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Design (my philosophy)

荘銀タクト鶴岡

Blueprint Rules

Genome 
as a blueprint of LIFE ?

- Bacterial genome 
  - Synthetic biology 

- Biomaterial 
  - Biomimetics 

- Ant, Spider, Moth... 
  - Behavioural ecology 
  - Entomology

Design objective

SHOGIN Tsuruoka Art Culture Terrace 
TSURUOKA



ソフトウェア開発
シーケンス技術の開発

Dev. Grow. Diff. (2019) 
bio-protocol (2019) 

PLoS ONE (2012) 
BMC Bioinformatics (2009) 

In silico biology (2005)

Agilent, 6890N GC, 5973 MS

Extraction of CHC Analysis by GC / MSSample preparation

4

Rubbing behavior  

Rubbing behavior  

HostP. Lamellidens

PlasterManagement relative 
humidity was 60% or more.

1d 2d 3d 4d 5d 6d

Rubbing behavior Isolation rearing
Rubbing behavior  1d

Rubbing behavior  2d

Rubbing behavior  3d

Isolation rearing 1d

Isolation rearing 2d

Isolation rearing 3d

Sampling time points

Experiment 1: Estimation of required period to camouflage CHC

+

−

2
P. lamellidens changes its cuticular hydrocarbon (CHC) profiles by rubbing behavior.

The research result of last semester

CHC chromatogram of P. lamellidens and host 

Hierarchical cluster analysis of P. lamellidens and host CHC

Camponotus 
obscuripes

Host
Camponotus 
kiusiuensis

Host

http://livedoor.blogimg.jp/antroom/imgs/0/f/0fdf08ef.jpg

P. lamellidens
(new queen)

Its host: Camponotus japonicus 

トゲアリの寄生行動原理を定量的に理解する

行動

生化学

D1 
Hironori Iwai



BANK12029ΔmutS/pKD46への 
lacZ オリゴ導入

30℃

30℃

Recovery

Incubate

(Overnight)

The MAGE cycle 
(5 times)

(lacZ oligo)
CFU count

CFU = Colony forming unit
Centrifuge

Add
L-arabinose

4

バクテリアゲノム構造のデザイン原理を定量的に理解する

ゲノム構造

可塑性

B3 
Tomoki Takeda

Feasibility study of the whole genome editing technology for 
understanding the bacterial genome plasticity

1

Investigate the effect of 
large-scale KOPS editing by MAGE on CDR

CDR: Chromosome Dimer Resolution

Replicated 
bacterial genome

Purpose

1. KOPS  
(FtsK Orienting Polar Sequences)

2. FtsK

3. XerCD

Is the direction of KOPS that is over 300 
 on chromosome important?

FtsK is a translocase that 
activates XerCD.

KOPS make FtsK localize to near the replication 
terminus.

5’ -GGGNAGGG- 3’

XerCD are recombinases 
that segregate chromosomes.

Chromosome

FtsK

KOPS DNA

activate

XerC
XerD

(Bigot, et al., 2005)

(Lesterlin, et al, 2004)

(Laurent, et al., 2002)

(Steiner et al., 1999)

B2 Tomoki Takeda

Genome Biol Evol. (2018) 
BMC Genomics (2017) 

Nat Struct Mol Biol. (2015) 
J Mol Biol. (2014)

Sampled at manganese deposit, 
Sonoran Desert, AZ, USA

Sampled at 
Atacama Desert, Chile

極限環境微生物からUV耐性能の保存性を探る

300J/m2
UV-C色素

進化

Journal of Genomics (2019)

M2 
Kounosuke Ii
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Papilio machaon
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Semomesia campanea

Megalopyge tharops

Dalcera abrasa

Morpheis mathani

Pterodecta felderi

Macrosoma sp.

Cnaphalocrocis medinalis

Phyllocnistis citrella

Urodus parvula

Thubana sp.

Notoplusia minuta

Lacosoma ludolpha

Nemoria lixaria

Macaria distribuaria

Dichomeris sp.

Hylephila phyleus

Megathymus yuccae

Zeuzerodes maculata

Ephestia kuehniella

Pseudothyris sepulchralis
Gryllus texensis (family: Gryllidae)
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クモ糸遺伝子のデザイン原理を定量的に理解する

Mol. Ecol. Res. (2016) 
Sci. Rep. (2019)

GPGGYGPQQGPGPQGPSGYGPSGP
GSAAAAAAAAGAGPGGYGPQQQ
GPGQQGPSGYGPSGPSGPGSATAV
AAATGAGPGGYGPGQQGPGGYGP
GQQGPSGPGSAAAAAAAAA

情報

有機 
素材

ミノガゲノム比較解析で明かされる配列構造と物性の関係性

Communications Biol. (2019)

物性

配列

Wolff, et al., 2017



Design objective: 
Protein-based composite materials

Jao, et al., 2017, Materials



Hu, et al., 2012, materialstoday

Protein-based composite materials



Silk in animal

as BIOMATERIALS

How genetic modification 
can make artificial silk



AcSp

Agg

CySp

Flag

MaSp

PySp

Spiders can weave different types of silk

MaSp

Flag

AcSp

CySp

Blackledge, 2013, Spider Silk: Molecular Structure and Function in Webs
https://www.pinterest.com/pin/76350156156496192/



Genome Transcriptome Proteome

Mechanical property

Fibroin gene

Silk protein

Spider 
genomes

Blackledge, et al. (2012) Sci. Rep. 
https://www.pinterest.com/pin/76350156156496192/

Metabolome

ゲノムを読んで、遺伝子を決めて、タンパクを見る

ジョロウグモ 
Nephila clavata

オニグモ

Araneus ventricosus

Spiders

Approaches with Multiple-omics

オオミノガ 
Eumeta variegata

Bagworm

http://spiber.se
https://www.pinterest.com/pin/76350156156496192/


2.361

Animal genome size distribution

-1 0 1 2 3 4 5 6 7 8 9 10 11

N = 7,527 
Gregory, T.R. (30. Oct. 2017). Animal Genome Size Database. 
http://www.genomesize.com.

Arachnids 
2.361

Myriapods 
0.735

Insects 
1.095

C-value (Gbp)

◀ 非常に大きなゲノムサイズ

複数のシーケンサーを組合わせた　 
Hybrid sequencingが求められる▶



Araneae
(spider)

Atypoidina

Mecicobothriidae
Nemesiidae

Theraphosoidina

Paratropidiae
Nemesiidae in part

Ctenizidae
Idiopidae

Euctenizidae

Liphistiidae

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

Ixodes
Centruroides
Mastigoproctus
Damon

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

Family:

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

Other sequenced families

Loxosceles reclusa i5k initiative, 2015 3,262,478,678

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

Nephila clavipes Babb, et al., 2017

Species Reference Genome size

(ドクイトグモ)

(オオヒメグモ)

Genome sequenced spiders previously

Kono, et al., in preparation



Short reads (150 bp)
- via Illumina

de Bruijn graph assembly

Candidate collection
BLAST search

Query: spidroin N/C-terminus

SMoC
(Spidroin Motif Collection)

Based on an
OLC (Overlap-Layout-Consensus)

Collected repetitive cassettes

Long read scaffolding

Genomic DNA

cDNA

exon

intron

N-terminus C-terminus

Spidroin

>>>>>>>>>>>>>>>>>>>>>

Repetitive 
domain

 ••GTTAAC
◀︎ Overlap

◀︎ Construct a PWM (Position Weight Matrix)

TCTAGTTGCTC ◀︎ Extend a consensus sequence

>>>>>> >>>>>>Repeat 1 Repeat 2

>>>>>>Repeat 3

>>>>>>Repeat 4

>>>>>>Repeat 1

>>>>>>Repeat 1

Other genes

Genomic DNA

or

or

>>> >>> >>> >>>

Scorei =    Mi, j

Overlapping read = i if Scorei > 99 (k-mer)

100

j = 1
Σ i = read #, j = read position

Mi, j (match score) = 1 

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

◀︎ SMoC can pick up only a variety of the repetitive 

motifs, not the order

Long reads (> 10 kbp)
- via Oxford Nanopore Technologies

1 234

   GTTAACTCTAGTTGCTC
    TTAACTCTAGTTGCTCT
    TTAACTCTAGTTGCTCTCT

•••

•••

•••

•••

•••

Curated spindroin gene sequence

Hybrid assembly for a long repeat spidroin genes

▶︎ Short read 
    NextSeq (Illumina) 

▶︎ Long read 
    PacBio RS II (Pacific Bioscience) 
    MinION (Oxford Nanoporetechnologies) 

▶断片的にではなく、 
長く綺麗に読む手法の開発

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



Faria, et al., 2016, Genome Med

Quick, et al., 2016, Nature

Zika

Ebola

ミーティング中にもゲノムシーケンスができる時代
実験医学 2018年1月Vol. 36 河野



Araneae
(spider)

Atypoidina

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

Family:

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

Other sequenced families

Loxosceles reclusa i5k initiative, 2015 3,262,478,678

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

Nephila clavipes Babb, et al., 2017

Species Reference Genome size

(ドクイトグモ)

(オオヒメグモ)

Genome sequenced spiders previously

Nephila clavipes 2,596,959,803
Nephila clavata 2,512,479,445
Nephila pillipes 2,722,710,357

Nephila inaurata Approx. 3.0 GB
Caerostris darwini Approx. 2.5 GB

Araneus ventricosus 3,060,247,623
Araneus diadematus Approx. 2.5 GB

Institute for 
Advanced Biosciences
Keio University

Institute for 
Advanced Biosciences
Keio University

Institute for 
Advanced Biosciences
Keio University
Institute for 
Advanced Biosciences
Keio University

Genome sequenced spiders by this study

Institute for 
Advanced Biosciences
Keio University

Institute for 
Advanced Biosciences
Keio University
Institute for 
Advanced Biosciences
Keio University



  

exon

intron

N-terminus C-terminus

Spidroin gene

>>>>>>>>>>>>>>>>>>>>>

Repetitive 
domain

 ••GTTAAC
◀︎ Overlap

◀︎ Construct a PWM (Position Weight Matrix)

TCTAGTTGCTC ◀︎ Extend a consensus sequence

>>>>>> >>>>>>Repeat 1 Repeat 2
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j = 1
Σ i = read #, j = read position

Mi, j (match score) = 1 

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

◀︎ SMoC can pick up only a variety of the repetitive 

motifs, not the order
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Genomic DNA

Long reads (> 10 kbp)
- via Oxford Nanopore Technologies

Scaffolding for spidroin gene sequence

Short reads (150 bp)
- via Illumina

de Bruijn graph assembly

Candidate collection
BLAST search

Query: spidroin N/C-terminus

SMoC
(Spidroin Motif Collection)

Based on an
OLC (Overlap-Layout-Consensus)

Manual curation of the 
collected repetitive cassettes

Genomic DNA

cDNA

  

Hybrid assembly for high repetitive genes

▶︎ Short read 
    NextSeq (Illumina)

▶︎ Long read 
    MinION (Oxford Nanoporetechnologies)
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Spidroin gene catalogue in A. ventricosus (オニグモ)
We found a novel spider silk 

gene（MaSp3）
MaSp

Kono, et al., in preparation
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Expression and proteome profiling

Transcriptome Proteome
MaSp

SpiCE: 
Spider silk- 
constituting elementSpiCE

Kono, et al., in preparation

Novel spider silk gene（MaSp3）

Found in a specific tissue

Prof. Arakawa Dr. Mori
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Organism MaSp3 g149799.t1 g22833.t1 g149801.t1 g160600.t1

Nesticus cooperi

Frontinella communis

Pimoa sp.

Zygiella dispar

Nephila clavipes

Verrucosa arenata

Micrathena gracilis

Macracantha arcuata

Gasteracantha hasselti

Gasteracantha kuhli

Cyclosa octotuberculata

Cyrtophora unicolor

Argiope aemula

Neoscona theisi

Araneus seminiger

Araneus ventricosus

Centruroides vittatus 
(scorpion as root)

(super family Araneoidea)

order Scorpiones

order Araneae

a

b c

Relationship with mechanical properties

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

SpiCEMaSp

SpiCE

SpiCESpiCE

SpiCE

MaSp

MaSp

Kono, et al., in preparation

Kono, et al., 2019, Sci Rep

オニグモ 
Araneus ventricosus

Kono and Arakawa, 2019, Dev Grow Diff

1. 正確なゲノムを決定し、 2. 新しい遺伝子を多く発見し、

3. 生体内での挙動や、 4. 糸強度への影響を解明した。



日経新聞2019年7月1日（朝刊11面） 山形新聞2019年6月19日（24面） 京都新聞2019年10月16日（夕刊2面）

化学工業日報2019年9月19日（朝刊10面） サイエンスZERO 2020年1月5日（NHK）



これまで知られていたクモ糸タンパク 今回新たに存在を確認したクモ糸タンパク
MaSp1 unknown protein 1

MaSp2 unknown protein 2

MiSp unknown protein 3

Flag unknown protein 4

AgSp unknown protein 5

AcSp unknown protein 6

PySp unknown protein 7

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 II 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

MaSp1

MaSp2
MiSp

Flag

AgSp
AcSp

PySp

CySp

SpiCE: 
Spider silk-constituting element 

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

Kono, et al., 2019

SpiCE

▶ 材料がやっとわかった



Transcr iptomics
World wide sampling

  67 科、373 属

1075 種
1679 サンプル

COI reference seq. 
(Araneidae)

BLAST search (blastn)
Query: COI reference seq.
Database: Contigs

Read assembly
(Bridger v.2014-12-01)

COI candidate seq.

Assembled contigs Reads

BLAST search (blastn)
Query: COI candidate seq.
Database: BOLDSYSTEMS

http://www.boldsystems.org

谷川明男先生 
東京大学大学院 
農学生命科学研究科生物多様性科学研究室

MORPHOLOGY

BARCODE

Identification

Taxonomy 
(Family, Genus, sp) 

was decided by a simple majority

(not weighted)

World spider catalog (2017.04.17)

30
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1120
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 12

WORLD WIDE SAMPLING Mar. 2019

2015.4 - 2019.3
Kono, et al., in preparation
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Nicodamidae

Agelenidae
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AcSp AggCySpFlagMaSp PySp

In each family, 
# of holder > 50%   

else

MaSp3
MaSpN

MaSp

E-value < 1.0e-20 
Identity > 50%
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オオミノガ 
Eumeta variegata

Species Eumeta variegata
Family Psychidae

Japanese name Oominoga
# of contigs 12,721

Total length (bp) 724,251,513
Average scaffold length (bp) 56,933
Longest scaffold length (bp) 2,266,462
Shortest scaffold length (bp) 501

N50 (bp) (# of scaffolds in N50) 324676 (#647)
N90 (bp) (# of scaffolds in N90) 42265 (#2778)

Genome (estimated size = 700Mb)
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G
S
A

GAG
115

S G AGS
120

G

0.0

1.0

2.0

3.0

4.0

bit
s

V
AGAG

125

AGSGA
130

GAGGA
135

GAAAG
140

AGAGA
145

GSGAG
150

SGSGA
155

GAGAG
160

SGAGA
165

GSG

0.0

1.0

2.0

3.0

4.0

bits MRAL
5

TFVIL
10

CCALQ
15

QYATA
20

KTDWY
25

EDWKK
30

NQGSF
35

RETDL
40

ADTDE
45

YQTDS
50

NGTMF
55

EKKTT
60

R
0.0

1.0

2.0

3.0

4.0

bits KKFE
65

KDGST
70

MVNSD
75

SGEDK
80

IVRTF
85

VVETD
90

ASGHE
95

VIYEE
100

DVVIK
105

KVPGK
110

RKKVS
115

QANAK
120

A
0.0

1.0

2.0

3.0

4.0

bits SAIA
125

ASVGA
130

GVGAA
135

SV

0.0

1.0

2.0

3.0

4.0

bits SGGY
5

GSYGS
10

GVAAG
15

AGAGA
20

GVGGS
25

RGAGV
30

GAGVG
35

AGYGS
40

ALNSG
45

AGAGA
50

GAGAG
55

AGGAA
60

G
0.0

1.0

2.0

3.0

4.0

bits AGAG
65

AGAGA
70

GAGAG
75

FASYG
80

RPGVR
85

GCQLS
90

RKYLL
95

VKVGL
100

RSTCS
105

DC

over 18.69 kbp

Wolff, et al., 2017 Kono, et al., Communications Biology, 2019, in press
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Fibroin genes in moths

カイコガ

強さ Repetitive 
motif SpiCE

GPa

0.52 AAAAAAA

0.34 GAGAGAG

0.63 GAGAGAG AAAAAAA

1.15 GAGAGAG AAAAAAA

ヤママユガ

AGAGAGAGSGAAGGAGAGAGAGAAAAAAAAAEAAAAAAAAAA
AAGSGAGAGGAGGYGAGAGAGAGAGAGGAGGAGGAGGAGGAG
GYGGAGVVYVSAGGAGAGAGSGAGAGSGAGAGAGSGAGAGGA
GAAAGAGAGAGSGAGSGSGAGAGAGSGAGAGSG

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

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

オオミノガ

クモ

Kono, et al., Communications Biology, 2019

SpiCE



シーケンス後解析フロー
シーケンス時間

29 時間
150 bp paired-end

NextSeq 500
High Output Kit (300 cycles)

出力データ量

  120 GB　
150 bp paired-endで、

24サンプル平均35Mリード

NextSeq 500 (Illumina)

シーケンス

29時間

de-
multiplex QC Assembly Analysis

全自動化
24サンプル解析時間

30 時間
ライブラリープレップ
と合わせて約1週間

サンプル入力システム 解析プロセス確認 データ管理 解析フロー

de-multiplex: bcl2fastq

QC: FastQC

Assembly: Bridger

自動解析パイプライン構築De novo transcriptome assembly pipeline 

h.

Sequencing time

Output data

150 bp paired-end, 
35 M reads ave. in 24 multiplex

Automation

Time for 24 sample analysis

h.

Post processing

Transcr iptomics

World wide sampling

  73 fam. 407 gen.
 1,094 species
 1,630 spiders

COI reference seq. 
(Araneidae)

BLAST search (blastn)
Query: COI reference seq.
Database: Contigs

Read assembly
(Bridger v.2014-12-01)

COI candidate seq.

Assembled contigs Reads

BLAST search (blastn)
Query: COI candidate seq.
Database: BOLDSYSTEMS

http://www.boldsystems.org

谷川明男先生 
東京大学大学院 
農学生命科学研究科生物多様性科学研究室

MORPHOLOGY

BARCODE

Identification

Taxonomy 
(Family, Genus, sp) 

was decided by a simple majority

(not weighted)

World spider catalog (2017.04.17)

58

74

104
13

1120

  76

 53

WORLD WIDE SAMPLING

Dec. 2018

2015.4 - 2019.12
Arakawa, et al., in preparation

(48)

中村浩之 
大利麟太郎 
篠原麻夏 
Daniel A. Pedrazzoli Moran

Genomics

生命現象ありきで見るべき対象生物を選び、

モデル生物に頼る事なく生命の謎を解き明かす

Institute for 
Advanced Biosciences
Keio University
  Institute for Advanced Biosciences, 

  Keio University; Arakawa group

1. Phylogenomics

3. SpiCE ImPACT

Summary of spidroin & SpiCE

Nephila pilipes

Nephila clavipes

Nephila inaurata 
madagascariensis

https://bugguide.net/node/view/226176

http://www.natureoz.net/zukan301.htm

https://en.wikipedia.org/wiki/Nephila_pilipes

MaSp1 

MaSp2 Flag AcSp CySp PySp AgSpMiSpMaSpNジョロウグモ 
Nephila clavata SpiCE

Hayashi et al., 1999 Int. J. Biol. Macromol.
Hayashi and Lewis, 1998 J. Mol. Biol.
Teulé et al., 2009 Nat Protoc.

(GA)n (An)

GGX GPGGX

GPGQQ XQQ

TTX SSX Spacer

Distribution of repetitive motifs 
found across spidroin genes

spiceN1 
(264 aa)
spiceN2 
(258 aa)
spiceN3 
(763 aa)

spiceN1 
spiceN2

spiceN1 
spiceN2

spiceN1 
spiceN2

2. New spidroin


