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Induction of Hairy Roots in Multi-Year-Old Yew (Taxus baccata) Seedlings
Using Agrobacterium rhizogenes for the Production of Secondary Metabolites
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Abstract

Yew (Taxus baccata) is a diploid plant with a chromosome number of 2n=2x=24,
belonging to the order Taxales and the family Taxaceae. Among its most important
secondary metabolites is taxol, a well-known anticancer drug. The aim of this study
was to investigate the induction of hairy roots in perennial yew seedlings using
Agrobacterium rhizogenes to optimize the production of secondary metabolites
under in vitro conditions. The experiment was conducted as a factorial design in a
completely randomized format with three replications. The factors examined
included explant type at two levels (root and leaf) and bacterial strain at three levels
(ATCC-15834, TR107, MAFEO01724). The results demonstrated that the interaction
of the examined factors significantly influenced the traits of hairy root induction
percentage, fresh weight, and dry weight of hairy roots after two months. The
highest percentage of hairy root induction, as well as fresh and dry weights, were
achieved with the combination of the MAFEQ1724 strain and leaf explants, which
were significantly higher compared to other treatment combinations. The transgenic
nature of the hairy roots was confirmed by tracing a segment of the 7o/B gene using
PCR amplification, while no corresponding band was amplified for non-transgenic
(wild-type) roots. Overall, the results of this study indicate that the induction of
hairy roots in perennial yew (Taxus baccata) seedlings is influenced by the explant
type and bacterial strain. These findings provide an essential prerequisite for further
experiments on hairy root cultures aimed at the production of pharmaceutical
metabolites.
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Tablel- Mean comparison of the treatment combinations resulting from the interaction of bacterial strain and explant type on the measured

traits
Treatment Combinations Percentage of Fresh weight of Dry weight of
(Bacteria Strains*Explants) hairy root hairy roots hairy roots
induction

ATCC15834*Root 0.07 c 041c 0.17 ¢
ATCC15834*Leaf 0.16 ¢ 0.60c 023 ¢
TR107*Root 0.18 ¢ 0.65¢c 0.26 ¢
TR107*Leaf 0370 1.01b 0.49b
MAFEOQ1724*Root 0.28 b 0.81b 031b
MAFEO01724*Leaf 0.57 a 1.79 a 0.61 a

.JJ[{@M)JO@.—:))LSD Q)AJTL)bJMQ}LL? S99 r&amsdmgbﬁ»ﬁjédﬁ \_éj:;- “‘<l J}\Jo—

Columns with at least one common letter are not significant at 0.05 probability levels by LSD test
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Figure 1- Stages of growth and development of hairy roots in the MAFE(Q1724*Leaf combination in the multi-year-old yew (Taxus
baccata): hairy roots in solid MS medium (a, b, and c), development of hairy roots after 3 days of transfer to Erlenmeyer flasks containing
MS/2 liquid medium in an incubator shaker (d), growth and development of hairy roots after 2 months of transfer to Erlenmeyer flasks

containing MS/2 liquid medium in an incubator shaker (e and f).

Oeise aday W Ao s S5 n dsein 5 SN s Sl Glols 4 dodr Y g
Table 2- Analysis of variance table for the effect of bacterial strain and type of explant on the percentage of hairy root induction

Sources of change Degree of freedom Variance F
Bacterial strain 2 0.231 0.004131™
Explant 1 0.113 0.0008179*
Bacterial strain* explant 2 0.104 0.013419"
Test error 12 0.095 -

Aoy \ 90 JL@J}] ch—:)))‘ég.u: ‘)‘JL;'MJ:..F g,.:;]v" 4 sk g % DS
ns, * and ** non-significant, significant at 5 and 1 probability levels, respectively.
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Table 3- Analysis of variance table for the effect of bacterial strain and type of explant on the fresh weight of hairy roots

Sources of change Degree of freedom Variance F
Bacterial strain 2 1.954 7.27e-03 ™"
Explant 1 2.656 1.01e-08 **
Bacterial strain* explant 2 1.003 0.000281 **
Test error 12 0.038 -

o) 50 Jlad da.d);)l;&.” Ol sma e OS5 5 4 s 5 % DS
ns, * and ** non-significant, significant at 5 and 1 probability levels, respectively.
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Table 4- Analysis of variance table for the effect of bacterial strain and type of explant on the dry weight of hairy roots

Sources of change Degree of freedom Variance F
Bacterial strain 2 1.2472 0.000427 **
Explant 1 1.1593 0.000351 **
Bacterial strain* explant 2 0.4927 0.004462 **
Test error 12 0.0569 -

oy ) 50 x| CE«J) D3 sme Gl e L a5 % S
ns, * and ** non-significant, significant at 5 and 1 probability levels, respectively.
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Figure 2 - PCR analysis of the bp780 fragment of the 70/B gene. Bands 1 and 2 correspond to three samples from induced root hairs, bands 3
and 4 correspond to water and normal root (negative control), band 5 corresponds to the bacterial plasmid (positive control), and band L
corresponds to the 100 bp ladder.
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(Kiselev et al., 2007)

- VPo¥ (liuso) g Sy IV ol fp05aum 0590 [ s 5 honl § S asntigea



el A Jl L sldlg U A sl

Gos Shle g (63 40

Lol s Sl e et bdle 5o e ady W1 s 6 8L s s Ssedi bline i aadllas opl s 1 A (g S

Sols pme sk 4 sle 55 5l G se laaly ; i 5 5 05 (e aday W s s lacis oS s Qfﬁd\.s@\;} b S s
J.T@chMAFE01724Lev\,&c"ﬂjgfwwﬂ)éjwg_,tsj).)u;jﬁéuu%)w\w‘aéyw)jb‘)jﬂ&.ab&&wﬂf‘)ljtﬁ

)MAFE01724 4 g L;)La."ﬁ U”SJJ BE J.‘.j}" @.)x&-}jd)_} Q‘J:ﬂ JM A sdaline adlas S0 LS)L"':: C)L:SJ:: J.“oLw)‘

)‘ e.)l.ﬂ.’;w\l;u:j}/z LSLQA.J,.:) 6’1;;3.)\)5 g;.:.aLA J}JM&)L@; QLé;ﬁL»MWLS)‘JW)ij}oM JJL}- ;ff M}Nﬂ)
ol Sldllas 3 5 ol (68U W 5 Gsas s Sl ke e glaainy s Shas 5 A 45 sl L& axdlas GNP JBY T

References

Aziz Khajeh, A., Dorani, E., & Aharizad S. (2018). Effects
of Agrobacterium rhizogenes strains and explants on
induction of hair root in Physalis alkekengi. Genetic
Engineering and Biosafety Journal. 7: 33-40.
dorl.net/dor/20.1001.1.25885073.1397.7.1.2.1 [In
Persian]

Chang, S. H., Ho, C. K., Chen, Z. Z., & Tsay, J. Y. (2001).
Micropropagation of Taxus mairei from mature
trees. Plant Cell Reports, 20, 496-502.
doi.org/10.1007/5002990100362

Fu, Y., Li, X., Yuan, X., Zhang, Z., Wei, W., Xu, C,, ... &
Gu, C. (2024). Alternaria alternata F3, a novel taxol-
producing endophytic fungus isolated from the fruits of
Taxus cuspidata: isolation, characterization, taxol yield
improvement, and  antitumor  activity. Applied
Biochemistry and Biotechnology, 196(4), 2246-2269.
doi.org/10.1007/5002990100362

Gallego-Jara, J., Lozano-Terol, G., Sola-Martinez, R. A,
Cénovas-Diaz, M., & de Diego Puente, T. (2020). A
compressive review about Taxol®: History and future
challenges. Molecules, 25(24), 5986.
doi.org/10.3390/molecules25245986

Georgiev, M. 1., Pavlov, A. 1., & Bley, T. (2007). Hairy root
type plant in vitro systems as sources of bioactive
substances. Applied microbiology and biotechnology,
74, 1175-1185. doi.org/10.1007/s00253-007-0856-5

Gutierrez-Valdes, N., Hakkinen, S. T., Lemasson, C.,
Guillet, M., OksmanCaldentey, K. M., Ritala, A., et al.
(2020). Hairy root cultures—a versatile tool with
multiple applications. Front. Plant Sci. 11, 1-11. doi:
10.3389/1pls.2020.00033

Jennewein, S., Rithner, C. D., Williams, R. M., & Croteau,
R. B. (2001). Taxol biosynthesis: taxane 13a-

.J},w

@l:.o

hydroxylase is a cytochrome P450-dependent
monooxygenase. Proceedings of the National Academy
of Sciences, 98(24), 13595-13600.
doi.org/10.1073/pnas.25153939

Kiselev, K. V., Dubrovina, A. S., Veselova, M. V.,
Bulgakov, V. P., Fedoreyev, S. A., & Zhuravlev, Y. N.
(2007). The rolB gene-induced overproduction of
resveratrol in Vitis amurensis transformed cells. Journal
of biotechnology, 128(3), 681-692. doi:
10.1016/j.jbiotec.2006.11.008

Kubica, P., Szopa, A., Kokotkiewicz, A., Miceli, N,
Taviano, M. F., Maugeri, A., ... & Ekiert, H. (2020).
Production of verbascoside, isoverbascoside and
phenolic acids in callus, suspension, and bioreactor
cultures of Verbena officinalis and biological properties
of  biomass  extracts. Molecules, 25(23), 5609.
doi.org/10.3390/molecules25235609

Mahmoudi, M., Sadat Noori, S. A., Ebrahimi, M., &
Bahmankar, M. (2023). Optimization of induction of
hairy roots in Perilla. Genetic Engineering and Biosafety
Journal, 12(1), 17-27. dor:
20.1001.1.25885073.1402.12.1.4.8 [In Persian]

Majumdar, S., Garai, S., & Jha, S. (2011). Genetic
transformation of Bacopa monnieri by wild type strains
of Agrobacterium rhizogenes stimulates production of
bacopa saponins in transformed calli and plants. Plant
Cell Reports 30(5):941- 954. doi:10.1007/s00299-011-
1035-9

Mirzaie Delbari, E., Vatandoost, J., Jami Moeini, M., &
Kohan-Baghkheirati, E. (2022). Effect of Agrobacterium
rhizogenes Strains on Hairy Root Induction in Different
Explants of Alfalfa. Applied Biology, 35(3), 127-142.
Doi: 10.22051/JAB.2021.34309.1398

Vo i 9 Sealy /Y 0o /000 50ms 0399 | it s 3 S ki


https://doi.org/10.3390/molecules25245986
https://doi.org/10.1007/s00253-007-0856-5
https://doi.org/10.1073/pnas.251539398

el A Jl L sldlg U A sl

Gos Shle g (63 40

Moradi, N., Sadat-Noori, S.A., Fadavi, A., Mortazavian,
S.M., Pakdin-Parizi , A. (2021). Analysis efficiency of
Iranian Ajowan ecotypes on hairy root production
mediated by different Agrobacterium rhizogenesis
strains. Iranian Journal of Genetics and Plant Breeding,
10(1): 117-127. doi:
10.30479/1JGPB.2022.17488.1325.

Oksman-Caldentey, K.M., and R. Hiltunen. (1996).
Transgenic crops for improved pharmaceutical products.
F. Crop. Res. 45(1-3): 57-69. deoi: 10.1016/0378-
4290(95)00059-3

Paolis, A. D., Frugis, G., Giannino, D., Iannelli, M. A,
Mele, G., Rugini, E., et al. (2019). Plant cellular and
molecular biotechnology: following Mariotti’s steps.
Plants 8, 1-27. doi: 10.3390/plants8010018

Potrykus, 1. (1990). Gene transfer to plants: assessment and
perspectives. Physiologia Plantarum, 79(1), 125-134.
doi.org/10.1111/§.1399-3054. 1990.tb 04573.x

Stepanova, A. Y., Malunova, M. V., Gladkov, E. A.,
Evsyukov, S. V., Tereshonok, D. V., & Solov’eva, A. L.

(2022). Collection of hairy roots as a basis for
fundamental and applied research. Molecules, 27(22),
8040. doi.org/10.3390/molecules27228040

Tiwari, R.K., M. Trivedi, Z.C. Guang, G.Q. Guo, and G.C.
Zheng. 2007. Genetic transformation of Gentiana
macrophylla with Agrobacterium rhizogenes: Growth
and production of secoiridoid glucoside gentiopicroside
in transformed hairy root cultures. Plant Cell Rep.
26(2): 199-210. doi: 10.1007/s00299-006-0236-0

Wahyuni, D. K., Vidianti, F., Purnobasuki, H., Ermayanti,
T. M., Prajoga, B, & Utami, E. S. W. (2015).
Agrobacterium rhizogenes mediated hairy root induction
in Justicia gendarussa Burm. f. Journal of Applied
Environmental and Biological Sciences, 5(4), 87-93.
doi:10.1186/s13007-021-00778-7

Wi gty Sl I el 0050 0 lzeag cranll SR8 ot


https://doi.org/10.3390/molecules27228040

