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Table 1- Geographic coordination of collected Ferulago angulata ecotypes
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Abenahr il 2843
Gauoneh 48 3053

Vezg S 2677
Sisakht cow o 2861
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51°33737"
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2- Settled Cell Volume (SCV)
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Table 2- Treatment codes

slowd o5 Treatment code

i oS Ecotype (A)

2US W) auiS wulais Plant Growth Regulator
%405 Explant (D)

Al: Abnahr  A2: Gauoneh A3: Sisakht Ad: vezg
R &gl o (ow Sis
BAP (B) B1: 0 mgl?t B2: 0.5 mglt B3: 1 mgl?! B4: 2 mglt
NAA(C) C1l:0mgl?t C2: 0.5 mgl?! C3: 1 mgl? C4: 2 mglt
D1: Leaf 5,,  D2:Stem il D3: Root 4z,
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Table 3- ANOVA (mean squares) of evaluated traits in callogenesis step of Chavil

O pnds 2alio ©dl3l 4 yd Mean of Squares il po puSibo
Source of Variance df o SUEA
RPEN iy s Job S 09
) . ) Callus dry
Callus volume Callogenesis Callus length .
weight
<551 Ecotype 3 1.648** 21265.432** 56.277** 10.158**
BAP 3 0.793** 35117.798** 382.220** 94.511**
NAA 3 0.925** 39224.803** 395.873** 56.213**
ez, Explant 2 0.400%* 3403.096** 44,753** 25.650%*
BAPx ;o]
9 0.049** 389.074** 2.742** 0.688**
BAPxEcotype
EcotypexNAA
9 0.51** 145.184** 2.939** 0.308**
xS INAA
05 3 X oS
s 6 0.243%* 2839.644** 27.790%* 9.368**
Ecotype x Explant
NAAxBAP 9 0.026** 848.031** 8.507** 0.861**
BAP & 0555 %
7R 6 0.044** 516.017** 2.343** 1.55**
BAPxExplant
NAA S522) 6 0.023** 326.501** 3.580** 0634**
NAA xExplant ' ' '
=55 BAPNAA 27 0.022** 440.149** 0.327* 0.127
BAPxNAAxExplant ' ' ' '
ST x BAP xdig0i3
1 .049** 446.467** 1.775%* .649**
EcotypexBAPxExplant 8 0.049 6.46 > 0649
ST x NAAXL 50555,
1 .019** 7.352** 2.605** 492**
EcotypexNAAxExplant 8 0.019 397.35 605 049
BAPNAAxSgosh, 18 0.025%* 330.910%* 0.520%* 0.127
BAPxNAAxExplant ' ' ' '
5sS1x BAPXNAAX digei s,
) 54 0.026** 256.877** 0.643** 0.104
EcotypexBAPxNAAxExplant
salejl olisl Error 384 0.009 47.238 0.200 0.108
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Table 4- Mean comparison for Callus dry weight in callogenesis step of Chavil

Sl Ay SUBS (439 o A SS (4y59 Sl Ay SWiS (459
Treatment Svi!i;uk?tczg Treatment \c/:villlgur?t(zg Treatment Callus dry weight (g)

A1C3D1 2.36° B1C1 2.25¢ A2B1D3 2.52b-¢
A2C1D2 2.29%1 B1C2 2.36% A2B2D1 2.54b-¢
A2C2D2 2.46¢h B1C3 2.68b2 A2B2D2 2.55b¢
A2C3D1 2.56¢f B1C4 1.12f A2B3D1 2.5ed
A2C3D2 2.51%9 B2C1 2.384% A2B3D2 2.82b
A2C3D3 2.59¢d B2C2 2.530¢ A2B3D3 2.38¢f
A3C1D1 2.589 B2C3 2.862 A3B1D1 2.66%
A3C2D1 2.57¢f B2C4 1.19¢ A3B2D1 2.67%
A3C3D1 2.58¢ B3C1 2.57b¢ A3B3D1 2.67%
A4C1D1 2.75% B3C2 2.6%¢ A4B1D1 2.610d
AAC1D2 2.920¢ B3C3 2.76M A4B1D2 3.12

A4C2D1 2.880¢ B3C4 1.28¢° A4B2D1 3.362
A4C2D2 2.98bx B4C1 0.759 A4B2D2 3.132
A4AC3D1 3.218 B4C2 0.78¢9 A4B3D1 3.382
A4C3D2 3.07b? B4C3 0.89% A4B3D2 3.178
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Table 5- Mean comparison of the best quadratic interactions for callogenesis, callus volume and callus length in Chavil

B aw Job e Sy o> PN liv
Callus Callogenesis
Treatment Callus length (cm) Treatment volume Treatment g
(mm?) (%)
A1B2C2D2 8.20% Al1B2C3D2 1.30° Al1B2C2D2 96%
Al1B2C3D2 7.76% Al1B1C2D3 0.33sm Al1B2C3D1 91.678°¢
Al1B3C2D2 6.93%! Al1B1C3D3 0.37Fn Al1B2C3D2 1002
Al1B3C3D2 7.708bc Al1B1C4D3 0.42¢% Al1B2C3D3 962
Al1B3C4D2 7.16%1 AlB2C2D1 0.520ef AlB2C4D1 91.678°¢
Al1B4C3D2 7.53%¢ AlB2C2D2 0.56¢de AlB2C4D2 1002
Al1B4C4D2 7.20v AlB2C3D1 0.40em AlB2C4D3 1002
A2B2C3D2 7.13%i AlB2C4D1 0.43¢k AlB3C2D1 1002
A2B2C4D2 6.834m Al1B2C4D2 0.70b¢ A1B3C2D2 1002
A2B3C3D2 7.000 Al1B3C1D2 0.46%1 Al1B3C2D3 91.678°¢
A2B3C4D2 7.6024d Al1B3C2D1 0.32M Al1B3C3D1 91.678°¢
A2B4C4AD2 6.674" Al1B3C2D2 0.66¢d Al1B3C3D2 1002
A3B2C2D3 7.6284d Al1B3C3D1 0.31Ma Al1B3C3D3 1002
A3B2C3D3 7.518f Al1B3C4D1 0.349" Al1B3C4D1 1002
A3B2C4D3 7.662c¢ Al1B3C4D2 0.57% Al1B3C4D3 962
A3B3C2D3 7.240 AlB4C1D2 0.47¢ AlB4C2D2 1002
A3B3C3D3 7.628d AlB4C2D2 0.41¢ AlB4C2D3 1002
A3B3C4D2 6.674" Al1B4C3D1 0.30" Al1B4C3D2 1002
A3B3C4D3 7.663¢ Al1B4C3D2 0.5199 Al1B4C4D1 1002
A3B4C2D3 7.40%9 Al1B4C4D1 0.504" Al1B4C4D2 1002
A3B4C3D3 7.66%¢ Al1B4C4D2 0.70 A2B3C4D3 gQabe
A3B4C4D2 6.769" A3B3C3D2 0.307" A3B3C4D2 92abe
A3B4C4D3 7.658¢ A3B4C4D2 0.339m A3B4C4D2 1007
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Figure 1- Produced callus types from leaf explants of Abenahr’s Ferulago angulata ecotype in MS medium containing 2 mgl-
INAA plus 0.5 mglt BAP
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Figure 2- Growth of Ferulago angulata cells in cell suspension culture in MS medium containing 2 mgl-* NAA and 0.5 mgl*
BAP. A) Cell clumps suspensions, B) Color change in the culture medium due to increased cell density
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Figure 3- Growth curve of Ferulago angulata cell suspension from leaf explant of Abenahr ecotype in MS medium containing
2 mgl*t NAA and 0.5 mgl* BAP
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Figure 4- Growth curve of Ferulago angulata cell suspension from leaf explant of Abenahr ecotype in MS medium containing
2 mgl 2,4-D and 0.5 mgl* BAP
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Introduction: The main habitat of Chavil, Ferulago angulata, in Iran is Zagros area. This plant has a
rejuvenating effect and is used to treat digestive diseases and intestinal worms. Because the different explants
show different amounts of callogenesis under the effect of different growth regulators, selection of an optimal
explant and suitable plant growth regulators combination has a significant effect on the production of callus and
their suspension culture. There is no reports on Ferulago angulata callogenesis and its cell suspension culture.
Therefore, this study was designed and implemented to optimize callus production and cell suspension culture in
this important medicinal plant.

Materials and Methods: Seeds of Chavil were collected from four different habitats in Kohgilooyeh and
BoyerAhmad Province in Southwest of Iran include Abenahr, Guayoune, Vezg and Sisakhat. Seedlings obtained
from embryo culture were used to prepare the explants. Various explants (leaf, root and stem) were cultured on
MS medium supplemented with different concentrations (0, 0.5, 1 and 2 mgl) of NAA and BAP. Callus traits
were evaluated and from the best culture medium, the best explants and the best PGRs composition for
callogenesis of each ecotype were used to cell suspension culture. In order to study the growth rate of cells in
suspension culture and plotting the curve of cells growth, two cell density indices and packed cell volume index
were evaluated. To determine the cell density index, every 3 days, 10 ml of cell suspension were transferred to
the graded falcon and centrifuged at 5000 g for 5 minutes, and the percentage of sediment cells was calculated as
the total volume. To determine the packed cell volume index, also every 3 days, 10 ml of culture medium
containing cells were transferred to the graded falcon and stored for 30 minutes to precipitate cells and cell
masses. Finally, the cell volume was recorded and was calculated as percentage of the total collected medium.

Results and Discussion: According to the callogenesis percentage, the best ecotype is Abenahr and best
explant is leaf explant. The highest level of NAA is 2 mgl?, and the best level of BAP is 2 mgl?, which causes
100 callogenesis percentage. The best medium for cell suspension culture is MS medium containing 2 mgl*
NAA and 0.5 mgl* BAP for callus was obtained from leaf explant of Abenahr ecotype. Along with these plant
growth regulators, 2,4-D was used in combination with BAP to form suspension culture. The results also showed
that 2 mgl™? 2,4-D plus 0.5 mgl* BAP were useful in producing suspensions. The difference between 2,4-D
+BAP and NAA + BAP combinations more cell volumes were observed, and cell suspension was created at a
faster rate and in less time, which is an advantage in research work. Growth rate of cell suspension originated
from the leaf explant was higher than root explant. In terms of culturing cell suspension, the Abenahr ecotype
was favorable compared to other ecotypes. During cell suppression culture of Cyperus aromaticus by applying
different levels of NAA, cell growth was increased up to 3 weeks after application, and then decreased. By
applying 2,4-D, cell growth also increased until the third week, and after the third week, cell growth declined,
which was very low growth rate compared with the NAA. In cell suspension culture of sugar beet, using 2,4-D
was much more effective than NAA on all explants. In the present study, 2,4-D was also more effective than
NAA for cell suspension culture of Chavil.

Conclusion: In general, the Abenahr was the best ecotype among of investigated. The explants in both callus
culture and the suspension culture, and the best combination of plant growth regulator in both culture was 2 mgl-
INAA plus 0.5 mgl* BAP.
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