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The origin and migration of primordial germ cells (PGCs) were regulated by miRNA during
embryogenesis, but the underlying mechanism in marine teleost species was still unclear.
Here, we studied the function of miR-430 in the development and migration of PGCs in
Japanese flounder. By co-injecting miR-430 with eGFP-vasa 3’UTRmRNA, we found that
miR-430 could cause the mis-localization of PGCs in flounder. Besides, the
overexpression of miR-430 also inhibited the expression of three PGC-related genes
(nanos3, piwil2 and tdrd7a), both target gene prediction and dual-luciferase reporter
assay showed that miR-430 were directly binding on the canonical target site of their
3’UTRs. Significantly, the miR-430 target site of piwil2 3’UTR was necessary for PGC
specific expression, where the binding seeds “GCACTTT” sequence mutation lead the
distribution of eGFP-piwil2 mRNA turned from PGC-specific (wild-type) to ubiquitous
(mutant). These findings will provide further evidence on the role of miR-430 in the
regulation of the development and migration of PGCs.

Keywords: Japanese flounder, microinjection, primordial germ cells, migration, miR-430
INTRODUCTION

Primordial germ cells (PGCs) segregate from other cell lines during embryogenesis and migrate
specifically toward the presumptive genital ridge that forms gonads (Wylie, 1999). The maternal
germplasm was proven to play important role in the development of PGCs (Eddy, 1975; Rongo and
Lehmann, 1996; Houston and King, 2000; Wang and Lin, 2004; Chen et al., 2010). Several germ cell-
specific genes, such as dead end (dnd) (Weidinger et al., 2003), nanos (Subramaniam and Seydoux,
1999) and vasa (Hay et al., 1988), were expressed specifically in PGCs and the chimeric mRNA
containing eGFP and the 3’UTR of them have been used for identifying and tracking PGCs (Li et al.,
2015; Zhou et al., 2020).

Given that the origin and migration of PGCs during embryogenesis can be tracked by these
specific markers, the migration of PGCs has been attracting increasing attention. In teleost fish, the
migration of PGCs is regulated by a variety of factors. In zebrafish, the downregulation of stromal
cell-derived factor 1a (sdf1a) and its receptor GPCR chemokine receptor 4b (cxcr4b) (Richardson
and Lehmann, 2010) and reticulon 3 (rtn3) (Li et al., 2016a) cause clear defects in PGC migration.
in.org June 2022 | Volume 9 | Article 9043761

https://www.frontiersin.org/articles/10.3389/fmars.2022.904376/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.904376/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.904376/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.904376/full
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles
http://creativecommons.org/licenses/by/4.0/
mailto:qijie@ouc.edu.cn
mailto:qzhang@ouc.edu.cn
https://doi.org/10.3389/fmars.2022.904376
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2022.904376
https://www.frontiersin.org/journals/marine-science
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2022.904376&domain=pdf&date_stamp=2022-06-14


Wang et al. MiR-430 Regulated PGCs Migration
Besides, nanos3 has also been shown to play an important role in
the migration and survival of PGCs in zebrafish (Köprunner
et al., 2001). In medaka, dazl, vasa and piwi were essential for the
normal migration of PGCs (Li et al., 2009; Li et al., 2012; Li et al.,
2016b). Several studies showed that the participation of some
microRNAs (miRNAs), such as miR-430, in the migration
regulation of PGCs can cause them to be frequently mis-
localized by regulating their target genes sdf1a and cxcr7
(Staton et al., 2011).

miRNAs are a group of short non-coding RNA molecules
negatively controlling the target genes by binding to the
3’untranslated region (3’UTR) as well as some coding
sequences of them. MiRNAs participate in the regulation of a
large variety of cellular processes, and most miRNAs show tissue
or developmental stage-specific expression (Lagosquintana et al.,
2002; Wienholds et al., 2005). Some miRNA families play a key
role in the processes of cell proliferation, development,
differentiation, and apoptosis (Kloosterman and Plasterk,
2006). For example, the endogenous miR-279 regulates the
formation of carbon dioxide receptors (Hartl et al., 2011).
MiR-17-92 clusters have transcriptional activation which is
regulated by c-Myc and E2F3 (Woods et al., 2007). miR-430 is
expressed ubiquitously in early embryos and regulates hundreds
of maternal mRNAs (Chen et al., 2005; Giraldez et al., 2006;
Lund et al., 2009). Additionally, miR-430 is also needed to
suppress PGC-specific genes, such as nanos3 (previously
named nanos1) and tdrd7a in somatic cells, while the
repression is not effective in germ cells (Mishima et al., 2006;
Kedde et al., 2007).

In Japanese flounder, several germ cell marker genes such as
tdrd7a and nanos3 have been identified, which can specifically
recognize PGCs during embryonic (Li et al., 2015; Wang et al.,
2019). It has been suggested that the PGCs might be formed in a
unique model, which is different from those of other species. The
PGCs of flounder align as two elongated lines at the posterior
part of the embryonic body during the early segmentation
period, then aggregate into a single loose cluster in posterior
and ventral trunks, and finally migrate to the genital ridge as two
clusters (Li et al., 2015). The PGC migration pattern in Japanese
flounder seems to be a combination of the PGCs migration
processes of medaka, herring, and ice goby. However, the
underlying mechanism is unclear. This study aims to profile
the function of miR-430 in the formation and migration of
Japanese flounder PGCs in vivo. The PGCs were visualized by
injecting green fluorescent protein (GFP) vasa 3’UTR mRNA,
another germ cell-specific marker in Japanese flounder that has
been studied previously (Wu et al., 2014). By co-injection of
miR-430 and eGFP-vasa 3’UTR mRNA into one-cell stage
embryos, we revealed that the PGCs of Japanese flounder were
frequently mis-localized after the overexpression of miR-430.
Finally, we investigated the effects of miR-430 on its target genes
(nanos3, tdrd7a and piwil2) and proved that miR-430 repressed
protein expression by binding to the 3’UTR of target genes by the
dual-luciferase reporter. The current study revealed the
functional association of miR-430 with the formation and
migration of PGCs in flounder.
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MATERIALS AND METHODS

Sample Preparation
Adult Japanese flounder were obtained from a commercial
hatchery in Haiyang of China and cultured in 2 m3 seawater
tanks at 20°C ± 1°C under laboratory conditions for one
week. Artificially fertilized eggs were incubated at 22°C ±
0.5°C in the hatching tanks, and embryos at 1-2 cell stages
were used for injection. Embryos at different developmental
stages from 50% epiboly to hatching were collected for
observation. Each sample contained 25 embryos and was
collected in triplicate. All samples were frozen immediately
in liquid nitrogen and stored at −80°C for total RNA
preparat ion. This research work was conducted in
accordance with the Institutional Animal Care and Use
Committee of the Ocean University of China and the China
Government Principles for the Utilization and Care of
Vertebrate Animals Used in Testing, Research, and
Training (State Science and Technology Commission of the
People’s Republic of China for No.2, October 31, 1988.http://
www.gov.cn/gongbao/content/2011/content_1860757.htm).

Construction of Reporter Plasmids
The flounder vasa 3’UTR, which was produced through PCR by
using pfu DNA polymerase (Thermo Fisher Scientific, Ambion,
USA) with primers eGFP-vasa-Fw/Rv (Table 1), was subcloned
into the BamHI and SalI sites of eGFP-tdrd7a-3’UTR plasmid
(Wang et al., 2019), to replace tdrd7a 3’UTR with vasa 3’UTR for
the generation of the eGFP-vasa-3’UTR plasmid using the Clone
EZ Kit (GeneScript, Piscataway, USA). The eGFP-piwil2-3’UTR
plasmid was constructed using the same method as that for the
eGFP-vasa-3’UTR plasmid. All constructed plasmids were
confirmed by sequencing.

Construction of 3’UTR
-Luciferase Cassette
The flounder nanos3 3’UTR containing the miR-430 putative-
recognizing sequence was cloned into the PmiRGLO dual-
luciferase miRNA target expression plasmid to construct
PmiRGLO-nanos3-3’UTR. The specific primer pair nanos3
3’UTR–Fw/Rv (Table 1) with restriction sites of SacI and
XhoI were used to generate reporter gene constructs. The
amplified PCR products were examined through 1.5% agarose
gel electrophoresis and purified using the Zymoclean Gel DNA
Recovery Kit (Zymo Research, Orange, CA, USA), digested and
inserted into PmiRGLO dual-luciferase vector (Promega,
Madison , WI, USA) . PmiRGLO-piwi l2 -3 ’UTR and
PmiRGLO-tdrd7a-3’UTR plasmids were constructed using
the same method as that for the PmiRGLO-nanos3-3’UTR
plasmid. The mutant plasmids were constructed using the
3’UTR with the putative miR-430 binding site deleted. Those
plasmids were generated from the PmiRGLO-nanos3/piwil2/
tdrd7a-3’UTR via PCR in accordance with the protocol of the
QuikChange site directed mutagenesis kit (Agilent
Technologies, Santa Clara, CA, USA). Specific mutagenic
primers were designed in accordance with the cloned
June 2022 | Volume 9 | Article 904376
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sequence with Integrated DNA Technologies website (http://sg.
idtdna.com/Primerquest/Home/Index, Table 1). The PCR
program was as follows: 95°C for 5 min and 30 cycles of 95°C
for 30 s, 58°C for 30 s, and 72°C for 7 min. PCR products were
subjected to DpnI (NEB) digestion to eliminate the parent
vector. Besides, the dsRed control plasmid was constructed
using the same method, which used the dsRed-Potdrd7b 3’UTR
plasmid with the 3’UTR sequence of tdrd7b was deleted (Wang
et al., 2019). All plasmids were sequenced to verify that no other
mutation occurred during PCR amplification.

Microinjection in Zebrafish and Japanese
Flounder Embryos
The miR-430a (5’ UAAGUGCUAUUUGUUGGGGUAG 3’),
miR-430c (5’ UAAGU GCUUCUCUUUGGGGUAG 3’) and
control (ctrl) miRNA (5’ TAACACGTCTATA CGCCCA 3’)
were synthesized by the GenePharma Company (GenePharma,
Shanghai, China). Due to the core region of miR-430a and miR-
430c being the same, so equal amounts of them were mixed and
diluted to 10mM, then stored at -20°C. Chimeric RNA composed
of the eGFP-vasa-3’UTR was synthesized in vitro using the
MESSAGE mMACHINE Sp6 Kit (Thermo Fisher Scientific,
Ambion, USA). eGFP-tdrd7a-3’UTR was linearized using XbaI.
Each embryo was co-injected 20 pg mRNA with an equal volume
of 5 mM miRNA (mir-430/ctrl miRNA) at the one-cell stage,
respectively. A total of 200 embryos were injected for each group,
due to the short spawning time of flounder and the low survival
rate after injection, we observed about 50 flounder embryos in
each group. The injected zebrafish or Japanese flounder eggs
were cultured at 28.0 ± 0.5°C or 22.0 ± 0.5°C, respectively, and
observed under a fluorescence microscope for eGFP and dsRed
at different developmental stages.
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Cell Line Culture
The flounder embryo cell (FEC) line was obtained from the cell
culture of blastula embryos of Japanese flounder and maintained
using a previous method (Tong et al., 1997). The monolayer
cultures of cells exhibited an epithelioid morphology and
subcultured for more than 200 passages. All cells were
maintained in Dulbecco’s modified Eagle’s medium, DMEM/
F12 (1:1) (Gibco, Carlsbad, USA) and supplemented with 10%
fetal bovine serum (Gibco, Carlsbad, USA) at 24°C in an
atmosphere of air (Na et al., 2009). The cell culture medium
contained 100 U/mL penicillin and 100 mg/mL streptomycin.

Transient Transfection
Onedaybefore transfection, cellswere seeded into24-well cell culture
plates (NESTBiotechnology,Wuxi,China)with2×105cells/well and
cultured in 0.5 mL DMEM at 24°C. Transient cell transfection was
performed using the Lipofectamine 3000 (Invitrogen, Carlsbad, CA,
USA) in accordance with themanufacturer’s protocol when the cells
grew to 80% – 90% confluence.

For the dual-luciferase reporter assay, each well was co-
transfected with 500 ng PmiRGLO-nanos3/tdrd7a/piwil2-
3’UTR or deletion mutation constructs alone, or together with
5 mMmiR-430. Mixtures were added with 1 mL of P3000 and 1.5
mL of Lipo3000. The control cells were transfected with the
PmiRGLO basic plasmid which was a 3’UTR less vector. The
medium of each well was replaced with 500 mL of growth media
containing 10% FBS after 6 h transfection. The transfection was
maintained for 24 h, and the cells were washed with phosphate-
buffered saline and lysed for 15 min with 100 mL Passive Lysis
Buffer provided in a the dual-luciferase reporter Assay System
(Promega, Madison, WI, USA). Twenty microliters of cell lysate
was transferred into the EP tube containing 100 mL of Luciferase
TABLE 1 | Primers used for PCR.

Primer name Sequence (5’-3’)

eGFP-vasa 3’UTR-Fw CGGGGTACCCGCGTCGTGCCCCAGTGT
eGFP-vasa 3’UTR-Rv CCCAAGCTTGGCTGAACTGCAGAGAGGAGAGA
eGFP-piwil2 3’UTR-Fw GAACTATACAAATAGGGATCCGAGCTGCACCAGTCGCT
eGFP-piwil2 3’UTR-Rv CTCGCCCGGGGATCCCTCTGTGCTAGCAGCAATCTGA
Po-piwil2 3’UTR-Fw CGAGCTCGAGCTGCACCAGTCGCT
Po-piwil2 3’UTR-Rv CCGCTCGAGCTCTGTGCTAGCAGCAATCTGA
Po-tdrd7a 3’UTR-Fw CGAGCTCAGGCATCACTTCAAACATGG
Po-tdrd7a 3’UTR-Rv CCGCTCGAGCCTCATTTGTCTCCACCTT
Po-nanos3 3’UTR-Fw CGAGCTCAGCCAACAGGTGTCAGGT
Po-nanos3 3’UTR-Rv CCGCTCGAGGGGCAAAGCATACAAACAC
Po-piwil2 3’UTR mut-Fw AGGGATTCAATATTGACATGTGGTAACCTTTACAAATTTGGATACT
Po-piwil2 3’UTR mut-Rv AGTATCCAAATTTGTAAAGGTTACCACATGTCAATATTGAATCCCT
Po-tdrd7a 3’UTR mut-Fw CATTAATCTGTTTTTTTGCTATGTGGCTCATTTTGTTTTGTGTACATAAGAAATTTG
Po-tdrd7a 3’UTR mut-Rv CAAATTTCTTATGTACACAAAACAAAATGAGCCACATAGCAAAAAAACAGATTAATG
Po-nanos3 3’UTR mut-Fw GGCCGCAGTTCTTTTTTATGTGTGATTTTTATTTTATAGTGTTGTTTTTTGCTTT
Po-nanos3 3’UTR mut-Rv AAAGCAAAAAACAACACTATAAAATAAAAATCACACATAAAAAAGAACTGCGGCC
Po-nanos3 qPCR-Fw CAACAGGTGTCAGGTATATCG
Po-nanos3 qPCR-Rv GAAAGATCAGCCAGCTTCA
Po-piwil2 qPCR-Fw TCGCTGCCACAAACAAA
Po-piwil2 qPCR-Rv CGTGGGAGATGTCTGATAAAG
Po-tdrd7a qPCR-Fw CAGTTATCAGACTCCAACTACAA
Po-tdrd7a qPCR-Rv CACAAAGGTGACTTGACTAGAA
Po-b-actin qPCR-Fw CCACCGCAAATGCTTCTA
Po-b-actin qPCR-Rv ACTGTCTCCATCGTTCCA
June 2022 | Volume 9 | Article 904376
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Assay Reagent II, then added with 100 mL of Stop &
Glo®Reagent, the Renilla luciferase activities were read. The
luciferase activity was measured using the GloMax 20/20
Luminometer. The luminometer was programmed to perform
a 2s premeasurement delay followed by a 10s measurement
period for each reporter assay. The luciferase activities were
obtained by the ratio of firefly to the Renilla luciferase. All data
were obtained from three independent measurements.

Target Gene Prediction
The online target site prediction software TargetScan (http://www.
targetscan.org/) and MicroCosm Targets (http://www.ebi.ac.uk/
enrightsrv/microcosm/htdocs/targets/v5/) were used to search
potential target genes for miR-430. miR-430 mature sequence
and the 3’UTR of Japanese flounder as the input files predicted the
target sites by TargetScan and MicroCosm Targets. The 3’UTR of
Japanese flounder was identified from its genome (NCBI accession
number: PRJNA352095) and transcriptome database (NCBI
accession number: SRX500343). The screening conditions were
as follows: perfect complementarity between the seed sequence of
miRNA and mRNA 3’UTR (free energy ≤ −20 kcal/mol).

RNA Isolation and cDNA Synthesis
The total RNA was extracted from samples using Trizol Reagent
(Invitrogen, CA, USA) according to the manufacturer’s protocol,
treated with RNase-free DNase I (TaKaRa, Dalian, China) to
degrade genomic DNA, and then frozen at −80°C. The quality and
quantity of total RNA were evaluated through 1.5% (w/v) agarose
gel electrophoresis and spectrophotometry using Nano
Photometer Pearl (Implen, Munich, Germany). The cDNA was
transcribed with 1 mg of total RNA using the reverse transcriptase
M-MLV Kit (TaKaRa, Dalian, China) and random primers
(NNNNNN) according to the manufacturer’s instructions.

Quantitative Real-Time PCR
All qRT-PCR analyses were performed in a 20 µL reaction
volume containing 1 mL of cDNA template (10 ng/mL), 0.4 mL
of each primer (10 mM), 10 mL of 2×SYBR Green qPCR Master
Mix (US Everbright Inc., Suzhou China) and 8.2 mL nuclease-free
water through the LightCycler480 (Roche Applied Science,
Mannheim, Germany). The expression levels of nanos3, piwil2
and tdrd7a were detected at 50% epiboly stage after injecting
miR-430. The primers for qRT-PCR were designed according to
their sequences at the Integrated DNA Technologies website
(http://sg.idtdna.com/Primerquest/Home/Index, Table 1), b-
actin was selected as the reference gene (Zheng and Sun,
2011). Verified primers were then used to perform the qPCR
with 95°C (5 min) for pre-incubation, followed by 45 cycles at
95°C (15 s) and 60°C (45 s). The reaction of each sample was
performed in triplicate. Melting curves were generated after the
amplification reaction completion to confirm the specificity of
amplicons. All samples were run in triplicate, and data were
calculated using 2−DDCt method.

Statistical Analysis
Expression data were analyzed using the SPSS 20.0 software.
Differences were tested via one-way ANOVA and considered
Frontiers in Marine Science | www.frontiersin.org 4
significant at p < 0.05. All data were expressed as mean ±
standard error of the mean (SEM).
RESULTS

Visualizing PGCs Using Flounder Vasa
3’UTR
The synthesized eGFP-vasa 3’UTR was injected into zebrafish
embryos, to determine whether Japanese flounder vasa 3’UTR
could specifically label PGCs. As shown in Figure 1A, in
embryos injected with eGFP-vasa 3’UTR, the eGFP signal was
observed in a limited number of cells in the position of
putative PGCs. The position of putative PGCs showed
strong eGFP expression commencing at the 9 hours post
fertilization (hpf) stage (Figure 1A). In addition, PGCs
showed stronger eGFP signals than other cell types. During
the somitogenesis stage at 16 hpf and 36 hpf, the eGFP signals
in the embryo body diminished except in cells at the position
of putative PGCs. Then, the synthesized eGFP-vasa-3’UTR
injected into the one cell stage embryos to recognize the germ
cells of flounder. At hatching stage (72 hpf), in the embryos
injected with eGFP-vasa-3’UTR mRNA, the eGFP signal was
observed in a limited number of cells in the position of
putative PGCs (Figure 1B).
Regulation of the PGCs Migration by
miR-430
To analyze the effect of miR-430 on the PGCs of Japanese
flounder, we co-injected the miR-430 with eGFP-vasa-3’UTR
mRNA at one cell stages, because PGCs could be labeled by vasa
3’UTR (Figure 1). As shown in Figure 2A, All PGCs of co-
injected with control miRNA appeared at the presumptive
genital ridge region at the hatching stage (72 hpf). In the
group co-injected with miR-430, a part of eGFP positive PGCs
was evidently mis-localized, thereby scattering all over the
posterior body Figure 2.
Regulation of PGC-specific gene
expression by miR-430
In present study, the target genes of miR-430 were predicted
using the TargetScan and MicroCosm Targets. The 3’UTR of
three putative target genes (nanos3, tdrd7a and piwil2)
containing miR-430 binding site, are have been reported to be
PGC-related genes in various species (Makoolati et al., 2016; Sun
et al., 2017; Wang et al., 2019). The miR-430 seed region on the
3’UTR of these three genes was labeled blue (Figure 3A). The
quantitative expression of nanos3, piwil2 and tdrd7a were
detected by qRT-PCR after overexpression of miR-430 to
investigate the regulation effects of miR-430 on the expression
of these three genes. As shown in Figure 3B, expression of
nanos3 was downregulated, and the piwil2 and tdrd7a mRNA
levels were significantly inhibited with the overexpression of
miR-430 (p < 0.01).
June 2022 | Volume 9 | Article 904376
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Validation of miR-430 and Target
Gene Interactions
A total of three reporter plasmids containing putative target
sites (pmiRGLO-nanos3 3’UTR wt, pmiRGLO-piwil2 3’UTR
wt, pmiRGLO-tdrd7a 3’UTR wt) and 3 miRNA (miR-430a,
miR-430c and ctrl miRNA) were constructed for dual-
luciferase assays to validate the interaction between miR-430
and its putative target genes. In order to further validate the
regulating relationships between miR-430 and the three target
genes (nanos3, piwil2 and tdrd7a), three mutant vectors,
pmiRGLO-nanos3 3’UTR mut, pmiRGLO-piwil2 3’UTR mut
and pmiRGLO-tdrd7a 3 ’UTR mut were constructed
(Figure 4A). Three kinds of wild type plasmid pmiRGLO-
3’UTR wt were co-transfected with miR-430 or ctrl miRNA to
the flounder embryo cell (FEC) line, and the expression levels of
nanos3 (p < 0.01), piwil2 (p < 0.05) and tdrd7a (p <0.01) were
significantly decreased, respectively. By contrast, when the
mutant type plasmids pmiRGLO-3 ’UTR mut were
transfected, no evident difference in expression between the
mutant vectors and the negative controls were observed
Frontiers in Marine Science | www.frontiersin.org 5
(Figures 4B–D). Results strongly suggested that nanos3,
piwil2 and tdrd7a were directly regulated by miR430 in
Japanese flounder.

Post-Transcriptional Gene Regulation
by miR-430
We constructed reporter mRNAs containing an eGFP open-
reading frame and wild type or mutant 3’UTR of flounder piwil2
carrying the canonical target site for miR-430. Either the
synthesized eGFP-piwil2-3’UTR wt or eGFP-piwil2-3’UTR mut
mRNA was co-injected with dsRed mRNA into flounder
fertilized eggs (Figure 5A). The eGFP signal was ubiquitously
expressed in gastrula and neurula embryos. In the eGFP-piwil2-
3’UTR wt group, eGFP showed strong signal in putative PGCs,
and a weak signal in other parts of the whole body at 72 hpf
(Figure 5B). However, in the group injected with eGFP-piwil2-
3’UTRmut mRNA, eGFP was ubiquitously expressed all over the
fry body (Figure 5B). In both groups, the co-injected dsRed was
ubiquitously expressed, verifying the even distribution of injected
mRNA molecules (Figure 5B).
A

B

FIGURE 1 | Visualization of PGCs by vasa. (A) Lateral views of zebrafish embryos during three different developmental stages: 9 hpf, 16 hpf and 36 hpf. At these
three stages, all PGCs showed stronger eGFP signals in the position of putative PGCs than other cells. Scale bar = 250 mm. (B) Fluorescence showed eGFP (green)
expression in 72 hpf embryos injected with eGFP-vasa 3’UTR mRNA. At the position of putative PGCs, eGFP signals was clearly observed. Arrows indicate the
eGFP-positive cells. Scale bar = 100 mm.
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DISCUSSION

The biological mechanism of PGCs migration has been reported
in many species (Li et al., 2012; Li et al., 2015; Li et al., 2016a).
The functions of miR-430 during the development of PGCs have
Frontiers in Marine Science | www.frontiersin.org 6
been studied in different teleost, such as zebrafish (Staton et al.,
2011), goldfish (Jie et al., 2014) and medaka (Tani et al., 2010). In
the present study, we provide evidence that the miR-430 in
Japanese flounder regulates the migration of PGCs, and repress
the expression of several genes with PGC-specific expression.
A

B

FIGURE 2 | miR-430 regulates PGC migration in Japanese flounder. (A) Normally localized PGCs at the hatching stage (72 hpf) in the group co-injected with eGFP-
vasa-3’UTR and control miRNA; Mis-localized PGCs at the hatching stage (72 hpf) in group co-injected with miR-430; The blank control group have no injected.
Arrows indicate the location of PGCs. Scale bar = 100 mm. (B) Experimental approach. Vasa eGFP reporter mRNA was co-injected with miRNA into one-cell stage
Japanese flounder embryos, causing the mis-localization of PGCs in the embryo.
A

B

FIGURE 3 | Quantitative expression of nanos3, piwil2 and tdrd7a by qPCR. (A) Distribution of miR-430 target seeds in nanos3, piwil2 and tdrd7a 3’UTR. Blue
letters represent the miR-430 binding position. (B) Changes in the endogenous levels of nanos3, piwil2 and tdrd7a after miR-430 injection. Data are shown as mean
± SEM (n = 3). Statistical significance was marked by an asterisk (**p < 0.01).
June 2022 | Volume 9 | Article 904376
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Given that PGCs contribute to the transmission of genetic
information from one generation to the next, the study of PGCs
has been attracting attention. While PGCs specification in
different species occurs via different mechanisms (Mclaren,
1999; Sasado et al., 2008; Li et al., 2015), the germplasm
components required for early PGC development in different
organisms, such as dnd (Weidinger et al., 2003), nanos
(Subramaniam and Seydoux, 1999), and vasa (Hay et al., 1988),
are common. Among the transcripts involved in PGC
specification, vasa were one of the most conserved elements and
universal studied marker of PGC (Lasko and Ashburner, 1988;
Ikenishi and Tanaka, 1997; Kuznicki et al., 2000; Hartung et al.,
2014; Reitzel et al., 2016). Vasa homologs are characterized in
many organisms, such as fruit fly (Schupbach and Wieschaus,
1986), zebrafish (Yoon et al., 1997), European sea bass (Blázquez
et al., 2011), Atlantic salmon (Nagasawa et al., 2013) and catfish
(Raghuveer and Senthilkumaran, 2010), as a specific germline
transcript. Our present results showed that vasa could label PGCs
of flounder by injecting the eGFP-vasa-3’UTRmRNA, this finding
was consistent with previous study that vasa is a germ cell-specific
marker (Wu et al., 2014). Furthermore, the function of miR-430
was analyzed during the migration of PGCs in flounder by co-
injecting the vasa reporter mRNA and miR-430 (Figure 2). The
Frontiers in Marine Science | www.frontiersin.org 7
overexpression of miR-430 caused PGCs to mis-localization
frequently, this finding was also observed in previous studies
(Staton et al., 2011), which suggested a similar function during
the early development of PGCs in different organisms.

miRNAs are a group of short non-coding RNAmolecules that
post-transcriptionally regulate the expression of large numbers
of genes in metazoans, which controlling the target genes by
binding to the 3’UTR as well as some coding sequences of them
(Lewis et al., 2005; Stark et al., 2005). Previous studies have
proved that miR-430 was expressed when zygotic transcription,
and accelerated the deadenylation and decay of maternal
mRNAs (Giraldez et al., 2006; Staton et al., 2011). In zebrafish,
multiple target genes of miR-430 are identified as PGC-related
genes. Among these genes, nanos3 and tdrd7a mRNA have been
experimental ly proven to be post-transcript ionally
downregulated (Mishima et al., 2006; Kedde et al., 2007).
Besides, the 3’UTR of them also contains cis-regulatory
sequences, such as “GUUC”, which is required for repressing
deadenylation. RNA-binding protein DAZL could direct binding
to cis-regulatory sequences and is sufficient for the PGC-specific
activation of miR-430 target mRNA (Mishima et al., 2006;
Takeda et al., 2009). Similarly, 3’UTR of another PGC-related
gene tdrd7a was also targeted by miR-430 (Tani et al., 2010).
A B

D
C

FIGURE 4 | Schematic of the miR‐430 target sequence within the 3’UTR of nanos3, piwil2, and tard7a and activities of the dual-luciferase reporter gene linked to
their 3′UTR. (A) Schematic mutant site structures in vectors PmirGLO-nanos3 3’UTR mut, PmirGLO-piwil2 3’UTR mut and PmirGLO-tdrd7a 3’UTR mut. (B–D) Dual-
luciferase reporter analysis of miR-430 and target genes. The Japanese flounder embryo cell (FEC) line was co-transfected with reporter vector carrying 3’UTRs of
nanos3, piwil2 and tdrd7a, and miR-430 or control miRNA. Luciferase activities were measured after 24h, and firefly luciferase activity was measured and normalized
to the renilla luciferase activity. Data are shown as mean ± SEM (n = 3). Statistical significance was marked by asterisk (*p < 0.05 and **p < 0.01).
June 2022 | Volume 9 | Article 904376

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


Wang et al. MiR-430 Regulated PGCs Migration
Besides, another RNA-binding protein, DND could also protect
the expression of these genes in PGCs from repression by
miRNAs, as exemplified by miR-430 (Kedde et al., 2007).
Thus, miR-430 was suggested to suppress the PGC-related
genetic cascade in somatic cells. Our present study showed that
the expression levels of nanos3, piwil2 and tdrd7a were evidently
downregulated after the overexpression of miR-430 in flounder
embryos. Further, the dual-luciferase reporter analysis showed
that miR-430 regulated nanos3, piwil2 and tdrd7a by directly
binding to the 3’UTRs of these three genes in Japanese flounder,
thereby affecting their roles in PGC specification, migration,
and gametogenesis.

Previous studies have shown that piwil2 and piRNA have
close interactions for germ-cell maintenance (Aravin et al., 2006;
Grivna et al., 2006). In the present study, we provided evidence
that miR-430 regulates piwil2 directly through binding to its
Frontiers in Marine Science | www.frontiersin.org 8
target site of the 3’UTR. The regulation mechanism of miR-430
in the piwil2 of flounder was quite similar to those in nanos3 and
tdrd7 in zebrafish (Kedde et al., 2007; Takeda et al., 2009; Chen
et al., 2010). The mRNAs of this gene did not completely
disappear, due to the repression was not effective in germ cells
(Mishima et al., 2006; Kedde et al., 2007).

Many maternal factors that control early embryo
development have been identified by maternal-effect mutant
screening in zebrafish (Abrams and Mullins, 2009). Some of
these factors, such as vasa, nanos and piwi, have been
demonstrated to be required for PGCs formation (Köprunner
et al., 2001; Hashimoto et al., 2004; Li et al., 2009). Moreover,
miR-430 was shown to control PGCs development in zebrafish,
carp and medaka (Tani et al., 2010; Staton et al., 2011).
Furthermore, several maternal factors involved in early embryo
development, such as nanos, dazl, tdrd7 and piwi, were also
A

B

FIGURE 5 | Piwil2 3’UTR targeted at miR-430 binding sites in Japanese flounder. (A) Schematic of the experimental set-up. The eGFP reporters with the 3’UTRs of
piwil2 were used to examine regulatory the effect of miR-430 to Piwil2 in flounder embryo, dsRed mRNA lacking the target site was co-injected as a control. The
miR-430 binding site in piwil2 3’UTR mutated and had a red color, the wild-type had a blue color. (B) Embryos injected with mRNA of wild-type or mutated
constructs of the eGFP-piwil2-3’UTR reporter at the one-cell stage. Fluorescence microscopy showed eGFP (green) and dsRed (red) expression in 72 hpf embryos
injected with eGFP reporters with piwil2 3’UTR. Endogenous miR-430 repressed the expression of reporter in wild type, and only showed strong signal in the
putative PGCs, but the eGFP of mut-3’UTR reporter was highly expressed all over the fry body. The inset showed the enlargement of the gonadal region. Arrows
indicate the eGFP-positive cells. Scale bar = 100 mm.
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confirmed to be targeted by miR-430. In the future, elucidating
the relationship between miR-430 and maternal mRNA in
Japanese flounder is interesting.
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