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Jao, et al., 2017, Materials
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opiders can weave different types of silk
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Blackledge, 2013, Spider Silk: Molecular Structure and Function in Webs
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Animal genome size distribution
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Ixodes
Centruroides
Mastigoproctus
Damon

~

@
Araneae
(spider)

Other sequenced families

Theridiosomatidae

Cybaeidae
Sparassidae
Clubionidae

Phrurolithidae

Antrodiaetidae

Hexathelidae
Anapidae
Psychidae
Eutichuridae
Zodariidae
Trechaleidae

Philodromidae

Tree of life based on ortholog gene sets
(Garrison et al., Peerd. 2016; 4: e1719,

modified)

Family:

Liphistiidae
Atypoidina

Mecicobothriidae
Nemesiidae

Theraphosoidina

Paratropidiae
Nemesiidae in part

Ctenizidae
Idiopidae

Euctenizidae

Hypochilidae
Filistatidae
Caponiidae
Dyseridae
Segestriidae
Sicariidae
Scytodiae
Diguetidae

Pholcidae

Leptonetidae
Eresidae

Theridiidae
Mysmenidae
Mimetidae
Tetragnathidae

Nesticidae
Pimoidae
Linyphiidae

Nephilidae
Araneidae

Oecobiidae
Uloboridae
Deinopidae
Amaurobiidae

Dictynidae
Hahniidae
Agelenidae
Desidae

Amphinectidae

Homalonychidae
Salticidae
Anyphaenidae
Gnaphosidae
Trachelidae
Thomisidae
Oxyopidae
Ctenidae
Pisauridae
Lycosidae

Pisauridae in part

r//‘

—"

I

~—

Genome sequenced spiders previously

Species

Loxosceles reclusa

(RTA14KTE)

Stegodyphus mimosarum

Latrodectus hesperus

Reference

i5K initiative, 2015

Sanggaard, et al., 2014

ik initiative, 2014

Genome size

3,262,478,678

2,738,704,917

1,137,104,656

Parasteatoda tepidariorum

(AAEAXTE)

Nephila clavipes

ik initiative, 2013

Babb, et al., 2017

1,445,396,121

Kono, et al., in preparation



Hybrid assembly for a long repeat spidroin genes

intron

» Short read

Genomic DNA \/ N J[S
\ eX eq (Illumina)

N-terminus ijetitive Cterminus

DNA [ e —
S N S S . I S .

Shortreads (150 bp) " "ok, "emm, " "o =
- via lllumina I S s s . N S s . @Il
de Bruijn graph assembly | — T m— I g u Ina

A Assemble limitation of the de Bruijn graph
with a short k-mer because of repetitive region

T i e meiont b C C 7‘“
:Score, iZ]M"' M;,; (match score) = 1 E “ 3 L ; N

SMoC ooe . Overlqppmg read = i if Score; > 99 (k-mer)

(Spidroin Motif Collection) *** GTTAACTCTAGTTGCTC 4_9_!%('9_9 ................................... : 1 i _ :b :
Based on an TTAACITCTAGTTGCTCT |

L lap-L t TTAACTCTAGTTGCTCITCT ‘ ﬁ
OLC (Overlap-Layout-Consensus) 4 Construct a PWM (Position Weight Matrix) [ ! ‘n , _

TCTAGTTGCTC 4 Extend a consensus sequence

Candidate collection | —
BLAST search B

Query: spidroin N/C+terminus

Kono, et al., (2019) Dev. Grow. Diff.

Collected repetitive cassettes cee . Repeat 1 Repeat 2 4 SMoC can pick up only a variety of the repetitive
motifs, not the order
or
Repeat 1 Repeat 3
or
:. [T T
e Repeat 1 Repeat 4 > Long read
Long read scaffolding / / A PaCB|O RS H (Pacific Bioscience)
: : 3 2 -
Curated spindroin gene sequence =-mm bl M 1 |ON (Oxford Nanoporetechnologies)
Long reads (> 10 kbp) Oxford

NANOPORE

- via Oxford Nanopore Technologies
Technologies®

Genomic DNA
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Ixodes

Centruroides
‘ _: Mastigoproctus
Damon
@
Araneae
(spider)
—]

Other sequenced families

Theridiosomatidae
Cybaeidae
Sparassidae
Clubionidae
Phrurolithidae
Antrodiaetidae
Hexathelidae
Anapidae
Psychidae
Eutichuridae
Zodariidae
Trechaleidae
Philodromidae

Tree of life based on ortholog gene sets
(Garrison et al., Peerd. 2016; 4: e1719,
modified)

Family:

Liphistiidae

Atypoidina

Mecicobothriidae
Nemesiidae

Theraphosoidina

Paratropidiae

Nemesiidae in part

Ctenizidae
Idiopidae

Euctenizidae

Hypochilidae
Filistatidae
Caponiidae
Dyseridae
Segestriidae
Sicariidae
Scytodiae
Diguetidae

Pholcidae

Leptonetidae
Eresidae

Theridiidae
Mysmenidae
Mimetidae
Tetragnathidae

Nesticidae
Pimoidae
Linyphiidae

Nephilidae
Araneidae

Oecobiidae
Uloboridae
Deinopidae
Amaurobiidae

Dictynidae
Hahniidae
Agelenidae
Desidae

Amphinectidae

Homalonychidae
Salticidae
Anyphaenidae
Gnaphosidae
Trachelidae
Thomisidae
Oxyopidae
Ctenidae
Pisauridae
Lycosidae

Pisauridae in part

Genome sequenced spiders previously

f//*

I

Species Reference Genome size
Loxosceles reclusa i5k initiative, 2015 3,262,478,678
(K74 ~TE)
—" Stegodyphus mimosarum Sanggaard, et al., 2014 2,738,704,917
Latrodectus hesperus i5k initiative, 2014 1,137,104,656
Parasteatoda tepidariorum i5k initiative, 2013 1,445,396,121
(AAEXTE)
Nephila clavipes Babb, et al., 2017
Nephila clavipes (> Advanced Disciences 2,596,959,803
Nephila clavata (2 2,512,479,445
Nephila pillipes LCSSL“n‘Sefé’f@.osc.emes 2,722,710,357

Nephila inaurata

= B =YY

Approx. 3.0 GB

Caerostris darwini

Institute for
Advanced Biosciences

Koio llnhiors i

Approx. 2.5 GB

Araneus ventricosus

Kaoin Lo orait
e Institute for
Advanced Blosaences

Instltute for
Advanced Biosciences

3,060,247,623

Araneus diadematus

NCIU UT IIVb oIty
Institute for
Advanced Biosciences

== Keio University

Approx. 2.5 GB I

Genome sequenced spiders by this study
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Araneus ventricosus

OLC (Overapayoutc TTAACCTAGTTGCTATCT
i <o

g read

5
-via Oxford Nanopore Technologies

Genomic DNA

We found a novel spider silk
gene (MaSp3)

/

MaSp

G (A
GrGox

Gox
= x00

D

I —

Length of exonic region (bp) Gene family

{YNANOPORE

Kono and Arakawa, 2019, Dev Grow Diff

Novel spider silk gene (MaSp3)

MaSp

Protein amount

(emPAI)
Gl z-Score
MaSp1 W
7000 °
R N )
Murinoglobulin-2
3500 unknown
unknown_
Venom protein
—— o
0 unknown
unknown
MaSp2A sue factor pathway
1500 MaSp2B

Venom allergen 5
unknown
unknown
unknown
unknown
unknown

%

TPM (median)

MiSp-Tike

—>  MiSpA
Venom allergen 5
unknown

unknown
onadotopineeasig ramone
ucin-19

Agrin

— MaSp2A
—>  AcSp
—»  PySp
—> MaSpt

7500

Major Ampullate Minor Ampullate Other glands Whole body

MaSp

Expression level

Row Z-Score

5

Misp
gland (s)

Other

.|
. !

i
05

Whole
body

94274511

40108.11

18472341 ., %, g190B08.t1

148230.01
o 06858.11

sessuas, STBAEE -

g149790.t1

Strain gt break (%)

order Araneae

Toughness (MJ/IT)

PC2 (25.6%)

mg5 1538 F]
MiSpA Q

g197i20.01

RIBEA

160600 11
2 =<

=P

00
PC1(69%)

Obtained rules

— e Nesticus cooperi

[ <= Frontinella communis

— e Zygiella dispar

(super family Araneoidea)

=
) N-terminus
Genomic DNA \iproo " — [ Repeat
\ = === Linker
Intron
Rpeitve o o SRR e e mmmmmn mmmm——
ONA Nmins 5 Clominus C-terminus
Short reads (150 bp) NNNNN - Gap
- via lllumina —
de Bruijn graph assembly f— % Minor ampullate
MiSpA —rewy !
Candidate collection = llumina =L
BLAST seor
Query: spidroin N/Clerminus — . 10,431
SMoC By | overapp 10614 Pyriform
(Spidroin Moif Collection) - orrandreracrraerd <owden PySp ’

MaSp

Organism MaSp3 g149799.1 92283311 L i1 EILEVIS)

Pimoa sp.

~ Nephila clavipes

Verrucosa arenata

Micrathena gracilis

Macracantha arcuata

Gasteracantha hasselti

Gasteracantha kuhli

=l

%ﬁgﬂﬂ lJTC:O

- __ =

o= N

Araneus ventricosus

vittatus

(scorpion as root)

Prof. Arakawa

N __
@ Dr. Mori

Rule 1: Certain variety of spider silk genes
Rule 2: Complete spider silk gene catalogue
Rule 3: Relationship between the SpiCE and mechanical property

Kono, et al., 2019, Sci Rep
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MaSp1 MaSp1 unknown protein 1
MaSp2 MaSp?2 unknown protein 2
MiSp MiSp unknown protein 3
Flag Flag unknown protein 4
AgSp AgSp unknown protein 5
AcSp AcSp unknown protein 6
PySp PySp unknown protein 7
CySp CySp unknown protein 8
MaSp3 unknown protein 9

Murinoglobulin—2 unknown protein 10

Chitinase—like protein unknown protein 11

Venom allergen 5 unknown protein 12

Venom protein unknown protein 13
Acetylcholinesterase—1 unknown protein 14

Gonadotropin-releasing hormone |l receptor—like unknown protein 15

Tissue factor pathway inhibitor unknown protein 16

Alpha—2—-macroglobulin unknown protein 17

Venom allergen 5 unknown protein 18

Mucin—-19 unknown protein 19

Agrin unknown protein 20

- Highly expressed in gland and silk
- Low molecular weight
- Different from spidroin gene sequence

Kono, et al., 2019
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Transcriptomics

WORLD WIDE SAMPLING Mar.zmg-'
Identification
67 1. 373 |

COl reference seq.
(Araneidae) BARCODE
| o , 5 E BLAST search (blastn)
Query: COI reference seq.

Database: Contigs

Assembled contigs Reads
l 6 , 9 ! ’ y 7( }b Read 'assembly
COI candidate seq.
/\ 'J 4 8

(Bridger v.2014-12-01)
iy BLAST search (blastn) |
Query: COI candidate seq.

== BOLDSYSTEMS

http://www.boldsystems.org
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Taxonomy

(Family, Genus, sp)
was decided by a simple majonty
(not weighted) EEEETEED

41#*/7 -

> :]\‘ 2 /N 5 51 g World Splder Catalog Version 18.5
pula usa Ten g

World spider catalog (2017.04.17) NNV = = /\
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2015.4 - 2019.3

Kono, et al., in preparation




373 & 1,679 4= %

Centruroides_vittatus_120091 MaSp
Liphistiidae K]
Telemidae ]
Sicariidae 0
Scytodidae ] @
Ochyroceratidae 1l
Oonopidae D
Tetrablemmidae | |
Pholcidae [ ©
Segestriidae l:li
Atypidae ] ® <@ © o
Antrodiaetidae | @ % % @ 0
Nemesiidae | ® e Q:.z ©® o
Hexathelidae | I @ Q
Idiopidae B 0) = <@ © o
Theraphosidae [ @ Cé @
Ctenizidae (]
....................................................... Filistatidae I | ©] © @ © o
""""""""" 1 Mysmenidae 5 ® S @ ()
| | Nesticidae | @ S % @ 0
| Linyphiidae | © S © o
Pimoidae \_1 @ @ @ 0
. Tetragnathidae | | | o) e o (5) (%)
: A id Anapidae T o) e P 15) o
 Araneoidea . Mimetidae | | ® QO © o
Theridiosomatidae | ® S & ©® O
T Nephilidae [E:I‘ o g g g g g
Araneidae %) %) L) X
] Theridiidae B MaSo3 MaSpN @ s ® o
_______________________________________________________________________ Symphytognathidae " | asp
—] Leptonetidae I
Sparassidae I:I @ % @
] _| Oecobiidae [ @ 0
Uloboridae B ® @ (o]
1 Deinopidae | 0] % © o
t Nicodamidae | @ % @
Austrochilidae B ® S o (5) (4]
Agelenidae \:[ @
_|_| Hersiliidae | ® @ ©
f | Stiphidiidae B ® @ ©® O
Desidae B ® () o (5 (4]
1 Cybaeidae | & ©
Amaurobiidae B qg ©
| Dictynidae | %
RTA clade . Hahniidae [ ©) &
_| Titanoecidae |
Zodariidae | ©
Psechridae ]
Trechaleidae | @
a Lycosidae | & & &
In each famlly! Pisauridae | ® g g
o Oxyopidae | D % a
# of holder > 50% Oxyopids — & ©
Thomisidae | @ (5]
1 Salticidae |
RN Corinnidae |
else : ' Eutichuridae B ® @
b, S Philodromidae | | @
||_| Miturgidae | @ @ % @ 0
Selenopidae @ @ C% @ 0
Clubionidae ] @ @
E-value < 1.0e-20 Trochanteriidae | | @ e < ©
. Liocranidae B %) %
Identlty > 50(%) Anyphaenidae B @
Trachelidae B ] D5
Phrurolithidae | | (0]
Gnaphosidae
Kono, et al., in preparation Lam':)onidae L] e & g (4]
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Fibroin genes in moths

) Repetitive

motif SpICE

Bombyx mori
{GAGAGSGAAS (GAGAGS ) .GAGAGYGAGVGAGYGAGYGAGAGAGY ),
GTGSSGFGPYVANGGYSGYEYAWSSESDFGTGS

Malay, et al., Numata, 2016, Sci Rep

Samia cynthia ricini

O 34 GAGAGAG AAAAAAAAAAAAA GGAGSGYGGGS WHGYGSDSG
- AAAAAAAAAAAAA GGAGDGYGAGS
AAAAAAAAAAAA GGAGGGY GGDGG

AAAAAAAAAAAAA GCGAGSCYGGGARGGYGHGYGSDGG

Malay, et al., Numata, 2016, Sci Rep

AGAGAGAGSGAAGGAGAGAGAGAAAAAAAAAEAAAAAAAAAA
AAGSGAGAGGAGGYGAGAGAGAGAGAGGAGGAGGAGGAGGAG
GYGGAGVVYVSAGGAGAGAGSGAGAGSGAGAGAGSGAGAGGA
GAAAGAGAGAGSGAGSGSGAGAGAGSGAGAGSG

GAGAGAG

R
1
1
1
1
1
1
1
1
1
1

-l

-==--GAGAGVRSGAGASA--~-~-

----GAGAGAGAAGA=--=-==--~-

| e e --GIGGGYGA-========m=m-m
: ——————————————————————— GAADAYGGGA ---S-AGAGAGAGA--—-————~
i  --AA--GA-GAAAAA---—--=-- GAN-GYGGSY ---D-AGVGAGTAGAGAGA---
b GASGGYGGGA.  ———————— e

GAGAGAG : AAAAAAA

Kono, et al., Communications Biology, 2019



NextSeq 500 (lllumina) = ~ - Hayashi et al., 1999 Int. J. Biol. Macromol.
s Summary of spidroin & SpiCE @An (A WA Heresans Lows, 1965 ol 66
Sequencing time -
i GGX GPGGX
° ° 29, i M
150 bp paired-end x Assembly
Transcriptomics == 8 >

Output data Automation

Time for 24 sample analysis
120

TIX  ssX Spacer

ired-en vanvJE .
3BM :esa‘:I:Z:’ea indz4 r:\’lltiplex 30 h. Nephila clavata CyS p S p | C E
S %
L1 775 o
[ — spiceN1
. . . I —
Identification ——— E % E (264 aa)
spiceN2
= En
(Araneidae) .
+? . spiceN3
11,094 A
ARLE species
1,630 spiders =E = = = o
spiceN1
== EE SERE
itz A ) ISR T e
m KFIBARS -
RIRAFE o e enodeNin 220176
Daniel A. Pedrazzoli Moran Nephila plllpf:
o | 22 B EE 3 8 E
(Family, Genus, sp)
¢ 2 S ! spiceN1
AR E E spiceN2
MORPHOLOGY Nephila inaurata - -
o \ &N | y madagascariensis
& @E B oueed KM S TRS %
2015.4-2019.12 E E spiceN2
Arakawa, et al., in preparation

RN‘AISD;E' Dissection Multiple omics ana&llsis |
by NextSeq, nanoL.C-MS Genomics

EMIERH D EcRINETNREY %R0,

Reeling Silk morphology

by Atomic force microscope ETIVEMICFED B R £H0pEREELT

Mechanical property

by Tensile testing

4

mj Institute for Advanced Biosciences,

[GEJ MPACT —3p Keio University; Arakawa group

y Geometry model




