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Research title : Genetic diversity of the Mediterranean recluse spider

(Loxosceles rufescens (Dufour, 1820)) in Thailand
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Abstract

Loxosceles rufescens (Dufour, 1820) or Mediterranean recluse spider is native to the
Mediterranean but considered cosmopolitan because it has been dispersed worldwide in
both tropical and temperate areas. In 2016, L. rufescens was discovered in Thailand at Wang
Pra limestone cave in Kanchanaburi Province, assuming the spiders were introduced into
Thailand during World War Il. However in this study, L. rufescens was collected from two
more provinces in Thailand: Ratchaburi and Prachuap Kirikhan. To address the questions
regarding the introduction events and current distribution of L. rufescens in Thailand, partial
Cytochrome ¢ Oxidase | gene (COI) (463 bp) were analyzed as a result from DNA extraction,
PCR amplification, and direct DNA-sequencing of 34 L. rufescens samples collected from 6
limestone caves in Thailand. Phylogenetic relationships were analyzed under HKY+G model
using L. rufescens sequences deposited in GenBank from the Mediterranean, Europe,
Americas, Australia, and China. Bayesian Inference (Bl) method was implemented for
phylogenetic analyses using Markov Chain Monte Carlo algorithm and 2,000,000,000 runs.
Data were collected every 200,000 cycles with burn-in 10% to be discarded. The results
suggest that samples of L. rufescens in Thailand comprise at least two mitochondrial lineages
(lineage A and B) from the Mediterranean areas. In addition, samples collected from Wang
Pra and Fa to limestone caves show both lineages living in the same area. Furthermore,
sequences obtained from individuals in Wat Tum Koa Kunchon limestone may be a cryptic
species relating to L. rufescens. This study is the first to reveal high genetic diversity of L.
rufescens populations in Thailand. For future works, microsatellite markers will be employed
to analyze the population genetic structure of L. rufescens populations in Thailand to

complement the mtDNA works.

Keywords: Cave; Loxoscelism; Phylogenetic tree
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3.1. 369 gUnsaluazan Al
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anuazaunsal

- NITkNTHIGR

- viaealulAsieunsiag (microcentrifuge tube)

- padlea

- napglny

- ngUvay

- VINALITU

- Automatic micropipette P2, P10, P20, P200 t.azP1000 (HWLAB Co.,
Ltd., Thailand)

- Electrophoresis chamber and power supply (Cosmo Bio Co., Ltd.,
USA)

- Analytical balances (Sarorius, Germany)

- Microwave (Samsung, Korea)

- DNA thermal cycle (Biometra, Germany)

- -20 °C Freezer

- Digital dry bath incubator (Major Science, Taiwan)

- Vortex mixture model (Hangzhou Miu Instiuments Co., Ltd)

- Centrifuge model (Hangzhou miu instrument Co., Ltd)

- Mini centrifuge combination series (Hangzhou miu instrument Co.,
Ltd)

- Ultraviolet Transilluminator (Spectroline®, USA)

- Mini pestle



aA156A%

- Genomic DNA Extraction (Tiangen, China)

- Agarose (Nacalai tesque,Inc,Japan)

- 10 uM LCO1490 wag HCO2198 (forward primer Wag reverse primer)

- Red safe™ Nucleic Acid Staining Solution (iNtRON Biotechnology,
Inc.)

- 100 pg/pl 1000 bp DAN ladder

- 100 pg/pl 100 bp DAN ladder

- 10X PCR buffer

- 10 mM Deoxynucleotide (dNTP) Solution Mix

- 5 unit/pl Tag polymerase

- 50 mM MgCL2

- 1X TBE buffer

- Sterile distilled water

- HiYield™ Gel/PCR DNA Fragments Extraction Kit (Life Biomedical
Limited, England)

- BluelJuice™ Gel Loading Buffer (6X) (Invitrogen, USA)

3.2. A79819UU9Y

nMsETanaunt §ITeTudeniv waesiuTindmednsan 3 Jwda lown

s

2.AMYIUYT, 2.519Y3 kag 2.U58UATTUS

3.3. Yumumsuianisluiesuinng

3.3.1. N1FANAMLDULD

o w 1 Ny MY o ae [ v a &
UIRIDY LN L. rufescens VlEJQlZJI@ﬁﬂ@@LE)uL@ nNdannnLeay

lngldynanin Genomic DNA Extraction (Tiangen, China) auailan1saia
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3.3.2. A399aUUTINM wazAaNNYasENsEinAd U UBRURI83T agarose

gel electrophoresis

thansafndidulefiléannisatadiadiu uninismsrsseuganim
Jesdunouthluiasest fae3s agarose gel electrophoresis lagld 1.5
% agarose gel ifumau fall Faivinne agarose $1uau 1.5 n3u asly
VINPUTY 9ntufin 1X TBE buffer U3uas 100 faddnsadluvingusy
wuiu wavivangusululianuieumelulasian uns agarose avane
Huilowdeaiu TBE buffer Wnlilvmegu douiinisifiu Red safe™
Nucleic Acid Staining solution aslu 5 lulasans aeUsuins 100 Jadans
Tnefl Red safe™ Nucleic Acid Staining solution %ﬁ@mamﬁmummmﬂ
dufugiuaiiegmelumediduiels uaziiledesneléuas ultraviolet ag
UsINQuausosuasasidue vinswasazatgluringusuadluninm
Wafil plate waw comb FeuliiFuudes so9u agarose gel wlas Uszauna
25 Wit wd2F9VN5Ae comb ean wazen plate il agarose gel fiudesh
wara9lulu Electrophoresis chamber f\]'mﬁy'um 1X TBE buffer 1974
agarose gel mauvIN1SNEL PCR product AU gel loading buffer Tudngau
2:1 VU5 &N wdveanadlu® comb uu agarose el wagld 1000 bp
DAN ladder U319 2 Tulasdns t8u marker lunsifisuauia 13unns
e nA3ed electrophoresis Tnarfmualvusunavasnseuabiiii 300
fadueud wazaruaredndludn 100 Taad (Wuna 30 Wit 91w
agarose gel lUdosn1elauas ultraviolet §rea309 UV transilluminator
vnannsaansatnadueagluaunmildaiuls azfutauSosuasdidu
waziidnvararaduuuienain mnduiiivinwasatamduenisld

gaumngil -20 °C
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3.3.3. nstaUSINaRB U UNEYeBU COl deujizenanldnadiualsd

(Polymerase Chain Reaction: PCR)

thansadaiduleveuuayuiafaldunfinuinamibueveady
Cytochrome Oxidase | (CON lngldglnsiuas LCO1490 (5-GGT CAA CAA
ATC ATA AAG ATA TTG G-3’) thag HCO2198 (5’-TAA ACT TCA GGG TGA
CCA AAA AAT CA-3") (Folmer et al, 1994) Ldudunuunislunisifia
UsuuaieUisen PCR nenseudiunanvosu]isen PCR Tunasn
microcentrifuge Yu1M 1.5 fiaddnssamsnsdt 1 wazifinUSunafisuesie

L84 thermo cycler lABATRUARNIZAIAITINT 2

A51a7l 1 dhulseneuveaUfiien PCR veaglnsiued LCO1490 uay HCO2198 luusiay

Unsen
GAL] Y3uns ()

DNA template 2

0.2 uM forward primer 0.5
0.2 UM reverse primer 0.5
10X PCR buffer 2.5
10 mM Deoxynucleotide (dNTP) solution mix 0.1
5 units/pl Tag DNA Polymerase 0.2
50 mM MgCl, 1.0
Sterile distilled water 18.2

25



12

A1519% 2 anneldlunsiinySunaRduwevewAIee thermo cycler

Tumay gauugil (°C) szasIan (Ud) J1UUTBY
Pre-denaturation 94 5:00 1
Denaturation 94 0:45
Annealing 50 1:00 ar
Extension 72 1:00
Final extension 72 7:00 1

3.3.4. N15ASAVEDUVUIAYBY PCR Product ¥89U198Uv098U COl A875

agarose gel electrophoresis

NSATIIAOUTLIN WazANMUBINAR TNl FaINUFATEN PCR e
7% agarose gel electrophoresis Ingagld 1.5% agarose gel ﬁ%umu @fﬂ‘ﬁ
Fadmdnna agarose 9143 1.5 N3 asluvingusy 9nduLdy 1X TBE
buffer Usuns 100 Iadansasluvingusuguiu wazihvingusululiaiy
fougelulasianl auns agarose avanatfuiiioweaiu TBE buffer Walsly
Waa:u AOUMINTTLAN Red safe™ Nucleic Acid Staining solution agld 5
lulasins deusuing 100 Tadans vinnsmansazareluvingusuadluniam
Wafidl plate way comb @auliBeudos seau acarose cel s Uszuna
30 W19l WEIT9INIsAe comb pan wazen plate 71l agarose gel Awdas"
waaaslulu Electrophoresis chamber 91nduLn 1X TBE buffer 1fviaa
agarose gel ARLNYINATHALNARAMIN PCR AU gel loading buffer Tudngiu
2:1 VUMY wdmeenatlud comb U agarose gel wazld 100 bp DAN
ladder U3u105 2 lulasdns diewdu marker Tunisiieuawin Sunisviay
204LA304 electrophoresis Taarinualiusunamesnszualnii 300 Aa3
woud wazausedndludin 100 Taad Wunan 25 undt antuii agarose
gel lUdnanelduas ultraviolet fmeLA3as UV transilluminator wnanunse
dWnuTaAduleuTindu cor 'l asunnguauiieanasvesiiduely

FiLivuInUTzIal 700 bp
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3.3.5. Purification waz DNA sequencing ¥89UN4duv898U COJ

Fnsfadendegisainuanisiiinlsunadu cor finainesling
nsanwldveslundaziud u1viinas Purification Tneld Hivield™
Gel/PCR DNA Fragments Extraction Kit (Life Biomedical Limited,
England) wazdswdndauafilaludinsizinididuiindlelnafiusen

Macrogen UsgineaLnuala

3.4. YUABUNISIATIZINE

3.4.1. MIAATzRaNNFuRusIBTauInsuazn1saisurunidedlnu

[

39U1N1T (Phylogenetic tree)

dialadeyadduiiindlolndveudaziieg1wdd insnsIvaeuaIy
gndesvesanuindlelvdmeaeni lagldlusunsy MEGA X (Kumar et

al.,, 2018) Aantutaduiiadlelnanlaluiseuiisuiugiudeyalu

(%
v [ Y

GenBank (Altschul et al., 1990) siauniindauaainuinalelnaianuaun

U

14 O Y a A

MN133m3ee (multiple alignment) saufiudayadiduiiindlelndauive
¥94A0 Luo and Li kay Massa wavaag 39l#1n15@nuuuayy
L. rufescens NUIZNARN 9) silan wu 3u, luseals, awWy, n3n, Al
wardnsIu Mulusunsy MEGA X Tnglddumeudzuuy clastalW wazsmun
outgroup VBINNTIATIEN AD L. taino Way L. cubana ﬁ]’mﬁjuﬁ'wqmé’wé’u
Thedlelndlusimsandendiduelunaiimunzauiigalasldlusunsa

(%
v Y

JModeltest (Posada, 2008) fioa1ntuazirveyaninuaidnglusunsy

AV

¥V

Beauti (Drummond and Rambaut, 2007) wieadslnailalun1siasizs
AuduRuS 3 aunng Wnedmune fail wedanisdusetiauuy
Markov Chain Monte Carlo (MCMC) §117U58UN15AUNT 2,000,000,000
sou wagvhnsiudogann 9 200,000 sou nduazilldRana1lush
NNSATIERANUFUNUSITI TWNUINITAIETD Bayesian inference WU The

CIPRES Science Gateway (www.phylo.org) (Miller et al., 2010) Ta el
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i

Fumeuituuulusunsy Beast Mntudlonisiinsiesiiatadu asthdayaly
¥1M15 burn-in 10% Lileanmuiadeu tiedan1sn1sdunidaegnly
Prausniidasliiiaiiosesn Tagldlusunsy Tracer (Rambaut et al,, 2018)
wazdumeugnineazindeyaiomaluavoonuniunimukugissdan

Tuns felusunsu Figtree (Rambaut ,2009)
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UNN 4 HanNISANE
4.1. NAN1SIIVTIUAIDENY

AIdelaaen AT Ieiiieg9a1n 3 Jmin lawn 2.09auus 2.91945 wae a.
UsaIuAsTus Usenaumemiiuyurianue 6 a1 lnedlfieg1asin 153 f39e19 f9n1wi 7

WarA13199 3 (AAKWIN 1)

d‘ ld‘ o L 1 a ,6’ U
AMWN 7 FOUNNINITIIVTINAIDY LU L. rufescens Tuuszinelne AU ATNNTY

v 14
a ! [J a = A

A.NYIUYT, AR 0D 2.97%YT, AT 0181301 2.59%UT, REVED4: LN

q

o 3 ad o s

NYYS 2.NIYIYT hay IRALALTN: INUINUANTE waza N 2.U58IUASTUS
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A1519%1 3 ADNUNNYINNITIIVSIUAIBYN

. y . MUIUAIDYY
a1nu G hl .
(a")
1 rfewse .010AuyE WP)  14°15'03.7'N 99°04'29.4°F 29
2 dla 2.51943 (FT) 13°34'32.95"N 99°46'29.38"E 23
3 f1a13n1 2.51%43 (SR) 13°38'48.6'N 99°44'12.9'E a5
i ENas 1.9 (KO 13°29'20.7'N 99°42'16.7'E 28
5 gilnwn 2.UseuAsius (KS)  12°20'20.5'N 99°59'54.7'F 20
6 Simudgn® 12°20'18.51"N 99°59'50.95'E 8
2.U5EUASTUS (NM)
153

4.2. HANSENARALDULD

WY L. rufescens 313U 72 feg1e wviinisaiafdue wudwndaegneilans
afnfduefiegluamnimmuizay Nagdiluriinisimsigise lnewandliiuainnig

MIIADUAIBLNATLIA agarose gel electrophoresis (NAKNUIN 2)

4.3. gamaiinUiunafiduevesdiy COl dreujizenanlgnadiuaisd (Polymerase

Chain Reaction: PCR)

A o v a a & o a a a a
Wehasannaduleuseyyl L. rufescens Miavan 11vinsiiidusunauinugy Col
AUAze1 PCR wazn3i3daunisinalin agarose gel electrophoresis wuanliaunsaLiy

Ysuaudu corlaasunndaeds Ingdiagraianunsaiudsuiadu colla agiiniuend

Ya v = A

HARAUMENUTZUNAL 700 bp (MANWINT 3) falu {IdpTaanueiiegluiaszise

Y Y

I1UIU 34 AL
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4.4. an1svnaisuiinnalalnavasgu COl

IINAIBENUUIYY L. rufescens Naslunianduilndlolndinuiu 34 drog1s Tuiies

U Va o

urlinvesiog ey {33y

Y

18 fegrawiduniinassuiiedlelnddaiau nduwiaty

Jsrasuiiadlelnaluilseuiisuiugiudeyavesdsdiinnountitly Genbank W1y

a o

TUsunTU MEGA X @suanisidseuiisuiuaisuiinadlolnavesdsizinnlavinnisdnyinds
Aounin wudn wxayy L. rufescens nuluuszinalnefidduinadlelndumiiouiuuuayy
L. rufescens iin1sduiinlineunin laeiian Sequencing identity (%identity) 51314

90% 9 100% (AANUIN 4)

4.5. M3AATIZRANMUFURUSITITUUINITUELNITE51 AU TANMUITAUINT
(Phylogenetic tree)
o v a ~ A A 2

INNITVIINITAURALD ULBLUARATILUNZ AN WU WD ILAATILNLNZAUAD HKY+G
nuudlUIATIERANETUSI3aI w535 Bayesian inference TauHUATI9AIY
ao [ d' a J Y 1 a gj [~
FIUNTAININT 8 MINUNUNENUT e L. rufescens Ninuludseinelneiavunagilu
monophyletic clade AU L. rufescens Usginadu o laonigluaisdTauinisdsnan dn1s
wiseanidu 2 lineage M1 posterior probability 11U 0.9964 Taewuintuasdiauing
7 1 (lineage A) fifi0819391n87179W 52 (WP) wazarelaFT) wazluaiedTmuin1si 2
(lineage B) &ifag1931na139ns2(WP), as1la(FT), 81a@13n1(SR) wagtv1a1n v (KC)

dyv a v a d‘ .
UBNIINULINUAIYITIRUINITINAYNULENDBNAIN monophyletic clade VB3 L. rufescens
MEA1 posterior probability i1y 1 IagnuditegeaniunanayysKo agluaeIimuins

i
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AINA 8 Phylogenetic tree 91NN153LASILAULUU Bayesian inference (BI) Tnguaudnag
P P Y] ' A . a8 a Y] oA . a1

Aud1auanaiieg1afegly lineage A waududulansirag1aiogly lineage B 9ndsae
AR08 19RINEINIAINANTINTE, FAUNTY LEAAIIFIDENAINGINIIINIETN, A
W7 wanedieg 19AIna NN Hle, IRERAS LaRIIFIRENAINAINIRINUINNYYT

WAZAILAYUY node WARIAT posterior probability



19

] a ¢
unil 5 F915alNan15ANEN

a

91nuansiieuiisuanuiinnalelnddugiudeyaly Genbank wasNAIINWNUYI

Y Y

WiNuiTauns Winaflaonadesiu Ae uusm L nufescens inuluuszimalne uhagidy
WYY L. rufescens 339 AIUNTSANYIAIEFUFTIUINGIVBIANUTUNT YUYW WA ANY
Lﬁaﬂﬁ]’mLLmqm L. rufescens finuluussindlne gndnidu monophyletic clade fuuuayy
L. rufescens ‘Vuiﬂaﬂ wazdn1sLeNenuIAIN outgroup (L. taino wa¥ L. cubana) D819

IoLAU

1INAITIATIERANUFURUSN 19T TMUINTVOILNYY L. rufescens Tudseinalneg
WU gnudaaeITaunisidu 2 ae3imuins w3e lineage faeA posterior probability
a Y 1 ’oj [ ’6’ gj . = 4 Y @ <2 v
g9 lagsognandianse uazaeila wuns 2 lineage Faonvaevioulviliutianisungnid

wseinAlnennnd 1 Ase vise multiple introduction vaskusyuwiailulssindlvy vl

o ¥ = = a

Juduazdeadins@nuiiedesioule ¥son153LATIEY founder population Usgnaunae

o

9zanunsanaulaan 181N multiple introduction 939 wananldsnvansITauinisi

' '
I a 1

LUNU19N 2 lineage AINATINIEAT posterior probability Mgafign lnedifieg19a1nLeN

| awv & & I PN AN a o 6 Y
Qip}%i@gﬂ’lﬂiuma’nwmmiu "?NEJ'V\]LUUVL‘IJVL@’J’]LLlNl‘!lW]LGU’]inf]‘ﬁyaﬁi @']'Q]NGU‘U@IWU@GU@UWH

2
% 4 o

3o cryptic species MUuls Middndudesorfonis@nwinisdugiuinesiuaie 399y

anusansuriavediusyalunaingyysiiegiauwidn

o

(%
Y

Meidn1senuAnyilugiiiy wandiiiuiissduanusuusivesivngludddin

yiapeiy uisgauazaneITauinig e1allimiugulsesiuiuandaiuld (Warell et al.,

)
= U

2013) Feunsdnregadndavislunidugiuine woren e vesuua L. rufescens
s 2 g tannmsiaudiduuegneds Tnsamsmsfinufassduamuguussesiivyeg
wasy L. rufescens i 2 angi¥amnints Ssoradlugnasianisnisinuiddasignuasss
yinilnalutssmdlngatnegnis wesnmsliausiuussrsuiigndeaferiuuusuriadly

Uszwalnesalyd
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AANUINT 1 ﬂ’]Wﬂ’]iLﬁUﬁ’Jaﬁj’Nﬂ’]ﬂﬁu’m
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AANWINT 2 NANITATIVAOUAMNMNVBIANTANARLO UV LN L. rufescens

MU 72 Fe818 mewaila agarose gel electrophoresis

10 kbp

AMNANANUINT 2.1 NaaNLMATA agarose gel electrophoresis @981 1-7

10 kbp

AMNANANUINT 2.2 Haanwatia agarose gel electrophoresis {98197 11-17

24



10 kbp

AMNAARUINT 2.3 HanmATiA agarose gel electrophoresis @981971 18-19

10 kbp

AMNANANUINT 2.4 NaNVATIA agarose gel electrophoresis A198197 20-21

25
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10 kbp

AMNAARUINT 2.5 Haanwatia agarose gel electrophoresis #9819 22-28

10 kbp

AMNAIANUINT 2.6 HanWATiA agarose gel electrophoresis {98197 29-40



10 kbp

AMNAANUINT 2.7 NaANMATIA agarose gel electrophoresis A19819% 41-52

10 kbp

AMNAARUINT 2.8 HanwATiA agarose gel electrophoresis {98197 53-58
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10 kbp

AMNAARUINT 2.9 HanwmATiA agarose gel electrophoresis @I981971 59-66

10 kbp

AMANANUINT 2.10 waaInLvALiA agarose gel electrophoresis #19819% 67-72
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MARUINT 3 HANTATIVEOUNSHRNUTINUUSEILYRIBY COl AnUfisegnldnediueisa
(Polymerase Chain Reaction: PCR) U84630819ua3jal L. rufescens 3143 72 610819 A3g

WwALA agarose gel electrophoresis

1500 bp

1000 bp
900 bp

AMNAARUINT 3.1 HaanwALia agarose gel electrophoresis 198197 1-4 WA negative

control

1500 bp

1000 bp
900 bp
800 bp
700 bp

600 bp
500 bp
400 bp

300 bp

200 bp

100 bp

AMNAANUINT 3.2 HaanAtia agarose gel electrophoresis #19819% 5-8 4 Lay

negative control
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1500 bp

1000 bp
900 bp
800 bp
700 bp
600 bp
500 bp
400 bp

300 bp

200 bp

100 bp

AMWANANUINT 3.3 NaaNMATA agarose gel electrophoresis @198197 11-16

1500 bp
1000 bE

8008

AMNANARUINT 3.4 wanwatia agarose gel electrophoresis fa8197 9-10, 17-25 uag

negative control
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1500 bp

1000 by
900 bp
P

AMAANUINT 3.5 NaANVATA agarose gel electrophoresis #9819 26-36 Way

negative control

AMNAIARUINT 3.6 HaNLATA agarose gel electrophoresis @1981971 37-47 Lay

negative control
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1500 bp

1000 by
900 bb

AMWATANUINT 3.7 NaaNMATA agarose gel electrophoresis @198197 48-55 Way

negative control

1500 bp

1988 BB
800 bp
700 bp
600 bp
500 bp
400 bp
300 bp

AMNAIANUINT 3.8 HanATA agarose gel electrophoresis @989 57-66



1500 bp

1000 bp
900 bp
800 bp
700 bp

600 bp
500 bp

400 bp
300 bp

200 bp

100 bp

AMNAANUINT 3.9 NaANMATA agarose gel electrophoresis #9819 67-72 Way

negative control

33
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MARUINT 4 HanisiSeudisuaauilinalelndiegnauwuagy L. rufescens fiugmuteyalu

Genbank

A8819

WP_001

WP_002

WP_003

WP_004

WP 018 _L14

WP 021 L17

WP_023 L19

FT_001

FT_003

FT_004

SR_001

SR_006

KC_002

%
identity

99.80%

99.80%

100%

98.82%

94.90%

97.27%

95.10%

99.61%

97.84%

99.80%

99.61%

97.45%

94.24%

delivin

. rufescens

. rufescens

. rufescens

. rufescens

. rufescens

. rufescens

. rufescens

. rufescens

. rufescens

. rufescens

. rufescens

. rufescens

. rufescens

Accession no.

MH382645

MH382645

MH382645

KR706268

KR706262

KR706277

KR706262

MH382645

KR706277

MH382645

MH382645

MH382645

MH673871

an1u

Spain

Spain

Spain

China

Greece

China

Greece

Spain

China

Spain

Spain

Spain

Spain

v a
[MRDN

Luo and Li
(2015)
Luo and Li
(2015)
Luo and Li
(2015)
Luo and Li
(2015)
Luo and Li
(2015)
Luo and Li
(2015)
Luo and Li
(2015)
Luo and Li
(2015)
Luo and Li
(2015)
Luo and Li
(2015)
Luo and Li
(2015)
Luo and Li
(2015)
Pekar et al.

(2018)



KC_003

KC_004

KC_005

KC_010_L53

KC_011_L54

%
identity

96.83%

96.24%

93.63%

99.61%

96.44%

FelivAm

. rufescens

. rufescens

. rufescens

. rufescens

. rufescens

Accession no.

MH673871

MH673871

MH673871

MH382645

MH673871

a01un

Spain

Spain

Spain

Spain

Spain

35

v a
RMNDRN

Pekar et al.
(2018)
Pekar et al.
(2018)
Pekar et al.
(2018)
Luo and Li
(2015)
Pekar et al.

(2018)
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