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i 250308 5 1ML A5 3 i, A R AT RE SE A 5 e I A
BB UG M5 A A DGR IR [ il A8 Y B AR R A
F A ( vascular endothelial growth factor A, VEG-
FA) U171 4 if K P F - B3 ( transforming
growth factor-beta 3, TGF-83) ' M4 M E -1
( angiopoietin-1, ANGPT-1) '*-*~*) ] D) Jz Ji a7 IfiL 45
WREAE R 7 32 AR L PR [ M 8 N B AR K 7 32
{&—1( fms related tyrosine kinase-1, FLT-1) | Ifi.% P

S A= KA T 3% &K — 2 (kinase-inserted domain contai-
ning receptor, KDR) "™ | 452 585 1045 A4 i Y
CHEFEP A 3R 35, T BOE 579 5T 1Y 42 i A A2
DRSS B LS AN [A] M A 2 RO AR S SR R AR
q, P, A 5 78 A 5 4 Uk B 2 R AR S et
TR AN [] H AR 2SR 2B 26 3 IBF i A A A DG 2k
VEGFA .TGF-83 . ANGPT-1 .FLT-1 Fl KDR ik
(Y52 MR, Ay B R B = ) R TS 0 I TR 5 i AN [] S A
AR A 26 2F BT 1A A iR AL RS AR i
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RIET 2017 4F 5—12 AEIL B RBOLA
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Table 1 Experimental design

I RS S 7K SF-
Folic acid supplemental level/( mg/kg DM)

25 AR 2R
Groups Litter size
TW-C

TW-F16 XL Twin lambs
TW-F32

TR-C

TR-F16 =7 Triplet lambs
TR-F32

0
16
32

0
16
32

TR 5 HH Y i R A A B R, 8 I I 4
B R AR P 0 I 7598 G A R 2 92.60% ,
/NG RETCR LR 85.59% . RIS E FRRLE IR R
07:00 F1 1700 fRMER , B HZOK, AR S
M8 NRC(2007) Be il , BE = L8 OR A B FU5 B HY TMR
WY SCE TR 2 3% 3 PR,
1.2 HmXE&E

BESE 00005, AR IR A, O i O i0 R iR A
SR R AR B R K 2 BRI it B G A
T, &R K VR R PR A IR SR T IRA

Hh WSCBR BT A S S i L i AR R TR AT,
M6 A AR BENLIEH 3 AR, 3818 AN A
FE S AT R 20
1.3 REHE
1.3.1 & RNA $2H0 ) ¢cDNA & 1

P AL s L EE A Y R H A R A AW
EASYspin £F 4 2% 2 241 RNA Pk $2 B0k 77 &
(RN44 ) FEBUBFHY & RNA | fiff FH A8 A2 R 26 P AG:
¥ NanoDrop2000 43 )¢ ¢ & 31 ( Thermo Fisher, 3¢
) 22 RNA B ¥ 3 RN 4l 32 51 FH Bt B 0 6 G Pl ik
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o e B A, X B HC B RNA 3% FH v MEBE AR )
[ HiScript IIT 1st Strand Cdna Synthesis Kit 5] &
(R312-01) , 757 20 pL 500 ng 14 Z 52 5% 5% 4 i
55 1 5 cDNA, T-20 CIRAF,

*2 BEFEFIRETH TMR A REFRKTE ( FHRERM)
Table 2 Composition and nutrient levels of the

TMR of ewes during early gestation (DM basis) %

i H Items
JEkl Ingredients

412 Content

A6 Peanut vines 50.00
2RI EK Whole corn silage 45.00
K&kl Concentrate 5.00
A1 Total 100.00
A5 B Concentrate composition

E K Corn 53.00
THH Soybean meal 9.70
32 H1 Rapeseed meal 12.00
#k 2 Wheat bran 15.70
f1 ¥ Limestone 1.00
MR E 45 CaHPO, 0.60
/NIR4T NaHCO, 1.30
&k NaCl 0.80
4k % E Vitamin E 0.40
FE ¥ Soybean oil 0.30
WIR K} Premix" 5.00
M5 #5577 De-mold agent 0.20
411 Total 100.00
B 377K F Nutrient levels”

T# it DM 92.35
M H R CP 9.60
iV ige 3.51
HK 53 Ash 11.19
HPEPR IR L 4k NDF 49.19
R PEVR IS 4F 4 ADF 29.98
R e ME/ (MI/kg) 8.08
5 Ca 0.54
P 0.37
i Folate/ ( mg/kg) 0.26

1) TR KL A AT 50 K5 Bl 2 fit The premix provided the
following per kg of the concentrate: VA 30 000 IU, VD
10 000 TU,VE 100 mg, Fe (as ferrous sulfate) 90 mg, Cu
(as copper sulfate) 12.5 mg, Mn ( as manganese sulfate )
50 mg,Zn (as zinc sulfate) 80 mg,Se (as sodium selenite )
0.3 mg,I (as potassium iodide) 0.8 mg,Co (as cobalt chlo-
ride) 0.5 mg, # 2 [d] The same as Table 2,

2) RBHRE R T 3(E, AR 2, % 2 [/, ME was
a calculated value, while the others were measured values.

The same as Table 2.

*3 BFFIREHE TMR A REFRKTE(THREM)
Table 3 Composition and nutrient levels of the TMR of
ewes during late gestation (DM basis) %

i H Items 41 Content

JEB} Ingredients

A B Peanut vines 27.00
2PEFH I E K Whole corn silage 28.00
A& %l Concentrate 45.00
41T Total 100.00
K5 &L B Concentrate composition

E K Corn 50.00
= H1 Soybean meal 22.50
¥ Rapeseed meal 7.00
%k [ Wheat bran 11.50
£1#; Limestone 1.00
WS 45 CaHPO, 0.60
/NJ33T NaHCO, 1.30
frh NaCl 0.40
4k % E Vitamin E 0.10
FEY79h Soybean oil 0.40
iR ¥ Premix" 5.00
N2 57 De-mold agent 0.20
41t Total 100.00
K F Nutrient levels®

T¥ 5 DM 90.96
HEFB CP 10.00
KR EE 4.52
KUK S5 Ash 8.85
YRR 4T 4 NDF 34.15
R PE VR £F 4 ADF 24.86
RIEE ME/(MI/kg) 9.00
£5 Ca 0.56
WP 0.26
" ER Folate/ ( mg/kg) 0.29

1.3.2 A8 Az iR OG0 5 Wi T S S s 2 '
SE £ PCR &3]

HH R 18,28-29 ] 2 NCBI #%3 H #r 3t Al
S0P H0, L i -3 -8 R I S0l ( GAPDH)
WS, B SR AR A R AR #7519
A, HEREEHE 51907 55 B ANk 4 i,

i i LineGene 964 BIOER %¢ Y 5& £t PCR #&
MR G (BN H BB AT BRA R ) 47 52 280
it PCR, & I R A AR (A 50 A BRA F Y Su-
perReal ¢ ) %€ 12 Wl iR i 7] (SYBR Green, FP205) ,
#3720 pL W AR &R, 145 10 wL 2 x SuperReal
PreMix Plus, 1IE[7] 2751445 0.6 pL,1 pL cDNA
Bt , RNase free ddH,O #h5F % 20 pL, RHM
Lt AT ¥4, PCR J b FE ¥ H. 95 C AR
15 min;95 T2 15 5,60 CTIE k 30 s, 3L 40 MMF
W R TOLF S,
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Table 4 Primer sequences

F:H Genes 5|9 7% Primer sequences (5'—3')
MM AEKKET A F. ATGACGAAAGTCTGGAGTGTGTG
VEGFA R. TCTCTCCTATGTGCTGGCTTTG
KA F-B3 F. CCACCTTGGACTTCAACC
TGF-33 R: CGGGTGCTGTTGTAAAGA
M5 A 2 -1 F. AGGAGGCTGGTGCCTATCTC
ANGPT-1 R: TCTGGAGCATGTGATGGAAA
M N A K732k -1 F. TCTTACGGAGTGCTGCTGTG
FLT-1 R: GGCGTTGAGCGGAATGTAGT
LA P 7 A BT 32 A -2 F. CGTGTGGTCTTTTGGTGTCC
KDR R. CAGAGAGAGTCCCGAATCCT
H IS — 3 - W R i A T F. GGCGTGAACCACGAGAAGTA
GAPDH R: GGCGTGGACAGTGGTCATAA

R BB A SRR 3 MR E R,
L5 Y ME, R AR X 2 1 3 43 A 8 e, ok
27 A ACR ST H A i IR 7 B A v 5 A X 2
7J(E|Z,/H\EF':

ACt=Ctygypmn —Clygson 5
A ACt=(Ctypypep —Clyy sy ) ~
(Ctypumrsan ~Clysmmrmi) o
1.4 Zitoh

I ] Excel 2016 % L AH ¢ £ 5, & A SPSS
21.0 3 fF, 1 GLM #E47 2300 ( H A 2R A i g
WK 43 81, 37 Duncan [ #5472 8 HL R
kg, 45 DL % 7x . i H GraphPad Prism
8.0. 25K HAER , P<0.05 FnER B,

2 &% B
2.1 WFIRBFEFERFMHEBENAEEERXBIHFE
EXRBRELXETHEM

W 5 FToR 4 R B 2 1A R 8 i i i 5 i 45
PR ESCR I TE B E R (P>0.05)
2.2 WHIRBFABRFMHEBNAEHEXKBIFHE
EERTMEEREXERRIENFIE

W 6 A, U U5 BF 2 16 K A8 0 i /R X6 AN [
WA R A 25 R R AT VEGFA JE DR AH X 36 3k
KEHBERW(P<0.05), HX TGF-B3.
ANGPT-15E X 19 AH XF 32 38 7K °F TG i 2 52 il ( P>
0.05) , 0 mg/kg DM M- FRES 7K -2 B9 87 A 26 2
5 H7 VEGFA JE R 0 A X 22 35 7K OF & K F 16,
32 mg/kg DM MR 45 i K 41 ( P<0.05) , =%
ZH BT 2SR I ANGPT-1 3L B A 3235 7K F

B35 TRCRA (P<0.05) . AP YA XS R kK
SO BT A R B S AR R S 0 KT R A 2
I HAE A 23 (P>0.05) ,
2.3 WHIRBERABAMMET AR HERBF 4
EXEFTnEANEERKETFZHERRENZME
W% 7 FroR , 00 UR B 30 TR S i ik iR X6 A [
W AR SR A A R A FLT-1, KDR 3[R ) 4 X6}
FEIRIK T LM (P>0.05) o 45 FE I A A X %
IRIKEA3 M v U R R 2 ) R I R S N 7K S R Y
R HEAERA R (P>0.05) ,

3 % 18
3.1 EREFARKMHEBENBEELZENZMN
I 28 A A 23 W A R R A i S, T
R R AL L A R AR
1 Wilson %51 5 7EA% B2 T BIA) A 8 5 1R
B L, DO R A i iR bR, W
B 58 A DRI R B, A A iR A AL
ARE YIS, H= A B0 2 g S8R s . (Hd
ABETERIA, BEF 7= A B30, 45 5 19 R SR
W RRART BT ST  B, AUR BE A R RO
UNEIRYRTETS iR o ) F N (R (R (B S
T, A AR A 2 G AR I R 8 0 K S R A 2
XFIGREEE | E IR AR 2 0 B R, X AT
REE T 9 b sl A 22 S Y BF 9T 45 R AN
—, EHmEHE B, BARAS AN RE R HEA
[, (E i £ A e 7 R R A R A, i ) = A LE B A
SRR R AR R B AR K R T RERS
ShEE MR LBOE Z s K
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3.2 EIREEERF MM ERX AR ERB I E
EEFTLEEREXERRENZME

A8 PN R A A PR A0 0 0T A PR B 40 i ) 4 24
FIERS | PR A A B, 4 IR0 18] ¢h iR 4% 41 21
FEAIS Mg A R, Hd VEGFA 5 H i %
T AT G 1 3 SR R T A6 A A R N
AR AE R R AR R BRI i A A M A AR R
KE AT S H 0 A S S R e A
W U N VEGFA fig 8 o 412 28 100 457 A= ol o 38 it i 8
TRV DR R R B IR S net|R , K B VEG-
FA DR RE X 2R 38 7K ST 15 4 a2 1 48 A= B A 2
MBS ERF A e s WA KRG,
VEGF S£[R AR ik K B 35 BRI i
H AU VEGFA IR #8 X 2 18 7K S 384 i mT LA i
IS A R, & A AE TR P B ] BE S B SR IS
AR T, AR BE SE R RS I R RS T
VEGFA IR B A% 2 35 7K S 156 B 4 4% £ 2 b 58
PR AT LA R AR HF 7B A I A AR B, S e R A R
5 LRI 5 52 T

TGF-B3 [AlFEEA 183 1 R G 1E vl i
20 A A R R M A A R, s A PR M B
A8 A R e RN R B g R
B, TGF-B S5 s AT 68 PR Sy 1t 4 doke 53 1 2L 78 R i
FEEPEY RSN IR AR FOR B P B 40 i
NI TGF-B3 B, AT LA 1l 45 P B2 200 i 1 336 7
TERS R A A B 5 7E K B A 105 40 i B L
() A RFEAE T K I 3] TGF-B3 JE F 4 A T 28 34 7K
S T il A EE RGN U AR A R B
FARRRLES I R AN AR 2R R TGF-B3 55 1 ) AH
XFeIRIK Y TE W3 R, T RE TR NI S
20 2 9 1) PN PR B A A AR 28 S i I

ANGPT-1 AJ L) 5 1fi 48 P Bz A A IR 7~ B3 el 4
IR ILAE L, 5 5 R G R & il 4 AR e 217 1
B ANGPT-1 Xt bk & £ 48 il A & 9
WHE, HeZ S5 R IREA Y NG = AN-
GPT-1 F B O i 4 B b O 78 PR v 3 g8 =1
ANGPT-1 il 1fiL % = W & — 2 (angiopoietin-2, AN-
GPT-2) #527F i £ v 22 38 19 1l 48 A il A K7
BT 4 A [R) 32 AR —— P9 B P Bz 4 R S e s
PR A 52 /R — 2 ( Tie-2) ; AT & J2 Tie-2 Z My 322
BEhH) 5 # WA R BEJE Tie-2 AY 45 B ) B3840 1%
S| AR, G R B SRR S i it R
ANGPT-1 HE[H (/) AH X 2 35 7K~ T S 2 5% Wl 48 DU

ANGPT-1 23 5 ANGPT-2 354+ Tie-2 24K 5l
=HRIEM AL BTG5 A ANGPT-2 Fl Tie-2 F:[H
(R FF T 2 35 7K A 1E — 25 F 58 43 B 5 (B = JE 4L I
i ANGPT-1 3 P (1) A1 X 3 3k /K7 8 3 i F W6
4, ATREA R T 22 26 B Al 048 A i, Ul AR ] i A=
SN AN RN ATl DR A
Yk,
3.3 EIREEFRF MM ERX REHAERB T E
EEFRTHNEANREKEFZEERRENZ N
(K= A= U o U (1= ) 2 o NS e e S
it 5 FLT-1 fl KDR %% & & # 4= B4 157,
FLT-1FEZEMIG LT LB 1EN VEGFA Uitgh
T N T, A% VEGFA XF KDR 9 7] ¢, B 1F
fE o RS alEE FLT-1 0] D5 i P
AR T 25 A R M P T KDR PE A i
BN RN T EEZEK, FEN TN
BHE DT 4R R A S B ) AT KDR ik
LIS S 58 2 AT RS S5 S W
-, AL AT LATE a5 P KDR 30460 148 9 e A KT
T R P R AN A T AR R AR
TR S 0 i R A AR 2R ARUXT FLT-1 . KDR A )
AR &35 AKOF- ¥ 06 18 3 5 ), 5 00 26 F /N BRUR
P LA BE R b FLT-1  KDR 3 R 9 A % 2% 3k 7K
S LR A RF I 45 R R — 8, ] B SR R A IR
TS5 P 22 S5 R . (HIEIE 2 WG 2
=% .16 .32 mg/kg DM MR TR MK FE-2H FLT-1 %
IR A AR 235 7K F- 5 0 mg/kg DM IR 5 il 7K SF
HAH A TR E, 5 VEGFA 3£ N ik K451k
A, KA FLT-1 S #8048 W A K 7
YIRE, M B FLT-1 3 PR A A X 23k 7K T %
VEGFA BEH KM B T &k #4 H AR 9 il 45 A= i i A=
HIIRE

4 % it
GEYRBEETARR AN M R X G Bk B WA B
s (R R TR AR SE SR IR VEGFA A
(ARG 22 3R 7K, A R 87 2B 26 2 i I 4 A A
[ A, 87 46 26 2 = 25 B A ANGPT-1 3[R A X 3%
TRV I 2 1 TG A R T 2 SR I IS AR A

SE W
(1] SR, AEBL, A, S5 SRR m S AR S SR KX B
FUIE i 2 & B S W [T ]. 5 408 B2 22 4, 2016, 48
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Effects of Dietary Folic Acid Supplementation in Pregnant Ewes on
Expression of Genes Related to Umbilical Cord Angiogenesis of
Newborn Lambs of Different Litter Size

PENG Sijia LI Heqiong LUO Hailing® WANG Bo LI Zhen WANG Yuejun
( State Key Laboratory of Animal Nutrition, College of Animal Science and Technology, China Agricultural
University, Beijing 100193, China)

Abstract.; This study aimed to investigate the effects of dietary folic acid supplementation in pregnant ewes on
expression of genes related to umbilical cord angiogenesis of newborn lambs of different litter size. A total of
120 mutated Hu sheep ewes with similar body weight and consistent age were artificial inseminated and ran-
domly divided into 3 groups, they were housed in individual pens and fed total mixed ration supplemented with
0, 16 and 32 mg/kg DM folic acid, respectively. At the time of delivery, each 3 samples of placenta and fetal
umbilical cord of twin lambs and triplet lambs were collected randomly from each group, a total of 18 samples
were used to measure placental related traits. The real-time quantitative PCR was used to detect the relative ex-
pression levels of the angiogenesis-related genes, including vascular endothelial growth factor A ( VEGFA) ,
transforming growth factor-B3 ( TGF-83 ), angiopoietin-1 ( ANGPT-1), fms related tyrosine kinase 1
( FLT-1) and kinase insert domain receptor ( KDR) . The results showed that the dietary folic acid supplementa-
tion in pregnant ewes had no significant effects on placental weight, cotyledon number, placental efficiency
(P>0.05), and had no significant effects on the relative expression levels of TGF-83, ANGPT-1, FLT-1 and
KDR genes in the umbilical cord of newborn lambs ( P>0.05) , but significantly increased the relative expres-
sion level of VEGFA gene ( P<0.05). Besides, litter size had no significant effects on placental weight, coty-
ledon number, placental efficiency and the relative expression levels of VEGFA, TGF-B3, FLT-1 and KDR
genes in the umbilical cord of newborn lambs ( P>0.05) , while the relative expression level of ANGPT-1 gene
of triplet lambs was significantly higher than that of twin lambs ( P<0.05). In conclusion, the dietary folic acid
supplementation in pregnant ewes have no significant effects on the development of placenta, but it can signifi-
cantly increase the relative expression level of VEGFA gene in the umbilical cord of newborn lambs, which is
beneficial to umbilical cord angiogenesis of newborn lambs. Meanwhile, among newborn lambs, the relative
expression level of ANGPT-1 gene of triplet lambs is significantly higher than that of twin lambs, which is ben-
eficial to umbilical cord angiogenesis of multiple lambs. [ Chinese Journal of Animal Nutrition, 2021, 33(2) .
944-953 |
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