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Establishment of A Pregnancy Detection Technique Based on DNA Methylation of
VBP1, CpG_280, and CpG_1360 Genes in Sows
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Abstract: This study aimed to identify pregnancy-associated differentially methylated genes and
develop an early pregnancy detection technology utilizing methylation-specific fluorescent probes.
This study focused on differentially methylated regions in gene promoters and CpG islands to identify
potential biomarkers for swine pregnancy. Initially, methylation-specific PCR (MSP) was employed
for preliminary validation of these differentially methylated regions. Subsequently, target-specific

fluorescent probes were designed to establish an early pregnancy detection method based on
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quantitative methylation-specific PCR (qMSP) , followed by methodological verification. Compared
with empty pregnant sows, the blood of pregnant sows at 25-30 days of gestation showed high
methylation of VBP1 and CpG_280, while CpG_1360 showed low methylation, indicating that these
sites may be involved in pregnancy regulation. Using S-actin as an internal reference probe,
methylation probes for VBP1, CpG_280, and CpG_1360 were designed to establish a qMSP
detection method for preliminary application. Concordance analysis between this methylation probe-
based detection and ultrasound (B-ultrasound) showed ROC curve AUC values of 0. 713 8, 0. 608 0,
and 0.746 6 (all>>0.5) , with qMSP concordance rates of 85.0%, 78.75%, and 85.0%,
respectively. This study is the first to confirm that VBP1 and CpG_280 are hypermethylated while
CpG_1360 is hypomethylated during early sow pregnancy. The fluorescence probe-based methylation

detection technology targeting these genes offers a novel method for early pregnancy diagnosis in

swine.

Keywords: DNA methylation; pregnancy diagnosis; fluorescence probe; swine; early pregnancy
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o A A 4 ek i K A 0 7 5 R I B AE T AR
HERE TAC K H R 7 R S AR AR A —
TEAERE SR S AL R AR W HE E 0 35 50T L BRI
$01 4 i A T B R B 1 AR OJE Sy OGS L 38 MR
THE B i, ) DR T SRR A AT R AR AT DA R AR
25 BRI AR R A, 0 R T A RO, N R
FEFA A B 3 R A& T E . A LR
B, B R R RN R A Tz AR
I OB B 9T RS R 28 AR S ) B A5 (real-time
ultrasound , RTU) $ AR AT 7E 32 K5 J5 30 d P 5% 4T R
W, LR I o A SR AR S K B 8100 K. X —
FOR B HE T L FH hy 7558 37 4 O A8 B i 1 ) S8 1
AR S HE A X TR A A% RN R AR N BT R ™
B, BN T ZLA B 4 50 ST BT K — R AR R
1 2y i A2 W T % .

FEN AL A V5 KT IR AR & A4 T 4 e
1) 2 e 1k R 41 B o3k 3 A K LB R o 2 5 T A R
Py ik AR Mg B AL HE DNA 364k 41 2
F1 &4 | JF 4 #% RNA (non-coding RNA , ncRNA) P4
K RNA &1 . DNA H 3 Ak it nifi 7L zh 9 1 &
B AR U K 2 HO L 3 W B R A R AR
FRRAE 5 B 509 R WL A5 8 . H AT, DNA H
B Ak w R A I 5 2k 4 65 PO AR RR = PE PCR
(methylation specific PCR, MSP )" i & fR £ 14 1]
J¥ ¥ (bisulfite sequencing PCR, BSP)"*' | H 3t fk £
JE% BR ) 4 P9 B il 5 (methylation sensitive restriction
endonuclease, MSRE) "/ Fil i€ 1 B & fb 5 55 1 PCR

(quantitative methylation specific PCR, qMSP)"*
S5 Hop MSP #AE R R BUE & R SRR, AT
P A CpG B R HELEE CpG 7 5 1 B 4R 4, 5
ANARASE F R b SRR B A WL SR L 9 T A RE
PRI H, T S e AN . BSP 5 ¥ 3 1 W R
SR AL R R 20 DNA it A F S A6 1 i i 1z (C) %
A6 S PR E (U ), mH BE AR 0% if s g fr oA A2 H
AU BE B DNA 4K 43 07 19 & 4 ). BSP g
% 42 {1t 55 A~ CpG 7 s AT 5 HL1F 41 9 HY 3 A B A
KBBR8 P R E i I8 AT 8 R N ] CpG i A 2
[) f14 PR3 Ak A S PR (H H O AR FE I AR R
AR F RBBRE AR, qMSP W 454 T MSP
() 1o 8 BB RRR S Pk DA R S A e Ol E i PCRR
MR 3 A A R R — R bR AL
R DU 5 v A5 SR E CR TT A L GE TR O OR R
ARGH . DNA W IR B )12 48 H T 0 10 2 gE
HRONLA L R B B LR B . B
S, H I BE A GE UR AH 5 HY Al I 455 19 45 1 R B R G
AT o

A PR A R B 5 R B AR R E 110 (ribosomal
protein L10, RPL10) K& A F B A Sy 88 A5 e 2 7 1
R RC N 1] 52 NS S UJ P2 20 A 5 S R - R 2 ol O R e S
N 87. 5%, W) A6k 52 4T A AH DG PR Ak 7Kk 7 7T LA
BN BERE AR RR S L i I 9 R 1 Ak 2 WL
i B2 & ik M /¥ (reduced representation bisulfite
sequencing, RRBS) X & i £ 4% 15 IF 4F IR £} 5% Hb
MAEAS HEAT 43 M, 45 3 0 R 4 R 41 5 2 R 4 6 PR 20
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DNA WAL 7E W 25 22 5, £ B AE P AE 5L A S 3
T e CpG By Ji Bl o AW 58 % A7 31 DNA 3 fb %4
I 2 2% v DR 8 L ) A A 5 AR G R R I RE
A%, F MSP Rl qQMSP J5 3 dE 47 55 0F |, #F — 25 1E
52 VBP1.,CpG_280 . CpG_1360 Kt H 5L Ak #0 4xt ,
HE N7 R T OGO AR 04 B R A ) U7 1k O P R AT i
o 7 B 0 ST AN AR 48 78 3 W 4 R R A 3R
WL 35T 4% I8 45 ML B2 it T A SOt oY T B, [ Il
BT IR RO 2 W R OR 0 F R R TR R BR
AT

1 #MREFZX
1.1 Xz

PAKEI% 70 5 K AR 0 028 a8 BB AR iR 5
X4, R AL T B LA B U R 25~ 30 KA EE L IR A 1l
W, WLV FE AS A 38 i ik 72 TPV VRO A o W IR PRS2
Sy E B R e N LR i iR AR H oy 8~9 A
i Z 1H]
1.2 FEiRXA

I ¥ &S K2 DNA 42 il ) & . DL2000 DNA
Marker . B JI§ B %E 58 DNA [1] #ig 3 %) & | Bisulfite
Conversion Kit ) B [ 1380 X A WA PR F) S
1.3 FENF

Micro2 1 I ik &5 2 25 .0 ML S ) [ 38 3K Gt /R R}
£ (P ED A BRA A NanoDrop ND2000 8 il & 53
J6 6 BE 3 A1 ABI-2720 PCR 4" 34 4% ; PowerPac % fif
A% R VR VA B e AR A A Ry 6 [ BioRad 23 7] 7
i TE TR B 3248 0 Thermo Fisher 4= 9 B} 55 A FR 2wl
7= s LightCycler 96 2856 52 &1 4 Roche Diagnostics
NI
1.4 Mm% DNAREKBENKEE

K B MW VR VR R AE 8 0 1 W DNA $2 3
A & 45 U I W DNA, A NanoDrop ND2000 f# &
A3 M6 B I E DNA VR B o 8 I 45 ¥k 19 DNA
i A Bisulfite Conversion Kit i& 77 & #F 17 H &b &
M, A R A R AL RCR R T 99% . JF T —20 Cf}
7 TR 8L .
1.5 MSPHESHKIEEFRRAELER

HE 48 B RRBS Wl 77 45 5 , VBP1 . CpG_280 Fil
CpG_1360 HE bR 7 5 40 U 21 A1 3E 45 Uk 41 9 Y 3 Ak A
fb i 3 s DNA 3L 4h 22 5 X 8. VBPL @ i F X
oIk IE 55 - 125485112~125485470; CpG_280 FE i T
9 5 Y {0 {K IF 4% : 3339467~3339549; CpG_1360 5E

A F 15 Y {0 fR IE 4% - 2004239~2004375, VBP1,
CpG_280 F1 CpG_1360 % A ) MSP 5| ¥ i i
MethPrimer ™ ¥4 (https://34.199.9.227/cgi-bin/
methprimer/methprimer. cgi) #F 17 3¢ 31 9F i £ T4
Yy AR C ) ey A PR W) & B, BAR S 9 )7 9045
B 1, ffi ] Bisulfite Conversion Kit iz 7] & X} #2
IR I DNA #E47 B 36481 . DNA H & fk g
M5 B RE AT PCR &34, PCR K & 2 20 pL:
BioGold 2X SuperPCR Master Mix 10 pl., I+ . T ff
519y (He BE 4 10 pmol-L ") 4% 1 pLL, DNA 1.5 pL,
ddH,O 6.5 pL; PCR S i F2 J¥ : 95 “CHii 48 P 3 min;
95 CAEME 10 s, Tmil 2k 30 s,72 “CHEfH 20 5,454~
572 CHEAR 3 mins 4 CORAF . 97395 A9 FE i BEAT
26 1Y B A BE K UK, i ] Image T ER PR 43 A
VBP1,CpG_280 fil CpG_1360 3 [H Y H I Ak 7K -,
fif 1A L P OB fk 48 0 Methylation index=

X 100%"" 4y W) i+ & VBP1, CpG_280 Al

M+ U
CpG_1360 #0 bx 76 4F Uk 41 5 Ak 45 R 41 09 1 4k 1k
i), o, MR AR F AL, U R 45 R B L .
1.6 WFRSTHENEREPCR(qMSP) 7T iER
EERHRENLER

A ) A G SCHER MR AR ER AT 51 e
A Beacon Designer # {4 1% i1 VBP1. CpG_280 Fl
CpG_1360 HEAR 19 51 ) AR EE KW B -actin W21 5]
Yy R, BAR S YR 9 W 3% 2. DL i A Bisulfite
Conversion Kit iz 5| £ % 42 Ui 44 1 % DN A #E47 H
oAb & M e B I W DNA E O B AR,
LightCycler 96 & ¢ il & & br 19 W B AL AV [
MK & S 20 pl: TagProbe 2XqPCR-Multiplex
Mastermix 10 pL, fArFF I . FHF5I 945 0.4 pl,
BWEF 0.2 pL, ¥ p-actin I FUE51 45 0. 4 pL, 5%
0.2 pL, Wi B2 &R 7% 4k 1) DNA B4R 2 pL, ddH,O
6 plo NIRRT N : 95 CHUEME 30 5595 CEME 15 s,
58 CiR k 30 s, 45 MG . i FH ACHE : ACtgem =
Ctompms)— Cligaean ™, K BE VBP1, CpG_280 Fil
CpG_1360 & X 78 47 Uik 5 E 47 R 20 1) DNA HH Ak
KF
1.7 BIESH

i ] GraphPad Prism 9. 0 % {4 ¥E 17 30 7. A A ¢
B 56 I 2 i B %, P<<0.05(*) FoR 22 57 W 3 s P<<
0. 01(**) 7R 22 Sl % 5 P<0. 000 1(#) F M 2=
S HAWM G E L
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*®1 MSP3|#EE

Table 1 MSP primers information

R 51455 (5>3) S HE/C 74 BE /b
Gene Sequence Tm Product length
VBP1 M-F: TTAGGTTCGTTTTAGTTGTTTTTTC 56 135
M-R: TATAAATCTACGCATTCATTAACGC
U-F: GATTTAGGTTTGTTTTAGTTGTTTTTTT 54 137
U-R: ATAAATCTACACATTCATTAACACA
CpG_280 M-F: GGTTTGTGTCGTTAGAATAAAGGC 56 100
M-R: GCTAAAAAACATATCCACAATAACGAT
U-F: GGTTTGTGTTGTTAGAATAAAGGTGG 55 101
U-R: GTCTAAAAAACATATCCACAATAACAAT
CpG_1360 M-F: GGTAGTAGTTTAGGATCGAATTGCGT 57 152
M-R: GAAACAACCCTACTAATAAACTCGAA
U-F: GGTAGTAGTTTAGGATTGAATTGTGT 55 151
U-R: GAACAACCCTACTAATAAACTCAAA
%2 qMSP-Taq Probe3| #1155
Table 2 qMSP-Taq Probe primers information
N 19 F 41 (5'—>3") P S /bp
Gene Sequence Product length
VBP1 F: CGTAGATTTATACGCGAGGGGCG 88
R: ACAAACTACCTCTCGAACTACCAACCG
Probe: FAM ACTATAATTAACCCGCTCACACCCG TAMRA-N
CpG_280 F: GGTTTGTGTCGTTAGAATAAAGGC 100
R: GCTAAAAAACATATCCACAATAACGAT
Probe: FAM CAAAATATAAAACAAAAATCCTCCCCCG TAMRA-N
CpG_1360 F: GGTAGTAGTTTAGGATCGAATTGCGT 152
R: GAAACAACCCTACTAATAAACTCGAA
Probe: FAM CGCGCTACAAACCCCGCACAAAAACG TAMRA-N
B-actin F: GGTGTTATTTATTTTATGTTTGTG 89
R: CCTCTCCAACAAATACCA
Probe: Cy5 ACCACTTCTACCACCCAACACC BHQ3
HALIE P . CpG_1360 GE Ik 2H 25 & TP B4k LU 1)
2 & R A7. 8% , AR U tig 248 Y AL L 61 60. 926 (I BA-C) .

2.1 MSPWIFHrERBPELER

MSP 4521 .7, #8 bR B ] VBPL ., CpG_280 F1I
CpG_1360 FE 4L R 20 5 AR 4 R 40 v 34 A T WY 3
b, il 1 Tmage] #AF Ok 0 M7 i H 35 L AE AR IR 4 5 3R 4T
R 2H 1) FRR AR L ), JF 3 B8 & A B AR IR 1 TP AL
Wi, VBPL AT Uk 240 H B4k 9 o 53. 8%, AR 4T Uk
HMA7. 5% (F1A-C). CpG_280 IR 4 H L AL L
il kg 40.3% , A 4F Wk 41 H O Ak L B R 36.2%
(EI2A-C). LG485 REW] VBP1.CpG_280 K1

CEREE LW CpG_1360 MALH FL LI . PCRY”
B 4501 X R 45 B 3R IR B R S b AR B 3 I
HELS | R AR X AT RS 51 WA G .

2.2 WHRFTHEENKHFRYE PCR(gMSP) F i
pUECES

2.2.1 FOARFLHH AL AKOT 2 57 VBP1 3t 46
M T 40 3k GE IR 25 K 5 40 3k JF 4F IR 8% 1 9 ke &
CpG_280 A T 444~ R 25 K 5 36 > HE 4Rtk A+
i, CpG_1360 4G T 40 3k 4T 4 25 K F1 40 3k AR 4F
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A
Ctrl-1 ~ Ctrl-2 Ctrl-3  Pre-1 Pre-2 Pre-3
Il UM UM UMUMUMUM
bp
2 000
1500
1 000
750
500
250
100 U:137
M:135
B R RO
(@
T Ei AL L 1)
G A M/(U+M)
ene rea Methylation rate
VBP1 Ctrl Ctrl-1 0] 40 495.953 0.463
M 35019.489
Ctrl-2 0] 37522.610 0.547
M 45 234.368
Ctrl-3 0] 48 504.832 0.413
M 34 183.539
Pre Pre-1 U 29 756.539 0.433
M 22 764.368
Pre-2 8] 18 105.004 0.672
M 37175.782
Pre-3 0] 45261.610 0.509
M 46 873.368

AL IR SR IR LR A T VBPLAER MSP ™ 5 (n=3) ; B. Image T2 #T1) VBP1 &4 3 7 ) 09 R X 2000 B 5 05
C. 7 B R BEIE ] 1 MSP 373 7 ) % A 04 Y R X 963 BE . 1. DL2000 DNA Marker; U. & HUEEAL s M. AL 5 Curl-
1,2,3. RIEURAL1,2,3; Pre-1,2,3. #EURA11,2,3

A. MSP amplification patterns of the VBP1 gene in pregnancy and non-pregnancy blood samples (n=3) ; B. Relative
fluorescence intensity histograms of VBP1 amplification products analyzed by Image J; C. Histograms showing relative
fluorescence intensities of MSP amplification bands on gel electrophoresis. 1. DL2000 DNA Marker; U. Unmethylated; M.
Methylated; Ctrl-1,2,3. Non-pregnancy groups (1,2,3); Pre-1,2,3. Pregnancy groups (1,2,3)

El1 VBP1 RENHREPCRE R (n=3)

Fig. 1 VBP1 MSP results (n=3)

URAERE S, FIRFE S Y24 B RS 2 B 0 4T R 10 5% 2 Al KOS B L 45 R R VBPLAE ST R4 v
MR FEA . H ACHE R ALK, ACHH B AIK ALK E TR E IR 4H (P<<0. 000 1) (B 4A)



3 Jiji 2% $E %55 3 TF 1% VBPL, CpG_280 Fil CpG_1360 HLER DNA F 3 Ak, i1 4 4 4 T 45 A 2 57 1463

A
Ctrl-1 Pre-1 Ctrl-2 Pre-2 Ctrl-3 Pre-3
1 U M u M u M u M U M U M
U:101
M:100
B 2600 B (W)
€
: i
S H AL L 1)
G A M/(U+M)
cne L Methylation rate
CpG 280 Ctrl Ctrl-1 U 53230.832 0.428
M 39950.468
Ctrl-2 u 42 232.368 0.264
M 15 194.811
Ctrl-3 U 41933.953 0.393
M 27 157.882
Pre Pre-1 U 50 652.832 0.441
M 39998.589
Pre-2 U 28 781.418 0.348
M 15 386.347
Pre-3 U 41011.539 0.419
M 29 532.953

AL EYR G AR IR MR FEA T CpG_280 B MSP #3418 (n=3) ; B. Image J /MY CpG_280 454 14 7 4y i) AH X 9 i B
Jr I C BT SRR BRI 1 MSP 738 77 M) 4 A 2l MW #2058 2 . 1. DL2000 DNA Marker; U. A HU3E A ; M. B3R AL 5
Ctrl-1,2,3. RUEWPRZL1,2,3; Pre-1,2,3. 4EiR41,2,3

A. MSP amplification patterns of CpG_280 gene in pregnancy and non-pregnancy blood samples (n=3) ; B. Relative
fluorescence intensity histograms of CpG_280 amplification products analyzed by Image J; C. Histograms showing relative
fluorescence intensities of MSP amplification bands on gel electrophoresis. 1. DL2000 DNA Marker; U. Unmethylated; M.
Methylated; Ctrl-1,2,3. Non-pregnancy groups (1,2,3); Pre-1,2,3. Pregnancy groups (1,2,3)

2 CpG_ 280 FENAHRMEPCRE R (n=3)

Fig.2 CpG_280 MSP results (n=3)
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A
Ctrl-1 Pre-1 Ctrl-2 Pre-2 Ctrl-3 Pre-3
I U M U M U M U M U M U M
U:151
M:153
B
2024108 CPG_1360 6 B8 () X Uncalibrated
C
AL AL L B
(%lzl ? & M/(U+M)
cIc rea Methylation rate
CpG 1360  Ctrl Ctrl-1 u 9302.276 0.839
M 48 575.660
Ctrl-2 U 45 061.296 0.509
M 46 679.125
Ctrl-3 U 53 324.004 0.479
M 49 041.539
Pre Pre-1 u 46 670.004 0.506
M 47 779.125
Pre-2 u 43540.175 0.499
M 43 416.468
Pre-3 u 46 464.296 0.428
M 34 906.196

A RIS AR G UR i BORE A T CpG_1360 2N MSP 43 ¥ (n=3) 5 B. Tmage J 37 ¥ CpG_1360 25> 3 )™ 4y 1Ay A X6F 2 o
5 C By R RN BERL IR T MSP &3 7 1) 25 A 2l AU A X 9658 B2 . 1. DL2000 DNA Marker; U. R HUEEfL s M. Y JE
b Ctrl-1,2,3. RIEWRH 1,2,3; Pre-1,2,3. IFIR4H 1,2,3

A. MSP amplification patterns of the CpG_1360 gene in pregnancy and non-pregnancy blood samples (n=3) ; B. Relative
fluorescence intensity histograms of CpG_1360 amplification products analyzed by Image J; C. Histograms showing relative
fluorescence intensities of MSP amplification bands on the gel electrophoresis. 1. DL2000 DNA Marker; U. Unmethylated; M.
Methylated ; Ctrl-1,2,3. Non-pregnancy groups (1,2,3); Pre-1,2,3. Pregnancy groups (1,2,3)

B3 CpG_1360 FEUFERMEPCRE R (n=3)

Fig.3 CpG_1360 MSP results (n=3)
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CpG_280 78 [ Ug 4 v W 3L Ak /K - &8 35 & T 3F i Ik AL ok o W F K T AR & Ik 44 (P<<0.000 1)
40 (P<<0.000 1) (F 4B), CpG_1360 fE LT R AL B (K 4C),

6 ok 20 G
I seksk
3 8 154 3
= 4 = = 44
S S S
g 2 104 g
= = =
O 24 O O 24
2 2 5 2
0 T T 0 T T 0 T T
Ctrl Pre25 Ctrl Pre25 Ctrl Pre25

A. VBP1HBEALIK T 5B, CpG_280 I BE ALK -5 C. CpG_1360 I IEA /K. Curl. ARAFURAL ; Pre25. 4H4R 25 R4, kM2
% 8% (P<<0. 000 1)

A. VBP1 methylation level; B. CpG_280 methylation level; C. CpG_1360 methylation level. Ctrl. Non-pregnancy group;
Pre25. 25-day pregnancy group. *** indicates highly significant difference (P<C0.000 1)

B4 EBEFRARFEMNEFTIREZHRAE VBP1,CpG_280F1 CpG_1360 B E AL 7k ¢

Fig.4 Methylation levels of VBP1, CpG_280, and CpG_1360 in pregnant and non-pregnant groups determined by

fluorescence probe method

2.2.2 W MEFES5MFE R0 VBP1, 85.0%(68/80);CpG_280 ACt<8. O I ] Wt Hy IRk
CpG_280 Fl CpG_1360 H BAL KRR IZWI TR i ACT>10. 3HIWENAREENR 455K} 78. 75%(63/80)
HAKHI W . VBP1 ACt<<3. 0 i # W7 S 4 Bk , ACt> CpG_1360 24 ACt=_1. 8 Wi A AE LTIk , ACt=3. 2 #|
4.0 H W7 Sk A AT U AR EE IR SRR T A S R W7 g 4 1R L 494 38 85. 0% (68/80) , A Ak L3 3.,

3 EAREFE IG5 EH
Table 3 Threshold value of target genes

AR K HIIB7 Judgement a5/ %
Targeting factors A4 YR Non-pregnancy IEYR Pregnancy Conformity rate
VBP1 ACt>4.0 ACt<3.0 85.0
CpG_280 ACt>10.3 ACt<8.0 78.75
CpG_1360 ACt<1.8 ACt=3.2 85.0

2.2.3 ROC i 5 #r MR I 45 BEAS Ct i 2 il it AL M . IR FL Bh W DA A B 20 S R iR
ROC [ 4k, AUC &P Al 2 Wi 2 Rg 0 46 057 . BB BB, X — B BROIC G ER . & R85 B
AUC H B BEFEE N 0. 5~1.0,AUC # Kk, %2 Bl A W A A A% W 4%, RE S vk BT R T DNA Y
Wisk el ly . AUCTE0.5~0.7 Z [ A2 Wi (i 4 CpG X3, i i ol 28 32 PR A4 98 2 IX 3k 9 o) BEOIR A5
fiK,0. 7~0. 9 Z N h A2 Wi (8, 0. 9 LA B iz e A5 78 52 W DNA JF 91 19 | 48 5 K %5 04 425 L &
Mg EY . K58 R B R, VBPL, CpG_280 Al K IEAh , DNA H 34k )7 N BT 4% Rl 1912
CpG_1360 1y AUC {8 43 % & 0.713 8, 0. 608 0 Al Wr , B0 B ] TR AE 2 W, 3 T DNA
0.746 6, Y3 K T 0.5, B LW AWM, Hh CpG_ FALTER R IZ Wb i A0 5% 1l 3 BF 58 503 8

13602 Wi s BE et , CpG_280 A XA AIK . BT R R e S A A R A B B AR Al A
B JE 3 F XA K CpG i 4 Xtk Rt , AR A 58 %o
3 3 it 3 Ak 22 S X BlORH OC 38 [ J Cp G 5 R 47 B iE , Wi 2h

DNA H 3k J&—Fpsh 25 0] 386 B ] 38t 4% 1) 32 0 w7 5T WS4k VBPL . CpG_280 FiIIL F 4 1k
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Fig.5 ROC curves and AUC of VBP1, CpG_280 and CpG_1360 in pregnant sows blood samples
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