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ABSTRACT

The chalcone synthetase (CHS) gene is a key gene in the flavonoid biosynthesis pathway in
plants. This gene encodes the enzyme chalcone synthase, which plays a crucial role in the
early stages of the flavonoid biosynthesis pathway. In addition to its primary role in flavonoid
biosynthesis, the CHS gene may also be involved in other metabolic pathways, such as the
production of compounds that are precursors to cannabinoids (like THC and CBD). Due to
the importance of this gene in Cannabis sativa, it was studied using various bioinformatics
databases and software tools. A search of the nucleotide sequence of accession
NM 001397940 from Cannabis sativa in the NCBI database revealed 100 matches. The
highest Max Score (805) belonged to the alignment with NP_001384869.1 from the Cannabis
plant itself, with 100% coverage and 100% similarity. The lowest Max Score (746)
corresponded to the alignment with QRV61377.1 from the species Litchi Chinensis with 99%
coverage and 92.01% similarity. The E-Value in this section was also used to determine the
significance of the matches. Protein sequence alignment with accession number
NP 001384869.1 from Cannabis sativa in the NCBI database also showed 100 matches.
Phylogenetic analysis of the top 20 species that showed homology with the CHS gene in the
BLAST n analysis created a dendrogram, classifying the species into six distinct groups.
Genetic diversity analysis using MEGA 6 software indicated that approximately 31% of the
CHS gene sequence has undergone substitution mutations and only 8% of these regions
contain informative polymorphisms. Analysis of the protein's primary structure revealed that
its isoelectric point (PI) is 6.04, and instability index is 37.13, indicating high stability of the
protein under cellular conditions. Stable proteins are capable of withstanding environmental
changes such as temperature, pH, and pressure, allowing them to maintain their function
under stressful or harsh conditions. The amino acid composition analysis revealed that leucine
(11%) had the highest abundance, while Pyrrolysine and Selenocystein (0%) were the least
abundant. The GRAVY index was -0.09, indicating the hydrophilic nature of the protein.
Secondary structure analysis of the protein, using Phyre2 software, identified six similar
structures in the NCBI database. Furthermore, GORIV software analysis showed that the
CHS protein contains approximately 40.8% alpha-helical structures which it helps the
protein’s stability. The 3D modeling of this protein in Cannabis sativa was performed using
the PDB database which had a high similarity to the Chalcone Synthase protein from
Medicago sativa. Studying the protein's structure can help in understanding its function, and
examining its structural details may be useful in studies related to the active site of the protein
and docking.
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Figure 1. The dendrogram of the studied species was constructed using the UPGMA method based on the

NM_001397940 sequence data. The numbers on the branches represent bootstrap values(%). The horizontal
scale indicates genetic distance.
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Table 1. Tajima test result for the CHS gene in the studied organisms. The positive Tajima test indicates that
genes with high allelic diversity have a positive D value, and are subject to balancing selection in the

population.
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Table 2. CHS protein instability index review, the instability index of 37.13 indicates the relative stability of
the CHS protein under cellular conditions. The negative GRAY value (-0.090) suggests the hydrophilic
nature of this protein
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hydrophobic regions
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Figure 3. Proposed structure for the CHS protein with the Phyre2 program

112524, 9:55 AM

GOR4 :
Alpha helix (Hh) : 159 is 48,87%
319 helix (Gg) : @ is 0.00%
Pi helix (Ii) B is ©.00%
Beta bridge (Bb) : 8 is 0.80%
Extended strand (Ee) : 59 is 15.17%
Beta turn (Tt) : B is ©0.00%
Bend region (Ss) B is 9.00%
Random coil (Cc) 171 is 43,96%
Ambiguous states (7) 0 is 0.00%
Other states : B is ©.00%
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Figure 4. Analysis of the two-dimensional structure of CHS protein with GORIV software
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Figure 6. 3D structural model of the target protein
was generated using Swiss-Model based on
homology modeling. This model illustrates the
overall structure, secondary elements, and
potential functional sites of the protein.
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Figure 7. The Ramachandran plot evaluates the
quality of the predicted model and illustrates of the
distribution of dihedral angles (Psi and Phi) in the
protein structure. A higher concentration of amino

acids in the allowed regions indicates structural
stability of the model.
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Figure 5. Three-dimensional modeled structure of
CHS. predicted using homology modeling.
Different regions of the protein are highlighted in

distinct colors, and the overall structure is
presented in PBD format.
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