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length ¢cDNA of Bombyx mori Piwi subfamily protein gene was cloned and the molecular characteristics
and expression patterns were analyzed. First we searched the B. mori genome using the Piwi subfamily
proteins of known species and obtained the B. mori Piwi subfamily protein genes siwil and siwi2. The
fulldength ¢cDNA sequences of siwil and siwi2 was cloned using RACE technology. Then the molecular
characteristics were analyzed using ORFfinder Gene-¥xplorer InterPro etc. Secondly the phylogenetic
tree was constructed using all known species Piwi protein and the analogue Piwil. Finally the expression
levels of siwil and siwi2 in silk gland malpighian tubes midgut head ovary and testis were detected
by quantitative real4ime PCR technology as well as the expression levels of siwil and siwi2 at different
developmental stages ( eggs 1 ~ 5 instar larvae pupae and adult) . The full length of siwil was
3277 bp containing part of 5"UTR  complete open reading frame ( ORF) and 3°UTR but we just got a
partial of siwi2 with 823 bp and siwil corresponded to BmPiwi siwi2 corresponded to BmAgo3.
Phylogenetic trees showed that the silkworm Piwi subfamily protein was closely related to the PIWI
proteins of Oncopeltus fasciatus  Drosophila melanogaster  Bactrocera dorsalis  Gampsocleis gratiosa

Anopheles stephensi  Nilaparvata lugens as well as the PIWI2 and PIWI3 proteins of Locusta migratoria

and was clustered to one clade with PIWI2 and PIWI3 of Portunus trituberculatus. The BmAgo3 protein
had the closest relationship with the Plutella xylostella AGO3 and clustered to one clade with AGO3 of
Diabrotica virgifera virgifera Agrilus planipennis and PIWI1 of Locusta migratoria. And clustered to a
general clade with AGO3 of Bactrocera dorsalis. The expression level of BmPiwi in testis was significantly
higher than other tissues followed by ovaries and head while the expression level of BmAgo3 in head
was significantly higher than other tissues followed by testes and ovaries. The expression levels of
BmPiwi and BmAgo3 were the highest in the egg stage but the expression level in the newly hatched
larvae decreased rapidly and maintained a low expression level state during the whole larval period until
the pupa stage the expression level raised sharply and maintained a high level expression to the adult
stage. The expression of BmPiwi and BmAgo3 in B. mori had obvious spatial and temporal specificity.
During the period of reproductive tissues and the period of a lot of cell activities the expression of Piwi
subfamily gene in B. mori changed a lot. Our research provided research direction and theoretical basis
for further detecting the physiological function of the B. mori Piwi subfamily.

Key words: Bombyx mori; Piwi subfamily protein gene; molecular cloning; phylogenetic analysis;
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1
Table 1 List of the primers

Method Primer name Sequence (5°3")
¢DNA siwil _forward AGCACTGGAGTCCGAAAGGC
Cloning of cDNA siwil _reverse GCGACCACGTTGAACGAAGA
siwil _full F GATGTCAGAACCGAGAGGTAGA
siwil _full R CTCACGTTATGATTGCGGACTA
siwi2_forward TCAGTTGAATTG CAAACTGGG
siwi2_reverse CACATCTTGTACGTCAAACGCT
Actin A3_forward GCGCGGCTACTCGTTCACTACC
Actin A3_reverse GGATGTCCACGTCGCACTTCA
5 RACE siwil_5"gsp TTTGCTTCAGGGTCAAAATAATCCCGTC
Amplification of 5" RACE oy 50100 CCATCGGATCAGGATGCAGACGATTTAC
siwi2_5"gsp TTGTACGACAACATAGGTCAGGGTAGGC
siwi2_5"ngsp CGATGCTACAAAACTGCAAACGCTCCG
3°RACE siwil 3°gsp CTGTAGACCGAGCCGTGCCGACGCAG
Amplification of 3" RACE oy 30100, CCGCGAGAAAAACGGGACCTACCCAG
siwi2_3"gsp GGTGTAGGCGACGGGCAGCTGAAGTT
siwi2_3"ngsp CGTGGTGGTCTACGACGACAGCGGGAT
PCR siwil _forward AGCACTGGAGTCCGAAAGGC
RT-PCR siwil _reverse GCGACCACGTTGAACGAAGA
siwi2_forward TCAGTTGAATTG CAAACTGGG
siwi2_reverse CACATCTTGTACGTCAAACGCT
Actin A3_forward GCGCGGCTACTCGTTCACTACC
Actin A3_reverse GGATGTCCACGTCGCACTTCA
PCR siwil _Q forward GTGCGGGTCTGCCTGAGTTG
gRTPCR siwil _Q reverse GGTGTGCTTGTGAATCTCCTGTTG
siwi2_Q forward AGCCTACCCTGACCTATGTTG
siwi2_Q reverse ACCAGTCCCGTCTCGTTATAC
Rp49_Q forward AGGCATCAATCGGATCGCTATG
Rp49_Q reverse TTGTGAACTAGGACCTTACGGAATC
GAPDH_Q forward CGCTGGAATTTCTTTGAATGAC
GAPDH_Q reverse CAATGACTCTGCTGGAATAACC
2 Piwi
2 stwil  stwi2 o siwil 1 482 bp; siwi2
1 530 bpo stwil stwi2
2.1 Piwi PCR o 2%

13 Piwi 2 PCR 1
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2 2 Piwi

Fig. 2 Full lengthcloning and structure analyzing of two Piwi subfamily genes from Bombyx mori

(A) PCR Actin A3 ; (B) RACE BmPiwi 37 7 (C) RACE BmAgo3 37

v 3 .4 3'RACE RT-PCR ; (D) PCR BmPiwi 7 (E)

BmPiwt . Te o L =1 =2 ;. M Marker; blank :
gsp/ngsp ; upm/nupm 3’RACE o F . R ;
5’RNA ( DDH: Asp-Asp-

Asp/His/Glu/Lys) o Note: (A) Check the RACE templates with housekeeping gene Actin A3 by PCR; ( B) 3“RACE PCR of
BmPiwi; (C) 3°RACE PCR of BmAgo3 RT-PCR performed with 3'RACE templates of testis egg 3" instar larvae and 4" instar
larvae respectively; (D) PCR amplification of BmPiwi fulldength; ( E) = Structure analysis of BmPiwi. Te Testis; L Larvae;
—1 First group; -2 Second group; M Marker; blank Negative control without template; gsp/ngsp Single upstream gene—
specific primer; upm/nupm Single downstream 3"RACE universal primer; F Upstream primer; R Downstream primer; Golden
yellow triangles represented nucleic acid binding sites; Green triangles represented 5°NA guiding strand anchoring sites; Blue

triangles represented shear triplet activity site ( DDH: Asp-Asp-sp/His/Glu/Lys) .
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2 BmPiwi
Table 2 Chromosome locations of BmPiwi
cDS Position
Gene Location Strand
CDS exon Start End
Exon 1 109 838 110 139
Exon 2 110 265 110 400
Exon 3 114 228 114 389
Exon 4 115 288 115 400
Exon 5 115 620 115 753
Exon 6 115 958 116 064
Exon 7 116 179 116 275
Exon 8 116 359 116 487
Exon 9 116 560 116 823
BmPiwi nscaf2998 +
Exon 10 116 999 117 141
Exon 11 117 457 117 604
Exon 12 118 058 118 173
Exon 13 118 250 118 383
Exon 14 118 720 118 960
Exon 15 119 125 119 204
Exon 16 119 408 119 583
Exon 17 119 951 120 051
Exon 18 120 436 120 600
PCR ( 4B)
BmPiwi o BmPiwi 4
BmAgo3 (4 ~13 )., BmPiwi  BmAgo3
15 BmPiwi
; 2 o BmAgo3  BmPiwi
10 BmPiw: BmAgo3 2
6 o BmPiwi 1 5
N o BmAgo3 5 14
BmAgo3 o o
2.5.2 Piwi
3
PCR 2  Piwi
( 5 Piwi 1997 1 Piwi
) ( 4Q) 2 ( Lin and Spradling 1997) Piwi
Piwi ( 6h ) RNA piRNA
5 44 ( BmPiwt) ( Aravin et al.
32 ( BmAgo3) . 2006) - PAZ  PIWI
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3 Piwi  Ago
Fig.3 Phylogenetic tree of known Piwi and Ago subfamily members
© Piwil Piwi like protein Piwi . Note: Piwil represented Piwi like protein.
PIWI RNaseH (Yin e al. 2011); Piwil3
( Parker et al. 2004; Song et al. N
2004; Rivas et al. 2005; Rashid et al. 2007) . PIWILA
Mus musculus PIWIL1 ( Munoz
PIWIL1 RNA PAZ RNA et al. 2014) . BmPiwi  BmAgo3
PIWI
(Zhao et al. 2015) . BmPiwi o
PAZ  Piwi o PIWI
BmPiwi  BmAgo3 . \ ( Cox
Piwi  Piwi et al. 1998) . Piwi
Piwil Piwi ( Lin and Spradling 1997) .
o Piwil2 Piwi

DNA
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BmAgo3 expression in different tissues of silkworm by RT-PCR; ~ BmAgo3 BmPuwi
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