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ABSTRACT 

 

Due to its low-calorie property, Stevia rebaudiana is being promoted as an alterna-

tive sweetener for diabetic and obese patients. The steady demand in the market for 

high-quality stevia extracts presents a challenge for the enhanced production of ste-

viol glycosides that are safe for human consumption. This study characterized the 

structure and content of the gene involved in the production of UGT74G1 protein 

for Stevia rebaudiana accession MS007 through in silico analysis using a transcrip-

tome dataset of stevia MS007.  Homologous search using BLASTp shows high sim-

ilarity to Q6VAA6 RecName: Full=UDP-glycosyltransferase 74G1 (S. rebaudiana) 

as the top hit sequence. InterPro family and domain protein motif search revealed 

UDP-glucuronosyl/UDP-glucosyltransferase (IPR002213) and UDP-glycosyltrans-

ferase family, conserved site (IPR035595). The phylogenetic tree construction was 

done by selecting 14 out of 102 protein sequences from BLASTp search. The phy-

logenetic analysis revealed a high value of bootstrapping, which was 100, indicating 

the high similarity between UGT74G1 (Q6VAA6.1 and Cluster-31069.45201) in S. 

rebaudiana. ProtParam ExPASy, PSIPRED, and Phyre2 computed the primary, sec-

ondary, and tertiary structures for UGT74G1 protein. The UGT74G1 predicted ter-

tiary structure scored 100.0% confidence by the single highest scoring template and 

coverage of 96%. The model has dimensions (Å) of X: 57.609, Y: 70.386, and Z: 

58.351. Outcomes of this research will help enhance understanding UDP-glycosyl-

transferase 74G1 (S. rebaudiana MS007) characteristics and enhance target identi-

fication processes to improve understanding of protein-protein interaction in S. re-

baudiana MS007. 
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Introduction 

Stevia rebaudiana Bertoni, a member of the 

Asteraceae family, has been used as a traditional 

sweetener for the longest time. This plant was first 

adopted in Japan in the 1970s as a popular com-

mercial sweetener [1]. Stevia is cultivated mostly 

in Paraguay, Kenya, China, United States, Vi-

etnam, Brazil, India, Argentina, and Colombia [2]. 

Steviol glycosides are the chemicals found in Ste-

via that give food a sweet flavour. Eleven major 

steviol glycosides are confirmed to be present in 

stevia, which rebaudioside A and stevioside are 

the highest. The sweetness of stevioside and reba- 

udioside A is 150 – 300 and 200 – 400 times 

sweeter than sucrose, respectively [3, 4]. This 

proves its potential to be an alternative sweetener 

for diabetic and obese patients. As a result, there 

is a steady pursuit for high quality, pure stevia leaf 

extracts with taste improvements [5]. 

In 2015, fourteen S. rebaudiana accessions 

from all across Malaysia and three accessions 

from Paraguay were collected and evaluated for 

advanced breeding developments. Accession 

MS007 was among the taller ones and showed 

good qualities in plant height, number of leaves, 
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and leaf size [6]. The challenges for improving S. 

rebaudiana are the enhancement of the production 

of steviol glycosides while maintaining the safety 

of the consumption of this sweetener to humans 

[7]. To achieve this goal, a proper mechanistic un-

derstanding of the genes involved in the biosyn-

thesis of steviol glycosides is needed. The latest 

data in UniProt 2019 shows that experimental ev-

idence at protein level exists for UDP-glycosyl-

transferase 74G1 from the UGT74G1 gene. 

According to Richman et al. in 2005, 

UGT74G1 plays a part in the biosynthesis of ste-

viol glycosides in leaves [8]. The glycosylation of 

C-19 carboxyl of steviolbioside catalysed by 

UGT74G1 to form stevioside [8]. Until today there 

is no information on the genetic material of the lo-

cal accession of S. rebaudiana MS007. Thus, there 

is a great need to characterize the genes and pro-

tein structures involved in the production of stevi-

oside and rebaudioside A in local stevia MS007 

plants. It would be a great advantage to manipulate 

the said structures in generating more artificial 

sweeteners. Thus, this study aims to characterize 

the protein structure of functional UGT74G1 in S. 

rebaudiana accession MS007 using structural bi-

oinformatics. 

 

Material and Methods 

Protein translation using ExPASy translate tool 

Bioinformatics analyses were performed using 

the transcriptome data of stevia MS007 [9].  The 

dataset comprises raw sequence data derived from 

transcriptome sequencing of S. rebaudiana leaf 

samples accession MS007. Cluster-31069.45201 

UGT74G1 S. rebaudiana MS007 was used in this 

study as the longest gene available in the dataset. 

The FASTA sequences of the transcriptome da-

taset for UGT74G1 were uploaded to the ExPASy 

Translate tool available at web.expasy.org/trans-

late/ to translate the nucleotide sequences into 

amino acid sequences [10]. The possible protein 

sequences were highlighted in red color. The long-

est open reading frame of UGT74G1 started with 

M (Methionine) was selected and saved in FASTA 

file format. 

 

Homology search 

The protein sequence of UGT74G1 of Stevia 

rebaudiana MS007 was analysed further via ho-

mology search using BLASTp at the National 

Center for Biotechnology Information (NCBI) 

blast.ncbi.nlm.nih.gov/Blast.cgi [11]. The param- 

eters of BLASTp were maintained as default i.e., 

Expect threshold=0.05; Matrix= BLOSUM 62 and 

Gap extension=1. 

 

Protein domains and families 

The domain and protein families of UGT74G1 

(S. rebaudiana MS007) were analyzed by using 

InterPro database (www.ebi.ac.uk/interpro/search 

/sequence/) [12]. This database classifies protein 

sequences into its families and can predict the 

presence of important domains and sites. Other da-

tabases used to find protein families and domains 

were Pfam (pfam.xfam.org/search/sequence) and 

Simple Modular Architecture Research Tool 

(SMART) (smart.embl.de/) [13, 14]. 

 

Physico-chemical properties of UGT74G1 pro-

tein 

The translated protein sequence of UGT74G1 

was inserted to ProtParam Server available at 

web.expasy.org/protparam/. This program was 

used to identify the molecular weight, theoretical 

pl and amino acid composition of protein sequence 

[15]. 

 

Constructing phylogenetic tree 

Multiple sequence alignment was done involv-

ing 15 sequences selected from the homology 

search analysis as having a high percentage of 

identity (Table 1), including UGT74G1 protein se-

quence available at 

www.ebi.ac.uk/Tools/msa/muscle/ [16]. Molecu-

lar Evolutionary Genetics Analysis (MEGA) soft-

ware was downloaded at https://www.megasoft-

ware.net/ [17]. This software was used to generate 

the phylogenetic tree of UGT74G1. The phyloge-

netic tree was constructed by using Maximum 

Likelihood Tree method with the bootstrapping 

value was set at 1,000 replications. 

 

PSIPRED workbench 

Amino acid sequence for the UGT74G1 was 

uploaded to PSIPRED Workbench at http://bio-

inf.cs.ucl.ac.uk/psipred/. PSIPRED 4.0 (Predict 

Secondary Structure) was selected for "Popular 

Analyses" while DeepMetaPSICOV 1.0 (Struc-

tural Contact Prediction) was chosen for "Contact 

Analysis". Finally, DomPred (Protein Domain 

Prediction) was checked as the selection for "Do-

main Prediction"[18]. 
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Phyre2 protein fold recognition server 

Phyre2 Protein Fold Recognition Server is a 

web-based tool for predicting tertiary protein 

structure [19]. Therefore, this program was used to 

predict the tertiary protein structures of UGT74G1 

by uploading amino acid sequence at 

www.sbg.bio.ic.ac.uk/phyre2/ with normal mod-

elling mode was being selected. The web tool 

showed the most suitable template to be used, 

which is 6L8Z from Protein Data Bank (PDB), as 

having 100.0% confidence in the model. 

 

Results and Discussions 

The whole genome sequence and annotation 

of S. rebaudiana were done in 2017. This project 

was led by scientists from PureCircle Stevia Insti-

tute and KeyGene. A huge breakthrough in re-

search was revealed by presenting the annotated 

and high-quality genome sequences of three stevia 

cultivars. As a result, a total of 146 838 888 paired 

end reads consisting of 22.2 gigabases were ob-

tained by sequencing leaves' DNA from commer-

cially grown seedlings [2]. In 2018, the tran-

scriptomic project of S. rebaudiana MS007 was 

started by researchers from International Islamic 

University Malaysia [9]. From a previous study, 

the UDP-glycosyltransferase 74G1 was identified 

as a protein involved in the biosynthesis of steviol 

glycosides in plant leaves. It involved a subse-

quent conversion from steviol to the mono-glyco-

side up to tetra-glycoside rebaudioside A [8]. The 

longest open reading frame of UGT74G1 contain-

ing a cumulative length of 459 amino acids was 

chosen for potential study using this transcriptome 

dataset of stevia MS007. 

 

Homology search 

Table 1 shows all the sequences in the non-re-

dundant database (nr) with significant sequence 

homology to our UGT74G1 sequence. By default, 

the results are sorted according to the Expect value 

(E-value) in ascending order. The lower the e-

value, the more significant the score. Based on the 

results, the most similar corresponding alignment 

for protein sequence of UGT74G1 (S. rebaudiana 

MS007) is Q6VAA6 RecName: Full=UDP-glyco-

syltransferase 74G1 (S. rebaudiana) with percent-

age identity of 81.48%. The length of the subject 

sequence is 460 amino acids. The sequence iden-

tity for this alignment, which refers to the number 

of identical bases between the query and subject 

sequences is 374/459 which contributes to 81%. 

The value of positives shows 411/459 or 89% rep-

resents the number of residues that are identical or 

have the same chemical properties. In the 

BLASTp alignment analysis result, there is + sym- 

Table 1. BLASTp analysis showing possible identity of S. rebaudiana MS007. The identity of S. rebaudiana 

MS007 matched with sequence of S. rebaudiana GeneBank ID Q6VAA6.1 from Canada. 

Identical genus & species to S.rebaudiana MS007 Accession No. Identity % Reference 

RecName: Full=UDP-glycosyltransferase 74G1 S. rebaudiana Q6VAA6.1 81.48 [8] 

UDP-glycosyltransferase 74G1 Helianthus annuus XP_021980960.1 77.01 - 

UDP-glycosyltransferase 74G1 Helianthus annuus XP_021980962.1 77.53 - 

UDP-glycosyltransferase 74G1 isoform X1 Helianthus annuus XP_021980974.1 75.22 - 

UDP-glycosyltransferase 74G1 isoform X3 Helianthus annuus XP_021980975.1 75.00 - 

hypothetical protein E3N88_09839 Mikania micrantha KAD6455133.1 73.96 [20] 

hypothetical protein E3N88_09838 Mikania micrantha KAD6455132.1 74.56 [20] 

 

 

Figure 1. The domain region found in multiple sequence alignment of UGT74G1 of S. rebaudiana MS007.The 

most consensus region was highlighted in yellow color 
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Figure 2. The maximum likelihood estimates substitu-

tion matrix for MSA of UGT74G1 nucleo-

tide sequences. 

 

bol which indicates that some amino acids are dif-

ferent between the query and subject sequences, 

but the residues have similar chemical properties. 

This was the differences between protein sequence 

of UGT74G1 of S. rebaudiana from MS007 Ma-

laysia (query) and protein sequence of UGT74G1 

of S. rebaudiana (subject) from Canada [8]. Over-

all, it can be observed that both corresponding 

alignments were quite similar in terms of the num-

ber of nucleotides with only one letter difference. 

 

Protein domains and families 

The essential step in recognizing a protein's 

functional property is to assess its domain and rel-

atives. Based on the data from InterProScan, In-

terPro family and InterPro domain revealed the 

presence of IPR002213 UDP-glucuronosyl/UDP-

glucosyltransferase [12] in UGT74G1 amino acid 

sequence available at position 211 to 419 and 

IPR035595 UDP-glycosyltransferase family, con-

served site  [21] at position 335 to 378 respec-

tively. This UGT74G1 acts during catalysis of the 

transfer of a glycosyl group from a UDP-sugar to 

a small hydrophobic molecule. Database from 

PROSITE with ID PS00375 UDP-glycosyltrans-

ferases signature [22] was also included. It can be 

seen that the domain region was considered as a 

conserved site and the protein involved primarily 

in molecular function. 

 

Multiple sequence alignment 

Multiple sequence alignment (MSA) was per-

formed using MUSCLE to align all the candidate 

sequences, which helps to describe the level of 

conserved regions within S. rebaudiana MS007. 

From the analysis, the asterisk (*) symbol indi-

cates the conserved residues of the protein se-

quences, while symbol (:) colon shows conserva-

tion between amino acid groups of similar proper-

ties and (.) indicates conservation between amino 

acid groups of weakly similar properties [16]. 

Therefore, sequence conservation of protein do-

mains, tertiary and secondary structures, and even 

individual amino acids or nucleotides can be as-

sessed. The highlighted region shown in Figure 1 

is the domain region. Based on the guide tree, 

when comparing with Cluster-31069.45201 (S. re-

baudiana MS007), Q6VAA6.1 (S. rebaudiana) 

sequence showed high consensus characteristic 

while the sequence, XP_021632365.1 0.0503282 

(Manihot esculenta), showed low consensus char-

acteristic. 

The estimation of substitution matrix for MSA 

of nucleotide sequences of UGT74G1 is shown in 

Figure 2. Substitution patterns and rates were esti-

mated under the Tamura-Nei (1993) model [17]. 

Rates of different transitional substitutions are 

shown in bold and those of transversion substitu-

tions are shown in italics. Relative values of in-

stantaneous r should be considered during evalua-

tion [23]. For simplicity, sum of r values is made 

equal to 100. The nucleotide frequencies are A = 

28.85%, T/U = 27.05%, C = 19.08%, and G = 

25.02%. For estimating maximum Log likelihood 

values, a tree topology was automatically com-

puted. The maximum Log likelihood for this com-

putation was -11267.048. Codon positions in-

cluded were 1st+2nd+3rd+Noncoding. All positions 

containing gaps and missing data were eliminated 

(complete deletion option). There was a total of 

1,333 positions in the final dataset. 

Evolutionary analyses conducted by MEGA X 

also show the substitution matrix's estimated val-

ues for MSA of nucleotide sequences of 

UGT74G1. Based on the result obtained, the esti-

mation rate for transitional substitution between 

nucleotide C and nucleotide T/U showed the high-

est value of 16.07. Meanwhile, the estimation rates 

for two transversion substitutions between nucle-

otide C and nucleotide A and nucleotide C and nu-

cleotide G resulted in the lowest value which is 

4.42. The lower the value, the easier for the nucle-

otide to change or substitute to the other form of 

nucleotides and the higher the value, the harder for 

the nucleotide to change or substitute due to long 

distance between nucleotides [17]. 

 

Phylogenetic tree analysis 

The evolutionary history was inferred by using 

the Maximum Likelihood method and JTT matrix-

based model. The bootstrap consensus tree 

inferred from 1,000 replicates is taken to represent 

the evolutionary history of the taxa analysed [17]. 

Branches corresponding to partitions reproduced 

in less than 50% bootstrap replicates are collapsed.  
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associated taxa clustered together in the bootstrap 

test (1,000 replicates) are shown next to the 

branches [23]. Initial tree(s) for the heuristic 

search were obtained automatically by applying 

Neighbor-Joining and BioNJ algorithms to a 

matrix of pairwise distances estimated using a JTT 

model, and then selecting the topology with super-

ior log likelihood value. The analysis involved 15 

amino acid sequences which were selected from 

the homology search result. These sequences were 

selected as having a high percen-tage of identity 

among other species.  All positions containing 

gaps and missing data were eliminated (complete 

deletion option). There was a total of 443 positions 

in the final dataset.  

Figure 3 shows the phylogenetic tree by using 

Maximum Likelihood method. The number that is 

located at every branch indicates the bootstrap 

value, indicating the percentage occurrence of the 

same branch was observed when repeating the 

phylogenetic reconstruction on the sample data. 

The highest value of bootstrapping was 100 where 

it indicated the most similar and relatable 

relationship between these species based on all 

UGT74G1 sequences while the lowest boot-

strapping value was 20. The lower the bootstrap-

ping value, the more divergent of the species. The 

line segment with value of 0.01 (Figure 3) 

represents the length of branch which indicated an 

amount of genetic change of 0.01. The phylo-

genetic tree was divided into 3 groups based on the  

highest boot-strapping values. 

Based on Figure 3, it can be inferred that group 

1 consists of UGT74G1 (Q6VAA6.1 and Cluster-

31069.45201 MS007 accession) in S. rebaudiana, 

UGT74G1 in Helianthus annuus, UDP-

glucuronosyl/UDP-glucosyltransferase in 

Artemisia annua, UGT74G1-like in Tanacetum 

cinerariifoium and UGT74G1-like in Lactuca 

sativa. This group are classified as having the 

same plant family, Asteraceae. The bootstrapping 

value for this group is 100. In S. rebaudiana, 

UGTs enzymes are involved in steviol glycosides 

production which is a compound that produces 

sweet taste [8]. UGT74G1 in S. rebaudiana is 

involve in stress tolerance, for example in water 

deficit condition [24]. Dehydration treatment 

which indicates with environmental response 

might decreased the UGT74G1 transcription [25]. 

In Asteraceae family, rapid diversification is 

associated with a polyploidization event [26].  A. 

annua appears as the only natural source of 

artemisinin, which is an effective anti-malarial 

compound [27]. In addition, T. cinerariifolium 

was found having the heterozygosity characteristic 

which is likely to be contributed to be required 

outcrosser [28]. Sporophytic self-incompatibility 

(SSI) is promoted in outcrossing in the Asteraceae 

family [28]. 

Besides, group 2 consists of UGT74G1-like in 

Hevea brasiliensis and Manihot esculenta. This 

group has a high bootstrapping value, 100. Both 

H. brasiliensis and M. esculenta are from 

Euphorbiaceae [29] which is a vast and diverse 

plant family with over 300 genera that is recogni-

zed for having a significant source of medicines 

and toxins [30].  H. brasiliensis also known as ru 

bber tree is important in the production of natural 

rubber. Cassava (M. esculenta) is an important 

staple food crop. Millions of people in tropical 

 
Figure 3. Maximum likelihood tree of UGT74G1. The branch lengths are in the same units as the developmental 

distances used to infer the evolution process of phylogenetic tree using the JTT model with amino 

acid substitutions per site 
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Table 2. Physicochemical characteristics by ExPASy 

ProtParam for UGT74G1 S. rebaudiana 

MS007 

Type Value 

Number of amino acids 459 

Molecular weight 51796.23 

Theoretical pI 5.67 

Formula C2334H3615N607O686S20 

Total number of atoms 7262 

Extinction coefficient (EC) 88690 

Extinction coefficient 87890 

Instability index (II) 41.11 (Unstable) 

Aliphatic index (AI) 86.58 

Grand average of hy-

drophaticy (GRAVY) 
-0.217 

 

 
(a) 

 

 
(b) 

Figure 4. Secondary structure prediction using PSI-

PRED (a) DeepMetaPSICOV Contact Map 

(b) DOMPred results of UGT74G1 S. re-

baudiana MS007 

 

areas rely on this crop as a primary source of 

nutrition [31]. 

The group 3 in Figure 3 consists of UGT74G1-

like in Prunus avium and Rosa chinensis which 

both come from Rosaceae family with boot-

strapping value equal to 100. Polyploidy in the 

Rosaceae is associated with the reproductive 

biology [32]. Phenolics and anthocyanins can be 

provided to the total of antioxidant activity in P. 

avium [33]. 

 
Physicochemical properties of UGT74G1 

The study of physicochemical characteristics 

showed that the significance of the isoelectric 

point (pI) for UGT74G1 MS007 proteins that var-

ies from 5.67. These requirements are needed, es-

pecially for means of experimental handling, 

mainly for protein isolation and purification, to 

understand the condition of the protein sequence 

[15]. The highest extinction coefficient (EC) be-

longing to UGT74G1 MS007 was 88690 M–1 cm–

1 and in terms of the instability index (II) 

UGT74G1 MS007 was predicted to be unstable in-

side a test tube. Unstable proteins require substan-

tial steps before isolation and purification, such as 

denaturation [15]. Further description of the 

UGT74G1 MS007 protein parameters, like molec-

ular weight, aliphatic index, and GRAVY, are pro-

vided in Table 2. 

 

Secondary and tertiary structure prediction 

Secondary structure was predicted using PSI-

PRED, where sequence plot, PSIPRED cartoon, 

DeepMetaPSICOV Contact Map and DomPred 

Results were obtained. Figure 4 (a) and (b), show 

the results obtained using PSIPRED. DeepMetaP-

SICOV contact maps of UGT74G1 shows a di-

rectly proportional relationship between the x-axis 

and the y-axis of the graph. DOMPred results of 

UGT74G1 show aligned termini profile at its peak 

at the scale of approximately 270. 

The two-and three-dimensional structure 

seems to be another significant feature to be con-

sidered when reviewing protein functional proper-

ties [19]. The whole estimation uncovered a pos-

sible form or folding of a query protein from its 

own amino acid sequence (loops, helices, and 

strands). Protein structure data helps even more 

recognition of important protein features, such as 

active sites and binding ligands [19]. Besides, 

structural refinement is also essential to improve 

the predicted structure in order to minimize energy 
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(a) 

 

 
(b) 

Figure 5. (a) Tertiary structure prediction of 

UGT74G1 S. rebaudiana MS007. (b)Struc-

tural model prediction with the predicted 

binding site (blue) and other residues (grey). 

 

thus providing more native protein folding [34].  

The results of UGT74G1 tertiary structure pre-

diction were shown in Figure 5 (a) and (b). The 

model was based on template 6L8Z from Protein 

Data Bank (PDB) with the PDB title as crystal 

structure of UGT transferase mutant in complex 

with UPG [10]. The template is a glycosyltransfer-

ase molecule containing chain A. The ligand pre-

diction in Figure 5 (b) showed the site where uri-

dine diphosphate (UDP) - dependent glucosyl-

transferases will bind to the UGT74G1 enzyme. In 

this study, UGT74G1 S. rebaudiana MS007 struc-

ture was successfully predicted. However, for the 

next step of study, refining, active site estimation, 

and structural validation might also be considered. 

 

Conclusion 

The analyses done on UGT74G1 gene re-

vealed that the protein is classified under UDP-

glycosyltransferase 74G1-like as the closest hit se-

quences with support from domain or family re-

vealed the presence and entry of IPR002213 and 

IPR035595. Furthermore, the sequence- and struc-

ture- based assessments also showed that 

UGT74G1 predicted structure scored 100.0% con-

fidence with the template 6L8Z in PDB database 

and coverage of 96%. The model has dimensions 

(Å) of X: 57.609, Y: 70.386, and Z: 58.351 and 

was the best candidates to be further studied. This 

research has successfully filled the knowledge 

void of previously un-annotated essential of 

UGT74G1 proteins in S. rebaudiana MS007 that 

use in-silico sequence-and structure-based strate-

gies. It would be a great advantage to use this in-

formation in the ability to manipulate, the said 

structure, in steps to generate artificial sweeteners. 
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