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ER=EOM

B A, MARS, Mk, EFX
(L. BESCA I SV RIAE 4 I FIRE 2100955 2. YEIRA AL B2 5 2 MRS BT,/ 3 B B B T 5000, L
Fh HER 210014)

TE. N THRMEL A B A AT AR EC R A1 (EphrinAl ) X4 LS VR Ji AR A VIR 76 787 P9 IS 8] 1T
FERINT 5 N B RE R G 20 i s, 1) S BT A2 015 B2 Al qRT-PCR J7%k , 5B T EphrinAl B[R 2K 4 fi5
P3N, %R IR B R L 25 A AT REHEAT T F0M , IR T mRNA k28 b, MG IS EphrinAl SERZRI5 XA 5 A4
¢SNPs A8 5 Hirfr 2 AN FECEIERRZEAE , 43 514 Glu29 Asn Hil Trp33 Arg, 7 F EphrinAl M8 F 1 FAME T2 b, Eph-
rinAl JtBFE G 5 AMINE T i 205 NEIERR . EphrinAl A AT E R EKME A, A 1 ME 5 KA —AMEsr
X3k, T RREIX , 5381, EphrinAl FEMG LM ARRGFIAE BT 309 1 mRNA 235, R Ephrindl FEH A 62 511054
PR BRI 4%, cSNPs 7 B8 A 52 M R 7 A7 B0 IR v 78 o i

KR . MFILSE; WCRGHHE ; EphrinAl; 5ilE; A5 B2

FESES. XERERINA . A XEHES: 1000-4440(2015)02-0350-07

Coding sequence cloning and bioinformatics analysis of EphrinAl during
embryo implantation in Meishan swine

ZHOU Yan-hong'?, FU Yan-feng’, ZHAO Wei-min®, LIU Hong-lin', REN Shou-wen""’
(1. College of Animal Science and Technology , Nanjing Agricultural University, Narjing 210095 , China; 2. Institute of Animal Science, Jiangsu Academy of

Agricultural Sciences/Laboratory of Animal Improvement and Reproduction, Nanjing 210014 , China)

Abstract: In order to analyze the role of EphrinAl in the migration and adhesion of embryo along the endometrium
during embryo implantation in Meishan swine, EphrinAl coding sequence was cloned, protein structure and function were

predicted and mRNA expression was detected by cloning, sequencing, bioinformatics and qRT-PCR method. Five ¢SNPs in

EphrinAl coding sequence were detected, two of which

s H#1:2014-07-18 caused two amino acids changes which were Glu29Asn in

EETHE: HEARBEEEETH (31201767)  ILHRE AL AL A exon 1 and Trp33Arg in exon 2. EphrinAl coding se-
EAH ARSI [ CX(13)5042 ] ; B R A BAU AR
AR R LA IAR N H (nycytx-009 ) 3 V1. 75 48 FH 7 52 %
HRITTH (BE2012333)

1EE BT JAHLL(1987-) Lo, Holr BRI RS B 507 1
S L F R 5 R, (Tel) 02584391941 ; ( E-mail )

quence contains five exons and encods 205 amino acids.
Protein EphrinAl is hydrophilic and instable, and has a
signal peptide and a conservative region and no transmem-

brane region. EphrinAl mRNA showed a strong expression

954268869@ qq. com., [ SN I fEH in Meishan swine during embryo implantation period. The
.com, [E =% °
BINVEE X0, (E-mail) livhonglin@ njau. edu. en; {E5F3C, ( Tel) results suggested that EphrinAl might play a role in the

025-84390349 ; ( E-mail ) shouwenren@ 163. com regulation of embryo implantation in Meishan swine, and
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the ¢SNP is a potential molecular marker affecting swine litter size.

Key words:

WA BUR AR R SR KT A2 55 3k 25 O B4
b BRBL, FEShPisi & BRI RE | R (5 iR
FEATECHE IR (R AH DG SE R 1l 4 thE LR 24 ZRBIE 5T (44
Mz AR MR A B AR K
FEMERIE— A5 & 2 B PIR i RO
HE BRI S 5 AT RO O I 3 R A
HZWEEH (ESR) Y MR FEZIREF (PRLR) ' |
B R LS A 4 35 B (RBP4) ) A I
(LIF) "™ &% fH i F =47 MR 2 1 (10% ~
15% ) ) (% 5 8 Fh 7 3k 91 A B AR A5 2kt 42 75
PR, BEE TR B R B KR bric il B ik
B ( Marker-assisted selection, MAS) M43 T & fp 42
LT ML, HERE A& B R i) B A MR A 3 3 [
(43 FhRic, ok e 1 il B & Rl oA kel RO ) 0l
llﬁz;{j‘([lo] .,

JR G B2 AT R S R P A R
HRZH MG S A R b= T 0 AR A
(HEPRAE10 ~30 d) FIFET- R FEOTECT B —A
FZFR T LA G B S R R 5 R
JR TG AR A 32 P G T4y 2L, A iF 5T R W Eph-
Ephrin 2478 A /N B A9 B G B AR A oh
RAFH BN, ST AN i 2 e A T 40 A e A
Al J£[H ( EphrinAl ) J& Eph-Ephrin 5% i 45 4 8 %
FFEIR S — i 2 85 A M A IR 1 o 7 T
I 23k mRNA B 2724 EphrinAl AR,

HFLLI 2 B ) — 2B FE 2Bk Pl o
R I e S T = /- Wt ol b =R AP W N
GRS R B R R, B P
FLAEJT58 | AR S A0 o5 ML R AR
FERRINEES 223 ~ 5 3L H Al X% Fh 0 55
FEEP TR A AT L W] P
RE HEIR AL ML, LS KR = A4
B A . 3T 5T 224 P T X R S i
FER AR 2RI R S LR Y SNP  QTL 5 o7 45 i A
5

AT 58 P 3 X4 L EphrinAl JE R 4 9 5
(X5 BRI e B D REAE A R0 A0 AT, 1 i SE A JUR s A
SRR LR = A7 2R AR M0, LYY Sk 1) R ARE L 4 A R
AR IS S,

Meishan swine; embryo implantation; EphrinAl; cloning; bioinformatics

1 MRS IE

1.1 Rz

RIS B F VLI AAREOD AR 2 B g LU
P A5 9 SRR N RO FER FE AN
HREAELHZ IR0 AR [F) — S5 1 R ) W 43 Tl A 4 Uik
%13 d.18 d .24 d HATB S, B B IR A AR
Mp B2 B SCE SR E RS . LR ST
R RAE
1.2 2 RNA ZEE5R#R

FIH Trizol 3 HRBURE L 45 412145 RNA 42
B B 7 A% i BR 3 5) #5 ( TaKaRa ) Ui BH - #1E, LU
2. 2% AR PR e rL 1K RN 8 120 56 5 BE SRS T B
RNA (4l Rk, -70 CARAF4 .

cDNA & AR 2 .20 pl, 2 07 454 4 B8 . 72 vk it
R I A R IR A Oligo (dT) (0.5 pg/ pl) 1
ul, 5 RNA 3 pg, RNase-free ddH,0 EAE 12 wl; 5
BRIRSEE L3 ~5 s, RMIRAWAE 65 CHE 5
min J5 , VKA 30 s, SRJG B03 ~ 5 s U vk,
il 5xReaction buffer 4 pl, Rnase inhibitor (20 U/pl)
1 wl, dNTP mix (10 mmol/L)2 pl, M-MuLVRT ( 200
U/p) 1 pl BRIRAIR B L 3 ~5 s; 78 PCR X 1
42 C I 30 ~ 60 min 58 5% cDNA & A%, Z¢ 1k 2 b
70 CHEHLS , BT -20 CUKFEPRAT
1.3 5|¥i&it .PCR ¥ RN

218 GenBank "% EphrinAl %A ( GenBank ac-
cession no. NM_001123110) % iT51#)(F.5'-GCTAT-
GGAGTTCCTCTGGGC-3',R:5'-CTTCACGAGGTCTG-
GAGCAG-3") f e R A )8 "l & W, 738\ B
B 623 bp, PCR ¥ 34 ) 1 214 (94 °C |5 min, 94
°C 30 5,60 C 30 5,72 C 45 s)35 MG, 72 C 7
min, 20 CHRFF, PCR P 3 =W 2 1% B B s b Bk
JGE HL KA, PCR F= 46 4 L A= TAEY) TR R
R 55 A BRAA FIDN T
1.4 Tk
1.4.1 PCR =489 ik 58w 240 B R B m
2 1% MR B EE R AT %0 6 H 09 R B R el
WA B (B O AT ) SEAT DS, Fe 156 B 4G
Ml DNA s, S 9 & T -20 CIRFE.
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1.4.2 #@ER Rk aifbiy) PCR ;=) iE 3|
pMDI8-T Zh A& I, 10 pl #4E WAZR A Solution I
5.0 wl,pMDI8-T vector 1 l, 4fifkf) PCR 72913 pl,
FIOBZEKZ 10 wl, B2, 0,16 C %422 h,
1.4.3 #40  M-70 CHUHEAZSL0ME 100 pl, &
TUK LRV, MRZ S A 10 wl %827
Y1, UK 30 min, 7E 42 CKIBTHCE 45 s, fdi
1.5 ml B.OEIER 60 s, BB & T UK EHL 2 min,
EERIRRINA 37 CHU#AR SOC 1 ml,37 CHk
PSR 1 h, BU00 ~200 wl 37 T RE R R 73k (— i
HAE 9 em MYREFEHUIAE A & AT 100 pl) o 1E
37 CHHIRIGFRAE it & 9516 ~ 24 h,
1.4.4 EFamkeinik BFPHTPRESE 16 ~24 h
PR IART TR, 16BN~ T 75 Pk B B 38 4 T 1 250 ml ¥
RE SR (&1 ml ZN) ,200 v/mindk#%,37 C
7712 ~36 h JG#EAT K PCR, B AEHE 5 5 FL 7K
Kl B 1 ml A A% B TR GE Invitrogen N,
1.5 EphrinAl EHRMNEWEEZSH

FIH DNAMAN #4465 5ol ok g LU % Ephri-
nAl JERAY ¢cDNA #4515 GenBank 247 B F5 #E 7 5
HEAT HOT, B 5 A LU R PR AR S 07 e, A
GenBank A1 B8 7 91 (8 55 ABI97191) i#£ 47
A PIREALEURI XIS B (% 1), AT i 28 5 | A 2
F L) AR DX AR AL i A8 S 07 45

I SE R R A LSS EphrinAl JER Y ¢cDNA
JPHNHE S IR R T 5 AT AR W {5 B 2E o b, B
M HAE 5 K ( SignalP4. O http : //www. cbs. dtu. dk/
services/SignalP/ ) J #5 5 [X. ( TMHMM http ://www.
cbs. dtu. dk/services/ TMHMM-2.0/) (££2) ,

F1 BB INERALR XTI 7 % K HH % Pk
Table 1 The prediction of protein functional sites or domains and

related web sites

HEHEH TR A B A 2 P

LRSFIIREAL AT PROSITE ( http://prosite. expasy. org/ )

O-Bi%AL NetOGlyce ( hitp://www. cbs. dtu. dk/services/Net
OGlye/)

N-Bi%AL NetNGlye ( http://www. cbs. dtu. dk/services/Net-
NGlye/)

TR AL A A5, NetPhos ( http://www. chs. dtu. dk/services/Net-
Phos/)

FH IR NetPhosK ( http://www. cbs. dtu. dk/services/Net-

PhosK/)

x2 EEBOFHRTMNEAEXMI

Table 2 The prediction of protein structure and related web sites

BT TR A B AR 5 o) ik

B 5 Y B ProtParam (http://web. expasy. org/ protparam/ )

K ProtScale ( http://web. expasy. org/cgi-bin/
protscale/protscale. pl)

55 ik SignalP4. 0 (http://www. cbs. dtu. dk/services/
SignalP/)

PEEIX TMHMM ( http://www. cbs. dtu. dk/services/
TMHMM-2.0/)

1R SFEI fig I CDD ( http://www. ncbi. nlm. nih. gov/Struc-

ture/ cdd/wrpsb. cgi)

2 RS0
2.1 RNA EE

HAREP R B RNA H 0D,/ 0D, 535 1
2.01,2.00, 1.98, Ui B 42 HUAY RNA ¥ 1R &,
2. 2% W AR MBI FL UK iR RNA AR 47, 7] LA
AT SRS R s (K 1)

288
188

1.2 3 4 HRERMELL B IR 13 d.18 d 124 d 19T & K
BHAF AT o

1 BB AELR D RNA BikE

Fig.1 Electrophoresis profiling of total RNA of Meishan swine

2.2 EphrinAl EEE &K PCR X Xho I #1 Not 1
W EER]

PRI PCR 774 22 35 R W e Jg v ik A ) 31— 2%
T 618 bp 4547, 5 Ml I ) cDNA K B —Z (&l
2A) ., 4 Xho 1 F1 Not 1 W EVIFS | — 55 HM 7 Bt
FHFFRY R B, — 25 5 8k 7 Be R/ —30m v B (I
2B) , 745 55 PMDI18-T-EphrinAl —%(,

2.3 1% EphrinAl EF cDNA ¥ 1%

DU S JE 19 31 cDNA R AR #6417 PCR 3"
W AREN SRR R H &, K/ 618
bp, 5= WAL (B 3) o
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1 2 3 M

750 bp
500 bp

250 bp

A

M :Marker;1 ~3: HHEEHA

1343 B

250 bp
100 bp

618 bp

2 EphrinAl EFEEF PCR &7 (A) FINEEILE (B)
Fig.2 Detection of EphrinAl gene in bacteria by PCR(A) and double enzyme identification( B)

750 bp
250 bp

618 bp

M :Marker;1 ~2; HAJFER
3 15U EphrinAl EE# PCR i
Fig.3 Detection of EphrinAl gene in Meishan swine by PCR

2.4 EphrinAl TERRBRMIHEE mRNA HRIETL

JVR S B AR S IR J5 S A IR B 7E - N e i —
KRR IR, 0T 18 RS fl b 25 19 F2
TR NES 13 d &2, 21565 18 d iK 3w, B2
FRZREIE MR E 5 5 NI T 2 TR AR
e, B8 24 d BaARGE

ML 4 0] UL A LR 8 N BB AR S, Ephri-
nAl TENRRE A (5513 ~24 d) ) mRNA 3k a3
R SETH i JE AL, B AR JU i AR 0 2 v B A o
TR RREL T, A6 R G B TP 4 2 0 B Y A
IR ERREL R, LIRSS 18 d mRNA (R ik &
B T HAL YR H #% (P<0.05) , 28, EphrinAl
() mRNA 23K 76 4 L8 S Jid BREAR 08 42 v o] i & 4
T—EmEM.

a
T

Ho

He

T T T T T T T T 1

mRNAEX L
SO = N Wh VA IO

13 18 24

TEIRREL (d)

4 FERABIHEHA EphrinAl B mRNA Rix
Fig.4 The expression level of EphrinAl mRNA in Meishan

swine during embryo implantation

2.5 EphrinAl EEHNEWEERESHT

2.5.1 EaARpiels s Rxod FHEHEREY
REAV 5 8048 5 PROSITE X #3115 EphrinAl 3 [H 2
15 (A R IR T 45 ¥ DI BE IR 73 MT , EphrinA1 25 A
TN SR 22 A O FEALAL K (7 AL T35 14
2227 .28 .38 .58 .68 .84 105 112 115,125 130,
146 148 152 154 (178 182,188,204 205 5 & %t
Mi2) A1 A N-BEEEAR A 5 (7 T56 26 S 2 BE R ) ;
EphrinA1 8 FIBERR AL AL 810 o5 A 22 2 R Bk R Ak AL
KA TS 58,105,125 148 154 188 S HER) 2
NI IRBETRIE A 55 (T4 68 112 S HHEMR) .5
AR IR R AL (7 T55 37 .46 .54 .67 128 5
REER ) s F¢ 5 A B RR LA A1, PKC R AL
T 148 S EILM M 22 TR .

2.5.2 EREFAEEMHE MUK EphrinAl FEH
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YRR X AL B 5 A~ cSNPs AR5 0 BIJE A 1 ~92 {vfi
FEMANEF 1,56 93 ~ 388 IR T2, 5389 ~
454 NIRFFEIANE T 3,56 455 ~ 505 PRRIE RS BT
4 5 506 ~ 618 Mk FL A G F 5, FEAM R+ 1 I
5 89 fifEH G RAE N A, F5 29 SEILMR T Glu
ZRAFR Asn 3 5 91 fifFEH G /A8 K C, A 5 EA
BRI RAS , FEAN T2 155 101 fimddE T 87
€, FE33 SRR Trp A2 Arg; 55 208 {7 B
B A AR G BB SRR, TR+
4 155 526 (ifldk G RARN A, IR S B IR
MZRAE , RIIX 5 4~ ¢SNPs A8 5 LA 7 T EphrinA1 5k
B 1 ASMNET 2 B2 ANEFALS T 8T AR
IS 43BN Glu29 Asn F Trp33Arg,,

2.5.3 EHOAKRIALHTSH  ProtParam fEZXT
1% EphrinAl 2 [ 19 B4k M 5T 4 1 45 3 WL 3% 3,
Ephrin A1 FIIRIE R BN 79. 95, £ IIZE HEIRIF
PEE I A FE5E B2 B0N 40.28 (>40) , % B EphrinAl
EEATE™ BRI E K (GRAVY) -0.520,
FeHiZ EphrinAl 2 PR S IE KM, T it
FIPT 3 53T 308 C g Hogr Nags 036 S5, F1 75 20
Tl UL A JE R, P Leu &M (11.7% ) , Met
FamRR(1.0%) .

%3 #U% EphrinAl EEEABU MR

Table 3 The basic physico-chemical properties of protein EphrinAl

in Meishan swine

B AR RIIESES
AHXS 437 ST i 23 699.9
A 6.40
gl (h) 30
ENGYEEY i 40.28
fiERERicg 79.95
RIS -0.520

2.5.4 EamEMIAM  FERER EphrinAl FEH )T
HlJE— A TFHCRBEHE (ORF) | B IR B TN ATG, &
1% 1% 1 4 TGA, 3t % 15 205 A~ & e, A H
ProtScale 7E280#11% APN & H B BHLK M, 25 R B
FEIRME IR T K M IX IR (8] 5) , RITZE o R
JKYERE 1 ; SignalP4. 0 {5 5 IR R o, C 59 U1
BOMEMRRMEN T 19 S &= IR, M 0.606,Y 155
JRAME KA T 19 S 2 I/, J 0.703,S L5541
(B RAEALT 11 52350, 4 0. 896, R B APN &

HA S SRR (& 6) ; TMHMM il i 7%1% APN 25
HICES X ; CDD & PLAE19 ~ 148 i Z 3R 2 A4 &
F Ephrin-A _Ectodomain , JJJ 8 X 38 {if F Cupredoxin
superfamily | f)—MRSFIXIL(E 7).

I SWISS-MODEL 47 [] Y 2 452, 15 3] %
EphrinA1 £ [0 =4E450 (18] 8) , 8 R R AR i
10 ~205 PR FLFRALAL, 5 PDB 2R [ B 88 122 v s
Ji 3czu. 1. B (2. 65A) FAA L1 Ky 88. 39% , fiif it H:
HLIR IR 0, AR BT B E 50 19 A P43 R K
QMEAN 1 Z {2} - 0. 19, 1% BUE Jy 71 fH, 16 9%
EphrinAl EANIEESEER .,

ar
3k
ok
Y
K o
-1F
2F

_3 | | | |

50 100 150 200

ERE S DALY

5 #L% EphrinAl E A EKES T
Fig. 5 Hydrophobicity analysis of protein EphrinAl in Meis-

han swine
3 97 1

SRR AR E A LR B X R AG  EA A
O L 38 38 il 2 s ) Z A 0 R /N R e A
ZEARPIT R DY IR B/ X T R R AT
HevERE R B Z R PO M AR AR B X R A AN
SRR R T HE— A AR ST R W B G B
AR AW ST I8 1 LR T3 A 75 B MG LR EphrinAl K&
KA S ANNE T, 5T 205 NEIER, L&A 22
A O-BEIEALAL S5 AT 1 A NBEIEARAT A5, 3F B2 PR
— A5 5 %, EphrinAl A 1 N5 A B o
FRALAT A, PKC R IL A T 148 5 & MR 1 22 &= TR
B A TRBERR AT 55, 7T B 53X A 22 4R E 1L B 1
P MAPK 38 B84 A AT EIR R, [ MAPK
SEAN N I — LR R/ E R E M B
FFEIESE , MAPKs X 55055 5% SR A E TR 2
BRI, 1 2 0 B D A 5 e = 22 A &
AN, T B RS 5 | S 4 A A ) 2 SOnE (24 i 3
FH AL AL PR T4 ) . MAPKs {5 55 5l
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1.0
0.8
) 0.6
g - - - __ \N\- - - - - - _ _ _ _ _
/
\R
04
0.2 IMEFLWAPLLGLCCSLAAA ITVFANS SNPKFR RLNDYLDI ICPHYEDDSVAEAAMERYTLY
0 I I I I !
10 20 30 40 50 60 70
RHERL A
C-score; — S-score; — Y-score;
Bl 6 #E3% EphrinAl EAMESR’KFT
Fig.6 Signal peptide sequence of protein EphrinAl in Meishan swine
1 25 50 75 100 125 150 175 200 206
i T
ARG AT A ™y A MA
iR G AT Ephrin-A_Ectodomain
B X e | Cupredoxin superfamily |

7 #1L% EphrinAl EEHRTXE

Fig.7 Meishan swine protein EphrinAl conservative areas

=Y,

Z/

8 #51L%% EphrinAl EAKZHEH
Fig.8 Three-D structure of protein EphrinAl in Meishan swine

S E 20 A PN LA A A B v B R ST TEAIR S IR
R AN R i S LR i o, BRI B & A S
Z4IFTHY MAPKs {5538 B2, AS[R] (14 41 i 40 3]
O] FHRTR) ) MAPKs {5 530 i, i e e 2
o A R M SN A A A R 2R O, R
S3MT EphrinAl SERAHCTIREFLE A8, 0] S 4 Je ifF —
PRI N RIS RIS s 5%

AWFFEE AR Y E B2 05 203 B8 3] T Ephri-
nAl 25 I T RE A7 25 F X I, R IAEL9 ~ 148 (i 5
R Z [ — MRS X 38UE T Ephrin A Ectodomain
R G, Y EE X 3 F Cupredoxin  superfamily
PN R RN AL RE EphrinAl 3£ Glu29 Asn
1 Trp33 Arg 28745 A BE 23 52 Wil 3] — L4 1 19 4 o 1
ghb I S2 IR EphrinAl 3R I BE , 25 0L AY BIF 5 45
AL BLAE EphA FEH P07

SEF Y E T PCR S5 R R W 7R 56 i B A iy
WIENR 13 d) P30T (AR 4R 18 d) FJS 39 (4T Uk 24
d) AL B PR B AR S A ] EphrinAl 1Y
mRNA &3k, H mRNA £k 3k Je T a B AR,
S B R P DT Y 3R Gk W R T R ET T (P<
0.05) , 31X 5 15 5 W 78 K 3 18 P9 5 B AR Y
EphrinAl ) mRNA Fih 3% —3"" |, W EphrinAl
RATRES S THE I IR IR A VR 4% . 7340 7EN
VN T B P L %R R R R &
F BphrinAl SRV 003018 % BAE ALK L
38 o B i R AR AR AT 0 A
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