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YalAsens : MsAneITaunslsluanavesdunduaseidulelassaiman
Tulousay (MaSp1)

DARLAAULATINNG - UNEANINTAT 15URE

54

819158MUINWY | §efans1a158 ag.algnatl 11915

APV - Y7INe

unAnge

Tousa (spider silk) ifudulelusfufiunsuadsduandioldlunsdisdin dde
unsyuieiduiananwiidanulaaunateusznng wasdienuddgmisgaamnssaly
vannvanesy Taeiluanunsadsuunussianveslenamihiinsldanuassiinvessionitld
asleld 7 viin edefavendulefifinruddguasiteyaninisinwiuniiande Jule
lAg9a519uan (dragline silk) %ﬂgﬂmmuﬁaaﬁu Major ampullate Spidroin 1 (MaSp1) uag
g Major ampullate Spidroin 2 (MaSp2) usiagnslshanuluagiunuindeyanisiugnssy
Reafuitauinsvesduiinandulelassarmdnlulowssyy eg198u Masp1 Seleglainnn
i lunsnwadald@nulfidensegnsiitnnliimun 13 a93d el 3 alTdunainnis
11 10x Genomic Sequencing kagA19819uu9y1a N 10 alF¥du131n Spider Assembly
Genome Taspnilvanangiutoya GenBank antudduiandlolndveauusauiis 13

a6 o

aU¥dunsryiumiesdu MaSpl ninsenulilugiudeyadning1d uaztluaaunugil

WANMUNIITAIUINTT (Phylogenetic tree) INaMIAUALRUSNINITRIUINTVOIBU MaSp]
| a & NN Y a ¢ .
JeNINvAToUaNyTIa 13 aUTd Aien153LATI8MUL Bayesian Inference (BI) Na91NN15
ad1auHuT1ANLITRNINTNUIN Uusyaaed Nephilidae wazkiaued Araneidae gnan
aglu clade Wenfiu Faaepadesivnuidenounthil Wesmnduwigulunguiiadslenay
(Orb-weaver spider) LaguaNINTULUILNNFUAINAITY clade AUULUNGY Theridiidae
1l 9939710UNIY Y Latrodectus sp., Nephila sp. wag Argiope sp. 1USINY I ¥3uA UL
135-160 aulneu sgrslsnauasuiamdlolnaandu MaSp! llanunsaansmnuduius

Aelussaygunguaula

AdAsy: Touneyy, wnuniednumatinmnnis, aduindlelng, dilelaseasimen



Research Title : Molecular phylogenetic study of spider dragline silk gene
(MasSp1)
Student name : Miss Kochakorn Woranit
Advisor : Assistant Professor Natapot Warrit, Ph.D.
Department of : Biology
ABSTRACT

Spider silk is a protein fiber spun by spider use for life existence. Spider silk is
also biological materials that have outstanding benefits and importance for industry.
All spider silk can produce 7 different types for different uses and glands. Dragline silk
is the most important silk and most of study specific to this type. This silk controlled
by Major ampullate Spidroin 1 gene (MaSp1) and Major ampullate Spidroin 2 gene
(MaSp2). Nevertheless, there are few studies about evolution of dragline silk gene. In
this study, we select 13 species for taxa selection. There are 3 species from 10x
Genomic Sequencing and 10 species from Spider Assembly Genome downloaded from
GenBank. Then, annotated MaSpl gene position in nucleotide sequence from 13
species. After that, utilized for Phylogenetic analysis using Bayesian Inference (BI). The
phylogenetic analysis reveals that spider from family Nephilidae are grouped in the
same clade with family Araneidae that correspond with previous study because they
are Orb-weaver spider. In addition, spiders from 2 families are claded together with
spiders from family Theridiidae due to Latrodectus sp., Nephila sp. and Argiope sp.,
have common ancestor since 135-160 MYA, Nevertheless, MaSp1 gene cannot resolve

the relationship among another group of spiders.

Keywords: Spider silk, Phylogenetic tree, nucleotide sequence, dragline silk
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uni 1

uni

1.1. anudusnuazyamngslalumsiaualasenis

Toussa (spider silk) udulelusfufiuusumadrstunndioldlunisdssdin Ta
snifumslddmsvadiedafimunzay MWdwsuante wasiiouniedldndedseu (Nentwis
and Heimer, 1987) lowusyuiiednduiagdinnddguaudanlaasuvaiousznng g &
auudaussuazannsofuimiinlfinnnindulelaveviadulomdnndfidaumuiudy
Wity Serwidaveugs warannsndudinnaiauesuaiiZeldlaghidmansenudossuy
AfidufuYosLyEd (Babb et al, 2017) Tnsluanunsaduunussiamveslonuviiiinisly
Nuuazaiinvesrouiildaiisluls 7 4ia (Babb et al, 2017; Blamires et al, 2017) Tngiln
vouduled danuddyde dulefindnann Major ampullate gland lngazndmdule
Tnsaa$1andn (dragline silk) Faduduloununaradieldlunsdniumdenarldlunislses
maummuaammnﬁqﬂ (Garb et al., 2010)

psAUsznoundnvendulonuayufelusiiu Spidroin FadulusAuvuialug fvuia
luanauseuias 350 kDa Usenaudlgnsaeziluy 2,500-3,500 fa laseasn9ved Spidroin
aunsaunuslaaugulann N-terminal, C-terminal wag repetitive region Jaguuidulews
uufilifoyamsnsinuanniaafe ilelassadovdn laodulesdatazgnatiann Major
ampullate gland %ﬁgﬂﬂw@mﬁ’w@u MaSp1l uag MaSp2 (Blamires et al., 2017; Eisoldt et
al,, 2011) fhn1sa$1alusiiu Spidroin

oglsAmuluiiagdunuindeyamaiusnssnisafuifaunnsvesBuiindndule
lassafavantulowusyy Ssflegliuinin vildwnaumautoyamadinmuinisvesdunanan?
nsAnwlunsaiifesntsfnend Tmuinisvesdiu Maspl wie Major ampullate Spidroin 1 71

duarznidulelassairandn (dragline silk) Tulsusayy UsslevdnlasuannsAnuiluasall

[
=~

wdrwasruasudoyaiugrunednuifauinisvesunndnidulela ssasiman deaunse

9

a a

i lUiduseganmnuiingrtun1sAndanaleiug wayunduseansamlunsndadule

sananunlduselemiluwivaamsnaunduleduasizvasiulusunan

1.2. inguszasAvadlasanig

AnvTmunisvestunduaszndulalassasmaniulowusy (MaSp1)



uni 2

NUNIUITIUNITAU

2.1. NMFAINTIUUNLIYUANNAANDUYNTUITIY

uusyidudnivudesiidanuvarnvategs TasdaqUudnnsfunuussyuuinis
48,642 alyd (World Spider Catalog 2020) wi430g phylum arthropoda 816U Araneae
Feanusoutadu 2 order ndnldun Mesothelae wag Opisthtothelae Tnedidnwauzdildly
nsdasuunuueuRsll spinneret o¥aeitldlunisvivly chelicerae Waamiersauaiion
Huvaawusyy pedipalp lElunsdvgneims lagaunsaldanuvauedainaniundndiuunwuayy
sonidu 3 ngundn 1ae Mesothelae 9dl spinneret agu3iaunane abdomen uazlung
opistothelae 3¢l spinneret AvaguiansUany abdomen I@&Iuﬂa;uﬁmmsaLLﬁqaaﬂLfﬁJu 2
infraorder goelagltd1uIuv89 book lung UisuHIUBALTILNTATILUN 1A Araneomorph
¢il book lung 1 ¢ @31 mygalomorph 9il book lung 2 ¢ (Xu et al. 2015)

/ q
O

O ()
WA 2-1 Diagnosis character NMAlUN1TINTINUNKLLN EN8LEY 1 ABFLMUIYEY

. A o 1 A o 1 .
spinneret MUNELAY 2 ABALNUIVDY book lung MHNELEY 3 ADANLUUIVDN chelicerae Law

LAY 4 ARfuniaued pedipalp (MNLABYINT YULATES)



AW 2-2 Diagnosis character 7lglun153nTUNLUEUNGYN Mesothelae nngiay 1 fig

AIYD4 spinneret agUTLINNATE abdomen (ANIABYINT YULATHY)

AW 2-3 Diagnosis character Ml4luN133nTwuNKLaNNGY Opisthothelae lnsaglungs
infraorder Araneomorphae ¥181a% 1 ABAUNLIYDY book lung 1 A UALVNLLAY 2 AB

FUNaYeY spinneret agushauUany abdomen (MNlABYINT YULATES)

AW 2-4 Diagnosis character Ml4luN133ndwunuLagungy Opisthothelae lnsaglung
infraorder Mygalomorphae #1880 1 ARFLU89 book lung 2 f;j LAEHILAY 2 A

FULaed spinneret agusanla1e abdomen (A nlagyINT YUIATYS)



2.2. yilauazlaseaievaadulenuayy
2.2.1. deuitlilunswandulouazvinvoadulounsyy
dilsunsyuannsoutsesnliiu 7 vde Suundssianvedemumiiiinisldom
wazsiaveseuildainile Wulounsuusazedatuazndnandeudldlunisainsled

WANFE19TL f9dl 1. Ay major ampullate agudniduly dragline fintldulassasniandn

a

a o ) 1 = 3 [ 1 [~ v
vaslouuayundanvauziiunivie lnedeanyadudnansvessuazinoanidunuisal
2. @93 minor ampullate azudaidulev soarnlasinanveaiduly dragline 3. aow
flagelliform azndmdulefiiuwnundnvoslownayy 4. sou aggregate azndniduleil
o I3 ~ 0 o A 19 ' ) Y a & ) ' . =~
anwaziluneamiodmiudsudulygestnduduleiduwnunan 5. siou piriform %139

. a Y] ° o = a Y] o o oA A = v . Y o A
pyriform aznanduledgmnsudainig Inendaduludmsuounsedaduly dragline WU
ganizdmanidlid Wudu 6. saw tubiliform %se cylindriform azudndulodwiureniuly
Fuusnluluyuneidey wag 7. siou aciniform asndndulodmsudumdanasviouly

(Garb et al., 2010; Penney et al., 2013)

AMmd 2-5 Microdissection vasseniildlunisndndule 7 ¥dn U3o abdomen Yo
43 Nephila clavipes vuneLav 1 AaRau major ampullate wunsLay 2 Aasaw flagelliform
N8LaY 3 ARBN minor ampullate MUNBLEY 4 ADADL aggregate NUNBLAY 5 ABDY
aciniform “N1ELaY 6 ABsBN tubiliform wagRuIBLEY 7 ABABU pyriform

(Vierra et al., 2011)



a v a ° Y a v a ] g v
A 2-6 wdulounagy 7 vl uwunUssinnvedlenunihnnisidauiasviinvewounld
as1alevednueyy Araneus diadematus dunavsnefiadule dragline N@s1991nsad major

a = v A v ] . o a = v A v
ampullate FisnnnstaduleNasisainsaeu minor ampullate #lvavunsdadulefasng
neew flagelliform dRununetaduleNasnsainson aggregate d@nmanunutadulyd
a519391nsi08 cylindriform dwdssnetiaduleiiaiieainden aciniform wazddunugia

dlefiadaansien pyriform (Zheng and Ling, 2018)

2.2.2. Ussnnvasleuasyy (spider web)

TownsaAnannstuveadulounsumanvanedseinnauindugusnesled
vanmanesudnuaznsliy veveavde waAnIIuveILLN Awindon videdsTlazan
Mg uns1eiuddle (Harmer et al, 2010) dveg19vadlouuayy 1wy louuaguussian
Trapdoor ad1slefiannsadlalald lnsorfeTanmusssuvduidudunilwesiile wagle
aanananusalUnUnle wuluuussungs Mesothelae wag Mygalomorph leusasuussiny
Cob web a$1slszninglulsl Al vietannusssuvid lunaayuied Therididae 1
Usziam Sheet web L8ulefidnuazadns Cob web usuansefunssilafififvsedisusisilyl
wiiou Tuussunsd Linyphiidae Wudu leszinn Orb web wiolonau 1ulouwssyuilil
nsfnwnn levssanifianumismagauudusenn fnFenuamunguiviinsale

UszLnni71 Orbiculariae %158 Orb-weaver spider (Coddington and Levi, 1991; Garrison

et al.,, 2016)



i 2-7 leusauuszian Cob web wag Sheet web A A-F Aelauusuussian Cob
web. Ingnn A-B lenias1eainuuany Parasteatoda (Achaearanea) valoka. s C g

wiaynUsELan Cob web o1 Star web LHulediaiisan juvenile YD
Parasteatoda (Achaearanea) sp. 170 D iaﬁa%ammmmu Theridion sp. 17N E o
a¥99NULIIHelvibis cf. thorelli A F lefia¥aainuasys Anelosimus sp. Wagn i G
lousanuusznm Sheet web Tuuais Dubiaranea sp. (Linyphiidae) (Blackledge et al.,
2011)

2.2.3. Tanau (Orb web) wazuusyuitai1slenan (Orb-weaver spider)

Tonau (Orb web) WHunildluvssnnlonsuniuusmaiduainioldlunisdsdio
TneiSenuusuunguiivhnisadsleussuaniian Orbiculariae Tneusznaulusautey 7 29d
Toussinilidnvasdandildioidoningimedenoutianas luuadioraFends

= Aa o Yy v & 1 A A
wagon wheel ‘Vﬁ'ﬂﬂﬂcl/]llaﬂwmgﬂaqﬂaaiﬂ‘ﬂ@fliﬂUiinﬂ Iﬂﬂamuuumﬂm’]ﬂﬁ]’]ﬂiﬂﬂigLﬂm@u@l@



f3U519 297 Usenaunae spiral silk Aflaunideanasd stereotypic pattern lonay
Usznoulusiefe adhesive capture spiral waz viscid spiral 7l a319a 0 duleans au
Flagelliform wasidulefiadrannsdou Agerecate luszwinafiviinistiuly dawimduniu
audnanavadlofaus < 2 cm. (Anapidae) ulUsuuiauszanas 2 m. (Caerostris darwini)
Tnesusnsvadlonauazunnitstuluogfungnssuuassuuuuraamstiile (Blackledge et
al,, 2011)

AWl 2-8 Stabilimenta Tulonas (Orb web) . am A-C lonauiiadraannusss Argiope

argentata (Costa Rica). A D lenaufiad1sain Uloborus glomosus (USA). i E lenay
71519910 unidentified araneid (New Britain). nw F Tonaufiad1sain Cyclosa caroli
(Costa Rica). a1 G- LLNQQMU%L?M@@@UéﬂmﬂﬁJLﬁlaaaﬂﬂﬂuwém’]ﬂw. 2N G Y
Nephila clavipes (Costa Rica). AN H Argiope argentata (Costa Rica). AN | Cyclosa
caroli (Costa Rica) (Blackledge et al., 2011)
2.2.4. assaievaadulouusyy



psAUsznoundnvesdulonuayuAelusiu Spidroin Fadulusiuvuialug fvuia
lutanauseuias 350 kDa Usgnauniensnezily 2,500-3,500 #9 1AT9a3199049 Spidroin
annsanuslaaudiulann N-terminal, C-terminal wag repetitive region lag@asdauisn
wfuuinaiegdiuvaesvesanslusiu uduithinudifugadh (tandem repeat) vos
nanowdlu Teaesuinnm 30-400 1 wazddveriluluudasyadiazuansefulluus
yuusazyila (Eisoldt et al., 2011)

Repetitive region wualu 2 Tassadrananae lassassusnde crystal domain %3e
B sheet ¥imthitldnnuudsussAndudadiu 50-709% voslusAunsvmaluduls 1Ananans
Tdenvesnsnesdlufieadnfafusnindudnuuzvedn Tnefidnvusnisseadidures
nsmaxdily 2 sUluU A8 poly (A) uag poly (GA) suuuuusnUsENaUmMEnIAayily syaiily
(A: alanine) 1isvilaifen JULUUTaesUsznaudionsnezdlu 2 wila Ao ezandu (A
alanine) waz N11u (G: guanine) 1ATIE319MDUIAB amorphous 138 B spiral vl

ANUEAEU TdnwurnsiTeadinuvenIneziily 2 sULUY fie GGX 138 GPG(X)n FaTue

Y

o a

Auvidavesduly sUnuuusnUsenaulgnsnezdlu n3ilu (G guanine) uag X uny

o [ 6

dyanuwal A Q, Y ag S vaneiensaeriludadeld ovaniu (A: alanine), ngmiu (Q:
glutamine), nls@u (Y: tyrosine) wag Lwo3u (S: serine) Iﬂa'gﬂLmuﬁaawszﬂaué’aammas
1Ty n31u (G: guanine) 1UAU (P: proline) war X ununsaedlujuuuuiiginuiunis
SeaanunInesiluvesguuuusn (Audinaluladuazianunavid, 2549; Gatesy et al,,

2001



Al 2-9 Hierarchical structure vouduleainsion major ampullate. fisesu
Macroscopic LLamﬁa%’juuaﬂqmﬁszLﬁu%. fiszdiu microscopic lkandununan (core) ey
sub-microscopic wanslassasnsvaduly. 31nAIMTEAU nanoscopic WanIlATIASIIDY

repetitive rergions Usgnausie Crystalline B-sheet wag amorphous phase

(Humenik et al.,, 2011)



10

Al 2-10 Spidroin molecular organization AT A. Schematic of spidroin primary
structure WaAILATIAS1INEN 3 @IUAB repetitive regions N-terminal wag C-terminal AN
B. nstUTsutisy full-length w84 spidroin paralogs Tun1suanseanueslusiuvastiu
MaSp1 9N Latrodectus hesperus (L.h.) wazdu TuSp1 neay VBILUIYY
Argiope bruennichi (A.b.) L&ng (1) N-terminal domains (2) ﬁ’]ﬁu@@%’]LLiﬂLLﬁzﬁ’]ﬁUﬁ@%ﬂ

gavingvesaduiiipdlolneg (3) C-terminal domains (Garb et al,, 2010)
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2.3. aauanthvesdulonasyuuaznsussandlduszloyd
2.3.1. auaudAvandulouuayy

v = P

Tonusyudiodnduiandrnmiidauautinlanwmuraisusznis 1wy 1Anuudus

q

waraursasuimdnlaunnindulelanevsedulowdnnafnianunuikuuvindu dau

(%
~ 1 U v v

gangugs waranusadudainissyveswuanisulalaslidmansenusossuugidAuiuves

9 Y 9

4

Wy (Babb et al., 2017) a1nN1snAaRUANNEAE UV TARMILANUARAYRIEY (modulus

9

a1 = v A

of electricity) wuinleussyutuiiangsda 1.7 Ingdraana (GPa) Favnifiguiuianau 019
widn felugdavesds (modulus of electricity) Wiy 1.5 3nguUranna (GPa) wenaniiule
v 1 v 14 3 PN 2 1
wasyugadauvuILly 1.3 ndusnegnuiAiung (g/cm’) luvagimanianuvuiuyy 7.8
n3usgnNUIARLAT (g/cm’) Huuansitleuusuiinnuganguseiminvesduledinignii
wiin vihlileusaguanansagadunadsuainusanszunnliuntaedliaindie (we, 2011;

AudmalulaguayTanurieud, 2549; Tokareva et al,, 2013)

2.3.2. msUszanalduszlovi
JagdulatimsundulownayuluvssendldUsslesilunainvaregaainnssy lne
wAdATuEIMNTIN Wi sunsunnd [Wussduszneuvesnsasiudulnnssgnvse.duia
£% & o v @Ay o ! ' J o o <
ndnaile lnudwsuidudauiauna n1sdideeinielusianig uenandugailudy
dulsznevvediastaiaveadoneiunsegu vieyaindueina (1Al 2540; Penney,

2013; Vendrely and Scheibel, 2007)

2.4. NMSUEAIRINVBIBU MaSp! (Major ampullate Spidroin 1 gene)
dulelasaasiavdn (Dragline silk) findnainsiay major ampulate :ﬁ'ﬁuﬁmuamms
wanseanvadlusiuey 2 ¥in Ay MaSp! (Major ampullate Spidroin 1) wagdiu MaSp2
(Major ampullate Spidroin 2) Tnendudiu paralog Sefuuaziiu Wzl imunssauiuiug
191 (Convergent evolution) K 1UNSEUIUNITNANA D intergenic recombination Lay
N5£UILANT recombination, selection ka¥ interaction ¥e9wa 2 £u Aeluadddifoniu
¥8333lA59EE N-terminal uay C-terminal feiugriuinadlolmsusnananiidnvase
ABEART LAZLENIINTLUS A repetitive region §31Ain intergenic pairing i meiosis vinlw
TAssa$19999 poly-Alanine way GGX Suduguuuuddugatsvosnsnesily fanundnends

[y

BN (Ayoub et al., 2007; Sponner et al., 2005)
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2.5. nalnn1ssia Concerted Evolution

1%
o

Concerted Evolution fie wnmsaifiintuludidugativesiiduie tnedifugaen
Suannsaiinsiuauan 2-3 copies aulUiissziudu copies nMuriavediliTinnte cene
family Tnelian1unszuIuns Homogenization daiianu 2 nalnfie Gene conversion
ez Unequal Crossing Over (UCO) (Ganley, 2013; Mercer, 2017)

Unequal recombination

J

Gene conversion

0

AN 2-11 Homogenization MAATUNIUNTEUIUNT recombination W1u 2 naln naln
wsnfe Unequal recombination waannalnilazsinliiiia deletion waz duplication Aaun
Ao Gegne convesion dn1skaniUasuiinudiuvesmduiiandlelnausiauyng) vinlvianns

Wasudwugagmilsluiludnarduyagndsle (Ganley, 2013)

2.6. lllumina Sequencing/ 10x Genomic Sequencing

A13 sequencing i bEnaila Ilumina vind il evasuans 2012 Tneadrenalnil
3un71 Long-read sequencing Hia3aszy genome waluladianaaziinmsiiliadue
wanitnidu fragment fiflvunauszanas 10 kilobases wdsantu frasment wiantuaziinns
amplified, sheared hag®a barcode i el anunse sequence YU Illumina sequencing
platform 1a Mﬁamﬂﬁ?u%ﬁmﬁ assembly 9849 short sequence reads Wioasdns long-read

moleculs %38 long fragment ¢ (Dijk et al., 2018)
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uni 3

ASn1saiiuenu

3.1. Taxa Selection

siinvosinogreiivuldluadeiivionun 13 ¥iln Tnedl 3 aflarainnisi Whole
Genome Sequencing (WGS) laun Liphistius maewongensis, Argiope sp. Wag Macrothele
sp. IngvhnsiiufegananunaedelusssumAngneuuisniusaeg sunenasdaiu
TINTAATLNILNYS, University of Costa Rica, San Pedro de Montes de Oca, San José,
Costa Rica wazannunaserfelusssumaildniu smuddu Tnesegreiifuldazgnin
Snwrannly 95% ethanol AputhaniAusnuilugifuiioamad -20 °C Aqudamidudn
AUANINYT AUV NVIAEN IR TUR g WYy wagls n1M3IFaing AugIngAans
9WIAINT aun1Tne1ay way Ecology and Evolutionary Genomics laboratory
(EEG laboratory), Dept. of Biomedical Science and Environmental Biology, Kaohsiung
Medical University, Kaohsiung City, Taiwan kagfia9e190uay1dn 10 ¥aN137n Spider
Assembly Genome Iﬁamaﬁmammﬂgmsﬁaga GenBank lauA Acanthoscurria geniculate,
Anelosimus studiosus, Dysdera sylvatica, Latrodectus hesperus, Loxosceles reclusa,
Parasteatoda tepidariorum, Pardosa pseudoannulata, Stegodyphus mimosarum,

Stegodyphus dumicola Wwag Nephila clavipes

3.2. RNA Extraction

yhmsaia RNA 91ndogausspnis 4 siafiivinanuvasendelusssuni Tneld
gaann RNA SV Total RNA Isolation (Promega, USA) mﬂﬂgummaaw]mmwsuaa RNA 71
afnlalu 1.5% agarose gel #2875 gel electrophoresis waziiusnw RNA n1eldgamgd
20 °C ¥ Ecology and Evolutionary Genomics laboratory (EEG laboratory), Dept. of
Biomedical Science and Environmental Biology, Kaohsiung Medical University,

Kaohsiung City, Taiwan

3.3. 10x Genomic Sequencing

[ {

dshegnadinanlulnseidduindlelndiiuien WELGENE 115, Taipei City,

Nangang District, Yuanqu Street, 35 1Hnty
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o 1

3.4. MTITYAMUNUEBY MIAATIZRANUTUNUTNIITAUINGG wazN1TaTIUNUYIINA

MUN9ITIAUUINTT (Phylogenetic tree)
Soldaduiianalelndvesinegauum 3 ¥iaands 10x Genomic Sequencing 7
ddluBimsnzaidilgntu HUINAUMIDE19uLaLH 10 91A37n Spider assembly genome finnt
Tnanaingudeya GenBank avthdeyarsununszyiunisasdu Maspl TnsFeuiioy

(% IS

fugudoyadulu GenBank siaunvi1n1s Blast Teyafduovasdu MaSpl VoIuuuvTIun
UU server ¥4 EEG laboratory ¢i98 Command Line Blast #8931n1 w1015 Align Uoya
DNA 71lanaelusunsy Geneious ver.8 wagas1auaugiaedumaifauinisaelusuny

BEAST ver. 1.10.4
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uni 4

NAN1SAN®

4.1.uamsilSeuiisuannuiinaalalnasznintiu MaSp1 ves Taxa Selection fiu
gudayalu GenBank

A A o a a A a v Vg = o o o a a 12 a A

iegudurinvesdunltlumsndnduly dfnwdnihdduiiralelndvesduildly
nsdeaseidulennussananldlunisidseuiieu lngandlnanaingiuteya GenBank

=l a U o U a = 6 g.JI a6 1 o o U a a
wndssuiisuivaduiiindlolnanmunanuusyy 13 aldd seunvitnisuendiduiliegile
InanlaunuTeuiieuivgu MaSpl Bsnilvanaingiudesa GenBank wagdu MaSpl ¥4
wisny 3 adddvdnasdnivanlilugiudeyad nseiuuusyuly taxa selection A
Latrodectus hesperus, Parasteatoda tepidariorum . a ¢ Nephila clavipes 31 3
o a I3 o v a a & o | i
nsrUIUNITUILNIATIEiLazaTdevaInuilindlelnaainaaielusunsy Command
Line Blast ¥ wan151U3 g ulvisuasuuilsunuvesasuilandlelne gdudulaainan
Sequencing identity (%) wulnanutianalalvaveddu MaSpl NlAaNFIeE19UuYuYIe 13
alTd fasuihadlelndwmileuiudu MaSpl Nimstuiinlineunti lneseg1autayudiu
IngjiiFn Sequencing identity (%) Useanad 65-90 %
4.2. MIPATIBAANUTURUSITITIUUINTUELN1TE519UNUYRAUITNUINTT
(Phylogenetic tree)

NNTIATIBRLAzaT KU dAuduRus I Tauinslaglddu MaSpl wui
Lusyu9A Nephilidae waz 236 Araneidae gndmdu monophyletic group wazkuLIA
Theridiidae Qﬂ’i’m‘ﬁu Paraphyletic group AU LL&J&H@JU&?? Nephilidae ag24d Araneidae
PnANUFLRUSIE T ITauINsAsnaianudennaesnUuNUITERnsAnwInauntnd 210
N15a35 KU INANUITAUINSIAEN13ANYY ortholog U89 genome Tuuiayu (Garrison

et al,, 2016) laeN15LATIZYAE Bayesian Inference (BI) &A1 posterior probability 511314

node 1dn 8gsEMINe 0.6506-0.9996 (ATl 4-2)
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AN 4-1 Phylogenetic tree ana1nuiianalelnavesdu Masp 1435AT1EALUY Bayesian Inference (BI) § outgroup oA
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4332 Theraphosidae

Sicariidae

X_7226567_VI_Agen_EEG281_Macrothele_sp.
4‘:0.9947

005 XI1_7226567_11_Lrec_EEG281_Macrothele_sp.

“ Sicariidae

1_15007555_MF955682.1_EEG281_Macrothele_sp.

0.4049

0.6506

0.9837

0.9549 1

Eresidae

0.7577

Dysderidae

F

0.294

0.9995

%996 Mesothelae: Liphistius maewongensis

0.3

0.990

17

11_KK122188.1_EF595246.1_Stegodyphus_mimosarum__reversed_

|_KK112996.1_EF595246.1_Stegodyphus_mimosarum

—
—

Theridiidae [Parasteatoda tepidariorum]

Lycosidae [Pardosa pseudoannulata]

DQ379381.1_Latrodectus_hesperus
1I_VSFD01022488.1_EU177649.1_Anelosimus_studiosus
0.9444
VI_VSFD01022488.1_DQ379381.1_Anelosimus_studiosus
EF595247.1_Latrodectus_hesperus

0.9997

EF5952461 Latrodectus_hesperus

HQO005804.1_Latrodectus_hesperus

VII_VSFD01412520.1_MH367500.1_Anelosimus_studiosus

Nephilidae: Nephila clavipes

AT 4-2 Phylogenetic tree (Collapsed clade) 9ndduiiandlelnduesdu Masp! 14353ns=siuun Bayesian Inference (BI) 3

outgroup AlA Liphistius maewongensis #lauUL node WaniA1 posterior probability

MW clade WASWIULINLENGNNdOAARBIR UL ABUMIEN (M1ARWINT 4)
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uni 5

anUs1INANTISANE

5.1. wHuNAUIINUINTG (Phylogenetic tree) 31n8u MaSp1 wWisuiisuiu
UIBRDURIN

Fothdduiandlelndvesiu Masp1 lUineinavairsunuginednudiaunis
shelusunsy BEAST §u 1.10.4 fegiFAT1231UUY Bayesian Inference (Bl) vinafidenndos
furiddsiidinsdnureunthil Aemegauusiidadenindnuiluadednudt uusnd
Nephilidae L uwn Nephila clavipes wag 196 Araneidae Lo un Argiope sp. gninLdu
Monophyletic group wazgagnanu Paraphyletic group fiuuusuaed Theridiidae (Wil
4-2) 4 laun' Anelosimus studiosus, Latrodectus hesperus W& ¢ Parasteatoda
tepidariorum ndeyayanunTisduIaLIng AldmsAnuiTannsvesduiingn
wulelassasraantulowusyuvesdu Maspl TuermAdondad WugUUY topology Minaly
lumadedfu wnugdaednudtanuinis Taen1s@ne ortholog 31n3lunveusaysly
NuIenounind (nAuuaNd 4) (Garrison et al., 2016) (nw# 4-3) 1flsan Nephila
clavipes Wwag Ariope sp. LﬁuLLummﬁﬁqmeﬁimwunam (Orb-weaver spider) Wagigyy
nauilfiusmyguiantude 125 Suddeu fdulassaduagnslivsslonianndule
lassasanan fedanwaglndiAesiu uazgndmdu monophyletic sroup (Babb et al,
2017; Garrison et al., 2016; Gatesy, 2001) 1uﬁumz‘ﬁ' Latrodectus sp., Nephila sp. Wa e
Argiope sp. flussnygwituiuiile 135-160 o i ortholog vesdduinadlelndues
81 MaSp1 seninanasinanilsuuuuameadeiu 3adneglu clade nanifieniu (Ayoub et

al,, 2007)

5.2. NMSUaAI@aNVa9lUSAU LazIIMUINITVRIBU MaSpl wag Spidroin gene U

5.2.1. MsuanseanvaslUsAUINADN Major ampullate $2%#I19N1SUANIDDNYDY

¥ Y

TUshuansauadrwduleusznndu

N el

Tuu19al¥d891u9u sequence ¥838U MaSpl 11nnd1adTdaw srudedgluuy
topology 11071 1 JUwuy Tual¥dinedniu Wy uusu Nephila clavipes siouildluns
adnsluasu 7 sida vinliamnsadaasvidulelans 7 vile Jenenadislonrazaiinay

Timunsgeantualydil Bnviseied major ampullate asnslelassasandniinisuaniaen
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vlUsiiu Spidroin wnninsevasdleyssiavdu Sedwmalifinsuanseanvedlusiuain
seusananszwinsenadraduldudie fufusiuiu sequence 1898y Maspl 1nnin
aﬂ%ﬁﬁuﬂ W dnnsuansesnnialumeu tubiliform (Babb et al., 2017; Guerette et al,,
1996; Hinman and Lewis, 1992)

5.2.2. 33aunn15vasBu MaSp! wazdudu

Pnanuduiusnigly clade vosudazalidasnuii S1uinkazdnvae sequences il
YA aralTdazunnm 190 L SIuH9A1INEIIUDY base pair TulkAay sequences A2Y
(MARLINT 2) InATBUHUNTAAUITAUINS $1UIU sequences MNaTTAREIAY Ve
sequences Qﬂ%’mwﬁuaﬂ%égu iy ardutiandlelnavestu MaSp! luwisu Macrothele
sp. fiflu19 sequences gninsiufuaiduiaadlelndvesdu Masp? Aunaauatddu lag
uusyualddsanaridunusyungdy Mysalomorph Tnsussyunguiiazldfunavesnalnanely
.9a5 8814 intragenic homogenization 1/88N7 W43 UNE 1 Araneomorph A4t uA271
ARBAGIBILAAE repetitive unit Tudu MaSpl nelualddineriuisesninanunans
VDY repetitive unit ‘UENLL&NﬂgaJﬂEjiJ Araneomorph warenalupaneadaniu repetitive unit Tu

! ¥
) N e Y]

arvuiliadlolnavestu Maspl Tual¥ddu usnainiuarurainvateveinsaaziluly

IS [y [

repetitive unit 361031y UNAY Araneomorph Fadudnvazaenarndudnuasiane
YBIINHUNAN Mygalomorph 399l lA sequences NfT1UIUVBY base pair HaeNIIN
Wosuiukuyualdddulungu Araneomorph 8neae (Babb et al,, 2017; Chaw et al,,

2014; Ganley, 2013; Garb et al., 2007)

5.3. JUMUU topology vasunsyunguduilinalisenndasiunuidenounti
Mnmsaaunugindnuifaunsvesduiiduaneidulelassaimanlulouns
1 (MaSp1) WgUuuutes topology Yeusannguiiueniniieatnuusysisd Nephilidae,
Araneidae ua Theridiidae lalaanndasiusuidenauntrlunisasiaunugdzedi1u
ATUINIT INNISANYN ortholog 3710 genome IugULLUUSUE]Q RNA transcriptome (Garrison
et al., 2016) dosnmsAnnuinandulelasairmdntududuniwosuiiinnsuand
ponifulusiu Tneduiifnisuanseandulusiuluivosusyuiuiivarnuarevin uas
Tushuildlunsuanidulesudulsfuresasiiluanafiosdnniviniu Seiliua

NSANYIRINATILANAIINNTAN YA Funveuuayy uanndulalunquinliaenages
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AUWLILUNANDU NUIIAT posterior probability vespuduiusatelunguasutewi ag
381319 0.2709-1
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uni 6

ayunanIsAnwLAzdaLaUDULL

6.1. ayUnan1sAne

uruQiALdLTUSN 9T AnNsvesBu MaSpl T5ULUU topology luunassngui
finmsasrslouuunan (Orb-weaver spider) Fsfiussnygusiutunaziiifmuinisgeiian uss
4197 Nephilidae waz 23d Araneidae gndmidu monophyletic sroup LazkudyNIIA
Theridiidae Qﬂ’wﬁjmﬁu Paraphyletic group AU LL@J&H&JNF‘? Nephilidae ag23d Araneidae

NANMUFUNUSITITTAUINTAINANTAMUADAAADINUMUITEATNSANINoUNTNTve

6.2. UBLEUDLLUY

6.2.1. dardussuzdivsunisunluldusslesy

[ '
=] d

Usglevinlasuanmsfnuluassliagdivaiaasudoyanugiuieanuifauinis

o9

(% v A

vosgunndndulelasiasiavan deanunsaihluifedesenninusineriunisanidenaieiug
wusyunduseansanlunisudadulodenaniunldusslosudlundvoeniswaund ule

duasrevsalulusuian

6.2.2. VDLEAUBLULAINSUNISANEI LUaUIAR

AsinsfnwIiiauinsvesdu Masp2 Aifimsuanseansiusuiuiu Maspl Tunis
afradulelassadrandn esanagsilinisuenidauinsvesiuayuanduindndule
é’aﬂdnﬁmmamyjiaﬁumﬁu viorsanuITaunnisvesduiindndulonsu 7 4iln 2nseu
aaduledts 7 9iln ashlinmsuenitamnmsvensmalagliduiidanmesiduleian

Asuiau auysal asnsailulduselewdlaanngadu
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Suborder Infraorder Spider Assembly Genome [GenBank] Family
Opisthothelae | Mygalomorph Acanthoscurria geniculata Theraphosidae
Araneomorph Anelosimus studiosus Theridiidae
Latrodectus hesperus
Parasteatoda tepidariorum
Dysdera silvatica Dysderidae
Loxosceles reclusa Sicariiadae
Pardosa pseudoannulata Lycosidae
Stegodyphus mimosarum Eresidae
Stegodyphus dumicola
Nephila clavipes Araneidae
Spider Whole Genome Sequencing [EEG Family
LAB]
Mygalomorph [EEG281] Macrothele sp. Hexathelidae
Araneomorph [EEG285] Argiope sp. Araneidae
[EEG287] Liphistius maewongensis Liphistiidae

Mesothelae
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DNA No.

S.N.

Species

Family

Collecting site

Date

latitude

longitude

Altitude
(M)

No. of
ind.

Female

Collector

Note

EEG287

SU1631

Liphistius

maewongensis

Liphistiidae

Mae Wong
National Park,
Klonglan District,
Kamphaeng
Phet, Thailand

December

23,2015

N16005.670'

E9900743T'

1262

Warrit. N

EEG281

SU1632

Macrothele sp.

Hexathelidae

Taiwan

EEG285

SU1633

Argiope sp.

Araneidae

University of
Costa Rica, San
Pedro de
Montes de Oca,
San José, Costa
Rica

October
2016

N9.936000

W84.05100
0

1200

L. Segura-

Hernandez

RCCA
RA O
0201




MITNAIANUIN Assembly Statistic Ve 10 dUTd a1ngudeya GenBank

Organism Molecule Total Scaffold Ungapped Scaffold Spanned Unspanned
Length Count Length N50 Gaps Gaps

Acanthoscurria geniculata All 7,178,402,394 | 4,986,575 | 5,102,162,438 20,294 7,492,117 0
Anelosimus studiosus Unplaced | 2,033,432,615 956,665 1,546,587,525 4,793 2,052,696 0
Latrodectus hesperus Unplaced | 1,233,806,489 161,595 1,206,197,093 39,474 39,913 0
Parasteatoda tepidariorum | Unplaced | 1,228,972,128 59,853 1,209,990,961 765,179 24,382 0
Dysdera silvatica All 1,359,251,851 65,201 1,355,735,813 38,019 20,680 0
Loxosceles reclusa All 3,262,478,678 143,665 1,793,252,803 63,237 1,174,058 0
Pardosa pseudoannulata All 4,207,954,893 609,908 4,079,843,331 711,396 200,557 0
Stegodyphus mimosarum unplaced | 2,738,704,917 68,653 2,694,162,817 480,636 105,511 0
Stegodyphus dumicola unplaced | 2,551,871,595 16,531 2,551,871,244 254,130 4 0
Nephila clavipes All 2,439,301,466 180,236 1,756,369,787 62,959 286,889 0
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MITNNANLIN BU MaSpl AlaanmsiuSeuiisuiuainuiindlolnavesdiu MaSpl a3

Y

Uu

Ainlilugnudoya GenBank

Spider Assembly Genome Base pairs | Copy Part of Spidroin structure
[GenBank]
N/C terminal Repetitive
regions
Acanthoscurria geniculata 121-146 5 +
Anelosimus studiosus 75-125 a4 +
Latrodectus hesperus 117-429 7 +
Parasteatoda tepidariorum 188-1,024 8 + +
Dysdera silvatica 414-507 6 +
Loxosceles reclusa 126-371 8 +
Pardosa pseudoannulata 132-1,164 11 +
Stegodyphus mimosarum 150-208 2 +
Stegodyphus dumicola 354-606 a4 +
Nephila clavipes 89-740 14 + +
Spider Whole Genome Base pairs | Copy Part of Spidroin structure
Sequencing N/C terminal Repetitive
[EEG LAB] regions
EEG281 Macrothele sp. 41-105 3 +
EEG285 Argiope sp. 248-304 5 +
EEG287 Liphistius 32-41 5 +
maewongensis

N6 LATBINUNE + NEnefenely sequences wulpssassvadlushiu spidroin
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Spider Assembly Genome Base Copy Part of Spidroin structure Note
[GenBank] pairs N/C Repetitive
terminal regions
Latrodectus hesperus 291-9,387 4 + + Complete Coding
Sequence
Parasteatoda tepidariorum | 387-1,749 2 +
Nephila clavipes 375-1,293 9 + +
vaneve: LaTeavang + minefaniely sequence wulassadswaslusiu spidroin
ﬂ”lﬂNu'Jﬂﬁ 3 ﬂ?‘i(;?ﬂ?‘iﬂﬂil,l,ﬂim
AsIARIn MseeAlUsunsaluns Alignment
Multiple Algorithm/Function Note
Alignment
Within— Geneious Automatically determine direction, Alignment Default
species Alignment type: Global alighment with free end gaps and setting
Cost Matrix: 65% similarity (5.0/-4.0)
Across— Clustalw Cost Matrix: IUB, Gap open cost: 15 and Gap Default
species Alignment extend cost: 6.66 setting
(Consensus
Align: all

sequence)
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Algorithm/Function Algorithm/Function Mode

Sites Substitution model GTR
Base frequencies Estimated
Site Heterogeneity model G

Trees Tree Prior Speciation: Yule process and
Tree Model Random Starting Tree

MCMC Length of chain 20,000,000

Burnin 10% 2,000,000
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AMANUINT 4 UNu)TAUIINLINTST (Phylogenomic tree)

ATNAIAKNUIN LLNuqﬁNﬁa’m%’wmmi (Phylogenomic tree) Tna@aavlu node unulig
yungulngiusazngy (m131901ANUIN) waggunnuruusagslulsiay genus #9#l Scorpion,
Mesothelae, Antrodiaetidae, Paratropididae, Ctenizidae, Pholcidae, Scytodidae,
Theridiidae, Tetragnathidae, Nephilidae, Uloboridae, Oecobiidae, Agelenidae,
Salticidae, Lycosidae way Oxyopidae (Garrison et al., 2016)
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A1INAIANUIN Major spider lineages (Garrison et al., 2016)

Lineage

Composition and placement

Description/characteristics

! Araneae

All spiders

Cosmopolitan; cheliceral venom glands,
ability to produce silk from abdominal silk
glands; male pedipalps modified for sperm

transfer

2 Mesothelae

Plesiomorphic sister group to

all living spiders

SE Asia; mid ventrally positioned spinnerets;
distinct dorsal abdominal tergites, very

narrow sternum

> Opisthothelae

The two major spider lineages

Typical terminal spinneret placement and

sternal morphology

* Mygalomorphae

Trapdoor, baboon and funnel
spiders, tarantulas, and their

kin

Paraxial chelicerae with venom glands;
most lead sedentary lives in burrows; lack
anterior median spinnerets; often large and

hirsute; two pairs of book lungs

> Atypoidina

Sister group to remaining

mygalomorphs

Most species with vestigial abdominal

tergites and unique modifications to male

pedipalp

¢ Avicularoidea

All remaining mygalomorph

taxa

Includes major mygalomorph families,
nearly half of which are likely not

monophyletic

" Theraphosoidina

Comprises families
Theraphosidae and
Barychelidae

Includes the typically large and hirsute

tarantulas and baboon spiders

® Araneomorphae

Over 90% of all spider
diversity

Anterior median spinnerets fused to form a

cribellum (later lost multiple times)

? paleocribellatae

Comprises single family
Hypochilidae; hypothesized sister

group to all other araneomorphs

Hypochilid synapomorphies, e.g., cheliceral
depression; also retain a number of primitive traits

including two pairs of booklungs
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Neocribellatae

Remaining spider lineages

Paracribellum (complimentary spinning field
to cribellum); extension of venom gland

into prosoma

Austrochiloidea

Families Austrochilidae and
Gradungulidae; sister group to
all other neocribellate

lineages

Gondwanan taxa with notched tarsal
organs; typically with two pairs of
booklungs—posterior pair modified as

tracheae in some taxa

% Haplogynae

Neocribellate lineage with
simple genitalia; includes
spitting spiders and cellar
spiders

Spinnerets lack tartipores; mating with palps
inserted simultaneously; in some taxa
female genital opening lacks an epigynum;
chelicerae fused at base, synspermia, male

palpal organ simple

! Entelegynae

Comprises all remaining spider
lineages with complex

genitalia

Female genitalia with a flow through
system of separate copulatory and
fertilization ducts; male palpal organ

typically under hydraulic control

Palpimanoidea

Comprises a number of

enigmatic families

Araneophages with lateral scopulae on

anterior legs

Eresoidea

Includes 3 families: Eresidae,
Hersiliidae, Oecobiidae; sister

to remaining entelegynes

Controversial superfamily; oecobiids and

hersiliids share a unique attack behavior

Orbiculariae

Comprises the Deinopoidea

and Araneoidea

Members of this lineage include cribellate
and ecribellate orb-web weavers as well as
derived araneoids that use adhesive threads

to construct sheet and cob-webs

Deinopoidea

Includes the cribellate
orbicularian families

Uloboridae and Deinopidae

Construct cribellate orb web; long
considered sister group to adhesive orb
web weavers on basis of behavioral web

construction data
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12 Araneoidea

Spider superfamily that
includes adhesive orb web

weaving taxa and others

Members of this lineage all use adhesive
threads; monophyly supported by a
number of spinning and other

morphological characteristics

B RTA Large diverse lineage of Defined primarily by the presence of a
spiders that includes wolf, projection on the male palp-the
jumping, running, fishing, and | retrolateral tibial apophysis (RTA)
crab spiders
' Dionycha Subclade of the RTA lineage, | Defined as a group based on their two
comprises about 1/3 of all clawed condition with flanking tufts of
spider diversity setae for adhesion to smooth surfaces
Lycosoidea Large superfamily comprising | Monophyly of this superfamily is based on

10 families including fishing

and wolf spiders

a number of morphological features (not
universal) including a grate-shaped
tapetum, an oval-shaped calamistrum, and

male palpal features
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