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ANFEIE, HHIERY A REEE H & R 2 AR H 0 5
TeODHEHTHER IND, TWEBND 5 I35 T RGHENT
NH. EEEBRE TR OMELENZ 7V — FIAEDT
5NTHYH (Misofetal, 2014). RELERED S EEE
BANDOENLTERZTL) A CEELZRBHRE L LTS
NTW5h, NT HERITEE ., HEEA RS AT 2TV,
SRR S IE TRMEOME R . R ABIN 0 S X P RUR O I
REULPH-BEETH S (Crozier, 1977), F 72, f#
WEHODL D, HFEKEOLD, HE&EE LD DL L,
DTN —TOEYFH IR S W OO TIE
HIZFRREFIT 2 O S LT, &7/ ABRHIDSREG - A
& 1 (The Honey Bee Genome Sequencing Consortium,
2006; Werren et al., 2010; i5K Consortium, 2013) . RNAi
R0 AR TR 2 Bl 70 & O BARTFARREMEHTHAT A3 &
T v % (Hatakeyama et al., 2009; Lynch 2015; Cridge et
al,, 2016), T FE TREMITIEH & T & 72 RNAI X #1x
TR 2 E SRR  BIETFREHRTEH 5 b 0
D, FEIZW L D2 DHIFI A S 5. RNAL I & 5 #EIRZT
J v AAIRES BT, FBIC L o TUIRI R A
bNEWHELH D, B FHIEZ TR, 7/ 2HAD
Mozl ZAHICHWBIZFEREATE DT TE%EV,
COL) HERPL. AR 7L T —EE2HMHL
727 AREFMER SN Twb, %A TH CRISPR/
Cas9 (Clustered Regularly Interspaced Short Palindromic
Repeats/CRISPR-Associated protein 9) > A7 A&, &R,
M. LA, ICHORME. & S5 ISBEFEEICEN.
TAEZAICERA~NOFIH A KL T E 7 (Gilles and
Averof, 2014; Chen et al., 2016; Cui et al., 2017; Taning et al.,
2017; Sun et al., 2017; Gantz and Akbari, 2018), = Z T,
IEEHE DTNV TH D575 /NF (Athalia rosae)
EHIEFEEOET NV TH LA I T IV NF (Apis

mellifera) % H\»72 CRISPR/Cas9 ¥ AT LM 2L 57/ A
e BT/ vrToh) ORREHRET 5.

7T NF T IRTHRNICRERETEY YN0 H
(EGFP) % 3Bl % #InFHIR 2 R (Hatakeyama et
al,, 2016) % H\v>, EGFP #{nT OFBEIHINT % #ix
TELY % fZA912 L T single-guide RNA (sgRNA) % /E# ||
DNA Y)W D Cas9 ¥ » /827 B % 2 — F4 5 mRNA &
EHIT, BMARZTIHINEA Lo TN ZHASES
FEALNR (G) T, EGFP 2SEH 1 ZRICHRH S h
HARMIEEY A4 7RSS L, KBS &) EGFP /v
7777 b G kPR SNIZ, TNSDEGFP /) v 7T
7 MEKOBEMESTNAZIFEA S REPELTBY . IEF
HEETEWIERIN W EPNbhrol, 43T
IVYNF T, REFAOLEIZEIN S &7 i iR
HIcEL T TomWRIC, IREGHREEREZOF XL =
Y F X VA F — ¥ (kynurenine 3-monooxygenase:
kmo) BInT 2 HEAIZ/ES L 72 sgRNA & Cas9 mRNA &
EEALZ. IhHE2 ATWICHEL CTELNEAY
X (G) DBELTEVHEEITo72& 25, kmo EIL T
FNCEF S FERREDPHERTE e ZOXHITHTIN
NF &t A 973 7/)NF T, CRISPR/Cas9 v AT A 1Z &
HILT/ v 7T MSURER Z L ANEREE LT,

5| F3CHk

Chen, L., G. Wang, Y.N. Zhu, H. Xiang and W. Wang (2016) Advances
and perspectives in the application of CRISPR/Cas9 in insects.
Zoological Research, 37, 220-228.

Cridge, A.G.,M.R. Lovegrove,].G. Skelly,S.E. Taylor, E.G.L. Petersen,
R.C. Cameron and PK. Dearden (2017) The honeybee as a model
insect for developmental genetics. Genesis, 55, €23019.

Crozier, R.H. (1977) Evolutionary genetics of the Hymenoptera.

* Abstract of paper read at the 54th Annual Meeting of the Arthropodan Embryological Society of Japan, May 18-19, 2018 (Sugadaira, Nagano).



48

Annual Review of Entomology, 22, 263-288.

Cui, Y., J.L. Sun and L.L. Yu (2017) Application of the CRISPR gene-
editing technique in insect functional genome studies — a review.
Entomologia Experimentalis et Applicata, 162, 124-132.

Gantz, VM. and O.S. Akbari (2018) Gene editing technologies and
applications for insects. Current Opinion in Insect Science, 28,
66-72.

Gilles, A.E. and M. Averof (2014) Functional genetics for all: engineered
nucleases, CRISPR and the gene editing revolution. EvoDevo, 5,
43.

Hatakeyama, M., M. Sumitani, D.S. Yamamoto, J.M. Lee and K. Oka
(2009) The sawfly, Athalia rosae ruficornis (Hymenoptera) as a
model insect for developmental and reproductive biology: What
has been done and what should be done? Proceedings of the
Arthropodan Embryological Society of Japan, 44, 1-12.

Hatakeyama, M., J. Yatomi, M. Sumitani, Y. Takasu, K. Sekiné, T. Niimi
and H. Sezutsu (2016) Knockout of a transgene by transcription
activator-like effector nucleases (TALENS) in the sawfly, Athalia
rosae (Hymenoptera) and the ladybird beetle, Harmonia axyridis
(Coleoptera). Insect Molecular Biology, 25, 24-31.

i5K Consortium (2013) The i5K initiative: Advancing arthropod
genomics for knowledge, human health, agriculture, and the
environment. Journal of Heredity, 104, 595-600.

Misof, B., S. Liu, K. Meusemann, R.S. Peters, A. Donath, C. Mayer,
PB. Frandsen, J. Ware, T. Flouri, R.G. Beutel, O. Niehuis, M.
Petersen, E Izquierdo-Carrasco, T. Wappler, J. Rust, A.J. Aberer,
U. Aspock, H. Aspock, D. Bartel, A. Blanke, S. Berger, A. Bohm,
T.R. Buckley, B. Calcott, J. Chen, E Friedrich, M. Fukui, M. Fujita,
C. Greve, P. Grobe, S. Gu, Y. Huang, L.S. Jermiin, A.Y. Kawahara,

L. Krogmann, M. Kubiak, R. Lanfear, H. Letsch, Y. Li, Z. Li, J.
Li, H. Lu, R. Machida, Y. Mashimo, P. Kapli, D.D. McKenna, G.
Meng, Y. Nakagaki, J.L. Navarrete-Heredia, M. Ott, Y. Ou, G.
Pass, L. Podsiadlowski, H. Pohl, B.M. von Reumont, K. Schiitte,
K. Sekiya, S. Shimizu, A. Slipinski, A. Stamatakis, W. Song, X. Su,
N.U. Szucsich, M. Tan, X. Tan, M. Tang, J. Tang, G. Timelthaler, S.
Tomizuka, M. Trautwein, X. Tong, T. Uchifune, M.G. Walzl, B.M.
Wiegmann, J. Wilbrandt, B. Wipfler, TK.E Wong, Q. Wu, G. Wu,
Y. Xie, S. Yang, Q. Yang, D.K. Yeates, K. Yoshizawa, Q. Zhang, R.
Zhang, W. Zhang, Y. Zhang, J. Zhao, C. Zhou, L. Zhou, T. Ziesmann,
S.Zoy, Y. Li, X. Xu, Y. Zhang, H. Yang, J. Wang, K.M. Kjer and X.
Zhou (2014) Phylogenomics resolves timing and pattern of insect
evolution. Science, 346: 763-767.

Lynch, J.A. (2015) The expanding genetic toolbox of the wasp Nasonia
vitripennis and its relatives. Genetics, 199, 897-904.

Sun, D., Z. Guo, Y. Liu and Y. Zhang (2017) Progress and prospects of
CRISPR/Cas systems in insects and other arthropods. Frontiers
in Physiology, 8, 608.

Taning, C.N.T., B. Van Ende, N. Yu, S. Ma and G. Smagghe (2017)
CRISPR/Cas9ininsects: Applications, best practices and biosafety
concerns. Journal of Insect Physiology, 98, 245-257.

The Honey Bee Genome Sequencing Consortium (2006) Insights into
social insects from the genome of the honeybee Apis mellifera.
Nature, 443, 931-949.

Werren, J.H., S. Richards, C.A. Desjardins, O. Niehuis, J. Gadau, J.K.
Colbourne and The Nasonia Genome Working Group (2010)
Functional and evolutionary insights from the genomes of three

parasitoid Nasonia species. Science, 327, 343-348.



