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WE: [E%)] FRBFEMET /B (nuclear factor 1/B, NFIB) ALKk A MM, HFkdEEA
W¥ (HEFRA ) NFIBHEREHN2KHA KX (coding sequence, CDS X ) F7|. [i%] XFH ¥ ZERT-PCR 7
AT NFIB 3K [ 6y 41 28 A i o ik Rk i, UL RT-PCR 973 47 3 NFIB JKH B9 2K CDS K. smMellfr, it
TR 5. L4R] ONFIB REAERF LM NIRRT R RAR T HHEFRBENLE, EAERKARF X
LB, NFIB AR E AR 40 b RARR A B L E KA A F R AR FAFERZFRZR (P>0.05); FEHAE 64
AT o 2 R A AR R AL R R IA KT A R E R Z R (P>0.05); BATE & R4 KR4 NFIB
HENKAKTFEARAZHHEERZEMEZRF (P0.05); OQHF NFIBRARBRXEDFEIMTELA, HEFK
ﬁﬂti*@ (open reading frame, ORF) BYKJEMRIK N 1 263. 1 128 F01 038 bp, 4-FI4AG 420, 375 fu 345 NG

cIMERY PEERANF (FEERA) NFIB REERKALRTHRAERS, HAELHE R R FERMIE
Mﬁ%¢%% FEAARFNTTHER; HF NFIB XEZED T URSD 3 ARG EATHER (protein
isoform),
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Characterization of Tissue Expression and Cloning of Nuclear
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Abstract: [Objective] The objective of this study was to explore the expression level of nuclear factor I/B gene in various
sheep tissues, and clone the full-length coding sequence (CDS) of sheep NFIB gene in Chinese Merino (Xinjiang Junken type).
[ Method] Tissue expression profile of NFIB gene was detected by semi-quantitative reverse transcription PCR (SQRT-PCR). The
full-length CDS region of NFIB gene was amplified by RT-PCR, cloned into T vector, and sequenced. The sequence was analyzed by
using bioinformatics software. [Result] SqQRT-PCR analysis showed that the NFIB gene was ubiquitously expressed in sheep internal
organs and skin with different degrees. Comparatively, it was highly expressed in skin. The skin expression of NFIB gene in super
fine wool strain had significant difference in different seasons (P<<0.05), but no significant difference in skins from various anatomic
locations. There was no significant difference in the NFIB gene expression of body side skin among the 6 sheep strains/breeds (P>
0.05). Sequence analysis indicated that the sheep NFIB gene generated three NFIB protein isoforms of 420, 375 and 345 aa by
alternative splicing. [ Conclusion] NFIB gene is highly expressed in the skin of Chinese Merino (Xinjiang Junken type), and its

expression in the skin of super fine wool strain has significant difference in different seasons. Sheep NFIB has at least three protein
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isoforms. This study not only has laid a foundation for clarifying the function of sheep NFIB gene, but also provided a theoretical

basis for creating high quality merino sheep.

Key words: NFIB gene; gene expression; Chinese merino; gene cloning; protein isoform; super fine wool strain
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FHUISL CARRFFE I 55 ] NFIB H: PR 7040 a5 . I
T RR G RAEE A EARMER . BT, A
& NFIB JE K BT 2L /e AR E, 7 & NFIB
FERIR P A RI 5 A S BF AR IE, A F NFIB &
PRITE R Ik DA R B3 A A I AR Th IR TR . 200
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ATCTGTCTCACTCA (385 bp) ; R1 4 (572 bp) CCAC
TTCTGTTTGATTTCAGGCTT(549 bp).i%# GAPDH
FERE AN SFEEE, LIGDE (Ovis aries) GAPDH &
mRNA £%1] (NM_001190390) ik ¥t )2k
4> 514 F2 A: (766 bp) CTGACCTGCCGCC
TGGAGAAA(787 bp); R2 (914 bp ) GTAGAAGAGT
GAGTGTCGCTGTT (892 bp) o LABKIMZE: (Bos taurus)
NFIB £:[5 mRNA J£41] (NM_001076104) Atk ¥ 11
) NFIB &K 4K CDS X [ 5E %5 4 F3 24: (350 bp)
CGAAGTCATGATGTATTCTCCCA (372 bp) ; R3
J: (1657 bp) GGATGGGTGTCCTATTTGATACTTG
(1633 bp) . FIH] Primer Premier 5.0 #4514,
135 bR A ARAT B w5
1.2.2 ALK RNA HERKERIEF PR HAE
RNA HI$EHUH% 4 Trizol (Invitrogen, Rockville, MD)
RGP HEAE, TR RNA £ 1% AR PRSI
HLUK 20 BT & 5 B AT RO Sk . RSk PCR 44 i
Promega Improm- I (Promega, Madison, WI, USA)
T SV B W VR AT AR B RN
RNA £ i 1.0 pg.Oligo-dT primer 0.5 uL, ] RNase free
water #M 4 5 pL; W 454F: 70°C 5 min. VK¥ S min,
TR RNA IR 4548 o 55 0 I SR &R A 15 L,
£ ImProm- II ™ Buffer 4.0 uL. MgCl, (25 mmol-L™")
2.5 uL. dNTP Mixture (10 mmol-L™") 1.0 uL. RNase
Inhibitor (40 U-uL™") 0.5 uL. ImProm- Il ™ Reverse
Transcriptase 1.0 uL. RNase free water 6.0 pL; W 4%
ff: 25C 5min. 42°C 60 min. 70°C 15 min, 5C{¢
Mo A ) cDNA SZEDHEAT PCR §78, FRG
BB (K202 cDNA ZELLFIEAD 7336 NFIB JE[K
I GAPDH M) PCR #3845 S A I Bl AT A
k. Hif, PCR {4y 2xTaq PCR MasterMix 5 pL (K
W, JE50D , by RS (10 pmol- L) 4% 0.4 uL,
cDNA 1 pL, #MinZ:2F /K% 10 pL. PCR #H#4AF
94 CTIASYE 3 min; 94°CASYE 30 s, 62°CIE K 30 s+
T2°CIHEM 10 s, TRIAEAGE: 72°CE ALY 7 min. f%
FEARFREONT N2 BEDRRT H (102 DR = 24 4 20 KO
Wo i 3k, ML EL
1.2.3 Wk REBERN o mIEN SRR A H 1 5
[ PCR F=44% 4 uL, 1F 2.0%E b aE e b ik
LK &6 ARG B 5 R Ze i, ] Quantity 1D B4
IITERAT I S IR A, 4 H AR 5 W2 BE D 4%
WK FEAESRLGAE, LA H IR RAE & A 2 AR T
P 2 BE [N R IE B (A - NFIB 3 P ZEAN R 4123 R 1)

FS 2RI S e vh Bt SPSS 13.0 1) ANOVA i
174381, I KM Duncan Ky VEHET 2 B L.
1.2.4 %3 NFIB 2 [H (DS X 09 3 14 & A4 i1z B %4
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S 7 mine H R BOR RIS 4% 21 pMD-18T 2044
b, BN . FIFH DNAMAN Al clustalx 1.83 254k
o3 Ny s ZF10 NFIB &R T EEX, o #rdd
TERZ TR FNAH N, 2 2R 7 41) B [ PE: A ORF
Finder Chttp://www.ncbi.nlm.nih.gov/gorf/gorf.html) F£
JEXIA3 ) cDNA JFP S AT T IS EAEAS Il s R 2
f K U A Dy BE 4> B T2 SMART  Chttp://smart.
embl-heidelberg.de/) 7§ 25 [ L 45 14 ; R FHTELE UCSC
FLRAH P WAS (http://genome.ucsc.edu/) 73 H7FE [Fl 45
¥J; FIH ProtParam fE4k T (http://expasy.org/tools/
protparam.htmD) HEMIEE 5T 2 2L MR AL . 45 HL R
PRy T RS B G A SRR A 1 A
CBS fEZ Mt (http://www.cbs.dtu.dk/services/) , Jf
1E EXPASY Muhi I (http:/expasy.org/tools/) X} i%k
KIEAT 3 HES5 R Tt o

2 &

2.1 £HZ05 RNA B9FRE4EM K RT-PCR 411k
P HARER R RNA 28 1% AR PRSI H ik
Jei, AR LT BT 28S AT 18S P4, P Ll REn
21, JFH 5S & se Ess, v DU T AR R 0A
W0 20k RT-PCR 47345, 1 2.0%35 5 Bl e s
VKA, GAPDH DX AT NFIB 45 A i3 389 Fr B/
43 5 5 T ) 149 F1212 bp — 3 ; GAPDH £ [A f) PCR
B EEEI A 28, NFIB 2K 1) PCR S AETE I 30,
2.2 4BFNFIBERELARED
2.2.1 NFIB RHEAFFEALFH KL KE 3 N
SR OCE CHTai 4 B AD BB M R 12 FA R
AT 2 fE RT-PCR Adll, 455K W] NFIB H:HT7E4
¥ 12 MR P EAEEE AR FRE (B 1-A)
Horp, Fefitirp i) Fak e my, OF P A BRI
FHEEZ T, NFIB BEPDRI7E Je R A5 e ZH 23 b 34 Ak T4 1y
AR (B 2-A)
2.2.2 NFIB FLEAETE AL KA RF W LKL K
423 LR ESERBEE Chrams BAD Ha0E & & AR
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WEATE & RT-PCR A%, Z5R 7R NFIB AN 7EA

[FIRBAL G R g RIA (B 1-B) , HILRIAE
TEAN[FRBAT B T AT 35k 22 5 (P> 0.05, ¥ 2-C).
2.2.3 NFIB AFAELE&Z /&M EKAL+ K
B N LREORIE G R B IR U NFIB JE A 3%
IETE DL, AWFFORAE 15 Horp E SR OCE Gl 42 B D
5 AR 3 HBLUA 3 FUHr e % v 2 IR A4 O 1z ik
ML, P& RT-PCR 45 LK1, NFIB JEPKI7EA A i
R R R R F A R ek, ARG ¥ v

FREERE (B 1-0) , HHFEEIFEAL

Hedf—raa s rR (P>0.05 K2-D) .
2.2.4 NFIB AHELSRZWHIKARFHRIEL K

RT3 BB MRS EA S AV (WD . 8
A1 CEAD F10 AH1 (KR B4R B2 41 21
RIS P4 R, HA TS RN NFIB S KR
ANFEFETEARmEIE (K 1-D) , JFH NFIB &K
76 10 U4 6 R RMRA L P iRk & W 5
T 5 A8 A (P<0.05, K 2-B) .

A 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

[SEEEEE R B e ————
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
I ey o e D G I S s S ]

NFIB &[5 NFIB gene
GAPDH J£[X GAPDH gene

NFIB 4[5 NFIB gene

e ka APDH [ GAPDH gene

B 7 8

9 10 11 12 13 14 15

-===-==== NFIB %[X NFIB gene
e e e G APDH 3| GAPDH gene

C 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
el ecdehedeededebeleed Lo NFIB N NFIB gene
ey G APDH 2% GAPDH gene

] 2 3 4 5 6 7 8 9
e N 155 J [ NFIB gene
e GAPDH JE[X] GAPDH gene

A: NFIB JERZERBAN T R A # B AU FIEM I 1—3: ks 4—6: H#8NL: 7—9: /M: 10—12: P 13—15: OfF: 16—18: Jifi;
19—21: JIFjE: 22—24: MUE; 25—27: ZEff; 28—30: 'WE; 31—33: JWH; 34—36: FAN{A. B: NFIB ZERITEEANE i R AN FIFAL R Wk i3
i 13 WOEREE R 4—6: BRI 7—9: MEEEE: 10—12: JREBEM: 13—15: IRk, C: NFIB & I7EAIR] il 2/ Al B I 9 3k
1—3: BABMNFR; 4—6: AR 7—9: BahFR: 10—12: AHZMAMFR: 13—15: FHAZHMF; 16—-18: IHEFRF. D: NFIB HEFT7EAFZE
TR RIS 1—3: 5 5 4—6: 8 J1; 7—9: 10 . fEAMHLUSH 3 MY EES

A: The expression of NFIB gene in various sheep tissues of super fine wool strain; 1—3: Skin; 4—6: Skeletal muscle; 7—9: Small intestine; 10—12: Ovary;
13—15: Heart; 16—18: Lung; 19—21: Liver; 22—24: Spleen; 25—27: Pituitary gland; 28—30: Kidney; 31—33: Rumen; 34—36: Pineal gland. B: The
expression of NFIB gene in skins from various anatomic locations of super fine wool strain; 1—3: Body side skin; 4—6: Shoulder skin; 7—9: Ventral skin;
10—12: Thigh skin; 13—15: Dorsal skin. C: The expression of NFIB gene in skins of the six strains/breeds; 1—3: Super fine wool strain; 4—6: A strain; 7—9:
B strain; 10—12: Prolific wool strain; 13—15: Prolific meat strain; 16—18: Kazak sheep. D: The skin expression of NFIB gene in super fine wool strain in
different seasons; 1—3: May; 4—=6: August; 7—9: October. For every tissue, three biological replicates were used

1 NFIBEEERFAREAPRFEERIA
Fig. 1 SqRT-PCR of NFIB gene in various sheep tissues

2.3 #ENFIB ERE £ DS Xz ERFHITHT
I3 BICLZRE AR ZH 2L cDNA B, R 15 141 (F3
I R3) ¥ HG43°E NFIB JEK 4K CDS X, AR5k
T ULV 5 s 1N o 57 N [ INRIIY e 34 AR SR
P HEE—F 4K CDS X B, JLK/NR 1263 bps 1M
TE 2682 E AN O S AL Z3rh 3 43 53l [ B 9 3 20 A Jr
B, Hoh e i B NFIB 3£ CDS X BNy
HI24 1263 F1 1128 bp; GEEH9 141 NFIB 2[5 CDS
DX BER /NS0 1263 F1 1 038 bp. K5 B2 1)
1128, 1038 F1 1263 bp iX 3 #/741I$25C £ GenBank,
FEPR B S SRVl 1Q348896.1Q348897 1 JQ348895

FAN M B, 51 1Q348896 LL 41 1Q348895 41T
B2k 135 bp, J741 JQ348897 LLJF41) Q348895 14 #f- it
% 225 bp, HARTB A 58 AR RN, #4751 JQ348895
YERE— 20 kI, H5 AN (NM_005596.3) . fil
(NM_008687.5) . 4~ (NM_001190390) NFIB J[A|
Gt X A R TEAR O 97.15% . 92.79%F1 98.81%.
FHIE TS0, 2 BRI 3 47410 NFIB JE K 4 h5
X AN BT AR A, JF B NFIB J [RI7EY) M a) e 5 AR
“Fo FIH ORF FEZ4rHr &I, ¥4 JQ348896 .
JQ348897 F1 JQ348895 ¥JLL ATG fE Mgty ¥,
TAG 1E N1 gwts+, w4t 3 AN KANARIFEE,
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A: NFIB BEFTEARF SRR P e Rk, Al FIk: A2: 8L A3: NG Ad: DS AS: OJIE: A6: filis A7: JIFIE: A8: JHUIE: A9:
Mk A10: WIIE: All: JEH; A12: FAMK. B: NFIB ZERAEEEANE M R AR Rk (2 Rk Bl 5 34 B2: 8 A6 B3: 10 4.
C: NFIB JEDI{EMA B bt A A R A e kb i€ akid s CL: ARG C2: JHESECR: C3: JEBeIk: C4: IfiEik: C5: HHlBk. D:
NFIB JE /A ] AR ik rh (g 0k DL BANEMR: D2: A fi%&; D3: B fh&: D4: WHIZIRMER: D5: BHZIRIER: D6: MhiH
5. *P<0.05

A: The relative quantification of NFIB gene expression in various organs and tissues of super fine wool strain; Al: Skin; A2: Skeletal muscle; A3: Small
intestine; A4: Ovary; AS5: Heart; A6: Lung; A7: Liver; A8: Spleen; A9: Pituitary gland; A10: Kidney; Al11: Rumen; A12: Pineal gland. B: The relative
quantification of NFIB gene expression in skin of super fine wool strain in different seasons; B1: May; B2: August; B3: October. C: The relative quantification
of NFIB gene expression in skins from various anatomic locations of super fine wool strain; C1: Body side skin; C2: Shoulder skin; C3: Ventral skin; C4: Thigh
skin; C5: Dorsal skin. D: The relative quantification of NFIB gene expression in skins of the 6 sheep strains/breeds; D1: Super fine wool strain; D2: A strain;
D3: B strain; D4: Prolific wool strain; D5: Prolific meat strain; D6: Kazak sheep. *P<<0.05

B2 NFIBERERFAREFREMBARFNENREE

Fig.2 The relative quantification of NFIB gene expression in various sheep organs and tissues
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Schematic representation of sheep NFIB gene structure and its pre-mRNA splicing

A: 452 NFIB3 PR (A B AR EILIRIF L s By OHEN (Arg37-Argd8) 4 NFIB [ DNA 45445844k, protein isoform 1 K%k 375 NMEILER, protein
isoform 2 KJ& 345 NMEHEER, protein isoform 3 K&y 420 MEIEMR. B: 4i°F NFIB3 PR (BN SMART 24745 ;15 protein isoform 3 AL,
protein isoform 1 ##4> CTE_NF1 45844k, protein isoform 2 #2524/ DWA 45f4ik. C: 432E NFIB 345K S AT & mRNA (PHERE; a1
JQ348895 1 8 MM TR, 55 JQ348895 HLL, JQ348896 BRTEMEEE 7 ARLLT 1K 135 MAE, Q348897 H/bHEIN SR 2 AP YL 11 225 AL

A: Sequence alignment of three sheep NFIB protein isoforms; Arg37-Arg48 is the DNA-binding domain, enclosed by a pink box. The isoform 1, isoform 2 and
isoform 3 of NFIB protein are 375, 345 and 420 aa in length, respectively. B: The structure analysis of the three sheep NFIB protein isoforms by using SMART
database; Compared with isoform 3, isoform 1 lacks the partial CTF_NF1 domain, and isoform 2 lacks the entire DWA domain. C: Schematic representation of
sheep NFIB gene structure and its pre-mRNA splicing; JQ348895 consists of 8 exons. Compared with JQ348895, JQ348896 lacks the entire 7th exon, which is
135 bp in length, and JQ348897 lacks the partial 2nd exon, which is 225 bp in length
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Fig. 3 Sequence of sheep NFIB gene
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