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A novel circular PPP1R13B RNA promotes chicken skeletal muscle satellite cell proliferation and differentiation via
targeting miR-9-5p and activating IGF/PI3K/AKT signaling pathway.
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| 1. Introduction

Traditional breeding principles of domestic animals to attain economic gain take long periods to achieve the set-goals and
objectives. Therefore, molecular breeding technology that could shorten breeding processes were used in the past
decadel@, The exploration of genes related to economic traits is the basis of molecular breeding technology, thus
exploration of genes regulating important economic traits is regarded as a conducive scientific trait selection and also
promotes the production performance of local domestic animalsEI2IE],

Skeletal muscle of domestic animals is the main protein source for humans as well as an important economic trait of
domestic animals. The development of skeletal muscle is associated with the quality and quantity of animal meat€, which
is determined by the activity of myogenic cells, such as myoblasts and SMSCs!Z. The process of skeletal muscle
development is precisely managed by several important transcription factors, including the myogenic regulatory factors
(MRFs) and the myocyte enhancer factor 2 family (MEF2s)EI€l. Furthermore, many non-coding RNAs have been shown
to regulate muscle development in recent years.

CircRNA is a class of endogenous non-coding RNAs without 5' and 3' endsl2%. CircRNA was firstly discovered in Viroids in
the early 1976, however, there is limited literature about due to its unique structurel22]. However, with the development of
RNA sequencing technology, several circRNAs have been identified in various animal tissues and cellsi22l. It is reported
that circRNAs could act as miRNA sponges, to regulate miRNAs to alleviate its inhibitory effect on messenger RNAs
(MRNAs)23l CDR1as promotes SMSCs differentiation by upregulating the expression of IGF1R via sponging miR-7124l,
CircHIPK3 was reported to be involved in promoting C2C12 myoblast proliferation and differentiation via miR-
7/transcription factor 12 (TCF12) axis2. CircARID1A promotes skeletal muscle regeneration via targeting miR-6368MLl.
In addition, circRILPL1 accelerates bovine myogenesis through sponging miR-1452. Few circRNAs have been reported
to regulate skeletal muscle development, however, molecular mechanisms of some potential circRNAs are not yet
studied.

In chickens, broilers have fast muscle growth rate compared with the laying hens, this may be due to their physiological
differences!28l. For instance, we previously sequenced circRNA in the breast muscle of a FMGB (ROSS 308) and a SMGL
(White Leghorns) at different embryonic days (E10, E13, E16 and E19). We found that hundreds of differentially
expressed circRNAs were identified, and among them a novel circRNA circTMTC1 was found to inhibit the differentiation
of chicken SMSCs by up-regulating myostatin via sponging miR-128-3p2¥. In this study, we found that another novel
circRNA (i.e., circPPP1R13B) was highly expressed in the FMGB compared with SMGL at all four time points (E10, E13,
E16 and E19). Thus, in this study, we aimed to explore the potential functions of circPPP1R13B on chicken SMSCs
proliferation, differentiation to reveal the underlying mechanisms.

2. Circular PPP1R13B RNA is Differentially Expressed between FMGB and
SMGL

From our previous sequencing data (in the Sequence Read Archive database with accession number PRINA516545), we
found that circPPP1R13B was one of the differentially expressed circRNAs among FMGB and SMGL at all four time
points (E10, E13, E16 and E19). Furthermore, we identified that circPPP1R13B came from the exon 2-4 of PPP1R13B
gene, and the junction sequence which connects the head of exon 2 and the tail of exon 4. Our results also showed that
PPP1R13B mRNA was digested by RNase R instead of circPPP1R13B, and in the reverse transcription reaction, random



primers promoted circPPP1R13B cDNA synthesis more than oligo d (T). These results confirmed the circular form of
circPPP1R13B. Thereafter, the expression of circPPP1R13B in the chicken was identified by gRT-PCR. The results were
similar to the sequencing data, which showed that the expression of circPPP1R13B was higher in the FMGB as compared
to that in the SMGL at E10, E13 and E16. Furthermore, we found that circPPP1R13B was also expressed in the fat, liver,
spleen, heart, lung, brain, and intestine tissues, however, its expression was higher in skeletal muscle, heart and fat
tissues than the other tissues .

In order to explore the potential function of circPPP1R13B in chicken skeletal muscle development, siRNAs and
overexpression vector were used to control the expression of circPPP1R13B. The results showed that siRNAs, especially
siRNA1 could significantly reduce the expression of circPPP1R13B, therefore siRNA1 was chosen for further experiments
(named si-circPPP1R13B). Besides, overexpression vector significantly increased the expression of circPPP1R13B.
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Figure 1. The selection, identification and expression pattern of circPPP1R13B. (A) differentially expressed circRNA
analysis revealed that circPPP1R13B was chosen as a candidate circRNA, (B) The formation diagram and junction
sequence of circPPP1R13B. (C) The expression of circPPP1R13B and linear PPP1R13B under RNase R treatment. (D)
The expression of circPPP1R13B and linear PPP1R13B in reverse transcription samples with different primers. (E) The
expression of circPPP1R13B in breast muscles of broilers and layers at four embryonic stage. (F) The expression of
circPPP1R13B in different tissues of 4-day-old chickens. (G) Knock down efficiency of circPPP1R13B in SMSCs by
exogenous siRNAs. (H) Overexpression efficiency of circPPP1R13B in SMSCs by overexpress vectors. Asterisk and
different letters indicate significant differences from the respective control (* p < 0.05).

| 3. CircPPP1R13B Interacts with miR-9-5p in Chicken SMSCs

Previous studies indicated that a circRNA functions as a miRNA sponge. To verify whether circPPP1R13B sponges the
miRNAs, RNAhybrid software was used for miRNA target prediction. The results showed that eighteen miRNAs directly
target circPPP1R13B, among them, miR-9-5p was our focus due to the finding of our previous study which reported that,
miR-9-5p could regulate proliferation and differentiation in chicken SMSCs. To observe the relation between
circPPP1R13B and miR-9-5p, dual luciferase reporter vector which contains wild type or mutant type binding site of miR-
9-5p were constructed, and co-transfected with miR-9-5p or negative mimic into the DF-1 cells. The results showed that
miR-9-5p significantly reduced the luciferase of 3' UTR which contain miR-9-5p wild type binding site, but had no effect on



the luciferase with mutant type binding site. In addition, knockdown of circPPP1R13B significantly elevated miR-9-5p RNA
level, whereas overexpression of circPPP1R13B significantly decreased the expression of miR-9-5p. These results
suggested that circPPP1R13B acts as a sponge of miR-9-5p.
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Figure 2. CircPPP1R13B directly targets miR-9-5p. (A) the target site of miR-9-5p on circPPP1R13B predicted by
RNAhybrid software. (B) wild type and mutant type of miR-9-5p targeting site used for dual luciferase reporter vector
construction. (C) Relative luciferase activity of wild type or mutant type reporter vectors co-transfected with miR-9-5p
mimic or negative mimic. (D) The expression of miR-9-5p after circPPP1R13B knockdown in chicken SMSCs. (E) The
expression of miR-9-5p after circPPP1R13B overexpression in chicken SMSCs. Asterisk indicate significant differences
from the respective control (* p < 0.05).

4. CircPPP1R13B Regulates IGF2BP3 via Targeting miR-9-5p in Chicken
SMSCs

IGF2BP3 is a direct target gene of miR-9-5p, miR-9-5p inhibits the expression levels of IGF2BP3 and blocks the activity of
downstream IGF/PI3K/AKT signaling pathway. To verify whether circPPP1R13B regulates the expression of IGF2BP3 and
downstream signaling pathway via targeting miR-9-5p, we performed co-transfection experiment, and the results showed
that, the knockdown of circPPP1R13B decreased the RNA level of IGF2BP3, whereas the overexpression of miR-9-5p
inhibited the mMRNA expression of IGF2BP3 and co-overexpression of both miR-9-5p and circPPP1R13B restored the
RNA level of IGF2BP3. The protein level of IGF2BP3 also showed similar trend as the RNA level results. Furthermore, the
key regulator of IGF/PI3K/AKT signaling pathway (phosphorylation of AKT1), the results showed the same trend after co-
transfection.
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Figure 3. CircPPP1R13B regulates IGF2BP3 mediated IGF/PI3K/AKT signaling via targeting miR-9-5p. (A) Relative
MRNA expression of IGF2BP3 following circPPP1R13B knockdown or co-overexpression with miR-9-5p. (B) Relative
protein level of IGF2BP3 following circPPP1R13B knockdown or co-overexpression with miR-9-5p. (C) Relative protein



phosphorylation level of AKT1 following circPPP1R13B knockdown or co-overexpression with miR-9-5p. (D) Protein levels
of IGF2BP3, p-AKT1, AKT1, and GAPDH were determined by western blot analysis. Asterisk indicate significant
differences from the respective control (* p < 0.05).

5. CircPPP1R13B Eliminates the Inhibition Effect of miR-9-5p on Chicken
SMSC Proliferation

To explore the role of circPPP1R13B in chicken SMSC proliferation, cell cycle analysis and EdU assay were performed in
the circPPP1R13B knockdown SMSCs. Cell cycle analysis results showed that the knockdown of circPPP1R13B makes
the SMSCs stagnant during the GO/G1 phase, and reduce the number of cells in division (G2/M) phase. EdU assay
results showed that, the knockdown of circPPP1R13B decreased the number of EdU labeled proliferating cells. These
results indicated that circPPP1R13B may play positive roles in SMSC proliferation.

Furthermore, we explored the relation between circPPP1R13B and miR-9-5p in SMSC proliferation. Cell cycle analysis
results showed that, the overexpression of miR-9-5p reduced the population of G2/M phase cells and increased the
population of GO/G1 phase cells, whereas the effect of miR-9-5p on SMSC cell cycle was alleviated by co-overexpressed
miR-9-5p and circPPP1R13B. Similar to cell cycle analysis results, the EdU assay showed that the overexpression of
miR-9-5p decreased the number of EdU positive cells, whereas the inhibition role of miR-9-5p on cell proliferation was
eliminated by the co-overexpression with circPPP1R13B. Thus, these results suggested that circPPP1R13B eliminated
the inhibition effect of miR-9-5p on chicken SMSC proliferation.
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Figure 4. CircPPP1R13B regulates chicken SMSCs proliferation by targeting miR-9-5p. (A) Cell cycle analysis of SMSCs
following circPPP1R13B knockdown. (B) EdU analysis plot of SMSCs following circPPP1R13B knockdown. (C) Relative
EdU positive cells following circPPP1R13B knockdown. (D) Cell cycle analysis of SMSCs following co-overexpress
circPPP1R13B with miR-9-5p. (E) EdU analysis plot of SMSCs following co-overexpress circPPP1R13B with miR-9-5p.
(F) Relative EdU positive cells following co-overexpress circPPP1R13B with miR-9-5p. Asterisk indicate significant
differences from the respective control (* p < 0.05).



6. CircPPP1R13B Attenuates the Inhibition Effect of miR-9-5p on Chicken
SMSC Differentiation

To observe the function of circPPP1R13B on chicken SMSC differentiation, gRT-PCR, Western blot, and
Immunofluorescence were performed in the circPPP1R13B knockdown SMSCs. gRT-PCR results showed that, the
knockdown of circPPP1R13B significantly inhibited the RNA level of skeletal muscle development marker genes MyoG,
Myogenic Differentiation 1 (MyoD1) and MyHC, Western blot result was similar to gRT-PCR data, which showed the
protein level of MyoG were decreased by circPPP1R13B knockdown. In addition, the knockdown of circPPP1R13B
inhibits the level of myotube component protein MyHC, which marks the formation of myotubes. These results showed
that circPPP1R13B may play a positive role in chicken SMSC differentiation.

Furthermore, we explored the relation between circPPP1R13B and miR-9-5p on SMSC differentiation, and we observed
that, the overexpression of miR-9-5p decreased the RNA level and protein level of skeletal muscle development marker
genes, whereas the inhibitory effect of miR-9-5p on SMSC differentiation was prevented after the co-transfection with
circPPP1R13B. Furthermore, miR-9-5p inhibited myotube formation, co-overexpression of the circPPP1R13B and miR-9-
5p prevented the inhibition of miR-9-5p on myotube formation. Altogether, these results suggested circPPP1R13B
attenuated the inhibition effect of miR-9-5p on chicken SMSC differentiation.
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Figure 5. CircPPP1R13B regulates chicken SMSCs differentiation by targeting miR-9-5p. (A) Relative expression of
muscle cell differentiation marker genes following circPPP1R13B knockdown. (B) Protein level of MyoG and B-tubulin
observed by western blot analysis. (C) Relative protein level of MyoG following circPPP1R13B knockdown. (D) Images of
MyHC staining of SMSCs following circPPP1R13B knockdown. (E) Relative myotube area of SMSCs following
circPPP1R13B knockdown. (F) Relative expression of muscle cell differentiation marker genes following circPPP1R13B
co-overexpress circPPP1R13B with miR-9-5p. (G) Protein level of MyoG and B-tubulin observed by western blot analysis.
(H) Relative protein level of MyoG following circPPP1R13B co-overexpress circPPP1R13B with miR-9-5p. (I) Images of
MyHC staining of SMSCs following circPPP1R13B co-overexpress circPPP1R13B with miR-9-5p. (J) Relative myotube
area of SMSCs following circPPP1R13B co-overexpress circPPP1R13B with miR-9-5p. Asterisk indicate significant
differences from the respective control (* p < 0.05).



| 7. Conclusion

In conclusion, we found that a novel circRNA circPPP1R13B was highly expressed in the breast muscle of FMGB
compared to SMGL, and confirmed that circPPP1R13B could promote SMSC proliferation and differentiation in chicken.
Furthermore, we established that circPPP1R13B targets SMGL enriched miR-9-5p to repress the negative effects of miR-

9-5p on chicken SMSC proliferation and differentiation. Therefore, the results obtained in this study revealed that
circPPP1R13B could act as a potential target factor in chicken molecular breeding to improve skeletal muscle growth in

broilers.

Figure 6. A schematic model of circPPP1R13B regulates chicken SMSC proliferation and differentiation. CircPPP1R13B
highly expressed in the breast muscle of FMGB compared to that in SMGL, whereas miR-9-5p highly expressed in the
breast muscle of SMGL compared to FMGB. Furthermore, circPPP1R13B promotes chicken SMSC proliferation and
differentiation via targets miR-9-5p to active IGF2BP3 mediated IGF/PI3K/AKT signaling pathway.
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