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Functional analysis of the BmRpt4 gene during wing
development in the silkworm, Bombyx mori
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Abstract [Objectives] To study and analyze the function of the BmRpt4 gene (Regulatory particle triple-A ATPase 4,
BGIBMGA010794) during wing development in the silkworm Bombyx mori. [Methods] BmRpt4 gRNAs and Cas9 mRNA
were directly injected into silkworm embryos using the CRISPR/Cas9 genome editing technique. Phenotypes of G, adults were
observed and the proportion of adults with minute wings was statistically analyzed. Mutation of BmRpt4 was detected in adults
with minute wings. [Results] All Gy adults in the control group had normal wings whereas 66.67% of G, adults in the
experimental group had minute wings. The BmRpt4 gene was deleted, or inserted, in different length fragments at the two
gRNAs locii in Gy individuals with minute wings. These results indicate that individuals developed minute wings due to
knock-down of the BmRpt4 gene. [Conclusion] The BmRpt4 gene plays an important role in wing development in the
silkworm, and in regulating proteasome in the development of biological tissues and organs.
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Table 1 List of primer names and their sequences for the synthesis and detection of BmRpt4 sgRNA
5'-3'
Primer name Primer sequence (5'-3") The purpose
BmRptd-sgF 1 TAATACGACTCACTATAGGGAGATGTTCAACTACGCGGTTTTAGAGCTAG sgRNA
AAATAGCAAGTTAAAATAAGGCTAGTCC
BmRptd-sgF2 TAATACGACTCACTATAGGGACAGGTGAAGATCATCAGTTTTAGAGCTA sgRNA
GAAATAGCAAGTTAAAATAAGGCTAGTCC
AAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCT
SERNA-R - 1 ATTTTAACTTGCTATTTCTAGCTCTAAAA SeRNA
pJET1.2-F  CGACTCACTATAGGGAGAGCGGC PCR
pJET1.2-R  AAGAACATCGATTTTCCATGGCAG PCR

BmRpt4-F1 CATTACAGGTGGTGTCATCGGC
BmRpt4-R1 TTAGCTACTGGCACTCACCGAT
BmRpt4-F2  AGGTGGGAGACGTTTTTCCGAA

BmRpt4-R2 TCACCTAGCCTGTTCATTGGGC
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Fig.1 Schematic diagram of BmRpt4 gene and positions of sgRNA 1/2
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BmRpt4 gene contains seven exons and six introns. Two sgRNAs designed are localized on exon 5 and 6 respectively.

Black boxes are exons and black lines linked are introns. sgRNAs sequences (in black) and PAM

sequences are shown (in black and bold).
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Table 2 The hatching percent of eggs injected with BmRpt4 sgRNAs and Cas9 RNA,

and phenotype observation of Gy adults

Experimental group

Control group

Injected embryos (number)
Hatched embryos (no.)

Adults (no.)

Adults with minute wings (number)

Percent of mutation

480
98
69
46

66.7%

2 GyRIEEBME (A) FgEENM K (B)
Fig. 2 Gy adults with normal wings (A) and minute wings (B)
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Fig. 3 Different mutations of BmRpt4 gene by CRISPR/Cas9

4 4 1

2 3 4

BmRpt4 sgRNA

Compared with wild type silkworm, BmRpt4 has different mutations between the two sgRNAs
(under line) in four (1, 2, 3 and 4) silkworms with minute wings.
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