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Mutation Induction in Lotus (Nelumbo nucifera Gaertn.) through Colchicine Treatment
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Abstract

The effect of colchicine on mutation induction of lotus (Nelumbo nucifera Gaertn.) ‘Buntharik’
and ‘Pathum’ was studied in vitro. Embryos and shoots were treated with colchicine at a concentration
of 0, 0.02, 0.05 and 0.1% for 12 and 24 hours. The results showed that the higher concentration and the
longer treatment duration, the less survival and growth obtained. However, even most of explants died
when 0.1% colchicines applied but it was the only concentration that yielded polyploid. The cytological
studied revealed that the diploid chromosome number was 2n = 16 and stoma length was 9.58 ym. The
polyploid plantlets obtained could be classified into 3 groups including aneuploid with the chromosome
number of 2n+2=18, mixoploid of 2n=16 and 2n=32 which had 13.67 ym stoma length and tatraploid of
2n=32 and 18.24 pym stoma length. Each of a mixoploid and a tatraploid plant were obtained from
‘Buntharik’ embryo treated with 0.1% colchicine for 12 hours and 4 tatraploid plants were obtained from
the 24 hours treatment. In ‘Pathum’ cultivar, 2 mixoploid and 1 aneuploid plants were obtained from

embryos treated with 0.1% colchicines for 12 hours whereas the other 2 tatraploid plants obtained from
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the treatment of 24 hours. Another for shoot explants, a tatraploid plant was obtained from 12 hours

colchicines treatment. All mutants showed smaller leaf and slower growth than the normal plant.
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Table 1 Survival and growth of Nelumbo nucifera Gaertn. ‘Buntharik’” embryos treated with colchicine

Colchicine Time Survival plants Score of Leaf number Leaf diameter  Petiole length Bud number
(%) (hours) (%) growth (cm) (cm)
0 12 100.00+0.00a 6.00+0.00a 33.76+2.57a 2.83+0.01a 43.85+0.38a 28.89+2.61a
24 100.00+0.00a 6.00+0.00a  33.25+3.64a 2.85+0.03a  43.95+0.70a  28.43+2.91a
0.02 12 100.00+0.00a 6.00+0.00a  28.79+0.73ab 2.82+0.03a  43.77+0.94a  23.05+0.76b
24 100.00+0.00a 6.00+0.00a  27.05+0.64b 2.77+0.15a  43.65+0.94a  21.75+0.76b
0.05 12 70.00+5.77b 4.4040.37b  10.20+2.35¢ 1.89+0.12b  19.87+2.22b 5.20+1.63c
24 60.00+14.14bc  3.55+0.63b 8.15+0.356¢c 1.62+0.02¢ 16.92+2.11¢ 3.80+0.29c
0.1 12 45.00+12.58¢c 2.25+0.40c 2.60+0.76d 1.14+0.07d 9.61+0.93d 1.60+0.28c
24 40.00+0.00c 1.65+0.13c 1.90+0.25d 0.92+0.05e 9.26+1.16d 1.00+0.12¢
F-test o *x ok *x ok .
CV (%) 17.80 13.33 18.67 5.27 8.99 21.71

Values within a column followed by the same letter are not significantly different by DMRT (p <0.05)
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Table 2 Survival and growth of Nelumbo nucifera Gaertn. ‘Buntharik’ shoots treated with colchicine

Colchicine Time Survival plants Score of Leaf number Leaf diameter  Petiole length Bud number
(%) (hours) (%) growth (cm) (cm)
0 12 100.00+0.00a 6.00+0.00a 29.85+0.39a 2.97+0.05a 44.47+0.42a 20.28+1.00a
24 100.00+0.00a 6.00+0.00a 29.65+0.38a 2.98+0.01a 45.18+0.15a 20.65+0.63a
0.02 12 100.00+0.00a 6.00+0.00a 28.64+0.72ab 2.92+0.02a 43.63+0.13a 19.65+1.25ab
24 100.00+0.00a 6.00+0.00a 28.26+0.60b 2.89+0.02a 42.756+0.36a 18.78+0.66b
0.05 12 30.00+5.77b 1.65+0.22b 6.08+0.11c 1.06+0.34b 5.93+1.30b 3.50+0.13c
24 20.00+4.16¢ 0.95+0.09c 5.58+0.47c 0.61+0.01c 4.80+1.88b 3.35+0.33c
0.1 12 0.00+0.00d 0.00+0.00d 0.00+0.00d 0.00+0.00d 0.00+0.00c 0.00+0.00d
24 0.00+0.00d 0.00+0.00d 0.00+0.00d 0.00+0.00d 0.00+0.00c 0.00+0.00d
F-test ok o o wx ok *x
CV (%) 12.57 5.14 5.24 156.81 7.16 10.88

Values within a column followed by the same letter are not significantly different by DMRT (p <0.05)
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Table 3 Survival and growth of Nelumbo nucifera Gaertn. ‘Pathum’ embryos treated with colchicine

Colchicine Time Survival plants Score of Leaf number Leaf diameter  Petiole length Bud number
(%) (hours) (%) growth (cm) (cm)
0 12 100.00+0.00a 6.00+0.00a  35.05+0.74a 2.71+0.02a 43.99+0.62a 28.23+1.03a

24 100.00+0.00a 6.00+0.00a  34.49+0.57a 2.7140.02a 44.12+0.58a 27.25+0.61a
0.02 12 100.00+0.00a 6.00+0.00a  29.46+0.54b 2.68+0.02a 43.35+0.56a 23.30+0.77b
24 100.00+0.00a 5.95+0.05a  28.90+0.10b 2.67+0.03a 42.90+0.51a 21.40+0.53b

0.05 12 70.00+5.75b 4.50+0.29b 9.95+1.52¢ 1.82+0.13b 20.56+2.57b 5.08+0.89¢
24 50.00+12.90c  3.45+0.61c 5.08+0.52d 1.45+0.14b 10.44+0.45¢ 3.25+0.31cd
0.1 12 30.00+10.00d  1.75+0.38d 2.95+0.92de 0.75+0.25¢ 6.44+2.19¢ 1.565+0.59de
24 30.00+£5.74d 1.25+0.10d 1.30+0.48e 0.73+0.24c¢ 6.25+2.09¢c 0.556+0.19¢
F-test - wox o ok o ok
CV (%) 17.80 12.62 8.47 14.69 10.76 9.67

Values within a column followed by the same letter are not significantly different by DMRT (p <0.05)
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Table 4 Survival and growth of Nelumbo nucifera Gaertn. ‘Pathum’ shoots treated with colchicine

Colchicine Time Survival plants Score of Leaf number Leaf diameter Petiole length Bud number
(%) (hours) (%) growth (cm) (cm)
0 12 100.00+0.00a  6.00+0.00a  29.87+0.21a 2.85+0.05a  45.11+0.68a 20.80+0.71a
24 100.00+0.00a 6.00+0.00a 29.77+0.10a 2.844+0.01a 44.41+0.18a 21.25+0.47a
0.02 12 100.00+0.00a  6.00+0.00a  28.43+0.73a 2.80+0.02a  43.41+0.14a 19.20+1.50a
24 100.00+0.00a  6.00+0.00a  28.10+0.62a 2.75+0.02a  42.92+0.35a 17.88+1.00ab
0.05 12 30.00+5.77b  1.60+0.22b 6.09+2.04b 0.96+0.34b 8.76+3.06b 3.63+1.26¢c
24 15.00+5.00c  0.90+0.36¢ 2.82+1.02c 0.32+0.01c 4.38+1.46¢c 1.18+0.51d
0.1 4 5.00+5.00d  0.25+0.00d 0.75+0.75cd 0.09+0.09c 0.10+0.10d 0.25+0.25d
24 0.00+0.00d  0.00+0.00d 0.00+0.00d 0.00+0.00c 0.00+0.00d 0.00+0.00d
F-test *x o e ok o ok
CV (%) 11.48 9.59 10.43 16.00 10.43 15.23

Values within a column followed by the same letter are not significantly different by DMRT (p <0.05)

uan1sAnHIaIUIulAsIulaNuazlnly

FurnamuduAnases (diploid) 1a9tianassia 2 Wug danuanlaslulan 16 uvs (2n=2x=16)
(Figure 1A) Hawramanentnly 9.58 lulasiums srunuthnliieansie 1 ANs9TaRWAT 123,35 1TA
(Table 5) avnnsAnu ludufsandinannisldsusnslaadaunsdiansinagiuaiunsadniin W uTmang
fanunulastulaufinduld Tnewudufiniastuloauthe efanases (aneupliod) Tdnuiulasiulay 18 urs
(2n+2=18) (Figure 1B) Fuililu Anlawanss (mixoploid) Aeflauaulastulau 32 uaz 16 uva (2n=4x=36
WAy 2n=2x=16)luFuAa iy Lazsunnsnaas s (tetraploid) Fanuanulasiulan 32 una (2n=4x=32)
(Figure 1C) Aiaunanauenatnly 18.24 ulasuns wazaaulnluwaese 1 A1919fiaaiuns 73.62
\aa (Table 5)
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Tutihuansiugywsnwuuniiuneanaesfiaun 6 fiu wiadumnswasss 5 6 Aldainnig
wiFnwnzlulnaddu 0.1% wlunan 12 dalue 1 fu waz 24 2l A uau 4 s wasleinlanaass 1 F an
AUt AN 1UIAATTU 0.1% 111 12 Falua

o o o s & Y v ‘ﬂl (=] = 6‘:’/ U 1 = o 1 G 6 £%

Auiutiamaosiuflyuldfunduneanasfiaun 6 fu duwnsaiuusidlunnass 3 fu
Faldannnisudinnzlulnaddn 0.1% lunan 24 $9lue a1u0u 2 fu wazannisudaanlulaadd 0.1%
Wuman 12 doluedn 1 fu douimasdn 3 fu iluinlanasss 2 Ay way adonasss 1 fi Tanylueu
AnANNLNlAFUANsIAATEY 0.1% 1unan 12 d4lua (Table 6)

‘. - - ~ ..Qi.‘
o-* L /,; Y ;
& TG ﬂ“*;fff’;

Figure 1 Chromosomes of Nelumbo nucifera Gaertn. ‘Buntharik’ (A) normal plant 2n=16, (B) aneuploid
2n+2=18, (C) tetraploid 2n=4x=3

Table 5 Stoma length and number per mm’  of various ploidy levels of Nelumbo nucifera

Gaertn.'‘Buntharik’ and ‘Pathum’ plantlets.

ploidy stoma length (um) stoma number/mm?’
Diploid 2n=2x=16 9.58 123.35
Aneuploid 2n+2=18* nd nd
Mixoploid 2n=4x=32 &
13.67 107.07
2n=2x=16
Tetraploid 2n=4x=32 18.24 73.62
nd = no data
a o
AANTUNANTITNANRN

a

o o A X X A vye ax Ao a
ANNZUAzEaATadTINaN NIz AT luanndaendede lFfua1slaadduldnsnnssandie
anadiilaldanstasdiunnuidndugaannazszazna uinay iafnantaaardesiuuldduaemLsn
dl 1 ¥ aa d‘ ¥ % Aé’ é/ o Y o aa k% =
(2537) Avuannsldanslaadiunanudniugaiuua s raznaIuuIWiN Widnsn1ssenTiavessulaeil
$anaILATAINNNIFINRANHIME IR EassuTTauAd R T U TasdTunLdnAnanEaiznuiRan TuaTlasin
Wlafinnsunslualuduazldfinrsuanluludiingy luunsfuldnunigiadngaeesn Teann1s@ne1e9
Dermen  (1940) wusntaadduliliandnegianiznisutsad wenisunsidnldnneluaadinanin 1y

& d‘ 6 O % dla a 1 [ =® o U o‘d‘ Yo aa a a AdJ
asflsznavdu o seaasvinutinnialng ll laduiu Awinliaadnldiuanstaadduiapanuianfds
anaguusativiurasnels nasldanslaadtunonududugaiussasuuiinasonisasaimulnaasuo
wand Tnasuandudaunldfunisudansiaaddunonudndu 0.1% diwluduingn uasnusunuansdnem
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a a dl 1 o v A o dgl % lz % :’/ a ‘ﬂl % 1 1
Aatnfsnnigaiduiu Tnenufuldnsusfownse fuluesulnnau Auluduas Bondulultenesld
annane ganfauineculunfiu daudnne uazaan aastianatmaslifuansiaaddu anududunias An
#10.02% WU 12 uay 24 42l Ansasnyiiulaldusnsnsansunlllfsuanstaaddu

Table 6 Chromosome number of the survived Nelumbo nucifera Gaertn.‘Buntharik’ and ‘Pathum’

plantlets.
Treatment Number of ‘Buntharik’ Number of ‘Pathum’
Explant Colchicine Duration  survival Number of plant survival Number of plant
(%) (hour) plants 2n=16 2n =18 2n=32,16  4x=32 plants 2n=16 2n=18 2n=82,16  4x=32
Embryo 0 12 20 20 0 0 0 20 20 0 0 0
24 20 20 0 0 0 20 20 0 0 0
0.02 12 20 20 0 0 0 20 20 0 0 0
24 20 20 0 0 0 20 20 0 0 0
0.05 12 14 14 0 0 0 14 14 0 0 0
24 12 12 0 0 0 10 10 0 0 0
0.1 12 9 va 0 1 1 6 3 1 2 0
24 8 4 0 0 4 6 4 0 0 2
Shoot 0 12 20 20 0 0 0 20 20 0 0 0
24 20 20 0 0 0 20 20 0 0 0
0.02 12 20 20 0 0 0 20 20 0 0 0
24 20 20 0 0 0 20 20 0 0 0
0.05 12 G i 0 0 0 6 6 0 0 0
24 4 4 0 0 0 3 3 0 0 0
0.1 12 0 0 0 0 0 1 0 0 0 1
24 0 0 0 0 0 0 0 0 0 0

ptindlsfanunudnduaas Ui iminARnTulussasusningy nFsannTimnziaes
siglUiflunanuin fuarsnsnsyin nldnudnfuasidnene lduansnandui il ldsuanslnadau
zﬁ"ﬂwmxc-ﬁ“qmmﬁﬁmLﬂumiamﬂnﬁmﬂmagﬂﬁﬁmmwzﬁﬁ: (physiological damage) 999704 (2528)
eI NUANEALN A lusEa NI ludmee iRl dFuansleaTiu uazdnensinUng
pine ) Azl Sefinnsumneonly @

nsfnmamaulasTitedutavasii 2 Wug fsendan wuidguinawulasilsidueda
NAREA (2n+2=18) %'afmf-nL'ﬁmmﬂm?ﬁmﬂmﬁuiﬂmmmﬁu&qmm%‘wLz%ulmmﬂwﬁ@’lm”ﬂ LN UNE
Tentinvanysniluunvaad flarradaiamadingy (cell plate) mumwmmmma@mﬂu 2 LIAR A9NU9N
vaadtiauwlasiulannnnditetienndt 2n Wiy Wemaditiaiuiulastulauannng
on Wil aeinlduilgsnulas i oumnnnda 2n (Swanson, et al. 1967) fuunsdiaesdi
Frunaasiidufinlanaens Soasiisaulasiulon flu 2n=2x=16 uaz 2n=4x=32 souetflusuAnaiv
anaintuiiesanduiifa e nmadiuindavantmadnuaimadiiauiulastulnusnaiy Ty
Fnansd uaz Wnswansd TnliAadn e ABandinTowaeefaulE FantsTinuduiananafianuan
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TastulnfluuuuinlonaessiaanAdadiun1maandaes Kuksova, et al. (1997) ﬁ'wuﬁ”}unmaﬁuﬁhm
@@uﬁﬁwmmmmm@ﬁ@ﬂguqﬁ (primary callus) 4ay WxL3leRinLARAE (embryogenic callus) HA113
Iaslulmdunuufinlonased Ae 2n=38 uaz 2n=72

annsfRIAAILEa L astiusautn e T 1 A3eTading TeadutTanan 2

o

Wugnauoulastulsuiduinaeasnudnfauiannuanainlueds Wi 9.58 lulasiums 39lndiAes
Aunismaased Usiady (2551) Twrnsisuiinlanass s wudrdnlundaueliuiuewhenuyisadni
uAEINIIaRLnALazITas NN ALNWINTLTARLNR aanAdeaiLanuaes Roy, et al. (2001) Wudn
[ Al v aal a o @ a - = - @ -
suganilisuansinatau waz Hanuaulasiulauduinlanass s S nluunaaadidunnsnasss was
VAR UANADE A AIUAUNNIINARLFLB9TINAM AR EHnLdIRaKIAANeN9289 A e
ndNFRANAREMNBLLNNAY warianululnnludeNuATesNIFUANALY S T9denARaITLNITNARRIUE
Biswas and Bhattacharyya (1976) ANUINFU Phaseolus vulgaris AdauwulasiulauLmnI T waass
a 1 U a I8 dJ a 1 dd‘d a o
Rauraaangnaae9dnlugnanInfuAnaess @9 Fehr  (1987) agunednlunsiinngdanuaulastulan
l&l l;( [=] 1 o/ s = IQI é’ = o v 1 = Q-ﬂl =) & O o
Wnwyinea twadazNeuiainay asanani liawinaesdanlugnandngdnanduanass s da1vsulu
nsiresAuNluatonassmiv widnlunsdlreaianaseainaudse dlunuainuinlniniegisesndmnian
AaflanmurAnnfiuedau 1y aanfaunalnnndfusnassfiantes udaIne1uddaaes Nagai, et al.
(1986) 918471131 @19lpaTaud NIsadntin lisudas N uanlastu o duluueionasss warinng
winyiAuTnanas Tnaafuiedinisingdlaiuoulaslulauiiaauu e LU a1avinlfaadidaanns
denan lidnwoiznieasszuay dugruzesiatindnaniulfoy nenainidnsoizelianaes S lunauls
mﬁmmﬂﬂﬁmmauymﬁﬁmmwhﬁuﬁﬁjﬁwmmr(ﬂqrrgﬁ 2528)

A o = PPlorc Fd 4% A4 Ao of sl lm Hao 9

Wanansannlaeevradudungn i 1 luntsdnin linanisinanwanlasinlanine l9ans
Tradiu lunstluasinuassiugynmsnuas siuguyunldlunismaaesid nudinsldawnzanunsadniinle
Wanisnanadug luanndanasldaen GeuddiannismeaasiiagldaanfinmuiniannAnnziniu
A9AAARNNUINE911289 DeRobertis, et al. (1975) wwummimﬂuﬂummmaﬂmﬂwuﬂuvﬁ@mwmﬂ
(somatic mutation) mndean 718 e A A T U AN Lummmu@Lﬂfammmmwnmmimmum
Wamm@m?nmwuﬂmmmﬁLu@m@mnzﬁqu@u 1
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