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Expression patterns of Bombyx mori Fox family transcription factors and

functional analysis of BmFoxL2 in the testis

HU Qi-Hao" DAI Yu-ding® PEI MengYuan" XIAO Yan-Hong ZHAO Dan-Hui YU Xiao-Qiang
LU YuZhen  ( Guangdong Provincial Key Laboratory of Insect Developmental Biology and Applied
Technology School of Life Sciences South China Normal University Guangzhou 510631 China)
Abstract: The Forkhead box ( Fox) proteins are critical transcription factors involved in the development
of many organisms but plants. However the expression patterns of Bombyx mort Fox genes in the testis and
function of BmFoxL2 subfamily during testis development remain unknown. In this study the expression
patterns of 12 BmFox genes in the testis were analyzed. BmFoxL2-2 had a highest expression level and
followed by BmFox[2-. Both BmFoxlL.2- and BmFoxl.2-2 were expressed at a significantly higher level in
the testis than in ovary. BmFoxI.2- was expressed only in the nucleus and BmFoxI.22 was located in

both the nucleus and cytoplasm. Both BmFoxL2 proteins contained the conserved Forkhead domain and
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they varied in N-erminus physical and chemical characteristics. The transcript of BmFoxL2- gene was

increased during development BmFoxl.2-2 mRNA was abundant in the testis at the late stage of both

larvae and pupae; BmFoxL2 gene was expressed at a higher level in the sperm than in the testis

membrane. Genes participate in development including BmNanos BmVasa and BmCyclinA  were upregulated

in Bm12 cells overexpressing BmFoxI2- and BmFoxI22. Our results suggested that FoxI2 subfamily proteins

might participate in testis development by regulating cell cycles or spermatogenesis in B. mori.
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1 1.5 BmFoxL24/2
Table 1 Primers used in this study BmFox2- /=2 ¢cDNA
(5" -3 ( 1

Primer name Primer sequences (5" -3) (2021) Sac 1 BamH 1
BmFoxA-qF CTGTCCTTCAACGACTGCTTTGT pEGFPNI-GFP DNA
BmFoxA-qR CGTGGTGTCCGTGCGTCTGCT T4 PCR
BmFoxB2-qF ACTGGACCTTGCATCCCCAG DH5a o
BmFoxB2-¢-R ~ GCCGCTTGTCGGGCTAAAAA
BmFoxC2-qF TCTCCGCAGCCGTATTCTTTA 1.6 BmFoxL2d/BmFoxL22  Bml2
BmFoxC2-q-R  CGCCTGGTGGTGGTAGTAAGA
BmFoxD-q¥ CGACCCTCCACACCTCTGAC Bml?2 6
BmFoxD-q-R TCCATCGTCGCGCAGGTAAT 2 ml
BmFoxF-qF CGCACTGTCTGCTTGCTCG R0% Oiagen
BmFoxF-qR CGCCTCCTCTGTGGTTTGGT BrFoxI24-ECFP  BmFox2-2-ECFP
BmFoxGH ¥ ACCATCGCTACACTCTCCGC Bmld )
BmFoxG4-qR  CTGCCTCGTGAGAACCGTCA
BmFoxG2-qF GGCGGCACATAAAGCGATGA 48 h
BmFoxG2-q¢R  GAAGCTGTGCGGAGGACTCA PBS - 4% 1%
BmFoxJ- -qF AGGAACAGCGACAAGAAACCAC PBT (1 1%o Triton X100  PBS)
BmFox]4-qR TGCCCTCTAAGTGAGCCAAGTC ° DAFI
BmFoxl24-qF¥  AACTGCTGAAGCCCAAAGATGA 1%o PBT DAPI.
BmFoxI24qR  AGATGGCAGCGTCGGTAAGG BmFoxI24 -
BmFoxl22-q¥  ACGGCAGAAATAGGCAGGGC EGFP  BmFoxL22-EGFP o
BmFoxI22-¢-R ~ CCAGGGGTAAAAGGCTATTGGGT
BmFox04 ¥ TGAACTGGCTGAGGTTGGCT 2
BmFoxO4-q-R  AAAGATTGCCCCAGGCGTTG
BmFox02-qF GCCAGACAACTACGTCGAGCAG 2.1 Fox
BmFox02-qR  GGTGATGGCTTGCGTTATGAG
BmNanos-q¥ AAGCTCTTCGCCAGAAGCGA 5
BmNanos-q-R GGCAGCGGAACCCTCTAAGT s (15DS) (PP)
BmVasa-q¥ ACTGGTCGCGTAGGAAACAG
BmVasa-q-R AATGTAGCAGTGCCACCTCC

BmFoxl22 BmFox

BmCyclinA-qF CTCTCAACACCCACCTCAC
BmCyclinAqR  CGCTGCTATTACTGAGGGT Foxl2 BmFoxl24 — FoxO
BmCyclinBq¥  TTGCGAGACCGATACCTTTG BmFox0-4/BmFox02 (D
BmCyclinB-g- R~ AGATTGCTGCCGCTGCTA BmFoxL2H
BmCyclinB3-F  CATAAAACTCCTTCTGGTGT BmFox[.22 o
BmCyclinB3-4F ~ TAATCGTCAATAGGGAAAAG 2.2 BmFoxL2
BmCyclinLl-qF  TACAAAGGTTTTACTACTCG BmFoxI.2
BmCyclinLl-4-R ~ GATTACATCTCTTATTCTGC BmFoxI2 .
BmRp49-qF CAGGCGGTTCAAGGGTCAATAC BmFoxI24  BmFoxI22
BmRp49-qR TACGGAATCCATTTGGGAGCAT 20.35 kDa  24.52 kDa 9. 85
BmFoxI[24 -ORF¥ ATGACGCCGTCGAGCCCC 5.87 BmFoxI24
BmFox[24-ORF-R TCACGCGTCATATCTGGGATAGGAAG BmFoxI22 ( 2) . SMART ’
BmFoxI22-ORFF ATGGCCACCAAAACCCCGGAG

BmFox[22-ORFR

TCAATCGACAGTGATCAGACCGCATT

BmFoxI.2
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Fig. 1 Expression of different BmFox genes in the testis of BmFoxl2
Bombyx mori larvae and prepupae 5 3 1
A5 5 . B ° qPCR BmFoxl2 o
( Turkey P < BmFoxI2-
0.05) , Note: A The day 5 of 5" instar larvae; B
Prepupae. Different letters indicated significant difference . BmFoxl22
between the two groups ( One way ANOVA: Tukeys HSD
tests P <0.05).
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Fig. 2 Structural analysis sequence aglinment and cellular localization of BmFoxI.2- and BmFoxI22
A ;B ;G o Note: A Structural analysis; B Sequence aglinment; C

Cellular localization.
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2 BmFoxI2d  BmFoxL2-2
Table 2 Physical and chemicalcharacteristics of BmFoxL.2-4 and BmFox[.22

( kDa) 0-
Gene name SilkDB ID Size ( aa) Protein mol. mass pl Phosphorylation site  O-Glycosylation site
BmFoxI2- BGIBMGAO000635 178 20. 35 9.85 25 12
BmFoxl2-2 BGIBMGAO00838 218 24.52 5.87 15 11
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Fig. 3 Expression of BmFoxl.2- and BmFox[2-2 transcripts in silkworm
. A BmFoxl2- BmFoxl2-2 . B BmFoxl2- BmFoxl.2-2

; C BmFoxl2d  BmFoxl22 .
(" P<0.05 """ P<0.001; t ) o Note: A Expression of BmFox[2- and BmFoxI2-2 transcripts in the testis and ovary
of silkworm at day 5 of 5" instar larvae; B Expression of BmFoxI2- and BmFoxI2-2 mRNAs in different parts of the testis at day 5 of
5" instar larvae; C Expression of BmFoxI2- and BmFoxI2-2 transcripts in the testis of silkworm at different developmental stages.

The asterisk above the column indicated significant difference between the two groups (© P <0.05; *** P <0.001; t-test) .
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Fig. 5 Effect of BmFoxI22 overexpression on the expression of genes related to spermatogenesis
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Note: Asterisks above the columns indicated significant difference between the two groups “NS” indicated non—

significant between the two groups (© P <0.05; test) .
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Kawamura 2002; Pereira and Santos 2015) .
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