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ABSTRACT 
The most favorite ornamental crop in Indonesia is orchid which benefited as 
floriculture. Therefore, the quality of this crop must be improved.  Biotechnol-
ogy is appropriate to be used to improve the quality and quantity of orchid 
plants. To conduct this method, researchers must know what genes function in 
plant development. In Phalaenopsis orchids, the gene has been identified as 
homeobox genes called Phalaenopsis Orchid Homeobox1 (POH1). This research 
aims to conduct in silico analysis of the gene. The materials were retrieved 
from mRNA and amino acid databases. Then, the materials are aligned, visual-
ized, motif location analysis, motif function discovery, phylogenetic construc-
tion, and protein 3D structural modelling. Based on mRNA and amino acid 
alignment, there are 4 domain regions that are conserved in POH1 and other 
homologous genes, such as KNOX1, KNOX2, ELK Domain, and Homeobox 
KN Domain, which roles as a transcription factor involved in plant develop-
ment. SWISS-MODEL and ColabFold were used in protein modelling of the 
protein. By ColabbFold modelling, the modelling prediction uses 325 residues, 
higher than SWISS-MODEL in 59 residues. ColabFold validation by Rama-
chandra Plot depicts having the most favourite regions is 68.6%, while SWISS
-MODEL is 92.3%. Another validation parameter is overall quality factor and 
QMEAN Score. Protein modelling by ColabFold has overall quality factor 
89.252 and QMEAN Score 0.41 ± 0.05. However, SWISS-MODEL 3D predic-
tion has overall quality factor 98.039 and QMEAN score of 0.71 ± 0.11. 
 
Copyright: © 2023, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0) 

 

Research Article 
 

In Silico Analysis of Phalaenopsis Orchid Homeobox1 
(POH1) Functional Gene for Shoot Development in 
Phalaenopsis Orchid    
 
Nuzlan Rasjid1, Febri Yuda Kurniawan2, Saifa Usni Putri1, Aviesta Linggabuwana1, Ireneus Seno Prasojo1, Endang 
Semiarti1*   
1) Department of Tropical Biology. Faculty of Biology, Universitas Gadjah Mada. Sleman, D.I. Yogyakarta 55281, Indonesia. 
2) Study Program of Biotechnology, Graduate School, Universitas Gadjah Mada. Sleman, D.I. Yogyakarta 55281, Indonesia.   
* Corresponding author, email: endsemi@ugm.ac.id  
  

Journal of Tropical Biodiversity and Biotechnology  
Volume 08, Issue 03 (2023): jtbb83934 
DOI: 10.22146/jtbb.83934 

INTRODUCTION 
Orchids are the most favourite ornamental crops in Indonesia. Approxi-
mately, there are 5,000 orchids out of 30,000 orchids found throughout 
the world's third-largest area of tropical rainforest (Semiarti et al. 2015). 
They have been used in the floriculture trade, e.g. cut flowers and potted 
plants (Chandra De et al. 2014). Furthermore, the quality of the crops 
should be improved by biotechnology methods. To use this method, we 
must have a comprehensive understanding of orchid development 
(Hossain et al. 2013).  

All plants during their life cycle will grow into three phases, name-
ly, the embryogenic phase, the vegetative phase, and the generative phase 
(Howell 1998). Each phase is characterised by phenotypic change as ef-
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fect of the expression of functional genes. These genes interact with each 
other and one of them is the key gene that will drive into the next phase 
(Howell 1998; Moore 2013). These are called homeobox genes that func-
tion in developmental transcription factors and are identified in plants 
and animals (Holland 2013; Viola & Gonzalez 2016).    

In plants, there are 14 classes that are classified as homeobox genes 
and one of the genes is the class-1 KNOTTED1-like homeobox (KNOX1) 
gene. It is identified as transcriptional factor for maintaining the Shoot 
Apical Meristem (SAM) (Scofield et al. 2008). The SAM in plants com-
prises indeterminate cells that continually regenerate and then form 
structures above ground. In the next step, it contributes to the formation 
of plant shoots (Howell 1998). In orchids, there are two growth habits 
that are known as sympodial and monopodial. Phalaenopsis orchids have 
monopodial growth habit that depicts from one stem and grows pointed-
ly upward (Zahara & Win 2019).  A gene that has been identified in 
Phalaenopsis orchids called Phalaenopsis Orchid Homeobox1 (POH1), which 
is KNOX1 homologous gene (Semiarti et al. 2008). The gene affects 
shoot formation of orchid in earlier stages of plant development, mainly 
in 4-16 weeks and after 48 weeks development, based on its expression 
analysis (Semiarti et al. 2016). This article intends to perform in silico 
analysis of the genes. 

 
MATERIALS AND METHODS 
Materials 
The research was conducted from December 2022 to March 2023. The 
materials were retrieved from mRNA and amino acid databases. Then, 
they would be analysed by bioinformatic tools. The mRNA and amino 
acid sequence had been  obtained from the NCBI database (https://
www.ncbi.nlm.nih.gov/) and OrchidBase 6.0 (https://
cosbi.ee.ncku.edu.tw/orchidbase6/). 
 
Methods 
The obtained sequences were aligned and visualized by Multalin on 
http://multalin.toulouse.inra.fr/multalin/ (Corpet 1988). Motif location 
analysis use MEME Suite (https://meme-suite.org/meme/tools/meme 
(Bailey et al. 2015) and motif function analysis use InterPro (https://
www.ebi.ac.uk/interpro/about/interproscan/) (Paysan-Lafosse et al. 
2023). Then, the phylogenetic tree of mRNA was constructed using the 
Maximum Likelihood approach with bootstrapping 1000 repeats, Kimura 
2-parameter model with 2 Gamma distribution model and amino acid se-
quence using JTT (Jones Taylor Thornton) with 2 gamma distribution 
model, by MEGA 11 (Tamura et al. 2021). To carry out protein 3-
dimensional structural prediction, ColabFold (Goddard et al. 2018; 
Mirdita et al. 2022) and SWISS-MODEL web server (https://
swissmodel.expasy.org/) were used (Arnold et al. 2006).  The prediction 
structure was validated with Ramachandran Plot on PROCHECK 
(Laskowski et al. 2013), Overall Quality Factor on ERRAT (Colovos & 
Yeates 1993), and protein model quality estimation on QMEAN (Benkert 
et al. 2009). To evaluate the modelled structure, benchmarking to Al-
phaFold database (https://www.ebi.ac.uk/Tools/sss/fasta/) was con-
ducted. 
 
RESULTS AND DISCUSSION 
The Results of POH1 gene Alignment 
According to alignment analysis of POH1 gene shows polymorphism at 
the nucleotide level. Through the analysis, it was seen that there are mu-
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tations and deletions in this alignment. Figure 1 shows coding sequences 
that would be translated into four domain regions, such as KNOX1, 
KNOX2, ELK domain and Homeobox KN Domain. The domain is cate-
gorized as Three Amino-Acid Loop Extension (TALE) family homeopro-
teins that are involved in plant growth and development. The gene struc-
ture of this gene is highly identical between species (Razzaq et al. 2020). 
In this case, POH1 gene with other homologous genes is highly identical, 
it comprises around 900-1400 bp for each species.  

 
The Analysis of Amino Acid Sequence 
The POH1 Protein sequence analysis shows a conserved amino acid se-
quence. Protein motif analysis and its location describe conserved regions 
on plants.  It means that homeobox genes can be found in different spe-
cies (Holland 2013).  Its roles as a transcription factor that regulates 
gene function to enhance and repress certain genes (Gao et al. 2014; Yu-
an et al. 2018). Highly conserved amino acids are coloured in red and 
blue colours, meanwhile non-conserved amino acids are black colours 
(Figure 2). Motif locations at amino acid sequence indicated that there 
are 4 important domains to regulate plant development (Figure 3, Table 
1). Each domain has specific roles in plant development. KNOX1 function 
correlates to tissue proliferation and maintains potential meristematic of 
flowering plant and moss sporophytes, while the function of KNOX2 is 
to regulate the alternation of generations by suppressing the haploid 
body plan in the diploid phase, which causes morphological transition to 
the land plants. Besides, KNOX1 modulation activity is involved in con-
tributing to leaf shape diversity of flowering plants (Sakakibara et al. 
2013; Furumizu et al. 2015). Moreover, KNOX2 also acts as negative 
regulator of secondary cell wall biosynthesis (Wang et al. 2020). ELK 
Domain acts as a signal for nuclear localization and is included in protein
-protein interaction (Nagasaki et al. 2001; Ito et al. 2002; Nookaraju et al. 
2022). Homeobox KN Domain acts as transcription factor that is con-
served in different plants, which also affects in leaf shape elaboration 
(Wang & Jiao 2020; Zhang et al. 2022).  

 
Phylogenetic Analysis of POH1 Gene with Other Homologous 
Genes 
The POH1 phylogenetic analysis was performed by mRNA and amino 
acid sequences. In mRNA sequence phylogenetic construction, there are 
2 clades and 1 outgroup. The gene sequence has highly similarities with 
DOH1 gene from Dendrobium orchid. Moreover, phylogenetic construc-
tion by using amino acid sequence reveals that POH1 gene still highly 
has similarities with DOH1 from Dendrobium orchid (Figure 4a; b, respec-
tively).  

 
Protein Modelling of POH1 Protein and Its Domain Function 
The three-dimensional structural prediction was performed by 2 web 
servers, ColabFold (Figure 5a) and SWISS-MODEL (Figure 5b). Based 
on the Ramachandran plot, ColabFold structural prediction has residues 
in most favoured regions accounting for 68.6%, meanwhile, SWISS-
MODEL has 92.3%. However, SWISS-MODEL modelling uses 59 resi-
dues, compared to ColabFold which uses 325 residues, all the translated 
amino acids. These results are correlated to algorithms that use in the 
WEB-SERVERS. ColabFold modelling focus on physical interactions or 
the evolutionary history (Jumper et al. 2021), meanwhile SWISS-
MODEL build a model from templates in their database (Arnold et al. 
2006). Moreover, other ways to validate protein modelling are overall 
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Figure 1. The result of POH1 gene alignment with other homologous genes. Different colours of the box de-

scribed different domains;  = KNOX1;  = KNOX2;  = ELK Domain; and   = Homeobox KN Do-
main. 
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Figure 2. The result of POH1 protein alignment with other homologous genes. Different colours of the box de-

scribed different domains;  = KNOX1;  = KNOX2;  = ELK Domain; and = Homeobox KN Do-
main. 

    

 

Figure 3. Domain location in amino acid sequence. 
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No Domain Domain Name Function Reference 

1 

  
  

Homeobox KN do-
main 

Regulation DNA-templated 
transcription 

(Hirayama et al. 2007; 
Mukherjee et al. 2010) 

2 

  
  

 ELK domain Nuclear localization signal; 
protein-protein interaction 

domain 

(Nagasaki et al. 2001; Ito 
et al. 2002; Nookaraju et 

al. 2022) 

3 

 
  

KNOX2 DNA- binding (Nagasaki et al. 2001) 

4 

  
  

KNOX1 DNA- binding (Nagasaki et al. 2001) 

Table 1. The Function of Each Domain. 

 

Figure 4. Phylogenetic analysis of POH1 gene sequence with other homologous genes.  (Construction by using: a. 
mRNA and b. amino acid sequences). 

a b 
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quality factor and QMEAN score. Overall quality factor of these struc-
tures is 89.252 (ColabFold modelling) and 98.039 (SWISS-MODEL 
modelling) (Figure 6). According to QMEAN scores, SWISS-MODEL 
modelling has higher score than ColabFold, 0.71 ± 0.11 to 0.41 ± 0.05 
(Figure 6 a; b, respectively). Moreover, benchmarking effort to Al-
phaFold database shows that the modelled protein has 50 proteins that 
are homolog. In the database, the homologous proteins comprise around 
300-400 amino acids. The highest relationship of this modelled protein in 
structural AlphaFold database found on Homeobox Protein Knotted-1-
like 2 in Dendrobium catenatum (AphaFoldDB: A0A2I0XDV6). Based on 
ColabFold modelling, we investigate the location of domain, which is 
KNOX1, KNOX2, ELK Domain and Homeobox KN Domain in 3D 
structural prediction (Figure 7). KNOX1 and KNOX2 domains are 
formed into MEINOX domain which is separated by a poorly conserved 
linker sequence (Nookaraju et al. 2022).  

MEINOX Domain that is located in N-terminus will interact with 
POX domain from BEL protein (Zhang et al. 2021). The interaction be-
tween POX and MEINOX is hydrophobic (Ezura et al. 2022). The inter-
action of them affects phytohormone regulation that is related to plant 
development (Niu & Fu 2022). The heterodimer modulates phytohor-
mone by activating cytokinin and repressing gibberellin (Tadege 2013; 
Testone et al. 2015; Marsch-Martínez & de Folter 2016), which corre-
lates to shoot development (Wybouw & De Rybel 2019; Arro et al. 2019). 
Not only for shoot development, but also KNOX protein linked up to the 
lignification process in dicot and monocot plants (Townsley et al. 2013; 
Xu et al. 2019), the diversity of leaf shape (Gao et al. 2015; Wang et al. 
2022), and a necessary role in starchy storage organs (Dong et al. 2019; 
Rüscher et al. 2021). Moreover, it involves to environmental response 
because of high temperature and humidity stress (Shu et al. 2015). To 
conclude this paragraph, the research on different functions of POH1 
gene, KNOX1 homologous gene in Phalaenopsis orchids, has to be broad-
ened to reveal its functions.  

 

a 

b 

Figure 5. Three-Dimensional Structural Prediction. (a = ColabFold Modelling; b = SWISS-MODEL modelling). 
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CONCLUSIONS 
POH1 gene is a gene that contributes to shoot formation in Phalaenopsis 
orchids and has four domains as transcription factors, such as KNOX1, 
KNOX2, ELK Domain, and Homeobox KN Domain. Three-dimensional 
structure modelling is performed by SWISS-MODEL and ColabFold. In 
SWISS-MODEL modelling use 59 residues with the percentage of most 
favoured regions of 92.3%, overall quality factor of 98.039, and QMEAN 
score 0.71 ± 0.11, while ColabFold uses 325 residues with a percentage of 
most favoured regions accounting for 68.6%, overall quality factor 
89.252, and QMEAN scores 0.41 ± 0.05. 

a 

b 

Figure 6. Protein Modelling Validation by Overall Quality Factor and QMEAN Score. (a = ColabFold Model-
ling; b = SWISS-MODEL Modelling). 

 

Figure 7. The location of domain in 3D structural prediction. KNOX1, KNOX2, ELK, and homeobox KN do-
mains are in green, yellow, blue, and red, respectively. 

 



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb83934 

-9- 

AUTHOR CONTRIBUTION 
ES designed and controlled the research. NR conducted the data retrieval 
of mRNA and amino acid sequence and data analysis and wrote the man-
uscript. FYK, SUP, AL, and ISP conducted data and manuscript proof-
reading.  

 
ACKNOWLEDGMENTS 
This research was supported by Universitas Gadjah Mada RTA 
(Rekognisi Tugas Akhir) 2022, Contract No: 3550/UN.1.P.III.Dit-Lit/
PT.01.05/2022 that was given to ES as principal investigator. 

 
CONFLICT OF INTEREST 
The authors declare that there is no conflict of interest in this research. 

 
REFERENCES 
 
Arnold, K. et al., 2006. The SWISS-MODEL workspace: a web-based 

environment for protein structure homology modelling. Bioinfor-
matics, 22(2), pp.195–201. doi: 10.1093/bioinformatics/bti770. 

Arro, J. et al., 2019. RNA-Seq reveals new DELLA targets and regula-
tion in transgenic GA-insensitive grapevines. BMC Plant Biology, 
19(1), p.80. doi: 10.1186/s12870-019-1675-4. 

Bailey, T.L. et al., 2015. The MEME suite. Nucleic acids research, 43(W1), 
pp.W39–W49. doi: 10.1093/nar/gkv416. 

Benkert, P., Künzli, M. & Schwede, T., 2009. QMEAN server for protein 
model quality estimation. Nucleic acids research, 37 (suppl_2), 
pp.W510–W514. doi: 10.1093/nar/gkp322. 

Chandra De, L. et al., 2014. Commercial orchids, De Gruyter Open. 
Colovos, C. & Yeates, T.O., 1993. Verification of protein structures: pat-

terns of nonbonded atomic interactions. Protein science, 2(9), 
pp.1511–1519. doi: 10.1002/pro.5560020916. 

Corpet, F., 1988. Multiple sequence alignment with hierarchical cluster-
ing. Nucleic acids research, 16(22), pp.10881–10890. doi: 10.1093/
nar/16.22.10881. 

Dong, T. et al., 2019. RNA-Seq and iTRAQ reveal multiple pathways 
involved in storage root formation and development in sweet pota-
to (Ipomoea batatas L.). BMC plant biology, 19(1), pp.1–16. 

Ezura, K., Nakamura, A. & Mitsuda, N., 2022. Genome-wide characteri-
zation of the TALE homeodomain family and the KNOX-BLH in-
teraction network in tomato. Plant Molecular Biology, 109(6), pp.799
–821. doi: 10.1007/s11103-022-01277-6. 

Furumizu, C. et al., 2015. Antagonistic roles for KNOX1 and KNOX2 
genes in patterning the land plant body plan following an ancient 
gene duplication. PLoS Genetics, 11(2), e1004980. doi: 10.1371/
journal.pgen.1004980. 

Gao, J. et al., 2015. Evolution, diversification, and expression of KNOX 
proteins in plants. Frontiers in plant science, 6, p.882. doi: 10.3389/
fpls.2015.00882. 

Gao, J. et al., 2014. Molecular phylogenetic characterization and analysis 
of the WRKY transcription factor family responsive to Rhizoctonia 
solani in maize. Maydica, 59(1), pp.32–41. 

Goddard, T.D. et al., 2018. UCSF ChimeraX: Meeting modern challeng-
es in visualization and analysis. Protein Science, 27(1), pp.14–25. doi: 
10.1002/pro.3235. 



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb83934 

-10- 

Hirayama, Y. et al., 2007. Expression patterns of class I KNOX and YAB-
BY genes in Ruscus aculeatus (Asparagaceae) with implications for 
phylloclade homology. Development Genes and Evolution, 217(5), 
pp.363–372. doi: 10.1007/s00427-007-0149-0. 

Holland, P.W.H., 2013. Evolution of homeobox genes. Wiley Interdiscipli-
nary Reviews: Developmental Biology, 2(1), pp.31–45. doi: 10.1002/
wdev.78. 

Hossain, M.M. et al., 2013. The application of biotechnology to orchids. 
Critical Reviews in Plant Sciences, 32(2), pp.69–139. doi: 
10.1080/07352689.2012.715984. 

Howell, S.H., 1998. Molecular Genetics of Plant Development, Cambridge: 
Cambridge University Press. 

Ito, Y., Hirochika, H. & Kurata, N., 2002. Organ-specific alternative tran-
scripts of KNOX family class 2 homeobox genes of rice. Gene, 288
(1), pp.41–47. doi: https://doi.org/10.1016/S0378-1119(02)00460-
2. 

Jumper, J. et al., 2021. Highly accurate protein structure prediction with 
AlphaFold. Nature, 596(7873), pp.583–589. doi: 10.1038/s41586-
021-03819-2. 

Laskowski, R.A., Furnham, N. & Thornton, J.M., 2013. The Ramachan-
dran plot and protein structure validation. In Biomolecular forms and 
functions: a celebration of 50 years of the ramachandran map. World Sci-
entific, pp.62–75. doi: 10.1142/9789814449144_0005. 

Marsch-Martínez, N. & de Folter, S., 2016. Hormonal control of the de-
velopment of the gynoecium. Current Opinion in Plant Biology, 29, 
pp.104–114. doi: https://doi.org/10.1016/j.pbi.2015.12.006. 

Mirdita, M. et al., 2022. ColabFold: making protein folding accessible to 
all. Nature Methods, 19(6), pp.679–682. doi: 10.1038/s41592-022-
01488-1. 

Moore, J.H., 2013. Gene Interaction. In Brenner’s Encyclopedia of Genetics: 
Second Edition. Elsevier Inc., pp. 200–201. doi: 10.1016/B978-0-12-
374984-0.00592-1.  

Mukherjee, K. & Brocchieri, L., 2010. Evolution of Plant Homeobox 
Genes. In eLS. Wiley. doi: 10.1002/9780470015902.a0022865. 

Nagasaki, H. et al., 2001. Functional analysis of the conserved domains of 
a rice KNOX homeodomain protein, OSH15. The Plant cell, 13(9), 
pp.2085–2098. doi: 10.1105/tpc.010113. 

Niu, X. & Fu, D., 2022. The roles of BLH transcription factors in plant 
development and environmental response. International Journal of 
Molecular Sciences, 23(7), 3731. doi: 10.3390/ijms23073731. 

Nookaraju, A. et al., 2022. Understanding the Modus Operandi of Class 
II KNOX Transcription Factors in Secondary Cell Wall Biosynthe-
sis. Plants, 11(4), 493. doi: 10.3390/plants11040493. 

Paysan-Lafosse, T. et al., 2023. InterPro in 2022. Nucleic Acids Research, 
51(D1), pp.D418–D427. 

Razzaq, A. et al., 2020. In silico analyses of TALE transcription factors 
revealed its potential role for organ development and abiotic stress 
tolerance in Cotton. Int. J. Agric. Biol, 23, pp.1083–1094. doi: 
10.17957/IJAB/15.1389. 

Rüscher, D. et al., 2021. Auxin signaling and vascular cambium for-
mation enable storage metabolism in cassava tuberous roots. Jour-
nal of Experimental Botany, 72(10), pp.3688–3703. doi: 10.1093/jxb/
erab106. 

Sakakibara, K. et al., 2013. KNOX2 genes regulate the haploid-to-diploid 
morphological transition in land plants. Science, 339(6123), pp.1067
–1070. doi: 10.1126/science.1230082. 



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb83934 

-11- 

Scofield, S., Dewitte, W. & Murray, J.A.H., 2008. A model for Arabidop-
sis class-1 KNOX gene function. Plant Signaling & Behavior, 3(4), 
pp.257–259. doi: 10.4161/psb.3.4.5194. 

Semiarti, E. et al., 2008. Isolation and charaterization of Phalaenopsis Or-
chid Homeobox1 (POH1) cDNAS, knotted1-like homeobox family of 
genes in Phalaenopsis amabilis orchid. In Proceedings of The 2nd In-
ternational Conference on Mathematics and Natural Sciences (ICMNS) 
ITB, Bandung, Indonesia. pp. 28–30. 

Semiarti, E. et al., 2015. Induction of In Vitro Flowering of Indonesian 
Wild Orchid, Phalaenopsis amabilis (L.) Blume. KnE Life Sciences, 2
(1), 398. doi: 10.18502/kls.v2i1.182. 

Semiarti, E. et al., 2016. Dynamic expression of POH1 gene in shoot de-
velopment during in vitro culture of Phalaenopsis orchid. AIP Con-
ference Proceedings, 1744, 020019.. doi: 10.1063/1.4953493. 

Shu, Y. et al., 2015. GmSBH1, a homeobox transcription factor gene, re-
lates to growth and development and involves in response to high 
temperature and humidity stress in soybean. Plant Cell Reports, 34
(11), pp.1927–1937. doi: 10.1007/s00299-015-1840-7. 

Tadege, M., 2013. Molecular insight into polarity-mediated lamina out-
growth. International Journal of Plant Biology and Research, 1(1), 
1005. 

Tamura, K., Stecher, G. & Kumar, S., 2021. MEGA11: molecular evolu-
tionary genetics analysis version 11. Molecular biology and evolution, 
38(7), pp.3022–3027. doi: 10.1093/molbev/msab120. 

Testone, G. et al., 2015. The KNOTTED-like genes of peach (Prunus persi-
ca L. Batsch) are differentially expressed during drupe growth and 
the class 1 KNOPE1 contributes to mesocarp development. Plant 
Science, 237, pp.69–79. doi: 10.1016/j.plantsci.2015.05.005. 

Townsley, B.T., Sinha, N.R. & Kang, J., 2013. KNOX1 genes regulate 
lignin deposition and composition in monocots and dicots. Frontiers 
in Plant Science, 4, 121. doi: 10.3389/fpls.2013.00121. 

Viola, I.L. & Gonzalez, D.H., 2016. Structure and evolution of plant 
homeobox genes. In Plant Transcription Factors. Elsevier, pp.101–
112. doi: 10.1016/B978-0-12-800854-6.00006-3. 

Wang, S. et al., 2020. The Class II KNOX genes KNAT3 and KNAT7 
work cooperatively to influence deposition of secondary cell walls 
that provide mechanical support to Arabidopsis stems. The Plant 
Journal, 101(2), pp.293–309. doi: 10.1111/tpj.14541. 

Wang, Y. et al., 2022. The cellular basis for synergy between RCO and 
KNOX1 homeobox genes in leaf shape diversity. Current Biology, 32
(17), pp.3773–3784. doi: 10.1016/j.cub.2022.08.020. 

Wang, Y. & Jiao, Y., 2020. Keeping leaves in shape. Nature Plants, 6(5), 
pp.436–437. doi: 10.1038/s41477-020-0660-0. 

Wybouw, B. & De Rybel, B., 2019. Cytokinin – A Developing Story. 
Trends in Plant Science, 24(2), pp.177–185. doi: 10.1016/
j.tplants.2018.10.012. 

Xu, X. et al., 2019. Identification of homeobox genes associated with lig-
nification and their expression patterns in bamboo shoots. Biomole-
cules, 9(12), 862. doi: 10.3390/biom9120862. 

Yuan, Q. et al., 2018. A genome-wide analysis of GATA transcription 
factor family in tomato and analysis of expression patterns. Interna-
tional Journal of Agriculture and Biology, 20(6), pp.1274–1282. doi: 
10.17957/IJAB/15.0626. 

Zahara, M. & Win, C.C., 2019. Morphological and stomatal characteris-
tics of two Indonesian local orchids. Journal of Tropical Horticulture, 
2(2), pp.65–69. 



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb83934 

-12- 

Zhang, X. et al., 2022. Identification and responding to exogenous hor-
mone of HB-KNOX family based on transcriptome data of Cauca-
sian clover. Gene, 828, 146469. doi: https://doi.org/10.1016/
j.gene.2022.146469. 

Zhang, Y. et al., 2021. Hormonal regulatory patterns of laknoxs and la-
bel1 transcription factors reveal their potential role in stem bulblet 
formation in LA hybrid lily. International Journal of Molecular Sci-
ences, 22(24), 13502. doi: 10.3390/ijms222413502  


