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Abstract: Autophagy (from the Greek words auto, meaning alone, and phagi, meaning to eat) 

is an important pathway that regulates the homeostasis of an organism. When this balance is 

disturbed, pathological conditions can develop. Autophagy is divided into three types: (1) 

macroautophagy, (2) microautophagy, and (3) Chaperone-mediated autophagy (CMA). 

Modulator of the autophagy stage, (1) initiation, when starvation occurs, mTORC1 is inhibited 

and phosphorylated by AMPK, which results in activation of ULK1. Under normal conditions, 

cells use autophagy to recycle metabolites and nutrients from damaged organelles and 

misfolded proteins. The discovery of BECLIN1 was caused by the anti-apoptotic protein Bcl-

2. Genetic variation is the difference in DNA sequence between individuals in a population. 

Autophagy works by removing damaged proteins and organelles during stress and ageing, 

playing an important role in regulating organism development, collaborating with the adaptive 

immune system, maintaining energy homeostasis, and maintaining protein and organelle 

quality control. This study aims to determine the impact of genetic variations in the BECLIN1 

gene on the autophagy process. Methodology with a bioinformatics analysis approach using 

SIFT and PolyPhen-2 software. The results of the BECLIN1 gene prediction using SIFT 

software for Missense mutations showed that 31% of samples were Deleterious and 69% of 

samples were tolerated. Frameshift mutations found that 42.85% of samples experienced 

Deleterious and 57.14% of samples experienced Tolerated. 
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INTRODUCTION 

Autophagy is a survival mechanism 

that helps maintain cell homeostasis 

because it plays a role in removing 

misfolded or aggregated proteins, clearing 

out damaged organelles, such as 

mitochondria, endoplasmic reticulum, and 

peroxisomes.1,2 Autophagy helps maintain 
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cellular homeostasis under different 

conditions; for example, during nutritional 

stress, it allows the formation of energy or 

macromolecules. In cell differentiation, it 

provides a precursor metabolite for 

morphogenesis, and when an organelle is 

no longer needed or does not perform its 

function properly, it is degraded to be 

replaced by a new synthesis.1,3  

 Autophagy is divided into three 

types: (1) macro autophagy, (2) micro 

autophagy, and (3) Chaperone-mediated 

autophagy (CMA).1,3 Proteins involved in 

the process of autophagy are: (1) ULK 

kinase core complex, (2) class III PI3K I 

complex, (3)  ATG9A/ATG2-WIPI1/2 

trafficking system, (4) ATG12 conjugation 

system, (5) LC3 conjugation system. 1,4 

 Autophagy stage modulators, (1) 

initiation, when mTORC1 starvation 

occurs, is inhibited and phosphorylated by 

AMPK, resulting in ULK1 activation.2,4 

Furthermore, the ULK1 complex 

phosphorylates the Ambra1 protein, which 

allows the attraction  of the BECLIN-1-

VPS34 complex (BECLIN1-VPS34-

VPS15-ATG14L).2,4 VPS34 produces 

phosphatidylinositol-3-phosphate (PIP3) 

and engages DFCP1 to promote 

nucleation.2,4 Through clathrin-mediated 

endocytosis produces phagofor,2 (2) 

elongation, pro-LC3 is cleaved by ATG4B 

and produces LC3-I.2,4 Then ATG7 and 

ATG3 process LC3-I to be conjugated to 

phosphatidylethanolamine (PE) and 

ATG12-ATG5-ATG16L system to produce 

LC3-II.2 The formation of this complex is 

necessary for the elongation of the 

phagophore.2,4 (3) Autophagosome 

degradation and recycling: Adult 

autophagosomes fuse with lysosomes to 

form autolysosomes.2,4 In lysosomes, 

degradation occurs with hydrolytic 

enzymes that are active at acidic pH.2 

Vacuolar ATPase (vATPase) regulates this 

pH.2 Finally, the degraded product is 

released into the cytosol for recycling. 2,4  

 Under normal conditions, cells use 

autophagy to recycle metabolites and 

nutrients from damaged organelles and 

misfolded proteins.5,6 During this 

autophagic cell death controlled scenario, 

the anti-apoptosis protein Bcl-2 (the main 

regulator of apoptosis) binds to the BH3 

domain of the BECLIN1.5,6  

 The discovery of BECLIN1 due to 

the anti-apoptosis protein Bcl-2.7,8 The 

BECLIN1 gene is located on the human 

chromosome 17q21 and is highly 

homologous to the yeast autophagy gene 

Atg6, which plays a central role in 

autophagy via the PI3KC3 or Bcl-2 

complex.9 Genetic analysis revealed 

BECLIN1 to be a tumour suppressor 

candidate, monoallele removed in 40-75% 

of sporadic breast and ovarian cancers.10,11 

 Genetic variation is a difference in 

the DNA sequence between individuals in a 

population.12 Variations occur in germ 

cells, namely sperm and ovum, and also in 

somatic cells.12 Mutations and 

recombination are the main sources of 

variation.12 

 Autophagy works by removing 

proteins and organelles damaged during 

stress and ageing, plays an important role in 

regulating the development of organisms, 

cooperating with the adaptive immune 

system, maintaining energy homeostasis, 
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and maintaining quality control of proteins 

and organelles.4  

 

METHOD  

The research was observational and 

descriptive with a bioinformatics approach 

to determine the genetic variation of the 

BECLIN1 genes in autophagy proteins. The 

population in this study is data on genetic 

variation of the BECLIN1 genes in the 

NCBI dbSNP database 

https://www.ncbi.nlm.nih.gov/snp/.  

 The sample of this study is data on 

the genetic variation of the BECLIN1 genes 

in the NCBI dbSNP database that meet the 

inclusion and exclusion criteria. The 

sampling technique used in this study uses 

purposive sampling with pengambilan 

sampel non-randomised. After calculating 

the sample size using the Slovin formula, a 

minimum of 98 samples were obtained and 

used in the study.  

 In this study, 100 samples of 

Missense variations taken from dbSNP 

were taken in order, starting from sample 

number 1 to 100, and there were 2 samples, 

namely in numbers 37 and 67, when entered 

into the software, no results were obtained; 

they were replaced with samples numbers 

101 and 102. The Frameshift variation was 

found in 28 samples, but 5 samples were not 

from the BECLIN1 gene, and 2 samples 

could not be used due to the same amino 

acid substitution, so the prediction results 

were not obtained in either software; the 

final sample used was 21 samples of the 

Frameshift variation.  

 The data analysis used in this study 

is quantitative data analysis with 

descriptive statistics. The data obtained is 

then presented in the form of a narrative and 

a frequency distribution table. 

 After being analyzed using 

software, the score of the fatality of a 

genetic mutation will be determined, then 

the results of the score will be processed 

into the Microsoft excel program and 

adjusted to descriptive statistics to be 

interpreted into the form of percentages, 

then it will be presented with a narrative, a 

frequency distribution table, and a pie chart 

as a visualization of the table. 

 

RESULT  

 
Figure 1. Protein Sequence of the BECLIN1 Gene  

  

The protein sequence of BECLIN1 in 

Homo sapiens (human) organisms was 

obtained from the UNIPROT database with 

a length of 450 amino acids. The gathering 

of amino acids resulting from mRNA 

translation will form proteins. If there is a 

mutation that causes the amino acid 

sequence to change, the protein formed is 

not suitable and will affect the functionality 

of the protein.  

 

 
Figure 2. Distribution of genetic variation of the BECLIN1 
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gene in the NCBI database 

 

Genetic variation is a change in the 

sequence of genes due to changes at the 

DNA level. Based on Figure 2, it is 

obtained that there are 4 genetic variations 

of the BECLIN1 gene in the NCBI 

database. It is known that there are 2 

variations of Multiple Nucleotide Variants 

(MNV), 274 variations of Delins, 28 

variations of Insertions, and 53 variations 

of Deletions. 

 

 
Figure 3. Distribution of the sub-categories of genetic 

variation of the BECLIN1 genes in the NCBI database 

  

The occurrence of a change in the sequence 

of sequences causes genetic variation in a 

gene. Genetic variations in genes can cause 

functional impairment that can be fatal or 

non-fatal. Based on the function class in 

Figure 3, Synonymous is 119, Non-Coding 

Transcript Variant is 34, Missense is 239, 

Inton is 2816, Inframe Insertion is 1, and 

Inframe Deletion is 3. 

 

Table 1.  Results of Missense Variation Prediction 

Analysis with SIFT Software 

Skor  Mutation 

Effect 

Number 

of 

samples 

Percentage 

(%) 

0.00 – 

0.04 

Deleterious 31 31 

0.00 – 

1.00 

Tolerated  69 69 

 Total  100 100 

 
Figure 4. Percentage Missense Variation Analysis with 

SIFT Software 

 

 Based on the results of the research 

presented in Table 1, Missense variations 

that have been analysed using SIFT showed 

that 31% of the samples were Deleterious 

and 69% of the samples were Tolerated.  If 

an amino acid in a protein sequence is 

replaced by another amino acid, the protein 

sequence will change and will affect the 

function of that protein. Deleterious 

samples are thought to affect protein 

function so that it cannot function normally. 

Meanwhile, samples whose results were 

tolerated were not expected to affect 

protein function. The fatality score of the 

SIFT software can be seen in Table 1. 

 

Table 2. Results of Analysis of Predictive Frameshift 

Variation with SIFT Software 

Skor  Mutation 

Effect 

Number 

of 

Samples 

Percentage 

(%)  

0.00 – 

0.04 

Deleterious 9   42,85 

0.05 – 

1.00 

Tolerated  12 57,14 

 Total  21 100 

3
1

2816
239

34
119

Inframe Deletion

Intron

Non Coding…

Function Class

31%

69%

MISSENSE

Deleterious Tolerated
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Figure 5. Percentage Analysis of Frameshift Variation 

with SIFT Software 

 

 Based on the results of the study 

presented in Table 2, it turns out that the 

Frameshift variation that has been analysed 

using SIFT obtained 42.85% of the sample 

is Deleterious and 57.14% of the sample is 

Tolerated.  If an amino acid in a protein 

sequence is replaced by another amino acid, 

the protein sequence will change and will 

affect the function of that protein. 

Therefore, according to the results of the 

analysis above, Deleterious proteins are 

estimated to be unable to function normally, 

while proteins that are tolerated are 

estimated not to affect the function of these 

proteins. The fatality score of the SIFT 

software can be seen in Table 2. 

 

Table 3. Results of Missense Variation Prediction 

Analysis with Polyphen-2 Software 

Skor  Mutation 

Effect 

Number 

of 

Samples 

Percentage 

(%) 

0,000 

- 

0,367 

Benign  45 45 

0,493 

- 

0,894 

Possibly 

Damaging 

14 14 

0,827 

- 

1,000 

Probably 

Damaging 

41 41 

 Total  100 100 

 
Figure 6. Percentage Missensee Variation Analysis with 

Software 

 Based on the results of the study 

presented in Table 3, it shows that the 

Missense variation that has been analysed 

using the PolyPhen-2 software obtained 

results of 45% for Benign, 14% for Possibly 

Damaging, and 45% for Probably 

Damaging. So according to the results of 

the analysis above, the sample that 

experienced Benign did not affect the 

function of the protein, the result of 

Possibly Damaging is estimated to affect 

the function of the protein and may or may 

not affect the function of the protein, and 

the result of Probably Damaging can affect 

the function of the protein so that it cannot 

function normally. 

 

Table 4. Results of Analysis of Predictive Frameshift 

Variation with Polyphen-2 Software 

Skor  Efek Mutasi Jumlah 

Sampel  

Persentase 

(%) 

0,000 - 

0,218 

Benign  6 28,57 

0,559 - 

0,865 

Possibly 

Damaging 

4 19,04 

42,85%

57,14%

FRAMESHIFT

Deleterious Tolerated

41%

14%

45%

MISSENSE

Probably Damaging

Possibly Damaging

Benign
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0,962 - 

1,000 

Probably 

Damaging  

11 52,38 

 Total  21 100 

 
Figure 7. Percentage Analysis of Frameshift Variation 

with Polyphen-2 Software 

 

 Based on the results of the study 

presented in Table 4, it shows that the 

Frameshift variation that has been analysed 

using the PolyPhen-2 software obtained 

results of 28.57% for Benign, 19.04% for 

Possibly Damaging, and 52.38% for 

Probably Damaging. So according to the 

results of the analysis above, the sample 

that experienced Benign did not affect the 

function of the protein, the result of 

Possibly Damaging is estimated to affect 

the function of the protein and may or may 

not affect the function of the protein, and 

the result of Probably Damaging can affect 

the function of the protein so that it cannot 

function normally. 

 
 

Figure 8. Results of Missense and Frameshift Gene 

BECLIN1 Fatal Sample Analysis Based on Crossover of 

SIFT and Polyphen-2 Software 

  

Based on the SIFT software, the 

fatality prediction is Deleterious, while 

PolyPhen-2 predicts fatality as Probably 

Damaging and Possibly Damaging. Based 

on the results of the research presented in 

Figure 8, the results of cross-analysis were 

obtained from a sample of fatal genetic 

variation based on the two software used, 

which means that the sample from the cross 

had a fatality rate included in the score of 

the two software. As seen in the picture, it 

turns out that only 77.5% (31 samples) of 

the Deleterious in SIFT are Probably 

Damaging in PolyPhen-2, while 10% (4 

samples) of the Deleterious in SIFT are 

Possibly Damaging in PolyPhen-2. So it 

can be concluded that a sample that is fatal 

in the SIFT software is not necessarily fatal 

in the PolyPhen-2 software. Cross data 

from the genetic variation sample based on 

both software is shown in Appendix 3. 

 

DISCUSSION 

 From the results of the above study, 

it is shown that the protein BECLIN1 with 

a length of 450 amino acids (aa) and a 

molecular mass of 60KDa, where this 

BECLIN1 protein encodes the BECN1 gene 

located on chromosome 17q21 with a 

length of 14151 bp. 

 The results of this study are 

supported by previous research conducted 

by Sargeet Kaur and Harish Changotra on 

BECLIN1 interactions with modifications 

and pathologies related to autophagic 

diseases, showing that the BECLIN1 

protein has 450 amino acids (aa) with a 

molecular mass of 60KDa encoding the 

52,38%

19,04%

28,57%

FRAMESHIFT

Probably Damaging

Possibly Damaging

Benign
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BECN1 gene.13 Protein BECLIN1 has 3 

domains, namely: (1) Bcl-2-Homology-3 

(BH3) domain (aa105-130), (2) Coiled-

Coil domain (CCD) (aa 175-264), (3) 

Evolutionary Conserved Domain (ECD) 

(aa 248-450).13,14 

Based on data from NCBI dbSNP, the 

BECLIN1 gene has 3,831 SNP variations 

with various types of mutations. The 

genetic variation analysed in this study was 

focused on Missense and Frameshift 

mutations according to the inclusion 

criteria, so that 100 and 21 samples were 

determined, respectively, based on the 

calculation of the minimum sample size 

using the Slovin formula. 

Previous research conducted by 

Silvia Vega-Rubín-de-Celis and Saurabh 

V. Laddha showed that mutations in 

BECLIN1, particularly Missense, are often 

found in several types of cancer, such as 

colon, ovarian, and skin cancers.15,16 Due to 

its proximity to BRCA1 and its role as a 

tumour suppressor gene, the BECLIN1 

mutation has the potential to trigger 

cancer.15,16 These mutations are generally 

destructive and can cause changes in 

protein structure and function.16 

Bioinformatics studies using 

mutation prediction software, such as SIFT 

and PolyPhen-2, have consistently reported 

that most Missense mutations in BECLIN1 

are predicted to be Deleterious or Probably 

Damaging.17  Similar findings also appear 

in other genes, such as MC4R, CHRNA5, 

and AKT1, suggesting that Missense 

mutations with high prediction scores 

correlate with decreased or loss of protein 

function.17  

Based on Imane Douiyeh's research, 

et al used the MC4R gene as a research 

sample that analysed fatality predictions 

using seven software and one of them was 

SIFT and PolyPhen-2.18. The samples used 

were 16 with Missense variations. From the 

results of the study using SIFT software, 16 

samples were obtained as Deleterious and 

using PolyPhen-2, 16 samples were 

obtained as probably damaging.18 

Based on other research conducted by 

Feyeza Sadia Laskar et al, the results of the 

Deleterious prediction cause the gene 

protein to not function normally, and the 

prediction results of Probably Damaging 

from PolyPhen-2 are also the same, namely, 

causing the protein to not function 

normally.19 Proteins cannot function 

because there is damage to the protein 

caused by mutations in amino acids, so that 

the sequence of proteins changes.19,20 

Based on another study conducted by 

Mahalakshmi Kumaraguru et al., the 

CHRNA5 gene was used to identify 

pathogenic mutations in the gene.21 Genes 

were analysed for predictions of genetic 

variation using three software (SIFT, 

PolyPhen-2, and PROVEAN).21 After 

analysis, the results of the distribution 

percentage of the three software were 

obtained, namely 83% (134) damaging and 

17% (27) no damage 21 

In this study, in silico SNP analysis 

that damages the oncogene of the human 

AKT1 gene used software from PolyPhen-

2, SIFT, PROVEAN, SNAP-2, Mutation 

Assessor, PANTHER, PON-P2, and P-

Mut.22 In the study, we searched for 

missense SNPs by finding 12 very 

dangerous SNPs that could affect the 

structure and function of the AKT1 
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protein.22 

Then, to differentiate this SNP study 

from other SNPs, this study used the 

BECLIN1 genes for Missense and 

Frameshift SNPs, which were analysed 

using two software to investigate the 

mutation effects of Missense and 

Frameshift. 

In the SIFT software, the scores used 

to determine the Deleterious and Tolerated 

samples are taken from the information in 

the SIFT software. It is stated that if the 

score is <0.05, it is predicted to be 

Deleterious. 

 
Figure 9. SIFT software prediction score 

 

Based on previous research 

conducted by Imane Douiyeh et al. also 

stated that the score on the SIFT software of 

≤0.05 is predicted to be deleterious and 

>0.05 is predicted to be Tolerated 16 

The results of the analysis using SIFT 

software were obtained on the BECLIN1 

genes that experienced Missense 

Deleterious mutations of 31%, Tolerated 

69%, and Frameshift mutations of the 

BECLIN1 gene obtained Deleterious 

42.85%, Tolerated 57.14%. 

The results of the analysis of the 

PolyPhen-2 software on BECLIN1 genes 

that experienced Missense mutations were 

obtained as Benign 45%, Possibly 

Damaging 14%, and Probably Damaging 

41%, while the Frameshift mutation of the 

BECLIN1 gene was obtained as Benign 

28.57%, Possibly Damaging 19.04%, and 

Probably Damaging 52.38%.  

From the results of the analysis that 

has been carried out by both SIFT and 

PolyPhen-2 software on BECLIN1 genes in 

the Missense and Frameshift SNPs, it can 

be estimated that mutations caused by 

BECLIN1 genes can be damaging, so that 

they affect the functionality of proteins. 

 

CONCLUSION 

1. BECLIN1 genes that undergo 

Missense and Frameshift mutations 

can affect the functionality of 

autophagy proteins. 

2. The use of PolyPhen-2 and SIFT 

software can provide mutation 

prediction based on scores. 
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