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Abstract

Objective

Androctonus crassicauda scorpion is known as one of the deadliest species of scorpion in the
world for mammals. Simple sequence repeats (SSRs) markers are one of most complete molecular
tools in the study of genetic diversity due to the appropriate genomic coverage and high
repeatability. Simple sequence repeats markers for the scorpion Andractonus crassicouda have
not been reported so far. Therefore, this study was conducted with the aim of identifying and
validating simple repeat sequence markers of the scorpion Andractonus crassicouda using RNA-
Seq data.

Materials and methods

The samples were evaluated qualitatively and quantitatively after RNA extraction from the
scorpion venom gland. Then the samples were sequenced with the Illumina HiSeq 2000 platform.
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Reconstruction of transcripts was done by De novo assembly method using Trinity software.
Next, in order to identify new SSR markers, the transcriptome of the scorpion Andrachtonus
crassicouda was analyzed using FullSSR software (version 1.5). To validate the identified SSR
markers, 8 pairs of primers were evaluated by polymerase chain reaction method. Indices such as
observed heterozygosity (Ho), expected heterozygosity (He) and fixation index (F) were
calculated using GenAlEXx software (version 6.5) for statistical analysis of polymorphic loci.
Results

Assembling transcripts by Trinity program generated a total of 744,804 transcripts and 563,526
unigenes. In this study, the examination of 952,725 sequences by FullSSR software led to the
identification of 315,395 SSR markers. Among SSRs, two and three nucleotide repeats accounted
for the highest number of repetitions with 71.85% and 22.36%, respectively. Among the 8 studied
loci, only 2 loci showed polymorphism. The expected and observed heterozygosity for the
RK1354 locus was calculated as 0.765 and 0.683 respectively, and for the NK1362 locus as 0.768
and 0.633 respectively. The fixation index statistic (Fis) for both loci was almost 0.1, which
indicates low inbreeding in the population.

Conclusions

The different criteria of genetic diversity all indicate that the population has high diversity, but
there are factors that are reducing the diversity among the studied population. So that the
population is out of balance and the number of observed heterozygotes is less than the expected
heterozygotes. It is necessary to investigate the factors that have led to the reduction of diversity
in order to prevent its further reduction. In general, the results of this research showed that new
SSRs can be useful for understanding the population structure and investigating the genetic
diversity of the scorpion Andractonus crassicouda.
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Introduction

Scorpions have eight legs and are easily recognized by a pair of grasping pincers and a
narrow, segmented tail, often carried in a characteristic forward curve over the back and always
ending with astinger. The evolutionary history of scorpions goes back 435 million years.
Scorpions primarily prey on insects and other invertebrates, but some species hunt vertebrates.
They use their pincers to restrain and kill prey, or to prevent their own predation. The scorpion of
Androctonus crassicauda belongs to the Buthidae family, it has a strong and deadly venom for
humans, and every year there are cases of death due to the sting of this scorpion. They are
nocturnal and enjoys making nests where they hide in crevices during the day to stay moisturized.
The Arabian fat-tailed scorpion (Androctonus crassicauda) is a species of dangerous scorpion
usually found mainly in the Palaearctic region, in such countries as Turkey, Iran, and other
southwestern Asian nations. This scorpion is the second most frequent causes of scorpion sting
in south-west Iran. Despite the risks of keeping such a dangerously venomous species in captivity,
Androctonus scorpions are frequently found in the exotic animal trade. The scorpion's main diet
in captivity consists of cockroaches, grasshoppers, and crickets. However, the fat-tailed scorpion
can go months without consuming food. Scorpions will generally try to kill and eat anything
which moves and is smaller than themselves. This species is a generalist desert species. Adults
can vary in colour from a light brown to reddish to blackish-brown, to black. The venom is mainly
composed of neurotoxins, cardiotoxins, and possibly myotoxins. The venom is very powerful and
considered among the most potent among scorpions, and is known to cause human death. Deaths
mostly occur with respiratory arrest, heart failure, and shock. In the past, most studies conducted
to classify scorpions and determine phylogenetic and evolutionary relationships were based on
phenotype. Recently, molecular markers have been used in genetic diversity studies, paternity
analysis, cultivar identification, phylogenetic relationships, and genetic mapping in scorpion
genetics research. Various molecular markers are being developed including simple sequence
repeats (SSRs), restriction fragment length polymorphisms (RFLPs), random amplification of
polymorphic DNAs (RAPDs), amplified fragment length polymorphisms (AFLPs), and single
nucleotide polymorphisms (SNPs). Among these, SSRs, are very advantageous for a variety of
applications, because they are multi-allele, co-dominant, highly informative, occur with high
relative abundance and good coverage across the genome, and are experimentally reproducible.
Simple sequence repeats or microsatellites are DNA stretches consisting of short, tandemly
repeated di-, tri-, tetra-or penta-nucleotide motifs. Simple sequence repeats have been found in
all eukaryotic species that were scrutinized for them. Simple sequence repeats are widely used in
genetic fingerprinting, kinship analysis, and population genetics. Also, research show that they

may play an important role in genome evolution and provide hotspots of recombination. SSRs
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markers are one of most complete molecular tools in the study of genetic diversity due to the
appropriate genomic coverage and high repeatability. Simple sequence repeats markers for the
scorpion Andractonus crassicouda have not been reported so far. Therefore, this study was
conducted with the aim of identifying and validating simple sequence repeats markers of the
scorpion Andractonus crassicouda using RNA-Seq data by De Novo method. De novo assembly
of RNA-seq data enables researchers to study transcriptomes without the need for a genome
sequence; this approach can be usefully applied, for instance, in research on 'non-model

organisms' of ecological and evolutionary importance, cancer samples or the microbiome.

Materials and methods

Scorpions were poisoned by electric shock method. After 72 hours of envenoming, the
venom gland was isolated and RNA was extracted from the venom gland using the commercial
RNeasy Animal Mini Kit (Qiagen, Valencia, CA, USA) according to the manufacturer’s
instructions. After confirming the quality of extracted RNA samples using Nanodrop and
horizontal gel electrophoresis, the samples were sequenced with 150 base pair paired-end reads
at Macrogen Company (Macrogen, Seoul, South Korea) using Illumina HiSeq 2000 sequencing
platform (Illumina, San Diego, CA, USA) according to the instructions of the company. Checking
the quality of raw sequences and clean data before and after editing was done using FASTQC
software under the Linux operating system and removing low-quality reads using Trimmomatic
v 0.36 software. After filtering, cleaning, and trimming the raw reads generated from the Illumina
sequencing platform, clean reads were de novo assembled into contigs using Trinity software (v.
2.0.3) with optimized parameters. This approach is useful when a genome is unavailable, or when
a reference-guided assembly is undesirable. In the absence of a sequenced genome to guide the
reconstruction process, the transcriptome must be assembled de novo using only the information
available in the RNA-seq reads. Also, CD-HIT software (version 4.7) was used to cluster the
reads and remove duplicate sequences. Next, in order to identify new SSR markers, the
transcriptome of the scorpion Andrachtonus crassicouda was analyzed using FullSSR software
(version 1.5). To validate the identified SSR markers, 8 pairs of primers were designed using
PRIMER 3 software and evaluated by polymerase chain reaction method. Indices such as
observed heterozygosity (Ho), expected heterozygosity (he) and fixation index (F) were

calculated using GenAlEx software (version 6.5) for statistical analysis of polymorphic loci.

Results
To visualize the distribution of quality scores across all bases in a sequencing run, a box

whisker-type diagram is often used. In this diagram, the yellow box represents the interquartile
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range (25-75%), the upper and lower tentacles account for 10% and 90%, and the blue line
indicates the average quality. The y-axis shows the quality score, with higher scores indicating
better quality bases. To evaluate the overall sequencing quality of a run, the average sequencing
quality per base is often used. A sequencing quality score of 30 or above is generally considered
very good. The average data quality of this study was 36, which indicates good data quality.
Assembling transcripts by Trinity program generated a total of 744,804 transcripts and 563,526
unigenes. In this study, the examination of 952,725 sequences by FullSSR software led to the
identification of 315,395 SSR markers. The results showed that among these, 226,619 sequences
contained one SSR and 88,779 sequences contained more than two SSRs. Among SSRs, two and
three nucleotide repeats accounted for the highest number of repetitions with 71.85% and 22.36%,
respectively. Among the 8 studied loci, only 2 loci showed polymorphism. The expected and
observed heterozygosity for the RK1354 locus was calculated as 0.765 and 0.683 respectively,
and for the NK1362 locus as 0.768 and 0.633 respectively. The fixation index statistic (Fis) for
both loci was almost 0.1, which indicates low inbreeding in the population. The chi-square test
performed on the population of the scorpion Andrachtonus crassicoda showed that Hardy-
Weinberg equilibrium was not established for both loci. The chi-square values for loci RK1354
and NK1362 were 59.62 and 56.87, respectively, which were significant at the 1% level.

Conclusions

The different criteria of genetic diversity all indicate that the population has high diversity,
but there are factors that are reducing the diversity among the studied population. So that the
population is out of balance and the number of observed heterozygotes is less than the expected
heterozygotes. It is necessary to investigate the factors that have led to the reduction of diversity
in order to prevent its further reduction. In general, the results of this research showed that new
SSRs can be useful for understanding the population structure and investigating the genetic

diversity of the scorpion Andractonus crassicouda.
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2SS gl addy Ve g 0l il ax > VY j0 agb Ve oS ol a0 0R-FF o 4l Ye wl,5 il 4> 3 0y agb Y-
5 ookl b PCR aluwg 4 iS5 5l Juols ¥ guame cusS ol 5 us Cdpls &g 3,5 ko a2 0 VY (lod j> ols
Y g JoSUge )i iomin (sl « ST 5 o8t dluasg 4 a5 jogea5 45 5] g b odztion 2uop> ¥ 58T 5 5589 801
9 4555 yolate 4 daldl )3 .00,5 edlazwl (19.1 asws) GelANalyzer jljéle s 5l aeuwg; s g 5b cds> caws » PCR

220 Yoo dba_}ﬂ Sass ‘(Na) lg dhdﬂ s dles 5l ol sumliie ng 2 SSbss oS Sl 4ly ‘_g)Lo] sl s

42

8, SN,



RN,

(Ve+€ Obual (¥ o lows VY a)g.:) B39 (559955 g dlomo

(6.5 a5ws) GenAleX jéls 5 5l (Fis) s jasls o (HE) jlasl 5)g0 o (HO) osds ssnlice  cwsSs 3950 (N€) osS'y)

A eolaswl

axdllao cpl 4o LSSR T jlael gl oul oslawl 6‘.&;}&7 Oluogas N Jgoo

Table 1. Characterization of primers used for validation of SSRs in this study

Row Repetitive Primer sequence length
sequence piece
1 (ACTC)17 F-TGCTTGAAATTGTGGGGTGC 232
R:AACAGCTCCAAAAACAGTGCC
2 (AGAA)14 F: CACCCACTTACGAAGGGATACA 295
R: CTTCCTGAGCAAGGATCGGT
3 (TCCT)13 F: GCTGAGGACAATAGGGGAGG 236
R: TACACCCTGGCTAAGGCTCT
4 (TG)54 F: AACGAGTTCAATGTGTGCGC 186
R: ACACACACACACACACACGT
5 (TG)44 F: GTCACGTCAGGTGGTTGTGA 150
R: ACACACAGACAGACACACACA
6 (AC)47 F: TGAAGATTGCTTGGCTGTCA 246
R: TGGCTTCGTGGTCATTCTATG
7 (AC)56 F: TGCTGTCGTCCTATAATTGGT 195
R: TCCAATCTGTGATAATCAGGAGT
8 (AT)97 F: TGTGACTGTTCATTCTGTCAA 250

R: TCTTCGGATCACTCCTCTCA

Dy g ol zlysiul sla RNA cuas o8 sy ol (Y JSb) aopd Y 5,81 5 () o zlyscu] RNA ;984 551

S a5l 45 590 e MRNA & bgy o 5L 93 ol Hle yuowsl g 039 (awseis b YAS g VAS _ogj90 ) RNA (slasil

lps cdgr (5ol 28l ons zlseiwl RNA (cladiges a5 oy L Olypdgil zuli cpioced D9 oad gl ysciwl RNA ol
Dy pxio VA BAVY Gl 2agil YA« 1 yiegili YE+

by 5l ol (slmodls il s 5l s )5 g5 plB iiled DVYYAQY Y sliad e o bl sladiges I b Iy

5 b y2ilgs Slass s yod s oaMe 13l 5 ol s odlie] FASTQC Jl38la 5 5l asl cusS 58 el « FastQ cu s
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Figure 1. The Quality of RNA extracted from the tail tissue of the scorpion

Andrachtonus crassicouda. M: Molecular marker 100 base pair
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5590 (1.0 450u5) FUNSSR 331 5 5l 03litol L 15558 yosigiSTy ] opie: pgios Sl ety SSR. (gl Solits pluslis
ol 3l ol guls 00,5 slelis L SSR LI YO0 sl JIg5 AOYYYD shiws gy b coles j3 .85 )5 3
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33y LSS olaw i duo ) YYIYS 5 0o d YVAD L iy & (00508 's du g 90 (gla ), S5 JJlgs QOYYYD oy
(F Jyia) 222805 1, 530 50208 s 1Y clin & s 3 s 515 ol
09 by hb sealy cin A gSeulS LugigSTHal e ) ead lulis SSR (gla ) Silis (oxiw el skt 4,
5 ok sablie Bl ST ) plxil Cuidge b Cyie pd ol diges I DNA gl scul s iS5 5lhesly (slo ooy STy
2 PCR STy plosl 51 s 2392 5ba5 5,90 (slodigas 5| DNA gl st i g com ,S5L5 ladiges (DNA gl sl
odlitul pouly A G108 )5 )18 sy 3590 o ps ¥ 58T 5 5l eolil b o) 51 ol Y guame o gl sl (sladiges (<9,

ol 50 0 Bl ST ol sy 5 Wl L JISE i (M o )lowd youly 5 S 0;led )041)4) ol ¥ Buiod ol 40 ol
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Figure 2. The Quality of RNA-seq sequences from Androctonus crassicauda data by

Fastqc software. A: Read length distribution B) Quality of read nucleotides C)

Quiality of read sequences D) Content of unread nucleotides

il 3)50 (o gSo g it ol ol (LwsgSojg it (yliee dler I (SS9 dule (sl 00l 39l (sl el
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Table 2. The results of assembled transcripts in Trinity software

statistics Trinity
Number of genes 563526
Number of transcripts 744804
GC percentage 34.10
Average coating 471.18
Total assembled bases 350938383

FULISSR 1331 0 5 j1 05lis! b 0.wh o3 Lwlis SSR sl ,S5Liis ¥ Jgus

Table 3. SSR markers detected using the Full SSR software

Checked items Number
Total examined sequences 952725
Total detected SSR 315395
Number of sequences with one SSR 226619
Number of sequences with more than one SSR 88779

SIS Glaciige dlaxd g 93 5l laods L Jgaa

Table 4. Summary of the type and number of repetitive motifs

Unit size Number of SSR Percentage
Di-nucleotide 226619 71.85
Tri-nucleotide 70523 22.36
Tetra-nucleotide 16694 5.29
Penta-nucleotide 1509 0.48
Hexa-nucleotide 50 0.02

909 ’/;’Y‘Y‘ L ).3‘).3 NK1362 oli.il? LS‘)'.’ 9 '/5’/\\” L; ﬁ‘ﬁ RK1354 oliﬁl? Ls])'f ol ol W&)Slﬁ.{b )1.\.&0
b)L:j )IJ.S.A .)9.) '/V;A b ﬁ‘ﬁ NK1362 bliﬁl? d])g 9 '/V;a L xl)g RK1354 olig.l? Lg])f )Ud»‘ .))94: wﬁ)ﬁ)& )‘Jjﬁ

A5 duasles +/\VB 5 o[\ oY a5 4 NK1362 3 RK1354 (claolSyls (ol (Fis) s padlis
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Table 5. Statistical parameters estimated to calculate the genetic diversity of the

locus RK1354 and NK1362 in the Androctonus crassicauda scorpion population

Loci N No. of No. of Observed Expected Fixation
Different Effective  Heterozygosity = Heterozygosity  Index
Alleles Alleles (Fis)

RK1354 60 5 4.256 0.683 0.765 0.107

NK1362 60 5 4.301 0.633 0.768 0.175

ol il )3 015 (U yre 9 S po 5 ol (S35 is ahs0) )3 e 0yl 4T Sy Byl o5igS gyl i
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b dogSemsl 57 gignSTyail jde (S5 695 5 s (S5 (bl (gl Sllla ) sl 0ad odlisiel Sjek
(Ozkan et al., 2010) cusl oiis plol (5,08 gie (sl 51 odlazal
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py; SMS 5 (Zane et al., 2002; Mohamadi ahvazi et al., 2024) cul pg Sl s b7 Jgs ot (gjlolis
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