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ABSTRACT

The chalcone synthase (CHS) gene families are known to be conserved in plants and have 
been well-studied in many plants, and they have an important role in the physiological and 
biological processes of plants. One of the studied CHS gene families is the CHS1 gene. 
CHS1 gene is known for its function in the flavonoid biosynthetic pathway. However, not 
many studies have been reported on the CHS1 gene in the Commelinids clade, especially 
the evolution of this gene within three families: Zingiberaceae, Costaceae, and Poaceae. 
Thus, this study aimed to perform a preliminary in silico comparative analysis of the CHS1 
gene across these three families. Through this in silico comparative analysis, 20 partial 
sequences of the CHS1 gene, which are restricted to 565 bp regions, were analysed. The 
partial sequences were extracted from the National Center for Biotechnology Information 
database comprised of 16 Zingiberaceae species, three Costaceae species, and one 
Poaceae species. From the analysis, these targeted regions showed a low polymorphic 
site (18.23%) with 103 positions of single nucleotide polymorphisms and three mutations 

(substitution, insertion, and deletion). 
Meanwhile, phylogenetic analysis showed 
no clear evolutionary pattern within the 
three studied families. In conclusion, the 
studied partial sequences of the CHS1 
gene in Zingiberaceae, Costaceae, and 
Poaceae showed that the gene is conserved 
within the Commelinids clade. Further 
studies to understand the consequences of 
low polymorphism and mutations as well 
as adaptive evolution in the CHS1 gene, 
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accompanied by biochemistry and gene 
expression studies, should be done in these 
20 species of Zingiberaceae, Costaceae, and 
Poaceae. 

Keywords: CHS1 gene, commelinids, Costaceae, 
evolution, Poaceae, Zingiberaceae

INTRODUCTION

A group of genes can be grouped into a family 
according to their high sequence similarity, 
but adaptation or speciation can contribute 
to gene diversification (gene polymorphism) 
and evolution (Lynch & Conery, 2000; Nei & 
Rooney, 2005). The mutation is a factor that 
induces gene diversification and evolution. 
Gene diversification has largely arisen 
from duplication followed by functional 
divergence (Reams & Roth, 2015). Many 
duplicates are immediately lost during a 
gene duplication event because mutations 
accumulate in duplicated genes with 
redundant functions (Innan & Kondrashov, 
2010). However, some mutations can lead 
to a higher degree of functional divergence 
of duplicates, which can be advantageous 
for adaptive evolution (Ezoe et al., 2021), 
consistent with the neutral theory of 
molecular evolution (Kimura, 1983). Gene 
divergence could be measured in multigene 
families through unequal crossing-over rate, 
mutation rate, gene conversion rate, and 
selection coefficient of the locus (Matsuo 
& Yamazaki, 1989).   

The chalcone synthase (CHS) gene 
families are among the important genes 
continuously studied in many plants to 
understand their evolutionary patterns 

(Durbin et al., 2000; Glagoleva et al., 2019). 
The CHS gene families express enzymes 
that belong to type III polyketide synthases 
and are involved in flavonoid biosynthesis 
(Roslan, Huy, Kee et al., 2020; Roslan, 
Huy, Ming et al., 2020; Yuan et al., 2021). 
The CHS genes have been studied in many 
plants and showed up to 60% homologues 
sequences (Jiang & Cao, 2008). The CHS 
genes have been studied in Arabidopsis 
thaliana (Dao et al., 2011), Juglans regia 
(Cheniany et al., 2012), Oncidium Gower 
Ramsay (Liu et al., 2012), Malus domestica 
(Dare et al., 2013), Garbera hybrida (Deng 
et al., 2014), Triticum aestivum (Trojan et al., 
2014), and some species of Zingiberaceae 
such as Curcuma longa (Ayer et al., 20108; 
Deepa et al., 2017; Resmi & Soniya, 2012), 
Boesenbergia rotunda (Chia et al., 2020; 
Roslan, Huy, Kee, et al., 2020; Roslan, Huy, 
Ming, et al., 2020), and Alpinia oxyphylla 
(Yuan et al., 2021). Comparative analysis of 
the CHS gene between and among families 
of plants to understand the evolutionary 
pattern of the CHS gene is still scarce, and 
no study has been done on the CHS1 gene. 

The CHS1 gene involves in the 
flavonoid biosynthetic pathway. Flavonoid 
biosynthetic pathway genes (structural and 
regulatory genes) presented a model system 
to understand the variety of evolutionary 
processes, such as causes of evolutionary 
variation rate among genes, duplicated 
genes that presented an evolution of novel 
characters, and the relative importance 
of structural and regulatory genes that 
involved in important ecological characters 
(Rausher, 2006). Each of these processes 
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is important for plant adaptation, and it 
has been presumed that due to this reason, 
selection played a determining role in the 
evolution of the genes (Yang et al., 2004). 
However, CHS genes varied in plants 
across taxa leading to the evolution of those 
genes involved in the flavonoid pathway. 
Therefore, in silico comparative analysis of 
the CHS1 gene between the Zingiberaceae, 
Costaceae, and Poaceae was done as a 
preliminary study to provide a fundamental 
idea of the evolutionary pattern in the CHS1 
gene within the Commelinids clade. 

MATERIALS AND METHODS 

A total of 22 CHS1 sequences were 
downloaded from the National Center for 
Biotechnology Information (NCBI) database 
(Table 1; https://www.ncbi.nlm.nih.gov/
genbank/). Those CHS1 sequences belong 
to 16 species of Zingiberaceae (Curcuma 
longa, Alpinia galanga, Alpinia luteocarpa, 
Alpinia vittata, Alpinia zerumbet, Curcuma 
amada, Curcuma aromatica, Curcuma 
caesia, Elettaria cardamomum, Globba 
marantina ,  Hedychium coronorium , 
Kaempferia elegans, Kaempferia galanga, 
Kaempferia rotunda, Etlingera elatior, 
and Zingiber officinale), five species of 
Costaceae and only one Poaceae species. Of 
those CHS1 sequences, two were complete 
CHS1 sequences, and 20 were partial 
CHS1 sequences, as shown in Table 1. All 
CHS1 sequences belonging to Costaceae 
and Poaceae were subjected to dataset 
selection. The sequences were checked for 
their percentage of identity, query cover, 
and E-value with CHS1 sequences of 

Zingiberaceae taxid using BLASTn (https://
blast.ncbi.nlm.nih.gov/Blast.cgi). Two 
CHS1 sequences belonging to Costaceae 
(HM161806.1 and HM161808.1) were 
excluded from the final dataset because 
they showed no similarity with CHS1 
sequences belonging to the Zingiberaceae 
taxid (Table 2). 

Thus, the final dataset consisted 
of 16 CHS1 sequences belonging to 
Zingiberaceae, three CHS1 sequences 
belonging to Costaceae, and one CHS1 
sequence belonging to Poaceae (Table 3). 
Then, multiple sequence alignment was 
performed using BioEdit 7.2 software (Hall, 
1999), and all sequences were adjusted to 
well match each other by restricting the 
sequence size to 565 bp (Figure 2). Overall 
nucleotide dissimilarities among 20 CHS1 
sequences were manually determined to 
look for mutation and were recorded.

As shown in Figure 1, a similarity 
matrix was computed using MEGA X 
software (Kumar et al., 2018). After that, 
phylogenetic trees were constructed using 
unrooted neighbour-joining (NJ) trees 
with two iterations (100 and 1,000). Both 
iterations constructed similar trees. Hence, 
the phylogenetic tree constructed with 
1,000 iterations was selected to show 
the CHS1 evolutionary pattern within 
the Commelinids clade: Zingiberaceae, 
Costaceae, and Poaceae. 

RESULTS 

Twenty CHS1 sequences belonging to 
Zingiberaceae, Costaceae, and Poaceae 
were aligned, and nucleotide dissimilarities 
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Table 1
 List of CHS1 gene sequences of Zingiberaceae, Costaceae, and Poaceae from the NCBI database

Family Species Accession number Sequence length (bp) Sequence status

Zingiberaceae

Curcuma longa AB573020.1 2,107 Complete
Alpinia galanga HM161832.1 568

Partial

Alpinia luteocarpa HM161830.1 568
Alpinia vittata HM161834.1 568
Alpinia zerumbet HM161836.1 568
Curcuma amada HM161809.1 568
Curcuma aromatica HM161810.1 568
Curcuma caesia HM161811.1 568
Elettaria cardamomum HM161813.1 568
Globba marantina HM161814.1 568
Hedychium coronarium HM161815.1 568
Kaempferia elegans HM161819.1 565
Kaempferia galanga HM161816.1 568
Kaempferia rotunda HM161820.1 568
Etlingera elatior HM161821.1 571
Zingiber officinale DQ089697.2 578

Costaceae

Costus erythrophyllus HM161829.1 568
Costus malortieanus HM161838.1 568
Costus pulverulentus HM161806.1 568
Costus pictus HM161826.1 568
Cheilocostus speciosus HM161808.1 568

Poaceae Sorghum bicolor AF152548.1 2,078 Complete

Table 2
The similarity index of CHS1 sequences of Costaceae and Poaceae with Zingiberaceae taxid using BLASTn 

Query 
sequence Match sequence Query 

cover E-value Percentage 
of identity

HM161829.1
HM161832.1  
(Alpinia galanga chalcone synthase (CHS1) gene, 
partial cds)

100% 6e-159 84.51%

HM161838.1
HM161830.1
(Alpinia luteocarpa chalcone synthase (CHS1) gene, 
partial cds)

97% 6e-134 82.29%

HM161806.1 - - - -

HM161826.1
HM161819.1
(Kaempferia elegans chalcone synthase (CHS1) gene, 
partial cds)

100% 9e-123 80.84%

HM161808.1 - - - -

AF152548.1 MT811929.1
(Curcuma alismatifolia CHS1 mRNA, complete cds) 47% 0.0 79.90%

Note. Cds = Coding sequences
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Table 3
The final dataset of CHS1 gene sequences for in silico comparative CHS1 gene study 

Family Species Accession number
Curcuma longa AB573020.1
Alpinia galanga HM161832.1
Alpinia luteocarpa HM161830.1
Alpinia vittata HM161834.1

Zingiberaceae Alpinia zerumbet HM161836.1
Curcuma amada HM161809.1
Curcuma aromatica HM161810.1
Curcuma caesia HM161811.1
Elettaria cardamomum HM161813.1
Globba marantina HM161814.1
Hedychium coronarium HM161815.1
Kaempferia elegans HM161819.1
Kaempferia galanga HM161816.1
Kaempferia rotunda HM161820.1
Etlingera elatior HM161821.1
Zingiber officinale DQ089697.2

Costaceae Costus erythrophyllus HM161829.1
Costus malortieanus HM161838.1
Costus pictus HM161826.1

Poaceae Sorghum bicolor AF152548.1

Figure 1. Similarity matrices of 20 CHS1 sequences belong to 16 Zingiberaceae species, three Costaceae 
species, and one Poaceae species  
Note. [Cl] Curcuma longa; [Ag] Alpinia galanga; [Al] Alpinia luteocarpa; [Av] Alpinia vittate; [Az] Alpinia 
zerumbet; [Ca] Curcuma amada; [Cr] Curcuma aromatica; [Cc] Curcuma caesia; [Ec] Elettaria cardamomum; 
[Gm] Globba marantina; [Hc] Hedychium coronarium; [Ke] Kaempferia elegans; [Kr] Kaempferia rotunda; 
[Ne] Etlingera elatior; [Zo] Zingiber officinale; [Ce] Costus erythrophyllus; [Cm] Costus malortieanus; [Cp] 
Costus pictus; [Sb] Sorghum bicolor; [Kg] Kaempferia galanga

[Cl] [Ag] [Al] [Av]   [Az] [Ca] [Cr]   [Cc]      [Ec]    [Gm]   [Hc]     [Ke]     [Kr]     [Ne]   [Zo]      [Ce]   [Cm]   [Cp]     [Sb]     [Kg]
[Cl]
[Ag] 0.4705
[Al] 0.5138 0.4525
[Av] 0.5155 0.4443 0.3651
[Az] 0.4913 0.0348 0.4865 0.4605
[Ca] 0.4796 0.4412 0.3245 0.0519 0.4676
[Cr] 0.4934 0.4444 0.3188 0.0462 0.4676 0.0145
[Cc] 0.4861 0.4612 0.3216 0.0519 0.4849 0.0218 0.0181
[Ec] 0.4775 0.0181 0.4593 0.4540 0.0348 0.4509 0.4509 0.4712
[Gm] 0.4759 0.4580 0.3358 0.0813 0.4853 0.0558 0.0558 0.0675 0.4647
[Hc] 0.4899 0.4476 0.3245 0.0635 0.4675 0.0386 0.0367 0.0442 0.4542 0.0558
[Ke] 0.5031 0.4519 0.4855 0.5080 0.4720 0.4729 0.4794 0.4795 0.4584 0.4662 0.4691
[Kr] 0.4791 0.4477 0.3358 0.0713 0.4710 0.0480 0.0461 0.0576 0.4543 0.0615 0.0385 0.4660
[Ne] 0.5214 0.43550.4859 0.4624 0.4585 0.4427 0.4297 0.4394 0.4325 0.4493 0.4489 0.2356 0.4395
[Zo] 0.5507 0.51370.5321 0.5481 0.5281 0.5110 0.5107 0.5145 0.5280 0.5187 0.5108 0.0836 0.5182 0.2737
[Ce] 0.4841 0.17560.4696 0.4303 0.1848 0.4274 0.4240 0.4339 0.1779 0.4276 0.4208 0.4654 0.4115 0.4196 0.4852
[Cm] 0.5178 0.43670.2171 0.3303 0.4629 0.3107 0.3107 0.3190 0.4399 0.3332 0.3219 0.4316 0.3218 0.4447 0.4780 0.4458
[Cp] 0.4905 0.41490.4555 0.4509 0.4276 0.4310 0.4210 0.4307 0.4308 0.4212 0.4242 0.2239 0.4182 0.2075 0.2511 0.3837 0.4361
[Sb] 0.5156 0.29690.4865 0.5023 0.2996 0.5207 0.5245 0.5356 0.3051 0.5096 0.5244 0.4974 0.5132 0.4489 0.5113 0.2600 0.4694 0.4436
[Kg] 0.4830 0.44750.3301 0.0773 0.4710 0.0538 0.0519 0.0635 0.4542 0.0714 0.0442 0.4902 0.0386 0.4489 0.5405 0.4113 0.3274 0.4273 0.5131
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Curcuma amada           1   GAACAACCGG AGCGCCCGCG TCCTGGTCGT TGCCTGCGAG GTCAACACGC TCATCT---T CCGCGGTCCC GAAGAGCGCG ACTTCCAGAG CCTCGCGGCC  97   
Curcuma aromatica       1   GAACAACCGG AGCGCCCGCG TCCTCGTCGT CGCCTGCGAG GTCAACACGC TCATCT---T CCGCGGTCCC GAAGAGCGCG ACTTCCAGAG CCTCGCGGCC  97   
Curcuma caesia          1   GAACAACCGG AGCGCCCGAG TGCTCGTCGT CGCCTGCGAG GTCAACACGC TCATCT---T CCGCGGTCCC GAAGAGCGCG ACTTCCAGAG CCTTGCGGCC  97   
Alpinia vittate         1   GAACAACCGG AGCGCCCGCG TCCTCGTCGT CTCCTGCGAG GTCAACACGC TCATCT---T CCGCGGTCCC GAAGAGCGCG ACTTCCAGAG CCTTGCGGCC  97   
Kaempferia galanga      1   GAACAACCGG AGCGGCCGCG TCCTCGTCGT CGCCCGCGAG GTCAACACGC TCATCT---T CCGCGGCCCC GACGAGGGCG ACTTCCAGAG CCTCGCGGCT  97   
Kaempferia rotunda      1   GAACAACCGG AGCGCTCGCG TCCTCGTCGT CGCCTGCGAG GTCAACACGC TCATCT---T CCGCGGCCCC GAACAGGGCG ACTTCCAGAG CCTCGCGGCT  97   
Hedychium coronorium    1   GAACAACCGG AGCGCCCGAG TCCTCGTCGT CGCCTGCGAG GTCAACACGC TCATCT---T CCGCGGCCCC GAAGAGCGCG ACTTCCAGAG CCTCGCGGCT  97   
Globba marantina        1   GAACAACCGG AGCGCCCGCG TCCTCGTCGT CGCCTGCGAG GTCAACACGC TCATCT---T CCGCGGGCCC GAAGCGCGCG ACTTCCAGAG CCTCGCCGCC  97   
Alpinia luteocarpa      1   GAACAATCGC TCCGCGCGAG TCCTCGTCGT CGCCTGCGAG ATCACCGTGC TCAGTT---T CCGAGGCCCG GACGAGCGTG ACTTCCAGGC TCTCGCCGGC  97   
Costus malortineanus    1   GAACAACAAA GGCGCGCGCG TGCTGGTGGT CTCCTGCGAA ATCACCGTGC TCAGCT---T CCGCGGCCCC GACGAAAACG ACTTCCAGGC GCTCGCCGGG  97   
Curcuma longa           1   GAACGATAGG GACGCTCGGG TGCTGACCGT GAACGTGGAG CTCTGCACCG TCAGTTCTTT CCGGGGGACG GAGGGAATCT CGCTGGACAC GCTCGTCGCC  100  
Alpinia galanga         1   GAACAACCGC GGCGCCCGCG TCCTGGTCGT CTGCTCCGAG ATCACGGCGG TGACCT---T CCGCGGGCCT TCCGACTCGC ACCTCGACAG CATGGTGGGG  97   
Elettaria cardamomum    1   GAACAACCGT GGCGCCCGCG TCCTGGTCGT CTGCTCCGAG ATCACGGCGG TGACCT---T CCGCGGGCCT TCCGACTCGC ACCTCGACAG CATGGTGGGG  97   
Alpinia zerumbet        1   GAACAACCGC GGAGCCCGTG TCCTGGTCGT CTGCTCCGAG ATCACGGCGG TGACCT---T CCGCGGGCCT TCCGACTCGC ACCTCGACAG CATGGTGGGG  97   
Costus erythrophyllus   1   GAACAACCGC GGCGCGCGCG TCCTCGTCGT GTGCTCCGAG ATAACTGCCG TCACCT---T CCGCGGCCCC TCCGAGTCCC ACCTCGACAG CCTCGTCGGG  97   
Sorghum bicolor         1   GAACAACCGC GGGGCACGCG TCCTGGTGGT GTGCTCCGAG ATCACCGCCG TAACGT---T TCGGGGACCC TCCGAGTCCC ACCTCGATTC CATGGTCGGC  97   
Kaempferia elegans      1   GAACAACAAG GGCGCGCGCG TGATGGTGGT GTGCTCCGAG CTCAACGTGA TGTTCT---T CCGTGGGCCT GACGACCACC ACTTCGAGAA CCTTATCGCG  97   
Zingiber officinale     1   GAATAACAAG GGTGCGCGCG TGATGGTGGT GTGCTCCGAG CTCAACGTCA TGTTCT---T CCGTGGGCCC GACGACCACC ACTTCGAGAA CCTTATCGCA  97   
Costus pictus           1   GAACAACCGC GGCGCGCGTG TGCTCACCGT CTGCTCCGAG CTCAATGTAA TGTTCT---T CCGCGGCCCC GATGAGGACC ACTTCGAGAT CCTCATCGGG  97   
Nicolaia elatior        1   GAACAATCGT GGCGCGCGCG TGCTGGTGGT CTGCTCCGAG CTCAACGTCA TGTTCT---T CCGCGGCCCC GACGACGACC ACTTCGAGAA CCTAATCGGG  97   
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                                   110        120        130        140        150        160        170        180        190        200                   
                           ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Curcuma amada          98  CAGGTCGCGT TCGGCGACGG AGCGGCGGCG CTCGTCGTCG GGGCCGACCC CCTCCAG--- GGCGTCGAGA AGCCGATCTT CGAGATCATG GCGGCGTTTC  194  
Curcuma aromatica      98  CAGGTCGCGT TCGGCGACGG AGCGGCGGCG CTCGTCGTCG GGGCCGACCC CGTCCAG--- GGCGTCGAGA AGCCGATCTT CGAGATCATG GCGGCGTTTC  194  
Curcuma caesia         98  CAGGTCGCGT TCGGCGACGG AGCGGCGGCG CTCGTCGTCG GGGCCGACCC CGTCCAG--- GGCGTCGAGA AGCCGATCTT CGAGATCATG GCGGCGTTTC  194  
Alpinia vittate        98  CAGGTTGCGT TCGGCGACGG AGCGGCGGCT CTCGTCGTCG GGGCCGATCC CGTCGAG--- GGCGTCGAGA GGCCGATATT CGAGATCATG GCGGCGTTTC  194  
Kaempferia galanga     98  CAGGTGGCGT TCGGCGACGG AGCGGCGGCG CTCGTCGTCG GGGCCGACCC CGTCGAG--- GGCGTCGAGA GGCCGATCTT CGAGATCATG GCGGCGTTGC  194  
Kaempferia rotunda     98  CAGGTCGCGT TCGGCGACGG GGCGGCGGCG CTCGTCGTCG GGGCCGACCC CGTCGAG--- GGCGTCGAGA GGCCGATCTT CGAGATCGTG GCGGCGTTGC  194  
Hedychium coronorium   98  CAGGTCGCGT TCGGCGACGG AGCGGCGGCG CTCGTCGTCG GGGCCGACCC CATCGAG--- GGCGTCGAGA GGCCGATCTT CGAGATCATG GCGGCGTTGC  194  
Globba marantina       98  CAGGTCGCGT TCGGAGACGG AGCGGCGGCG CTCGTCGTCG GGGCCGACCC CATCGAG--- GGCGTCGAGA GGCCCATCTT CGAGATCATG GCGGCGATGC  194  
Alpinia luteocarpa     98  CAGGCGGGCT TCGGGGACGG CGCCGCCGCG GTGGTTGTCG GCGCCGACCC CGTACCA--- GGCGTTGAGC GACCGCTCTA CCGCATCATG TCGGCGACTC  194  
Costus malortineanus   98  CAGGCCGGCT TCGGCGACGG CGCGGCCGCC GTGATCGTAG GCGCCGACCC CGTGCCT--- GGCGTGGAGA AGCCCATCTA CGAGATCATG TCGGCGACTC  194  
Curcuma longa          101 CAGGCGCTCT TCGGTGACGG CGCCGCCGCG CTGGTCGTGG GCGCCGACCC CATCGAA--- GGGGTCGAGA ATCCGATCTT CGAGATGGCG TTCGCGGCGC  197  
Alpinia galanga        98  CAGGCACTGT TCGCGGACGG CGCCGGCGCG ATCATAATCG GCGCGGACCC GGACCCG--- GCGACTGAGC GGCCGCTGTT CGAGCTGGTG TCTGCGAGCC  194  
Elettaria cardamomum   98  CAGGCTCTGT TCGCGGACGG CGCCGGCGCG ATCATCGTCG GCGCGGACCC GGACCCG--- GCGACTGAGC GGCCGCTGTT CGAGCTGGTG TCTGCGAGCC  194  
Alpinia zerumbet       98  CAGGCTCTGT TCGGCGATGG CGCCGGCGCG ATCATCGTCG GCGCGGACCC GGACCCG--- GCGACTGAGC GGCCGCTGTT CGAGCTGGTG TCTGCTAGCC  194  
Costus erythrophyllus  98  CAGGCCCTCT TCGGCGACGG CGCGGGCGCC CTCATCGTCG GCGCCGATCC CGACCCC--- GCCACCGAGC GCCCGATCTT CGAGCTAGTC TCCGCAAGCC  194  
Sorghum bicolor        98  CAGGCGCTGT TCGGCGATGG CGCGGCGGCA GTTATTGTGG GAGCTGACCC TGACGAG--- CGCGTGGAGC GCCCGTTGTT CCAGCTCGTG TCGGCATCAC  194  
Kaempferia elegans     98  CAAGCCCTCT TCGGCGACGG CGCCGCCGTG GTGATCGTCG GTGCGGACCC AAAG------ GAGGCGGAGA GGCCGATCTA CGAGGTGGCC TCGGCGGCGC  191  
Zingiber officinale    98  CAAGCCCTCT TCGGCGATGG CGCTGCGGCG GTGATCGTTG GTGCGGACCC AAAG------ GAGGCAGAGA GGCCGATCTA TGAACTGGCC TCGGCAGCTC  191  
Costus pictus          98  ATGGCGCTCT TCGGCGATGG CGCGGCGGCA GTGATCGTGG GGGCGGACCC GGTGCCG--- GGGGTGGAGC GGCCGATCTT CGAGGTGGCG TCGGCGGCGC  194  
Nicolaia elatior       98  CAGGCGCTCT TCGGCGACGG CGCGGGCGCG CTCATCGTGG GGGCCGACCC AGTGGAGGTC GACGGGGAGA AGGCGGTGTT CATGGTGGCT TCGGCAAAGC  197 
 
                                   210        220        230        240        250        260        270        280        290        300                   
                           ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Curcuma amada          195 CGTTCACGGT GCCGGAGACC CAGATGGCGG TCGGCGGGCA GCTGAAGCAG ATCGGGCTGA CCTTCCATTT CGCTCACCAG CTGCCGGGGC TGATAGCCAA  294  
Curcuma aromatica      195 CGTTCACGGT GCCGGAGACC CAGATGGCGG TCGGCGGGCA GCTGAAGCAG ATCGGGCTGA CCTTCCATTT CGCGCACCAG CTGCCGGGGC TGATAGCCAA  294  
Curcuma caesia         195 CGTTCACGGT GCCGGAGACC CAGATGGCGG TCGGCGGGCA GCTGAAGCAG ATCGGGCTGA CCTTCCATTT CGCGCACCAG CTGCCGGGGC TGATAGCCAA  294  
Alpinia vittate        195 CGTTCACGGT GCCGGACACC CAGATGGCGG TCGGCGGGCA GCTGAAGCAG ATCGGGCTGA CCTTCCATTT CGCGCAGCAG CTTCCGGGGC TGATAGCCAA  294  
Kaempferia galanga     195 CGTTCACGGT GCCGGAGACA CAGAGGGCGG TCGGCGGGCA GCTGAAGCAG ATCGGGCTGA CCTTCCACTT CGCCCACCAG CTGCCGGGGC TGATAGCCGA  294  
Kaempferia rotunda     195 CGTTCACGGT GCCGGAGACC CAGATGGCGG TCGGCGGGCA GCTGAAGCAG ATCGGGCTGA CCTTCCATTT CGCCCAACAG CTGCCGGGGC TGATTGCCGA  294  
Hedychium coronorium   195 CGTTCACGGT GCCGGAGACA CAGATGGCGG TCGGCGGGCA GCTGAAGCAG ATCGGGTTGA CCTTCCATTT CGCGCACCAG CTGCCGGGGC TGATAGCCAA  294  
Globba luteocarpa      195 AGACGACGGT GCCGGAGAGC GAGAAGGCGG TGGGGGGCCA CCTCCGCGAG GTGGGGCTGA CCTTCCACTT CTTCAATCAG CTGCCGGCGA TCATCGCCGA  294  
Costus malortineanus   195 AGGTGACGGT GCCGGAGAGT GAGAAGGCGG TAGGAGGGCA CCTGCGGGAG GTTGGTCTTA CCTTCCACTT CTTCAACCAG CTGCCGATGA TCATTGCCGA  294  
Curcuma longa          198 AGACCATACT GCCGGAGAGC GAGGGGAAGA TACTGGGTCA GTTGAAGGAG AACGGTCTGC GCGTCCACTT GGACCGGGAG GTTCCCCAGA TCGTCGCCGG  297  
Alpinia galanga        195 AGACGATTCT GCCGGACTCG GAGGGGGCGA TCGACGGGCA CCTGCGGGAG GTGGGGCTGA CCTTCCACCT GCTCAAGGAC GTGCCGGGCC TCATCTCCAA  294  
Elettaria cardamomum   195 AGACGATTCT GCCGGACTCG GAGGGGGCGA TCGACGGGCA CCTGCGGGAG GTGGGGCTGA CCTTCCACCT GCTCAAGGAC GTGCCGGGCC TCATCTCCAA  294  
Alpinia zerumbet       195 AGACAATTCT ACCGGACTCG GAGGGGGCGA TCGACGGGCA CCTGCGGGAG GCGGGGCTGA CCTTCCACCT GCTCAAGGAC GTACCGGGCC TCATCTCCAA  294  
Costus erythrophyllus  195 AGACGATCCT CCCGGACTCG GAGGGTGCCA TCGACGGGCA CCTCCGCGAG GTGGGGCTCA CCTTCCACCT GCTCAAGGAC GTGCCGGGGC TTATCTCGAA  294  
Sorghum bicolor        195 AGAGAATCCT GCCGGACTCC GAGGGCGCCA TCGACGGCCA CCTCCGCGAG GTCGGGCTCA CGTTTCACCT GCTCAAGGAC GTGCCCGGGC TCATCTCCAA  294  
Kaempferia elegans     192 AGGTGATGCT GCCGGAGAGC GAGGAGATGG TCGCGGGGCA CCTGAGGGAG ATCGGGCTGA CGTTCCACTT AGCAAGCAAA CTGCCGGCTG TAGTTGGCGC  291  
Zingiber officinale    192 AGGTGATGCT GCCGGAGAGC GAGGAGATGG TTGCGGGGCA CCTGAGGGAG ATCGGGTCGA CATTCCACTT AGGGAGCAAA CTGCCGGCTG TAGTTGGGGC  291  
Costus pictus          195 AGGTGATGCT ACCGGAGAGC GAGGAGATGG TGGCCGGACA CCTGAGGGAG ATCGGGCTGA CGTTCCAACT GGGGAGCAAA CTGCCGGCGA TCGTGGGGGC  294  
Nicolaia elatior       198 AGGTGATGCT GCCGGAGAGC GAGGAGATGG TAGGGGGCCA CCTGCGGGAG ATCGGGCTGA CGATTCATCT GGCGAGCAGG CTGCCGGCGG TAGTGGGCGA  297  
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                                  310        320        330        340        350        360        370        380        390        400                   
                          ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Curcuma amada         295 CAACTTGGAG ACGTGCCTCG GCGAGGCGTT GAAGCCGCTG GGGATCTCCG ACTGGAACGA CGTGTTCTGG GTGGCCCACC CTGGGAACTG GGGCATCATG  394  
Curcuma aromatica     295 CAACTTGGAG ACGTGCCTCG GCGAGGCGTT AAAGCCGCTG GGGATCTCCG ACTGGAACGA CGTGTTCTGG GTGGCCCACC CGGGGAACTG GGGCATCATG  394  
Curcuma caesia        295 CAACTTGGAG ACGTGCCTCG GCGAGGCGTT GAAGCCGCTC GAGATCTCCG ACTGGAACGA CGTGTTCTGG GTGGCCCACC CTGGGAACTG GGGCATCATG  394  
Alpinia vittate       295 CAACTTGGAG ACGTGCCTCC GCGAGGCGTT GAAGCCGCTG GGGATCTCCG ACTGGAACGA CGTGTTCTGG GTGGCCCACC CAGGGAACTG GGGGATCATG  394  
Kaempferia galanga    295 CAACTTGGAG ACGTGCCTCG GCGAGGCGCT GAAGCCGCTG GGGATCTCCG ACTGGAACGA CGTGTTCTGG GTGGCTCACC CGGGGAACTG GGGGATCATG  394  
Kaempferia rotunda    295 CAACTTGGAG ACGTGCCTCG GCGAGGCGTT GAAGCCGCTG GGGATCTCCG ACTGGAACGA CGTGTTCTGG GTGGCTCACC CGGGGAATTG GGGGATCATG  394  
Hedychium coronorium  295 CAACCTGGAG ACGTGCCTCG GCGAGGCATT GAAGCCGCTG GGGATCTCCG ACTGGAACGA CGTGTTCTGG GTGGCCCACC CGGGGAACTG GGGGATCATG  394  
Globba marantina      295 CAACTTGGAG ACGTGCCTCG ACGAGGCGTT GAAGCCGCTG GGGATCTCCG ACTGGAACGA CGTGTTCTGG GTGGCGCACC CGGGGAACTG GGGGATCATG  394  
Alpinia luteocarpa    295 CAACGTGGGG AACAGCCTGG CGGAGGCGTT CGAAGGGATC GGGATCAAAG ACTGGAACGA CATCTTCTGG GTGGCCCACC CGGGTAACTG GGCCATCATG  394  
Costus malortineanus  295 CAACATCGAG AACAGCCTGG CCGAGGCCTT CAAGCCGCTG GGCATTACCA GCTGGAACGA CATCTTCTGG GTGGCCCACC CGGGCAATTG GGCCATCATG  394  
Curcuma longa         298 CAACATCGAG ACCAGCTTAG TGCACGCTCT GAAGCAGTTC GGCGTCTCGG ACTGGAACTC CATATTCTGG GTGGCGCACC CCGGCGGCCC TGCCATCCTC  397  
Alpinia galanga       295 GAACATCGAG AAGAGCCTGG TGGAGGCGTT CAAGCCGCTG GGCATCAGCG ACTGGAACTC CCTCTTCTGG ATCGCCCACC CAGGCGGACC CGCCATCCTC  394  
Elettaria cardamomum  295 GAACATCGAG AAGAGCCTGG TGGAGGCGTT CAAGCCGCTG GGCATCAGCG ACTGGAACTC CCTCTTCTGG ATCACCCACC CGGGCGGACC CGCCATCCTC  394  
Alpinia zerumbet      295 GAACATCGAG AAGAGCCTGC TGGAGGCGTT CAAGCCACTG GGCATCAGCG ACTGGAACTC CCTCTTCTGG ATCGCCCACC CGGGCGGACC CGCCATCCTC  394  
Costus erythrophyllus 295 GAACATCGAG AAGAGCTTGG TCGAGGCGTT CCGGCCGCTG GAGATCAGCG ACTGGAACTC GCTGTTCTGG ATCGCTCACC CGGGGGGGCC GGCGATCCTG  394  
Sorghum bicolor       295 GAACATCGAG CGCGCGCTGG AGGAGGCATT CAAGCCACTG GGGATAACTG ACTACAACTC CATCTTCTGG GTGGCGCACC CCGGTGGGCC GGCGATCCTG  394  
Kaempferia elegans    292 GAACATCAAA CGGTGCCTGG AGGTGTCTTT CGCGCCAATG GGGGTTTCAA ACTGGAACGA CCTGTTCTGG ATTGTGCACC CGGGCGGGAG AGCCATTGTG  391  
Zingiber officinale   292 AAACATCCAA CGGTGCTTGG AGGTGTCTTT CGCGCCAATG GGGGTTTCAA ACTGGAACGA CCTGTTCTGG ATTGTGCACC CAGGCGGGAG AGCCATTGTG  391  
Costus pictus         295 GAACATCCAG CGGTGCCTGG AGGAGGCGTT CGCGCCGGTG GGCGTGACCG ACTGGAACGA GCTGTTCTGG ATAGTGCACC CAGGGGGACG GGCGATTATC  394  
Nicolaia elatior      298 AAACATTGGA CTGTTTCTGG AGACGGCGTT CGCGCCGCTG GGGGTGACGG ACTGGAACGA GCTGTTCTGG ATTGTGCACC CGGGCGGGCG GGCCATAATC  397 
 

                                  410        420        430        440        450        460        470        480        490        500                   

                          ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Curcuma amada         395 GACGCCGTCG AGGCCAAGCT GGGCCTGGAA CAGGGGAAGC TGCAGTCGTC GAGGCACGTC TTCAGCGAGT TCGGGAACAT GATGAGCGCC ACCGTTCTGT  494  
Curcuma aromatica     395 GACGCCGTCG AGGCCAAGCT GGGCCTGGAA CAGGGGAAGC TGCAGTCGTC GAGGCACGTC TTCAGCGAGT TCGGGAACAT GATGAGCGCT ACCGTTCTGT  494  
Curcuma caesia        395 GACGCCGTCG AGGCCAAGCT GGGCCTGGAA CAGGGGAAGC TGCAGTCGTC AAGGCACGTC TTCAGCGAGT TCGGGAACAT GATGAGCGCC ACCGTTCTGT  494  
Alpinia vittate       395 GACGCCATCC AGGCCAAGCT GGGGCTGGAA CAGGAGAAGC TGCAGTCGTC GAGGCACGTC TTCAGCGAGT ACGGGAACAT GATGAGCGCC ACCGTTCTGT  494  
Kaempferia galanga    395 GACGCCGTCG AGGCCAAGCT GGGCCTGGAA CAGGGAAAGC TGCGGTCGTC GAGGCACGTC TTCAGCGAGT TCGGGAACAT GATGAGCGCC ACCGTTCTGT  494  
Kaempferia rotunda    395 GACGCCGTCG AGGCCAAGCT GGGCCTGGAA CAGGGGAAGC TGCAGTCGTC GAGGCACGTC TTCAGTGAGT TCGGGAACAT GATGAGCGCC ACCGTTCTGT  494  
Hedychium coronorium  395 GACGCCGTCG AGGCCAAGCT GGGCCTGGAA CAGGGGAAGC TGCAGTCGTC GAGGCACGTC TTCAGCGAGT TCGGGAACAT GATGAGCGCC ACCGTTCTGT  494  
Globba marantina      395 GACGCCGTCG AGGCCAAGCT CGGCCTGGAA CAGGGGAAGC TGCAGTCGTC GAGGCACGTC TTCAGCGAGT TCGGGAACAT GATGAGCGCC ACCGTTCTGT  494  
Alpinia luteocarpa    395 GACGCCATCG AGACCAAACT GGGCTTGGAG CCGAGCAAGC TGGCCACCGC ACGCCACGTC CTCTCCGAGT TCGGCAACAT GCAGAGCGCC ACCGTCTACT  494  
Costus malortineanus  395 GACGCCATCG AGTCCAAGCT CGGTCTGCAC CAGGACAAGC TCAACACCGC ACGTCACGCC TTCTCCGAGT ACGGCAACAT GCAGAGCGCC ACCGTCTACT  494  
Curcuma longa         398 AACCAAGTGG AGGCCAAGCT GCAGCTAAAG CCCGAGAAGC TCCGGGCGAC ACGGCACGTG CTTCGGGAGT TCGGGAACAT GTCGAGCGCC ACCGTGCTCT  497  
Alpinia galanga       395 GACCAGGTGG AGGCCAAGCT AGCGCTCGAC AAGGACAAGA TGAAGGCCAC GAGGAACGTG CTGAGCGAGT ACGGCAACAT GTCCAGCGCC TGCGTCCTCT  494  
Elettaria cardamomum  395 GACCAGGTGG AGGCCAAGCT AGCGCTCGAC AAGGACAAGA TGAAGGCCAC GAGAAACGTG CTGAGCGAGT ACGGCAACAT GTCCAGCGCC TGCGTCCTCT  494  
Alpinia zerumbet      395 GACCAGGTGG AGGCCAAGCT AGCGCTCGAC AAGGACAAGA TGAAGGCCAC GAGGAACGTG CTGAGCGAAT ACGGCAACAT GTCCAGCGCC TGCGTCCTCT  494  
Costus erythrophyllus 395 GACCAGGTGG AGGCGAAGAT CGGGCTGCAG AAGGAGAAGA TGCGGGCCAC GCGGCAGGTG CTGAGCGAGT ACGGGAACAT GTCTAGCGCC TGCGTGCTGT  494  
Sorghum bicolor       395 GACCAGGTGG AGGCCAAGGT CGGGCTAGAG AAAGAGCGGA TGCGCGCCAC GCGTCATGTC TTGTCTGAGT ACGGCAACAT GTCTAGCGCC TGTGTGCTCT  494  
Kaempferia elegans    392 GACCAAGTGG AAATGAGTGC TGGGTTGGAG GCAGGGAAGC TCGCCGCGAC TAGGCATGTC CTGAGGGAGT ATGGCAACAT GCAGAGCTCC TCGGTGCTAT  491  
Zingiber officinale   392 GACCAAGTGG AAATGAGTGC CGGGTTGGGG GCAGGGAAAC TAGCTGCGAC TAGGCATGTG CTGAGGGAGT ATGGCAACAT GCAGAGTGCT TCGGTGCTAT  491  
Costus pictus         395 GACCAGGTGG AGGCGCGGGC GGGGCTGGCG GCGGGGAAGC TGGCGGCGAC GCGGCATGTC CTGAGCGAGT TCGGTAACAT GCAGAGCGCG TCTGTGCTGT  494  
Nicolaia elatior      398 GATCAGGTGG AGGCAAGGGC GGGGCTGGCG GAAGGGAAGC TGGCGGCGAC GAGACACGTG CTCAGCGAGT ACGGCAACAT GCAAAGCGCG TCGGTTCTAT  497  

 

Figure 2. The 20 CHS1 sequences aligned using BioEdit 7.0 software. The 16 Zingiberaceae species: 
Curcuma longa, Alpinia galanga, Alpinia luteocarpa, Alpinia vittata, Alpinia zerumbet, Curcuma amada, 
Curcuma aromatica, Curcuma caesia, Elettaria cardamomum, Globba marantina, Hedychium coronorium, 
Kaempferia elegans, Kaempferia galanga, Kaempferia rotunda, Etlingera elatior, and Zingiber officinale, 
three Costaceae species: Costus erythrophyllus, Costus malortineanus, and Costus pictus, and one Poaceae 
species: Sorghum bicolor 
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                                  510        520        530        540        550        560                   
                          ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....| 
Curcuma amada         495 TCGTGATGGA CGACGTGAGG AAGCGGGCGG TGGCGGAGGG CGCGGCGACC ACCGGCGACG GCCTG 559  
Curcuma aromatica     495 TCGTGATGGA CGACGTGAGG AAGCGGGCGG TGGCGGAAGG CGCGGCGACC ACCGGCGACG GCCTG 559  
Curcuma caesia        495 TCGTGATGGA CGACGTGAGG AAGCGGGCGG TGGCGGAAGG CGCGGCGACC ACCGGCGACG GCTTG 559  
Alpinia vittate       495 TCGTGATGGA CGACGTGAGG AAGCGTGCCG TCGCAGAAGG CGCGGCGACC ACCGGCGACG GCCTG 559  
Kaempferia galanga    495 TCGTGATGGA CGACGTGAGG AAGAGAGCGG CGGAGAAGGG CGCGGCGACC ACCGGCGACG GCCTG 559  
Kaempferia rotunda    495 TCGTGATGGA CGACGTGAGG AAGCGAGCGG CGGCGAAGGG GGCGGCGACC ACCGGCGACG GCCTG 559  
Hedychium coronorium  495 TCGTGATGGA CGACGTGAGG AAGCGAGCGG CGGCGGAGAG GGCGGCCACC ACCGGCGACG GCCTG 559  
Globba marantina      495 TCGTGATGGA CGACGTGCGG AAGCGGGCGG CGGCGGAGGG TGCCGCGACC ACCGGCGACG GACTG 559  
Alpinia luteocarpa    495 TCGTGATGGA TGAGCTCAGG AAACGGTCGG CGGCGGAGAA CCGGACCACC ACCGGCGACG GGCTC 559  
Costus malortineanus  495 TCGTCTTGGA CGAGGTCAGG AAGCGATCTG TCACCGAGTG CCGAACCACC ACCGGCGACG GTCTC 559  
Curcuma longa         498 TCATCCTCGA CCGCATGAGG AAACAGTCAG CAGCGGAGGG GCATGCAACC ACCGGAGAGG GGCTC 562  
Alpinia galanga       495 TTATTCTAGA CGAGATGAGG CGGCTCTCGG CCGAGGAGGG GAAGGCCACC ACCGGCGAGG GGCTG 559  
Elettaria cardamomum  495 TTATTCTAGA CGAGATGAGG CGTCTCTCGG CCGAGGAGGG GAAGGCCACT ACTGGCGAGG GGCTG 559  
Alpinia zerumbet      495 TTATTCTAGA CGAGATGAGG CGGCTCTCGG CCGAGGAGGG GAAGGCCACC ACTGGCGCGG GGCTG 559  
Costus erythrophyllus 495 TCATTCTGGA CGAGATGAGG AGGCACTCGG CGGAGGAGGG TAAGGCCACC ACTGGCGAGG GCTTG 559  
Sorghum bicolor       495 TCATCCTCGA TGAGATGCGC AAGCGCTCCG CCGAGGATGG CCAAACCACC ACGGGCGAAG GCTTT 559  
Kaempferia elegans    492 TTATCATGGA CGAGATGAGG AAGCGGTCGG CGGCAGAGGG GTGCACCACC ACCGGCCAGG GATGC 556  
Zingiber officinale   492 TTATCATGGA TGAGATGAGG AAGCGGTCGG CGACGGAGGG ATGCACCACC ACCGGCGACG GCTTC 556  
Costus pictus         495 TCATCATGGA CGAGATGCGG AAGCGGTCGG CGACAGAGGG CTGCGCCACC ACCGGGCAGG GGAGT 559  
Nicolaia elatior      498 TCATATTGGA CGAGATGCGG AAGCGGTCGG CTGCTGAAGG CCACGCCACC ACCGGGCAGG GCTGC 562 

 
 
Figure 2. The 20 CHS1 sequences aligned using BioEdit 7.0 software. The 16 Zingiberaceae species: Curcuma longa, Alpinia galanga, Alpinia 
luteocarpa, Alpinia vittate, Alpinia zerumbet, Curcuma amada, Curcuma aromatica, Curcuma caesia, Elettaria cardamomum, Globba marantina, 
Hedychium coronorium, Kaempferia elegans, Kaempferia galanga, Kaempferia rotunda, Nicolaia elatior, and Zingiber officinale, three Costaceae 
species: Costus erythrophyllus, Costus malortineanus, and Costus pictus, and one Poaceae species: Sorghum bicolor  
Note. Shadeed parts indicate the conserved regions of the CHS1 gene; “-” showed missed bases 
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were observed among them (Figure 2). 
The observed nucleotide dissimilarities 
proposed three mutations, which were 
deletion, insertion, and substitution. Two 
minor deletions were observed at 155 to 
157 in two species (Kaempferia elegans 
and Zingiber officinale). Insertion mutations 
of three nucleotides were observed in two 
sequences at two different positions in two 
species: (i) CTT were inserted at positions 
57 to 59 in Curcuma longa, while (ii) GTC 
were inserted at positions 158 to 160 in 
Etlingera elatior. Substitution mutations 
were observed at 285 positions, equivalent 
to 50.44% of sequence variation. Moreover, 
103 positions showed single nucleotide 
polymorphisms (SNPs). Hence, the results 

propose the studied 565 bp CHS1 gene 
regions within the Commelinids clade; the 
Zingiberaceae, Costaceae, and Poaceae are 
conserved CHS1 gene regions with low 
polymorphism (only 18.23% of SNPs). 

Moreover, the evolutionary pattern of the 
CHS1 gene within the Commelinids clade 
showed no clear evolutionary pattern (Figure 
3), and this supports the previous results, 
which found CHS1 gene is conserved within 
the Commelinids clade. The constructed 
phylogenetic tree showed two clades 
(Clade i and Clade ii). Clade i comprised 
11 species, and Clade ii comprised two 
subclusters with nine species. In Clade i, 10 
species belong to Zingiberaceae, while one 
belongs to Costaceae. In Clade ii, subcluster 
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Figure 3. An unrooted neighbour joining (NJ) tree with 1,000 iterations showed an unclear 
evolutionary pattern of the CHS1 gene within the 20 studied sequences of the Commelinids 
clade 
 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 3. An unrooted neighbour joining (NJ) tree with 1,000 iterations showed an unclear evolutionary 
pattern of the CHS1 gene within the 20 studied sequences of the Commelinids clade
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i comprises three species that belong to 
Zingiberaceae, while only one species 
belongs to Costaceae. Whereas subcluster 
ii comprised three species belonging to 
Zingiberaceae, one species belonging to 
Costaceae, and one to Poaceae.

DISCUSSION 

The present study investigated the 
evolutionary pattern in the CHS1 gene of 
the Commelinids clade using 20 species 
belonging to Zingiberaceae, Poaceae, and 
Costaceae at a preliminary stage. Nucleotide 
dissimilarities were observed due to three 
mutations: substitution, insertion, and 
deletion. These mutations contribute to 
low polymorphism in the CHS1 gene. In 
addition, the unrooted NJ tree showed no 
clear evolutionary pattern of the CHS1 gene 
and supported the CHS1 gene as a conserved 
gene with low polymorphism due to several 
mutations. 

Two of the three mutations (i.e., 
substitution and deletion) observed in this 
study have been reported in previous CHS 
gene studies of different plant families. 
Deletion in the CHS gene has been reported 
at the promotor region of the CHS4 gene 
in Glycine max (Tuteja et al., 2004). Short 
frameshift deletions in protein-coding 
regions of CHS genes (Chs-A4T, Chs-A3, 
and Chs-A4T) have been found in Triticum 
aestivum (Glagoleva et al., 2019). Truncated 
CHS3-ICHS1 is presented in mutant soybean 
(Glycine max) due to deletion at 5’ flanking 
or coding region of ICHS1 in Ms-m mutant 
(Senda et al., 2002). Meanwhile, Jiang 
and Cao (2008) have observed nucleotide 

substitutions in BcCHS-wf at two positions 
(i.e., A to G at 37 and 970 bp, respectively) 
in both wild and mutant types of Chinese 
cabbage-Pak choi (Brassica campestris 
spp. chinensis). Another mutation reported 
in the CHS gene is duplication (Clegg et 
al., 1997; Lynch & Conery, 2000; Vision et 
al., 2000). It has been found in Arabidopsis 
thaliana (Lynch & Conery, 2000; Vision et 
al., 2000). However, duplication was not 
found in the present study. Duplication in 
a gene indicates polyploidisation, which 
was known to occur 100 million years 
ago (Durbin et al., 2000). Mutations at 
nucleotide sequences or amino acids are a 
primary step in gene evolution (Durbin et 
al., 2000; Vision et al., 2000). Mutations can 
lead to the divergence of gene families due 
to evolutionary forces, such as demographic 
history, mating system, and natural selection 
(Chiang et al., 2003; Chiang et al., 2004; 
Huang et al., 2004). 

The CHS gene families are functional 
genes that control flavonoid production 
and are conserved genes that portray an 
adaptive evolution (De Meaux et al., 2006; 
Johnson & Dowd, 2004). For example, the 
CHS genes are structurally and functionally 
conserved in flowering plants, such as 
Antirrhinum majus (Sommer & Saedler, 
1986). In functional and conserved genes, 
mutations usually occur in intergenic 
regions, including insertion, deletion, and 
a large amount of substitution (Mitchell-
Olds, 2001). Previous studies also showed 
the CHS genes are conserved in many plant 
genera and families (Austin & Neol, 2003; 
Clegg et al., 1997; Durbin et al., 2000; 
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Huang et al., 2004; Koch et al., 2000; 
Koes et al., 1989; Yang et al., 2002) as a 
single gene (Feinbaum & Ausubel, 1988; 
Kreuzaler, 1983) or as multigene families 
(Anguraj et al., 2018; Christensen et al., 
1998; Deng et al., 2014; Durbin et al., 
2000; Glagoleva et al., 2019; Han et al., 
2016, 2017; Koes et al., 1987, 1989; Ito et 
al., 1997; Radhakrishnan & Soniya, 2009; 
Schroder et al., 1998; Tuteja et al., 2004). 
For example, barley has seven copies of 
CHS genes (Christensen et al., 1998), Pinus 
has two copies of CHS genes (Schroder et 
al., 1998), and Petunia hybrida has eight 
complete and four partial CHS genes that 
are expressed in floral tissues and seedlings 
but not present in leaf, root, and stem (Koes 
et al., 1987). 

CONCLUSION

The in silico comparative CHS1 gene study 
within the Commelinids clade using 20 
partial sequences (565 bp) belonging to 
16 Zingiberaceae species, three Costaceae 
species, and one Poaceae species showed 
the CHS1 gene is conserved with no 
clear evolutionary pattern. However, low 
polymorphism (18.23% of SNPs) and a 
few mutations, substitution, insertion, and 
deletion were observed. Hence, further 
studies are needed to explain the possible 
consequences of low polymorphism and 
mutations in the CHS1 gene within the 
Commelinids clade. Understanding this 
might elucidate adaptive evolution in the 
CHS1 gene. In addition, more species 
under the Commelinids clade should also 
be studied for their CHS1 gene evolution.  

ACKNOWLEDGEMENTS

We sincerely thank the Genome-Wide 
Association members and anonymous 
reviewers for their comments to improve 
this paper’s writing. This study is part of a 
Ph.D. project entitled “Preliminary in silico 
analysis of CHS1 gene in Commelinids 
clade; Family Zingiberaceae, Costaceae, 
and Poaceae” and partially funded by 
International Graduate Student Scholarship 
(IGSS), Universiti Putra Malaysia (UPM). 

REFERENCES
Anguraj Vadivel, A. K., Krysiak, K., Tian, G., 

& Dhaubhadel, S. (2018). Genome-wide 
identification and localization of chalcone 
synthase family in soybean (Glycine max [L] 
Merr). BMC Plant Biology, 18, 325. https://doi.
org/10.1186/s12870-018-1569-x

Austin, M. B., & Noel, J. P. (2003). The chalcone 
synthase superfamily of type III polyketide 
synthases. Natural Product Reports, 20(1), 79-
110. https://doi.org/10.1039/B100917F 

Ayer, D., Modha, K., Parekh, V., Patel, R., Ramtekey, 
V., & Bhuriya, A. (2018). Comparative gene 
expression study between two turmeric 
(Curcuma longa L.) cultivars. Journal of Spices 
and Aromatic Crops, 27(2), 131-137. https://doi.
org/10.25081/josac.2018.v27.i2.1101

Cheniany, M., Ebrahimzadeh, H., & Masoudi-nejad, 
A. (2012). Expression of chalcone synthase 
influences flavonoid content and frequency of 
rhizogenesis in microshoots of Juglans regia L. 
Plant Cell, Tissue and Organ Culture, 109(1), 51-
59. https://doi.org/10.1007/s11240-011-0072-y 

Chia, Y. C., Teh, S. H., & Mohamed, Z. (2020). Isolation 
and characterization of chalcone isomerase (CHI) 
gene from Boesenbergia rotunda. South African 
Journal of Botany, 130, 475-482. https://doi.
org/10.1016/j.sajb.2020.01.010



434 Pertanika J. Trop. Agric. Sci. 46 (2): 425 - 437 (2023)

Seemab Akram, Shahrizim Zulkifly, Shamsul Khamis and Nurul Izza Ab Ghani

Chiang, Y. C., Schaal, B. A., Chou, C. H., Huang, S., & 
Chiang, T. Y. (2003). Contrasting selection modes 
at the Adh1 locus in outcrossing Miscanthus 
sinensis vs. inbreeding Miscanthus condensatus 
(Poaceae). American Journal of Botany, 90(4), 
561-570. https://doi.org/10.3732/ajb.90.4.561

Chiang, Y. C., Schaal, B. A., Ge, X. J., & Chiang, T. 
Y. (2004). Range expansion leading to departures 
from neutrality in the nonsymbiotic hemoglobin 
gene and the cpDNA trnL–trnF intergenic spacer 
in Trema dielsiana (Ulmaceae). Molecular 
Phylogenetics and Evolution, 31(3), 929-942. 
https://doi.org/10.1016/j.ympev.2003.09.017

Christensen, A. B., Gregersen, P. L., Schroder, J., & 
Collinge, D. B. (1998). A chalcone synthase with 
an unusual substrate preference is expressed in 
barley leaves in response to UV light and pathogen 
attack. Plant Molecular Biology, 37(5), 849-857. 
https://doi.org/10.1023/A:1006031822141

Clegg, M. T., Cummings, M. P., & Durbin, M. 
L. (1997). The evolution of plant nuclear 
genes. Proceedings of the National Academy 
of Sciences, 94(15), 7791-7798. https://doi.
org/10.1073/pnas.94.15.7791

Dao, T. T. H., Linthorst, H. J. M., & Verpoorte, R. 
(2011). Chalcone synthase and its functions in 
plant resistance. Phytochemistry Reviews, 10(3), 
397-412. https://doi.org/10.1007/s11101-011-
9211-7

Dare, A. P., Tomes, S., Jones, M., McGhie, T. K., 
Stevenson, D. E., Johnson, R. A., & Hellens, 
R. P. (2013). Phenotypic changes associated 
with RNA interference silencing of chalcone 
synthase in apple (Malus domestica). The Plant 
Journal, 74(3), 398-410. https://doi.org/10.1111/
tpj.12140

De Meaux,  J . ,  Pop,  A. ,  & Mitchel l -Olds , 
T.  (2006).  Cis-regulatory evolution of 
chalcone-synthase expression in the genus 
Arabidopsis. Genetics, 174(4), 2181-2202. 
https://doi.org/10.1534/genetics.106.064543

Deepa, K., Sheeja, T. E., Rosana, O. B., Srinivasan, V., 
Krishnamurthy, K. S., & Sasikumar, B. (2017). 
Highly conserved sequence of ClPKS11 encodes 
a novel polyketide synthase involved in curcumin 
biosynthesis in turmeric (Curcuma longa 
L.). Industrial Crops and Products, 97, 229-241. 
https://doi.org/10.1016/j.indcrop.2016.12.003

Deng, X., Bashandy, H., Ainasoja, M., Kontturi, J., 
Pietiäinen, M., Laitinen, R. A., & Teeri, T. H. 
(2014). Functional diversification of duplicated 
chalcone synthase genes in anthocyanin 
biosynthesis of Gerbera hybrida .  New 
Phytologist, 201(4), 1469-1483. https://doi.
org/10.1111/nph.12610

Durbin, M. L., McCaig, B., & Clegg, M. T. (2000). 
Molecular evolution of the chalcone synthase 
multigene family in the morning glory genome. 
In J. J. Doyle & B. S. Gaut (Eds.), Plant 
molecular evolution, (pp. 79-92). https://doi.
org/10.1007/978-94-011-4221-2_4

Ezoe, A., Shirai, K., & Hanada, K. (2021). Degree of 
functional divergence in duplicates is associated 
with distinct roles in plant evolution. Molecular 
Biology and Evolution, 38(4),1447-1459. https://
doi.org/10.1093/molbev/msaa302

Feinbaum, R. L., & Ausubel, F. M. (1988). 
Transcriptional regulation of the Arabidopsis 
thaliana chalcone synthase gene. Molecular and 
Cellular Biology, 8(5), 1985-1992. https://doi.
org/10.1128/mcb.8.5.1985-1992.1988

Glagoleva, A. Y., Ivanisenko, N. V., & Khlestkina, 
E. K. (2019). Organization and evolution of the 
chalcone synthase gene family in bread wheat 
and relative species. BMC Genetics, 20(Suppl 1), 
30. https://doi.org/10.1186/s12863-019-0727-y

Hall, T. A. (1999). BioEdit: A user-friendly biological 
sequence alignment editor and analysis 
program for Windows 95/98/NT. Nucleic Acids 
Symposium Series, 41(2), 95-98. https://doi.
org/10.14601/Phytopathol_Mediterr-14998u1.29



435Pertanika J. Trop. Agric. Sci. 46 (2): 425 - 437 (2023)

In silico Analysis of Commelinid Clade

Han, Y., Cao, Y., Jiang, H., & Ding, T. (2017). Genome-
wide dissection of the chalcone synthase gene 
family in Oryza sativa. Molecular Breeding, 37, 
119. https://doi.org/10.1007/s11032-017-0721-x

Han, Y., Ding, T., Su, B., & Jiang, H. (2016). 
Genome-wide identification, characterization 
and expression analysis of the chalcone synthase 
family in maize. International Journal of 
Molecular Sciences, 17(2), 161. https://doi.
org/10.3390/ijms17020161

Huang, J. X., Qu, L. J., Yang, J., Yin, H., & Gu, H. 
Y. (2004). A preliminary study on the origin and 
evolution of chalcone synthase (CHS) gene in 
angiosperms. Acta Botanica Sinica, 46(1), 10-19. 

Innan, H., & Kondrashov, F. (2010). The evolution of 
gene duplications: classifying and distinguishing 
between models. Nature Reviews Genetics, 11(2), 
97-108. https://doi.org/10.1038/nrg2689

Ito, M., Ichinose, Y., Kato, H., Shiraishi, T., & Yamada, 
T. (1997). Molecular evolution and functional 
relevance of the chalcone synthase genes of 
pea. Molecular and General Genetics, 255, 
28-37. https://doi.org/10.1007/s004380050471

Jiang, M., & Cao, J. (2008). Sequence variation 
of chalcone synthase gene in a spontaneous 
white-flower mutant of Chinese cabbage-pak-
choi. Molecular Biology Reports, 35, 507-512. 
https://doi.org/10.1007/s11033-007-9115-1

J o h n s o n ,  E .  T. ,  &  D o w d ,  P.  F.  ( 2 0 0 4 ) . 
Differentially enhanced insect resistance, at 
a cost, in Arabidopsis thaliana constitutively 
expressing a transcription factor of defensive 
metabolites. Journal of Agricultural and Food 
Chemistry, 52(16), 5135-5138. https://doi.
org/10.1021/jf0308049

Kimura, M. (1983). The neutral theory of molecular 
evolution. Cambridge University Press.

Koch, M. A., Haubold, B., & Mitchell-Olds, T. 
(2000). Comparative evolutionary analysis of 
chalcone synthase and alcohol dehydrogenase 

loci in Arabidopsis, Arabis, and related 
genera (Brassicaceae). Molecular Biology 
and Evolution, 17(10), 1483-1498. https://doi.
org/10.1093/oxfordjournals.molbev.a026248

Koes, R. E., Spelt, C. E., & Mol, J. N. M. (1989). The 
chalcone synthase multigene family of Petunia 
hybrida (V30): Differential, light-regulated 
expression during flower development and UV 
light induction. Plant Molecular Biology, 12, 
213-225. https://doi.org/10.1007/bf00020506 

Koes, R. E., Spelt, C. E., Mol, J. N. M., & Gerats, 
A. G. M. (1987). The chalcone synthase 
multigene family of Petunia hybrida (V30): 
Sequence homology, chromosomal localization 
and evolutionary aspects. Plant Molecular 
Biology, 10(2), 159-169. https://doi.org/10.1007/
bf00016153 

Kreuzaler, F., Ragg, H., Fautz, E., Kuhn, D. N., & 
Hahlbrock, K. (1983). UV-induction of chalcone 
synthase mRNA in cell suspension cultures 
of Petroselinum hortense. Proceedings of the 
National Academy of Sciences, 80(9), 2591-
2593. https://doi.org/10.1073/pnas.80.9.2591

Kumar, S., Stecher, G., Li, M., Knyaz, C., & 
Tamura, K. (2018). MEGA X: Molecular 
evolut ionary  genet ics  analys is  across 
computing platforms. Molecular Biology 
and Evolution, 35(6), 1547-1549. https://dpi.
org/10.1093/molbev/msy096

Liu, X. J., Chuang, Y. N., Chiou, C. Y., Chin, 
D. C., Shen, F. Q., & Yeh, K. W. (2012). 
Methylation effect on chalcone synthase gene 
expression determines anthocyanin pigmentation 
in floral tissues of two Oncidium orchid 
cultivars. Planta, 236(2), 401-409.  https://doi.
org/10.1007/s00425-012-1616-z

Lynch, M., & Conery, J. S. (2000). The evolutionary 
f a t e  a n d  c o n s e q u e n c e s  o f  d u p l i c a t e 
genes. Science, 290(5494), 1151-1155. https://
doi.org/10.1126/science.290.5494.1151



436 Pertanika J. Trop. Agric. Sci. 46 (2): 425 - 437 (2023)

Seemab Akram, Shahrizim Zulkifly, Shamsul Khamis and Nurul Izza Ab Ghani

Matsuo, Y., & Yamazaki, T. (1989). Nucleotide 
variation and divergence in the histone 
m u l t i g e n e  f a m i l y  i n  D r o s o p h i l a 
melanogaster. Genetics, 122(1), 87-97. https://
doi.org/10.1093/genetics/122.1.87

Mitchell-Olds, T. (2001). Arabidopsis thaliana 
and its wild relatives: A model system for 
ecology and evolution. Trends in Ecology 
and Evolution, 16(12), 693-700. https://doi.
org/10.1016/S0169-5347(01)02291-1

Nei, M., & Rooney, A. P. (2005). Concerted 
and birth-and-death evolution of multigene 
families. Annual Review of Genetics, 39, 
121-152.  https://doi.org/10.1146/annurev.
genet.39.073003.112240

Radhakrishnan, E. K., & Soniya, E. V. (2009). 
Molecular analysis of type III polyketide 
synthase (PKS) gene family from Zingiber 
officinale Rosc. International Journal of Plant 
Breeding and Genetics, 6(9), 1-5. 

Rausher, M. D. (2006). The evolution of flavonoids 
and their genes. In E. Grotewold (Ed.), The 
science of flavonoids (pp. 175-211). Springer. 
https://doi.org/10.1007/978-0-387-28822-2_7

Reams, A. B., & Roth, J. R. (2015). Mechanisms of 
gene duplication and amplification. Cold Spring 
Harbor Perspectives in Biology, 7(2), a016592. 
https://doi.org/10.1101/cshperspect.a016592

Resmi, M. S., & Soniya, E. V. (2012). Molecular 
cloning and differential expressions of two cDNA 
encoding type III polyketide synthase in different 
tissues of Curcuma longa L. Gene, 491(2), 278-
283. https://doi.org/10.1016/j.gene.2011.09.025

Roslan, B. N., Huy, T. S., Kee, L. Y., Abd Rahman, 
N., & Mohamed, Z. (2020). Analyses of 
Boesenbergia rotunda cell suspension cultures 
with overexpressed chalcone synthase (CHS) 
manifesting changes on the expression level of 
flavonoid-related genes. Malaysian Journal of 
Science, 39(1), 15-29. https://doi.org/10.22452/
mjs.vol39no1.2

Roslan, B. N., Huy, T. S., Ming, W. S., Khalid, N., & 
Mohamed, Z. (2020). Tissue specific expression 
of chalcone synthase (CHS) transcripts and 
overexpression of BrCHS in cell suspension 
cultures of Boesenbergia rotunda. Malaysian 
Journal of Science, 39(2), 92-110. https://doi.
org/10.22452/mjs.vol39no2.6

Schroder, J., Raiber, S., Berger, T., Schmidt, A., 
Schmidt, J., Soares-Sello, A. M., & Schroder, G. 
(1998). Plant polyketide synthases: A chalcone 
synthase-type enzyme which performs a 
condensation reaction with methylmalonyl-
CoA in the biosynthesis of C-methylated 
chalcones. Biochemistry, 37(23), 8417-8425. 
https://doi.org/10.1021/bi980204g

Senda, M., Kasai, A., Yumoto, S., Akada, S., 
Ishikawa, R., Harada, T., & Niizeki, M. (2002). 
Sequence divergence at chalcone synthase 
gene in pigmented seed coat soybean mutants 
of the inhibitor locus. Genes and Genetic 
Systems, 77(5), 341-350. https://doi.org/10.1266/
ggs.77.341

Sommer, H., & Saedler, H. (1986). Structure of 
the chalcone synthase gene of Antirrhinum 
majus. Molecular and General Genetics, 202(3), 
429-434.  https://doi.org/10.1007/BF00333273

Trojan, V., Musilova, M., Vyhnánek, T., Klejdus, 
B., Hanacek, P., & Havel, L. (2014). Chalcone 
synthase expression and pigments deposition 
in wheat with purple and blue colored 
caryopsis. Journal of Cereal Science, 59(1), 
48-55. https://doi.org/10.1016/j.jcs.2013.10.008

Tuteja, J. H., Clough, S. J., Chan, W. C., & Vodkin, 
L. O. (2004). Tissue-specific gene silencing 
mediated by a naturally occurring chalcone 
synthase gene cluster in Glycine max. The Plant 
Cell, 16(4), 819-835. https://doi.org/10.1105/
tpc.021352

Vision, T. J., Brown, D. G., & Tanksley, S. D. 
(2000). The origins of genomic duplications in 
Arabidopsis. Science, 290(5499), 2114-2117. 
https://doi.org/10.1126/science.290.5499.2114



437Pertanika J. Trop. Agric. Sci. 46 (2): 425 - 437 (2023)

In silico Analysis of Commelinid Clade

Yang, J., Gu, H., & Yang, Z. (2004). Likelihood 
analysis of the chalcone synthase genes suggests 
the role of positive selection in morning 
glories (Ipomoea). Journal of Molecular 
Evolution, 58(1), 54-63. https://doi.org/10.1007/
s00239-003-2525-3

Yang, J., Huang, J., Gu, H., Zhong, Y., & Yang, Z. 
(2002). Duplication and adaptive evolution of 
the chalcone synthase genes of Dendranthema 

(As teraceae) .  Molecular  Bio logy  and 
Evolution, 19(10), 1752-1759. https://doi.
org/10.1093/oxfordjournals.molbev.a003997

Yuan, L., Pan, K., Li, Y., Yi, B., & Gao, B. (2021). 
Comparative transcriptome analysis of Alpinia 
oxyphylla Miq. reveals tissue-specific expression 
of flavonoid biosynthesis genes. BMC Genomic 
Data, 22, 19. https://doi.org/10.1186/s12863-
021-00973-4




