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Extended Abstract

Background and Objective: European yew (Taxus baccata L.) is a slow-growing, evergreen
conifer native to northern Iran with high medicinal value due to its production of paclitaxel (Taxol),
a vital anticancer drug. However, the extremely low concentration of paclitaxel in yew tissues
(0.001-0.02% of dry weight) poses a major barrier to sustainable exploitation. Producing just one
kilogram of paclitaxel requires about 10,000 kg of bark or the felling of 3,000 trees, while treating
a single cancer patient needs approximately 3 g of paclitaxel—equivalent to eight 60-year-old trees.
Such demand threatens the survival of natural yew forests. Consequently, biotechnologists seek
alternative strategies, such as cell and tissue culture, for large-scale production of secondary
metabolites without environmental damage. Cell suspension culture is considered an effective
approach for producing medicinal metabolites under controlled laboratory conditions. Establishing
high-yield, selected cell lines can significantly enhance biomass and paclitaxel production. This
study aimed to develop efficient paclitaxel-producing suspension cultures of 7. baccata by selecting
high-yield cell lines through small cell aggregate cloning.

Material and Methods: Stem explants from one-year-old yew seedlings were cultured on BS5
medium supplemented with various auxins (2,4-D, PIC, NAA) and cytokinins (BAP, KIN) to induce
callus formation. Successful induction and optimal phytohormone combinations were determined
based on induction time, callus morphology (texture and color), and callogenic response. Selected
calli were used to establish primary cell suspension cultures. High-yield cell lines were isolated by
cloning small cell aggregates. Resulting suspension cultures from selected lines were analyzed for
growth kinetics, paclitaxel accumulation, growth stability, and metabolite production. All
experiments were conducted in a completely randomized design with three replicates, repeated
twice, and analyzed using SAS 9.4.

Results: Phytohormones significantly influenced callogenesis, with PIC and KIN producing friable,
fast-growing callus. Four single-cell-derived clones with superior growth performance were
selected from 7. baccata suspension cultures. Growth profiling revealed an exponential phase up to
day 21, followed by a stationary phase until day 28. Paclitaxel production peaked at the late
exponential phase (day 21), coinciding with maximum cell growth. The best-performing line
produced the highest paclitaxel yield (26.07 mg/L) and biomass (33.68 g DW/L), about 15-fold and
2.05-fold higher, respectively, than the low-yield line. Cell population dynamics indicated that the
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superior line predominantly consisted of spherical cell aggregates with rapid division rates and high
viability. Stability analysis showed significant differences among lines across subcultures, with only
line TbCL-J1 maintaining high productivity and stability in biomass and paclitaxel yield after five
successive subcultures.

Conclusion: This study successfully established a high-yield cell line and developed efficient T.
baccata cell suspension cultures for paclitaxel production. Paclitaxel yield in the selected line
(0.77% of dry biomass) was dramatically higher than that reported for natural yew trees (0.001—
0.02%). The cell line selection strategy not only boosted paclitaxel yield but also enhanced biomass
accumulation. The small-aggregate cloning method offers potential for application in other plant
culture systems. Moreover, the homogeneous cultures derived from single-cell selection in T.
baccata proliferate more rapidly than wild trees, making them suitable for scale-up, metabolic
engineering, and industrial bioreactor applications—without destructive harvesting of Iran’s native
forests.

Keywords: B5 medium, Callus induction, Cell aggregate cloning, Hyrcanian forests, Secondary
metabolites.
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Table 2. Analysis of variance (ANOVA) of effect of phytohormone treatment on different prameters
of callusing after two weeks of yew stem explant culture

Sla o Sl

Mean of square o2 i ol
- P Sl M
Sext 0 503 S 55 S LT 6 ol 5 .
> i SIS 6 ? e Source of variation
Dry Fresh Rate of Time to callus df
weight weight callusing formation
34126 89885.70" 1267.76" 157.66™ 4 EFIIEI S
Phytohormonal treatment
byl glas
19.54 1358.96 22.68 1.34 20 e S
Experimental error
ok
20.01 13.12 6.02 8.08 - T

Coefficient of variation
Lo G ez e 53 13 e G

**Significant difference at 1% probability level
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Table 3. Effect of different hormonal treatments on times of callus inducation, callus fresh weight,
callus dry weight, callus color and callus type

S O3 ) ' @')5\5 .CJ'.’ dll}!ls )'L'cT ok
5 (p S ko) 5 035 oS8 5N o) oo Sxoose oled
R .
f . Fresh weight Callus ), ) o Phytohormone
Dry weight (mg) morphology Callusing Time to callus treatment
(mg) rate (%) formation (day)
18114 176" 25221+ 16.91¢ R 66.19+ 3.79¢ 174 Tl

Light green, friable

ol (S5 03030 olal L (P<0.05) (gls sne sl sliasOLis O gt o 53 Cilises oy

Different letters in each column indicate significant differences at P < 0.05 according to Tukey's test.
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Continued table 3.

Sas 05 B SIS &5 5 ST ol
(5o (p S ke) 55 035 oSS SN ss) (a) Soose oled
5 .
f X Fresh weight Callus ). ) > Phytohormone
Dry weight (mg) morphology Callusing Time ‘Fo callus treatment
(mg) rate (%) formation (day)
L cslo 563 @ o305
19.20+1.03>  334.60+ 12.27° S 89.324 5.49° 14¢ T2
Brownish yellow,
relatively friable
0F s Slese
17.41+ 1.54° 143.60+ 9.08¢ ! 56.80+ 3.05¢ 20¢ T3
Light brown, soft
5 ¢ lb 5
18.26+ 1.07° 185.40+ 6.32¢ N 81.29+ 6.38° 12° T4
Brown, soft
p bl 5 oS (s 255
36.80+£2.18*  478.20+21.38° Light yellow, friable 97.80+ 5.67* 6* TS

and relatively soft
Ll S BPs sl 2 (P=0.05) (5l o sl s kiasOLES Ot a5 Cilises Lo >

Different letters in each column indicate significant differences at P < 0.05 according to Tukey's test.
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EESBES J‘.’.L‘ r; u,»_,JlS_B c(2,4‘D 0.5 mg/1+KINOl mg/l) T1 JLQ.; DL QWJ w.::j)f.w d«:_’jls.A BS5 c.is

A

24-D02) T3 Jles 53 p 5 5 pdss Slosgd oI5 € «(2,4-D 0.25 mg/HKIN 025 mg/) T2 Lo 53 6o b
(i35 305 oS B (24D 2 mg/HNAA 1 mg/D) T4 5lo 53 o5 5 Sl 363 o35 D (mg/I+BAP 0.1 mg/l
Saerls b Sle 65055 4k 53 S5 et oS FoPIC 3 mg/HKIN 0.2 mg/D) TS o 53 p 53 Copday 5 0iSS
o mm L &5 L codle o310 .(2,4-D 4 mg/HNAA 1 mg/D) T6 5les s asly Ad, bs

Figure 2. Effect of different combination of phytohormones on callus formation, texture, and color
from young stem explants of yew in B5 medium. A: Pale green and friable callus in treatment T1 (2,4-
D 0.5 mg/I+KIN 0.1 mg/1), B: Yellowish cream and relatively friable callus in treatment T2 (2,4-D
0.25 mg/I+KIN 0.25 mg/1), C: Pale brown and soft callus in treatment T3 (2,4-D 0.2 mg/I+BAP 0.1
mg/1), D: Brown and soft callus in treatment T4 (2,4-D 2 mg/I+NAA 1 mg/l), E: Pale yellow, fraiable
and relatively soft callus in treatment T5 (PIC 3 mg/I+KIN 0.2 mg/l), F: Very little callus at the base
of stem explant with developed lateral branches in treatment T6 (2,4-D 4 mg/I+NAA 1 mg/l), Scale
bar: Ca. 5 mm

V4t



(Taxus baccata L.) ,Joz po &350 10 JauST oYL 50uS adsi Jobo ygpmiliwgus ol g 003k 5 Jobeo ¥ i3S

I v

£ A A s Gt 5%

o -

Bl S5 S e 5 A s 53 sl Ol Jske slaenY i S5 S S ol laes g SIS T IS
GL&&L.;SL.:N‘)JA J\J}jls bbjs QJJS dj:.n.\ul?w)m B 44.:‘_5‘ L;).Lw dml?‘.ﬂywbl}q“ (.5‘)" r}jjgﬁ“" Q‘j&b
Sles 5o Ve rpm s b 5L SOLSS (g5, S (6,16 5 PIC 3 mg/I+KIN 0.2 mg/l e, 58 523 S 5 (s 5-B5

s

e 3B O3 5 Blob O prailaw s 558 b O3 gen 5 Dl Jslo O grilis g 45 1€ (S0 Lyl 15 i YO °C
Sl SUIG 5 sass8 558 oS 3 Olos UBS dalr lams 53 B 0 soilios s 51 () M) g ool 28 D o+ pm
Slp o 058 sk S 8 Glaes 5 51 Sy 55 Syl sl ol B FL G sy 0155 lad eSS K18
52 (o GOy) (So5 Gl il mrm ) 015 b Jobo sloes s a2 5 L sk slapY 2 S

om L5 A, B, G, D 5l glacadle o3l sls LS5 (T o) ol iy 015 b sl slaes 55 L 4l

Ymm L, & F,G 10 mm & E o

Figure 3. Cloning of small cell aggregates and selection of high-growth potential cell lines in yew. A:
Proliferated callus mass used as inoculum to establish primary cell suspension culture; B: Suspending
callus mass A in liquid BS medium containing a combination of PIC 3 mg/1 + KIN 0.2 mg/l and
incubating the culture on a shaker incubator at 110 rpm and 25°C under darkness; C: Preparation of
fine and homogeneous cell suspension by sieving heterogeneous suspension B using a sterile standard
sieve with an aperture of 300 um; D: Culturing 1 ml of suspension B on solid B5 medium containing
the same phytohormone composition as mentioned above for cloning single cells with high growth
potential; E, F, G: Stereomicroscopic images from the cloned small cell aggregates and selecting cell
lines with fast growth rates. Fast-growing cell aggregates developed huge colonies (red arrows) in
contrast to slow-growing cell aggregates with small colonies (blue arrows). Scale bars: A, B, C, D: Ca.
5cm, E: Ca. 10 mm, F, G: Ca. 2 mm
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Figure 4. Growth kinetics and different growth phases in cell suspension culture of 7. baccata. A: The
state of cell suspension cultures in different phases of growth; B: Growth curve during a growth period
of 42 days
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Figure 5. Cell dynamics in yew cell suspension culture. A) Free single cell, B) A group of cells with
thread-like morphology resulting from successive divisions of old single cells, C) Small cell aggregate
containing cells with high division activity, D) Cell aggregate or cell microcluster containing a large
number of living cells with high division activity, E) cell aggregate containing a large number of
living cells (colorless cells) and a low number of dead cells (blue cells), F) cell aggregate including all
dead cells (blue). Scale bars of A, B and C: Ca. 100 pum; Scale bars of D, E and F: Ca. 0.5 mm
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Figure 6. Representative HPLC chromatograms of Taxol in standard solution (A) and extract from
suspenstion culture of the selected cell line TbCL-1J
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Table 4. Analysis of variance (ANOVA) of taxol production rate in suspension cultures of selected 7.
baccata cell lines

Sl Sks
Mean of squares @3ll a3 Sl molie
St a5 df Source of variation
Taxol production
85.84 4 i S ek slageY
Selected cell lines
0.1899 10 ialesl sllas
Experimental error
6.79 -

Sl XS g 2
Coefficient of variation

**Significant difference at 1% probability level
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Figure 7. Taxol yield in suspension culture of the selected cell lines of 7. baccata. The data
represents mean values = SE of three replicates of the experiment; each experiment was repeated three
times. Different letters indicate significant differences at P < 0.05 according to Tukey's test
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Figure 8. Changes in growth and accumulation of biomass (A) and taxol content (B) in suspension
cultures of selected cell lines during 5 successive generations of subclutre
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