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Insects

- 3 main body parts
- 6 legs

- 2 pairs of wings

« 2 compound eyes
- 2 antennae

VS.

Spiders

« 2 main body parts

- 8 legs

- No wing

. 2-8 simple eyes

. 2 Pedipalps and 2 fangs



scorpion
(SCOfpioneS) spider |
\. (Araneida) /

12-210 mm  0.5-90 mm 0.1-30 mm
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Class : Arachnida

Includes 2 superorders and 10 extant orders

W e e

Mites Scorpions Small whipscorpions Harvestmen
(Acariformes) (Scorpiones) (schizomida) (opiliones)
\ P
< “f‘}\
~ e \ \ Y W
Camel spiders Spiders False scorpions Ricinuleids
(solifugae) (Araneae) (Pseudoscorpiones) (Ricinulei)

Mites and Ticks Micro whipscorpions Whipscorpions Whipspiders
(Parasitiformes) (Palpigradi) (uropygi) (Amblypygi)

Class : Merostomata

Includes 1 extant order

Horseshoe crabs
(Xiphosura)

Class : Pycnogonida

Includes 1 extant order

Sea spiders
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Poison gland(s)

\’edipalpal chela Fixed ﬁ Neobisiidae
finger
S e / Proximal
Pedipalp A segment Maorondiies
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—— Giant lobopodians
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Tardigrada
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Megacheira t
Artiopoda t

Chelicerata
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a : Mesothelae
E Mygalomorphae
Tetrapulmonata A@ng@mqphae
Protoschizomidae
Hurbardiidae
Paracharontidae
Charontidae
Phrynidae
Phrynichidae
Chthonioidea
Feaelloidea
Neobisioidea
Garypoidea
Garypinoidea
Cheliferoidea

*’ Cheiridioidea

[Panscorpiones] Sternophoroidea

Buthida Buthidae
E Chaerilidae
Pseudochactidae

luridae
Bothriuridae
Carboctonoidea
Chactoidea
Hadruridae
Scorpionoidea
Vaejovidae
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Thelyphonida

Pedipalpi

locheirata

lurida
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&— Median eye primordia —
. O>— Lateral eye primordia —@)
O\

Median eye primordia
Lateral eye primordia

Harvestman Pax2

Spider Pax2a Spider Pax2b Scorpion Pax2a Scorpion Pax2b
d @) @ [ @
:‘ .: = 0® 09
/ ® () Lineage-specific

Lateral el expression loss in OO

: 8 €yes Arachnopulmonate median eyes Spider

Pax2a Pax2a

oo Arachnopulmonate
whole-genome

; duplication
Median eyes ® ® 0O 0O
Pax2 g’ .: o0 &)

(single-copy homolog)

Y

(@) @ Lineage-specific
00O expression loss in BI®)
Arachnopulmonate all eyes Spider
Pax2b Pax2b
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C1 to C8: max. split diff. = 0.5366

- Onychophora
Myriapoda
0.99
Pancrustacea
< Pycnogonida
—< Opiliones
Gk ia Parasitif
- Bicihules arasitiformes
Xiphosura
0.2 < Palpigradi
0.99 _
Solifugae Acariformes
0.51 -
Scorpiones
< Pseudoscorpiones

Araneae
Amblypyagi

—< Uropygi

Schizomida
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(C) —————4 Onychophora

[: Myriapoda Pancrustacea
—=m Pycnogomda

l. =l Palpigradi
_[—<Sol| ugae Pig Acariformes
;<
Ricinulei
507 9 Xiphosura Parasitiformes

Opiliones

Pseudoscorpiones
Scorpiones

Schizomida

Araneae

RL2: SR4 recoding + multi-profile site-
heterogeneous models

A"++)B*)8&B'23 )*"9%&52)%&5;-%&

All chains:

Proportion of a posteriori
tree space supporting
Arachnida: 2.8%

Proportion of a posteriori
tree space supporting
Xiphosura nested: 97.2%
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Anterior Motifs
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Right Leg

Silk pull (Slow)
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B Both Legs (Rotation)
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Retinal movements
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«——— dragline silk / stuctural silk
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minor ampullate silk / auxiliary spiral

F > W flagelliform silk / capture spiral

o I

ol

:L aggregate silk / glue
! 12,+16",'2.%1'/2"'& N
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COMPARISON OF THE MECHANICAL PROPERTIES OF A. DIADEMATUS DRAGLINE S1LK AND OTHER NATURAL AND SYNTHETIC FIBERS IN THE ORDER OF TOUGHNESS

Strength (GPa) Stiffness (GPa) Extensibility (%) Toughness (M] m ™)
Material Density (g cm 2y (breaking point) (Young’s modulus) (elongation to break) (work to fracture)
A. diadematus silk (dragline) 1.3 1.1 10 27 180
A. diadematus silk (flagelliform) 1.3 0.5 0.003 270 150
Nylon fiber 1.1 0.95 5 18 S0
Bombyx mori silk (cocoon) 1.3 0.6 7 18 70
Wool (at 100% RH) 1.3 0.2 0.5 5 60
Kevlar 49™ fiber 1.4 3.6 130 2.7 50
Carbon fiber 1.8 4 300 1.3 25
High-tensile steel 7.8 1.5 200 0.8 6
Elastin 1.3 0.002 0.001 15 2

RH, relative humidity. Data taken from Refs. 37.38.
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Table 1

(A) Metamorphosis (B) Shelter

Terrestrial silk proteins.
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B-sheet crystallites
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Amino acid Secondary
Organism abundance Motif sequence structures Property Function
Mulberry silkworm Glycine, Alanine Poly(GA) B-sheet Strong mechanical Cocoon
(Fibroin) structure
Spider (Dragline) ASAAAAAA, B-sheet, Mechanical Main structure of
GGYGPG, GPGQQ  amorphous strength and web
extensibility
Spider (S), (SA)n, (SQ)n,  B-sheet High tensile Fibers wrapping
(Tubuliform) GX motifs strength and eggs for breeding

Spider (Aciniform) Serine, Alanine

(~200-mer)q4

«-helix, S-sheet

relatively low
elasticity
Efficient balance
between strength
and extensibility
yielding the best
toughness

Egg case lining and
sperm web

X: acidic amino acids, pS: phosphorylated serine
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