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Abstract ; [ Objective] To obtain the complete mRNA and promoter sequences of pig FAM213B gene,
and provide a basis for studying the mechanism of the FAM213B gene in regulating gestation establish-
ment and embryo development of female pigs. [ Method ] The complete mRNA sequence of the FAM213B
gene was obtained using 5’ and 3’'RACE methods. The amino acid sequence similarities of different spe-
cies were analyzed. The gene promoter was cloned, and its transcription activity was detected by the dual
luciferase report system in porcine endometrial cells. [ Result] The mRNA of pig FAM213B gene was 808
bp in full length, including the 5'UTR, CDS and 3'UTR of 67, 609 (including the termination codon)
and 132 bp (excluding poly A) , respectively. A thioredoxin fold domain was predicted from the 17th to
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106th amino acid residues. The obtained transcript and the other two computed transcripts all contained

the thioredoxin fold domains, but the tertiary structures of three proteins were highly different. The amino
acid sequence of pig FAM213B showed 94.03% , 93. 03% and 91. 54% similarities with those of goat,
cattle and sheep, respectively. The cloned promoter sequence ( —2 231/ +30) of the FAM213B gene

was linked with the dual luciferase report vector, and transfected into the endometrial cells. The promoter

fragment could drive the expression of the downstream report gene. There were potential binding sites of

transcription factors such as NFkB within the promoter. [ Conclusion]The complete sequence of the tran-
script of pig FAM213B gene is 808 bp. The FAM213B protein contains a thioredoxin fold domain. The
FAM213B promoter ( —2 231/ +30) has strong transcription activity in porcine endometrial cells.
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FAM213B ( Family with sequence similarity 213,
member B) , X R N T IR BE S BB ( Prostamide F
synthase , PGFS) , J& T i i 2 11 8 S35 B %, 35
TE/IN BRI 8 R & B, 4 0 78 HH AR pP 8 R 52
EEEEMMEMY . FAM213B 12 {51 i % ( Pros-
taglandin, PG) & p{ad F2 H —Fp 5 2 19 fi fL . PG
AV AR — R A0 R, W 8 24 e
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DU B8 ( Arachidonic acid, ARA) {E B 4L T #%
AR R A iR H2 ( Prostaglandin H2 ,PGH2) , PGH2
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R REAE RIS 1 & 1 Ji A rp e 25 3 22 i AR A T, B
H FAM213B s 7e BE R M 22 B B o] B 32 21 7™ 4% 1Y
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SRR T, TR Ry i — D WF 585 FAM213B 3t
() & T8 T2 RN Th BE B4 5 JE A,
1 HHE7%
1.1 XA
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(GDI12) (%55 3 AR K23 B4 (LL) AE 5ok B BHYL
MRG58 5 N TS A4 i 1) R R R U5 ) M ol
J& SE K R I8

PRI SR R B 44 o D7) g B At R P Y 4 TR
Btk DH5a f1 pMD20T #% {& g [ TaKaRa 73 ),
pGL3-Basic A&  pRL-TK {4 | R 14 3 U) B 3
Promega /A 7], Tag DNA A4 . ANTPs . DL2000 43
FbriE DNA BE i RISGRR & 550 B ) R AR %A
Y AR 7] ;T4 DNA 3 £l . RNA $2HUGA ] Trizol |
S AR & RACE kit I &% [ TaKaRa 24w .
ToN R b/ NMER &W B OMEGA AF],
1.2 ¥ FAM213B EF 5% mRNA F 5|8 =kE

HRHE GenBank | /NR %4 FAM213B J:H (XM_
005664949.2) CDS X 1751, & it 519, H F 588
mRNA JP 5[ i fE . f# ] 5'-Full RACE kit JR15 5L
[ 5'UTR J541, 225 BRALHE - foff FF AR 0 1 £ 1l PR
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TKEI, A g FAM213B JED mRNA FIE )11 e b S 91 o e 3

(Tobacco acid pyrophosphatase, TAP) 2= mRNA
5'E 454, i T4 RNA Ligase % 5'RACE Adaptor
EEF] mRNA [ 5'3)5 , {3 5’ RACE Adaptor _F 1
511 (p-5'Outer ,p-5"Tnner) 5 & 1 517 73 19 51 9
(5'GSP1.5'GSP2) #4780 PCR [ I, i 7 ME L g™
4 cDNA 5" Kui i) 2K P8, e #17i 7. 3'UTR
B $ 45 i 2 19 45: 1 ReverseTranscriptaseM-MLV
(RNaseH-) ¥ poly( A) + RNA S 5% 5% cDNA, Sk J5
P4 TaKaRaLATaq , D)%% 5 1) cDNA R4k, F)

PR & B 4519 (p-3' Outer \p-3 'Tnner ) FIE 1 751)
w3514 (3'GSP1 3" GSP2 ) #i47 §i: PCR [ )i, |
R R R UL W] AT, 3RS 58 % 3'UTR I3
G, WPARF I AT DRHE , A5 58 % mRNA J751], 4
3¢ GenBank , JRAGEEFIE S50 AR AR 7 51151
L :p-mRNA-F Fl p-mRNA-R, PIEFE N R RNA N
BEHL, PCR SN , 4T T-A SRS Y , DL Sk iy
PHEFIIRIERTE. BARRE1YFI & 1,

&1 ¥ FAM2I13B EE mRNA £ 5FE3FREMASIMER
Tab.1 The primers for cloning the mRNA and promoter of porcine FAM213B gene

PR IR (5'—3")" 741/ bp
5'GSP1 GCGACACACCATGCAGCCGAAGC

5'GSP2 CACGGCCTCCCCGGTCACTGCGTGC

3’'GSP1 TACGAAGCCTGTGGCAGGAGCAGG

3'GSP2 GACCAGCACGGCGTGCGCCTGGTGGG

p-mRNA-F AGGACTGCAGGCGGAGAGGGCTG 609
p-mRNA-R CCAGGAACCACCCTTTAATGCT

p-promoter-F
p-promoter-R
pO-promoter-F

pO-promoter-R

ACCACCTGAGACTGTCGCCAAC

GCAAGGTCCACCGTGCTCAT
ACGCGTCGACCACCTGAGACTGTCG
CCC|AAGCTTGGGCTCCGCACCAGCCCTCT

2261( -2 231/ +30)

2005( -2 175/ +30)

1) ZAE A AR AL, T XK Bebrie &5 L Mlu TBE304% &, T4 Xho T BEI01L 5.

1.3 3£ FAM2I3B EEEHTFEEE

Z IO SCI SR FAM213B J: [ mRNA
J¥ 51 (KX444503) L) J 5" P45 X ¥ 51 ( GenBank %5 5%
5:100134955) , Bt 514 (£ 1 519 p-promoter-F
F1 p-promoter-R) , ¥ Wi $cA5%5% FAM213B 3:H )3 3h T
X 2261 bp, Krith b gt 2= T 24K, ¥ )5, 4
T-FAM213B-P, DAL A A B4R , LA A B U007 83 1
5[4 ( pO-promoter-F I pO-promoter-R) ¥ 1% J3 3 F
X, PCR 4" 34 S 0 A2 )5 4y : 98 C i 1 min; 98 C
AR 10 5,67 C3B & 10 5,72 CZEAf 2.5 min,33 4
PEER ;72 CJSAEAf 10 min,

¥ ik PCR 915545 DNA Jy BeH] DNA BEJiE 7]
WO & AT e alifl 5, FH Ml TFT Xho T #E47 3L
FitED] , [R) I Xf pGL-Basic ZASEATBEVT , BEUIAKZ Ny«
10 x Buffer 10 pL,PCR P e #AK 50 L, Mlu T I
Xho 1455 pl., ddH,0 30 wL,37 C /2 3 h, K5 XU
YIJ5 i) DNA K Bt fll pGL-Basic #4473 71 H] DNA #§
JUE [T ) & b AT [T i 2k, 2 > DNA J Bk A7 1%
2,10 pL #E RN AR R F KK INA 1 L Ligation
Buffer,2 wL pGL3- basic iAW =4),6. 8 wL i3
27 R B,0.2 wL T4 DNA % #,22 Ci&EH 4 h,
ALK MIR75 18 DHS o, TR A 20 5 %5 2 IR AR,
37 Cal s ge , ORI PRI pe B AT e, BHAAE ook

s H PO,
1.4 BFEHNERARMNS B SESR

JB SR AR UL 8, TR A T ) 1 Ab 2
fUE A UK &, U B e g =, i 5
BT IR SR, S A A PBS Hig ik
WO HBRWRERE 2. WRFENK AR TESA
XTI PBS o FRUERX

FHIRBL R 75 N E Rz H 2059 1 mm® K
o KT RRMAA APV R B FR . IA 2 £
U1 g - L7 1,37 COKIBRE R 1L, 55 P
0.5 hiR#E 1 K. 2.5 h JF A S ARIE 100 g - L™
FBS ) DMEM/F12 928 1R T4 R AL, R 1k
WOANZ LW AR 5 WM 150 wm (100 H) 4i g 5 i
e EIE R E S .LE H,500 ¢ - min”%‘)[} 5 min
(VLI F 20 F R 20, il 23 4nie) -

b R AR AR i 2 1000 ¢+ min T B S
min I PBS HE G , K i0TE 40148, SR LA 2 x 10°
AN - mL R T AN S R, F 37 °C, CO,
BEEFEAa o E 5 R (SRR B 5% 1) CO, F
95% 233) o JPARHHIIAERERN IS 24 h 245 W RE , 2
3~5dikF[90 % fhe. M, W E IR, T PBS
BEVE2 WIS, IMA 2.5 g - LT R BN 3 ~ 5
min, 5@ T WS, 17 853 40 M 22 [ B, S7 B
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ISR 2 IR AL R ATHOR . %
AN BTG B0, 1 000 1+ min T L 5 min
JaF B, M A S mL PBS & 40 g, 1 000
v+ min~ B0 5 min J5FE R SRR 0 55 3R 4k
g g, &

K FRA A 2A ] OMEGA Jo N7 R 10
GARUS , 5 pRL-TK JFORL I BH 5 i B 14 2 5 e 4
Jf1,48 h J5 , R ZEE 2R Bl 4k W R G 64T Lucif-
erase {ii PEAS I , ARG 73T I8 3 B SRt 1 o
1.5 EYERESH

HE AR BEAY PR 5T B : http . //www. expasy.
org/ cgi-bin/protscale. pl, ExPASy [t ProtScal % ; &
H 5 = 2 45 F T ¢« hittp : // swissmodel. expasy. org/ ;
T 1 o 235 A 38 R B 2 T < hittp ;. //smart. embl-heidel-
berg. de ] UniProt ££J5%; ¢ %1 kb %f T. E.: Kalign FiI
Clustal Omega,

2 #ERE5HMm

2.1 % FAM2I3B EFE 5% mRNA F 5|2
PR T 5 NI 2R 5 RNA &0 iR
FUALFEFN 18 F 1, % #% 5" RACE adaptor J5 J % 5%

M 1 M 2 M 3 M 4
— — 600 bp
ol 209 bp
A B C D

B cDNA, LhiZ cDNA R A, 47519 p-5' Outer F
5'GSP1 1§ PCR 14, iy 7™ ) 455 SR BN ¥, 4n 1]
LA FELAE PCR =9 AR, L5 1) p-5' Tnner Fl
5'GSP2E4T PCR ¥ ¥4, L Af 15 2 5 — /9 H 1Y 45741
209 bp, 4N 1B, ¥ H W50 SRR T ¥ BF
BIFH 5 HFH LR, DRSS 3 8] T 67 bp 1)
5'UTR, B SR IG5 00 F ATG Hiff¥ 67 bp &b [H]
B, LLEL RNA S5 #EAR, Hl ployT 510K RNA J 4% 5%
i cDNA , $2%5 ] p-3'Outer 1 3'GSP1 B|4it17 PCR
PHG , WS P ST VRO T , AN 1C FRRA A
B, Lk p-3"Inner 1 3'GSP2 514347 PCR 41, et
P — H A9 4571 600 bp, 41 1D R H B9 5% 14
ARG T, e e 9 5 2 M9 e, PH% 5 15
#7132 bp i 3'UTR, A & 10 bp fi4 ployA J#31]

233 M )5, L 5'UTR Fi 3'UTR 551031514
p-mRNA-F 1 p-mRNA-R, DL R A4 B3 F 5 P4
21 cDNA it , i@ 1 PCR ¥4 4K 153 52 ) mRNA
FPa, 22k 7 i 8 5 RACE AR 344 19 mRNA
F5 58 42—, 808 bp, polyA {7 10 bp (WLIA
1E) o #4i% )% 5 $2& 3¢ GenBank, 3K 14 % 35 Ny
KX444503

M 37 DL2000 Marker, \_[%| T 3:2 0001 000,750,500 ,250 F1 100 bp;1: S'RACE Outer 3447 ##RkELH ;2 . 5'RACE Inner 5|49 Hi4E Fettk
#1733 :3'RACE Outer 314 SRl 54 :3'RACE Outer 5 #7555 55 : FAM213B 3 mRNA B9 L9 38455

B 1

¥ FAM213B E[F 5% mRNA F 5 RACE &3

Fig.1 The RACE results of porcine FAM213B mRNA sequence

2.2 ¥ FAM2I3B R R AEHRFRAMEAR
L

FH ExPASy {9 ProtScal /343 #1315 54 FAM213B
L[N mRNA CDS Zifith & = 19 BAL PR B, & i H
5o 21 546.8, 45 5 8. 87, 2 5 1] 30
h AT RECH 61. 27 (KT 40 HAREE) , H—A
FEMEE I . JH UniProt F2¥ 73 HriZ & H B A5 H4 1k,
RIUAE 17 ~ 106 {2 R Z A AL E AT &
ZERI. GO 3 Mr R Z B AE N A B R 4y, 2
518 AR JF SN 3 #E (GO : 0055114 ) , B 1k
ThE

$ FAM213B B:E 0 F 6 e fafhk, LR 2K
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3 138bp ( GenBank %5 5. NC_010448.3) , NCBI %k
PEPEAN A B FAM213B JEH ) mRNA J¥ 54 3 4,
HH 1 AN 609 bp(NM_001113441.1) , &2 —4
SEREI B TEAE N5 AE BHRR X, o HL P 91 5 AR 0 5 3k
53 mRNA [y CDS X # 47 Fb X, i 78] —3. J)
G2 AN AR AR A Y5 B TS SR A
435154 940 bp (XM _013998922. 1) FI 824 bp ( XM _
005664949.2) . % F A\ FAM213B 3t A 1E £ 4 %
SEAS, TR AR R TG 5 FAM213B [ mRNA J#
51 55 940 1 824 bp B A FHIHAT IR (FEL KA
Kalign) , 25 R iR 1519 FAM213B J£[H mRNA 5
TP 2 A SEA AR B PEIX . CDS XK BEAE AR 22 52,
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SREFY , A A% FAM213B JED] mRNA FE 3119 5o e M5 91 7 A 5

2R E 2 s . 808,824 940 bp L A CDS X
4354 1609 555 F1 711 bp, Zifih LB H 4 :203
185 1237, ib—# 5ILHYLFH 04T L4047, &
BUsE FAM213B FER R 7 A4S F8 8548, A58 Fr 3R
31 mRNA Jp 5] 5 HoAth 2 4~ K 1) mRNA J3 51 4
Lo, RIAE 2 3 F 4 AM R FAAFEZE S MAEER 1.5,
6 7 INEFAAAEES I MTINEFHESET
UTR KA BLAh , AT 3R A5 7 5146 5.6 S+
43312 69 (132 bp, Ifif 940 bp J¥ 5155 5 Sk &+ 159
bp, 1Mii 824 bp [¥51% 5.6 M+ K 72 F194 bp,

I FEL T HIN 3 AN seAS B o = 2y
(http ;//swissmodel. expasy. org/ ) , 45 F UK 3 Fi /R
3AEHEEIA o BE B ITE L MFL AN, T
3 AN SEAR G5 X AT 108 AN SRR 51—, Rt =
RESHAAAER A R G, EE M o BRHELH 1 1T =
HIRSER T I BH A2, IR B B =45
2R, TEX S F LR 44 fL AL 2k i & R
(Cys™) , BRI 1 B I6 LT I, =2 #07 7E
it A F T B A i e

67 205 52 64 3 69 4 28+94 5+22 194113
808bp 5 G, .o.CC I AAAG TGIGA 3
¢ """ trIC ACACT
106 205 52 64 3 69 94 5 41+113+9
824bp s _. Gcc____.______ TGTGA GCGGCGTTT |
CGG ACACT . CGCCGCAAA
107 205 52 64 3 83+60 4  28+94 5+41  113+9
90bp GTT . AAAG TGTGARN [_GCGGCGTTT]
CAA TTTC ACACT CGOCGCAAA
1 2 34 5 6 7

SRR UTR; Iy S5 X5 HE R A AN AP TR s 07 B 7 Fon R, T OraL sy | ~7 SRS 7175 5 808,824 il 940 bp 435

PR 3 MHORATALLH
2

% FAM213B EFE mRNA REHERAKF I S5EMDH

Fig.2 The genetic structures of three transcripts of porcine FAM213B gene

A (185AA)

2.3 3% FAM213B Z AR ERSL S
i@ Clustal Omega /4, ¥ A (NP_689584.2) |

1% (KX444503) . 4= (NP_001035688. 1) . 111 2 ( XP _
005690822.2) | £ - ( XP _014954752) /Nl (NP _
079858.2) KL ( NP_001102167. 1) Bf & ff ( NP_

998478.1) . JI 4 ( NP _001087128.1) 9 > ¥ Fb
FAM213B SN IR HE 3% 3 T 5 2 26 81 A
EETFRPEE AT 35 L 2 AR A B G A
U, AR 43 31k 94.03% | 93.03% FlI 91. 54% ;
S/ BRI BUAR LPE Dy 88.38% | 86.57% Al
85.57% ;5 JTVUE B 1t A LU 23 531 Oy 61.19% Al

B (203 AA)
A B C AR R T 2 o 3 DMSRAR I A, 15 5 BT FR0R 3 AN SRAR i 2RI AH .
3 ¥ FAM213B EEARHERANERR=ZREMDIT
Fig.3 The protein tertiary structures of three transcripts of porcine FAM213B gene

/
[ €
x%

C (237AA)

59.70% , HRHRAIERRMIDIIE 40 BT 45 5 | AR B2 4
 FAM213B 76 1 BRI HE 4 2 P ([ 4)

N
— IR
N i'i}’;’%ﬁ
¥
EES

(I | E S
L-':

4 ETFFAM213B EHRF IR LS
Cluster analysis based on FAM213B protein

Fig. 4

sequences
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2.4 B FAM2I3B EREEHTRESTRAEBE
HE R E

4 5S'RACE X535 K44 19 mRNA PG5S 1 5%
BRI E N + 1,385 PCR § 15445 2 261 bp( -2 231/
+30) % FAM213B 57 5" 5 8+ )7 91 (& SA)
P4 FAM213B JEH )3 3+ X7 9 il 3 7R 2 A W)
A AT 23 A, TR i3 3l XV A 0 = oo i
MG RAAERR T, &8 FAM213B 52K 5 31 X
FATEWAE 10 % S 7455 0 (181 5B, fn i 21 Y
TATA box ,CAAT box &5 il XA HI oo 7 7E 5 T 41
WSk 740 cAMP i 2 JC 45 45 26 1 ( cAMP-re-
sponse element binding protein, CREB) , CCAAT 3% 5%

T 4t & % [ ( CCAAT/enhancer binding protein,
C/EBP) .E-box %54 KT (E-box binding factors) %
K F kB( Nuclear factor kB, NFkB) .\ B{44% 5 K+
( Octamer transcription factor-1, OCT-1) S8V TE4E &
figio HH, NFkB 5t NFkB1 Fl RelA 43547 T
Z1 143/ -1 132 il — 664/ — 655 K3 ([ SA) . #i
PEAELT A5, L 2 261 bp( -2 231/ +30) 19 BL
(K 6A) HHH, FH pO-promoter-F FI pO-promoter-R
SIS -2 175/ +30 X (& 6B) , I 44 H %
P Al 5 ik DR 2 A, i) S E A SR AT S T
(El6C),

N (D — @D ;
-2231 -1143 -1132 -664 —655 +30
GATA CAAT CEBP CEBP CEBP NFkB1 TATAbox OCT-1 E-Box RelA GATA
I i 1§,
-1 500 -1397 -1367 -1294 -1209 —-1143 —-1133 -1068 —-820 —664 -416

A S FAM213B JEJR 3155 mRNA 58078 TR IEL 5 B 4% FAM213B FER R 35K AR RO K2 6 R 7 I 4521
E5 % FAM213B EF mRNA M REERBHFIRXEATHSEREFRUER
Fig.5 The structure of the FAM2I13B mRNA and prediction of cis-acting elements and transcription factors in FAM213B

gene promoter

Mol M2
e 2 261 bp 2 200l

R

A B

M >4 DS5000 Marker, A 3R 4 :5 000.3 000,2 000.1 500 .1 000,750,500 ,250 #1100 bp;1:2 261 bp ja s+ FBr;2:2 205 bp ja ah+ F B ;

3:2 205 bp Fr Bt A AR AV 45 R
&6

3% FAM213B EER3 FHREEREARENEE

Fig.6 The bioinformatics analysis and the construction of the reporter gene recombinant vector of FAM213B gene promoter

2.5 BFENEMIETFRK FAM213B EEZ3hF
EERTEE

R R S I A 1, 43 B 1 57 b Bz 240 e F ] J5
YR, HETE I LR AR HETE 24 h 2245 AR s
BE T UE 3 IR HE 5] 7 3505 o )25 A R AR L SR T 0
()7 TR FEAS RE A b R 440 fi R0 [R] Joi 40 it 52 42 93
PRI 85 DL FBCE 1 1) 5 A4 A ARG (L TA) o B
SR 5T 200 0 76 550N s P O B O B g B AR G fHL I
SRZ B M BRI . R P R R A A
3~5dJ5A[iA3] 80% R, b A AR RIE , th FK
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R HER R M S ORER A A TR
I A A A L S A (B 7B) .

KW e G T3 K FAM213B 3L R )5 31
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