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ABSTRACT 
 

Dendrobium bigibbum Lindl. is one of the native species of orchids in the Philippines. Its 

pharmaceutical potentials have already been explored in Asian countries. Meanwhile, its seed is one of 

the major constraints for seed germination and mycorrhizal association with compatible basidiomycetes 

influences the germination of the seeds. In the formation of mycorrhizal association, calcium signaling is 

one of the initial responses of the plants wherein calcium serves as secondary messenger which triggers 

physiological functions and changes in the plants and the fungal symbionts as well.  In this article, the 

molecular expression of calcium binding protein was determined in two stages of developments (rhizoid 

and seedling stage). In vitro cultivation of D. bigibbum with selected basidiomycetes were extracted. 

Quantitative Reverse Transcriptase - Polymerase Chain Reaction was used to determine the Cycle 

Threshold values. Results revealed the upregulation of the calcium binding proteins which indicates the 

elevation of calcium concentration, thus, there is a presence of plant-fungal interaction. 
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INTRODUCTION 

 

Orchids is one of the diverse groups of 

ornamental plants with unique morphological 

characteristics to attract pollinators forming fungal 

association for its propagation. Also, most orchids 

species have medicinal and ornamental properties 

(Dressler 1993; Cox et al. 1998).  Dendrobium is 

among the genus of Orchidaceae with diverse 

medicinal properties such as against angiogenic, 

diabetes, cataract, neurological diseases and other 

disease caused by pathogens (Da Silva and Ng 2017).  

Dendrobium is a genus of orchids which can 

be epiphytic, lithophytic or terrestrial 

(Nontachaiyapoom et al. 2011). In a study of Bautista 

and Valentino (2023), the size of Dendrobium 

bigibbum Lindl. embryo ranges from 30.5- 40.25 μm 

in diameter. Accordingly, for the seed germination to 

proceed, orchidaceous mycorrhizal association is a 

necessity (Rasmussen and Rasmussen 2014; Smith 

and Read 2008).  

Bautista and Valentino (2023), revealed that 

symbiotic association of D. bigibbum with the three 

species of basidiomycetes (Volvariella volvacea (Bull.) 

Singer, Lentinus tigrinus (Bull.) Fr., and Pleurotus 

florida Eger), enhanced its germination and growth. 

The calcium binding proteins responsible for the 

activation of calcium influx plays important role in the 

initial establishment of plant fungal symbiotic 

relationship. The calcium binding proteins are 
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activated during pre-symbiotic phase which as act 

marker genes for upstream signaling of calcium are 

activated and upregulated by fungal in the cortical 

regions of the plant (Herrbach et al. 2014; Mohanta 

and Bae 2015). Additionally, they regulate various 

physiological functions in plant pathogen interaction, 

plasma membrane mediated responses and plant 

perceive pathogen/ microbe associated molecular 

patterns (Luan and Wang 2021). 
Transcription factors of calcium binding 

factors are known to be Ca2+/calmodulin (CaM)- 

regulated transcription factors and both have a CaM 

binding domain which are known to mediate plant 

immunity (Galon et al. 2008). During symbiosis, the 

Ca2+/CaM-dependent protein kinase (CCaMK) plays 

an essential role in the interpretation of symbiotic Ca2+ 

signaling in the nucleus for the establishment of 

symbiotic responses (Gleason et al. 2006; Yuan et al. 

2017). Accordingly, calcium acts as a secondary 

messenger and core regulator during signal 

transduction following variation in biotic and abiotic 

factors which can be beneficial or antagonistic in 

nature cascading physiological and cellular responses 

(Dodd et al. 2010). The study aimed to determine the 

expression of calcium-binding proteins in D. bigibbum 

symbiotically grown with three selected fungi. 

 

 

METHODS 

 

In Vitro Propagation of D. bigibbum 

 Seeds from self-pollinated D. bigibbum 

capsule were used. The capsule was harvested 120 

days after visible signs of successful pollination (with 

enlarged ovary and wilting of flowers).  Knudson 

Orchid Medium (Morel Modification) with 

modifications (Bautista and Valentino 2023) was used 

as the growth medium for the in vitro culture of D. 

bigibbum. The seeds were allowed to germinate and 

develop until rhizoid and seedling stage. 

 

Maintenance of Fungal Inocula 

Pure cultures of V. volvacea, L. tigrinus, and 

P. florida obtained from the culture collections of 

Center for Tropical Mushroom Research and 

Development   were grown in a Potato Dextrose Agar 

(PDA) until the plates were fully colonized with 

mycelia.  

 

Co-culture Technique 

Co-culture technique was carried out by 

laying filter paper strips in a plate fully colonized with 

fungal inoculum. The culture plates were then 

incubated for 30 days at 25 ± 2°C, relative humidity of 

23.0% with a photoperiod of 16/8-hours light/dark 

(Utami and Hariyanto 2019; Chen et al. 2020). For the 

seedling stage, twenty D. bigibbum protocorms with 

first leaf (90 days after in vitro germination) were 

selected. These were seeded in plates fully colonized 

with fungal mycelia. Cultures were incubated for 45 

days at 25 ± 2°C with a photoperiod of 16/8-hours 

light/dark (Chen et al. 2020; Zhang et al. 2020).  

 

Morphological Characterization 

 The D. bigibbum were observed 

morphologically using dissecting microscope. The 

plant size was recorded and the appearance of D. 

bigibbum was also noted.  

 

RNA Extraction  

Total RNA extraction of D. bigibbum during 

rhizoid and seedling stages were done using the 

RNAeasy Plant Mini Kit (Qiagen, Germany) 

following the manufacturer’s protocol. Fifty 

milligrams (50 mg) of D. bigibbum samples were 

grinded in liquid nitrogen. The powdered tissue was 

placed in a 2 mL microcentrifuge tubes and 500 µL of 

RNA lysis buffer was added. It was then vortexed and 

transferred in a QIAshredder spin column (lilac). The 

lysate was cleared and adjusted to binding conditions, 

and was transferred to a RNeasy Mini spin column 

(pink). Contaminants were eliminated by adding 700 

µL RNA wash buffer, 500 µL second RNA wash 

buffer with Ethanol. Centrifugation was done in each 

stage at 10,000 rpm for two minutes. After which, the 

RNA was eluted in 50 µL RNase-free water and placed 

in a microcentrifuge tube. The extracted RNA was 

stored at -80°C ultralow freezer (QIAGEN 2024). 

 

Detection of Total RNA  

The hardened 1% agarose gel was placed into 

the gel tank filled with 1×TAE buffer. Three µL of 

RNA samples were stained with 2x loading dye and 

were loaded into the agarose gel. The molecular ladder 

was also loaded in one of the wells of the gel for 

detection and quantification of the size of the molecule. 

The power supply was programmed and run at 1-

5V/cm between electrodes for 30 minutes. After 

electrophoresis, the gel was removed from the tray and 

the excess buffer was drained. It was placed in a 

computer-controlled gel documentation system. The 

image was captured and exported into file (Lee et al. 

2015).  

 

RNA Quantification  

Ribonucleic Acid quantification was 

performed using photometric nucleic acid 

quantification using Multi Skan µdrop plate. The 

µdrop plate was cleaned with sterile distilled water and 

2µL of RNA stock solution was placed into the wells 

of the low-measurement area of the µdrop plate. The 

plate was loaded into the Multi skan instrument and 

the template was laid out using the Multi SkanIt 

software (Thermo Fisher Scientific Corporation 2015). 
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The absorbance at 260 nm was recorded and the 

amount of RNA was calculated using the formula:  

 

RNA concentration (μg/mL) = Abs260 × 40 

μg/mL × 20  

 

Based from the computation the following 

concentration of RNA obtained were 461.952 μg/mL 

(D. bigibbum with V. volvacea), 218.688 μg/mL (D. 

bigibbum with L. tigrinus), 348.48 μg/mL (D. 

bigibbum with P. florida) and 310.248 μg/mL 

(asymbiotically grown D. bigibbum) 

 

Gene Expression Analysis  

ViPrimePLUS One Step Taq RT-qPCR 

Green Master Mix I was used for qrt-PCR following 

the manufacturer’s guide using the Step One 

instrument (Applied Biosystem, USAEach reaction 

contained 5µL Taq One Step RT-qPCR Green Master 

Mix I, 1µL primer/probe mix, 2.5µL RNA (25ng), and 

2µl nuclease free water. The primer used for calcium 

binding protein (Forward- 

GTCGTTGGAGAATACGAAGAG; Reverse- 

TGTGCGTCGTGAGATCCAGATAATG) while EF-

1α (Forward-TGTGGTCCCAATCATCCC; Reverse- 

ATAGGCTTGCTGGGAACC) served as the 

housekeeping gene. The 10 µL of prepared master mix 

was loaded into a 0.2 PCR multiwell plate and sealing 

film was used to cover the multi-well plate to prevent 

evaporation when heated. The multi-well plate was 

loaded in the Step One Instrument RT-PCR platform 

and was set up based from the optimized standard 

cycling conditions EF-1α served as the housekeeping 

36 gene to normalize transcript abundance. Each RT-

qPCR assay was replicated thrice. Finally, the relative 

gene expression was calculated using the Livak 

method or the conventional 2 −∆∆CT method (Livak 

and Schmittgen 2001; Chen et al. 2020). Livak method 

for relative gene expression analysis assumes 100% 

and within 5% efficiencies of gene amplification of the 

target and reference genes. The Cycle threshold (Ct 

values) of the target and the reference genes were 

normalized using the formula ΔCt(test) = Ct(target, test) - 

Ct(ref, test). Then, the ΔCq was normalized using the 

formula ΔΔCt = ΔCt(test) - ΔCt(calibrator). Finally, the 

normalized gene expression was computed using the 

formula 2-ΔΔCt. Expression of gene is said to be 

upregulated when the computed fold change is 

statistically significantly higher as compared to the 

reference genes. 

 

Statistical Analysis 

 The study was laid out using completely 

randomized design. Test for difference was done using 

Analysis of Variance (ANOVA) and comparison 

among means by post-hoc test of homogenous subsets 

through Tukey’s HSD test for the plant size and t-test 

for the expression of calcium binding protein. 

Significant level of difference was set at 0.05 level of 

significance. 

 

 

RESULTS 

 

The expression of calcium binding protein 

(DoCML19- Dendrobium_GLEAN_10016982) was 

analyzed in rhizoid and seedling stages of D. bigibbum 

symbiotically grown with the selected basidiomycetes.  

During early stages of seed germination, the protocorm 

formation indicating the symbiotic association was 

observed. Additionally, protocorm responds to the 

fungal hyphae that enters the embryo at the basal end. 

As seen in Figure 1(D, E) via Scanning Electron 

Microscope, mycelial colonization is evident on the 

surface of the roots of the D. bigibbum seedlings and 

on the protocorm during the rhizoid stage. 

In addition, morphological assessment of D. 

bigibbum in terms of plant size also revealed that D. 

bigibbum co-cultured with the selected fungi were 

significantly higher as compared to asymbiotically 

grown D. bigibbum both in rhizoid and seedling stages 

(Table 1). Morphologically and symbiotically grown 

D. bigibbum are vibrant green in color, intact leaf and 

roots (Figure 1). Meanwhile, as shown in Figure 2, 

asymbiotically grown D. bigibbum are dull green in 

color, and the lower parts of the protocorm is colored 

brown which is an indication of oxidation and early 

senescence of D. bigibbum. These coincide with the 

expression of calcium binding proteins. Presented in 

Figure 3 and Table 2 is the relative gene expression of 

calcium binding protein in D. bigibbum. In rhizoid 

stage, the expression of gene in terms of fold change 

was significant higher when co-cultured with V. 

volvacea (5.20), L. tigrinus (3.93) and P. florida (1.67) 

as compared to the asymbiotically cultured D. 

bigibbum (1.01).  Similarly in seedling stage, 

upregulation of gene was recorded with 40.34, 28.70- 

and 5.83-fold change in V. volvacea, P. florida and L. 

tigrinus, respectively. Based from the statistical 

analysis, in both rhizoid and seedling stage, the 

calcium binding protein was upregulated when grown 

symbiotically as compared to asymbiotically grown D. 

bigibbum.  

Upregulation of calcium-binding protein was 

observed in all D. bigibbum co-cultured with 

basidiomycetes both in rhizoid and seedling stage, 

however, relative expression is noticeably higher 

during seedling stage.       
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Figure 1. The Dendrobium bigibbum. A) in situ; B) seedling stage under dissecting microscope; C) rhizoid stage under 

dissecting microscope; D) seedling with fungal colonization on the root under scanning electron microscope; E) rhizoid stage 

with fungal colonization at the protocorm under scanning electron microscope. 

 

 
 

Figure 2. Asymbiotically grown Dendrobium bigibbum. A) germinated protocorm; B) rhizoid stage under dissecting 

microscope; C) seedling stage under dissecting microscope. 
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Table 1. Plant size of Dendrobium bigibbum in rhizoid and seedling stage (mm). *Values are the Mean ± SD. Means within a 

column having the same letter of superscript are insignificantly different from each other at 0.05 level of significance using 

Tukey’s test. 

 

Treatments Rhizoid stage Seedling stage 

D. bigibbum co-cultured   with V. volvacea       7.22 ± 0. 932a 18.59 ± 0.893a 

D. bigibbum co-cultured with L. tigrinus 4.35 ± 0.667b 16.23.74 ± 0.594a 

D. bigibbum co-cultured with P. florida 5.13 ± 0.265bc 14.32 ± 0.890ab 

Asymbiotically cultured in PDA 3.83 ± 0.989c 12.86 ± 0.574b 

 

 

Table 2.  Expression level of DOCML19 (calcium-binding protein) in rhizoid and seedling stage of Dendrobium bigibbum. 

*Values are the Mean ± SD. Means within a column having ** are highly significant and * are significantly different from the 

reference gene at 0.05 level of significance; ↑ indicates upregulation of the DOCML19 gene. 

 

Treatments Rhizoid Stage Seedling Stage 

D. bigibbum co-cultured with V. volvacea 5.20 ± 0.120479**↑ 40.34±11.38749**↑ 

D. bigibbum co-cultured with L. tigrinus 3.93 ± 0.414109**↑ 5.83±2.685932*↑ 

D. bigibbum co-cultured with P. florida 1.670.24547*↑ 28.76 ± 6.52658**↑ 

Asymbiotically grown D. bigibbum 1.01 ± 0.3509 1.030 ± 0.7841 

 

 
Figure 3. Expression level of DOCML19 (calcium-binding protein) in rhizoid and seedling stage of Dendrobium bigibbum.  

 

DISCUSSION 

 

There are different stages for the formation of 

mycorrhizal association of orchids and fungi, such as 

the attraction of the symbiont, initial contact, initial 

fungal colonization, proliferation of the fungal hyphae 

within the orchid tissues, and colonization of the 

cortical cells. Mycorrhizal symbiosis produces 

signaling molecules, such as strigolactones from plant 

roots, attracting fungi and stimulating hyphal 

branching (Akiyama et al. 2005; Kretzschmar et al. 

2012; Valadares et al. 2012). Initial contact takes place 

when a compatible symbiont accesses the plant tissues 

with the formation of appressorium prior to hyphal 

penetration and fungal entry to the protocorm via the 

suspensor which occurs enzymatically (Smith and 

Read 2008). Lastly, the cortical cells will be colonized 

by the symbiont; this involves invagination of plant 
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plasma membrane, cytoskeletal rearrangements, 

nuclear change, other organelles change, peloton 

formation, and interfacial matrix formation (Perotto et 

al. 2014).  

During this time, the change in cytoskeleton 

causes cortical microtubule depolarization, nuclear 

movement, and realignment to the peleton hyphae 

(Genre et al. 2005). Also, cytoplasmic changes trigger 

the breakdown of starch leading to metabolites’ 

extensive membrane remodeling in colonized cells for 

plant metabolism and defense via the production of 

enzymes, such as polyphenol oxidase, peroxidase, and 

catalase, which are known as antioxidants (Valadares 

et al. 2012). Meanwhile, peloton functions to provide 

the nutrient transfer area between the symbionts where 

there is a high polyphenol oxidase activity for the 

breaking down of phytoalexins. There will then be a 

production of interfacial matrix by the orchids which 

is marked by the formation of callose, cellulose, and 

pectin around the collapsing pelotons, followed by 

septal disintegration. During these events, calcium act 

as secondary messenger (Bonfante 2001; Armstrong 

and Peterson 2002; Yi and Valent 2013).  

Based from the studies of Dearnaley et al. 

(2007) and Chen et al. (2020), upregulation of calcium 

binding protein depicts the increase of cytosolic 

calcium which is an initial sign of infection or the host 

plant can be challenged by mutualistic or pathogenic 

partners. Accordingly, increase in calcium plays vital 

role in plant immunity by regulating the Salicylic acid 

biosynthesis via the positive regulation of 

isochorismate synthase 1(ICS1) and enhanced disease 

susceptibility 1(EDS1) (Dodd et al. 2010; Kudla et al. 

2010; Seybold et al. 2014; Tsuda and Somssich 2015).  

Transcription factors of calcium binding factors are 

known to be Ca2+/calmodulin (CaM)- regulated 

transcription factors and both have a CaM binding 

domain which are known to mediate plant immunity 

(Galon et al. 2008; Kim et al. 2009; Wang et al. 2009; 

Zhang et al. 2010; Reddy et al. 2011; Bickerton and 

Pittman 2012).  

During symbiosis, the Ca2+/CaM-dependent 

protein kinase (CCaMK) function in initiation of 

symbiotic responses by Ca2+ signaling in the nucleus 

(Gleason et al. 2006; Yuan et al. 2017). In the process, 

Nod A factor which is responsible for the nodulation, 

activates the calcium binding proteins which in return 

induces the nodulation (Gleason et al. 2006).  

Similarly, the increment in calcium concentration can 

be attributed to the formation of root symbiosis, where 

the secondary metabolites, flavonoids such as luteolin 

and naringenin are being release for the biosynthesis of 

Nod factor (Moscatiello et al. 2010; Cui et al. 2019). 

Additionally, Reid et al. (2016, 2017) suggested that 

pre-interaction activity in symbiotic association, root-

nodule symbiosis and cytokinin biosynthesis is 

regulated by Ca2+ signaling. 

According to Wang et al. (2020), calcium is 

regulated by GTPases during the process of symbiosis. 

Wherein, the calcium channels are activated the 

radical oxygen species that cascades calcium influx for 

plant immune responses. Moreover, as soon as 

interaction and recognition between the host plants 

and the microorganisms occur the intracellular 

calcium levels increase and minimal change in the 

calcium concentration could greatly affect the 

physiological activity and interaction of organisms 

(Harper and Harmon 2005; Charpentier et al. 2008; 

Mazars et al. 2009). Once the calcium level increased, 

it cannot be synthesized nor degraded thus the efflux 

and the influxes’ reaction must maintain homeostasis 

(Lecourieux et al. 2002). 

Meanwhile the difference on the 

concentration of calcium binding protein in seedling 

and rhizoid stage can be attributed to the specificity of 

calcium responses. Moreover, different species of 

orchids may interact with mycorrhizal association at 

different phases, some during the early phase of 

germination while others during the protocorm to adult 

phase of development (Rasmussen and Rasmussen 

2014). Fungi that contribute to the development of 

orchids include the Rhizoctonia-like fungi complex, 

wood or litter-decomposing fungi, and fungal 

endophytes (Da Silva et al. 2015; Herrera et al. 2017). 

They serve as sources of minerals and nutrients in 

partially mycoheterotrophic orchids until the first 

green leaf emerges, while autotrophic orchids are less 

dependent on mycorrhizal association once the roots 

and leaves are formed (Herrera et al. 2017).   Also, 

upon the host penetration of fungal symbiont, 

biosynthesis of hormones by the host plant in the 

infected tissues and the production of hormones by the 

infecting fungi may also take place, which aids in the 

development of the host (Robert-Seilaniantz et al. 

2007). Fungal symbionts may have little effect on seed 

germination but may significantly increase the growth 

of orchids during the seedling stage. However, 

different fungal symbionts have also different effects 

on growth and development which can be attributed 

mainly due to development-dependent specificity 

(Zhang et al. 2020).   

 

 

FUNDING 

 

 The research was initiated and funded by the 

author. 

 

 

ETHICAL CONSIDERATIONS 

 

 The study is exempted from any ethics 

guidelines. Experimental animals are not involved in 

the study. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9623113/#B61
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9623113/#B18


Valentino: Relative gene expression of calcium binding protein in Dendrobium  

  
The Palawan Scientist, 17(2): 52-59 

© 2025, Western Philippines University 

 
58 

DECLARATION OF COMPETING INTEREST 

 

 The author declares no conflict of interest. 

 

 

ACKNOWLEDGMENTS 

   

The author would like to acknowledge the 

Central Luzon State University, the anonymous 

reviewers and editors of The Palawan Scientist. 

 

 

REFERENCES  

 
Akiyama K, Matsuzaki K and Hayashi H. 2005. Plant 

sesquiterpenes induce hyphal branching in arbuscular 

mycorrhizal fungi. Nature, 435: 824–827. 
https://doi.org/10.1038/nature03608  

Armstrong L and Peterson RL. 2002. The interface between the 

arbuscular mycorrhizal fungus Glomus intraradices and root 
cells of Panax quinquefolius: a Paris‐type mycorrhizal 

association. Mycologia, 94: 587–595. 
https://doi.org/10.1080/15572536.2003.11833187    

Bautista NS and Valentino MJG. 2023. Symbiotic propagation of 

Dendrobium bigibbum Lindl. with selected saprophytic 
Basidiomycota. Biodiversitas, 24(6): 3519-3527. 

https://doi.org/10.13057/biodiv/d240650   

Bickerton PD and Pittman JK. 2012. Calcium signaling in plants. In: 
eLS. Chichester: John Wiley & Sons Ltd. 

https://doi.org/10.1002/9780470015902.a0023722 

Bonfante P. 2001. At the interface between mycorrhizal fungi and 
plants: the structural organization of cell wall, plasma 

membrane and cytoskeleton. In: Esser K and Hock B (eds). 

The Mycota IX. Berlín, Heidelberg: Springer‐Verlag. 45–61 
pp. https://doi.org/10.1007/978-3-662-07334-6_4  

Charpentier M, Bredemeier R, Wanner G, Takeda N, Schleiff E and 

Parniske M. 2008.  Lotus japonicus CASTOR and POLLUX 
are ion channels essential for perinuclear calcium spiking in 

legume root endosymbiosis. Plant Cell, 20: 3467–

3479. https://doi.org/10.1105/tpc.108.063255  
Chen J, Yan B, Tang Y, Xing Y, Li Y, Zhou D and Guo S. 2020. 

Symbiotic and asymbiotic germination of Dendrobium 

officinale (Orchidaceae) respond differently to exogenous 
gibberellins. International Journal of Molecular Sciences, 21: 

6104. https://doi.org/10.3390/ijms21176104  

Cox AV, Abdelhour DG, Bennett MD and Leitch IJ. 1998. Genome 
size and karyotype evolution in the slipper orchids 

(Cypripedioideae: Orchidaceae). American Journal of 

Botany, 85: 681–687. https://doi.org/10.2307/2446538  
Cui L, Guo F, Zhang J, Yang S, Meng J, Geng Y, Li X and Wan S. 

2019. Synergy of arbuscular mycorrhizal symbiosis and 

exogenous Ca2+ benefits peanut (Arachis hypogaea L.) 
growth through the shared hormone and flavonoid 

pathway. Scientific Reports, 9(1): 16281. 

https://doi:10.1038/s41598-019-52630-7   
Da Silva JAT and Ng TB.  2017. The medicinal and pharmaceutical 

importance of Dendrobium species. Applied Microbiology 

and Biotechnology, 101(6): 2227-2239. 
https://doi.org/10.1007/s00253-017-8169-9  

Da Silva JAT, Tsavkelova JA, Zeng EA, Ng TB, Parthibhan S, 

Dobránszki J, Cardoso JC and Rao MV. 2015. Symbiotic in 
vitro seed propagation of Dendrobium: fungal and bacterial 

partners and their influence on plant growth and 

development. Planta, 242: 1–22. https://doi.10.1007/s00425-
015-2301-9   

Dearnaley JDW. 2007. Further advances in orchid mycorrhizal 

research. Mycorrhiza, 17: 475–486. 
https://doi.org/10.1007/s00572-007-0138-1  

Dressler RL. 1993. Phylogeny and Classification of the Orchid 

Family. Cambridge University Press, University of 

Cambridge. 330pp. 

Dodd AN, Kudla J and Sanders D. 2010. The language of calcium 
signaling. Annual Review of Plant Biology, 61: 593–620. 

https://doi.org/10.1146/annurev-arplant-070109-104628   

Galon Y, Nave R, Boyce JM, Nachmias D, Knight MR and Fromm 
H. 2008. Calmodulin-binding transcription activator 

(CAMTA) 3 mediates biotic defense responses in 

Arabidopsis. Federation of European Biochemical Societies 
Letters, 582: 943–948. 

https://doi:10.1016/j.febslet.2008.02.037  

Genre A, Chabaud M, Timmers T, Bonfante P and Barker DG. 2005. 
Arbuscular mycorrhizal fungi elicit a novel intracellular 

apparatus in Medicago truncatula root epidermal cells before 

infection. The Plant Cell, 17: 3489–3499. 
https://doi.org/10.1105/tpc.105.035410 

Gleason C, Chaudhuri S, Yang T, Munoz A, Poovaiah BW and 

Oldroyd GED. 2006. Nodulation independent of rhizobia 
induced by a calcium-activated kinase lacking 

autoinhibition. Nature, 441(7097): 1149–1152.  

https://doi:10.1038/nature04812   

Harper JF and Harmon A. 2005. Plants, symbiosis and parasites: a 

calcium signaling connection. Nature Reviews Molecular 

Cell Biology, 6: 555–566.  
http://dx.doi.org/10.1038/nrm1679  

Herrbach V, Rembliere C, Gough C, Bensmihen S. 2014. Lateral 
root formation and patterning in Medicago 

truncatula. Journal of Plant Physiology, 

171(3-4): 301-310. 
https://doi.org/10.1016/j.jplph.2013.09.006  

Herrera HR, Valadares D, Contreras D, Bashan Y and Arriagada C. 

2017. Mycorrhizal compatibility and symbiotic seed 
germination of orchids from the Coastal Range and Andes in 

south central Chile. Mycorrhiza, 27: 175–188. 

https://doi.org/10.1007/s00572-016-0733-0  
Kim MC, Chung WS, Yun DJ and Cho MJ. 2009. Calcium and 

calmodulin mediated regulation of gene expression in plants. 

Molecular Plant, 2: 13–
21.  https://doi.org/10.1093/mp/ssn091  

Kretzschmart W, Kohlen J, Sasse L, Borghi M, Schlegel JB, 

Bachelier D, Reinhardt R, Bours HJ, Bouwmeester E and 

Martinoia E.  2012. A petunia ABC protein controls 

strigolactone‐ dependent symbiotic signalling and branching. 

Nature, 483: 341–344.   https://doi.org/10.1038/nature10873   
Kudla J, Batistic O and Hashimoto K. 2010. Calcium signals: The 

lead currency of plant information processing. The Plant Cell, 

22: 541–563. https://doi.org/10.1105/tpc.109.072686 
Lecourieux D, Mazars C, Pauly N, Ranjeva R and Pugin A. 2002. 

Analysis and effects of cytosolic free calcium increases in 

response to elicitors in Nicotiana plumbaginifolia cells. Plant 
Cell, 14: 2627–2641. https://doi.org/10.1105/tpc.005579    

Lee YI, Yang CK and Gebauer G. 2015. The importance of 

associations with saprotrophic non-Rhizoctonia fungi among 
fully mycoheterotrophic orchids is currently under-estimated: 

novel evidence from sub-tropical Asia. Annals of Botany, 

116: 423–435. https://doi.org/10.1093/aob/mcv085 
Livak KJ and Schmittgen TD. 2001. Analysis of relative gene 

expression data using real-time quantitative PCR and the 2(-

Delta Delta C(T)) Method. Methods, 25: 402–408. 
https://doi.org/10.1006/meth.2001.1262 

Luan S and Wang C. 2021. Calcium signaling mechanisms across 

kingdoms. Annual Review Cell and Developmental Biology, 
37: 311–340. https://doi:10.1146/annurev-cellbio-120219-

035210   

Mazars C, Bourque S, Mithofer A, Pugin A and Ranjeva R. 2009. 
Calcium homeostasis in plant cell nuclei. New Phytologist, 

181: 261–274. https://doi.org/10.1111/j.1469-

8137.2008.02680.x  
Moscatiello R, Squartini A, Mariani P and Navazio L. 

2010. Flavonoid-induced calcium signalling in rhizobium 

https://doi.org/10.1038/nature03608
https://doi.org/10.1080/15572536.2003.11833187
https://doi.org/10.13057/biodiv/d240650
https://doi.org/10.1002/9780470015902.a0023722
https://doi.org/10.1007/978-3-662-07334-6_4
https://doi.org/10.1105/tpc.108.063255
https://doi.org/10.3390/ijms21176104
https://doi.org/10.2307/2446538
https://doi:10.1038/s41598-019-52630-7
https://doi.org/10.1007/s00253-017-8169-9
https://doi.10.1007/s00425-015-2301-9
https://doi.10.1007/s00425-015-2301-9
https://doi.org/10.1007/s00572-007-0138-1
https://doi.org/10.1146/annurev-arplant-070109-104628
https://doi:10.1016/j.febslet.2008.02.037
https://doi.org/10.1105/tpc.105.035410
https://doi:10.1038/nature04812
http://dx.doi.org/10.1038/nrm1679
https://doi.org/10.1016/j.jplph.2013.09.006
https://doi.org/10.1007/s00572-016-0733-0
https://doi.org/10.1093/mp/ssn091
https://doi.org/10.1038/nature10873
https://doi.org/10.1105/tpc.109.072686
https://doi.org/10.1105/tpc.005579
https://doi.org/10.1093/aob/mcv085
https://doi.org/10.1006/meth.2001.1262
https://doi:10.1146/annurev-cellbio-120219-035210
https://doi:10.1146/annurev-cellbio-120219-035210
https://doi.org/10.1111/j.1469-8137.2008.02680.x
https://doi.org/10.1111/j.1469-8137.2008.02680.x


Valentino: Relative gene expression of calcium binding protein in Dendrobium  

  
The Palawan Scientist, 17(2): 52-59 

© 2025, Western Philippines University 

 
59 

Leguminosarum bv. viciae. New Phytologist, 188(3): 814–

823. https://doi.org/10.1111/j.1469-8137.2010.03411.x 

Mohanta TK and Bae H. 2015. Functional genomics and signaling 

events in mycorrhizal symbiosis. Journal of Plant Interactions. 
10(1): 21-40. 

https://doi.org/10.1080/17429145.2015.1005180 

Nontachaiyapoom S, Sasirat S and Manoch L. 2011. Symbiotic seed 
germination of Grammatophyllum speciosum Blume 

and Dendrobium draconis Rchb. f, native orchids of 

Thailand. Scientia Horticulturae, 130: 303–308. 
https://doi.org/10.1016/j.scienta.2011.06.040  

Perotto S, Rodda M, Benetti A, Sillo F, Ercole E, Rodda M, Girlanda 

M, Murat C and Balestrini R. 2014. Gene expression in 
mycorrhizal orchid protocorms suggests a friendly plant–

fungus relationship. Planta, 239: 1337–1349. 

https://doi.org/10.4161/15592324.2014.977707    
Rasmussen HN and Rasmussen FN. 2014. Seedling mycorrhiza: a 

discussion of origin and evolution in Orchidaceae. Botanicalo 

Journal of the Linnean Society, 175: 313–327. 
https://doi.org/10.1111/boj.12170 

Reddy AS, Ali GS, Celesnik H and Day IS. 2011. Coping with 

stresses: roles of calcium- and calcium/calmodulin-regulated 

gene expression. Plant Cell, 23: 2010–2032. 

https://doi.org/10.1105/tpc.111.084988  

Reid D, Nadzieja M, Novák O, Heckmann AB, Sandal N and 
Stougaard J. 2017. Cytokinin biosynthesis promotes cortical 

cell responses during nodule development. Plant 
Physiology, 175(1): 361–375. 

https://doi.org/10.1104/pp.17.00832   

Reid DE, Heckmann AB, Novak O, Kelly S and Stougaard J. 
2016. Cytokinin oxidase/dehydrogenase3 maintains 

cytokinin homeostasis during root and nodule development 

in lotus japonicus. Plant Physiology, 170(2): 1060–1074. 
https://doi.org/10.1104/pp.15.00650  

QIAGEN. 2024. RNeasy Kits for RNA Purification. 
https://www.qiagen.com/us/products/discovery-and-
translational-research/dna-rna-purification/rna-purification

/total-rna/rneasy-kits.  

Robert-Seilaniantz A, Grant M and Jones JD. 2011. Hormone 
crosstalk in plant disease and defense: more than just 

jasmonate-salicylate antagonism. Annual Review of 

Phytopathology, 49: 317–343. 

https://doi.org/10.1146/annurev-phyto-073009-114447 

Seybold H, Trempel F, Ranf S, Scheel D, Romeis T and Lee J. 2014. 

Ca2+ signaling in plant immune response: from pattern 
recognition receptors to Ca2+ decoding mechanisms. New 

Phytologist, 204: 782–

790.   https://doi.org/10.1111/nph.13031  
Smith SE and Read DJ. 2008. Mycorrhizal Symbiosis, 3rd edition, 

Academic Press, San Diego, USA. 

https://doi.org/10.1016/B978-0-12-370526-6.X5001-6  

Thermo Fisher Scientific Corporation. 2015. Thermo Scientific 

Multiskan GO User Manual.  
https://assets.thermofisher.com/TFS-Assets/LCD/manuals

/D01521~.pdf.  
Tsuda K and Somssich IE. 2015. Transcriptional networks in plant 

immunity. New Phytologist, 206: 932–

947.  https://doi.org/10.1111/nph.13286  
Utami ES and Hariyanto S. 2019. In vitro seed germination and 

seedling Development of a rare Indonesian native orchid 

Phalaenopsis amboinensis. Scientifica, 
8105138.   https://doi.org/10.1155/2019/8105138  

Valadares RBS, Pereira MM, Otero JT and Cardoso EJ. 2012. 

Narrow fungal mycorrhizal diversity in a population of the 
orchid Coppensia doniana. Biotropica, 44: 114–122. 

https://doi.org/10.1111/j.1744-7429.2011.00769.x 

Wang L, Tsuda K, Sato M, Cohen JD, Katagiri F and Glazebrook J. 
2009. Arabidopsis CaM binding protein CBP60g contributes 

to MAMP-induced SA accumulation and is involved in 

disease resistance against Pseudomonas syringae. PLoS 
Pathogens, 5: e1000301. 

https://doi.org/10.1371/journal.ppat.1000301  

Wang R, He F, Ning Y and Wang GL. 2020. Fine-tuning of RBOH-

mediated ROS signaling in plant immunity. Trends Plant 

Science, 25(11): 1060–1062. 

https://doi.org/10.1016/j.tplants.2020.08.001   
Yi M and Valent B. 2013. Communication between filamentous 

pathogens and plants at the biotrophic interface. Annual 
Review of Phytopathology, 51: 587–611. 

https://doi.org/10.1146/annurev-phyto-081211-172916  

Yuan P, Jauregui E, Du L, Tanaka K and Poovaiah BW. 
2017. Calcium signatures and signaling events orchestrate 

plant–microbe interactions. Current Opinions in Plant 

Biology, 38: 173–183.    
https://doi.org/10.1016/j.pbi.2017.06.003  

Zhang Y, Xu S, Ding P, Wang D, Cheng YT, He J, Gao M, Xu F, 

Li Y, Zhu Z et al. 2010. Control of salicylic acid synthesis 
and systemic acquired resistance by two members of a plant-

specific family of transcription factors. Proceedings of the 

National Academy of Sciences of United States of America, 
107(42): 18220–18225. 

https://doi.org/10.1073/pnas.1005225107  

Zhang Y, Li YY, Chen XM, Guo XS and Lee YI. 2020.  Effect of 

different mycobionts on symbiotic germination and seedling 

growth of Dendrobium officinale, an important medicinal 

orchid. Botanical Studies, 61: 2. 
https://doi.org/10.1186/s40529-019-0278-6  

 

Responsible Editor: Alangelico O. San Pascual, MSc 

. 

https://doi.org/10.1111/j.1469-8137.2010.03411.x
https://doi.org/10.1080/17429145.2015.1005180
https://doi.org/10.1016/j.scienta.2011.06.040
https://doi.org/10.4161/15592324.2014.977707
https://doi.org/10.1111/boj.12170
https://doi.org/10.1105/tpc.111.084988
https://doi.org/10.1104/pp.17.00832
https://doi.org/10.1104/pp.15.00650
https://www.qiagen.com/us/products/discovery-and-translational-‌research/dna-rna-purification/rna-purification‌/total-rna/rneasy-kits
https://www.qiagen.com/us/products/discovery-and-translational-‌research/dna-rna-purification/rna-purification‌/total-rna/rneasy-kits
https://www.qiagen.com/us/products/discovery-and-translational-‌research/dna-rna-purification/rna-purification‌/total-rna/rneasy-kits
https://doi.org/10.1146/annurev-phyto-073009-114447
https://doi.org/10.1111/nph.13031
https://doi.org/10.1016/B978-0-12-370526-6.X5001-6
https://assets.thermofisher.com/TFS-Assets/LCD/manuals‌/D01521~.pdf
https://assets.thermofisher.com/TFS-Assets/LCD/manuals‌/D01521~.pdf
https://doi.org/10.1111/nph.13286
https://doi.org/10.1155/2019/8105138
https://doi.org/10.1111/j.1744-7429.2011.00769.x
https://doi.org/10.1371/journal.ppat.1000301
https://doi.org/10.1016/j.tplants.2020.08.001
https://doi.org/10.1146/annurev-phyto-081211-172916
https://doi.org/10.1016/j.pbi.2017.06.003
https://doi.org/10.1073/pnas.1005225107
https://doi.org/10.1186/s40529-019-0278-6

