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ABSTRACT

Turkey has a rich biological diversity due to its geographical feature. Uludag mountain is one of the Important Plant
Areas of Turkey. Thus, native plant species are threatened due to various environmental factors and human damage.
The micropropagation possibility for Aubrieta olympica Uludag endemic threatened plant species, were investigated in
this study. The effect of different concentrations of agar and different levels of pH were evaluated on shoot
development. During the proliferation stage, the best development occured at 0.6% agar and pH 5.7-5.8. Shoot tips and
internode explants were the best source for the highest shoot induction of A.olympica species. The best results for shoot
formation were obtained with 0.5 ppm Kinetin and plant growth regulators free Murashige and Skoog medium.
Elongated shoots were rooted in the Murashige and Skoog medium supplemented with different concentrations of
indole-3-butyric acid, indole-3-acetic acid, and also a medium without plant growth regulators. However, A4.olympica
shoots spontaneously rooted on plant growth regulators free medium. Shoots which developed roots were transferred to
greenhouse, successfully. The results of this study could be utilized for conservation purposes of endemic and
endangered plant species.

Keywords: Micropropagation, Uludag, Plant growth regulators.

ENDEMIK, NESLi TEHLIKE ALTINDA OLAN AUBRIETA OLYMPICA BOISS. BiTKi TURUNUN IN
VITRO ORTAMDA COGALTILMASI

oz

Tirkiye cografik Ozelliklerinden dolay1 zengin bir biyolojik cesitlilige sahiptir. Calisma alanimiz olan Uludag,
Tiirkiye’nin Onemli Bitki Alanlarindan birisidir. Bununla birlikte, dogal bitki tiirlerimizin nesilleri, gesitli cevresel ve
insan faktorlerinden dolayi tehlike altindadir. Calismamizda, Uludag endemigi olan ve nesli tehlike altinda olan
Aubrieta olympica tiriniin doku kiiltlirii sartlarinda ¢ogaltilma imkani arastirtlmistir. Farkli agar konsantrasyonlari ve
farkli pH degerlerinin siirgiin gelisimi tizerine etkileri degerlendirilmistir. Cogaltma asamas: siiresince en iyi siirgiin
gelisimi % 0,6 agar ve pH 5,7-5,8’de meydana gelmistir. 4. olympica bitkisinde siirgiin rejenerasyonu i¢in en iyi
eksplant kaynaginin siirgiin ucu ve internod oldugu tespit edilmistir. En iyi siirgiin rejenerasyonu 0,5 ppm Kinetin ve
biiylime diizenleyici igermeyen igeren Murashige and Skoog besin ortamlarinda elde edilmistir. Yeterli uzunluga
ulagmus stirglinler farkli konsantrasyonlarda indol-3-biitirik asit, indole-3-asetik asit ve biiyiime diizenleyici igermeyen
besin ortaminda koklendirilmistir. Bunun yaninda, 4.olympica siirgiinleri bitki biiyiime diizenleyici icermeyen besin
ortaminda kendiliginden koklenmistir. Koklenen siirgiinlerin sera sartlarina basarili bir sekilde adaptasyonu
saglanmigtir. Bu c¢aligma sonuclari, diger endemik ve nesli tiikenmekte olan bitkilerde yapilacak olan koruma
¢alismalarina temel olugturacaktir.

Anahtar kelimeler: Cogaltma, Uludag, Bitki biiyiime diizenleyiciler.

1. INTRODUCTION

Aubrieta olympica Boiss., belonging to the Brassiaceae family, is an endemic and endangered perennial species. This
natural populations are located Uludag mountain in Turkey. Uludag mountain is the highest mountain in the Marmara
region, including Thrace and the north-western side of the Anatolian peninsula. The climate of the mountain changes
from the base to the alpine belt and resulting a rich plant diversity. On account of this high plant diversity, Uludag
mountain is one of the Important Plant Areas (IPAs) of Turkey [1].
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Thus, Uludag is most famous centers for winter sports in Turkey. In alpine environments, natural or human disturbances
are very common. The species habitat has been damaged construction of hotels, ski areas, excessive human activities
and use of artificial snow [2-4]. For this reasons, 4. olympica species habitat have been damaged and this species is
classified as Endangered (EN) according to IUCN classification and it is under threat of extinction according to Europe
Important Plant Areas Project (IPAs) [5, 6].

A. olympica species grows on rocks poor in soil and prefers calcareous habitats, especially within rocky clefts. The
species is wide spread on the mountain at altitudes over 2000 m (2000-2450 m). This plant is perennial herb; stems are
prostrate, leaves are oblanceolate, dentate, the lower frequently subopposite, sepals saccate, petals violet, 11-19 mm and
fruits are oblong, flattened. Endemic to Uludag. Flowering specimens of this species can be seen with the rocky clefts
together with other endemics (ie. Senecio hypochionaeus Boiss. var. hypochionaeus, Papaver pilosum Sibth. & Sm.,
etc) at the higher reaches of the mountain in June-August [5, 7].

In recent years, with the increasing withitness of extinction risks, ex situ conservation has been more important. Ex situ
conservation provide recover and rehabilitation of threatened species and their reintroduction into natural habitats under
appropriate conditions [8-11].

A. olympica is rare endemic plant species which is under threat of extinction. The development of a viable
micropropagation protocol, is an effective and rapid method for clonal propagation and conservation of many rare and
endemic species [12-16]. Up until today, no study has been initiated on in vitro propagation of 4. olympica. Therefore,
in the present research it is aimed to develope a successful in vitro regeneration system for A. olympica from shoot tips
and internodes under in vitro culture conditions.

2. MATERIALS AND METHODS

Mature seeds of the A. olympica were collected from alpine belt between 2000 and 2400 m of Uludag Mountain during
July-August 2010. Seeds were air dried at room temperature and sealed in sample bags till further use. Seeds of A.
olympica was surface sterilised in 0.5, 1 and 2% sodium hypochlorite (NaOCl) with a few drops of the surfactant
Tween-20 for 10 min, then rinsed three times with sterile distilled water. Seeds germinated in a growth chamber at
21/16 °C and 16/8 h photoperiod on Murashige and Skoog (MS) medium supplemented with 3% sucrose [17]. In order
to study the effect of different agar concentrations on shoot multiplication, MS medium was modified using different
concentrations (0.6, 0.7, 0.75, 0.80%) of agar. The pH of the medium was adjusted between 5.7-7.0 (5.7, 5.8, 6.0, 6.5,
7.0) and autoclaved at 121 °C and 1.1 atm for 20 min. Seeds were aseptically transferred into Magenda vessels
containing MS medium [18]. Each trial consisted of five magenda dish containing ten seeds. Three replicates were used
for each treatment.

Seeds germinated after 9-15 days. 4. olympica shoot tips and internode explants were removed from 30 days old in vitro
germinated seedlings (Figure la). Full strength MS basal medium with different concentrations of 6-benzylamino
purine (BAP) (1, 2, 4, 6, 8 ppm) and kinetin (Ki) (0.5, 1, 2, 3 ppm) were used for in vitro multiplication responses. Plant
growth regulator free medium was used as control. Subculture was achieved three times for eight weeks.

The regenerated shoots (2 to 3 cm) were excised and induvidually transferred into MS medium without plant growth
regulators (control) or with various concentrations of indole-3-butyric acid (IBA) (0.5, 1, 1.5, 2 ppm) and indole-3-
acetic acid (IAA) (0.5, 1, 1.5, 2 ppm) to test the rooting potential. The number of roots per shoot, root lengths and
rooting percentage were determined after 8 weeks from the culture initiation. Rooted plantlets were acclimatized in a
growth chamber and transferred to 16 cm pots containing 2:1 torf and perlite, and were grown under greenhouse
conditions.

Each treatment had three replicates containing five explants in each culture vessel. Collected data were subjected to
one-way analysis of varience (ANOVA, SPSS for Windows 18.0) and the post hoc analysis was performed using
Duncan’s multiple range test. Graphs were prepared using SPSS.
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3. RESULTS AND DISCUSSION

The most important and rather diffucult aspect of the in vitro techniques is the requirement to carry out various
operations under aseptic conditions [19]. Prevention of contamination of tissue culture media is important for the whole
process of plant propagation. So sterilization of seeds before in vitro culture is obligatory. In this study, there were no
contamination observed at all level of NaOCI concentrations on the seeds of A. olympica. The results presented in Table
1 show clearly that the increasing NaOCl concentration reduced % of seed germination in this species. 0.5% NaOCl

treatment was selected as the optimum concentration for 4. olympica seeds. Similar findings were obtained by other
previous studies on rare, endemic and endangered plant species [12, 13, 20].

Table 1. Effects of different concentrations of NaOCI on decontamination and germination of A. olympica seeds.

Treatments

% of seeds germinated

% of seeds contaminated

0.5% NaOCl x 10 min.

96.67 +3.33 a*

0.00

1.0% NaOCI x 10 min.

80.67+0.42 b

0.00

2.0% NaOCl x 10 min.

80.33+ 1.33b

0.00

* Means within a column followed by the same letter are not significantly different by Duncan’s multiple range test (P
< 0.05), = SE.

The pH of the culture medium is an important factor for proliferating shoots in vitro [21]. Medium pH is extremely
important, as it influences the uptake of nutrients and plant growth regulators by regulating their solubility in the culture
media [22]. Our results indicated that the number of shoots per explant and shoot length increased the pH from 5.7 to
6.0 (Table 2). Although shoot proliferation was highest on medium at pH 6.0, high pH levels caused serious
abnormalities and shoots were non-viable. For this reason, a better performance in all parameters on shoot development
was found at pH 5.7 and 5.8. Similar finding were obtained by Karim ez al. (2007) [21], Ebrahim and Ibrahim (2000)
[23], Gurel and Gulsen (1998) [24], and Finn et al (1991) [25].

Table 2. Effect of pH value on shoot formation of 4. olympica shoot tips cultured for sixty days on MS basal medium
supplemented with benzyladenine (2 mg/l).

Number of shoot
per explant
5.70 3.50+£0.17a* 18.17+0.73 b
5.80 3.73+0.12a 17.57+0.30b
6.00 3.87+0.12a 20.37+032a
6.50 2.50+£0.05b 16.83+0.44 b
7.00 223+£025b 15.00+0.28 ¢
* Means within a column followed by the same letter are not significantly different by Duncan’s multiple range test (P
<0.05), + SE.

pH value Shoot length (mm)

Agar concentration is important in determining culture response. Concentrations of agar in the medium can effect the
culture growth and shoot development. The lowest agar concentration (0.60%) induced the the number of explants
forming shoots (2,57 + 0,88 shoot/explant) while shoot length increased by increasing agar concentration to 0.75%
(18,67 + 0,88) . However, healtly plant growth was obtained at low agar concentration (Table 3). Low agar levels have
been reported to promote shoot proliferation in several culture systems [24, 26] (Gurel & Gulsen, 1998; Suthar er al.,
2011). According to Abdoli et al. (2007) [27], average number of shoots per explant had increased at low concentration
of agar such as 0.6 %.
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Table 3. Effect of agar concentration on shoot formation of 4. olympica shoot tips cultured for sixty days on MS basal
medium supplemented with benzyladenine (2 mg/1).

Agar concentration %

Number of shoot per explant

Shoot length (mm)

0.60

2.57+088a*

12.00+0.58 b

0.70

2.00+0.00b

17.17+0.73 a

0.75

2.13+0.88Db

18.67+0.88 a

0.80

1.92+£044b

13.83+0.93 b

* Means within a column followed by the same letter are not significantly different by Duncan’s multiple range test (P
<0.05), + SE.

Many plant species have very specific in vitro requirements for multiplication and therefore, substantial variation is
observed in the culture medium formulations. A range of cytokinins (BAP, kinetin, 2-iP, zeatin and TDZ) commenly
used in micropropagation studies [28-32]. The effect of various concentrations of PGRs (BAP and Ki) in shoot tips and

internode explants of 4. olympica were studied (Table 4). Shoot tips and internode explants were the best source for the
highest shoot induction. The highest number of shoots were obtained in 0.5 ppm Ki both in shoot tips and internode
explants, on the other hand other shoot parameters were enhanced by PGRs-free MS medium (control) (Fig. 1b). This
effect was also described in various species [33-34].

Table 4. Influence of different concentrations BAP and Ki and various explant types on shoot formation of A.
olympica.

BAP i Number of Shoot length Number of Shooted
Explant

(ppm) shoots /explant (mm) leaves /explant explant %

0 3.16+0.16 b 3516+0.39a 39.97+0.55a | 100.00 =0.00 a

1 1.95+0.16 cd 16.00+0.39 ¢ 1590+ 0.49 ¢ 94.07+0.58 ¢

2 220£0.16 ¢ 18.27+0.39b 22.70+0.32¢ 93.83+047 ¢

2.00+0.16 cd 15.07+0.39 cd 1430+ 0.38 96.76 £ 0.43

1.57+0.16 de 14.60+£0.39de | 10.07+0.26 g 86.50+0.87 d

Shoot tip

1.17+0.16 ¢ 14.50+0.39de | 10.30+0.35¢ 9420+ 0.55¢

4.10+0.16 a 15.08+0.39cd | 24.50+0.36b 8333+0.53¢

2.93+£0.16 b 10.47£0.39 f 19.23+£0.34d 66.50+0.44 g

2.90+0.16 b 14.10+0.39de | 23.73+£0.50bc | 80.03+0.54 f

2.80+0.16 b 13.55+0.39¢ 23.17+041c¢ 83.17+0.60 ¢

2.50+0.22 be 3447+034a 41.10£0.56a | 100.00 +0.00 a

3.07+0.22ab 20.10+0.34 b 24.80+0.47 b 96.47+0.29 b

220+£0.22¢ 1737+ 034 ¢ 20.00+0.32d 73.43+£041f

1.50+022d 13.33+034 ¢ 11.73+ 043 ¢ 93.67+0.44 ¢

1.20+£0.22d 11.07£0.34 f 9.77+0.58 f 63.50+0.511

1.30+0.22d 9.43+034 ¢ 11.27+033 ¢ 63.40+£0.291

internode

337+022a 14.77+0.34d 24.63 £ 0.50b 83.47 £0.38d

2.60 £ 0.22 be 13.17+ 034 ¢ 24.13+£0.38be | 66.37+0.35h

2.83+0.22abc | 13.70+0.34¢ 2297+0.52¢ 70.53+0.26 g

2.83 £0.22 abc 13.00+0.34 ¢ 23.87+0.33bc| 80.10+£021¢

* Means within a column followed by the same letter are not significantly different by Duncan’s multiple range test (P<
0.05), + SE

In vitro regenerated shoots of A. olympica showed different behaviour during the processes of rooting. Thus, the

number of roots per shoot, root length and the percentage of rooting have changed significantly with different
concentrations of IBA and IAA (Table 5, Fig. 1¢). However, compared to the control and IBA, the best root length was
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obtained 0.5 mg IAA (32,90 £ 0,52). Besides, the highest number of root and rooting percentage were obtained from the
PGRs-free medium. There are several reports on suitability of PGRs-free medium for rooting [33, 35-37].

Table 5. Effect of different growth regulators (IBA & IAA) on rooting of in vitro regenerated shoots after 8 weeks of

rooting treatments.

Medium

IBA

(ppm)

IAA

(ppm)

Number of

roots/shoot

Root

length (mm)

Rooting

(%)

Control

20.90+0.49 a

28.57+0.46 b

100.00 + 0.00 a

0.5

0.0

11.90 + 0.52 de

20.80+0.26d

88.37+0.59 ¢

1.0

0.0

11.17+£0.44 ef

1270047 g

82.30+£047 ¢

1.5

0.0

7.90 +0.26 gh

9.97+0.38h

73.27+0.43h

2.0

0.0

890+038 ¢

16.67+0.44 ¢

70.00 £ 0.46 i

0.0

0.5

14.20+0.44 ¢

3290+0.52a

91.53+0.26 b

0.0

1.0

10.07 £ 0.38 f

1263 +045 g

88.90+0.26 ¢

0.0

1.5

7.70 = 0.44 gh

14.80 £ 0.40 f

7827+033 g

0.0

2.0

7.97+0.26 gh

22.53+0.26 ¢

80.37+0.58 f

Fig. 1 Seed germination, shoot regeneration, rooting and acclimatization of A. olympica a. 30-40 days old seedling
cultured on MS medium b. I vitro shoot regeneration from a shoot tip explant cultured on 0,5 ppm Ki ¢. Microshoots

rooting on PGRs-free MS medium d. Acclimatized plantlets grown in a greenhouse.
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Finally, rooted plantlets were transferred for acclimatization to pots containing 2:1 mixture of torf and perlite, and
grown in a growth chamber. The survival rate of regenerated A. olympica plantlets transferred to greenhouse was 75%
(Fig. 1d). Acclimatized plantlets were healthy and well developed when tranferred to soil.

4. CONCLUSIONS

As a result, in vitro techniques are a potentially useful technique for growing rare, threatened endemic plants. We have
described first time here a proper and simple micropropagation system for 4. olympica. The regeneration system
reported here can be successfully used in studies dealing with in vitro conservation of A. olympica and it may also
be applied on related species belonging to the same genus Aubrieta.

ACKNOWLEDGEMENTS

We gratefully acknowledge Dumlupinar University Research Fund (Project No: 2010/7) for supporting this research
financially.
REFERENCES

[1] Giileryiiz, G., Malyer, H., Kaynak, G. and Ozhatay, N., “Uludag A2 (A) Bursa. In: Important Plant Areas in
Turkey: 122 Key Turkish Botanical Sites”, Editors Byfield, A., Atay, S., Ozhatay, N., WWF Turkey, Istanbul,
pp. 77-79, (2010).

Urbanska, K.M. and Fattorini, M., “Seed rain in high-altitude restoration plots in Switzerland”, Restoration
Ecology, 8:74-79, (2000).

Pintar, M., Mali, B. and Kraigher H., “The impact of ski slopes management on Krvavec Ski Resort (Slovenia)
on hydrological function of soils”, Biologia, 64:639-642, (2009).

Giileryiiz, G., Kirmizi, S., Arslan, H. and Kondu, Yakut E., “Alterations of the nitrojen mineralization rates in
soils of forest community depending on the ski run constructions (Mount Uludag, Bursa, Turkey)”, Journal of
Mountain Science, 8:53-61, (2011).

Giileryiiz, G., “Aubrieta olympica Boiss. Brassicaceae/Cruciferae (Lahanagiller)”, The Karaca Arboretum
Magazine, 5:45-48, (1999).

Ekim, T., Koyuncu, M., Vural, M., Duman, H., Aytag, Z. and Adigiizel, N., “Red Data Book of Turkish Plants
(Pteridophyta and Spermatophyta)” Turkish Association for the Conservation of Nature, Ankara, (2000).
Giileryiiz, G, “Alpine Flower’s of Uludag, Bursa. Governorship of Bursa Provincial Directorate of Tourism”,
Bursa, pp.168, (2000).

Rao, N.K., “Plant genetic resources: Advancing conservation and use through biotechnology”, African Journal
of Biotechnology, 3:136-145, (2004).

Kleps, C., “Sustainable agriculture — The sole alternative for the present environmental and climatic constrains”,
Journal of Environmental Protection Ecology, 10:1187-1193, (2009).

Erisen, S., Yorgancilar, M., Atalay, E., Babaoglu, M. and Duran, A., “Callus induction and plant regeneration of
the endemic Astragalus nezaketae in Turkey”, Electronic Journal of Biotechnology, 13:1-7, (2010).

Kasso, M. and Balakrishnan, M.. “Ex situ conservation of biodiversity with particular emphasis to Ethiopia”,
Hindawi Pub.Corporation, Article ID 985037:1-11, (2013).

Akin, B. and Kocacaliskan, 1., “In vitro propagation of Arabis drabiformis Boiss. (Brassiaceae) an endemic rare
species of Uludag Mountain (Bursa-Turkey)”, African Journal of Biotechnology, 10:18356-18361, (2011).
Akin, B., Kocacgaliskan, 1. and Giileryiiz, G., “Micropropagation of Erodium sibthorpianum subsp.
sibthorpianum an endemic threatened species of Uludag mountain (Bursa-Turkey)”, Turkish Journal of Botany,
38:148-155, (2014).

Sudha, C.G. and Seeni, S. “In Vitro propagation of Rauvolfia micrantha, a rare medicinal plant”, Plant Cell,
Tissue and Organ Culture, 44:243-248, (1996).

Sudha, C.G., Krishnan, P.N. and Pushpangadan, P.,“In Vitro propagation of Holostemma annulare (Roxb.) K.
Schum., a rare medicinal plant”, In Vitro Cellular & Developmental Biology - Plant., 34:57-63, (1998).

Fay, M.F., “Conservation of rare and endangered plants using In Vitro methods”, In Vitro Cellular &
Developmental Biology - Plant., 28:1-4, (1992).

Murashige, T. and Skoog, F., “A revised medium for rapid growth and bioassays with tobacco tissue cultures”,
Physiologia Plantarum, 15:473-497, (1962).

Kocagaliskan, 1., “Plant Tissue Culture (In Turkish)”, Bizim Biiro Press, Ankara-Turkey, (2008).

6




DPU Fen Bilimleri Enstitiisii Dergisi In Vitro Propagation Of Endemic, Endangered Plant Species
Say1 37, Aralik 2016 Aubrieta Olympica Boiss.

Betiil AKIN, Ismail KOCACALISKAN, Giircan GULERYUZ

Razdan, M.K., “Introduction to Plant Tissue Culture Second Edition. Science Publishers”, United States of
America, (2003).

Morgan, E.R., Butler, R.M. and Bicknell RA, “In Vitro propagation of Gentiana cerina and Gentiana
corymbifera”, New Zealand Journal of Crop and Horticultural Science, 25:1-8, (1997).

Karim, M.Z., Yokota, S., Rahman, M.M., Eizawa, J., Saito, Y., Azad, M.A.K., Ishiguri, F., lizuka, K. and
Yoshizawa, N., “Effects of sucrose concentration and pH level on shoot regeneration from callus in Araria elata
Seem”, Asian Journal of Plant Sciences, 6:715-717, (2007).

George, E.F., “The Components of Culture Media. In: Plant Propagation by Tissue Culture”, Editor George, E.,
Exegetics Ltd., England, pp. 274-338, (1993).

Ebrahim, M.K.H. and Ibrahim, I.A., “Influence of medium solidification and pH value on /n Vitro propagation
of Maranta leuconeura cv. Kerchoviana”, Scientia Horticulturae (Amsterdam, Neth.), 86:211-221, (2000).
Gurel, S. and Gulsen, Y., “The effects of different sucrose, agar and pH levels on in vitro shoot production of
Almond (Amygdalus communis L.)”, Turkish Journal of Botany, 22: 363-373, (1998).

Finn, C.E., Luby, J.J., Rosen, C.J. and Ascher, P.D., “Evaluation in vitro of blueberry germplasm for higher pH
tolerance”, Journal of the American Society for Horticultural Science, 116:312-316, (1991).

Suthar, R.K., Habibi, N. and Purohit, S.D., “Influence of agar concentration and liquid medium on in vitro
propagation of Boswellia serrata Roxb.”, Indian Journal of Biotechnology, 10:224-227, (2011).

Abdoli, M., Moieni, A. and Dehghani, H., “Effects of cultivar and agar concentration on in vitro shoot
organogenesis and hyperhydricity in sunflower (Helianthus annuus L.)”, Pakistan Journal of Botany, 39:31-35,
(2007).

Saad, A.ILM. and Elshahed, A.M., “Plant Tissue Culture Media. In: Recent Advances in Plant In Vitro Culture”,
Editors Leva, A., Rinaldi, L.M.R., InTech Publisher, pp. 219, (2012).

Rout, G.R., “Effect of cytokinins and auxins on micropropagation of Clitoria ternatea L. Biology Letters”,
41:21-26, (2004).

Bhojwani, S.S., Razdan, M.K., “Clonal Propagation, Plant Tissue Culture: Theory and Practise, a Revised
Edition”, Elsevier, Amsterdam, (1996).

Babaoglu, M., Giirel, E. and Ozcan, S., “Plant Biotechnology I, Tissue Culture and its Applications”, S. U. Press,
Konya, (2001).

Sarasan, V., Cripps, R., Ramsay, M.M., Atherton, C., Mcmichen, M., Prendergast, G. and Rowntree, J.K.,
“Conservation in vitro of threatened plants-progress in the past decade”, In Vitro Cellular & Developmental
Biology - Plant., 42:206-214, (2006).

Mikulik, J., “Propagation of endangered plant species by tissue cultures”, Acta Universitatis Palackianae
Olomucensis Facultas Rerum Naturalium Biologica, 37:27-33, (1999).

Tefera, W. and Wannakrairoj, S., “Synergistic effects of some plant growth regulators on in vitro shoot
proliferation of Korarima (Aframomum corrorima (Braun) Jansen)”, African Journal of Biotechnology, 5:1894-
1901, (2006).

Pérez-bermudez, P., Seitz, H. and Gavidia, 1., “A protocol for rapid micropropagation of endangered Isoplexis”,
In Vitro Cellular & Developmental Biology - Plant.,38:178-182, (2002).

Klavina, D., Gailite, A., Jakobsone, G., Necajeva, J. and Gavrilova, 1., “Tissue culture technology in
conservation of threatened plant species of Latvia”, Acta Universitatis Latviensis ser. Biology, 676:183-188,
(2004).

Sivanesan, I., Hwang, S.J.and Jeong, B.R., “Influence of plant growth regulators on axillary shoot multiplication
and iron source on growth of Scrophularia takesimensis Nakai - a rare endemic medicinal plant”, African
Journal of Biotechnology, 7:4484-4490, (2008).




DPU Fen Bilimleri Enstitiisii Dergisi In Vitro Propagation Of Endemic, Endangered Plant Species
Say1 37, Aralik 2016 Aubrieta Olympica Boiss.

Betiil AKIN, Ismail KOCACALISKAN, Giircan GULERYUZ




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

