15(3) 329-340, Autumn 2023

Journal of Animal Environment
(AEJ)
Journal homepage: http://www.aejournal.ir

Original Research Paper

Species diversity of Androctonus crassicauda and Hemiscorpius lepturus
using different metabolic genes expressed in RNA-seq data

Elham Pondehnezhadan !, Atefeh Chamani 1", Fatemeh Salabi 2, Reihaneh Soleimani 3

!Department of Environment, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran

2Department of Venomous Animals and Antidote Production, Razi Vaccine and Serum Research Institute, Southwest Branch,
Agricultural Research, Education and Extension Organization, Ahvaz, Iran.

3Department of Plant Protection, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran

Key Words

Abstract

Scorpion

Khuzestan provenience
Genetic diversity
Androctonus crassicauda
Hemiscorpius lepturus
Metabolic network

Gene ontology

Introduction: The order of scorpions belongs to the category of arachnids and the branch of
arthropods, and according to the extensive studies that are being carried out today in the field
of phylogenetic and morphological around the world, the classification of scorpions is also
being updated. The aim of this studies reconstructs the metabolic network of Androctonus
crassicauda and Hemiscorpius lepturus using RNA-seq studies for suggestion of key
metabolic genes differentially expressed between two scorpion species as a molecular marker
to evaluate the genetic diversity of different scorpion species.

Materials & methods: For this purpose, Scorpions were caught using ultraviolet light in
different areas of Khuzestan province (10 samples of each species). Scorpions were poisoned
by electric shock method, and after 72 hours of poisoning, the venom gland was isolated and
powdered using a porcelain mortar and liquid nitrogen. RNA extraction from the venom gland
was performed using the commercial RNeasy Animal Mini Kit (Qiagen, Valencia, CA, USA)
according to the company's instructions. Transcriptome sequencing and differential gene
expression analysis of two scorpion species were performed by RSEM software.

Results: The results of analyzes showed that a total of 688060 genes were identified in two
species, of which 42676 genes had significant differences in expression (p<0.05). The gene
ontology of the differentially expressed genes was performed using Kegg and GO databases
and the results showed that the genes involved in the metabolic pathway are the most abundant.
Reconstruction of scorpion metabolic network and its analysis using string database and
cystoscope software led to the identification of 5 metabolic hub genes. Finally, using the amino
acid sequences of Hub genes (triose phosphate isomerase, citrate synthase, glucose
6-phosphate isomerase, catalase and enolase), a phylogenetic tree was constructed using 7
scorpion species.

Conclusion: This study evaluated the use of these 5 metabolic genes to study phylogenetic
relationships in scorpions.
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triosephosphate isomerase Androctonus Crassicauda MSQRKFFVGGNWKMNGSKAGIEEIVSFMSKGPLDPNTEVWLGCPSIYLDFARSKMPANIG 60
triosephosphate isomerase Hemiscorpius Lepturus MAQRKFFVGGNWKMNGSKAGITEIGQFMTKGPLDPNTEIVLGCPAIYLEFAQKAMPPNVS 60
X OEEXEXXXEXERRRREIRERRR XX XX RXEEXREREXX KERKKX XX¥ XX x% x
triosephosphate isomerase Androctonus Crassicauda LAAQNCYKVEKGAFTGEISPCMIKDVGVNWVILGHSERRNIFGENDDLIAEKVAHALSSG 120
triosephosphate isomerase Hemiscorpius Lepturus MAAENCYKVEKGAF TGEISPAMIKDVGVSWVILGHSERRNVFGETDELIADKVAHALASG 120
EE KAKEEEREXREXREERE KEXEKEKER EXEKEXRKKEE XXX X KKK XEEXRX XX
triosephosphate isomerase Androctonus Crassicauda LKVIACIGELLEERESGKTTEVVNRQTKAIANKISDWSNVVLAYEPVWAIGTGKTATPEQ 180
triosephosphate isomerase Hemiscorpius Lepturus LKVIACIGELLEERESGKTAEVVFRQTKAIADKVTDWDKVVLAYEPVWAIGTGKTASPEQ 180
EEEXXEXEEXERRKEERRE XXX XEXXXXX X X% EEREXKEEXRRXRERER X¥X%
triosephosphate isomerase Androctonus Crassicauda AQEVHAQLRGWLKSNISEDVANKTRIIYGGSVTASNCKELAKNPDVDGFLVGGASLKPEF 240
triosephosphate isomerase Hemiscorpius Lepturus AQEVHAQLRDWLKSNVSEDVANKTRIIYGGSVTAANCKELAKNPDVDGFLVGGASLKPEF 240

triosephosphate
triosephosphate

isomerase Androctonus Crassicauda
isomerase Hemiscorpius Lepturus
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oitrate synthase 1 da t C 1 d MALFRILGTRFIVQTQVI-VPVTLLNRNISDTTOLKGIVANKITIEHQKRVKKFREEYGDK 59
ocitrate synthase 1 Hemiscorplus Lepturus MALF RVLGSRIFAQSQVTTAPIWLSRSVSDTTDLKGI LADKIIDHQKRVKKFREVYGSK 60
LA AL L L - AA LA L L L L L B L L L L L L L L L L L
citrate synthase 1 d t cx i da VIGEITVSQVYGGMRGMKGLVTETSHLOPEEGIRFRNYSIPEIRNLLPKAPGGEEPLPEG 119
citrate synthase 1 llemimcorpius Lepturus VIGEITVEQVYGGMRGLKSLVTETSHLDPEEGIKFRNHSIPELRKLLPKAPGGEEPLPEG 120
BRERTERE SRR EE O R RRERRERR R R EE R R AR R R R R R R R
oitrate synthase 1 5 L Crassi d LYWLLLTGDIPTPEQVKHVSQEWAKNAALPSHVASTLNNFPSNLHPMSQF SAATTACNTE 179
citrate synthase 1 Hemiscorpius Lepturus LFWLLITGDIPTQEQVKYISKIWAENADLPSHVVTTLNNFPSHLHPMSQFSAATITASNTE 180
WOEEE AR REREEE Reew - LA L A L L LA A L L A LR L L
citrate synthase 1 Androot c A da SKFTKAYSEGVKKTTYWEYVFDDATNLIAKLTPTAATIYRNLYRDGSSTIGATDVNKDWSA 239
citrate synthase 1 Hemiscorplus Lepturus SKFAKAYAEGAKK TTYWEYIYDDSMNLIAKLTPIAATIYRNLYRDGSSIGAIDVNKDWSA 240
- wew LA L L L L L L - AR L L L AR L R R R L L L L L L L AL L L L Ll
oltrate synthase 1 Androotonus Crassiocauda NFTAMLGYDNPTFTELMRLYLTIHSDHEGGNVSAHTTHLVGSALSDPYLSFAAGINGLAG 299
oltrate synthase 1 Hemiscorpius Lepturus NFTSMLGYDSSTF TELMRLYLTIHSDHEGGNVSAHT THLVGSALSDPYLSFAAGMDGLAG 300
A AR R R L L L R R -
citrate synthase 1 And t [+ i d. PLHGLANQEVLVWLTKLOKELGTDASEDKLKEFVWKTLKSGQVIPGYGHAVLRKTOPRYT 359
eitrate synthase 1 Hemiscorpius Lepturus PLHGLANQEVLVWL TKLQKELGDNVTEEQLKEF VWK TLKSGQVVPGYGHAVLRKTDPRYI 360
R L R L L L - AR R R R EATE SRR r .
oltrate synthase 1 Androotonus Crassiocauda AQREFALKHLPDDPLFKLVASTYKVVPPILLELGKVKNPWPNVDAHSGVLLQHFGMKEMQ 419
citrate synthase 1 Hemiscorpius Lepturus AQRE FAQKHLPNDPLFKLVSQLYKVWPPILLELGKVKNPWPNVDAHSGVLLQHFGMTEMQ 420
BREANE MRS R E e BEERBRAR RN A AR AR AETRN AR TR R EEn e
oitrate synthase 1 Androot c: i da YYTVLFGVSRALGVLASLVWDRAMGLPTERPKSMOTSGLMKLVGAV® 465
olitrate synthase 1 Hamiscorpius Lepturus YYTVLEGVSRALGVLSSLVWORAMGLPIERPKSMOTDGLMKLVGALY 466
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gl 6-ph hate 1 And t Crassiocauda MVFEQSGSLSONPNYKKLQEYKKSNESKLYMPALFKNDPGRFDKYHICLKTPVDGKILFD 60
gl 6-phosphate i ase Hamimcorpius Lapturus MSFQQEGSL TDDAAYKAL COYKKNNE TKLYMP TMFANDAERFNKYSIQLKTPENGVILFD 60
- * - e A - . SRR A e . e CE L L . maas
glucose-6-phosphate 4 ase And t Crassicauda  YSKNIIDEEVLKLLLELAKERKVEQARDAMFSGEKINFTEDRAVLHIALRNRKNSPINVN 120
glucose-6-phosphate isomerase Hemisocorpius Lepturus YSENLINEEVQKQLLELAKNRKVEQARDAMFSGEKINFTENRAVLHIALRNRSNTPIMVD 120
WEEE B BEE B RSSEEE SAESANAENNAAEEEANNNS TEESSABSENS ¥ AE @
gl 6-ph hate 1 e And t Crassicauda  GKOVMPGVNAVLKHMAEF TDAVRSGNWKGYTGKSITDIINIGIGGSDLGPVMVTEALRHY 180
glm-a-s-pho-ph.t. isomerase Hemiscorpius Lepturus GSDVMPGVNAVLKHMREF S| EWKGF TGKSITDIVNIGIGGSDLGPVMVTEALRHY 180
o SessEESESSEeessE  MENE S4E SASesess HRessessesssEesssEenn
gl 6-phosphate i And t Crassiocauda RGNGPNAHFVSNIDGTHLAEILKKLNPETSLFITASKTFTTQETITNAESAKEWFLSHAK 240
gl 6-phosphate i Hamiscorpius Lapturus RGNGPNAHFVSNIDG THMAE TLKKLNPETSLFITASKTFTTQETITNAESAKEWFLGHAK 240
e e e AP e e
glucose-6-phosphate i ane d t Crasmicauda  DPSAVAKHEVALSTNGPKVKEFGIDEKNME EFWOWVGGRYSLWSAIGLSISLFIGMONFE 300
gl 6-phosphate 1 ase Hemisoorpius Lepturus  QP3NIAKHTVALSTMCROKERGIOEIMEETNOVOCIELIAICLIIALIvEINEE %00
gl 6-ph hate i And t Crassiocauda  ELLSGAMYIDEMFKTTPLEKNIPVIMALLGIWYMNIFGAESHALLPYDQYLHRFAAYFQQ 360
ql.uoo-o-s-pho.phnu isomerase Hemiscorpius Lepturus ALLAGAHF IOQHFKTAPLEKNIPVIMALLGVWYHNIYGAESHALLPYDQYLHRFAAYFQQ 360
%4 SEE SE SEGE SEEENIENEEENES BEEEE SEGENIESANASEEEESEEREES
glucose-6-phosphate i Androot Crassicauda  GDMESNGKYVTRSGMQUNYNTGPIVWGEPGTNGQHARYQL THQGTRL IPCDF TAPVKSHN 420
glucose~6-phosphate isomerase Hemiscorpius Lepturus WESNGKWTRNGHWVTTCPIMEPGTNGQ'MFVQUHQGTRL!PC?FIAP\‘IKSPN 420
WRessseEAESS B 4 4 SeGsEGENSEEREeTESNStRERResERRRERSR RS
glucose-6-phosphate 1 Androoct Crassicauda  p|RNNLHHELLLSNFLAQTEALMKGK TKDEAEKELKQSGASEDNIKKILPHKVFLGNRPT 480
glucosa-~6-phosphata isomsrase Hamiscorplus Lepturus PLD'NNLH'IELLLSNGLAQTEALHKGKTK!!AEA!LRKMEKLKKILPMKVF@NKPT 480
T N I T T SaenEnnan HEww
gluocose-6-phosphate isomerase Androotonus Crassioauda NSILVOKMTPENLGAL TAMYEHKIF TQGIIWDINSYDQWGVE LGKQLAKVINPELQSADP 540
glucose-6-phosphate 1 Homi pius Lopt NSVLVOKMTPENLGAL TAMYEHKIF TQGT IWDINSYDQWGVELGKQLAKVIHPELTSS0A 540
B L T T T T
glucosa~6-phosphate 1 And t Crassicauda VSSHDSSTNGLINFIKANK® 559
glucone~6-phosphate isomerase Hemiscorpius Lepturus VTSHDCSTNGLINFIKEQK* 559
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aatalase Androotonus Crassicauds MADSRDPASDQMKQWK EQRAPQKPDVL TTGGGNP IGDKLNIMTAGP RGP LLVQDVWFTDE [e15]
catalase Hemiscorplus Leplurfus i e e MVAGSRGPMVLQDVWFLEE 19

W e, R -

catalase Androgtonus Crassicauda MAHFDRERIPERVVHAKGAGAFGYFEVTHDITRYSKAKVFEHIGKRTPTAVRFSTVAGES 120
catalase Hemiscorplus Lepturus MAHFDRERIPERVVHAKGAGAFGYFQVTHDITRYCKAALFSEIGKVTPLAVRFSQVTGES 79

R L L L P

ocatalase Androotonus Crassicauda GSADTVRDPRGFAVEKFYTEDGNWDLVGNNTPIFFIRDAMLFPSFIHSQKRNPQTHLKDPD 180
catalase Homiscorpius Lepturum GSADTVRDPRGFAIKFYTEEGNWDLVANNTPIFFLRDPMLFPSFIHTQKRNPVTHLKDAD 139

] ] OO R e e

catalase Androotonus Crassioaunda MVWOFWSLCPESLHQVTFLFSDRGIPDGHRHMNGYGSHTF KLVNANGEAVYCKFHYKTDQ 240
catalase Homiscorpius Lepturus MFWOFISLRPETTHQVSFLFSDRGIPOGYRHMHGHGGHTYKIVNAKNEPFYCKFHYKTDQ 199

WO R O s s

aatalase Androotonus Crassioauda GIKNLPVEEAGRLAQEDPDYGLRDLFNAIASGNYPSWTFYIQVMTFKEAETFPFNPFOLT 300

catalase Hemiscorpius Lepturus GIRNLPVERAAELASTDPDYALRDLYNAIAEKRYPSWTFYVQVMTYEQAENF RWNPFDVT 259
I

Gatalase A r Crasmsi 1 KVWPHKOYPLIPVGKLVLNRNPANYFAEVEQMAFDPSNMPPGT EPSPDKMLQGRLFAYPD 6o

catalase Hemiscorpius Lepturus KIWPHPEFPLIPVGKIVLDRNPTNYFKDVEQIAFCPSHLVPGIEPSPDKMLQSRLFSYTD a9
O:-.‘ ::.."..t:o.:‘..:‘.. ;‘.t:.. ..:: .t-.....‘...'&..:- -

catalasa Androotonus Grassicauda THRHRLGPNYLQIPVNCPYRARVANYQRDGPMCMHDNQGGAPNYYPNSF SAPEQQGSAL E 420
ocatalase Hemisocorpius Lepturus THRHRLGTNFLQIPVNCPYRTKPRHYQRDGPL TVDDNQDGAPNYFPNSFNGPDONPIYLE 179

LA LD PR L L L L L L L AL L L PR LD DL L PR L I e -

catalase Androctonus Crassiocauda HHSQCSADVKRFNSANEDNVTQVRTFYTKVILNEEERKRLCENTANHLKDAQL F IQRKAVK A80O

catalame Hemimcorpius Lepturus SPICTTGEVKRYNTSDDDNFSQVGVFYRKVLTSDERTRLINNIVNHLKNAQKS IQERATK 439
AN SN AR A AP PAA- lgintr S A
oatalase Androot Crassi q NF TDVHPDYGARVQALLDQYNSQKPKNAIHTYVQAGSHIAAKGKANL %27
catalase Hemimcorpius Lepturums NFSKADPEYGQRIKEGLLQLSAGHGQL « « = =« = = =« = =« v v o v v a66
M % a
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Enclase Androct c i da MPISKIYARQIFDSRGNPTVEVDLTTEKGLFRAAVPSGASTGIHEALEMRDGDKGAYMGK 60©
Enclase Hemiscorpius Lepturus MPITKIFARQIFDSRGNPTVEVDLTTEKGMFRAAVPSGASTGIYEALELRDGDKSAYMGK 60

MM R MK N o R N RO RN R K I I O O O R R R R R RO O R ok ek

Enolase Androoct C i d GVKNAVNNVNNVIAPAL IAKQFDPVNQTEIDEFMIALDGTENKSKLGANAILGVSLAVCK 120

Enolase Hemiscorpius Lepturus GVKKAVDHVNNT IGPAIVSKQMDPVNQTEIDELMINLDGTENKAKFGANAVLGVSLAVCK 120
XX X% XX X X% KE EEEREEEEREE KX KEXXREER Kk XXX XREEERKEREER

Enolase Androct c i da AGAAHKGVPLFKHIADLAGNTNIVLPVPAFNVINGGSHAGNKLAMQEFMILPTGASNFTE 180

Enolase Hemiscorpius Lepturus AGAAHKGVPLYKHIADLAGNTNIILPVPAFNVINGGSHAGNKLAMQEFMILPTGASSFTE 180

A A A K K R R AR R K R A K R R K R R K KR K KR K RO KK R R R R R

Enclase Androct C i d AMKMGSEVYHHLKGVIKKKFGLDATSVGDEGGFAPNIQDNKEGLELIKEAIQLAGYTGKI 240
Enolase Hemiscorpius Lepturus AMKMGTETYHHLKAVIKKKFGLDATSVGDEGGFAPNILDNKAGLELIKEAIELAGYTGKI 240

e e e e

Enolase Androctonus Crassicauda EIGMDVAASEFHKNGKYDLDFKNPKSDPSTYITPDQLADIYLDFIKNYPVVSIEDPFDQD 300
Enolase Hemiscorpius Lepturus EIGMDVAASEFHKNGKYDLDFKNPNSDPSTYISPDELANIYLDFIKNYPLVTIEDPFDQD 300

HERE R R R R R R R R R R R R KRR RE R R RRERERRERE Ok KRRk EREE

Enclase Androctonus Crassicauda DWDAWTKLCSNVQIQIVGODDLTVTNPKRIQMAVDKKACNCLLLKVNQIGSVTESIKAHNL 360
Enclase Hemiscorpius Lepturus HWDAWTKFCSSVQIQVVGDDLTVTNPKRIQTAIDKKACNCLLLKVNQIGSVTESIKAHNL 360

EEEEER KR KRR EEERERCERROR R KR K K R K R RO O KK R K O KR ROR K

Enoclase Androct c i d AKANGWGTMVSHRSGETEDSTIADLVFGLGTCQIKTGAPCRSERLCKYNQILRIEEELGA 420
Enolase Hemiscorpius Lepturus AKANGWGTMVSHRSGETEDSTIADLVVGLGTGQIKTGAPCRSERLCKYNQILRIEEELGS 420

A R K K R N R R R I K R I R 0 R A A R R S o o S R ok

Enoclase Androct cC i d GAKYAGKNFRHPQ* 433
Enolase Hemiscorpius Lepturus NARYAGKNFRCPK* 433
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