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ZHANG Jiu-pan', SONG Ya-ping’, JIANG Chao’, WANG Jin', WEI Da-wei’
(L. Institute of Animal Science, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan 750002, China; 2.School of Agriculiure, Ningxia Uni-
versity, Yinchuan 750021, China)

Abstract: The purpose of this study was to explore the tissue expression of bovine LATS2 gene, and identify its core
promoter region and key transcription factors, so as to clarify the transcriptional regulation mechanism of bovine LATS2
gene. The relative expression levels of bovine LATS2 were detected in heart, spleen, liver, kidney, lung, longissimus dorsi
muscle, subcutaneous fat, abomasum, large intestine and testis by RT-qPCR, and the evolutionary tree of LATS2 protein
was constructed. The 1.7 kb sequence upstream of the 5’-untranslated region of LATS2 gene was cloned, and the promoter
sequence regions of seven segments with —1 792-+179,
7 B B8 . 2022-06-15 —-1475- +179, -1098- +179, -727- +179, -515-
ESTE . 75 { AR 400 H (2021AAC05007) ; T 5 T A B % +179, —248-+179 and —56-+179 missing segments were

14135 H (2020BEB04011) ; T H HAE R A A 2% T 72 amplified, and the dual-luciferase reporter vector pGL3-

i H ( TIGC2019076) Basic was constructed respectively. The recombinant
TEZE RN Ak AL (1985-) , 4, Mg g e A, Wi+, B A 9% 5, WF 5% LATS2 gene promoter vectors were transfected into C2C12
75 Tl RSP AL E R, (E-mail ) zhangjiupan@ 163.com and 3T3-L1 cell lines, respectively, and the core promoter

BIAEE : BT, (E-mail ) weidaweiwdw@ 163.com regions were identified. With the help of online software
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Genomatix and JASPAR, the sequence characteristics of core promoter were analyzed to predict the binding sites of key

transcription factors. The results showed that the expression of bovine LATS2 gene in liver and longissimus dorsi muscle was

significantly higher than that in spleen (P<0.01). Ruminants were clustered into one branch in the evolutionary tree con-

structed according to LATS2 protein, which indicated that LATS2 gene was highly conserved in the evolutionary process of

ruminants. The top ten proteins closely interacting with LATS2 protein screened by protein interaction analysis were the key

proteins in Hippo signaling pathway. The core region of the LATS2 gene promoter was located at —248—-56. It was predic-

ted that the core promoter region of bovine LATS2 gene had binding sites of transcription factors TEAD1, MEF2A, FOSL1,

MyoG and Myod]1 related to muscle development. It showed that LATS2 gene played an important role in the growth and de-

velopment of bovine muscle. The above results lay a foundation for exploring the transcriptional regulation mechanism of bo-

vine LATS2 gene in muscle growth and development.
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SR SR il () CE (R BT BRI L o0
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1.2 EFEKH

pMD-19T ( Simple ) #k {4, PrimeSTAR ® GXL
Premix & [H 20 DNA $2 BUR 57 &  DHSo [ AZ 2540
Jit DNA & e [ml i 500 & | BRI 1 9 DD Kpn T 1
Xho 1 T4 DNA #3:ME RNA $2BGRH & b 5 M
PEERE IR H Y TR (KE) BIRA A,
FNEEFURLEE BUA R & H Omega Bio-Tek 23 Al ;
Dual-Luciferase X%¢ 62 B i 75 R G0 B 5 9% 22 4%
(b)) A= E ARG R W) ; DMEM 35 57 5 W iR 2%
ER A (PBS) LOPTI-MEM . Lipofectamine 3000 Re-
agent JIR AL Je R0 & KR 4 LT (FBS) T H 5§
PR IR B A A 5 XU A 3 7 6 W 3 22
6 (b)) A=W H AR A BR /A 7] pGL3-Basic ) pRL-
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TK FfA /N BUSULER i (C2C12) A/ BRUSE 197 40
(3T3-L1) WA LI EIRAT
1.3 RT-qPCR &

TSRO [F] ZH 2B 4% B B RNA 42 IR s 5
SR B UL K45 RNA HE47 UG 58, K eD-
NA i, FH Primer 5.0 %4 % i1 RT-qPCR 5|
Y1,Uh GAPDH E RN S HH (51 WL%E 1),
7500 Fast Real Time {28 ( 35 E N A Y R 5\ 7
) BEATRE R PCR, ROV AR AR 20,0 pl, Herfr
L/ RIS 45 0.8 wl (514 R 10 pmol/L) |
cDNA BiHg 2.0 wl (B 5T & W B 50 ng/ul) |
Primix Ex TagIl 10.0 pl ,ROX Reference Dye Il 0.4
wl, % 45 ddH,0 %8 5%, RT-qPCR J2 ) 72 ¢ 9 : 95
CHEYE 30 595 CABHE 5 5,60 CiH K 34 s, fHER
40 U, AEWIF AT 3 U SR 270 S IR BRAM BT AR XS
FRREHIE B R SPSS 20.0 FRAFSEFT 2K
REFMEIT
1.4 EWERESHR

254 NCBI %095 % ( hitps ://www. ncbi. nlm. nih.
gov) M UCSC ( https://genome.ucsc. edu/) W i = %
SRS e LATS2 JEH Ja 8h 1 Xk, 1L H
Uniprot ( https ;//www.uniprot.org/ ) FIl MEGA 5.0 ( ht-
tps://www. megasoftware. net/index. php ) #4 & I}
LATS2 #5 H #E 4L B, ffi H ExcertSy ProtParm ( ht-
tps ://web. expasy. org/ protparam/ ) & 28 F& ¥ 1T
*1 5I9ER

Table 1 Primers used in these experiments

H 55 5434, 8 FH String (http : //string-db. org/ ) il
M5 LATS2 fR A BEAERE AT,
1.5 BIFRERZREGKR R

WA LATS2 B2 G 3h F 3 9115 B, it S
T KPS| LATS2-PE/PR(% 1), 51K ¥
1972 bp, fL45 -1 792~ +179 [F %1, DL K& H 4
DNA WFH, % PrimeSTAR® GXL Premix #:1E
FMHIEAT PCR, AR R 20.0 wl, Hidr, 4.0 wl ANTP
Mixture, 10. 0 pl 2xPrimeSTAR GXL Buffer, I/ Jjif
S48 0.8 pl(¥JEH 10 wmol/L), 1.0 pl Prime-
STAR GXL DNA A, JKY) 1.0 pl( BTk E
50 ng/pl),2.4 ul ddH,0. PCR ¥ 14 EfdiH 3 4
7%.98 °C 10 5,60 C 20 5,68 °C 15 s, JE¥ 35 ¥,
PCR 387 H] 1% B s Wi 568 Jee i DRS00, Tt
Bratifb [l 5 5 pMD-19T ( Simple ) #8443 32, # 1k
i Ui BH P v B R A T 5 2

HRYEIN P45 5%, BT 5o BEk G A BEY 1 iE
S (F1~F7) Fl 1 &[RRI (R) 76519
5" N Kpn 1 F1 Xho | BUEE Y7 55 (£ 1), LA
LATS2 JEH -1 792 ~ + 1797 51 M MEA #E 17 B2k B Bt
(%) PCR ¥ 3G R i (9 35K R BBIF R b)) W93 R
BEAY W% HE pMD-19T ( Simple ) AR 34700 7 56 42 .
133 B Btk B oy il 44 4 . LATS2-P1 LATS2-
P2, LATS2-P3 | LATS2-P4 . LATS2-P5 . LATS2-P6 I
LATS2-P7,

KRB iR B

TiH GlL/E S IHF5(5'—3") () K (bp) b1 X gk g

PItE R PCR - GAPDH-F CCAACGTGTCTGTTGTGGAT 60.0 80 320~521 NM_001034034.2
GAPDH-R CTGCTTCACCACCTTCTTGA
it

Ja BT IXIGEkE  LATS2-PF AGACCCAGAGCAACCAATAAT 65.5 1972 -1792~+179 NC 037336.1
LATS2-PR GCACAGAAATCCCAACTAACT -
LATS2-F1 GGGGTACCCGACTGAGCGACTGAACTGAAG 61.0 1972 —1792~+179 NC_037336.1
LATS2-F2 GGGGTACCTAAGTGGATCGCCAGTGTTGC 60.5 1655 -1475~+179 NC_037336.1
LATS2-F3 GGGGTACCCTTCCCCTAAGAACGAACACCC 61.5 1278 —1098~+179 NC_037336.1
LATS2-F4 GGGGTACCAGGACAGAATGTCAATCTTGGAT 64.0 907 =727 ~+179 NC_037336.1
LATS2-F5 GGGGTACCGGGAGTGCTTGATACTGAGAA 62.5 695 -515~+179 NC_037336.1
LATS2-F6 GGGGTACCTCACTACTCCCCACAGAGAAC 60.0 428 -248~+179 NC_037336.1
LATS2-F7 GGGGTACCACATTGCACAGCGGCCTCGG 59.5 236 -56~+179 NC_037336.1
LATS2-R CCGCTCGAGGCACAGAAATCCCAACTAACT NC_037336.1

F 2 LG9, R 0TS 19, RHAR LR R Kpn | (GGGGTACC) Hl Xho 1 (CCGCTCGAG) BEVI AL,
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1.6 XCRAEREHGEHE

i VI Kpn 1 A1 Xho 1 ¥ LATS2-P1 ~
LATS2-P7 Fy B pGL3-Basic #RAKTE 37 C 414 T il
Y11 b, WY 5¢ sUs 2EAT B 00 R Beali Ak el it —25
W LATS2-P1 ~ LATS2-P7 J Bt43 5 Fll pGL3-Basic %
1A FH T4 DNA #3516 °C 44 F) B4 1 h, K~
PG Ab 2 DHS o 8832 25 40 8% 37 I i a0 BH M v B
YT 20 2 PR R BB R s B U R
.
1.7 REIEF ER RN ERF Y

IR C2C12 1 3T3-L1, 1} 7550 10% 325 13
(FBS)+90% DMEM i3k 15 H A KRS R4 H
W IR E] 70% ~ 80% J5 AT A5 3R . e RAEKSE
VERRIEAS BT I 20 i 4647 24 FLARGEH A, # I8 Lipo-
fectamine 3000 Reagent i it 14 4% Y4 i 1] & Ui BH 43,
A3 K R A G B R O F AR S R LATS2-pGL3-
P1~ILATS2-pGL3-P7 800 ng T £H it ki f1 20 ng NS
ki pRL-TK $E4E9L % C2C12 1 3T3-L1, 747 3 %
A IRy pGL3-Basic Jiikr, 7E#5YL 48 h )5
HEAT AR R R B SR i) & A T O R
it TR B Y R RS M TR A A LU, B
LATS2 BER WA S0 X8,
1.8 XHEHFEFHN

il 7 JASPAR ( http://jaspar. genereg. net/) Fl
Genomatix ( http ://www. genomatix. de/cgi-bin//mat-
inspector) TE L A4 43 BT I 2 F 4% 0 X 38UF 51, F30
B {E 1R 8N 90% LA I, 356 1 2 A 1) sl T30 445 5 g 3
IR 43, i LATS2 LR (4 J5 3l F A% 0 X S O B Y
SRR TFEs AN
1.9 HIEHH

B 45 9 DS (8 + b ofE 22 380K, Bl 2 T
K45 i ] SPSS 18.0 AR #EA7 5L K 3R J7 22 70 M (P<
0.01 HEFWILE,; P<0.05 HESTE),

2 HEREH
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RT-qPCR &5 (1) R, LATS2 N EM 1
858 NI RN I = LA Y =3 N A = BN 71
H SR 2R A A5 S, DAB A SR8 SR T R 1%
FEPRITE AN B A WL B 36 TR I I8 5 Tl s T (P<
0.01) , Hy 75 AL h i3 K35 (P<0.05) , 7E i |
KT RgWT O EE ORI R A s A,
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AL JE Wi
HAFGE
* FRZE I (P<0.05) 5 o Fom 225 3 (P<0.01)
Bl1 LATS2 BEREHTEALRNETE FH mRNA X REE
Fig.1 The relative expression of LATS2 gene in different tissues

or organs of cattle
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bp, £14% 9 NHMEFF1 8 NN T, 4453 048 bp
) mRNA J¢ 51, 7] 45 fih 1 015 > & /e (& 2),
LATS2 %Fl ﬁ'%fﬁj‘j C4 882 H7 628N1 418 01 425 S35 ’ /E\:)FH
SR 110 110,456 5 (pl) K 8. 84,

DL LATS2 % P9 X 42, FL FH MEGA 5.0 %k
Rt 4R LR D O DRI R R g
ERE (B 3) , FE i R G b R I LATS2 &
SEe T ESNTTE SN AN 7/ il SR ()
PR5Y A st bt b s 3R 1 3, Bk
AR LATS2 HA HZ U hE HAE R 4 8h ik ikt
TP RS
2.3 HFLATS2 EAEESR

i F String ( http://string-db. org/) i | 5
LATS2 & BAERY 5T, A5 2 & 4 Fros 1Y 8 i
HAEMZ, M4 LATS2 & A B AR S AHT 10
FhaE 43 51 4 YAP1, MOBIA . MOBIB, SAVI .
AMOTL2 \WWC1 ,WWTRI , AMOT ,AMOTL1 NF2, />
MrHAE R, 5 KEGG WY Hippo 15 5 38 % A 7t M
Biogrid YR A5 YAP1 HAEREE A BRI T LU XS A,
R Y IR BT Hippo {55 #% rh Y
KB,

24 LATS2 EREBHFROXEBERE

Wi PCR §M 154 IATS2 FEHE ST 1.7 kb F
G| ARYEB BT [ 3E T PCR Y48, 3145 7 2 Bk
R LATS2 B R 3l F Be G Bl g Fr Bed) 5 Fa Uk
LE'S) , dE—3%RE pGL3-Basic 24, #3153 T 1%
Bl R H A1 TR, o HoAf 44 R pLATS2 =1 792~ +179
pLATS2 —1 475~ +179, pLATS2 -1 098~ +179 , pLATS2
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Fig.2 The schematic diagram of bovine LATS2 gene structure
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Fig.3 Evolutionary tree based on bovine LATS2 protein sequence
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Fig.5 Gel electrophoresis of bovine LATS2 gene promoter
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Fig.4 Prediction of proteins interacting with LATS2 in cattle
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JABIF XY 1.7 kb JPFI#E C2C12 F 3T3-L1 i &R
TR R A SR TE . B -1 098~ -T2T B,
pLATS2 =727~ +179%% pILATS2 —1 098~ +179 il 1 14 ¢
C2C12 i 2 P B8 R I (P<0.05) 5 #E— L i i3 50
T Bt 248~ -56, % Bl pLATS2 —56~ +179%5% pIATS2
~248 ~ +17T9BHEMEAE C2C12 F1 3T3-L1 il Z i 4h 3
ERRE(P<0.01) , 7000 FRE T 79. 4% F1 75. 6%, L3k
WFFREER R, LATS2 B JE 2 F X 1.7 kb J$5)
TP HA PR R e S TR P D RE ; - 248 ~ 56K
LATS2 FER 5 sl FAZ U X8 LATS2 FEHTE C2C12 21
RV TR T 3T3-L1,

~248~-56

~1792~+179 o

25 BIFROREBHXBEREFEE
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TERY O S e s D E A7 w0, 25 21 (| 7) o,
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LATS2 DK By sy AT S 2L A P8R
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Fig.6 Relative luciferase activity of LATS2 gene core promoter deletion fragment reporter vector
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Fig.7 Prediction of transcription factors in the core region of bovine LATS2 gene promoter
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