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PmPiwil (Sukthaworn 19 d) ( 25d)
et al, 2020) , Piwi piRNAs , R
(Czech et al, 2016) (Huang et al, 2013) —80 °C
(Halajzadeh et al, 2020) 1.2 RNA
s Trizol
(Artemia) , RNA, 1.2% RNA ,
, (Eppendorf BioPhotometer plus)
(Dattilo et RNA , -80 °C
al, 2005), A0/ A2s0 1.8—2.0 RNA ,
(Lopes-dos-Santos et al, 2019) TaKaRa , cDNA
, PCR ¢PCR , -20 °C
(Manfra et al, 2015) 1.3 Piwi
, (Bisexual) A. franciscana
(Parthenogenetic) , Piwi ,
(Oviparity) (Ovoviviparity) , (Open reading frame, ORF)
, Primer Premier5 3
, Piwi (), ORF
Masc
(Li et al, 2017); p90 RSK cDNA ,
( PCR (25 pL): ddH,O0 10.5 pL  Premix Ex Taq
,2014); p26 12.5 uL 0.5 uL cDNA 1 uL PCR
(King et al, :94°C 5 min; 94 °C 1 min, 54 °C
2012) Piwi , Dung I min, 72 °C 1 min 30 s, 35 ;72 °C
(2019) Piwi Ago, 10 min, PCR 1.2%
, Piwi , PCR
ORF , 14 Piwi
qPCR Piwi ( 2 Piwi
, RNAi , ,
ORF /
1 ; NCBI (http://www.ncbi.
1.1 nlm.nih.gov) Piwi
A. franciscana (VinhChau BLAST , ;
strain), 28 °C (24L : 0D) MEGAS.0
6 1L , 200 ,
Dunaliella salina 1.5 Piwi
(2014) ,
( 16 d) ( Piwi
19 d) ( 20 d) ( qPCR Piwi-F  Piwi-R( 1), GAPDH
25 d)
, ( mRNA qPCR ( Bio-rad)
&8d) ( 13d) ( (20 puL): TB Green Premix Ex Taq II 10 pL
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£1 3MES
Tab.l1 The primer information
(5—39 (°O) (bp)
Piwi-F1 ATTCGGATGTTGAAGCAG
Piwi-R1 CCCGGCCATACCTCTAT >3 54
Piwi-F2 GAAGAGTTATGGCGAAGAT
Piwi-R2 CGCAGGGTTTGGAGACA o0 L7
Piwi-F3 AAACCCTGCGCCTCCCA
Piwi-R3 AAGCCACTACAATCACCAGTACAAA 03 927
Piwi-F GCAGCACCGTTTCGTTC 60 14 GPCR
Piwi-R CCCATTTCCGTTACCATT
GAPDH-F GGTCGTGACTTGACGGACTATCT
GAPDH-R AGCGGTTGCCATTTCTTGTT > 120
dsPiwi-F T7-TTGTCGCTCAGATTCCTC 70 187 dSRNA
dsPiwi-R T7-GCCCTCATTTCGTCAGT
dsEGFP-F T7-CAGTGCTTCAGCCGCTACCC s 350 dSRNA
dsEGFP-R T7-AGTTCACCTTGATGCCGTTCTT
x2 EVERFEEISTRHE
Tab.2  Online analysis software in bioinformatics
ORF Finder-NCBI https://www.ncbi.nlm.nih.gov/orffinder/
ExPASy-ProtParam https://web.expasy.org/protparam/
ExPASy-ProtScale / https://web.expasy.org/protscale/
TMHMM Server V 2.0 https://www.cbs.dtu.dk/servicess/ TMHMM/
SignallP-5.0 Server https://www.cbs.dtu.dk/services/SignalP/
CDD https://www.ncbi.nlm.nih.gov/Structure/cdd/docs/cdd_search.html
PSORT II Prediction https://psort.hgc.jp/form2.html
SOPMA https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl? page=npsa_sopma.html
SWISS-MODEL https://swissmodel.expasy.org/
0.8 uL ddH,0 6.4 uL. ¢cDNA 2 uL T7 High Yield Transcription Kit
:95°C 3 min, 95 °C 10 s, dsRNA, dsRNA
60 °C 30 s, 40 3 ( , 2017) EGFP
3 , PR dsRNA
, SPSS 25.0 (dSEGFP) (dsPiwi),
, P<0.05 : 60 , ( Nikon
P<0.01 NARISHIGE)
1.6 dsRNA RNAI ,
Primer Premier5 Piwi dsRNA
dsRNA dsPiwi-F  dsPiwi-R 0.1% (1:1, ) dsRNA
EGFP dsRNA dsEGFP-F , 1 pL 1 000 ng
dsEGFP-R (1), 5’ T7 dsRNA , 50 mL
(TAATACGACTCACTATAGGQG) PCR Piwi
ORF ,
pGM-T , TranscriptAid 3 , 5 ,
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qPCR 2.2 Piwi
15 , SPSS
25.0 Piwi
( ) ( )
2 -
Piwi s
2.1 Piwi ORF 41.05%—43.02% ( 3) MEGAS.0
1.2% Piwi PCR Piwi ( 2), Piwi
, 2.3 Piwi
R Piwi Piwi
ORF 2619 bp, 872 C4362H6911N12370125SS42, 98.11 kDa,
872, Gly (8.1%)
M 1 2 3 4 5 6 7 8 9
bp bp Val(8.0%), Arg (7.2%)
Leu (7.0%), (Asp+Glu) 89,
(Arg+Lys) 122,
2000 (GRAVY) -0.386, 9.50,
11
1000 92(7)7 33.97
750 854
500 2.4 Piwi /
250
100 Piwi (
3a) / 748 (Cys)
2.222, 115 (Asp)
1 Piwi PCR —2.844 ( 3b),
Fig.1 Results of PCR amplification of Piwi gene of 4. (47.8%),
franciscana o 0 o
- M. Marker DL 2000; 1—3. Piwi-F2/R2 . 4—6. (30.4%), (13%) (4.3%)
Piwi-F3/R3 ; 7—9. Piwi-F1/R1 (4.3%)

*x3 Piwi ERESEEBFFIRIMEMIELLE

Tab.3 Comparison in amino acid sequence similarity of Piwi gene

XP _022341466.1 (Crassostrea virginica) 43.02%
XP_031328334.1 (Photinus pyralis) 42.99%
KXJ68137.1 (Aedes albopictus) 42.82%
XP_023703405.1 (Cryptotermes secundus) 42.76%
QID20005.1 (Drosophila koepferae) 42.39%
RVE42096.1 (Chilo suppressalis) 42.36%
AMNS88361.1 (Mytilus galloprovincialis) 42.26%
AFWO04603.1 (Gampsocleis gratiosa) 42.03%
XP_028523889.1 (Apis cerana) 41.99%
QAW56456.1 (Pinctada fucata) 41.87%
EFX71843.1 W& (Daphnia pulex) 42.29%
RZF43882.1 (Laodelphax striatellus) 41.07%

KZS2095.1 W (Daphnia magna) 41.05%
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, Piwi , Piwi PAZ Piwi
, ArgoL1 ,
, Piwi ( , 2015) o- s
(Portunus trituberculatus)  Piwi ; xR
) & Piwi ; qPCR
s Piwi
> dsPiwi Piwi
(Xiang et al, 2014) ,
piRNAs  Piwi Piwi
, piRNA
(Téth et al, 2016) Ziwi (Houwing et al, 2007)
Zili (Houwing et al, 2008) Piwi , 2015. (Eriocheir sinensis)
, Z1wi ’
o 37—44
, Ziwi ,2017. VEGF WSSV
, . ,77—79
, 2014.
. X : 23
(Liu et al, 2009) (Chen et al, 2016) 2014, 90 RSK
(Copf et al, 2004) (Dai et al, 2011) : ,
RNAi 39—44
.. ,2009. Piwi
Piwi : R L2863
s qPCR Chen D F, Lin C, Wang H L et al, 2016. An La-related protein
, Piwi 90% controls cell cycle arrest by nuclear retrograde transport of
i RNAi tRNAs d}lrmg diapause formation in Artemia. BioMed
Central Biology, 14(1): 16
> (dsEGFP) Copf T, Schréder R, Averof M, 2004. Ancestral role of caudal
(dsPiwi) s genes in axis elongation and segmentation. Proceedings of
Piwi the National Academy of Sciences of the United States of
Piwi America, 101(51): 17711—17715
twi Cox D N, Chao A, Baker J et al, 1998. A novel class of
, Piwi evolutionarily conserved genes defined by piwi are essential
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PmPiwil (Sukthaworn et al, 2019) PmPiwi2
(Sukthaworn et al, 2020)
S PmPiwil  PmPiwi2
R Piwi
Piwi/piRNA
4
Piwi

, 2 619 bp, 872 ;

for stem cell self-renewal. Genes & Development, 12(23):
3715—3727

Czech B, Hannon G J, 2016. One loop to rule them all: the
Ping-Pong cycle and piRNA-guided silencing. Trends in
Biochemical Sciences, 41(4): 324—337

Dai Z M, Li R, Dai L et al, 2011. Determination in oocytes of the
reproductive modes for the brine shrimp Artemia
parthenogenetica. Bioscience Reports, 31(1): 17—30

Dattilo A M, Bracchini L, Carlini L et al, 2005. Estimate of the
effects of ultraviolet radiation on the mortality of Artemia
franciscana in naupliar and adult stages. International
Journal of Biometeorology, 49(6): 388—395

Dung N V, Christiaens O, Le Van Bao D et al, 2019.
Identification of RNAi-related genes and transgenerational
efficiency of RNAIi in Artemia franciscana. Aquaculture,
501: 285—292

Halajzadeh J, Dana P M, Asemi Z et al, 2020. An insight into the
roles of piRNAs and PIWI proteins in the diagnosis and



6 : Piwi

(Artemia franciscana) 1575

pathogenesis of oral, esophageal, and gastric cancer.
Pathology Research and Practice, 216(10): 153112

Hameed M S, Wang Z B, Vasseur L et al, 2018. Molecular
characterization and the function of Argonaute3 in RNAI
pathway of Plutella xylostella. International Journal of
Molecular Sciences, 19(4): 1249

Hock J, Meister G, 2008. The Argonaute protein family. Genome
Biology, 9(2): 210

Houwing S, Berezikov E, Ketting R F, 2008. Zili is required for
germ cell differentiation and meiosis in zebrafish. European
Molecular 27(20):

2702—2711

Houwing S, Kamminga L M, Berezikov E et al, 2007. A role for

Biology = Organization  Journal,

Piwi and piRNAs in germ cell maintenance and transposon
silencing in Zebrafish. Cell, 129(1): 69—382

Huang X A, Yin H, Sweeney S et al/, 2013. A major epigenetic
programming mechanism guided by piRNAs.
Developmental Cell, 24(5): 502—516

Ishizu H, Siomi H, Siomi M C, 2012. Biology of PIWI-interacting
RNAs: new insights into biogenesis and function inside and
outside of germlines. Genes & Development, 26(21):
2361—2373

Kawaoka S, Hayashi N, Suzuki Y et al, 2009. The Bombyx
ovary-derived cell line endogenously expresses PIWI/PIWI-
interacting RNA complexes. RNA, 15(7): 1258—1264

Kim T H, Yun T W, Rengaraj D ef al, 2012. Conserved functional
characteristics of the PIWI family members in chicken germ
cell lineage. Theriogenology, 78(9): 1948—1959

King A M, MacRae T H, 2012. The small heat shock protein p26
aids development of encysting Artemia embryos, prevents
spontaneous diapause termination and protects against stress.
PLoS One, 7(8): e43723

Klattenhoff C, Theurkauf W, 2008. Biogenesis and germline
functions of piRNAs. Development, 135(1): 3—9

Kwon C, Tak H, Rho M et al, 2014. Detection of PIWI and
piRNAs in the mitochondria of mammalian cancer cells.
Biochemical and Biophysical Research Communications,
446(1): 218—223

Li C J, Vagin V V, Lee S et al, 2009. Collapse of germline
piRNAs in the absence of Argonaute3 reveals somatic
piRNAs in flies. Cell, 137(3): 509—521

Li DR, Ye HL, Yang J S et al, 2017. Identification and
characterization of a Masculinizer (Masc) gene involved in
sex differentiation in Artemia. Gene, 614: 56—64

LiuY L, Zhao Y, Dai Z M et al, 2009. Formation of diapause cyst
shell in brine shrimp, Artemia parthenogenetica, and its
resistance role in environmental stresses. Journal of
Biological Chemistry, 284(25): 16931—16938

Lopes-dos-Santos R M A, Groot R, Sui L Y et al, 2019.
Halophilic bacteria as a food source for the brine shrimp
Artemia. Aquaculture, 500: 631—639

Manfra L, Savorelli F, Di Lorenzo B et al, 2015. Intercalibration

of ecotoxicity testing protocols with Artemia franciscana.
Ecological Indicators, 57: 41—47

Marie P P, Ronsseray S, Boivin A, 2017. From embryo to adult:
piRNA-mediated
development in Drosophila. G3: Genes, Genomes, Genetics,
7(2): 505—516

Ozata D M, Gainetdinov I, Zoch A et al, 2019. PIWI-interacting
RNAs: small RNAs with big functions. Nature Reviews
Genetics, 20(2): 89—108

Ramat A, Simonelig M, 2021. Functions of PIWI proteins in gene

silencing throughout germline

regulation: new arrows added to the piRNA quiver. Trends in
Genetics, 37(2): 188—200

Sheu-Gruttadauria J, MacRae 1 J, 2017. Structural foundations of
RNA silencing by Argonaute. Journal of Molecular Biology,
429(17): 2619—2639

Shoji K, Suzuki Y, Sugano S et al, 2017. Artificial “Ping-Pong”
cascade of PIWI-interacting RNA in silkworm cells. RNA,
23(1): 86—97

Sukthaworn S, Panyim S, Udomkit A, 2019. Functional
characterization of a c¢cDNA encoding Piwi protein in
Penaeus monodon and its potential roles in controlling
transposon expression and spermatogenesis. Comparative
Biochemistry and Physiology, Part A: Molecular &
Integrative Physiology, 229: 60—68

Sukthaworn S, Panyim S, Udomkit A, 2020. Homologues of Piwi
control transposable elements and development of male
germline in Penaeus monodon. Comparative Biochemistry
and Physiology, Part A: Molecular & Integrative Physiology,
250: 110807

Tamtaji O R, Behnam M, Pourattar M A et al, 2020.
PIWI-interacting RNAs and PIWI proteins in glioma:
molecular pathogenesis and role as biomarkers. Cell
Communication and Signaling, 18(1): 168

Toéth K F, Pezic D, Stuwe E ef al, 2016. The piRNA pathway
guards the germline genome against transposable elements.
Non-coding RNA and the Reproductive System, Advances in
Experimental Medicine and Biology, 886: 51—77

Wang G L, Reinke V, 2008. A C. elegans Piwi, PRG-1, regulates
21U-RNAs during spermatogenesis. Current Biology, 18(12):
861—867

Xiang D F, Zhu J Q, Hou C C et al, 2014. Identification and
expression pattern analysis of Piwi genes during the
spermiogenesis of Portunus trituberculatus. Gene, 534(2):
240—248

Xu M G, You Y, Hunsicker P et al, 2008. Mice deficient for a
small cluster of Piwi-interacting RNAs implicate
Piwi-interacting RNAs in transposon control. Biology of
Reproduction, 79(1): 51—57

Zhou X, Battistoni G, El Demerdash O et al, 2015. Dual
functions of Macpiwil in transposon silencing and stem cell
maintenance in the flatworm Macrostomum lignano. RNA,
21(11): 1885—1897



1576 52

THE REPRODUCTIVE REGULATION OF Piwi IN BISEXUAL ARTEMIA FRANCISCANA

REN Yi-Zhuo, HAN Xue-Kai, ZUO Jia-Jun, OUYANG Xue-Mei, DUAN Hu, SUI Li-Ying

(Asia Regional Artemia Reference Center, College of Marine and Environmental Sciences, Tianjin University of Science
and Technology, Tianjin 300457, China)

Abstract Piwi (P-element induced wimpy testis) encoded Piwi protein, and it plays an important role in self-renewal,
meiosis, RNA silencing and transcriptional regulation of germ stem cells. To study the role of Piwi in the reproductive
development of bisexual Artemia, the open reading frame (ORF) of Piwi was obtained from Artemia franciscana
transcriptome, and bioinformatics including sequencing and domain prediction were analyzed. The expression of Piwi in
different stages of gonad development of A. franciscana were characterized by qPCR, and its function was verified by
microinjection RNAI technology. Results showed that the ORF length of Piwi was 2619 bp, encoding 872 amino acid with
a predicted molecular weight of 98.11 kDa, and a theoretical isoelectric point of 9.50. Piwi protein was an alkaline
hydrophilic protein containing no signal peptide and transmembrane structure, and included the Piwi and PAZ domains as
well as the ArgoL1 domain. The secondary structure was mainly composed of a-helix, which is consistent with the tertiary
structure. The phylogenetic tree demonstrated that the Piwi sequences of A. franciscana were the most similar to those of
Daphnia pulex and Daphnia magna. As shown in the qPCR analysis, the Piwi expression in the later oocytes and later
embryos was significantly higher than those of early oocytes and early embryos in ovary (P<0.01). The expression level of
Piwi in testis was the highest in the immature stage, which was significantly higher than those in early, middle and late
maturation stages (P<0.01). In addition, applying RNAi (RNA interference) technology could significantly reduce the
expression level of Piwi (P<0.01) and all offsprings were cysts, suggesting that Piwi gene not only plays an important role
in the regulation of reproductive development of A. franciscana, but also may play a key role in determining the
reproductive modes of A. franciscana. This study provided basic information for analyses on Piwi/piRNA pathway
functions and molecular mechanisms in bisexual Artemia, and will help to reveal the role of Piwi in regulating the
reproductive mechanism in bisexual Artemia.

Key words Artemia franciscana; Piwi gene; gonad; gene expression character; RNAIi



