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Abstract: The objective of this study was to explore the gene structure and function of TRA2B and
characterize its expression and regulation properties in adipose and other tissues in two breeds of
fat-tailed sheep. The coding sequence (CDS) of TRA2B gene was cloned using RT-PCR technolo-
gy and the sequence was analyzed by bioinformatics. Eight rams from Guangling Large Tailed and
Small Tailed Han respectively were slaughtered at 8 months of age, heart, liver, kidney, small
intestine, testis, perirenal and tail fats as well as femoral biceps were collected to determine the
mRNA expression by real-time PCR technology. The results showed that the CDS of ovine
TRA2B gene was 867 bp in length, encoding 288 amino acids. The bioinformatics analysis sug-
gested that TRA2B was a kind of unstable and hydrophilic protein with 2 potential O-glycosyla-
tion sites and 70 phosphorylation sites, while without signal peptide and transmembrane domain,
a highly conserved domain of RRM was located at 109-196 amino acid residues in TRAZ2B.
TRA2B mRNA expressed in all the investigated tissues and the highest expression was found in
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testis, which was significantly higher than that in kidney, perirenal and tail fats (P<C0.05) as

well as in liver, femoral biceps and small intestine (P<C0.05), with the lowest level in heart

(P<C0.05). The total mRNA expression between 2 breeds was not significantly different (P>>0.

05), however, breed significantly affected the mRNA expression patterns in tissues (P<C0.05).

Taken together, the findings in this study indicated that TRA2B was possibly an important regu-

lation factor involving reproduction performance as well as lipid metabolism in sheep. The study

would lay a theoretical foundation for further exploration of the gene function of TRA2B in

sheep.
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Gene Primer sequence Annealing temperature Length Usage
F:ATGAGCGACAGCGGCGAGCA
TRA2B 68 867
R. TTAATAGCGACGAGGTGAGTA -
ZE
F:CAGAAGAAGTTCTCGGAGGC
TRA2B 60 117
R: GAATGACGGTGGCTATGC
F:GAGAAGCGAAAGGAGAAAGC
RPL13A 60 123 .
R:AGTCTTGAGGACCTCTGTGAAT mRNA £ ik
F. TTCCAGCCTTCCTTCCTG
ACTB 60 109

R: CCGTGTTGGCGTAGAGGT

F. Forward primer; R. Reverse primer
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Fig. 2 Coding sequence of TRA2B gene and its encoding amino acid sequence
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Fig.3  Predicted O-glycosylation (A) and phosphorylation (B) sites of TRA2B protein
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Fig. 6  Effects of two-way interaction between breed and

tissue on TRA2B mRNA expression abundance
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Table 2 mRNA expression abundance and variance analysis of TRA2B gene

mRNA FEFFE 200 mRNA ik F g
Variance analysis of mRNA expression abundance Abundance of mRNA
5 52K TR RRE CE S KT mRNA %k
Source of variation Sum of Degree of - F* Signi Factor Level Abundance of mRNA
squares freedom values ficance

& IEAE R Model 16. 608" 15 5.367 * % % o IR KREFE GLT 1.33240. 066"
IE Intercept 193. 955 1 940,160 * % x Breed /INEFEN STH 1.511£0. 066*
i Breed 0. 764 1 3. 705 NS > HE 0.84740.131¢
H Y Tissue 12. 064 7 8.35%4 % x % MLV 1.29140.131°¢
i AF X 2H 21 Breed X Tissue 3.780 7 2.618 * ¥ KD 1.708+0. 131"
152 Error 16.504 80 Hm N7 1.192+0. 131¢
&3t Total 227.068 96 Tissue 2. TS 2.089+0.131"
¥ 1E B3t Corrected total 33.112 95 s JE g 7 PR 1.567+0. 131"
g TA 1.484+0. 131"
JB =3k WL FB 1.19340. 131

AR FERFERF —FHZEARR AT 25 B2 (P<<0.05). NS, ZRAEZE,; . P<0.05; % x. P<0.01; % % %x. P<C0.001

Values with different superscripts within the same factor differ significantly (P<C0.05). NS. Not significant; * .

P<C0.001

* %,

P<<0.01; = = =,

P<C0.05;
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L RRM 5 {i & mRNA 9 5 A" . WL, A
SR R AN S5F O-K S0 A7 AR 7 7 15 1 B9 42
HOREVER . a5 & 3 RRM 38 f7 75 2
A AT RNA DNA RAZFRZE A7 . 5 SR #17
REAH — 2. 4 TRA2B A RRM fr+y7 I fig
5 AR EIRE AR ST .
3.3 BETRABERAARIEER

TRA2B JEH e /N R AR A 8 )z ¥ 5 3%
k. ARBFSE TRA2B JEHTEHF 8 Falgihil g
—EM L. TRA2B AR 22 54 R
AU B 3T 452, Rk 22 R AT BB 5 TRA2B
VEPEVE BT 4 B R E W BobE A4l 2R S v A e
W55 & B/ B TRA2B 3@ 33 875 Nasp 3 H 58 F
B 10 7 e T A S A R R A T AR Y e
TRA2B EHAEZ P A EMELIE. ATRRY
TRA2B WA R FREAA K. NEEFEIR
REE T RKEFE RS S B )80 2 7
KA Ttk — I

TRA2B J I AERE JPE A HE LA B E JiE 71N BURE AL
P REE R Y ASHIE S R R R A

ZE 5N 2 (H Bl 5 AL S0 B9 HARE B e T
TRA2B RN KK KRB N /NRIEF IR IR
e T RKREFR. OFFEERM, TRAZB I # i5 i
OBk LPINT f % £ 14 87 $% . TRA2B
siIRNAS: 8 LPIN1R FAGR LRI, 1 LPINla
S5 AR 2 T8 AR L I AEK LipinB T fie 1E A 07 5 18 2 D
Ry RKT . T RRE IR UURE Z L /N R
wARRESI 5 LPINT JERAE ™ R KR ¥ F/N R
FEE R NRFE JA R DT h A RasE . BIR T
TRA2B SR By ik 22 R fE5 TRAZB 2 5 %
AN B A 5 o AR Bl R B Sk L TR G
P TRA2B N Rk LB R % 57 AT ES b
FhanF 8 A TG 12 A fy - & Z2 MU i 22 5% W i
JRUURA K.

TR

4h2E TRA2B %[ CDS X K 867 bp. 4% 288
AL TRAZB S — F A B 19 2R K PR3 . T8
T KN 5 R A B OB AL L s A0 70 A
MRAL A7 i s 5 A RRM S5 #3832 3 [H g JEE R 5T
TRAZB R TE]" RR R R/NEFEN 8 A LU
MR TG H 25, MR IE T 2L VE AR
Wil AR /NRIEFERIALE R IR R IR B R &
T RKRBAFEHMNL AL 0] 5 H S 5 95 B A
fie B g A A G

£ % 3Lk (References) :

[1] NILSEN T W, GRAVELEY B R. Expansion of the
eukaryotic proteome by alternative splicing[ J]. Na-
ture, 2010, 463(7280): 457-463.

[2] TSUDA K, SOMEYA T, KUWASAKO K, et al.
Structural basis for the dual RNA-recognition modes
of human TRA2-8 RRM[J]. Nucleic Acids Res,
2011, 39(4): 1538-1553.

[3] ELLIOTT D J, BEST A, DALGLIESH C, et al.

How does TRA2B protein regulate tissue-specific

RNA splicing? [J]. Biochem Soc Trans, 2012, 40

(4) . 784-788.

KARUNAKARAN D K, CONGDON S, GUER-

RETTE T, et al. The expression analysis of Sfrs10

L4]

and Celf4 during mouse retinal development [ J].
Gene Expr Patterns, 2013, 13(8): 425-436.
[ 5] GRELLSCHEID S, DALGLIESH C, STORBECK

M, et al. Identification of evolutionarily conserved



6 1) BT % 45 TRAZB JE R 9 S e 3 51 5 .5 33800 1165
exons as regulated targets for the splicing activator al. SFRS10-a splicing factor gene reduced in human
tra2B in development[J]. PLoS Genet . 2011, 7(12) obesity?[J]. Cell Metab, 2012, 15(3): 265-266.
e€1002390. [17] PIHLAJAMAKIJ, LERIN C, KAMINSKA D, et

[ 6] STORBECK M, HUPPERICH K, GASPAR J A, et al. Response to Brosch et al[ J]. Cell Metab, 2012,
al. Neuronal-specific deficiency of the splicing factor 15(3): 267-269.
tra2b causes apoptosis in neurogenic areas of the de- [18] B& ¥, sk/NE, ARmewg, ARMANEMEEDSH
veloping mouse brain[J]. PLoS One, 2014, 9(2); V40 i 5 A B A D6 P AT (D). 3SR AL S N Ak 2
€89020. 2011, 28(4) . 411-414.

[7] MENDE Y, JAKUBIK M, RIESSLAND M, et al. JIA H, ZHANG X B, SONG X F. Relationship be-
Deficiency of the splicing factor S frs10 results in ear- tween intracellular protein half-life and subcellular lo-
ly embryonic lethality in mice and has no impact on calization in human cells[J]. Computers and Applied
full-length SMIN/Smn splicing[ J]. Hum Mol Genet , Chemistry, 2011, 28(4): 411-414. (in Chinese)
2010, 19(C11) . 2154-2167. [19] ZHOU Z, FU X D. Regulation of splicing by SR pro-

[ 8] KARUNAKARAN D K, BANDAY AR, WU Q, et teins and SR protein-specific kinases [ J]. Chromo-
al. Expression analysis of an evolutionarily conserved soma, 2013, 122(3) . 191-207.
alternative splicing factor, Sfrsl0, in age-related [20] SHEPARD P J, HERTEL K J. The SR protein fam-
macular degeneration[ J]. PLoS One, 2013, 8(9): ily[J]. Genome Biol, 2009, 10(10): 242.
e75964. [21] JARVELIN A I, NOERENBERG M, DAVIS I, et

[ 9] ROBERTS]J M, ENNAJDAOUI H, EDMONDSON al. The new (dis)order in RNA regulation[ J]. Cell
C, et al. Splicing factor TRA2B is required for neural Commun Signal, 2016, 14 9.
progenitor survival[ J]. J Comp Neurol, 2014, 522 [22] KAJITA K, KUWANO Y, KITAMURA N, et al.
(2): 372-392. Ets] and heat shock factor 1 regulate transcription of

[10] BEST A, DAGLIESH C, EHRMANN I, et al. Ex- the Transformer 2 gene in human colon cancer cells
pression of TRA2 8 in cancer cells as a potential con- [J1. J Gastroenterol, 2013, 48(11). 1222-1233.
tributory factor to neoplasia and metastasis[J]. Int J [23] HART G W. SLAWSON C, RAMIREZ-CORREA
Cell Biol, 2013, 2013 843781. G, et al. Cross talk between O-GlcNAcylation and

[11] MEDINA M W, KRAUSS R M. Alternative splicing phosphorylation: roles in signaling. transcription,
in the regulation of cholesterol homeostasis[J]. Curr and chronic disease[ J]. Annu Rev Biochem, 2011,
Opin Lipidol . 2013, 24(2) 147-152. 80: 825-858.

[12] PIHLAJAMAKI J, LERIN C, ITKONEN P, et al. [24] HU P, SHIMOJI S, HART G W. Site-specific inter-
Expression of the splicing factor gene SFRS10 is re- play between O-GlcNAcylation and phosphorylation
duced in human obesity and contributes to enhanced in cellular regulation[J]. FEBS Lett, 2010, 584
lipogenesis[ J]. Cell Metab, 2011, 14(2). 208-218. (12) . 2526-2538.

[13] CSAKIL S, DWYER J R, FONG L G, et al. Lip- [25] MCDOWELL G S, HINDLEY C J, LIPPENS G, et
ins, lipinopathies, and the modulation of cellular lipid al. Phosphorylation in intrinsically disordered regions
storage and signaling[J]. Prog Lipid Res, 2013, 52 regulates the activity of Neurogenin2[ J]. BMC Bio-
(3): 305-316. chem , 2014, 15. 24.

[14] YIN H Q, HU M, LIANG X M, et al. Deletion of [26] JAMROSM A, AUBOL BE, KESHWANIM M, et
SIRT1 from hepatocytes in mice disrupts lipin-1 sig- al. Intra-domain cross-talk regulates serine-arginine
naling and aggravates alcoholic fatty liver[J]. Gastro- protein kinase 1-dependent phosphorylation and spli-
enterology, 2014, 146(3) . 801-811. cing function of transformer 281[J]. J Biol Chem,

[15] CHEUNG C Y, TSO A W, CHEUNG B M, et al. 2015, 290(28): 17269-17281.
Obesity susceptibility genetic variants identified from [27] XIANG S, GAPSYS V, KIM H Y, et al. Phospho-
recent genome-wide association studies: implications rylation drives a dynamic switch in serine/arginine-
in a Chinese population [ J]. J Clin Endocrinol rich proteins[ J]. Structure, 2013, 21(12): 2162-
Metab, 2010, 95(3): 1395-1403. 2174,

[16] BROSCH M, VON SCHONFELS W, AHRENS M, et [28] AUBOL B E, JAMROS M A, MCGLONE M L, et



1166 NEEREER 18 %
al. Splicing kinase SRPK1 conforms to the landscape [30] ZRHkTk, mE 4., 55, % 4% LPIN1 ®XHm

[29]

of its SR protein substrate[ J]. Biochemistry, 2013,
52(43): 7595-7605.

JIAO X L, JINGJ J, QIAO L Y, et al. Ontogenetic
expression of Lpin2 and Lpin3 genes and their asso-
ciations with traits in two breeds of Chinese fat-tailed
sheep[ ] ]. Asian-Australas J Anim Sci, 2016, 29
(3): 333-342.

LAl mRNA Rk EHEESK, 2013,

44(9) . 1371-1379.

WEIL L, GAOJ S, WANG ] L, et al. Study on the

cloning and ontogenetic mRNA expression of ovine

LPIN1 gene [ J]. Acta Veterinaria et Zootechnica

Sinica, 2013, 44(9): 1371-1379. (in Chinese)
( Be



