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Original Research Article 1 

A Study on endogenous hormone levels and phenolic profiles in embryogenic and non-2 

embryogenic calli of endemic plant Campanula tomentosa L. 3 

 4 

Abstract 5 

A micropropagation method was developed forCampanula tomentosaL.(Campanulaceae), 6 

adapted tochasmophytic habitats and colonized on calcareous rocky cliffs. Seeds of 7 

C.tomentosawere germinated on ½ MS(33%), N6 (30%),B5(11%) and MS(4%) medias.For 8 

callus initiation, leaf explants taken from sterile seedlings were cultured after they were 9 

transferred to the MS, ½ MS,N6 and B5 medias.The effect of the auxin/cytokine ratio in 10 

medias and the quality of the callus varied depending on the nutrient medium made formation 11 

of a different callus type. The development of two callus types was observed, type I 12 

composed of globular embryos was observed in the MS medium (85,71%) and type II 13 

translucent, watery and lacking any sign of organisation was observed in the B5 medium 14 

(71,43%). Theobjective of thisstudywastoinvestigate how 15 

acetonesolventsystemsaffectedtheculture medias of the total phenoliccontent (TPC), 16 

andcondensedtanninscontent (CTC) in  embryogenic,non-embryogenic callusand in 17 

vitrogerminatedroots. Theresultsshowedthatthe 50% acetoneextractsexhibitedthehighest TPC 18 

and CTC forboth1/2 MS type II.The 80% acetoneextractsexhibitedthehighest TPC for N6 19 

rootand CTC for1/2 MS root.  20 

 21 
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 24 

Introduction 25 

The members of thisgenusCampanula, containing the highest endemic species and endemic  26 

distribution of Turkey is categorized as CR (critically endangered) according to the 27 
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International Union for Conservation of Nature (IUCN) criteria[ 1 ]. Campanulaceaewhich is 28 

In Turkey the majority (about 66%) of Campanula taxa are chasmophytic species. The rate of 29 

endemism is 52% [2,3 ]. 30 

Chasmophytic habitats are specific and local shelters but restricts endemic species spreading 31 

therefore it is considerably important to understand and investigate seed germination and 32 

conservation of endangered endemic species[4]. 33 

 34 

Invitroseedgerminationandother in vitrotechniquescan also be an 35 

effectiveway.Tissuecultureresearch has alsobeen done in somespecies of thisgenus .Specially 36 

inpropagation of endemicspecies but 37 

mostCampanulaspeciesarepropagatedbyconventionalvegetativepropagationmethods[5]. 38 

 39 

 40 

Itis knownthatplantscontainvariety of phenolsandtannins.Formerphytochemicalstudies on 41 

thegenusCampanulataxarevealedthe presenceof 42 

phenolicacids[6].Differentsolventsystemssuch as methanol, aqueousmixtures of 43 

acetoneandwaterarecommonlyusedtoextractphenolicsfromplantmaterials.There is a lack of 44 

literaturetocomparetheeffects of acetonesolvent on theextraction of calli. 45 

 46 

In the present study we aimed to measure the effect of the callus type of C. tomentosa, on MS 47 

and B5 culture medias on visible morphological characteristics and endogenous abscisic 48 

acids and indole-3-acetic acids levels. Also, it was intended to find differences in the 49 

acetoneextractof thetotal phenoliccontent (TPC), andcondensedtanninscontent (CTC) in ½MS 50 

and N6 root ,embryogenic and non-embryogenic 51 
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callus.Thisresearchwillprovideotherresearcherstoinvestigatephenoliccompositionincluded 52 

total phenoliccontent (TPC) andcondensedtannincontents (CTC).  53 

 54 

Materials and Methods 55 

Chemicalsandreagents 56 

Folin–Ciocalteu’sphenolreagent,catechin, gallicacid, 57 

sodiumcarbonateandvanillinwereobtainedfromSigma-Aldrich(St. Louis, Mo., U.S.A.). 58 

Hydrochloricacid, acetone, ethanolandmethanolwereobtainedfromMerck (Darmstadt, 59 

Germany). 60 

Plant material 61 

Campanula tomentosa L. seeds were used where gathered from the Selçuk district of Đzmir 62 

province in SW Anatolia by Dr. ÜmitSubaşı.Theplant material consisted of cell cultures of 63 

embryogenic and non-embryogenic calli from C.tomentosa leaf explants obtained from sterile 64 

seedlings for analyzing of endogenous hormone levels,total phenoliccontent (TPC), 65 

andcondensedtanninscontent (CTC). 66 

Obtainment of the explants 67 

Before the Campanula tomentosa seeds were sown on the nutrient medias, seeds whose 68 

surface sterilization was performed with 2.5% sodium hypochlorite (NaOCl) and 2-3 drops of 69 

Tween 20 and germinated in four different nutrient medias without including a plant growth 70 

regulator. After the completion of the dormancy period, seeds stayed in the nutrient media for 71 

about 8-10 weeks, radicles and leaf development were observed.Petiolesegmentswereplaced 72 

in erlenmeyer flasks containing 30 ml of theMS- ½ MS [7] , N6 [8] and B5 73 

[9]mediumsupplementedwith0,1mg/l NAA and4 mg/l BAP , 3 mg/l NAA and 1mg/l 74 

BAP.Different medias effect on petioleexplantsof theinductionanddevelopment..In the 75 
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experiments repeated 3 times with 100 seeds per medium, germination was obtained at 76 

different rates. 77 

Establishment of callus culture 78 

Using MS, ½ MS, N6 and B5 medias combinations supplemented with 0,1mg/l NAA and 4 79 

mg/l BAP, 3 mg/l NAA and 1mg/l BAP,g/l sucrose and g/l agar whose amounts vary 80 

depending on the content of the medium added were dissolved in 1 liter of distilled water,the 81 

pH was adjusted to 5,7 and autoclaved at 121°C under a pressure of 1 atmosphere for 15 82 

minutes. The erlenmeyer flasks wereincubated20-22 °C in agrowth room under 16h 83 

photoperiod with the light intensity of 30-60 µm m-2 s-1.After 1 month of culture, 84 

inducedcalliweretransferredtothesamemediums. 85 

Cell suspension cultures 86 

To characterise the endogenous hormonal levels, cell suspension cultures were initiated 87 

according to the procedure of Satoh et al. [10] was used to separate embryogenic(E) from 88 

non-embryogenic(NE) cells. No level of organisation was observed in the cell clusters that 89 

passed through the mesh that were marked as ‘NE’. On the other side, the aggregates that 1 90 

mm diameter mesh were marked as ‘E’ and were formed by large aggregates. 91 

   About 5 g of E and NE calli of C.tomentosa divided into small clumps, were shaken for 2h 92 

in 100 ml of liquid MS and B5 medias.The calli were then separated from the 93 

mediasaccording to the procedure, the cell suspensions were drained through filter paper and 94 

sampled for hormone analysis. Each experiment was performed in 3 replications, where 1 95 

replication consisted of a flask with 5 g of eitherembroygenic or non-embryogenic calli. The 96 

highest type I was observed in the MS medium (85,71%) and type II was in the B5 medium 97 

(71,43%) forthisreasonthesemediaschosenforendogenous abscisic acids and indole-3-acetic 98 

acids in embryogenic and non-embryogenic calli induced from leaf explants. 99 

Extraction and Analysis of Endogenous IAA and ABA 100 
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According to the methodsScott and Jacops,[11]and Gemici et. al. [12]were used with some 101 

modification in the internal hormone extraction in calli were frozen in liquid nitrogen and 102 

kept at -50°C  ,about 5 g of collected calli was extracted, the ethyl acetate phase was 103 

evaporated under vacuum to dryness. The dry residue was dissolved in 1 ml of pure methanol 104 

and after chromatography processes,significant value to be found on spectrophotometer in 105 

224 nm and 263 nm. 106 

Extraction of samples 107 

Theplantsamplewasgroundtofinepowder.A portion of 0.5 g of powderwasextractedwith 5 mL 108 

of solvents, includingacetone/water(50:50,v/v), acetone/water (80:20, 109 

v/v).Themixturewasshakenon shakerfor3h ,wasextractedfor 12h. Theextractswerecentrifuged 110 

at 3000 rpmfor 15min, andthesupernatantswereremovedintonewtubesforthedetermination of 111 

total phenoliccontentsandcondensedtanninscontent (CTC) in embryogenic and non-112 

embryogenic callus. 113 

 114 

Determination of total phenolicandcondensedtannincontent 115 

The total phenoliccontent (TPC) wasdeterminedby a FolinCiocalteuassay[13] 116 

usinggallicacidas thestandard.Accordingtothismethod,samplesolution (50 µL), 250 µL of 117 

Folin-Ciocalteu’sreagentssolution,distilledwater(3 mL), and 7% NaCO3 (750µL) 118 

wasvortexedandincubatedfor 8 min at roomtemperature. Later, distilledwater(950 119 

µL)wasadded. Themixturewasstoodfor2h at roomtemperatureandtheabsorbancewasmeasured 120 

at 765 nmagainstacetone/water as a blank. The total phenoliccontentwasexpressed as 121 

gallicacidequivalents. Linearityrange of thecalibrationcurveof gallicacidwas 50 to 1000 122 

µg/mL (r = 0.99). 123 

Analysis of condensedtannincontent (CTC) wascarriedoutaccordingtothemethod of 124 

BroadhurstandJones[14].Samplesolution(50 µL), hydrochloricacid(1.5mL)and4% 125 
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methanolvanillinsolution(3 mL)wereadded. Themixturestoodfor 15 min, 126 

andtheabsorbancewasmeasured at 500 nmagainstacetone/waterblank. Theamount of 127 

condensedtanninwasexpressed as mg catechinequivalents. Linearityrange of 128 

thecalibrationcurveof catechinwas 50 to 1000 µg/mL (r = 0.99).  129 

Statistical analysis 130 

Analyses were performed in triplicate.The data were analyzed by ANOVA using 2013 SAS 131 

(Version 22). Duncan’s multiple range test was used to determine significant differences in 132 

endogenous hormone, phenol and tannin levels. Means and the germination rate (%) of the 133 

seeds cultivated in different media was considered significant levels were defined using 134 

P<0.05. 135 

Results and Discussion 136 

Germination 137 

Due to Campanulatomentosa(Fig 4A-B)critically endangered chasmophyt endemic and low 138 

germination potential motivated us to undertake the present study.Optimal 139 

conditionsforseedgerminationandpropagationwas successfully established. 140 

Resultsshowedgerminationdifferencesamongtheeffects of nutrient media  inresponsetothe 141 

medium, where the highest germination (Figs4C-D) was observed in the absence of 142 

phytohormone was the ½ MS (33% germination) the worst,verylow rate germination seen 143 

was MS media.Adaptation to chasmophytic calcareous habitats, endogenoushormonelevels, 144 

physiologicalseeddormancyand increased mineral nutrient rate caused negative osmotic 145 

potential effect in seeds germination rate. 146 

Total phenolicandcondensedtanin content 147 

The different ratio of auxin/cytokine in the nutrient medium is formed different callus types 148 

as a result of embryogenicresponse.Comparison of the density,morphologic features of the 149 

calli(Table 1)revealed that liketype I(Figs 4E-F)callus tight-granular, pale green structure is 150 
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the desired feature for the shoot regeneration from the tissue, but type II callus isn’t suitable 151 

for the  shoot regeneration which formed in the ½ MS and N6 medias are soft, spongy tissue 152 

and turned brown because of tannin accumulation.Tanninsareformedviacondensation of 153 

phenolics. As tanninsynthesisproceeds, afteritstranspositionwithinthevacuoleglucosemay be 154 

releasedandreactwiththephenolicacidto form thetanninmolecule. Thesynthesisof  tannin, 155 

mayleadtocelldeathandturned brown. 156 

Theacetoneextracts of TPC andCTC from1/2 MS and N6 mediasarepresented in Fig 157 

3.Ourresultsclearlyindicatedthatratio of 158 

acetoneforextractingphenolicsandtanninsfromC.tomentosa’s non-embryogenic calli (type 159 

II)weredifferent in allnutrientmedias. The TPC extractedbythe 50% acetonewas in 160 

thefollowingorderfromhightolow: 1/2 MS type II, N6 root, N6type II, 1/2 MS type I, N6type I 161 

and  1/2 MS root.Bythe 80% acetonewas in thefollowingorderfromhightolow: N6 root, 1/2 162 

MS type I, 1/2 MS type II, N6type I, 1/2 MS rootand N6type II.For CTC 50% acetonewas in 163 

thefollowingorderfromhightolow: 1/2 MS type II, N6type II,  N6type I, N6 root, 1/2 MS typeI  164 

and 1/2 MS root.Forthe 80% acetonewas in thefollowingorderfromhightolow: 1/2 MS root, 165 

N6type I, 1/2 MS type I, 1/2 MS type II, N6 rootand N6type II. 166 

Theseresultsshowedthatratio of acetone had considerableeffects. InC. tomentosa in 167 

vitropropagationprotocoldeveloped, germination, callustype, total phenoliccontents, 168 

andcondensedtannincontents is reportedforthefirst time. 169 

 Endogenous IAA and ABA 170 

Endogenous hormone levels related with morphogenetic capacity of the explants. The 171 

morphological characteristics of the two types of callus can be obtained from same explant 172 

[15]. The role of the auxin/cytokine ratio in different nutrient medias led to the formation of 173 

different quality of the callus types. The soft and pale green-brown callus structure (Type II 174 

callus= NE) and organogenic structure,shoot formations were observed on the calli (Type I 175 
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callus=E).To determine the effect of plant growth regulator on their further development and 176 

their endogenous hormone levels in E and NE calliarepresented (Fig 2).ABA 177 

maysignificantrole in vitroculture-raisedplantlets[16].Levels of ABA were not similar in both 178 

types of calli, whereas the ABA was higher in the E calli when compared to the NEones, 179 

found a little differences in the endogeneous IAA contents between E and NE callus lines of 180 

C. tomentosa cultured on B5 medium containing 0,1 mg/l NAA+4mg/l BAP. But in MS 181 

medium IAA levels to be 2 times higher in NE callus cells  than in the E ones.Levels 182 

ofIAAreduced somatic embryogenesis and enhanced the formation of NE callus.These results 183 

indicate that endogenous IAA is one of the important factors controlling the embryogenic 184 

capacity of leaf explants in C.tomentosa. 185 

Endogenous levels of ABA appear to be significant for initiation of E cultures, higher levels 186 

of ABA in E callus of Pennisetumpurpureum Schum. andaccordingtoKiyosue et al. 187 

[17].Endogenous levels of ABA in E carrot cells was 67.2 times higher than that inNE cells 188 

per unit of fresh weight. ABA was 10 times more found in the E compared to the NEcarrot 189 

callus cultures on a dry weight. They presumed that a high level of endogenous ABA may be 190 

necessary to induce E capacity in carrot culture systems.AccordingtoLema-Rumińska et 191 

al.[18], addinglowamount of ABA riseuptheelongation of embryos, 192 

whilethehighamount of ABA preventsgrowing.AccordingtoPasternak et al.[19].  in 193 

alfalfa, it has been even possible tocompare evolution of endogenous hormonecontents in E 194 

and NE cultures. These authors identified a peak in IAA synthesis in NE cultures,which 195 

showed a delay,when compared to the peak observed in E cells. 196 
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Figures: 230 

231 

Figure 1. The germination rate (%) of the seeds cultivated in different media232 

233 

 234 

235 

Figure 2.Endogenous hormone contents in Embryogenic (236 

Nonembryogenic (Type II) cultures237 
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Figure 3.Differences in the acetoneextractof theTPC andCTCin ½MS and N6 241 

rootembryogenic and non-embryogenic callus. 242 

 243 

 244 

 245 
Figure 4. Campanula tomentosa: A-B. in natural habitat (Photos taken by H.Yıldırım), C-D: 246 

germinated seeds and sterile seedlings in 1/2MS, E. typeI callus(E), F. typeII callus (NE). 247 

 248 

 249 

 250 

 251 

 252 

 253 

 254 

 255 

 256 

 257 
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Tables: 258 

 259 

Table 1.Formation rates of Type I callus and Type II callus in terms of the features of the 260 

nutrient media. 261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 

 274 

 275 

 276 

 277 

 278 

 279 

Nutrient medias Embryogenic (Type I) 

callus(%) 

 Non-embryyogenic 

(Type II) callus(%) 

MS (0,1mg/l NAA and 4 

mg/l BAP )  

85,71 
 

14,29 

MS (3 mg/l NAA and 

1mg/l BAP) 

75 
 

 

25 

½ MS(0,1mg/l NAA and 

4 mg/l BAP ) 

62,50 
 

37,50 

½ MS (3 mg/l NAA and 

1mg/l BAP) 

45 
 

 

55 

N6 (0,1mg/l NAA and 4 

mg/l BAP ) 

80 
 

20 

N6 (3 mg/l NAA and 

1mg/l BAP) 

44,44 
 

 

55,56 

B5 (0,1mg/l NAA and 4 

mg/l BAP ) 

28,57 
 

71,43 

B5 (3 mg/l NAA and 

1mg/l BAP) 

42,86 
 

 

57,14 
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