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AdrolC ATGGCTGARGACGACCTGTGTTCTCTCTTTTTCARGCTCAAAGTGGAGGATGTGACAAGCAGCGATGAGC TAGCTAGACACATGARGAACGCCTCARATGAGCGTAAACCCTTGATCGAGCCGGGTG———
trolC ATGGCTGAAGATAACCTATGTGCTCTCTTTTTCAAACTGACGGTGCAGGGGGTGACGTGCAGCGATGGGECTCAARGAAGCATATGGARAACGCCGAAGATGAGCTCARACCCTTACTGGAGCATGGTCCTC
Consensus ATGGCTGAAGAcaACCTaTGTgCTCTCTTTTTCARACTcAaaGTGeAGGagGTGACaaGCAGCGATGAGCTaaagRaalAcATGaAaAACGCCgaRaATGAGCgcAAACCCTTaaTcGAGCagGGTC. ..

131 140 150 160 170 180 190 200 210 220 230 240 250 260

1 1

AdrolC AGAATCAATCGATGGATATTGACGAAGAAGGAGGGTCGGTGEGECCACGGGCTGCTGTACCTCTACGTCGACTGCCCGACGATGATGCTCTGCTTCTATGGAGGGTCCTTGCCTTACAAT TGGATGCAAGG
trolC AAGGTGAATCCATGGACATCGATGAAGAAGARGTCTCGGGGGCCAAACGACTACTGTATCTCTATGTCGACTGCCCGACAATGATGCGCTGCTTTTTTGGEAGATCCATGCCCTATAAT TGCAGGGGAGG
Consensus HaaaTcAATCcATGGACATcGAcGAAGAAGaAGecTCGGeGGeCaflacGalTaCTGTACCTCTACGTCGACTGCCCGACAATGATGCCTGCTTeTaTGGaaGaTCCaTGCCcTACAATTGeAgGealGG
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AdrolC CGCACTCCTCACCAACCTTCCCCCGTACCAGCATGATGTGACTCTCGATGAGGTCAATAGAGGGCTCAGGCAAGCATCAGGTTTTTTCGGTTACGCGGATCCTATGCGGAGCGCCTACTTCGCTGCATTT
trolC CACCCTCCTTACCGACCTTCCCCCGTACCATGCTGATGCGTCGCCCCATGAGGTGTCTCGTGGACTCGEGAAGGCAACCGATTTCTTCAGCTATGAGGATGCTATTCGTAGTGCCTACTTCGCTGCCTTT
Consensus CaCaCTCCTcACCaACCTTCCCCCGTACCAgeaTGATGeGaCgCeCeATGAGGTcaaTaGaGhalTCaGGaRaGCAaCaGaTTTeTTCaGe TAcGaGGATCCTATeLGeAGCGCCTACTTCGCTGCATTT
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1 1

AdrolC TCTTTCCCTGGGCGTGTCATCAAGCTGAATGAGCAGATGGAGCTAACTTCGACAAAGGGARAGTGTCTGACATTCGACCTCTATGCCAGCACCCAGCTTAGGT TCGARCCTGGTGAGT TGGTGAGGCATG
trolC TCTTTCAGCGGGCCAGTCAGARAGTTGGATCAGCAGCTCGAGCTAACGTCGACARGAGGAGAGCCCCTGACATTCAGTCTTTATGCACGTAGCCCTGGCCGECTCGAACCTGGGEAGCTGGTGAGGCATG
Consensus TCTTTCaccGGGCcaGTCAgaAAGeTGaATcAGCAGaTcGAGCTAACeTCGACAAaaGGAalGeccCTGACATTCaacCTeTATGCaabcAcCCagepcaGhc TCGAARCCTGGGAGC TGGTGAGGCATG

521 530 540 546

1 1

AdrolC GCGAGTGCAAGTTTGCAATCGGCTAA
trolC GCGAGTGCAAGTTTGCA---GGCTAG
Consensus GCGAGTGCAAGTTTGCA., . .GGCTAa
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Figurel. Comparison of nucleotide sequence between A. rhizogenes rolC gene (strain A4) with its plant homologue in

tobacco, trolC. The letters marked in red represent the same nucleotides in the two sequences, and the blue and black letters
represent non-identical nucleotides. The nucleotide similarity percentage is more than 90%.
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Figure 2. Pigment content of rolC and trolC transgenic plants in treatment with increasing concentrations of dexamethasone
(dex). 0 Mp of Dexamethasone indicates the control condition.
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Figure 3. Total phenol and flavonoid content of rolC and trolC transgenic plants in treatment with increasing concentrations of
dexamethasone (dex). 0 Mp of Dexamethasone indicates the control condition.
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Figure 4. Antioxidant activity of rolC and trolC transgenic plant extracts in treatment with increasing concentrations of dexamethasone
(dex). 0 Mp of Dexamethasone indicates the control condition. Vertical axis indicates the percentage of free radicals scavenging activities of

plant extracts using DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate).
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Table 1. Analysis of variance of the effect of different treatment levels on studied traits of tobacco plants.
ns and = indicate non-significant and significant differences at the 1% level, respectively.

Sla e S0k
DPPH 450 I Sl 551 Js b A el ol e
Thvevives  Mavyy Tageeo o TAYEAYS 70 S S TN " s
AY/YEV AN YO \\Zat} /eVY Va\n! DialesT gllas

R PR da.w 03 BN O3 g Sl cae 5 O35 L3 pme pole Sole o Sa w% 5 NS

I, rolC o3 « Lactuca sativa olalS jliws! =1 cdls
Ismail et ) wib o i OLLS 5l i sl S s 0L
Rubia 0315 a8 sbdsle ;s ol (@l 2016
~4S i s gl B ials aolC 3 L cordifolia
sdalin 0315 8 lad sk & o (ROS) 035081 e sl
-5l Caslr il s 4 LROS Gl 5l 0lis &S A
<Jls .(Bulgakov, 2008) 55 Wdshe -ul o)lae Slu.S]
G S 5l S g3 S Al laoslas Slos| s
LS5 pa= s a4 S e Wl ) ol S8 Sl
Oan 2GS, 5 LS 5 L sd e a5l 6
eS| BT Sl 3T s b s sl sl 5 s 3,18
Wil byse Gbsanss Sl sw 5 5YES Glaeus) )
Sl g Olse 4 0lalS (Bailey-Serres and Mittler, 2006)
Shysh dolidl 1 555 G slome b o Ll 5 didign
357 5l oame 2B lagaly daild Gl bl 5 65 g
(G (Sale il pihe 5 S s s
ook bl opl sled Ll e el (ol 5 S5 e
Szl 51 S Sap e sl 5 00,8 5 Olesen
GR35 02 Ll e Sl 5 g5 5 olS g 4 aney sl
S LS5 sl Gl ead WSS olalS sl
BTGV I U TeR WUOOR ] IO P S ¥ R VRPC S RS
2l SN PR (P ol e e g el 1B 2o
b (il 55T 5 a3 5518 a5 598) 0l 5T S 5
55 3505 ailie T &l 1 5 trolC 5 10IC (lapsssST ) sim
S e 018 e sy onl glaadl S IS gl mer S
05 s 2L T0IC 05 alS Sdses o s5ei o5

Wl 51 ass trolC 5 rolC 03515 OlalS « J b (gl gimes SV
Ol dald Ol & o 52 IS 4852 Ol 3 o251
en 3 03 ol Ol 3 pde L Wl e el ol S sl
Sl s il abg e Glag BT 5 Ladd 50 (5 g
b Sldsm Jole S ote b Ol oslsmn 55 godane
€ aibcdale o8 S e S 2 L St
O 5 0303 Slourms .5 505 stalive s e (g5, 0 Ll
s 0,85 3 43U S Wsls OLis (Sobhanizadeh et al. 2017)
Shedd plpaal olas 5o ol Jgb ol Kein el
LT (s 552 (g smn 4L 53 A5 &l ol oS gla o IS
L ;o alilietal 2017) O\ 5 Ao 5 O Sl o0
Artemisia ) s S a3 olS 5 s 33 s LS axdl 3
Slag Cow OalS S Js (slgms aS Lsls OLAS (aucheri
e @l 53 B s A Ol &Sl s 3L S5
Sl 1 el cl St LY 5 KT sl olis sals
00 5T el 50 s s ot 5T b

53 et OF 0SS 05 55 g b s Sl

KWK JC{ FCOW [P PR 3

OLlS o )lze gl oSt sl e I glaslio ) 5
rolC 315 olalS 55 48 sls ol dals OWlS 5 el W 031 5
33 53 5T Gl SaSlsl &,8 el Wi trolC
S Lo 3 QLS ol 5 5 g dals QLS I xin Ao s
S8 JSC8) Ksgad Jlge 5wl pls a1y 15T sladIGs),
AL CiShase 3 sl S5 eyl glackile s b
2= b bl en 5 SO Jlesl baolas SlSl wl el s

S sl olis ub@ 9 W\ ‘L):"A)j".’, U‘i\ BE o.,\.AT S

1YaA gb‘wa.o)s)»b“ 1Y 0 5lols [ piiadd 0590 /w) W‘g&w} (S


https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.2.4.2
http://gebsj.ir/article-1-310-en.html

[ Downloaded from gebgj.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.2.4.2 ]

O 5 sl

ey Db Sl 5 GlAS) ST Cools )

5 SO = 5 e e 2 OlS] ] &uwﬂ s
Al Skl Llg e 035 0blS JSTse Slalllas

.J.a;«il)\uoj&il;jﬂmcw&;)jﬁ);

&l

Amini G, Mohajjel Shoja H. Mohajjel Kazemi E,
Motafakker Azad, R. 2019. Investigation of the
effect of rolC and trolC genes on germination and
growth parameters of transgenic tobacco (Nicotiana
tabacum) seedlings. Journal of Cellular and Molecular
Research 32(2): 155-165. (In Farsi with English
abstract).

Aoki S, Syono K. 1999c. Horizontal gene transfer and
mutation: Ngrol genes in the genome of Nicotiana
glauca. Proc. Natl. Acad. Sci. U.S.A 96: 13229-
13234.

Bailey-Serres J, Mittler R. 2006. The Roles of Reactive
Oxygen Species in Plant Cells. Plant physiology 141:
311

Bonhomme V, Laurain-Mattar D, Fliniaux MA. 2000.
Effects of the rolC gene on hairy root: induction
development and tropane alkaloid production by
Atropa belladonna. J Nat Prod 63(9):1249-52.

Bulgakov VP, Khodakovskaya MV, Labetskaya NV,
Chernoded GK, Zhuravlev YN. 1998. The impact of
plant rolC oncogene on ginsenoside production by
gingseng hairy root cultures. Phytochemistry 49:1929—
1934.

Bulgakov VP, Tchernoded GK, Mischenko NP, Shkryl
YN, Glazunov VP, Fedoreyev SA, Zhuravlev YN.
2003. Effects of Ca*? channel blockers and protein
kinase/phosphatase inhibitors on growth and
anthraquinone production in Rubia cordifolia callus
cultures transformed by the rolB and rolC genes.
Planta 217: 349-355.

Chang C, Yang M, Wen H, Chern J. 2002. Estimation of
total flavonoid content in propolis by two
complementary colorimetric methods. J. Food Drug
Analaysis 10: 178-182.

Guillon S1, Trémouillaux-Guiller J, Pati PK, Rideau
M, Gantet P. 2006. Harnessing the potential of hairy
roots: dawn of a new era. Trends Biotechnol
24(9):403-9.

Ismail H, Dilshad E, Waheed MT, Sajid M, Kayani
WK, Mirza B. 2016. Transformation of Lactuca
sativa L. with rolC gene results in increased
antioxidant potential and enhanced analgesic, anti-

- S 055 oS el 5 0les Jsb 5s el wl g trolC
Sl oL S o5 L alin 5 bl b 1) 55 (g3 Shes gla
238 plerdpn 5 SOdnnd (SKdse Slak sl
oo bosar glans gl 53 Foees Slllee 4l

inflammatory and antidepressant activities in vivo. 3
Biotech 6(2): 215.

Jalili Sh, Ehsanpour AA, Asghary GhR, Abdi MR.
2017. Effect of gamma radiation on physiological and
antioxidant factors of Artemisia aucheri boiss. Journal
of Plant Research 29(4): 741-750. (In Farsi with
English abstract).

Landi F, Capocasa E, Costantini B, Mezzetti M. 2009.
rolC strawberry plant adaptability, productivity, and
tolerance to soil-borne disease and mycorrhizal
interactions. Transgenic Res 18(6): 933-942

Masukasu H, Karin O, Kyoto H. 2003. Enhancement of
anthocyanin  biosynthesis by sugar in radish
(Raphanus sativus) hypocotyls. Plant Science 164:
259-265.

Meda A, Lamien CE, Romito M, Millogo J, Nacoulma
OG. 2005. Determination of the total phenolic,
flavonoid and proline contents in Burkina Fasan
honey, as well as their radical scavenging activity.
Food Chemistry 91: 571-577.

Meyer AD, Ichikawa T, Meins F. 1995. Horizontal gene
transfer: regulated expression of tobacco homologue
of the Agrobacterium rhizogenes rolC gene. Mol. Gen.
Genet 249: 265-273.

Mohajjel_Shoja H, Clement B, Perot J. 2011. Biological
activity of the Agrobacterium rhizogenes_derived
trolC gene of Nicotiana tabacum and its functional
relation to other plant genes. MPMI 24: 44-53.

Palazon J, Cusido RM, Roig C, Pifiol, MT. 1998. Expres
sion of the rolC gene and nicotine production in
transgenic roots and their regenerated plants. Plant
Cell Reports, 17: 384-390.

Schmulling T, Fladung M, Grossmann K, Schell J.
1993. Hormonal content and sensitivity of transgenic
tobacco and potato plants expressing single rol genes
of Agrobacterium rhizogenes T-DNA. Plant J 3: 371
-382.

Schmdlling T, Schell J, Spena A. 1988. Single genes
from Agrobacterium rhizogenes influence plant
development. EMBO J7: 2621-2629.

Shkryl YN, Veremeichik GN, Bulgakov VP,
Tchernoded GK, Mischenko NP, Fedoreyev SA,
Zhuravlev YN. 2008. Individual and combined

1YaA Qw)gﬁb/" °)M/M°)5°/w}w|9®3g§”w -



https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.2.4.2
http://gebsj.ir/article-1-310-en.html

[ Downloaded from gebgj.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.2.4.2 ]

3 D5 Sl 5 GlaS) ST ol )

oL oo

effects of the rolA, B and C genes on anthraquinone
production in Rubia cordifolia transformed calli.
Biotechnol. Bioeng 1: 118-125.

Sobhanizadeh A, Solouki M, Fazeli-Nasab B. 2017.
Optimization of Callus Induction and Effects of
Biological and Non-biological Elicitors on Content of
Phenol/ Flavonoid Compounds in Nigella sativa under
In-Vitro Conditions. Cell and Tissue Journal 8(2):
165-184. (In Farsi with English abstract).

Siikran D, Tohit G, Ridvan S. 1998. Spectrophotometric
Determination of chlorophyll - A, B and total
carotenoid contents of some algae species using
different solvents. Tr. J. Bot. 22: 13-17.

- \Y’ﬁ/\gb‘w}s}g&/r O)M/Me)5¢/w.}w'|3@3ww


https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.2.4.2
http://gebsj.ir/article-1-310-en.html

[ Downloaded from gebs.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.2.4.2 ]

0L !

Genetic Engineering and Biosafety Journal

Volume 8, Number 2

Evaluation of antioxidant activity, phenolic contents and pigment level of
rolC and trolC transgenic tobacco plants

Gita Amini, Hanieh Mohajjel Shoja”, Rohollah Motafakkerazad, Elham Mohajjel Kazemi

Department of Plant Biology, Faculty of Natural Science, University of Tabriz, IRAN

*Corresponding Author Email: mohajelh@yahoo.com

Abstract

Agrobacterium is one of the gram negative genera of soil bacteria that causes many
diseases in plants through the use of horizontal gene transfer. The rol genes of A.
rhizogenese, rolA, rolB and rolC, are the major causes of ‘hairy root’ symptoms in infected
plants. It has been demonstrated that rol genes could have a positive effect on secondary
metabolism in plants. The homologue of rol genes has also been found in some plants such
as the genus Nicotiana and a member of Scrophulariaceae, Linaria vulgaris. Here we
examined the effect of A. rhizogeneses rolC gene and its homologue in tobacco, trolC gene,
on pigment content, production of some secondary metabolites and antioxidant activity in
‘in vitro’ cultured 4-week old seedlings. In Nicotiana plants, the transgenes were located
under the control of dexamethasone inducible prompter. Methanol extracts of aerial parts of
seedlings were prepared and DPPH radical scavenging method was used to evaluate the
antioxidant activity. Experiments were performed in completely randomized design with 3
replications. Results showed that in induced transgenic lines, pigments content
(chlorophyll a, chlorophyll b, carotenoid and anthocyanin) were decreased and total phenol
contents were significantly increased compared to non-induced plants (control) and DPPH
radical scavenging activity exhibited a remarkable increase in induced plants. However, the
level of flavonoids didn’t show a significant change. These results indicate that plant
homologue of bacterial rolC gene, trolC, functions as rolC and can be used as an
alternative to enhance the level of secondary metabolite in plants.
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