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The Correlation between H19 Single Nucleotide Polymorphism

and Pig Growth Characters and Its Spatio-temporal Expression
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Abstract: An attempt was made to reveal the function of H19 gene in skeletal muscle development
in pigs in this study. The distribution of H19 in different tissues and dynamic expression at differ-
ent developmental stages in skeletal muscle were determined by Quantitative real-time PCR(qRT-
PCR). The sites of single nucleotide polymorphisms (SNPs) in its exons and introns were identi-
fied by pool DNA sequencing,and individual SNPs were genotyped using mass spectrum in Large
White pig population. The trait-marker association analysis was carried out between H19 geno-
types and growth performance. The expression profiles showed that H19 RNA was expressed in
all tissues detected, including heart, liver, spleen, lung, kidney, intestine, stomach and skeletal
muscle (leg muscle and longissimus muscle) , with remarkably high expression in skeletal muscle
and kidney. Meanwhile, H19 expression existed only before postnatal 40 days and reached the
peak at 105 days in embryo period during the development of skeletal muscle. Correlation analysis
between SNPs and traits showed the RS15 was significantly associated with corrected age of ani-
mals with body weight of 100 kg(P=0. 046 2<C0. 05) , RS20 was associated with the corrected eye
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muscle area of animals with body weight of 100 kg(P=0. 009 5<C0. 01) ; The correlation analysis

between haplotypes and traits shown that RS15 had a close linkage with RS16,and their haplo-

type was significantly correlated with corrected backfat thickness(P=0. 049 8<C0. 05). RS17 was

closely linked to RS18, and their haplotype was also significantly correlated with corrected eye

muscle area of animals with body weight of 100 kg (P=0. 037 1<C0. 05). In conclusion, H19 gene

is involved in regulation of pig skeletal muscle development and is a candidate gene for meat

traits.
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f 22 3 L 4K TT 52 0 R 0 IGFIR Ay eE™ s 55—
T . X 28 miRNA 580 3 K Smadl. Smad5. Cdc6
R e NG o |12 = s S o S SR o A
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HAEFE) 15 Sk R 30 T AR IR 8 A~ I A4
TSR 7 BB SRR B ML 43 5 FROR
J R s #1 (E33, E60, E65, E70, E75, E80, E95,
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HAZEDRE I MHEEHMN . REFLHHEABRA
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.12 EZERH 2 X Taq Master Mix lj {4t
SRR A W EOR 2N\ BB B I 1] Wi iR &l
b RARAE AR A BR A A 1 DNA ZLff R
By VG S B K S E . 70% £ B Trizol rea-
gent I { Invitrogen; Z #4120 5 RNA = BHRF &
W B b5t E 28 s R B R A A R sl on &
W B 4K Fermentas 23 A ; ¢ 5t & 51 7] & W H

FAEY TREARAFA.
1.2 FHik
1.2.1 HZE RNA 2B 5 I kL
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cDNA 55 — 4% 19 & 5 #% I RevertAidFirst Strand
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cDNA Synthesis Kit {7 &6 B JE47, 80 1 ng RNA
A A 1 L BEAL 519 Random Primer, X
KK FFE 12 L 7E PCR % 65 °C 5 min J5 B
BT UK b m H A2 A5 X Reaction Buffer 4
pL RiboLockTM RNase Inhibitor(20 U - ‘uL7l )1
pL .10 mmol « L' ANTP Mix 2 pL Fl Rever-
tAildTM M-MULV Reverse Transcriptase (200
U+ pul 1 pL,PCR W 54 :25 °C 10 min,42 °C

®x1 HYEHREESY
Table 1 The primers for qRT-PCR of H19

60 min,70 C 5 min, MW=k T —20 CIRE4%
M.

1.2.2 H19 F&51¥iit R GenBank 5%
H19 5 55 (AY044827. 1), F| Fi Primer 5 4
WrRitA R HI9 @51y, WRiEnsRER
GAPDH mRNA F%| (NM_001206359. 1), %1 &
wHH YL dt e R — i AR A R A Al &
W D,

FE N 4 FF Gene name

5| ¥) 44 % Primer name

215 (5'-3") Primer sequence

o H19QF ACCTTGGAAATCTGGAGCCT
H19QR CGATGTTGCCCTGCCTAT
GpF ATGGTGAAGGTCGGAGTGAAC
GAPDH ,
GpR CTCGCTCCTGGAAGATGGT
1.2.3 HI19 FEHA LRI 75 2k 1% E w04 95 °C 15 s,

N G S5 B cDNA T B 2 [/ — ¥k B . Fie BE 5
I 7 I ERAE LW . L GAPDH AN 2 K
H19 BEHTE 9 MHACH JF M N .
B L5 LD A0 15 A~ Bk 0] OB iR 399 (E33 . E60 L E65
E70.E75, E80, E95, E105) Al i} 4 J5 (DO, D20,
D40.,D60,D100,D140,.D160)) H [y £ 15 1% Ol » 4
AFEAM 3 WA IR . MR % : TagMan® Re-
al-Time PCR Master Mixes 10 pL, I 5[ ¥4 1
pL AR 2, XUZE KN 55 2 20 pl, BB 2514
Stage [ :95 C 30 s;Stage]l : 95 C 30 s,60 C 34
s.40 1 ¥ 5 Stage [l : 95 °C 15 5,60 C 1 min,

K2 #HHy HIIERRFIT S Y

Table 2 Primers used to amplify partial sequence of H19 gene

1.2.4 DNA JE Gt i 4l I By A A7 v il 42
32 AN KRB I DNAL TR 43 0606 B it b ) i 4f i
AR B2 I AE 120 SRR BHE I P 35 F DNA S8 P )5
Pt — MR REA S 1 pg B FRE. # 8 DNA IR G
W RS G E T —20 CRAFA .

1.2.5 #4r H19 RPN My G519t Ui
P GenBank W% H19 3 H 731 (AY044827. 1), F
M Primer 5 BcitG 0 4 ARG (R 2), AR
WAL DNA JE5 9 1) 33 946~37 298 bp X Ik . 1%
XIRAEHE 6 MM EFM S MNEF. slmdt s R
— W A R A R A A S .

5| ¥ 4 ¥ Primer name

2% 51 (5'-3") Primer sequence

LTI
H19seql

TNETIY

LS
H19seq2

T

1R
H19seq3

THETI

LY
H19seq4

T

TGCCCAACCTGAGCCCTGAC
TCCCACCAGACTCGCTTGA
TCCCAGGTGGAAAGAGCATC
TCCCTCCAAGCACATCCTG
CTCTGCGGGTGACAACTGA
GAGGGAGGCTGGTGGTGT
GTTGAGCCAAAGGAACAGACG
CGCAGGCTGTGCTTTGTG

1.2.6 #4 H19 FHFH AP 1 & SNP {3 15 i
b IR A DNA #iA B A 2 pL, ERFES]
M(FE DL 1 pwls2XTaq Master Mix 10 pL. W& IK

#hFF & 20 pL, PCR %fF:95 ‘C 5 min;95 C A5k
32 5,59 CiB K 30 5,72 °C FEAH 1 min 35 5,32 PE
Hif)a 72 °C 10 min, PCR P #pJ [ 4ifb ) - i
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A6 R — M AR W B AT BR 2 w1 0 45 R
DNAStar # {1 SeqMan 1 f{) SNP Ly g £ & ¥ 15
[ SNP i 5 I 2047 N LR E .

1.2.7  SNP i g 75K R BE AR b 19 33 4% 43 B FbR
IR B S A Xof A AR S MR I 5 I, S X
FR A R AT 24 ho2s AR B, AR 90 % R IR A A
VRO E B LD N A RS KRR D
THLFRR AR, T 8O E 5l sk 8. AR A
FH B R P I AN 49 9 D 5 3 ~4 i a]
A HEF S H 2 e 2 5 cm (1) 8 JEE VR[] B 300 5 AR UL
[T R TRE 4 & R 7 K /NG W o Bl e LT IR 7S
33 A AR BEM .. 25

100 kg f4 B A2 1E H & = D H % — L2
1A —100)/CF]

100 kg 4K T TF 7588 = 55 045 BEE < CF

100 kg {4 5 0F A% 1E AR AL AR = Sz AR UL v
FHAXCF

Hrr,CF & MR A ER F .

BEBLIEIK 297 R I8 B9 DNA K il 8 SNP Y
HARAF B AL At HEE AR AL WA B Rl EAT AL R o 1%
W, b A3 3] 5 N R {E B, i ] Haploview,
SNPStats £ 4% {4 3 17 3 [H B4 2 (Genotype frequen-
cy) JEE A AT & (Allele frequency) . Hardy-Weinberg

5000+
4 0004
3000

2 000+

AN ek
Relative quantity (RQ)

1 000+

o
&

% % ., P<{0.01. The same as Figure 2
1 HYEXRBEESRIAEEEHEHEITRIE
Fig. 1

2.2 HY EXBEABALAHPHFRIEE
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BN E R L LD AR X SRR A R LG
) Co Ry e iR 27 22 A 0. 45 R BR,
H19 TEr i H A ik, BAEE# L OB ML, ¥

S K 56 | 1o 4E 4l 5 JE (Gene homozygosity, Ho) |
4 & (Heterozygosity, He) | B /)N 88 v 3% A 4 %
(Minor allele frequency, MAF) . % %5 i 3 K %
(Effective number of alleles, Ne), Z & E B & #
(Polymorphism information contenet, PIC) . B {&
il (Haplotype) B 41T, iz | GraphPad fl R i &
BA X B G FE AT AL B I PCA J3 4 FRH G 2317

2 & R
2.1 HOEREXAHBRNABELENENE
eyt

LI GAPDH fER N2, i ik i ] real-time PCR
Sy AT H19 B B AE K 8 AN 8] & & By B OFE i 19
(E33.E60.E65.E70,E75,E80,E95.E105) fil t 4=
J5 (D0, D20, D40, D60, D100, D140, D160)) (4 A %
Feik i P LA S 160 d(D160) [y Ct Sk 3L
RG22 NI . S5 R BR T I K
HRAE BTG 40 d(DA0) Z R H H19 1y
k(K D, FEEDTHEINAK KT G
AR A . A6 BRI B 105 d (E105) ik 2] I
(B, HA 2 2 T HAl 45 A B 3 (P<Z0. 01D, T 7 H
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IHA] Time

The relative expression of H19 at different development stages of Large White pigs

WO &R EFE . HREE h & EEm(P=0. 184>
0. 05) , 3zt 76 i F H A LA LL(P=0. 002<C0. 01) 5 Ifij 0>
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B F(P=0.681 0>>0.05) (5 3);1Mik 100 kg B &Y
#1FE H #% (Corrected age of animals with body
weight of 100 kg, CA100) 7E A [&] 4 51 b 22 5 4% &k
FHP<0.0D), HAMAERWAERT 9.29 d; &

100 kg B} By & 1E HR L1 X (Corrected eye muscle
area of animals with body weight of 100 kg,

CEMA1L00) 7E A [l M 1) v 22 57 . 3% (P =10. 036 4<<
0.05) BE AR T 1.59 em® (3 3),

* K

60

K

LiEROESS
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H fili - BEUL AL F
H4! Tissue

Fig. 2 The relative expression of H19 in different tissues of Large White pigs

R3 HINKBEERES

JE 100 kg £ IE AR AL E AR F0 KX IE B 8 B9 220

Table 3 The impact of sex on the corrected backfat,CA100 and CEMA100 in Large White pigs

5 BEARE B om 35100 ke (T 19 3% 100 ke M 19

Sex Sample size Corrected backfat #EIE Hi#%/d CA100 ¢ IE IR JULTE AR/ em?® CEMAT100
N Boar 27 16.7643.04 152.27+8.61* 36.0543. 90°

5% Sow 270 17.37+7.59 161.56410. 38" 37.64+3.70°

MFEFRFERZFARE (P>0.05) s ANEIV/NE FHR IR 2257 83 (P<0.05) s AR KE F R AR B3 27 (P<<0.0D), %

6.7 [

The same letter indicate no significant difference (P>>0. 05); The different lower case letters indicate significant difference

(P<C0. 05) ; The different capital letters indicate extremely significant difference(P<C0. 01). The same as Table 6,7

2.4 %ﬁﬂ&%ﬁéffﬁﬁ*ﬁiﬁuﬁﬁzﬁﬂﬁm
o TR A T I RN R R L T D TEAE Y
SNPs u L4 B 4% RS15.RS16,RS17,RS18,
RS20 .RS21.RS22, 7€ 297 K 144 1) DNA £ &
H1,RS15,RS16,RS17,RS18, RS20, RS21 . RS22 #)
Kril g 220, RS15 A9 3 MEAE B TT M R ix
55 RS16.F1 RS21 1 3 A5k P A rpr CC 53 2 fiw i
#£ RS18, RS20 fy 3 AL A op CT 4 % I &5
RS17 . RS22 [t ¥ 4~ 5L I A1 43 51 & CC AT AA B R
. RS15,RS16,RS17,RS18,RS20,RS21,RS22
M SN 43 5 T.C.C.G.C.C.A(E D),
RS15.RS16,RS17,RS21 F1 RS22 fi§ PIC<0. 25,
P8 TAREE £ 43 RS20 1y 0. 25<<PIC<<0. 5, J&
JE£ %A .RSI8 [ PIC>0.5, @ mE LA (£ 5., 1
5 W, &5t Hardy-Weinberg - 7 % %, RS15.

RS18.RS20.RS21 & &5 T HW F-4, 1fif RS16.
RS17 .RS22 £54 Hardy-Weinberg SE1ff , 245 I ff ik
X 3 4~ SNPs it —2 .
2.5 BEBK[WMERSDW

FIH Hapoview B, #E17 D/R* & 8 A - i
M, % B RS15 1 RS16,RS17 f1 RS18. RS20 Al
RS21.RS22 43 5ITE W 3 A4~ H A & 9l st % 1 Fe Pk X
B (& 3 ), RS15 it RS16 JE i, TC.CC F1 CT 3 i
Bk AL, RS17 A RS18 JE W CT.CG.TT #1 TG 4
it B {4 780, RS20, RS21 Hl RS22 JE i CCA . TCA .
TTA.TTG fil CTG 5 Fh iR A (& 4)., FIH R
Studio i) PCA F 443 BT AR T XF 3 A KMk 1Y
JF A WL ¥ SNPs $E47 PCA 4341 & AR 7] & [
R T R — L, U B AL R AR g AR KR
FEAEHE (B 5K 6 fE 7,
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Table 4 Frequency of genotype and allele

SNPs FE R A (B %) Genotype(frequency) LA F R B2 Allele(frequency)
RS15 CC(0.054) TT(0.801) CT(0. 145) C(0.126) T(0.874)
RS16 CC(0.953) TT(0.010) CT(0.037) C(0.97D) T(0.029)
RS17 CC(0.963) TT(0.000) CT(0.037) C(0.981) T(0.019)
RS18 GG(0.106) TT(0.029) CT(0. 865) G(0.538) T(0.462)
RS20 CC(0.397) TT(0.013) CT(0.589) C(0.692) T(0.308)
RS21 CC(0.946) TT(0.014) CT(0.041) C(0.966) T(0.034)
RS22 AAC0.963) GG(0.000) AG(0.037) A(0.981D) G(0.019)
x5 BESHEDIN
Table S5 Genetic diversity analysis
SNPs ARG Ol Ho Ne PIC Hardy-Weinberg (o MAF
AE He WG He P ffi HW-P
RS15 0. 145 0.221 0. 855 1.170 0.121 7.62E-07 100. 0 0.126
RS16 0.037 0.056 0.963 1.038 0.035 0.001 7 100. 0 0.029
RS17 0.037 0.043 0.963 1.038 0.036 0.251 1 100.0 0.019
RS18 0. 874 0.498 0.126 7.937 0. 750 2.16E-15 34.7 0. 466
RS20 0. 589 0.426 0.411 2.433 0.498 1. 27E-12 100. 0 0. 308
RS21 0.041 0.065 0.959 1.043 0.039 2. 00E-04 99.7 0.034
RS22 0.037 0.036 0.963 1.038 0.036 1 36.4 0.019
r — m , s i .
1[ g/:/\o_o é\a g| TC 874 w—pr(6 .519g—yCCA 685
: ¢ 2 2 £ % % c .ogs§cr 162 QB TCA 281
E HE © & £ E H CT.029 T6.013 TTA.006
D1 Blcls OXD) TT.006£TT76.021
.32 CTG.006

B 3 H19 EF SNPs gy D°/R* i
Fig. 3

& A T &

The linkage disequilibrium analysis of H19 gene

2.6 SNPs BEE 5L KR KBS

MM GraphPad X [a] — P AR A [/ SNP A7 5 A
[ & 9 70 2 [] 54T Person £ %, & BAE AL IE 35 7
HL A4 SNP A7 i i PR 2 () 24 6 W 2% 25 5 . RSI5
) TT 2 AR AEIR ] 100 kg BFAZIE H W ZLH CT Al
£ 3.6 d(P=0.046 2<C0.05),¥iHH RS15 i TT 3
PRI 25 B2 i sk 3] 100 ke IR IE il B 12 3%

.86

4 HI9 EFEMBER
Fig. 4 The haplotype analysis of H19 gene

. MIAERH] 100 ke A2 1E IR WU AL A, RS20 1)
CCHREAMBE Y, CT &/ 0.92 cm® (P=0.037 4<<
0.05), TT tt CT X 3.84 cm® (P = 0.047 8§ <
0.05),RS20 iy CC R AIZE L TT AU/ 4. 76 cm?
(P=0.009 3<C0.01), PHSLFEA ¢ £ 35 F W] . RS20
fi i B % % W 100 kg B & IE IR L 1 R
(P=0.009 5<20.01), W # #% Jhy Bl 2 #H 3¢ (& 6)
Xof B R AT 3 — 20 QI 4y B, R BLAE RSIS A
RS16 G AR A, TC/CT WAL IE ¥ I8 T 5 %
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It CC/CT 7> 2.95 em (P =0.049 8<C0.05); 7E
RS17 f1 RS18 ¥ i () & R b, CT/CT 9 #% 1E B}
MERE b CT/TG K 3.09 em? (P=0.037 1<<
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||
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PC1

B5 ZERELYEESR SNPs ) PCA H1F
Fig. 5 The PCA analysis in corrected backfat
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B 6 7ERIEH & SNPs i PCA 43 #7
Fig. 6 The PCA analysis in CA100

0.05), #/x RS15 5 RS16.RS17 5 RS18 f4 4%
T4 9 5 R IE T B ik 100 kg AR 1E HR LA AR
EHRGE D,
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CT
GG
GT
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® T

n ShapE
* RSI5
+ RSI16
" RS17
RS18
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RS21
RS22
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0.25

PC2

0.00

B 7 FERIERMER S SNPs #y PCA 5317
Fig.7 The PCA analysis in CEMA100

F6 FBASNPsEEREGIANMEKEROEXRSN
Table 6 The relative analysis between genotypes of SNPs and 3 growth traits

SNPe e [F 7Y A% KIEH B/ cm 5 100 kg M4 H S Y ik 100 kg (&I 1
Genotype  Sample size Corrected backfat #1E H % /d CA100 % 1E HR L AR/ em® CEMAL00
cC 16 18.0241.061 159. 042, 143* 37.38+1.048
RS15 TT 238 16.7840. 201 161. 440. 686° 37.52+0.237
CT 43 17.4140.503 157. 8+ 1. 645" 37.404+0. 627
CcC 283 16.9240. 191 160. 940. 634 37.46+0.222
RS16 TT 3 17.3043.104 158.9+6. 207 39.91+1.618
CT 11 17.3840.769 157.442.229 37.88+1.172
cC 285 16.9140. 191 160.740. 622 37.57+0.223
RS17
CT 11 17.7340. 767 159.9+3.936 35.55+0.781
GG 10 18.8640. 824 158.641.432 35.444+1. 241
RS18 TT 3 19.6342.024 161.14£6.048 37.9420.905
GT 90 17.2140. 318 160.6+1.191 37.0340. 421
CcC 118 17.3340.292 159.740.998 36.89+0. 3244
RS20 TT 4 16. 8042, 251 158.8+14. 390 41.65+2.078"
CT 175 16.6840. 241 161.440.786 37.8140. 287¢
CC 280 16.8940. 191 160. 8+0. 636 37.51£0.222
RS21 TT 4 18.70+2. 604 158.9+4. 389 38.53+1.797
CT 12 17.6440. 750 156.8+2.134 37.44+1.155
AA 104 16.8640. 296 161.0+1.081 37.784+0. 380
RS22

AG 4 16.79+1.742 165. 143. 609 37.87+1.774
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Table 7 The relative analysis between the genotypes of haplotypes

LRSI
Haplotype

FEA L

Sample size

BIEH IR/ cm

Corrected backfat

ik 100 kg {4 & i 1Y
I H#E/d CA100

ik 100 kg 45 B (1) 1 1E
AR WL AL/ cm?® CEMAT100

RS15 5 RS16 ikl

TC/TC 238 17.2540.516 = 161.4=+0. 686 37.5240. 237

CT/CT 3 17.3043.104* 158. 9£6. 207 39.9141.618

cc/cce 8 17.68=+1. 805™ 159.3£2.773 37.2341.908

TC/CT 6 16.04+0. 794 * 156.3+1. 753 39.3741. 876

TC/CC 37 17.63+0. 565 * 158.1+1. 895 37.0940. 658

CT/CC 5 18.99+1. 063" 158. 7+4. 687 36.0940. 897

RS17 5 RS18 Hffk

CG/CG 9 18.5640. 859 158.7+1.598 35.6341.371*

CT/CT 3 19.6342.024 161. 146. 048 37.9440. 905"

CG/CT 84 17.204+0. 334 160. 6+1. 227 37.1840. 444 =

CG/TT(CT/TG) 6 17.37+1.073 161.445. 358 34.85+0. 715"

RS20.RS21 5 RS22 H{AR

CCA/CCA 40 16.81£0. 5050 160.941.731 37.0240.585

CCA/TCA 64 16.8940. 3672 161.141. 394 38.2640.492

CCA/TTG(TCA/CTG) 3 18.33+1.159 164.74+5.063 36.274+1.100

TR AT .MG MyoD( X FX MyoD1, Myogenic dif-

3 ® ferentiation 1) 76 - LY 122 3% » 2 15 o e UL

B LA A 2 ILEF AR R B . 5 G A
14~22 d, &TIEBOF K& IIGI 35 d 724, W1 4%
W4% (Primary myotubes) B, I 7E MG HA 49 d /2
A 3 30 0 0 B e U 5 TE ) SR UL G B R 0 Y [ I
WA (Secondary myotubes) JF 4 JE A » 2| IR iy
91 d L WV 2% IR RS S8 IS Al . IR
FNVETE B AERIE L 4 e A f5 2 AR
LEF 4 52 A K K& F" . Z. L. Tang % F
LongSAGE AR B E AN R TEIRIIG B 33,65
90 d BB ES Lk T — 4t 5 R R
BRI O % BB 57 IR A G Y SNPs, 2
Je B B 1) 5L, AILEF 4R 550 H AS B AR AL L RO LAY A=
K F IR T LR 4k 0 A 4 B0 U0 % UL 20
1% B B Bog 2 IR IR 3 ) 1 AR IS 2 A H Z 18] Y
518

X5 B UL A A OG5 B i 98 b MRFs K% h
i) Myf5(Myogenic factor 5) 5315, 52 M A= JZ L

BB Y . Myog(myogenin) fl myf6 (MRF4) 3232
2 5 LA M 53 1k Ok ILEF 4 i 2 2P . MEFs %
() MEF2a, MEF2b, MEFc fil MEFd #3 [8] /E F
L F 2 5 R LN i 2 ILET 4k (i or fe g AL A Ak,
PNAS-4 LA fig 5 R WG & & a8 ILEF 4%k
H By 5, CA3 £ 7E B8l BA 1R &
2B 2B AT IMER A B2 R F
5 8 05 B R R AR O

XiF 5 7 TR R R G 35 PR 1 A0 9 2 T LT 4k 2%
BRI TNNIL A TNNI2 [ 235 K8 s s
JULET 24 1 g o5, 328 1T 52 W A %) 7 PR PR AR F 5 R 3
BTN EF E i SNP A7 5 i 25 5% i 8 5 L)
pH. A & K H A4 46 405 PERY . bR10D1, HM-
GA2 ,NME1,PDGFRA,ERC1 5 /> %& [H %} 7= A
ARAG B, 4% B & bR10D1, HMGA2 . NME1 3
SR @ pH . KRIKE 5T Y] ) R S AR A G
bR10D1 B4 i 25 1Y 52 i 9 ) 252 | R UL 1 AR A
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A H19 KL PR i R R 22 A5 1 S A K MR A A DG 4 BT R HL e 2 ik 879

BE . HSP72 . ANXA2 fl cMDH 13 ik it
A 85 JB SE R 1K ULER dE 4 s YA 5
PTSEAER, LneRNA 7EB # LAE KL F i b
AR HTBOR B R AT G . E 2445 eRNAs,
Gtl2/MEG3, H19, Linc-MD1, Malatl, Neatl,
Nectecl .SRA . Yams #1 SINE F1 [ IncRNAs, [6]/)g
F eRNAs ( Enhancer-derived RNAs) #F RNA
FPERNA KV 3 A7 52 0 VR FAIL R 2 - L 43
B, PRNA 3@ 3 X AE L B0OE MyoD , i RNA
9t & S AE AR 3 MyoG 89 % 5., LineMD1
(Long intergenic noncoding RNA-muscle differen-
tiation 1) j& — /> E 8 LA 5 19 (ncRNA , il 3 55 48
W Bt miR-133 1 miRNA-135, & # MEF2C I
MAML1 (Mastermind- like protein 1) ik, ¥E i 52
i LAY 20 A6 . Malatl R myostatin 1) F
WHIEE . S 558N ERKLZFEE". SRA
(Steroid receptor RNA activator) {F 2 £ 22 % 4 &
HHIET R MyoD HH 5 HALK T45 575 —i& .
M & A8 A= ¥y 2 3 BE2* . Yams (YY1-associated
muscle lineRNAs) AJ LA #3042 383K 5% e B 4% L 5L
K ae . o Yams-1 45 1 miR-715 7] LLAE ]
F War 7o, DT XF B 85 L0 T B = 26 R .
i, W. M. Zhao &8 A3 2] 1 — R 1 19 7654 W16 1 15
B ILE 7 R A/E 3% LncRNAs™
FEAENRRG I 35 d iF G JLEEA OB . 72 35 d Z
J5 B AR Z T AR A 2 A . e iR
B b FH19 B PR 3 S 1R T U iR 400 b IR J2 R0 Y i
AU T SN Ok BTN - AN ST W
B R L A AR AR S A RE TE B UL A
F 3%5 A.N. Kallen 2 f1 B. K. Dey 2 %
PE) H19 FERAE BUAE AN B b A AR K5k i
WG . AN E 2 Rl LI B A, H19 5
PRTE AR 4 O 2 2 b A R Rk 20 Al A .
Tk RAE H19 JE P2 A & M LR KK B 1 EE
JE I RS S PR SR R 1 X i i UL 15 A A
H19 JEP i 8 285 Rk dhAr s, i & 1 T LU 3
H19 K& PN 32 SEAE IR WITG BRG 5, i AR 40 d DR &
KBRS R AR FRBAKFERGH 105 d B35
e o ELAR 3% i T AR AT Ay i ) (P<<0. 001). H
B P ARIE 1 H19 25 & 8% L& 7 4 72 0 W Fb i
s — ot o e AP IGF i 3k, #E 1 52 i B
B A s o5 — Fh R i B 5 % 5 1) miR675 1R
FIT Smads 1 . 28 J5 0B 8% UL & AR B 9E 45 AR

M. ##E D. E. Gerrard % 1998 4E W #F59¢ . IGF2 7E
JRNGIHT 59 d ik ik BEAE , B IR IR AR LY K &
Tk m B AR X SRR K HL9 176 e G
W28 M I, $2 7R IGF2 33K 5 i B# A% 7T fig
5 HI19 &0 K S PEOS e ok A 6. IGF2 £ 22
P& 3 s L0 P 3 58 0 Ak S BT R LE . B s H19 §
S H5IE MR, mE/DNR T, miR675 HiE
S5 H19 BEFHEAILRKCRY . miR675 FH il
i B4R I R AE T BMP 3@ 5 (14 Bt o fh §5 5k
K Smad FKMGAH IR B FRIK . X FPEH AL —
B 0T OR  ILAE [ BE ) LA B IO F A e A it — 2 41
N LA 4 i i FEAR AT & o $2 7 H19 AR AJ
B2 5 TR EN K AEDRE.

Tt Beckwith-Wiedemann % & fik (BWS) #, fyi F
H19 S 5 4b B F 19 1 4> SNP {if & rs2839703 %
FE A D AT BWS JA47 95 B A6 19 05 N 9 AR 1 o2
SUEYT . rs10732516 Xk B FHEEAR M YL A 1A
) H19-ICR X i i F BE AL R 2 AT W 7R 5 5
rs2839701.rs10732516 & &1 A M 1Y rs4930103 {7
M AR B CpG & 340 B 3% A e, g
GWAS 77 ¥ & B, rs11897432, rs2412488 il
rs2555155 4¢3 /4 SNPs i 5% X W i B 51k 4
KL H19 BB A 2 S N rs2107425,
rs2107425 [ 5875 5 LI AH 5650, rs76162918 f1
SRR IR AE 4 D H A NFEREA S 0. 068 ~
0. 088 fHAE 2 it E AHEH A A7 0~0. 0055 i —
HHWFIE B AL 8T DAVE R H AR NFEA I 3 A
NBEFRICIE R 2 —Y e BB . rs217727 1
T #5557 K& RS BOE AR ) ko s & A= 2% BT SR T
rs2067051 P 4540 3k PR 2 ek 2 % 1 XU .
FRWFSEA LV H19 B[R ) SNPs 5 2 Fh 95
AR TN 7 PR R 0l B LA 5C B 2R K
AR 2 SNP i 2 iz 38 £L /b . AR 4 A< 3 30 A 5% 45
HE RS20 3 A J PR R[] fg A4 3% 780 244 ] 22 S5 #6
& LIME 3K 100 kg (A I 045 1 MR L T AR A fi
PEARIC A7 A AERE T IR L R 5 R R 2 OE A
K5 PR AT LA Sy 9 32 o 8 3 A 308 o7 . 98 P R
FE & 52 A b 32202 48 B % UL o 0K R 0 L i) B
7N H19 BRI sl 288 X i Ly 2 K A 25
Wi o R AR UL A T2 RO T A AR JS LET 4E 1Y
SR 0 ST T R R B, H19 fE 5% AR TR R B
U e e RO 25 TR, H19 R AT 2 5 1
WLEF 4 s A 5 AR K .
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