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Cloning of chicken circSFMBT?2 and its effect on
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GUO Dongxue, WANG Xiaotong, LIN Shudai
(College of Coastal Agricultural Sciences, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: [Objective] In order to verify the circular structure of chicken circSFMBT2 and explore its
expression and functions. [Method] Kirin chicken and DF-1 cells were used in this study. Primers were
designed according to the reverse splicing site, and the circular structure of circSFMBT2 was verified by PCR
and sequencing. The characteristics of circSFMBT2 were analyzed by RNase R and reverse transcription
experiments. The expression levels of circSFMBT?2 in different tissues and periods were explored by qRT-PCR.
The effect of circSFMBT2 on proliferation of chicken DF-1 cells was investigated by qRT-PCR, Edu and CCK-
8 methods. [Result] The full length of chicken circSFMBT2 was 827 nt and it was formed by cyclization of
exons 12—18 of SFMBT2 gene. RNase R tolerance experiments indicated that circSFMBT2 was not easily
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degraded by RNase R. The reverse transcription efficiency of random primers on circSFMBT2 was eight times

of that of oligo d(T),s primer. The tissue expression profile exhibited that circSFMBT?2 expression was high in

liver and spleen of Kirin chickens at the age of 14 embryonic and one week old, and low in the pectoral and leg

muscles. The temporal expression profile of circSFMBT2 in the pectoral and leg muscles indicated that

circSFMBT2 expression was high in embryonic period and decreased rapidly after birth. When circSFMBT2

was overexpressed in DF-1 cells for 48 h, the expressions of PCNA and CCNDI were up-regulated by 85% and

92% respectively compared with control group. The Edu and CCK-8 cell proliferation tests showed that

circSFMBT2 promoted the cell proliferation process. [ Conclusion] This study confirms the existence of

circSFMBT?2 as a circular transcript of chicken SFMBT2 and circSFMBT2 can promote DF-1 cell proliferation,

which lays a foundation for further exploring the biological function and working mechanism of circCSFMBT?2 in

chicken.

Key words: Chicken; SFMBT2; circRNA; DF-1 cell; Cell proliferation
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Table 1 Sequences and uses of primers
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BKIREC YK E bp

. . , Mg
Primer or gene Primer Anealing Product
Purpose
name sequence temperature length
CircSFMBT2-D F: ACAGAGGGAAGACATACAGG 56 600 FOIRIGAE
R: GCAGCGGTGGTTGATGTA Circular verification
CircSFMBT2-full F: GTTTACAGATGCCCTCTCCAGA 58 827 R
R: CTCTGCAGAGCCTGCAGCATT Full length cloning
CircSFMBT2-V  F: CGGAATTCTAATACTTTCAG 63 867 SFESUESEN SR
GTTTACAGATGCCCTCTCCAGA Construction of overexpression vector
R: CGGGATCCAGTTGTTCTTAC
CGGAATTCTAATACTTTCAG
SFMBT2-DL  F: TCAGACAGACCTCCTCCT 60 162 LM E R
R: AGTCACAGTCCACTCCAAT Linear gene quantification
GAPDH F: AGGACCAGGTTGTCTCCTGT 57 153 WS
R: CCATCAAGTCCACAACACGG Reference gene
PCNA F: CTCTGAGGGCTTCGACACCT 58 133 BB AR LR R E
R: ATCCGCATTGTCTTCTGCTCT Proliferative marker gene quantification
CCNDI F: AACCCACCTTCCATGATCGC 58 168 ST bR G AL R E
R: CTGTTCTTGGCAGGCTCGTA Proliferative marker gene quantification
CDK2 F: GTACAAGGCCCGGAACAAGG 58 159 TR ARG HE DA E
R: TTCTCCGTGTGGATCACGTC Proliferative marker gene quantification
1.2.3 A% feZmf, RNA 2 A& qPCR X3 441 1.2.5 @i &% K DF-1 i REMHT

A4S RNA B2 7275 HiPureUnivesal
RNA Mini Kit @77 & 3 945 . K4 PrimeScript RT
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Mix 10 pL. W #7K 8.2 uL. PCR %2k k 94 °C,
3 min; 94 °C, 155, 60 C, 155, 72 C, 20 s, 40 M§
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2 GEEESE circSFMBT2 33 A r B ve it R8s 4, BL 1A
o B IBUBEXS HTHEZH 20 RNA e SR i) cDNA 9 ik
21 35 cireSFMBT2 RLARHIE 7 PCR "4, PCR ik 45 5272 T HUNT I (19 4

R AN KT FERE T ERIALL (& 1A), R 55, circSFMBT2E: I
EATIAEEEN TR, RIS SFMBT2 B2  BiskJa T SFMBT2 B AMEF 12 FI4bE T 18
R tE — NIRREE A, Nk, ABFRE et (B 1B. 10).

A B R B 1 c
bp Reverse splicing site T A BT
Reverse sPlicing site

GGCTCTGCAGAG

A: circSFMBT2 3L fir B 471945 2R, M: DL2000 marker, 1~3: EUBUBERSAFIEA S 1 H# cDNA BURY 1 cireSFMBT2 B33 E ; B: circSFMBT2 B
LB W P45 s C: circSFMBT2 5 7R &

A: Amplification result of circSFMBT?2 junction site, M:DL2000 marker, 1-3: Amplification of circSFMBT?2 junction site with one day old cDNA template
from Kirin chicken liver tissue; B: Sequencing result of circSFMBT2 junction position; C: Structure diagram of circSFMBT2z

1 75 circSFMBT2 R IE
Fig. 1 Validation of the junction of chicken circSFMBT2
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SEIF 36 PCR & cireSEMBT2 Al SEFMBT2 mRNA & # A4k, MK Oligo-d(T), ¢ & # %1
A X RIA &, IG5 K, i ] RNase R 4bFE  circSFMBT2 f)R 1A & B E L TRV P4 (K 2B).
&, SEMBT2 mRNA AN RIAE B2 T, M dF—PHESE cireSFMBT2 B &AM 1 1I4F L
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A: RNase R digestion test B: Reverse transcriptional analysis
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“*” indicates significant difference (P < 0.05, ¢ test)

2 circSFMBT2 #1 SFMBT2 mRNA %} RNase R T =2 4 # R 45 R 547
Fig.2 Tolerance of the chicken circSFMBT2 and SFMBT2 mRNA to RNase R and reverse transcription analysis
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PR Bl L AT BLADAR LS4 RNA, 76— E MMIBIME, P05 #0070 14 RIS R 1 FE e B A
SR cDNA Ji&, JEE ¢ & PCR X cireSFMBT2 Al T A = 220, 1 76 M LRI BE LR 2= 3k (K 3).
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Fig.3 circSFMBT2 and SFMBT2 mRNA expression profiles in tissues of Kirin chickens
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A: circSFMBT?2 expression in breast muscle; B: circSFMBT2 expression in leg muscle; C: SFMBT2 mRNA expression in breast muscle; D: SFMBT2
mRNA expression in leg muscle; E14, E16 and E18 indicate 14,16 and 18 embryo ages respectively, 1W—6W indicate 1 to 6 week age; The RNA expression
level in each stage is relative to the expression level in the 6th week; Different lower case letters on bars indicate significant differences (P<0.05, LSD test)
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Fig. 4 Temporal expression pattern of circSFMBT2 and SFMBT2 mRNA of Kirin chickens
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241 CCK-8&XI#R {EX DF-1 AR
15 circSFMBT2, % ¢ € & PCR 45 BIE s R IA 2K
FEE (K 5A), pCD2.1-circSFMBT?2 i # ik Jii ki

A: cireSFMBT2#£ 1A
A: circSFMBT?2 expression

mm pCD2.1-circSFMBT2
@ pCD2.1-ciR ok
ks

250 000 —
200 000
150 000
100 000

50 000

15

FHR ik B
Relative expression

24 36 48 60
t/h

CRT R SRR SR IRALLE 0.05 F10.01 KPR (¢ k)
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5 II&RIATG cireSFMBT2 %3 DF-1 4ARIETE I F500
Fig. 5 Effect of chicken circSFMBT?2 overexpression on proliferation of DF-1 cells

242 EduiXE#R  Nik—HB 5T cireSFMBT2
o 240 i B B A 2, FE DF-1 40 i A [R5 e
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Fig. 6 Cell state under fluorescence microscope after

transfected with pCD2.1-ciR and pCD2.1-
circSFMBT2(Scale bar=250 pm)
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Fig. 7 Statistical results of positive cells in Edu
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Fig. 8 Expression changes of proliferation marker genes after transfection with pCD2.1-circSFMBT2 and pCD2.1-ciR

3 Wit

AW R EXFEEEN S BRI =
A A IE B 2Rl b, AW TR UE T XY circSFMBT2
H SFMBT2 F: K AN T 12 4B T 18 xIa1 87 )
k. B circBase(http://www.circbase.org) K& I,
N SEMBT2 tBA74E3R IR RNA, A circSFMBT2 Hi3%
ARERANET 5 BAET 8 Hil. HFRKRI, A
circSFMBT2 ] 1y miR-182-5p #4745 B Ji 40 iy
AR B B, e T 3 5 B ) miR-7-5p e 4 e A
s,

H T3 RNA B 458, A 5 8% RNase
R (MR, BARmMEEE. AR R, 541H%
SFMBT?2 Ftt, 3 circSFMBT2 H 45 #5% ) RNase
R i 5214, F HEEHLE1 Y (N9) A ELF Oligo-d(T);s
IR AR R R, P
circSFMBT2 H & 4R 75 + 19 A RFAE . X5
circSFMBT2 & H A i) 25 3R 1A I e 5, AR5
e E BRI, A cireSFMBT2 5 £ 11 # St A AE
I JUTLR I JUL R 3 2 0 AR A AL, JHCTE R I B A 2R
B, THAEE (1~6 Ji) Rk &8s, HE
Al g 52V SR AR RIE A Ko 1Y circSFMBT2 7F
AP FIE B A 2 71, cireSFMBT2 78 14 E#%
551 JA XS il 4H 2R R0k = e, TENLAIAHZARIA
WK,

Hlr, O KEICHEIRIE cireRNA TEAI L+ &
FEEIER, e A4 IR ACRVL4E L, &I circLMO7
RE A 1 B ULZH L 2 AR AR B 4 3 i . FER &,
circSVIL 1] LLE T 54 miR-203 M 42 328 s L 4h
i ()38 B AN 3 AR TR A R EG R, FRATTR B
it % ik circSFMBT2 48 h J&, 154 bric i A
PCNA Rl CCND1 WjZRiE &= T+, 2 CDK2 MRk
BELWHEEN. CCK-8 5 Edu R¥GEM, L FRiE

cicrSFMBT2 AJ i 13F DF-1 £ Jfa fry 34 5 .

WEFER I, circRNA B Z R ¥ Thie. —
6 circRNA % H miRNA M&EM, g5
miRNA 454, KIE miRNA HE451F ", circRNA
] 7E B 538 5 R SR AR SR R () R IR0, — g A
TEA A% H 1) circRNA 7] LLE RNA R &0 1T 45
G ARRERE P SENTY, SAENE TR
circRNA @it RNA-RNA #l EAEH S Ul /MZZHE
WE AL, 45 RNA BEHE 11 45 & 12ikse
AFER [ 50, 0] L5 DNA 454 JE i RNA-
DNA A8 ¥k, 75 By Hz 1 F Hr i i SR A R A ™,

B & circRNA B FEIR AN, AMTE LA L
circRNA H A JF 8B 5248, B8 g Y 28 1 B2
circSFMBT2 & 8 MMM ¥, FIH RNAhybird 7
LR T &% I circSFMBT2 ££7E miR-103 Al miR-
107 ZE8EHRAL A5, 5340, 18 H SnapGene F A4 T A&
I circSFMBT2 f#17E 1 TR EEAE . FRATIASR 5
ENITEFE, B cireSEMBT2 BE 75 4E A miRNA
(03 45 B g i /N K, 2 75 R 2 MR B N B 5, IR 56
EHEGSSHEEIAAKKS .

SE

MEMCZAK S, JENS M, ELEFSINIOTI A, et al. Circu-
lar RNAs are a large class of animal RNAs with regulat-
ory potency[J]. Nature, 2013, 495(7441): 333-338.
ZHANG Y, XUE W, LI X, et al. The biogenesis of nas-
cent circular RNAs[J]. Cell Reports, 2016, 15(3): 611-
624,

JECK W R, SORRENTINO J A, WANG K, et al. Circu-
lar RNAs are abundant, conserved, and associated with
ALU repeats[J]. RNA, 2013, 19(2): 141-157.

ZHANG C, WU H, WANG Y, et al. Circular RNA of
cattle casein genes are highly expressed in bovine mam-

(1]

(2]

(3]

(4]

mary gland[J]. Journal of Dairy Science, 2016, 99(6):
4750-4760.


http://www.circbase.org
http://www.circbase.org
http://www.circbase.org
http://dx.doi.org/10.1038/nature11928
http://dx.doi.org/10.1016/j.celrep.2016.03.058
http://dx.doi.org/10.1261/rna.035667.112
http://dx.doi.org/10.3168/jds.2015-10381

30

Hepg AL K224 (https:/journal.scau.edu.cn/)

45 %

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

SALZMAN J, GAWAD C, WANG P L, et al. Circular
RNAs are the predominant transcript isoform from hun-
dreds of human genes in diverse cell types[J]. PLoS One,
2012, 7(2): e30733.

HUANG A, ZHENG H, WU Z, et al. Circular RNA-pro-
tein interactions: Functions, mechanisms, and identifica-
tion[J]. Theranostics, 2020, 10(8): 3503-3517.

LI Z, HUANG C, BAO C, et al. Exon-intron circular
RNAs regulate transcription in the nucleus[J]. Nature
Structural & Molecular Biology, 2015, 22(3): 256-264.
LI H, YANG J, WEI X, et al. CircFUT10 reduces prolif-
eration and facilitates differentiation of myoblasts by
sponging miR-133a[J]. Journal of Cellular Physiology,
2018, 233(6): 4643-4651.

LEGNINI I, DI TIMOTEO G, ROSSI F, et al. Circ-
ZNF609 is a circular rna that can be translated and func-
tions in myogenesis[J]. Molecular Cell, 2017, 66(1): 22-
37.

KLYMENKO T, PAPP B, FISCHLE W, et al. A Poly-
comb group protein complex with sequence-specific
DNA-binding and selective methyl-lysine-binding activ-
ities[J]. Genes & Development, 2006, 20(9): 1110-1122.
GRIMM C, MATOSR R, LY-HARTIG N, et al. Molecu-
lar recognition of histone lysine methylation by the Poly-
comb group repressor dSfmbt[J]. The EMBO Journal,
2009, 28(13): 1965-1977.

SUN H, XI P, SUN Z, et al. Circ-SFMBT2 promotes the
proliferation of gastric cancer cells through sponging
miR-182-5p to enhance CREBI expression[J]. Cancer
Management and Research, 2018, 10: 5725-5734.
KA, TKSER, AR circ-SFMBT2 Jl i #24] miR-
7-5p/ADAMI10 fili oF 4 /)~ 24 Ffd Jii I8 40 B A= 0 24T N
FmA[)]. AR iR 2 Ak, 2022, 39(2): 162-170.
WEI X, LI H, YANG J, et al. Circular RNA profiling re-
veals an abundant circLMO7 that regulates myoblasts

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

differentiation and survival by sponging miR-378a-3p[J].
Cell Death & Disease, 2017, 8(10): e3153.

OUYANG H, CHEN X, LI W, et al. Circular RNA circ-
SVIL promotes myoblast proliferation and differenti-
ation by sponging miR-203 in chicken[J]. Frontiers in
Genetics, 2018, 9: 172.

B, ERT7, NGB, & EYIOR RNA BT FCRERE(T].
ik, 2018, 40(6): 467-477.

RYBAK-WOLF A, STOTTMEISTER C, GLAZAR P, et
al. Circular RNAs in the mammalian brain are highly
abundant, conserved, and dynamically expressed[J]. Mo-
lecular Cell, 2015, 58(5): 870-885.

CONN V M, HUGOUVIEUX V, NAYAK A, et al. A
circRNA from SEPALLATA3 regulates splicing of its
cognate mRNA through R-loop formation[J].
Plants, 2017, 3: 17053.

LI X, YANG L, CHEN L L. The biogenesis, functions,
and challenges of circular RNAs[J]. Moleluclar Cell,
2018, 71(3): 428-442.

CHEN X, HAN P, ZHOU T, et al. circRNADDb: A com-
prehensive database for human circular RNAs with pro-

Nature

tein-coding annotations[J]. Scientific Reports, 2016, 6:
34985.

QU S, YANG X, LI X, et al. Circular RNA: A new star
of noncoding RNAs[J]. Cancer Letters, 2015, 365(2):
141-148.

ASHWAL-FLUSS R, MEYER M, PAMUDURTI N, et
al. circRNA biogenesis competes with pre-mRNA spli-
cing[J]. Molecular Cell, 2014, 56(1): 55-66.

ZHOU B, YANG H, YANG C, et al. Translation of non-
coding RNAs and cancer[J]. Cancer Letters, 2021, 497:
89-99.

[(REHE £ 2]


http://dx.doi.org/10.1371/journal.pone.0030733
http://dx.doi.org/10.7150/thno.42174
http://dx.doi.org/10.1002/jcp.26230
http://dx.doi.org/10.1016/j.molcel.2017.02.017
http://dx.doi.org/10.1038/emboj.2009.147
http://dx.doi.org/10.2147/CMAR.S172592
http://dx.doi.org/10.2147/CMAR.S172592
http://dx.doi.org/10.3760/cma.j.cn511374-20201221-00895
http://dx.doi.org/10.3389/fgene.2018.00172
http://dx.doi.org/10.3389/fgene.2018.00172
http://dx.doi.org/10.1016/j.molcel.2015.03.027
http://dx.doi.org/10.1016/j.molcel.2015.03.027
http://dx.doi.org/10.1038/nplants.2017.53
http://dx.doi.org/10.1038/nplants.2017.53
http://dx.doi.org/10.1016/j.molcel.2018.06.034
http://dx.doi.org/10.1038/srep34985
http://dx.doi.org/10.1016/j.canlet.2015.06.003
http://dx.doi.org/10.1016/j.molcel.2014.08.019
http://dx.doi.org/10.1016/j.canlet.2020.10.002

	1 材料与方法
	1.1 试验材料
	1.2 试验方法
	1.2.1 样品采集与细胞培养
	1.2.2 引物设计与circSFMBT2验证
	1.2.3 组织和细胞RNA提取及qPCR试验
	1.2.4 鸡circSFMBT2过表达载体构建
	1.2.5 细胞转染试验
	1.2.6 Edu和CCK-8检测细胞增殖
	1.2.7 生物信息学分析
	1.2.8 统计学分析


	2 结果与分析
	2.1 鸡circSFMBT2成环验证
	2.2 鸡circSFMBT2的组织表达谱
	2.3 鸡胸肌和腿肌circSFMBT2时序表达规律
	2.4 鸡circSFMBT2对DF-1细胞增殖的影响
	2.4.1 CCK-8试验结果
	2.4.2 Edu试验结果
	2.4.3 circSFMBT2对细胞增殖标记基因表达的影响
	2.4.4 circSFMBT2生物学功能预测


	3 讨论与结论
	参考文献

