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The common house spider
Parasteatoda tepidariorum |
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"he spider genome has been already sequenced!

Schwager et al. BMC Biology (2017) 15:62

DOI 10.1186/512915-017-0399- BMC BIOlogy
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The house spider genome reveals an
ancient whole-genome duplication during
arachnid evolution
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Backaround: The dubplication of aenes can occur throuah various mechanisms and is thouaht to make a maior



https://bmcbiol.biomedcentral.com/articles/10.1186/s12915-017-0399-x



https://evodevojournal.biomedcentral.com/articles/10.1186/s13227-020-00152-z

The common house spider
Parasteatoda tepidariorum

Oda and Akiyama-Oda (2020) EvoDevo 11 ccBy 4.0
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Oda and Akiyama-Oda (2020) EvoDevo 11 ccBy 4.0
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The common house spider Parasteatoda tepidariorum
Oda and Akiyama-Oda (2020) EvoDevo 11 CC BY 4.0
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Shared characteristics of arthropod body structures
formed in early embryos

Body Axes

anterior-posterior/dorsal-ventral

Repetitive Units

called segments



Live embryo of the spider
Parasteatoda tepidariorum
0:00:00,000

Spherical
symmetry

v

Radial
symmetry
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Bilateral
symmetry

stage 1
Akiyama-Oda and Oda (2006) Development 133 cc-BY


https://www.e-celldev.jp/pt_image_db/imagesearch4_keyword.php/?key1=HO002A0002

Three experiments that can affect body axes formation



Three experiments that can affect body axes formation

1. Laser ablation of cells in a specific small region of spider embryo



Kill cells in a target region of spider embryo

Laser ablation system
i -

Applied laser kill cells

Oda and Akiyama-Oda (2020) EvoDevo 11 CC BY 4.0
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https://evodevojournal.biomedcentral.com/articles/10.1186/s13227-020-00152-z

If you kill the entire cumulus cells at the center of the disc,
the formation of the body axes is delayed

Normal development Affected development

'

.

cm, cumulus Before laser irradiation

Oda et al. (2020) Development Genes and Evolution 230 CC BY 4.0


https://link.springer.com/article/10.1007/s00427-019-00631-x
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Jumping spider’s eggs
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Embryogenesis of the jumping spider

Hasarius adansoni

Oda et al. (2020) Development Genes and Evolution 230 CCBY 4.0


https://link.springer.com/article/10.1007/s00427-019-00631-x

The cumulus was grafted
to the opposite side of embryo

Normal Cumulus grafted

00:00:00 ~ 00:00:00

Oda et al. (2020) Development Genes and Evolution 230 CC BY 4.0


https://link.springer.com/article/10.1007/s00427-019-00631-x

The cumulus was grafted
to the opposite side of embryo

Partially twinned embryos were formed

03:23:00

Oda et al. (2020) Development Genes and Evolution 230 CC BY 4.0


https://link.springer.com/article/10.1007/s00427-019-00631-x

Three experiments that can affect body axes formation

1. Laser ablation of cells in a key small region of spider embryo

Delayed development of the body axes

2. Transplantation of the key cells to the opposite side of embryo

Formation of twinned embryos

Formation of twinned embryos




Laser ablation of a large region that
separates the left- and right-side fields

Laser ablation system

Oda and Akiyama-Oda (2020) EvoDevo 11 CC BY 4.0
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Laser ablation of a large region that
separates the left- and right-side fields
Partially twinned embryos were formed

= .

Before Iz!ser irradiation

— -00:00:10

cm, cumulus
Oda et al. (2020) Development Genes and Evolution 230 CC BY 4.0


https://link.springer.com/article/10.1007/s00427-019-00631-x
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Three experiments that can affect body axes formation

1. Laser ablation of cells in a key small region of spider embryo
Organizer

Delayed development of the body axes

2. Transplantation of the key cells to the opposite side of embryo

Organizer
Formation of twinned embryos

3. Laser ablation of cells in a large region to separate the left and right

Formation of twinned embryos Self-regulation




ldentification of genes involved in
the formation of the body axes in the spider
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Parental RNA interference, pRNAI, is a powerful technique in the spider

Day after 15t injection
Mating 0 10
® 1 1
dsRNA injection A A A A

&

Inject ~1-2 pl of dsRNA
solution (1-2 ug/ul) for
target gene multiple times

o ||| ]|
RNA'ﬁ@@@@@@

Oda and Akiyama-Oda (2020) EvoDevo 11 cCBY 4.0



https://evodevojournal.biomedcentral.com/articles/10.1186/s13227-020-00152-z
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Injection of dsRNA
for parental RNA interference
in the model spider
Parasteatoda tepidariorum

The method first described
by Akiyama-Oda and Oda (Development 2006, 133: 2347-57)

You can see the full version of this video at https://www.brh2.jp/


https://www.e-celldev.jp/pt_spider2/index.html

Parental RNA interference, pRNAI, is a powerful technique in the spider

Day after 15t injection
Mating 0 10 20
o ]

I
dsRNA injection A A A A
Inject ~1-2 pl of dsRNA
solution (1-2 ug/ul) for
target gene multiple times
Rl N N N N
++ +++ +++

RNAI effect

Oda and Akiyama-Oda (2020) EvoDevo 11 CC BY 4.0

pPRNAI for hedgehog PRNAI for gfp (control)

Aklyama _Oda and Oda(2010) Development 137


https://journals.biologists.com/dev/article/137/8/1263/44262/Cell-migration-that-orients-the-dorsoventral-axis
https://evodevojournal.biomedcentral.com/articles/10.1186/s13227-020-00152-z

Easy to analyze gene functions

Parental RNAI that affects the body axes
099 normal gfp hedgehog patched

Akiyama-Oda and Oda (2010) Development 137

stage &
Akiyama-Oda and Oda (2006) Development 133
Oda et al. (2007) Development 134


https://www.e-celldev.jp/pt_image_db/imagesearch4_keyword.php/?key1=HO002A0007
https://www.e-celldev.jp/pt_image_db/imagesearch4_keyword.php/?key1=HO003A0004
https://www.e-celldev.jp/pt_image_db/imagesearch4_keyword.php/?key1=HO002A0010

Morphogens operate

inside the cell VS outside the cells
. The center
Posterior of germ disc
@ %'é .
Anterior
Bicoid Hedgehog
(transcription factor) (secreted protein)
Syncytial Cell-based

Akiyama-Oda and Oda (2010) Development 137
Kanayama et al. (2010) Arthrop. Struct. Devlop. 39


https://journals.biologists.com/dev/article/137/8/1263/44262/Cell-migration-that-orients-the-dorsoventral-axis
https://www.sciencedirect.com/science/article/abs/pii/S1467803910000423?via%3Dihub

Basic characteristics of arthropod body structures
formed in early embryos

Body Axes

anterior-posterior/dorsal-ventral

Repetitive Units

called segments



Diversity of dynamic processes generating periodic stripes
(reconstructed by staining of sibling spider embryos)

Opisthosoma
head thorax ~ Opisthosoma oscillations

stripe-splitting oscillations

Pt-hh
St.6
2

1.14

S
(7.0 h)

50um

Hemmi et al. (2018) Dev. Biol. 437, 84-104 (cc By 4.0)


https://www.sciencedirect.com/science/article/pii/S0012160617309089

Hh signaling plays a role in the formation of the total polarity

in the spider embryo
before its components appear to function as segment polarity genes.

gfp pRNAI

Pt-hh pRNAi  Pt-ptc pRNAI

Pt-Delta
Pt-otd
Pt-opa

Akiyama-Oda and Oda, Sci. Adv. 6 (2020) ccsy 4.0

Double negative regulation and negative feedback

hh — ptc — smo — ¢ — X

T—I\y



https://advances.sciencemag.org/content/6/37/eaba7261/tab-article-info

pPRNAIi and RNA-seq enables genome-wide gene discovery

7 3 Late stage 5

Day -2 Control embryos N RNA-seq

Day O hh dsRNA injection, 1st
: hh dsRNA injection, 2nd 1
' hh dsRNA injection, 3rd
Day 8 hh dsRNA injection, 4th
' Compare
Day 15 ' I
Day 20 hh pRNA.I R NA_Seq
F 5O B

—
RNAI effect Akiyama-Oda and Oda, Sci. Adv. 6 (2020) cc sy 4.0


https://advances.sciencemag.org/content/6/37/eaba7261/tab-article-info

hh pRNAi  ptc pRNAI

normal

Genome-wide identification of hedgehog signaling targets
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Akiyama-Oda and Oda, Sci. Adv. 6 (2020) ccsy 4.0

msx1 gene


https://advances.sciencemag.org/content/6/37/eaba7261/tab-article-info

Embryo shows dynamic msx1 expression giving rise to spatial periodicity

msx1 AP2-A msx1 noto1

t

() ptan %{m
Germ
disc
Pf-hhw
Cénter

(2) Pt-hh wave Pt-msx1 primary wave

¥ S

(3) Pt-msx1 primary wave
Pt-hh wave attenuation

Germ band J 1st Pt-hh wave

Ex

/
Tri-splitting

Pt-notoT stripes 2nd Pt-msx1 wave

S8 B \ \ )\ l
1 | |
i Head Thorax Opisthosoma

Akiyama-Oda and Oda, Sci. Adv. 6 (2020) ccsy 4.0


https://advances.sciencemag.org/content/6/37/eaba7261/tab-article-info

All dynamic processes that generate spatial periodicity are blocked by msx1 knockdown

msx1

Normal PRNAI

Pt-hh

Pt-noto1

Pt-hajry

Akiyama-Oda and Oda, Sci. Adv. 6 (2020) ccsy 4.0


https://advances.sciencemag.org/content/6/37/eaba7261/tab-article-info

All dynamic processes that generate spatial periodicity are blocked by msx1 knockdown

Delta Pt-hairy  Pt-noto1 Pt-hh
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msx1
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x I
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msx1 gene suppression in cell clones (see arrows)

normal

msx1 RNAi
in cell clone

Head

splittin
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L1 L2 L3 L4
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vV
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Akiyama-Oda and Oda, Sci. Adv. 6 (2020) ccsy 4.0
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What differs between fly and spider?

Insect (fruit fly) Chelicerate (spider) (1 Pt-hh %te
-
| Germ
37 ‘r’ ’) disc
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(2) Pt-hh wave Pt-msx1 primary wave

Pt-msx1 primary wave
Pt-hh wave attenuation

Gene expression behaves like waves (3)

Temporal repetition gives rise
to spatial repetition

There are different modes of gene 4) Germ band J/ 1st Pt-hh wave

expression dynamics depending on
the body regions

Ex

/
Tri-splitting

The possible causes of the differences (5) PLnotoT stripes 2nd Pt-msx1 wave

Nature of the field (syncytium vs cells)
Nature of morphogen/signal

Historical aspects (derived vs ancestral)| Y I , T
Head Thorax Opisthosoma
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Akiyama-Oda and Oda, Sci. Adv. 6 (2020) ccsy 4.0
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Yasuko Akiyama-Oda,
PhD

Model system development,

Technical development, JT Biohistory Research Hall
Genome studies,
Body axes, Segmentation CO ntribUtO rs
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Sawa Iwasaki-Yokozawa,
PhD

Laser ablation,
twinned embryos

Masaki Kanayama, Natsuki Hemmi,
Previous student, Previous student,
PhD MS

Splitting-type segmentation, Reconstruction of
Microinjection pattern

development
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