0.20°
10 1.3540.23" 1.87+0.20° 2.34+0.20°
15 1.41£0.26" 1.90+0.20° 2.254+0.18"
20 1.3940.29" 2.03+0.25" 2.3240.20°
Fotest . -, .

sTazra (IM)

b b

1 1.47+0.23 1.99+0.24 2.2540.18
2 1.5240.17" 1.9940.21° 2.25+0.21
3 1.29+0.27° 1.91£0.21° 2.27+0.22
F-test ** * ns
J Y
AINNUYNUVY X 1I3a1 *k *k *k
C.V. (%) 17.48 11.17 8.85

BN ns Tifinnuuanaaneada
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Y

~ A 4 s 3
NITAUANULEDUU 99 L‘].I?Jil“]ﬂm
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M1 22 Anwen luvesdudumariio vidsesnilgn 15 Ju 30 Tu waz 45 Ju

ANNUVNTUYRIANTIAATEY  SzezIa ANNEMIY (BUAINNT)
(ppm) (W) 15 30 Y 45 Yu

0 1 1.43£0.20™""  2.01£0.17°  2.1420.17%
2 1.5240.13¢  2.03£0.17°"  2.08+0.18"
3 143020  1.94+0.20°  2.11+0.15"

5 1 1432027 1.95£0.25"  2.19+0.12"°
2 1.59+0.21%  2.04+£0.22°"  2.22+0.26""
3 1.58£0.20°  2.11£0.20°  2.37+0.17"

10 1 1.37+0.20°  1.83£0.20"  2.27+0.19*
2 1.48+0.23™  1.91£0.25"  2.39+0.19'
3 1.21£0.20°  1.87+0.14°  2.36£0.20"

15 1 1.51£0.24"  2.01£0.17°  2.28+0.13"*"
2 1.55+0.15°  1.92£0.23"  2.28+0.13"*
3 1.16£0.17°  1.79£0.15°  2.20+£0.26™

20 1 1.62+0.15"  2.19+026°  2.35+0.20""
2 1.49+0.12°¢  2.04+£0.19"  2.27+0.19"*
3 1.06£0.20"°  1.87+0.18°  2.33+0.20°"

Fotest o . .
C.V. (%) 17.48 11.17 8.85
HIENTA) #* fanuuanaesunadaiszauaFesu 99 nlodifud

1/ v A oA
CAURAY £ ANVIUVUNIATITY
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2/ A A v 9 v o A @ = 1 @ aa
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A19199 23 INTNAVIA NN NTUUDIANT IAaTTY Srozna lumIuYaIs uazdnswaan
FERINANUTUT U383 InaFFU tazTzozna lumsUyaIsaesuIUADN

YosuauaeLiio vasoenilgn 45 Ju

ady uIUABNAteonlgn 45 T

(A0nN)

Yy 9 aAa
mmmmummmﬂﬂammu (ppm)

0 12.13+7.39""%
5 6.42+4.64°
10 5.62+4.39"
15 6.67+4.65"
20 7.60+4.70"
F-test ok
szazIa (M)
1 7.28+4.64%
2 8.84+6.51"
3 6.95+5.74"
F-test *
ANUTNTY x AN ok
C.V. (%) 74.25
HINENTA) * Sanuanaasunisadansedunnniesiy o5 nledifud

an

#* YANUUANANNUNIADA

Y

~ A 4 s 3
NITAUANULEDUU 99 L‘].I?Jil“]ﬂm
1/ v A oA

CAURAY £ ANVIUVUNIATIT
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WonfFeufeuaunae 1aed5 Duncan’s New Multiple Range Test (DMRT)



55

M1 24 TuAENVeIAUAIReITl ndseanilgn 45 1

ANMANTUYDIISINAT szezIa uunentiaseanilgn 45 u
%U (ppm) (W) (Aon)
0 1 9.53+4.97°"%
2 14.87+8.66°
3 12.00+7.53
5 1 4.60+3.60"
2 7.60+5.05"
3 7.07+4.88"
10 1 4.67+3.83"
2 7.13+4.81"
3 5.07+4.35"
15 1 8.33+4.41"
2 7.27+4.08"
3 4.40+4.79"
20 1 9.27+3.99"
2 7.33+5.91™
3 6.20+3.67"
F-test ok
C.V. (%) 74.25
HINENTA) #* fanuuanaesunataiszauaNFesu 99 nlodifud

" Aunde + andeauuuinaigiu
1 1 H Y
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WeonSeueuanae 1ae3s Duncan’s New Multiple Range Test (DMRT)
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M9199 25 INTNAVIA NN NTUUDIAT IAaTTY srozna lumIuYans uazdnswaian
FEUINANUTUTUVD 3813 InaTFFU tazszezna lumIUyaIsaouUIAaonNLAY

ANUEIMURBNYBIAUAUIABITY ndteontlgn 45 1

a8 vinaaenriaieenilgn 45 Tu (vuGINAT)

ANUNIGADN  ANNENIADN ANNGINDN ANNEINUADN

Yy Y an
mmmmmmmﬂﬂa‘wu (ppm)

0 0.40+0.00"" 1.000.02" 1.30:£0.05" 1.60:£0.32"
5 0.51+0.04" 1.13+0.09" 1.45+0.09" 2.08+0.52"
10 0.52+0.04° 1.20+0.08° 1.55+0.05" 2.3240.63°
15 0.51+0.03" 1.15+0.06" 1.49+0.05° 2.04+0.49"
20 0.51+0.02" 1.16+0.07" 1.50+0.05° 2.07+0.50"
F_test kk kk kk kk

sTazIa (M)

1 0.49+0.05 1.12+0.08 1.45+0.10" 1.89+0.46"
2 0.49+0.05 1.1340.11 1.46+0.11% 2.1140.66"
3 0.49+0.06 1.14+0.09 1.47%0.10° 2.07+0.49"
F-test ns ns * *
ANYNYY X IAN * * * *
C.V. (%) 10.20 7.96 6.85 27.23
BN ns Tifinnuuanaaneada
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*UANUUANA NN UNWNADANTEAUANUIFDNUU 95 1Wosiaue

an

#* YANUUANANNUNIADA
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M543 26 VIARENUAZANNEINTUABNYEIAUALABITIY MaoBNgn 45 Tu
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ANMANTUYRS  zezNA vinaaentriaieenilgn 45 Ju (vuAINnT)
a15)naT T (W) ANMANE AN ANNGI ANNEM
(ppm) 9N 1213)1] 9N ﬁﬁ!ﬂi’)ﬂ
0 1 0.40+£0.00"”  1.01£0.03°  1.30£0.07"  1.68+0.21"
2 0.40+0.00" 1.00£0.00"  1.30+0.05"  1.37+0.35"
3 0.40:£0.00" 1.01£0.00°  1.3140.03"  1.75+0.29"
5 1 0.52+£0.04  1.1120.09°  1.43+0.09"  2.06+0.58"
2 0.50+0.05" 1.13£0.10°  1.454£0.07°  2.17+0.62"
3 0.5140.03"  1.15£0.05° 1.48+0.10™" 2.01+0.37"
10 1 0.50+0.00" 1.14£0.05°  1.5140.03° 1.86+0.41"
2 0.54+0.05° 1.25+0.07°  1.5840.04"  2.69+0.61°
3 0.52+£0.04  1.21£0.07 1.56+0.05"  2.42+0.59"
15 1 0.50+0.00° 1.16£0.07%  1.4940.06™" 1.97+0.54™
2 0.50+0.00° 1.14£0.05°  1.4940.06™" 2.15+0.55"
3 0.53£0.05°  1.16£0.05°  1.4940.06™" 2.00+0.41"
20 1 0.5140.03"  1.16£0.05°  1.50£0.05*  1.90+0.47"
2 0.50+0.00" 1.15+0.08"  1.48+0.06™" 2.15+0.48"
3 0.51£0.03°  1.16£0.07° 1.5240.04° 2.16+0.56"
Fotest . o . .
C.V. (%) 10.20 7.96 6.85 27.23
HINETiA) #* fanuuaneeiuneafafisz Aoy 99 nlodifud

1/ v A oA
CAURAY £ ANVIUVUNIATIT
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2/ A A v 9 v o A @ = 1 @ aa
Z AURRINANHAINIEADNEINANNU TULUIANANUULANA NI UNNTDA
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Y] =S - a < A aa A o [ =)
1.6 A520@0UANEAUE INaNanen A2eM5 AATIZHUTIINAL WS NeTATEALNaDYA
a = Aan

vosaunole 1aeds Flow cytometry

o a = a Jd A a g Y ax v A Y A

i luaueoilon a1z vdsnuaoue A297% Flow cytometry lagAAlaonaAUNY
o A a a 1 (] ~ A a I
anvauzmadsunilasvesmsnsy@u Tauanare ldvinganiuau wu Imsesapan Tadn
Ty veulufliseondndanu wazardunu u1ialag14n309 Flow cytometer Ju Partec 11

' a s ad a A A A X a g a a
WU WavUINI5AATITHIT AL UeveIaumalslms NI veIlS A U A AU e
a 4 o [ H $
TagduluganIunuwsoAUANADES (2n=2x) 921} peak AMUIFIFATN 200 (MW 7) AzAY
a A Ao A ] = = o a 4 =
dwaoleNnduilyguinduInanaosa Uszaunaosailuansznaosa (2n=4x) 912 peak
A o 1 = " Y a 4 1 ~ Y =) S A @
FIFANALINUN 400 FANANAUANADIATDIUNT (NNT 8) azAU IWaNAREANLIZAUNADY
a a3 4 =~ A o 1 = 19 a P ~
Alluponaznaned (2n=8x) 321 peak GIFANAIINUI 800 FIWINNNAUANABIATINT (AN
Y a A Ay Yo aa Y 9 v o q¥Ya

9) 1INMINAaeY auawmedion lasuas InadFunnanududuausosmi ldinanase

Y ) 4 oA o Yy 9 aa I
Waoed ¢ dIudueenaznassanyN NTzAuANUTNTUYeIasazaraTaaFEu 10 ppm 15w

@ ) Y a 9 9 9 o w
a1 uag 39U ﬁ"ljJ'ﬁﬂGD'ﬂu']GlWlﬂﬂaﬂﬂﬁgWa@ﬂﬂﬂlﬂ 2 AU g 1 AU auaal

File: 570392.FCS Date: 11-11-2014 Time: 10:24:14 Particles: 2011 Acq.-Time: 127 s partec PAS
100 Peak Index Mean  Area Area% CV% ChiSqu.
1 1.000 103.82 408 26.02 18.92 0.22
2 1.825 189.46 1160 73.98 8.45 0.22
80
60
2]
(=4
=1
o
o
40 -
- TR . _ - : ‘
400 600 800 1000

FL4 DNA

1 a 1T A 4
M 7 Falaunsu flow cytometry YoIAUAUIADIIONGUANADEA
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File: 570393.FCS Date: 11-11-2014 Time: 10:26:34 Particles: 2051 Acq.-Time: 102 s partec PAS
100 Peak Index Mean Area Area% CV% ChiSqu.
1 1.000 123.66 441 3342 26.75 0.36
2 2.929 362.20 878 66.58 5.44 0.36
80
60
2
f=
=]
o
o
40
20 o
i
:;
H” . ‘\wu ‘!
R i 11 il
o -cntll il e o _ |
0 200 400 600 800 1000
FL4 DNA
d' = I Y Aa = 1 4
MAN 8 I LALNTY flow cytometry VRIAUAUIADIUINQUIANTENADYA
File: 570396.FCS Date: 11-11-2014 Time: 10:38:16 Particles: 2031 Acq.-Time: 198 s partec PAS
100 Peak Index Mean  Area Area% CV% ChiSqu.
1 1.000 137.48 441 43.06 31.53 0.50
2 5320 731.33 584 56.94 4.19 0.50
80 4
60
a
c
3
o
o
40
20
M
o +———ccmmmt AR e T il n e T e oD ‘
0 200 400 0 1000
FL4 DNA

H a U 4
M 9 Falaunsu flow cytometry YDIAUAUIABITIONGUBONAZNADYA
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@ @ a J a J J
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FAIUNITVONADNIZFINIT LAZIIUIUADNADAUUBDIN A UANADYA (ﬂTWﬁ 10 ) UAVUIAUDY

[ " Y A 4 @ = Y A
aonuazluluannduanasea lasdnyas luvzlveulundnsanu (Mun 11 n-; 4x)

o A AA g s ) Y a % ¥ a
ANHAUNADI AW LAZAAD AuesNAzNaoYa asosniilina 1a lasldas Iaas
a Y 9 I @ Y A YA o 9 Y g}/ =2 o
FUANWANTY 10 ppm (Hunan 1 wag 3 71 Tasdun lativuiavesdidurun Ydeedu 39
[ I [ 1 a 4 I'4 { [
Idnseduiidnvuziluiy senaondindudnaossiazinasznaoos (NUA 10 A-0) LA
d' Y [] 1 = 9J 1 d' A v
aoni lalivuialvainiuazdaondunil (MW 11 nuag v; 8x) uazuNADNIANHUY
A Aa a v A 2 = ' A = A g A = ]
ARUnA 19U 1NATRENdANNALADN NAUABNA199INLNG 3 nAaVElL 4 ¥Se 5 nau asnlu
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d' = v [ a 1 Y a Jd Y 4
M 10 1WSouReuanyaueNNFUTIUINGTLHINAUANADER AUIAATLNADEA
Y 4 a = 4 a
HAZAUDONAZNABIAUBIAUIABIE (115 = 5 L UAIAT)
Y Aa 4
(n) AUANaDYA
4
(V) AUIAATENADYA
o [y aa I o
(M) 1AL (1) AUDINALNABYA IASUET IAATFUANYNYY 10 ppm Wunan 1 Fu

o o aa I o
() AuBBNAZNAREA 1A3UE3 IAAFFUANMTNIY 10 ppm Wunan 3 Tu



i 11 nReufoudnyuzveanonuasly sevieduAnaned (2x) dunaTznasss (4x)
HAZAUDDNATNADYA (8x) VOIAUIABILIY (115 = 1 IEUAILAT)
(M) aNYAULAUNTIV0IADNTEHINAUANADYA MATZNADEA 1AZDONAZWADYS
(V) ANHAULAUTUBIADNITHINAUANADA NATENABEA LLALDONAZNADYR

v J a 4 s J
(M) aﬂymmaﬂmzmnﬁuﬂwaaaﬂ INATSNODYA LAZDDNASNADYA
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A = [ da Y a = ' a 4
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1 A A o w A = Y 'Y a I
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o o ~ y3 1y g Y I
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1 Y a S = 3 A A Y
NWUN GluﬂWﬁ’E]‘(’J@3JGU‘H'IW’Uﬂﬁﬁgﬁﬂﬁlﬂﬁilﬂﬁﬂlﬁﬂﬂq@ 20.86+0.97 hliJIﬂ‘i!iJﬁi Glummz‘nmum
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d‘ = o 1 dy P~ J
M9 27 wWisumeuduthaluaenun vinaveusaalhnly tazvuiavesazoounds

FEUINANADYA IINTSNADA LIAZOONAZNADIAVDIAUAUIADITIY

rHaAudABIE aauthaly ANNE VUINAZ D09
AeiuTinaY wadhnlumag nasINaY
@ahnludemssdiaamns) (alasmns) (alasmns)
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