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Development of Promoters Inducing Gene Expression in Poultry Muscle Cells
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ABSTRACT The skeletal muscles of livestock play a crucial role as protein sources for humans, and the consumption of
poultry meat is steadily increasing worldwide. Numerous genes, including myogenic regulatory factors, are involved in
myogenesis, and precise regulation of them is essential. In this study, genes specifically expressed in muscles were selected,
and their promoters were cloned and analyzed. The analysis of gene expression in various tissues of animals revealed that
many genes exhibited specific expression patterns in skeletal muscles, with TNNT3, TNNC2, and MYF6 genes showing similar
patterns in poultry. The promoter regions of three genes were amplified by polymerase chain reaction to sizes of 1.2 kb, 1.03
kb, and 1.43 kb, respectively. These fragments were then inserted at the front of the enhanced green fluorescent protein gene
in vectors. It was confirmed that the sequences of three promoters closely matched the chicken genome sequences. Upon
introducing vectors with each promoter into QM7 quail muscle cells, all three promoters successfully induced the expression
of the green fluorescent protein. The brightness of the green fluorescence in each promoter was approximately seven times
dimmer compared to the control, CMV-IE promoter. It is predicted that more than 230 transcription factors can bind to each
promoter, especially various transcription factors expressed in muscles, including myogenic regulatory factors such as MYFS5,
MYOD, and MYOG. These promoters can be valuable for studying gene expression in poultry muscle cells, and further

research is needed to precisely investigate the regulatory region of gene expression in promoters.
(Key words: poultry, muscle, TNNT3 promoter, TNNC2 promoter, MYF6 promoter)
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T2 T(skeletal muscle)S 552 584 &% 42 A&
VA ke AR B8 AT oF 40%E AAst 9l
UH(Frontera and Ochala, 2015). =52 Ag]Z 7] < <!
el Al AFozn Fo Tl FFdo|th 7t=2 53
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Axel E 24 e e PHOR o FolAAY, 42
= Z2uE 29l 54 A0
Agtele] 24 SolAom fAAe] AAE 24T 5 Ak
(Vaquerizas et al., 2009).

TEAA 24 A FE e B4 AT AASe W
29, tre] fRAEe] 42 5olAQl B Fd=
o]=dl, Troponin T3(TNNT3), Troponin C2(TNNC2), Myo-
genic factor 6(MYF6/MRF4) G- AL 7l = FAlSH
FE Hols Aoz FRIE AT Song et al., 2013; Raza et
al., 2021; Kui et al., 2022). Troponin £33 el Zzj
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E(actin thin filament)®} AA|E o] 7}2FH 2] 53} o]
¢h5 2438tE 71552 3hH, TNNCSF TNNL TNNT®] A o
WA 2 o] FZolA] 9t Wei and Jin, 2016). TNNC+ Z-4o]
Z3}stal, TNNI= actomyosin ATPaseE A3, TNNT
£ tropomyosin®ll Agstn HEl W Eo]| ngso] &
—?%3. %A 3KFilatov et al., 1999). TNNC2¢} TNNT3 &
H(fast skeletal muscle) Eoldoz WP, 1Al
(myosm)j’/]- Helo] A3 Hste] F& LAY THPerry,
1998; Filatov et al., 1999). MYF6= @A %212 & 3t
Uz dARlAte|, ZA 2 oMt drashy, 234 &
Zle o] Frlete] 23 B4 frxdl #osta, <5 Al
g Axze B3l =% 4 9 th(Rhodes and Konieczny,
1989).
o5 A FRze] dE S 2 F e Z2EEH
o] e 7hEe] ALY AdE A AT ol el AL
go] 25 I AW A7 9 A A= <l
F-o|th(Skopenkova et al., 2021). £ AFA = 7132
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SATAM FAE Fieske ZRREEE /Ndstr] flste,
7he B4 5o &d fdkR] TNNT3, TNNC2, MYF65
Aekslnh B3, o] fdAkEe] ZRRE K95 FEs}
of ¥ WE S e, viFe] SSAEdA ZERE
o friate]l HE f=E RlEct

1. %71% Eol I:ll-él_:l =AM = EE_-' A-II-i
1

& LeeeE ]

al., 2022) ‘;—l National Center for Blotechnology Informat-
ion(NCBI; National Library of Medicine, Bethesda, MD,
USA)e] =4 fAA ¥d Gene Expression Omnibus
(GEO) Hl°]El(GEO accession number: GSE160028)E 2]
skoitt. o] HolEE o] &3t FEAom WHsEe At
=2 Agoisien, NCBI9| H3 HF2] 34 dHolE
A, fAAbES] AR EAlEE 5 kb A7IAES ATk
F7IM L L o] &3to] TATA Hh- gl HAL 7HA] F-915 24
3193 2™, Primer3plus(https://www.primer3plus.com/) & ©] &
3 Zato]H(primer)E A &StA T Zatoln] A F-2 Table
1ol E7]38k3 2 B Sl 4 Zelo]H ol Asel
¥} BamHI A @& 9124 @714 ES F7F6I3ith TNNC2
¢} MYF6 Z2RE|Q] avtsk Zolo|m = Zhzt = 7§ A =¢
staiem, ek Zefoln] Zhzkelol Asel 14 Aol 9l

Table 1. List of PCR primers for amplifying each promoter of
genes

Primer names Primer sequences (5’ to 3°)

TNNT3P-F1 = CTCATTAATGGACTCCTTCCTGCAAGTGG
TNNT3P-R1 GGTGGATCCTACYTGGGGGTGTGGAGACA
TNNC2P-F1 CCTCGCTGCTTTCTTGGGAA

TNNC2P-R1 CTGTTTGCCCTGGATCGAGT
TNNC2P-R3  GCTGGATCCCTCCYGCAGGGAGTCA

MYF6P-F1 ~ ACAGAGCATGGAAACTGGGA
MYF6P-R1  GCCGACTTTCTCTTGCAGGT
MYF6P-R3  GGGGGATCCGCTCAAAAACACCCCGAGGA

Underlined sequences are recognition sites of Asel or BamHI
restriction enzymes.

o] Zglo|rol= EEA|F|R] gt}

ZTE LA E’}—Q(polymerase chain reaction, PCR)S %
_Litzatﬂi xﬂx]—EJ Jﬂ.o]u}%
ol gel TREREE FE 6} o} A WA PCRE 25 L HHS-
Ao 7 35 cycles 53 53 golela, T
HA PCRE A A 5& JMES FPo= A}ﬂaﬂ 100 puL
Ao 2 35 cycles B3l SF3ATE PCR AHES Asel
(Thermo Scientific, Waltham, MA, USA)Z} BamHI(Enzy-
nomics, Dagjeon, Korea) 2 2 2231 A7|G5S AA|g &
H 93 275 AccuPrep® PCR/Gel Purification Kit (Bio-
neer, Daejeon, Korea)= ©]&35le] Ao FZ38lo] F2Y
o] o]-83}33t}. &3k pEGFP-N1(Clontech, Mountain View, CA,
USA)olA CMV-IE Z2RE $-9|5 A A7 918 Aseld}
BamHIZ 22 & 7|9 Fsle] TR REIS A Qg Z27tS
A A FZE3te] PCR AHE0] S22l AHEsHith Algha
2 A3 Z4zke] L2 RE DNAS pEGFP-N1< T4 DNA
ligase(Takara Bio, Shiga, Japan)& ©]-&3l] AZA|IZl &
DH5a9 =¢3tien, Z&4Y PCRo|Y GeneAll® Ex-
prep™ Plasmid SV mini kit(GeneAll Biotechnology, Seoul,
Korea)< ©]-8-3l —E—E}é‘ﬂ‘: F= & AGEA APE S
ettt ZERE 7} ARIE 28

— H
o AFBAE B TRTE Gr|Hde Folsly

3. M|z Hl2k

SHARA ZREE} AEHEA ARE HAF]
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A8 QM7 WS FEAELFE o] &3l th QMTAIEE
M199 medium®l] Bjo}48*(fetal bovine serum, FBS) 10%,
=8 #(chicken serum, CS) 1%, A3 A(antibiotic-antimycot-
ic) 1x& H7ket v & o] &3ato] st QM7 Al X E
@35 mm Al vieFete] AIE7L 60% HE Fe ),
Zyzve] 2 RHE E3gE WlE 9}l jetOPTIMUS(Polyplus,
Nikirch, France) ALY Aok o] &3lo] A AL ALEH
o wha} Aol 4413F Tt =Y etar v g v ]l
DNA £¢ ¥ 484]7to] At *] *Oﬂfﬂ, ‘oﬁ w7 (Olym-
pus, Tokyo, Japan)= ©]-&
hanced green fluorescent protein, EGFP)9] gl 04 -‘4'%
sta, Y3 =& 2704 IMT5 CCD ZHH2HIMT i-Solu-
tion, Burnaby, BC, Canada)E %3l A& &3tk &4
Sk A2 Imagel(Ver. 1.54 g; NIH, Bethesda, MD, USA;
https://imagej.net/ij) & ©|-83td MEES] EGFP &% H7]
=3 o ARSI

4. Z20E 24
Z243 T2 TE Agst= AA s
&), A71uk AR} A3 Ho) =3 2 723 PROMO
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(https://alggen.Isi.upc.es)E ©]-8-3}
S THMesseguer et al., 2002). AAZ=7
AFHHE BT T52 st AT
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2+ 91%)9F mRNA A1 2H Mge] gt
T9A, AESr 24 5 52 1#sked, TNNT3, TN-
NC2, MYF6 & 3709 #3425 Adeste] A5 gk
). mRNA 28 54 glo]EolA TNNT39} TNNC2E 25
z4 Qe thE A A E Fhdke] Tste o= e
WA e g ZE2A A 2 237 Fitel g 7}
Z} 1,58140(4,157.3 vs. 2.6)2} 97841(4,086.8 vs. 4.2)7} ©] &
UTh MYFoe Z5olA 7 £/ Fdgon, vdao

oA AT AT B oH A oAM= I AElA

T T2 ZA oAM= A WEslA] ol 28 E

2y, Zejolu] tixele]

oldol & otk 7+ fHAte] ZRRE 95 FF
3l7] 918l, & A DNAS} Table 191 & Zlo]HE o]

&3 12 PCRE F33lo], 1.2 kbe] TNNT3, 1.45 kb2
TNNC2, 1.95 kbS] MYF6 ZZRE] BE 717} ZZ319
THFig. 1). 22} PCRE 13} PCR AHE S %‘—?fé o7 A}&a}oq
Z3lg o

ZZ3lo] Z+2} 1.06 kbe} 1.65 kbo] AHE-S
22} PCR AH=2 Asel®} BamHI A|gH8 4
o AFREAER CMV-IE Z2ZEES QNS gt
pEGFP-N1 #E]d] A1t} 2 Z2 e F28 F
7HW =t ZREEO 4AY AR5 ZRIska(Fig. 24), ©]
E5 o83l ZERE A7IXLES AT 1 A
ZRRE P9 M-S &g @l ¢17] WHolrt V=
PARE, 3 71E o FA AdelA delxl vket Y
P} dejH o2 TNNC2 Z2REH| F ¥A F2o 4§
= 3% 7hteldl 72 bpe] Aol Utk o= H7|dE A
oA Boke o, A HA e vla] ozt 2 A2
wIeh(Fig. 2A). Z+2te] T2 e 9} EGFP 4314} 5-9]d]

—_—

Fig. 1. PCR products of promoters. The first and second PCR products were amplified from promoter regions of TNNT3, TNNC2, and
MYF6 genes. M: DNA marker, 1: 1st PCR product of Prxnrs (1.2 kb), 2: 1st PCR product of Prawez (1.45 kb), 3: 1st PCR product
of Pumyrs (1.95 kb), 4: 2nd PCR product of Prnrs (1.2 kb), 5: 2nd PCR product of Pranez (1.06 kb), 6: 2nd PCR product of Pyyrs

(1.65 kb).
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Fig. 2. Vector clones and diagram of each gene promoter. (A) Two vector clones from each promoter were selected and confirmed
their promoter fragments by digesting with Asel and BamHI. In each lane, the upper band is a fragment of pEGFP-N1 vector without
promoter (4.08 kb) and the lower band is a promoter fragment. M: DNA marker, 1: fragment of Pranrs (1.2 kb), 2: fragment of Prne:
(1.03 kb), 3: fragment of Puyrs (1.43 kb). (B) Diagram of vectors containing each gene promoter was drawn based on the relative ratio
of length.

Negtive control

Brightness

B

B

B

Fl'ﬂl 4
Promoters

THMT] B aE

Fig. 3. Expression of EGFP by newly developed promoters in QM7 cells. All three promoters could transcribe the EGFP gene in the
muscle cell. The brightness of the green fluorescence induced by each promoter was approximately seven times dimmer compared to
the CMV-IE promoter (Magnification = x100).

ek A2 =71 Fig. 2Bl YERATH 2293 TR RE S o8] ¢AA} Walo] 2AH 4= gl
T2 F29Y3% ZRRE o] A Eol|A 2HEdteA] T5 #ofdts AARIAEY] FRE AR $l8te], HAL
o] -2 golwy] 913, viFe] ZHAEFQ] QMTA E Ak A A o5 ZE 139 PROMOE ©]83te] =
=9l3l] EGFPe] WS #s }Qiﬂ(ﬁg 3). F2YE A BE AMES B3Itk 1 A3, 7 ZRERE= 230~278
ZIHE BF EGFPe HdE fxshe A glssich N F7el ArRIARS ] 2% 7Fedk A<D S 7L A
H71E uiRe® ZAlg Jid *1]291 e Frell SlojA, (Table 2). HAFEAA L= AARIAE 5 AP-1,

CMV-IE Z2=Hd| vla F29% Z2REISS F 74 GATA-2, JUNB, LEF-1, MYOD, MYOG, NF-kb, NRF2,
AT okel S FEshs Ao R I ATHPhw, 7.1 SP1, STATIB, YY1 5& A Z2REd ZEHo R AR
£3.7; Pranca, 7.3%3.0; Puyrs, 7.042.2; Pouy 1, 48.5440.2). = AE 72 UL WA, CREB, MYF-59F NF-Y9] A3
Al g3 gh7)e] Wole CMV-IE ZRRE vlg) F2Y 3 AE Puyres 1203, GATA-39} RXRao ZdH &
ZRREA o AUk Pl $IATH :L?f“éié-iowﬂ MYF-5, MYOD, MY
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Table 2. Prediction of transcription factors (TF) binding to each promoter of genes

Total number of TFs

Promoters predicted to bind List of TFs expressed in muscle among the predicted TFs
each promoter

P 278 AP-1, CREB, GATA-2, GATA-3, JUNB, LEF-1, MYF-5, MYOD, MYOG, NF-kB, NRF2, NF-Y,
TN RXRq, SP1, STATIB, YY1

P 230 AP-1, CREB, GATA-2, JUNB, LEF-1, MYF-5, MYOD, MYOG, NF-kB, NRF2, NF-Y, SPI,
Ne2 STATIB, YY1

. - AP-1, GATA-2, GATA-3, JUNB, LEF-1, MYOD, MYOG, NF-kB, NRF2, RXRa, SP1, STATIB,
MYF6

YY1

THHernandez-Hernandez et al., 2017). Pyyrs= MYOD, MY-
0G AFHHE 7K slem, ZFZ2ERJAAZA oA
o5 o] Ewdo] 7hsd oz |gdnh

2 AT = '] FZ2dA ooz wdst= f
AAE ZAFSIO], TNNT3, TNNC2, MYF6 3712 T2 5
HE sttt = v 5] SSAEd A Z2RE AE
o] B E 05l 9t) o] TRREEL 7l7e TS EAA
TR S st AT &8 7 Holth B A
TollA thFA] &3t Z2RE B 3y 2l Ue AT
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ok W=, £3] TNNT39 TNNC2, MYF6 A5
& NPT FAKEE RS UERITE TNNT3, TNNC2,

MYF6 f72Ate] ZRRE F9E SHELANNEE 53l
7Yz} 1.2 kb, 1.03 kb, 1.43 kb® ZZ3s}o], 5208 sl =

=
TS EFE wE o] el Adstith A71ME &

Al

A
MYF54 MYOD, MYOG$F 22 S3dx4AxE 23
TH A TR Tt AARIAIE] A%s & S
o7 =gt} o] TRRE|SL 7} T8 FollA
A} e

A= fshe A7l &80 7hed Ao, &
A7 o Z=RH Fod Id 24 Ve A7 48
g Zor At

(A<1e] : 717, &%, TNNT3 Z2XE, TNNC2 Z25
B, MYF6 ZZTH)
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