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Abstract
Objective

The occurrence of planned cell death or apoptosis as a protected method is controlled by a number
of genes that used to remove unnecessary cells. This cellular event is involved in immune and
disease-related systems. Apoptosis is a cellular regulatory mechanism that balances the effects of
cell proliferation and cell death. In the path of apoptosis, many genes and molecules are involved.
Recently, developments using the RNAseq technique have shown that microRNAs play an
important role in regulating planned cell death or apoptosis. The purpose of this study was to
identify key genes and micro-RNAs affecting the apoptosis pathway in Androctonus crassicauda

scorpions.
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Materials and methods

In this study, after transcriptome sequencing of venom glands of A. crassicauda scorpions using
Illumina HiSeq 2000 platform and transcriptome assembly using Trinity software, the most
important transcripts of the scorpion venom gland involved in apoptosis were identified using the
KEGG database. Drawing of the apoptosis gene network with String software, analyzing the
network of protein interactions and identifying key genes using cytoscape software and
investigating the ontology of genes by the WebGestalt database were done. In addition, after
identifying the scorpion microRNAs using homogeneous searches, the MRTarBase, TarBase,
miRecords, and MirNet software programs were utilized to prediction of target genes and drawing
a protein-microRNA interaction network.

Results

Three pathways associated with apoptosis were identified, and 103 proteins were extracted from
those. The results of protein network analysis revealed that 30 key genes involved in apoptosis
were identified that according to obtained results, the most effective key genes involved in
apoptosis are Aktl, bsk, Jra, Dronc, and rl. The results of statistical analysis of protein-microRNA
interaction network also showed that mir-7-5p microRNA has the highest value.

Conclusions

The results of this study showed that microRNAs play an essential role in the regulation of many
genes in the apoptosis pathway and can be used to regulate the expression of genes.

Keywords: Scorpion of Androctonus Crassicauda, apoptosis gene network, interaction of
protein-microRNA.
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o e Jobor iS5 by olais (6o ygiSTE (o roteo 31 S (g oS Clo (3B Ol (sl (ol s 5 o josy]
05 Jie plgin bl o Gujgig] (ol 2S5 5 JHE 56 olie e Sl &S Wblioe Gujsia] w8 s g 43, ( Jobo
origg] oS oS puo A (elof 5 (S g sl a1 0310l 5 ol 0 08 et o (5315 g AKEL
Solemr (sl g shls (B 5lS” g ) AKE e o plonil Sigtgl @l 5 (9,8 Jib o b 1) ) ol & 2l e
GNSL 5 Joho (Gl yrno Glis 4 1)y cl ey l 19 93,5 (o0 (Jsho Syo Yoo sl (i (gl yane jl g AL o

.(Datta et al. 1999) wxle> 5
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Table 1. Gene analysis of apoptosis pathway genes in Scorpion of A. Crassicauda using string

software
number of nodes 31
number of edges 103
average node degree 6.65
average local clustering coefficient 0.562
expected number of edges 14
PPI enrichment p-value < 1.0e-16

A. Crassicauda o yis g jom 0] o (55 a5 13 YU ady s iy g Olasein .Y Joua

Table 2. Characterization of high-ranking proteins involved in gene network of apoptosis

pathway in Scorpion of A. Crassicauda

Gene Degree  Network Closeness Betweenness
Aktl 16 11.926  0.690476 113.28
bsk 15 9.2191  0.630435 122.58
Jra 15 12.589  0.659091 72.027
Dronc 14 0.8312  0.644444 119.18
tefu 12 8.8167  0.604167 58.258
cre 12 6.9333 0.58 108.26
Traf6 11 8.0778  0.591837 24.851
rl 11 7.6722 0.58 116.36
Parp 10 7.4167 0.58 41.456
Dark 10 6.5159 0.54717 38.433

S olaas a8l oo €A% 39k g a3y el oS A Gl > Jske Sl ere laakaly 5L AKE 5
)LS )Lm U)?S"lf <\.Lo..'> )‘ PR PXW (_s_:L»L..w Akt mw Lng).A.Mu ula.a.cdd w_v)}uy] )2 )5)3 dlmwijw)
AKt g yomodl jsind pl5a ,5 o5 (FOrkhead g, sla,eSé 4 caspase-9 BAD (GSK-3) v

Ol ssensl ;3 1y 05 onl o (ylae Sldlle ¢ guizs opl b golee (Kim et al. 2001) $4i o oS o
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Figure 3. Protein clusters in gene network of apoptosis pathway in Scorpion of A.
Crassicauda. Seed proteins are marked in yellow. A) Protein cluster 1 with rank of 6. B)

Protein cluster 2 with rank of 4.
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BAX, BCL2, CASP16P, CASP9, AKT3, ATF5 (slo 5 Jobs aslllas oyl 3 Mir-7-5p Gua csla o

MYC, PARP1, PARP11, PIK3CB, PIK3CD, CDC37, CFLAR, CHP1, EIF5A2, FADD, HSPBP,
b i by )0 a8 glaalllas H>.amsb o PIK3CG, PIK3R3, RELA, RPRD2, SIRT2, TMED10, XIAP
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Figure 4: Gene ontology of the 10 key genes of apoptosis in Scorpion of A. Crassicauda
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Figure 5. Protein-microRNA interaction network. The key genes involved in this network

are marked in yellow.
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Table 3. List of identified microRNAs and their predicted target genes

2 T aud i iy Bud 6l 5 9 ouwd (o lwlid SLRNA g8 Comd .V Jou>

ID

mir-7-5p mir-7-1-3p

mir-622

mir-5047  mir-3064-3p

mir-1282

mir-1244

Accession

MIMATO0000252

MIMATO0004553

MIMAT0003291 VIMAT0020541 MIMATO0019865 MIMATO0005940 MIMATO0005896

Target

AKT3, ATF5,

CASP16P,CA

AGO2
CASP16P
HSP90AA1
HSPA1B
MDM4
TP53INP1

BAX, BCL2

SP9 CDC37,
CFLAR
CHP1,
EIFSA2
FADD,
HSPBP1

MYC, PARP1

PARP11,
PIK3CB
PIK3CD,PIK
3CG
PIK3R3,
RELA
RPRD2,
SIRT2
TMED10,
XIAP

CDK2 CYCS
MYC TP53

TMED10 HSPAS8
PDCD10
TMED10

TNFRSF10A

CASP16P

CDK17
HSP90AA1

Table 4. Statistical analysis of protein-micro-RNA interaction network.

Agricultural Biotechnology Journal;

RNA 5,500 — a9yt (iiSa p2 a5 (5 lof Jalods g 435 L€ Jgoa

Id Degree Betweenness
mir-7-5p 578 506768.7
mir-7-1-3p 184 184951.1
mir-622 107 102678.9
mir-5047 89 84058.93
mir-3064-3p 69 68191.96
mir-1282 22 20918.72
mir-1244 59 56477.6
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