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Induction of polyploid in hairy roots of Nicotiana tabacum
and its plant regeneration
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Abstract: By genetic transformation with Agrobacterum rhizogenes and artificial chromosome doubling techniques, we
studied the induction of hairy roots and their polyploidization, and subsequent plant regeneration and nicotine determination to
enhance the content of nicotine in Nicotiana tabacum. The results show that hairy roots could be induced from the basal surface
of leaf explants of N. tabacum 8 days after inoculation with Agrobacterium rhizogenes ATCC15834. The percentage of the
rooting leaf explants was 100% 15 days after inoculation. The hairy roots could grow rapidly and autonomously on solid or liquid
phytohormones-free MS medium.The transformation was confirmed by PCR amplification of rol gene of Ri plasmid and paper
electrophoresis of opines from N. tabacum hairy roots. The highest rate of polyploidy induction, more than 64.71%, was obtained
after treatment of hairy roots with 0.1% colchicine for 36 h. The optimum medium for plant regeneration from polyploid hairy
roots was MS+2.0 mg/L 6-BA +0.2 mg/L NAA. Compared with the control diploid plants, the hairy roots-regenerated plants had
weak apical dominance, more axillary buds and more narrow leaves; whereas the polyploid hairy root-regenerated plants had
thicker stems, shorter internodes and the colour, width and thickness of leaves were significantly higher than that of the control.
Observation of the number of chromosomes in their root tip cells reveals that the obtained polyploid regenerated plants
were tetraploidy, with 96 (4n=96) chromosomes. Pot-grown experiments showed compared to the control, the flowering was
delayed by 21 days in diploid hairy roots-regenerated plants and polyploid hairy root-regenerated plants. GC-MS detection shows
that the content of nicotine in polyploid plants was about 6.90 and 4.57 times the control and the diploid hairy roots-regenerated

plants, respectively.

Keywords: Nicotiana tabacum, hairy roots, polyploidy induction, plant regeneration, nicotine
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[12]

Nicotiana tabacum K326

1 AR

11 MEERKIER

Agrobacterium
rhizogenes ATCC15834 Martin-Liither
Universitaet Halle/Wittenberg

YEB

Peter Lindemann

YEB
28 C (160 r/min) 30 h

1.2 WEXEABRESREIMEKRSE
[13] Nicotiana
tabacum K326
1-1.5 cm?

MS [14] 24 h

1.3 WEERROFSS5ESR
24 h

MS 2
ATCC15834 20 min
2 d
MS+500 mg/L (Cefotaxime)
MS 25°C 14 h
500 mg/L
MS 5-6

1.4 FRBAIBREHHLELETE
Ri TL-DNA (T-DNA ) rol

PCR TR-DNA (T-DNA )
1.4.1 rol PCR
Edward [
DNA PCR
DNA
Furner ['%

rolB rolC PCR

0.2 mL DNA
50ng Tag DNA 2 PCR
50 uL rolB rolC PCR
94°C Smin 94 C I min 53.5°C
Imin 72°C Il min 37
72 °C 10 min 0.8%
EtBr Goldview
1.4.2
Ellis "7
200 mg,
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%1 PCRYEFAMIIMRERT 1.0 2.0 3.0mg/L6-BA 0 0.1 0.2 0.3 mg/L
Tablg.l' Primer sequences used for the PCR NAA MS
amplification
Target gene Primer sequence (5'-3")
rol B P1: GCT CTT GCA GTG CTA GAT TT 2-3cm
P2: GAA GGT GCA AGC TAC CTC TC MS
rol C P1: CTC CTG ACA TCA AAC TCG TC
P TGC TTCGAG TTA TG GTA €A 17 ERRSEREEERNEELE
1.7.1
0.1 mol/L HCI 200 uL, : Martinez-Gomez ~ [1¥!
4 000xg 15 min
3 mm Watman , 0.1%
:40 V/em, 1.5 h 7h 3
0.2% 30 s, 20h 1mollL 60 °C
1% NaOH 2 min, 3% 8 min 20 min
Na,5,05 15 min
1.5 WEERREKREE =
/
2-3 cm 1.0 2.0 3.0 mg/L 1.7.2
6-BA 0 0.1 0.2 0.3 mg/LNAA MS (191
MS
3% WA 1% pH 6.0 ( )
1.6 WMEERRZFRFSREEKEE
MS
2-3 cm
0 0.05% 0.1% 0.2% (W/V) 0.5 cm’ 1%
MS I-KI 1 min
(200 r/min) 12 24 36 48 h (40x% )
MS 100x%

10
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100x 10

18 EBRREFHRBEERRXEDRBEES

S/ E

( )
( )
60 C 100
15¢g NaOH 0.3 g
30 mL l1h 20 min
0.45 pm GC-MS
GC-MS
[20]
(ED) 70 eV 230 C
280 C 3 min
(Scan) 90 C 15 ‘C/min
140 °C 20 min 15 ‘C/min 260 C
5 min GC DB-5MS (30 mx
0.25 mmx0.25 pm) 250 C
280 C He
1.0 mL/min (Sigma)
y=1388.29x 735126048 r*=
0.999 6
2 BREAM

21 WMEERRBFSSHEMKIEST

MS+500 mg/L
25 d ,

ATCC15834
2d

5d
15d 100%
3-5 ( 1A)
20d 3-5cm
MS+500 mg/L
4-5
MS
MS
( 1B O

MS

22 MEERREEEULETE

rolB  rolC Ri T.-DNA
rolB  rolC
DNA
2 2
rolB rolC PCR
DNA ATCC15834
540 bp 770 bp
DNA
DNA ( 2 3
3
, rol PCR
ATCC15834
Ri rol T.-T-DNA (T-DNA )
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Fig. 1 Induction and in vitro culture of hairy roots and its polyploidy induction and plant regenerations of Nicotiana
tabacum. (A) Hairy roots formation from leaf explants 15 days after infection. (B) Solid culture of hairy roots for
10 days. (C) Liquid culture of hairy roots for 10 days. (D) The swollen root tips after colchicine treatment. (E) Callus
induction from hairy root after cultured for 10 days. (F) Adventitious shoot formation from callus after cultured for
30 days. (G) The chromosomes in root tip cell of control plants. (H) The chromosomes in root tip cells of diploid
hairy root-derived plants. (I) The chromosomes in root tip cells of polyploid regeneration plant 1. (J) The
chromosomes in root tip cells of polyploid regeneration plant 2. (K;N) The guard cells of control plants. (L;O) The
guard cells of diploid hairy roots-regenerated plants. (M;P) The guard cells of polyploid-hairy roots regenerated
plants. (Q) Control plants. (R) Diploid hairy roots-regenerated plant. (S) Polyploid hairy roots-regenerated plants. (T)
Untransformed plants after pot-grown for 30 days. (U) Hairy root-regenerated plants after pot-grown for 30 days. (V)
Polyploid hairy root-regenerated plants after pot-grown for 30 days. (W) Untransformed plants after pot-grown for 60
days. (X) Hairy root-regenerated plants after pot-grown for 60 days. (Y) Polyploid hairy root-regenerated plants after
pot-grown for 60 days.
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1 2 3 456 7 8 91011

B2 MHEEIRR rol B #0 rol C EF A PCR #1475~
) BB AR BRI 93 AT

Fig. 2 Gel electrophoresis analysis of PCR fragments
of rolB and rolC genes amplified from the genome
DNA tobacco hairy roots. 1: 2 kb DNA marker; 2—6:
fragments with rolB primers; 7-11: fragments with
rolC primers; 2, 10: fragments amplified from the
strains of A. rhizozgenes ATCC15834; 3, 8: fragments
amplified from untransformed roots; 4-6, 9-11:
fragments amplified from hairy roots.

1 2 3 4 S
X Y .
. -
vhee

B 3 MR EAKAR T 22 68 B 4K B Sk A )
Fig. 3 Detection of opines in tobacco hairy roots by
paper electrophoresis. 1, 2: hairy roots extract; 3, 4:

normal root extract; 5: standard opines. A: agropine; M:

mannopine; N.S: neutral sugars.

Tr-DNA
(T-DNA )

23 MEERRZEEMFSREEKRBE

MS
12 h

( 1D)

1.0 2.0 3.0 mg/L 6-BA 0.1 0.2 0.3 mg/L NAA

MS MS
MS
30 d
40d 4-5cm
1-2 /
6-BA NAA 5d
20 d
( 1E F)
6-BA MS 6-BA
6-BA NAA

MS+6-BA2.0 mg/L
+NAAO0.2 mg/L
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25 FBWRIRS FERERRY SR R

R

25-30 3
MS 3
10 d 0.1% 36 h
64.71% 1 Q R
S
24 FBRIBREZERBEEKNEHLEE
1 G H 1 J
( )
1G-J (
) 1 T UV W
2n=48
X Y
4n=96 30d  60d I
2 IK L M NO P
( IT U)
2
( ) ( 1V)
60 d (
W)
60 d
1.64 1.71 ( 1X Y) 81 d
1.33 1.36
202 186 26 ERREEHEEEHRRRS B ONE
4 60 d
GC-MS 4
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( ) 432.52 mg/g ( )
ATCC15834 6.90 4.57

*2 ZEASZEFEEREKRFRIZARX ). BEREFRIMABRMZRAKE IR
Table 2 Comparison of the size, density and number of chloroplasts of guard cells between polyploid and
diploid plants

The size of guard cells Density Chloroplasts
Plant type
Length (um) width (um) (10x40) number
Control 37.5%£1.65 32.2+1.40 20.2+1.75 20.8+1.69
Hairy root-regenerated plants 35.9+0.88 31.4£1.17 30.1£2.77 22.7+1.49
Polyploid plants 61.4+4.03 42.7+1.89 14.6£1.96 42.1+£3.48

®3 WEERRE BFHRESE
Table 3 Induction rate of polyploid through polyploidization with hairy roots of N. tabacum

congeorifrl;f::le %) Treatment time (h) Polyploidy plants Regeneration plants Polyploidy rate (%)

0 12 0 28 0
24 0 25 0
36 0 35 0
48 0 25 0
0.05 12 4 25 16
24 5 25 20

36 8 35 22.86

48 3 19 15.79
0.10 12 5 25 20
24 8 20 40

36 22 34 64.71
48 8 25 32
0.20 12 1 25 4
24 2 20 10
36 7 25 28

48 5 28 17.86
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Table 4 Detection of nicotine content in polyploid hairy roots regenerated plants

Plant materials

Nicotine content (pg/g dry weight)

Untransformed plants
Hairy roots regenerated plants

Regenerated plants from polyploidy hairy roots

62.69+1.67
94.72+4.62
432.52+2.11

3 Wit

Hyoscyamus niger'® Salvia miltiorrhiza

[21]

Bge. Colophospermum mopane!?*

Hemerocallis flava L.

Cyclamen persicum!**!

[7] [8] [9]
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[4-5]

Achyranthes bidentata

10 [25]

( ) ( ) 4.57
6.90 De Jesus-Gonzalez & Weathers

Artemisia annua L. (12]

[24,26] [27]

0.1 Eucommia ulmoides
Oliv. 12 h
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36.7
Gerbera jamesonii
48 h

0.5
Lagerstroemia indica
L. indica Linn. f. alba 48-96 h

0.5
72 h 54.17%"
0.1% 36 h
64.71%
0.25% 0.5% 7d
1%[12]
[12,28]
[29]
2n=48
4n=96

0.8

[26]

3

1 2
Ri
T-DNA( 4 rolABCD T-DNA
)
[10-11]
[30-31]
(
)
Catharanthus roseus L.
(
) Cichorium
intybus [33-34]
rol C
() Petunia hybrida (35]
[36]

Cichorium intybus L.

Eustoma grandiflorum 371

Nierembergia scoparia [38]

21d Winefield !

cjb@im.ac.cn



592

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech  April 25,2014 Vol.30 No.4

rol C
()

rol

REFERENCES

(1]

(2]

(3]

(4]

(5]

http

Paterson AH. Polyploidy, evolutionary opportunity,
and crop adaptation. Genetica, 2005, 123: 191-196.

Chen CH, Goeden-Kallemeyn YC. In vitro
induction of tetraploid plants from
colchicines-treated  diploid  daylily callus.

Euphytica, 1979, 28: 705-709.

Adaniya S, Shira D. In vitro induction of tetraploid
ginger (Zingiber officinalis Roscoe) and its pollen
fertility and germinability. Sci Horti, 2001, 88(4):
277-287.

Lavania UC, Srivastava S. Enhanced productivity
of tropane alkaloids and fertility in artificial
autotetraploids of Hyoscyamus niger. Euphytica,
1991, 52(2): 73-77.

OP, UC. Enhancing the
productivity of secondary metabolites via induced
1996, 87(2):

Dhawan Lavania

polyploidy: a review. Euphytica,
81-89.

://journals.im.ac.cn/cjben

[10]

[11]

[12]

[13]

Gu XF, Luo ZR. Regeneration of dodecaploid
plants from in vitro leave of “Luotian Tianshi”
Persimmon treated with colchicine. Acta Horticul
Sin, 2003, 30(3): 325-327 (in Chinese).

>

12 . , 2003, 30(3):
325-327.
Chen BJ, Gao SL, Bian YY. The induction of
autotetraploid of Scutellaria baicalensis Georgi by
tissue culture. J Plant Resource Environ, 2000,
9(1): 9—11 (in Chinese).

, 2000, 9(1):
9-11.
Wang XH, Tan XF. Study of Gerbera jamesonii
inducing polyploid plants with colchicine. J Central
South Forest 2005, 25(4): 57-61 (in
Chinese).

Univ,

. , 2005, 25(4): 57-61.
Qian CZ, Wu MS, Dai FB, et al. Studies on
polyploid breeding of Isatis indigotica Fort. Acta
Bot Sin, 1989, 31(9): 678—683 (in Chinese).

, 1989, 31(9): 678-683.
Inoue F, Sugiura H, Tabuchi A, et al. Alteration of
essential oil composition in transgenic Peppermint
(Mentha  piperita) T-DNA
Agrobacterium rhizogenes. Breed Sci, 2003, 53(2):
163-167.
Santos PAG, Figueiredo AC, Oliveira MM, et al.
Growth and essential oil composition of hairy root
cultures of Levisticum officinale W.D.J. Koch
(lovage). Plant Sci, 2005, 168(4): 1089—1096.
De Jesus-Gonzalez L, Weathers PJ. Tetraploid
Artemisa annua hairy produce
artemisinin than diploids. Plant Cell Rep, 2003, 21:
809-813.
Shi HP, Huang QS. Tissue culture and plantlet
regeneration from leaves of Nicotiana tabacum.
Subtropical Plant Sci, 2003, 32(4): 63 (in Chinese).

carrying from

roots more



W FEEERRSEFESREEFRBE

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

, 2003, 32(4): 63.

Murashige T, Skoog F. A revised mediumfor rapid
growth and bioassays with tobacco tissue culture.
Physiol Plant, 1962, 15: 473—497.

Edward K, Johnstone C. A simple and rapid
method for the preparationn of plant genomic DNA
for PCR analysis. Nucleic acids Res, 1991, 19(6):
1349.

Furner 1J, Huffman GA, Amasino RM, et al. An
Agrobacterium transformation in the evolution of
genus Nicotiana. Nature, 1986, 319: 422-427.

Ellis D, Roberts D, Sutton B, et al. Transformation
of whit e spruce and other conifer species by
Agrobacterium tumefaciens. Plant Cell Rep, 1989,
8: 16-20.

Martinez-Gomez P,Sanchez-Perez R, Vaknin Y, et
al. Improved technique for counting chromosomes
in almond. Sci Horticul, 2005, 105(1): 139-143.
Chen BH, Li XS, Cao ZY, et al. A method for
observing stoma by transparent gummed tape to
tear epidermis from leaf. Plant Physiol Comm,

2004, 40(2): 215-218 (in Chinese).

s s E}

, 2004, 40(2): 215-218.
Xiao S, Zhou JH, Yang HQ, et al. An improvement
of method for tobacco alkaloids determination by
chromatography-mass spectrometry. J Hunan Agri
Univ: Nat Sci Ed, 2010, 36(1): 22-25 (in Chinese).
) ) , - (GC/MS)
: , 2010, 36(1): 22-25.
Gao SL, Zhu DN, Cai ZH, et al. Autotetraploid
plants from colchicines-treated bud culture of
Salvia miltiorrhiza Bge. Plant Cell Tiss Org Cult,
1996, 47(1): 73-717.
Rubuluza T, Nikolova RV, Smith MT, et al. In
vitro induction of tetraploids in Colophospermum
mopane by colchicine. South Afri J Bot, 2007,
73(2): 259-261.

(23]

[24]

[25]

[26]

(27]

(28]

[29]

Takamura T, Miyajima I. Colchicine induced
tetraploids in yellow-flower cyclamens and their
characteristics. Sci Hortic, 1996, 65(4): 305-312.

Zhang 7S, Li YH, Jiang L, et al. In vitro tetraploid
induction and its in Anthurium
andraeanum. Acta Horticul Sin, 2007, 34(3):

729-734 (in Chinese).

identification

, 2007, 34(3): 729-734.
Li SM, Liang KJ, Ge CJ, et al. Studies on
polyploid breeding of Achyranthes bidentata BL.
China J Chin Mater Med, 1988, 1(7): 11-14 (in
Chinese).

. , 1988, 1(7): 11-14.
Li H, Yan B, Zhang T, et al. Preliminary studies on
polyploidy mutation of cut flower Gerbera
jamesonii Bolus. Acta Horticul Sin, 2009, 36(4):
605-610 (in Chinese).
. , 2009, 36(4): 605-610.
Zhang HF, Guo BL, Zhang CH, et al. Induction and
identification of tetraploids in Eucommia ulmoides
Oliv. Acta Horticult Sin, 2008, 35(7): 1047-1052
(in Chinese).

, 2008, 35(7): 1047-1052.

Tong J, Ye YM, Feng B, et al. Colchicines induced
polyploid plants and their identification in three
species of Lagerstroemia indica. Acta Horticul Sin,
2009, 36(1): 127-132 (in Chinese).

H H s

, 2009, 36(1):
127-132.
Liu RX, Huang Y, Lu YX, et al. Quick
identification =~ of  tobacco  pollen  plants’

chromosomes ploidy in seeding stage. J Hunan
Agri Univ: Nat Sci Ed, 2008, 34(5): 541-544 (in
Chinese).

i i i

cjb@im.ac.cn

593




594

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech  April 25,2014 Vol.30 No.4

[30]

[31]

[32]

[33]

, 2008, 34(5): 541-544.

Xu HW, Zhou XF, Lu JM, et al. Hairy roots
induced by Agrobacterrium rhizogenes and
production of regenerative plants in hairy root
cultures in Maize. Sci China C: Life Sci, 2005,
35(6): 497-501 (in Chinese).

c .,
2005, 35(6): 497-501.
Christensen B, Sriskandarajah S, Serek M, et al.
Transformation of Kalanchoe blossfeldiana with

rol-genes is useful in molecular breeding towards

compact growth. Plant Cell Rep, 2008, 27:
1485-1495.
Choi PS, Kim YD, Choi KM, et al. Plant

regeneration from hairy root cultures transformed
by infection with Agrobacterium rhizogenes in
Catharanthus roseus. Plant Cell Rep, 2004, 22(11):
828-831.

Sun LY, Touraud G, Charbonnier C,
Modification of phenotype in Belgian endive

et al.

(Cichorium intybus) through genetic transformation
by Agrobacterium rhizogenes: conversion from

http://journals.im.ac.cn/cjben

[34]

[35]

[36]

[37]

(38]

biennial to annual flowering. Transgenic Res, 1991,
1: 14-22.

Limari MA, Sun LY, Douat C, et al. Natural
genetic  transformation by  Agrobacterium
rhizogenes: annual flowering in biennials, Belgian
endive and carrot. Plant Physiol, 1998, 118(2):
543-550.

Winefield C, Lewis D, Arathoon S, et al. Alteration
of Petunia plant form though the introduction of the
rolC gene from Agrobacterium rhizogenes. Mol
Breed, 1999, 5: 543-551.

Kamada H, Saitou T, Harada H. No requirement of
vernalization for flower formation in
Ri-transformed Cichorium plants. Plant Tiss Cult
Lett, 1992, 9(3): 206-208.

Handa T, T, Kato E. Genetic
transformation of Eustoma grandiflorum with rol
genes. Acta Horticult, 1995, 392: 209-218.

Godo T, Tsujii O, Ishikawa K, et al. Fertile
of Nierembergia scoparia
sendmer obtained by a mikimopine type strain of
Agrobacterium rhizogenes. Sci Horticult, 1997, 68:

101-111.

Sugimura

transgenic  plants

(AT AT )



