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Elucidating the molecular basis of voltinism determination mechanisms in insects
using the silkworm, Bombyx mori
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Voltinism is the number of generations of an insect in a year. This study
aims to demonstrate that mutations in clock genes contribute to the determination of insect
voltinism using the silkworm, Bombyx mori, which benefits from advanced genome engineering
techniques and abundant, high-quality genomic information. By establishing knockout strains
targeting core clock genes through genome editing, it was shown that the circadian clock plays a
crucial role in photoperiodic diapause induction. In addition, a large-scale comparative genomic
analysis identified certain clock genes and their amino acid substitutions that potentially affect
the determination of voltinism in B. mori.



Bombyx mori 700

5000~6000
Bombyx mandarina
, 1968
Kiuchi et al., in preparation
KO
1
2
3
1
BmN4 timeless tim
Clock CIk cycle cyc
CYC/CLK CLK/CYC
cryptochrome 2 cry2 period per tim
CRY2/PER CRY2/TIM PER/TIM
EGFP FLAG
2
CRISPR/Cas9 Clk cyc cry2 per tim cryl KO
p50T



2022

1000 Tong et al., 2022, Nat Commun
1
Clk cyc cry2 per tim
cryl BmN4
clk cyc E-box tim

Drosophila melanogaster
Danaus plexippus
CLK/CYC tim CLK/CYC
cry?2 per tim
CRY2 PER TIM
CRY2/PER CRY2/TIM PER/TIM

2
p50T
CRISPR/Cas9 clk
cyc per tim cryl KO KO
KO Clk cyc per tim KO
Tobita and Kiuchi, 2022 Insect Biochem Mol Biol
cryl KO
p50T
cryl/tim KO tim KO
CRY1 TIM CRY1
TIM
Tobita and Kiuchi, 2024 bioRxiv
Kiuchi et al., in preparation KO
p50T
3
1000 2022

Tong et al., 2022, Nat Commun

CRISPR/Cas9



FHROBE
k& [EEHEEFORMN - EOECHFEROCEREICTSTS] L OIH
(1) HIDEERE SR AOKEA Q) BMERHORMECSERORE  (3) MINEHORIESULEROEE

By HiB{E F OBBETY 1 RO BFEHB{EF KON/ JDFEH KIRT ) NIRRT

- timeless
o [ VWV

#5 - BIRROI1— K/ Wy LT O3EEA By S hE{EFKOICLBZ ML B hBEFICHI 373/ BB IRORE




4 3 1 2

Tobita Hisashi Kiuchi Takashi

Knockout of cryptochrome 1 disrupts circadian rhythm and photoperiodic diapause induction in 2024

the silkworm, Bombyx mori

bioRxiv -
DOl

10.1101/2024.05.13.593801

Hisashi Tobita, Takashi Kiuchi 149

Knockouts of positive and negative elements of the circadian clock disrupt photoperiodic 2022

diapause induction in the silkworm, Bombyx mori

Insect Biochemistry and Molecular Biology 103842
DOl

10.1016/j . ibmb.2022.103842

Kenta Tomihara, Peter Andolfatto, Takashi Kiuchi 31

Allele-specific knockouts reveal a role for apontic-like in the evolutionary loss of larval 2022

melanin pigmentation in the domesticated silkworm, Bombyx mori

Insect Molecular Biology 701-710
DOl

10.1111/imb.12797

Kenta Tomihara, Katsuya Satta, Shohei Matsuzaki, Kazutoshi Yoshitake, Kimiko Yamamoto, Hironobu 137

Uchiyama, Shunsuke Yajima, Ryo Futahashi, Susumu Katsuma, Mizuko Osanai-Futahashi, Takashi

Kiuchi

Mutations in a  -group of solute carrier gene are responsible for egg and eye coloration of 2021

the brown egg 4 (b-4) mutant in the silkworm, Bombyx mori

Insect Biochemistry and Molecular Biology 103624

DOl
10.1016/j . ibmb.2021.103624




18 2 4

2024

Hisashi Tobita, Takashi Kiuchi

Involvement of cryptochrome genes in photoperiodism of the silkworm, Bombyx mori

XXVI1 International Congress of Entomology

2024

Kenta Tomihara, Ana Pinharanda, Peter Andolfatto, Takashi Kiuchi

The genetic architecture of the “ low-locomotive” behavior of domesticated silkworm larvae

XXVI1 International Congress of Entomology

2024

2023




cryptochromel ?

5 93
2023

5 93
2023

5 93
2023

Hisashi Tobita, Takashi Kiuchi

Knockout of clock gene cryptochrome2 affects photoperiodic diapause induction in the silkworm, Bombyx mori

67

2023




Hisashi Tobita, Susumu Katsuma, Takashi Kiuchi

Establishment of clock gene knockout strains and analysis of diapause phenotype in the silkworm, Bombyx mori

XXVI International Congress of Entomology

2022

Kenta Tomihara, Katsuya Satta, Shohei Matsuzaki, Kazutoshi Yoshitake, Kimiko Yamamoto, Hironobu Uchiyama, Shunsuke Yajima,
Ryo Futahashi, Susumu Katsuma, Mizuko Osanai-Futahashi, Takashi Kiuchi

Identification of the gene responsible for the brown egg 4 (b-4) mutant in the silkworm, Bombyx mori

XXVI International Congress of Entomology

2022

CRISPR/Cas9

2022

CRISPR/Cas9

2022




190

2022

Hisashi Tobita, Susumu Katsuma, Takashi Kiuchi

Clock genes are involved in photoperiodic diapause induction during embryonic and larval stages in the silkworm, Bombyx mori

66

2022

2021

Projectin

2021




3 91
2021
CRISPR-Cpfl

3 91
2021

https://sites.google.com/view/ighlab-ut-aba/top?authuser=0







