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Abstract. Hairy root induction in plants is the result of the insertion of T-DNA from Agrobacterium rhizogenes into the
plant genome. The present study was conducted to investigate the effect of bacterium strain and plant species type on
hairy root induction in two endemic (Salvia eremophila and S. reuterana) and five non-endemic (S. macrosiphon, S.
multicaulis, S. nemorosa, S. verticellata and S. virigata) Salvia by four bacteria strains including 1724, 2659, ATCC-
15834 and A4. Petiole and stem explants were not capable of inducing hairy roots, while almost all leaf segments
produced it. Confirmatory studies were carried out by direct detection of inserted rol C by the PCR. The results showed
that different Agrobacterium rhizogenes strain and Salvia spices had significant effect on hairy roots number and
frequency. The infection of S. macrosiphon via A. rhizogenes strain ATCC15834 showed the highest number of infe-
cted roots per explant (5.12 hairy roots) and root frequency (82%). The highest number of hairy root per explant in S.
eremophila (3.32 hairy roots) and S. reuterana (3.92 hairy roots) were achieved by inoculation with strain A4. Strain
2659 produced the highest hairy roots number in S. nemorosa (2.6 hairy roots), S. multicaulis (4.36 hairy roots) and S.
verticillata (5 hairy roots). Also hairy roots formation occurred at the highest number in S. virigata (3 hairy roots) with
infection by strain ATCC15834.
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Fig. 1. PCR detection of rol C genes, M: DNA molecular weight (1 Kb), A-D: plasmid of different Agrobacterium
rhizogenes strain including: A4, 2659, 1724 and ATCC15834, E-F: DNA of different species hairy roots including:
Salvia eremophila, S. macrosiphon, S. multicaulis, S. nemorosa, S. verticillata and S. virigata and L: non-transformed
roots of S. virigata.
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There is no statically difference at p<0.05 between means with the same letter.


http://dx.doi.org/10.21859/acadpub.nbr.4.2.173
https://dor.isc.ac/dor/20.1001.1.24236330.1396.4.2.8.1
https://system.khu.ac.ir/nbr/article-1-2951-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24236330.1396.4.2.8.1 ]

[ DOI: 10.21859/acadpub.nbr.4.2.173 ]

178/\VA

Norouzi et al. Hairy root induction in Salvia

Sl Sl ¢35 csibn 6 03 0l Do (WS
3513 0lE ko 4 (6 5L Jlatl s (slos el alS ke
Cly 50 S s 0ol o b .(Tepfer, 1990)
S5 S pisaS 5 deeudly VP &6 sloj T-DNA
S VIF A Lyl bty 51 T-DNA JUsl Jos 55 65 50
@l s S & Sl S A VIE AU 10 )
OLS 5 g bas 4 STy 5 el Jsus &S AS o IS,
(Chandran & ol 55 adsle Jowe 5l odils, b
Sl s mse gliads, sl das e Ol oS (Potty, 2008
wlrss Moty o5 oS o5 4 pp Sy ST T-DNA JUs!
P shia Sl o3Y bl 5 Sl oS 5 6 STL 0L
3 Slae gomma (A 555 5 S Glaa s oglbs S
sk 03T B sy G55 Gy g LS sl s
Jolo Ri sty 1 sl sl (S5 Sledbl s 6 gl
(s ST b3l slo s (So m sl g o 45T Sl oD
05375 5 S e Vi 465 25500 sS85 5 Omosle
alas > (Petersen et al., 1989) s’ o Jos 5 SL l ,
s2sST g5 3 AF 5 ATCCIOATF 4w 55 (ol
smsS S g 3 Y904 &, (Sharafi et al., 2014)
g5 3OV A (Combard & Baucher, 1988)
- 0l SlWles & o (Tanaka et al., 1994) 50 S
g5 ool Ao Thizogenes Calisee glag s 457 das
Sl U5 T by sdalou,l 5 ol 5 eddasle oyl
Slaa g Ngons dijls ALE Galil mil (ol Jslise
Ll AE el b s s Ul Sws ST
,s (Dessaux et al., 1993; Slightom et al., 1986)
"6 0 sl da s o i S0le sbu 5 Sl s
By ) eslizal b ey YAY) (0 e 83 Cakiies ola
Loy Sl g 1S UK Saw jlAE Juols ATCCHOAYF
g b il a5 a2y V/FP) S e (sl S s ssldll
s S ol T st s 30 5Ke & g ¢S5 Ol s 4 \VYE
e 55 oS g 05 Ol & AV g o
oSk b (s ST dysw & Olye 4 LBASY: 4
Drac- ol S, glesismin, 55 G ik me i) SMa
-4 (Sharafi et al., 2014) > s~ &l ocephalum kotschyi

B e 0 g Aoy GG e 5 (559,95

W 6l Lol Sslize SUlg s Cul S cCalibes sla
Sla 5T 0S6 (Pirian et al., 2012) wsb oy ge ddo
3 ol 33 mse adsy W, Al rhizogenes Cakies
Syl sl gl alE $8 & ol odd addlas OlalS
seascadle bS5 (Sidni Cends (oo
bSKis Uy 5o Ssles o ge Sl S &S Sl glize
Kuzovkina & ) ail Calsee glaa S 55 cmse i)
.(Schneider, 2006

2 @l B Gl 5 bS5 (IS commen
T-DNA (slaj oo sl 3,03 0l s o g0 il W)
Sl bdse oS5 g 15 0lse e R e,
S I LS T
Sl 3555 05,8 o plnil G55 ST b Cow b pls
G5O el Cel (aLE 45 05,5 4 T-DNA
R L R R e
6T siajls Olejen 5 Lbign 2l 6l s (slad sho
WT-DNA =l a8 b o J2alS sl ST gl
Gl 5 ST e o laitns 457 ol IMS (sla0 ol
Cosl 0l adeiia ¢ pomean (TA0 & L, 2006) 5o o 4l
55 0> plima B TOL 0] sl Jlul 0L 5 il &
oI e Lp) il e (glaade, Ad, Ce
Bonh-) Wsi o 3150555 GlgmS! 4 bdse Canluo
S50 Al rhizognes Calisee slaas s (OMMe et al., 2000
Sz Uy e AE 555 K 55 e Ay W
(Christensen et al., 2009; Ercan et al., 1999; w,ls
oy opl Jlz=I s (Mahesh & Jeyachandran, 2011
LEL Ly g 1K 003 Sladeendly 53 Sls Ll
.(Nguyen et al., 1992; Vanhala et al., 1995)

Gl S8 S Obe oloinn blie ST Slas ol o
@l Sslp Bl @Sl e Gl s e
S. &8 il 5l lakes Sl ke 5 SA ey
AT Cwsay ATTCAMAYY & 5w (5 =SL L Macrosiphon
Sladsbe ¢35 0553 4 025515 51 5 T-DNA Jlist sl 5
Lo pp Lol LS Jsho 5 (6 S 0S5l sl Olije ol
25 55l b 6L by s (AE sk ot


http://dx.doi.org/10.21859/acadpub.nbr.4.2.173
https://dor.isc.ac/dor/20.1001.1.24236330.1396.4.2.8.1
https://system.khu.ac.ir/nbr/article-1-2951-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24236330.1396.4.2.8.1 ]

[ DOI: 10.21859/acadpub.nbr.4.2.173 ]

Nova Biologica Reperta 4 (2): 173-180 (2017)

179/yv4

REFERENCES

Barrett, S.C.H., Wilken, D.H. and Cole, W.W. 2000.
Heterostyly in the Lamiaceae: the case of Salvia bran-
degeei. — Plant Syst. Evol. 223: 211-219.

Bonhomme, V., Laurain-Mattar, D. and Fliniaux, M.A.
2000. Effects of the rol C gene on hairy root: induction
development and tropane alkaloid production by Atropa
belladonna. — J. Nat. Prod. 63: 1249-1252.

Brijwal, L. and Tamta, S. 2015. Agrobacterium rhizogenes
mediated hairy root induction in endangered Berberis ar-
istata DC. — Springer Plus 4: 443-453.

Bulgakov, V.P. 2008. Functions of rol genes in plant
secondary metabolism. — Biotechnol. Adv. 26: 318-324.
Chandran, R.P. and Potty, V. 2008. Induction of hairy
roots through the mediation of four strains of Agro-
bacterium rhizogenes on five host plants. — JBT 7: 129-

132.

Chaudhuri, K.N., Ghosh, B., Tepfer, D. and Jha, S. 2005.
Genetic transformation of Tylophora indica with Agro-
bacterium rhizogenes A4: growth and tylophorine
productivity in different transformed root clones. — Plant
Cell Rep. 24: 25-35.

Christensen, B., Sriskandarajah, S., Miller, R. 2009.
Transformation of Hibiscus rosa-sinensis L. by Agrob-
acterium rhizogenes. — J. Hortic. Sci. Biotechnol. 84:
204-208.

Combard, A. and Baucher, M.F. 1988. A common
organization of the T-DNA genes expressed in plant
hairy roots induced by different plasmids of Agroba-
cterium rhizogenes. — Plant Mol. Biol. 10: 499-509.

Dessaux, Y., Petit, A. And Tempe, J. 1993. Chemistry and
biochemistry of opines, chemical mediators of parasi-
tism. — Phytochem. 34: 31-38.

Doyle, J.J. and Doyle, J.L. 1987. A rapid DNA isolation
procedure for small quantities of fresh leaf tissue. — Ph-
ytochem. Bull. 19: 11-15.

Ercan, A.G., Tagkin, K.M., Turgut, K. and Yiice, S. 1999.
Agrobacterium rhizogenes-mediated hairy root formation
in some Rubia tinctorum L. populations grown in Tu-
rkey. — Turk. J. Bot. 23: 373-378.

Hu, Z.B. and Du, M. 2006. Hairy Root and its application
in plant genetic engineering. — J. Integr. Plant Biol. 48:
121-127.

Hussain, M.S., Fareed, S., Ansari, S., Rahman, M.A.,
Ahmad, 1.Z. and Saeed, M. 2012. Current approaches
toward production of secondary plant metabolites. — J.
Pharm. Bioall. Sci. 4: 10-20.

Kamatou, G.P., Makunga, N.P., Ramogola, W.P. and
Viljoen, A.M. 2008. South African Salvia species: a
review of biological activities and phytochemistry. — J.
Ethnopharmacol. 119: 664-672.

Kumar, V., Sharma, A., Prasad. B.C.N, Gururaj, H.B. and
Ravishankar, G.A. 2006. Agrobacterium rhizogenes
mediated genetic transformation resulting in hairy root
formation is enhanced by ultrasonication and
acetosyringone treatment. — Electron. J. Biotechnol. 9:
349-357.

WYVAC Y 6yl oF alo i pole ;0 g (sl axily

byw 5 gy (AE EE gyt e (IS
Oy sy W Ol5n 53 (gl AE eslinul 350 oL ST
s S o3 3
218 &5 omd

@13 OLLE use ey, CiS I 6,8 e il
035 Iy Slops Coarl (og)ls Ldj)l OLS 5 g S
Sl (5lat g Lo 7 s go Ay ) V15 Y smne
S 53 o8 s 0 cnl3l ol Sslise AL rhizogenes
g5 o 3 SSL A iole (BL n g slaat,
P G S 53 s L) sbul Cgr A Bsain,
2 5350 LS o 3)ls Comnl 4y a7 L casdllan oyl 3 ol
o 235 e 83 3148 i 53 g slaaiy s Wy ( JE
iy Wy golew b o STL Calises (glad g S
I 53 il Soa S 5 Slasaizs 03 s
S.ma- &8 mil I gliadey sl on ke 5 dndls
piosle i Jol- VOAYF 4. sS4 L crosiphon
) Gmse sl S s WAk js S Sl Olalks
mad ) S5 5 W e e Ol Sl R g ol plail 03 s
Ay g slfg'-l/’ 85y alides ‘5\.@‘\5; 23 s sl
dal g oS gl Sl 2 9)ls L)l 450 e sl

.Jﬁ

S ol
oails p sl uSils ALE (55505 5 o ts ajT O1,18Ken

i 6l O 8


http://dx.doi.org/10.21859/acadpub.nbr.4.2.173
https://dor.isc.ac/dor/20.1001.1.24236330.1396.4.2.8.1
https://system.khu.ac.ir/nbr/article-1-2951-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24236330.1396.4.2.8.1 ]

[ DOI: 10.21859/acadpub.nbr.4.2.173 ]

Norouzi et al. Hairy root induction in Salvia

180/ YA+

Kuzovkina, LLN. and Schneider, B. 2006. Progress in
Botany. — Springer, Berlin, Heidelberg. pp: 275-314.

Lee, S.Y., Xu, H., Kim, Y.K. and Park, S.U. 2007.
Rosmarinic acid production in hairy root cultures of
Agastache rugosa Kuntze. — World J. Microbiol. Biotec-
hnol. 24: 969-972.

Li, M., Li, Q., Zhang, C., Zhang, N., Cui, Z., Huang, L.
and Xiao, P. 2013. An ethnopharmacological
investigation of medicinal Salvia plants (Lamiaceae) in
China. — Acta Pharm. Sin. 3: 273-280.

Mahesh, A. and Jeyachandran, R. 2011. Agrobacterium
rhizogenes-mediated hairy root induction in Taraxacum
officinale and analysis of sesquiterpene lactones. — Plant
Biosyst. 145: 620-626.

Nguyen, C., Bourgaud, F., Forlot, P. and Guckert, A. 1992.
Establishment of hairy root cultures of Psoralea species.
— Plant Cell Rep. 11: 424-427.

Pawar, P.K. and Maheshwari, V.L. 2004. Agrobacterium
rhizogenes mediated hairy root induction in two
medicinally important members of family Solanaceae. —
JBT 3: 414-417.

Petersen, S.G., Stummann, B.M., Olesen, P. and
Henningsen, K.W. 1989. Structure and function of root-
inducing (Ri) plasmids and their relation to tumor-
inducing (Ti) plasmids. — Physiol. Plant 77: 427-435.

Pirian, K., Piri, K. and Ghiyasvand, T. 2012. Hairy roots
induction from Portulaca oleracea using Agrobacterium
rhizogenes to noradrenaline’s production. — Int. J. Appl.
Basic. Sci. 3: 642-649.

Rabban, M., Sajjadi, S.E., Jafarian, A., Vaseghi, G. 2005.
Anxiolytic effects of Salvia reuterana Boiss. on the
elevated plus-maze model of anxiety in mice. — J. Ethno-
pharmacol. 101: 100-103.

Rechinger, K.H. 1982. Labiatae Flora Iranica. —
Akademische Drucku-Verlagsanstalt, Graz, 598 pp.

Sambrook, J. and Russell, D.W. 2001. Molecular Cloning:
A Laboratory Manual. — Cold Spring Harbor Laboratory
Press, New York, 2344 pp.

Shanks, J.V. and Morgan, J. 1999. Plant ‘hairy root'
culture. — Curr. Opin. Chem. Biol. 10: 151-155.

Sharafi, A., Sohi, H.H., Azadi, P. and Sharafi, A.A. 2014.
Hairy root induction and plant regeneration of medicinal
plant Dracocephalum kotschyi. — Physiol. Mol. Biol. PI-
ants 20: 257-262.

Sharma, P., Padh, H. and Shrivastava, N. 2013. Hairy root
cultures: a suitable biological system for studying
secondary metabolic pathways in plants. — Eng. Life Sci.
13: 62-75.

Slightom, J.L., Durand-Tardif, M., Jouanin, L. and
Tepfer, D. 1986. Nucleotide sequence analysis of TL-
DNA of Agrobacterium rhizogenes agropine type plas-
mid. Identification of open reading frames. — J. Biol.
Chem. 261: 108-121.

Soleimani, T. Keyhanfar, M. Piri, K.H. Hasanloo, T. 2012.
Hairy root induction in burdock (Arctium lappa L.). -
JMP 44: 176-184.

Sreeramanan, S., Vinod, B., Sashi, S. and Xavier, R. 2008.
Optimization of the transient Gusa gene transfer of
Phalaenopsis Violacea orchid via Agrobacterium Tume-
faciens: an assessment of factors influencing the effi-

B e 0 g Aoy GG e 5 (559,95

ciency of gene transfer mechanisms. — Adv. Nat. Appl.
Sci. 2: 77-89.

Tanaka, N., lkeda, T. and Oka, A. 1994. Nucleotide
sequence of the rol region of the mikimopine-type root-
inducing plasmid pRil724. — Biosci. Biotechnol. Bioc-
hem. 58: 548-551.

Tao, J. and Li, L. 2006. Genetic transformation of Torenia
fournieri L. mediated by Agrobacterium rhizogenes. —
Afr. J. Bot. 72: 211-216.

Tepfer, D. 1990. Genetic transformation using Agroba-
cterium rhizogenes. — Physiol. Plant. 79: 140-146.

Vanhala, L., Hiltunen, R. and Oksman-Caldentey, K.M.
1995. Virulence of different Agrobacterium strains on
hairy root formation of Hyoscyamus muticus. — Plant
Cell Rep. 14: 236-240.

Wang, B., Zhang, G., Zhu, L., Chen, L. and Zhang, Y.
2006. Genetic transformation of Echinacea purpurea
with Agrobacterium rhizogenes and bioactive ingredient
analysis in transformed cultures. — Colloids Surf. B Bioi-
nterfac. 53: 101-104.

*kkkk

How to cite this article:

Norouzi, R., Babalar, M. and Mirmasoumi, M. 2017.
Investigation of hairy root induction in some Salvia L.
species. — Nova Biologica Rep. 4: 173-180.

):&y@)éw\w)ﬁ AR c‘so}mﬁ.og.fc;'glglg “) 8399
ACF efeske 53 s sl = S e b3 L6 S S
vy



http://dx.doi.org/10.21859/acadpub.nbr.4.2.173
https://dor.isc.ac/dor/20.1001.1.24236330.1396.4.2.8.1
https://system.khu.ac.ir/nbr/article-1-2951-fa.html
http://www.tcpdf.org

