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Abstract: To use Agrobacterium rhizogenes-induced hairy roots to create new germplasm of Dianthus caryophyllus, we
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transformed D. caryophyllus with A. rhizogenes by leaf disc for plant regeneration from hairy roots. The white hairy roots
could be induced from the basal surface of leaf explants of D. caryophyllus 12 days after inoculation with A. rhizogenes
ATCC15834. The percentage of the rooting leaf explants was about 90% 21 days after inoculation. The hairy roots could
grow rapidly and autonomously in liquid or solid phytohormone-free MS medium. The transformation was confirmed by
PCR amplification of rol gene of Ri plasmid and silica gel thin-layer chromatography of opines from D. caryophyllus hairy
roots. Hairy roots could form light green callus after cultured on MS+6-BA 1.0—3.0 mg/L +NAA 0.1-0.2 mg/L for 15 days.
The optimum medium for adventitious shoots formation was MS + 6-BA 2.0 mg/L +NAA 0.02 mg/L, where the rate of
adventitious shoot induction was 100% after cultured for 6 weeks. The mean number of adventitious shoot per callus was
30—40. The adventitious shoots can form roots when cultured on phytohormone-free 1/2 MS or 1/2 MS +0.5 mg/L NAA for
10 days. When the rooted plantlets transplanted in the substrate mixed with perlite sand and peat (volume ratio of 1:2), the
survival rate was above 95%.
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Table 1  Primer sequences used for the PCR
amplification

Target gene
rol B P1: GCTCTTGCAGTGCTAGATTT
P2: GAAGGTGCAAGCTACCTCTC
rol C P1: CTCCTGACATCAAACTCGTC
P2: TGCTTCGAGTTATGGGTACA
VirC P1: GGCTTCGCCAACCAATTTGGAGAT
P2: TTTTGCTCCTTCAAGGGAGGTGCC

Primer sequence (5'-3")
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Fig. 1 Induction and in vitro culture of hairy roots and its plant regeneration of D. caryophyllus. (A) Hairy root
formation from cut surface of leaf explants inoculated with A. rhizogenes ATCC15834 for 12 d. (B) Solid culture of
hairy roots for 14 d. (C) Liquid culture of hairy roots for 40 d. (D) Adventitious shoot formation of hairy roots after
cultured for 25 d in liquid phytohormone-free MS medium. (E) Adventitious shoots formation from hairy roots after
cultured on solid MS+ 6-BA 1.0 mg/L. (F) Callus formation from hairy roots cultured on MS+6-BA 3.0 mg/L +NAA
0.1 mg/L. (G) Adventitious shoots formation from callus when cultured on MS+6-BA 2.0+NAA 0.02 for 28 d. (H)
Proliferation culture of adventitious shoots cultured in liquid medium MS+6-BA 2.0 mg/L +NAA 0.02 mg/L (I)
Pot-grown untransformed plants (left) and hairy roots-regenerated plants (right).
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Fig. 2 Gel electrophoresis analysis of PCR fragments
of Vir C, rol B and rol C genes amplified from the
genome DNA of D. caryophyllu hairy roots. 1: 1 kb
DNA marker; 2—5: fragments with vir C primers; 6—9:
fragments with rol B primers; 10—13: fragments with
rol C primers; 2, 6 and 10: fragments amplified from
the colony of A. rhizogenes ATCC15834; 3, 7 and 11:
fragments from untransformed roots; 4, 5, 8, 9, 12 and
13: fragments amplified from hairy roots.
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Fig. 3 Detection of opines in hairy roots and its
regenerated plants of D. caryophyllus by silica gel thin
layer chromatography. 1: extract of agrobacterium; 2:
control root extract; 3: transformed plant extract; 4:
hairy root extract; Man: mannopine.

MS+6-BA 2.0 mg/L+NAA 0.02 mg/L 6
100%
30-40
MS+6-BA 2.0 mg/L+NAA 0.02 mg/L

( 1H)
MS 2
MS
30 d
( 1D)
1.0 mg/L 6-BA  MS
35d
25% ( 1E)
4-6

24 AEFERFESKBHK

3—4 cm
0.5 mg/L NAA 1/2 MS
10d
0.5 mg/L NAA
3-5cm
3-4d
2)
3-5d
25°C
20 d

95% ( 1D

cjb@im.ac.cn



1748 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech November 25,2014 Vol.30 No.11

[26]

Phytolacca esculenta

van Houtte

3 Wit

Ri T-DNA
[27]
Nierembergia scoparia Kalanchoe
blossfeldiana [7-8]
D. caryophyllus L. “Indios” 23]
[3.28]
Ri (3]
ATCC15834
Datura arborea L.
(28]
Ri Daucus 6-BA NAA
carota L. Nicotiana tabacum L.
[24] MS 30 d
1 mg/L 6-BA
35d
[25]
Glycyrrhiza uralensisi Fisch 25%

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



EHE FBEATERRES. BREFREESRBE 1749

T-DNA
[29]
[5,9-11]
REFERENCES
[1] Tepfer M, Casse-Delbart F. Agrobacterium

(2]

(3]

(4]

(5]

rhizogenes as a vector for transforming higher
plants. Microbiol Sci, 1987, 4(1): 24-28.
Li JL, Xu XL, Chen JS. Agrobacterium rhizogenes
Ri plasmid and its application. Prog Biotechnol,
1993, 14(2): 8—14 (in Chinese).

, , Ri

, 1993, 14(2): 8-14.

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

and

> 5 s

c .,
2005, 35(6): 497-501.
Giri A, Narasu ML. Transgenic hairy roots: recent
trends and applications. Biotechnol Adv, 2000, 18
(1): 1-22.
Pellegrineschi A, Damon JP, Valtorta N, et al.
Improvement of ornamental characters and
fragrance production in lemon-scented geranium

through genetic transformation by Agrobacterium

(6]

[7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

rhizogenes. Biotechnology, 1994, 12(1): 64-68.
Kamada H, Ono A, Saitou T, et al. No requirement
of vernalization for flower formation in
Ri-transformed Cichorium plants. Plant Tiss Cult
Lett, 1992, 9(3): 206-213.

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 (9):
1485-1495.

Godo T, Tsujii O, Ishikawa K, et al. Fertile
of Nierembergia scoparia

sendmer obtained by a mikimopine type strain of

transgenic  plants

Agrobacterium rhizogenes. Sci Horticult, 1997,
68(1): 101-111.
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.

Winefield C, Lewis D, Arathoon S,
Alteration of Petunia plant form though the
introduction of the rol C gene from Agrobacterium
rhizogenes. Mol Breed, 1999, 5(6): 543-551.
Limari MA, Sun LY, Douat C, et al. Natural
Agrobacterium
rhizogenes: annual flowering in biennials, belgian
1998, 118(2):

et al.

genetic  transformation by
endive and carrot. Plant Physiol,
543-550.
Xiong L. Carnation. Beijing: China Agricultural
Publishing House, 1999: 133—135 (in Chinese).
, 1999:

133-135.
Huang DH, Zhou Q, Tao XH, et al. Tissue culture
and rapid propagation of the short carnation. Chin
Agri Sci Bull, 2007, 23(9): 103—-106 (in Chinese).

, 2007, 23(9):
103-106.
Zhao Y, Li XF. Study of 6-BA on preservation
effect of cut carnation. Acta Agric Bor-occid Sin,
2008, 17 (2): 254-257 (in Chinese).

, . 6-BA
,2008,17(2): 254-257.

Liu JP, He SG, Li PT, et al. Effect of sodium

cjb@im.ac.cn



1750 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech November 25, 2014

Vol.30 No.11

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

dichloroisocyanurate on preservation of cut
carnation (Dianthus caryphyllus L.). Acta Horticul
Sin, 2009, 36 (1): 121-126 (in Chinese).
, 2009,
36(1): 121-126.
Tang DT, Xu MX, Feng YH. In vitro flowering
from explants in Dianthus chinensis L. and factors
influenced flower formation. Acta Horticul Sin,
1996, 23(3): 277-280 (in Chinese).
, 1996, 23(3):
277-280.
Wu Y, Dong J, Guo BL, et al. Estimating cold-
resistance of transgenic Dianthus chinese with
CBF1 gene. Chin Agri Sci Bull, 2007, 23(5):
59—61 (in Chinese).
CBFl1
, 2007, 23(5):

s E) 5

59-61.
Yu YX, Bao MZ. Integration of different T-DNA
structures of ACC oxidase gene into carnation
genome extended cut flower vase-life differently.
Chin J Biotech, 2004, 20 (5): 704-707 (in Chinese).

, . ACC

2004, 20 (5): 704-707.

Murashige T, Skoog F. A revised medium for
rapid growth and bioassays with tobacco tissue
culture. Physiol Plant, 1962, 15(3): 473-497.
Edwards K, Johnstone C, Thompson C. A simple
and rapid method for the preparation of plant
genomic DNA for PCR analysis. Nucleic Acids
Res, 1991, 19(6): 1349.

Furner I, Huffman G, Amasino R, et al. An
Agrobacterium transformation in the evolution of
the genus Nicotiana. Nature, 1986, 319: 422—427.
Tanaka N, Hayakawa M, Mano Y, et al. Infection

of turnip and radish storage roots with
Agrobacterium rhizogenes. Plant Cell Rep, 1985,
4(2): 74-717.

Fan HQ, Yao QH, Peng RH, et al. A preliminary

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

[24]

[25]

[26]

[27]

(28]

[29]

study on carnation by Ri plasmid of
Agrobacterium rhizogenes. Acta Agric Shanghai,

2001, 17(1): 35-38 (in Chinese).

, , , . Ri
, 2001,
17(1): 35-38.
Bercetche J, Chriqui D, Adam S , et al.

Morphogenetic and cellular reorientation induced
by Agrobacterium rhizogenes (strains 1855, 2659
and 8196) on carrot, pea and tobacco. Plant Sci,
1987, 52(3): 195-210.

Ottaviani MP, Schel JHN, Hénisch Ten Cate Ch H.
Variation in structure and plant regeneration of
Agrobacterium  rhizogenes
control roots of the potato cv. Bintje. Plant Cell
Tiss Org Cult, 1990, 20(1): 25-34.
Chen SY, Hou SS, Gui YL, et al.
transformation of cotyledons and hypocotyls of
Glycyrrhiza uralensis Fisch by Agrobacterium
rhizogenes. J Wuhan Bot Res, 1991, 9(4):
301-304 (in Chinese).

transformed  and

In vitro

b} 5 5

1991, 9(4): 301-304.
Shi HP, Liang P, Quan H. Induction and culture of
hairy roots in Phytolacca esculenta and its
saponin production. Chin J Biotech, 2003, 19(1):
46-49 (in Chinese).

, 2003, 19(1):
46-49.
Zhang JD, Yang XQ, Qiao AM, et al. Plant
regeneration from hairy roots of Datura arborea L.
J Tropic Subtropic Bot, 2008, 16 (5): 480—485 (in
Chinese).

E} 5 5

2008, 16(5): 480—485.

David C, Petit A, Tempé J. T-DNA Ilength
variability in mannopine hairy root: more than 50
kilo base pairs of pRi T-DNA can integrate in
plant cells. Plant Cell Rep, 1988, 7(2): 92-95.

GRS MRk )



