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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 Taxaceac. 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, MAFE01724). 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 ro/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 ¢ 041c 0.17 ¢
ATCC15834*Leaf 0.16 ¢ 0.60c 023¢
TR107*Root 0.18 ¢ 0.65¢ 0.26 ¢
TR107*Leaf 0.37b 1.01b 0.49b
MAFEO01724*Root 0.28b 0.81b 031b
MAFEO01724*Leaf 0.57a 1.79a 0.6la

JMLJ‘;Q Aoy 0 cla.w)JLSD u‘}n)Tb)‘Jg’u QJUS S99 (s.,\.c sy QLS ‘O‘}:th)b JJ:.Z.A u_'ej>- L,<l Jﬁ\v\?
Columns with at least one common letter are not significant at 0.05 probability levels by LSD test
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), 54,5

Figure 1- Stages of growth and development of hairy roots in the MAFE(01724*Leaf combination in the multi-year-old yew (Taxus
baccata): hairy roots in solid MS medium (a, b, and ¢), 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).

O ey G Aoy (555 Wiz £85 5 GG s S bl s Jsdr —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 -

Ao ) 50 Jlad Ch.ﬂ).s)\.»d:u Ol sme & L3 5 4 s % 1S
ns, * and ** non-significant, significant at 5 and 1 probability levels, respectively.

O Ak 005 S n Wi £33 B s S ol asa dsdr Y g

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 -

Aoy ) 50 Jlaxs| cla.w):)l;@” S PEVISCREW P LR X N
ns, * and ** non-significant, significant at 5 and 1 probability levels, respectively.
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(Mirzaie Delbari et al., 2022) >4, 2ig odl b5l
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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 -

Aoy ) 50 Jlax| cla.wﬁ)lad;” S PEVINC WINPT L XN
ns, * and ** non-significant, significant at 5 and 1 probability levels, respectively.
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Sl caale pl il iy iSO gl a5 8 5 b slaals gl Lol gy 651 = (S0 cute Jxs wl L"’j‘b S oy
A5 Wb rolB O 51 gend oL, sl eslinal U (Taxus Baccata) j105 pw dle ko sladlg )5 5 90 slaals

oy solabascs it 5F Glols wels Wl s gbady; 5l e 534 by e ¥ ) glajls 70lB 03 VAtbp 4aki PCR o 5 45 -Y IS5

Noebp s by o Ljlg (e J28) (6,806 dadly 4 bgs 10 0 5150 (e J 28)  Jsere
Figure 2 - PCR analysis of the bp780 fragment of the ro/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.

S b 55yl dse el W s (5H5 0 S8 TOIB ‘Jujj/w’;ﬁ/flujﬁﬁ sy ga 0l OS5 Ols 53 oS Lledde -l 5 Olidow
SLls e aday W gl rolB O3 (Sujatha et al,, 2013) K,ls dlr 2 S ee glaais, W s rolD 5 rold aolC slal
» (Georgiev et al., 2007) Lil axils 5 BB s alyy A8 Wl e 5 Ol oles @ 0F ul &8 Sley o 5055 o5,
513 Saas 10IB I MRNA slaased S5 L oo slaates 53 sls e plie e U5 ot ool Slalllas ol

(Kiselev et al., 2007)
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