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Retrotransposon insertion polymorphism of the porcine esr
gene and its association with production performances of
Large White pigs

Chenglin Chi, Yalong An, Kaiyuan Li, Hao Gu, Saisai Wang, Cai Chen, Bo Gao,

Chengyi Song, and Xiaoyan Wang

College of Animal Science and Technology, Yangzhou University, Yangzhou 225002, Jiangsu, China

Abstract: Estrogen receptor (esr) mediates the effects of estrogen on the expression of related genes, thereby regulating the
growth and reproduction of mammals. To investigate the effect of retrotransposon insertion polymorphism (RIP) of the porcine
esr gene on porcine growth performance, retrotransposon insertion polymorphism of the esr gene were predicted by
comparative genomics and bioinformatics, and PCR was used to verify the insertion polymorphisms in different porcine
breeds. Finally, the correlation analysis between the genotypes and performance of Large White pigs was conducted. The
results showed that four retrotransposon polymorphic sites were identified in the esrl and esr2 genes, which are esr1-SINE-
RIP1 located in intron 2 of the esrl gene, esrl-LINE-RIP2 and RIP3-esrl- SINE located in intron 5 of the gene, and
esr2-LINE-RIP located in intron 1 of the esr2 gene, respectively. Among them, insertion of a 287 bp of SINE into intron 2 of
the esrl gene significantly affected (P<0.05) the live back fat thickness and 100 kg body weight back fat thickness of Large White
pigs. Moreover, the live back fat thickness and back fat thickness at 100 kg body weight of homozygous with insertion (SINE**)
was significantly greater than that of heterozygous with insertion (SINE*") and homozygous without insertion (SINE™).
Therefore, esr1-SINE-RIP1 could be used as a molecular marker to assist the selection of deposition traits in Large White pigs.

Keywords: pig, estrogen receptor, retrotransposon, retrotransposon insertion polymorphism, association analysis
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4T (Genome-wide association study, GWAS) 4
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(Insertions and deletions, Indels)? . Mz L4
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interspersed nuclear elements, LINE)®, Jz & 54
VET RV MY L NA M FE Ay, HifAZES
PRI L A ik Ae . AW 2R A
ATEMMEZETAY mYy o g RRXT
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WU 2R 2 A2 T PAR R 2 sy PR~ R Hh g —
sz ik, BAT SR IE R A ThRg, 52 m MR
RIEERTHEY T RE, N RHERNEYF#E
FAW, JEDRZHA esrl Al esr2 JE[H . #E 20 4K
LT, AT—EINR JA —FIER esr 775,
SR, 1996 4F L5205 sl i 1 2 R
OO e A R esr. X — T R RS2 14
BEFR A esr2 FE[H, 2L esr BEFRA esrl LI .

esr &R T4 F bRl Bl i 5 20 MR
) BB ILR, 1996 4 Rothschild 45 B IR £ R
FSEREAR T E I esr LAY Pvu TTEGDI( 24
P, XA Z SO ST PR AR, %
A7 S CAERE A R A B A5 2 0 o esr RPN
RS R BAE MR T BRI EL R . Y esrl
il esr2 BT 1 SYEK, esrl BN A2K
274592 bp, {5 9 1MAMEF (Exon) A1 9 gt
X (Coding sequence,CDS).esr2 41 184 401 bp,
f13% 13 4~ Exon i1 8 4~ CDS X . A A 5T £,
esr 3 DR SR A K Ptk R i Aty e ] e
esr JERIFESE A R A A Bl AR B rh ) AR T, ARSE
IPIZ I8 5 5 e 5 esr ZEH M RIP, I S5 A Kk
AT RI T, DIEZ g Fhmic e a8
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1 MREFE

1.1 ##

AL BT B AL L KA (Large White
pig) H-FE 404 4~,2015 4R H LBUAE HERE A A 5
A (Sujiang pig) H-FE 110 A0 2 dh i gE
(Jiangquhai pig) F-kE 24 4>, 2015 4R HILHA
ZRINTH 2 F G ; A% 5 (Duroc pig) Ak
%4 (Landrace pig) HAE4 24 4>, 2015 -l %
AR BFBE IR AL —IEKSE (Erhualian pig)
HAE 24 4. WIE¥E (Fengjing pig) H-AE 24 F
MELLJE (Meishan pig) H-#f 24 4>, 2014 4R A 1T
TR M IR KA AP JR % (Sushan pig) HAE
24 1>, 2019 4% A VLI E RV 4 B AR 25 b 5 i
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2% (Banna pig) H-FE 6 4>, 20154ERAMA
VY SRR 9 MV R S HE R O Rl Y7 AR Il g
(Wuzhishan pig) H-E 6 4>, 2015 45 R W T 4
HAEILT; B/ (Bama minipig) HAF 6 14,
2016 4K A JTVE I SRR AR S R B A R A
Al ; JESE (Tibetan pig) HAF 6 />, 2016 4FH =
AR RO ERAL BP5% (Wild boar) HAF 6 1>,
2015 4R H LB -
12 i
1.2.1 %% esr B P HIEE E TR

M Ensembl (http://asia.ensembl.org/index.html)
Bl PR A H % esrl FER (ENSSSCT000000351
47.2) F1esr2 K (ENSSSCT00000005632.3)
ZH A, s EESEM 5 kb, THFEN 3 kb
J5F#E, LULFESIZE NCBI B WGS JE (https://

blast.ncbi.nim.nih.gov/Blast.cgi?PROGRAM=blast
n&PAGE_TYPE=BlastSearch&LINK_LOC=blasth

ome) HLXFERAGRCRF M Mg, B, &
R S (BROR). DU R . KA. K
FAE . . VA M. nAsiiE . KA
FETNEFEARSE B esrl 1 esr2 BE[K 41, ClustalX
(version 2.0) #ATZJFHILXT, GEitAS[E SRl
esrl Fl esr2 JERAYK A Beg5#y 54 (Structural
variations, SVs). fl| ] RepeatMasker (versions 4.0.7)
HATHRE, [UOREA LLXH 540 it 1 000 HIFAIK
JZ i 50 bp U0 S AT PCR %€ .
1.2.2 DNA 5

fdi i TIANamp Genomic DNA Kit (TIANGEN,
tE L) PREC R IR HAH S, KR DNA i
AR CRE T NS AR BE IS R UK 25T DNA YR
MBTEAGI , SRJE T 20 CORAF .
123 59t ke

ffi F  BatchPrimer3 (http://batchprimer3.
bioinformatics.ucdavis.edu/cgi-bin/batchprimer3/
batchprimer3.cgi) TEZAKMFHAT5 it (PN
15 BT A8 esr JER & R SR E TR A Z
SRR AGMEFSh G 1), 519 h
FHERHA R 7 .
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T1 esrlflesr2 HREFWIEELSMER RIP L5514

Table 1 Primers for identifying RIP sites in the esrl and esr2 genes

Primer name Primer sequence (5'-3") Annealing temperature (°C)
esr1-SINE-RIP1 F: ATTTAACCATGCGTCGGACT 59
R: CCTTCTCAGAGAGCCTTTCC 59
esrl-LINE-RIP2 F: GGGGTTGAACATGTTAGCAA 58
R: ACTTCAAGCCCCATCATCTT 58
esr1-SINE-RIP3 F: AAGGTAGGTCAGGGTTGCTG 59
R: CTTTTTAGGGCCGCACTCTA 59
esr2-LINE- RIP F: AATGGAGTGAGGAGCCTTTG 59
R: AGCCCGCATCTGATTTAGAA 59

1.2.4 PCR §"3¥ 5=

PCR ¥ i e i A Z &% DNAL uL, L,
T4 1 ul, 2xTaq Mix 10 pL, 25851 7K4b
/220 pL KR

PCR JZ W L)% Ay: 95 CHiZAEM: 5 min; 95 C
A5 30 s, 58-59 “CiE k 1 min, 72 ‘C ZEf# 30-60 s,
B4 AEI; T2 CHRASEA 10 min J5 4 CLRAF .

PCR 7= 1 1.0%Z5 g W B e 4 7 H ik il
RAE ZEEYL 8 10 min J5 B T4 A shESEE e K%
ST RGP
1.25 Sitatr

FIH Excel T15 3R BUFRFBL R, £
AV B & (Polymorphic information content,

PIC) TR

m m-1l m
PIC=1-D>R*->" > 2R°F?
i=1 i=l j=+1

Horp Py AL Py BICAES | TSR AR
A, m AR IE R, Hardy-Weinberg -7 46:
BriE AT .

m 2

2 :Z(loi —E|-1/2)

-1 i

E
Horp O BSLPrWEME, E EPeE. A

SPSS13.0 X EuHE AT H I, a5 R LISE R E+

PRUEIR TN, 4] 25 SR Duncan /56 .

2 ER5AW

2.1 FEesrlFesr2 BEFIIRI R REETF TR
Repeatmasker 3845 LR, esrl JEH H it
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T 38 A~k A B4 #4) 28 4% (Structural variations,
SVs), FEstEEET 5 47.37%; esr2 HTi 42 4
SVs, [FEEEGRE T 69.05%, WAL () S ks
SR R i 58.75% (3R 2).

22 PCRY%%E

esrl Fp TN Y 18 A S Bk i Ve 7 22 A AV 45,
2 PCR B ilE19 8] 3 N2 ML, esr2 Hr il i)
29 L AVELT SR 1L A2 . 1R
esrl it 3 M S AT esr2 (19 1 LS AEFEE TE . K
F¥E . RO 7826 . HR/NESRE . e .
HARIIRE . CLSASE . U . ML . BRI
HPRE 1 12 A5 Bt DNA Ff {8 22 25 MG 25 5
HZ B S9N esrl-SINE-RIPL, esrl-
LINE-RIP2. esrl-SINE-RIP3 # esr2-LINE-RIP,

esr1-SINE-RIP1 . esr1-LINE-RIP2 . esr1-SINE-
RIP3 FlI esr2-SINE-RIP 7 3L K i A7 B AN 2
PR AR BRI, RIS E B sk 3
Fim

F2 TMIEesrl Flesr2 EEMEHT R

Table 2  Predicted structural variations of the
porcine esrl and esr2 genes

esrl esr2 Total
SVs 38 42 80
SINE 10 5 15
LINE 7 22 29
LTR 1 2 3
Retrotransposons/  47.37% 69.05% 58.75%
SVs (%)

Note: the sequences of structural variation in this
experiment were greater than or equal to 50 bp.

B<: cjb@im.ac.cn



2798 ISSN 1000-3061 CN 11-1998/Q A¥T#E2:4k  Chin J Biotech

bp

750

esrl-SINE-RIPI 900
250

R R
g

esrI-LINE-RIP2 1000
750 e

L R 1

1 000 -

esrl-SINE-RIP3 750
500 - LA

750
500
250
100

e d w
esr2-LINE-RIP

1 esrl #0esr2 RIP L R ZE AR E mipsE it DNA 8 % 7S

Fig. 1 Polymorphism of esrl and esr2 RIP sites in DNA pool of different pig breeds. M: DL2000 DNA marker; 1:
Duroc pig; 2: Landrace pig; 3: Large White pig; 4: Bama minipig; 5: Banna pig; 6: Fengjing pig; 7: Sujiang pig; 8:
Wuzhishan pig; 9: Tibetan pig; 10: Meishan pig; 11: Erhualian pig; 12: wild boar.

Chrl: 14 21268216714 496 363 ‘H [ i Q | [ [

esr2
Chrl: 193 717 164-193 909 563(_] Q IR [ [

@ Flank €D Exon @D DS E) SINE  E) LINE

2 esrl Fesr2 £E LT EE
Fig. 2 Schematic diagram of the esrl and esr2 genes.

K3 esrlfles2 REAREFEREFHANFIIER K AL s dE) . Hr s Al (g . el

Table 3 Analysis of retrotransposon sequences in the = o . s e
esrl and ear2 goncs B BRI RE) LLB R R (R

Name Location L?Sg)th Direction Classification ARl %_) R RE SN R S
esr1-SINE- Intron2 288 + SINEAL Hardy-Weinberg £yl PIC SF 1% 4 Fiix.
RIP1 esr1-SINE-RIP1 7R 4% . KU IS
eér.,l:z" NG dntrons 202 = e Al LA H SINEWRET SINEMIR, #i)y
;slrpl?-’SINE- Intron 5 290 + SINEA9 SRR ARSI F] SINE #i A, esr1-LINE-RIP2 7&
esr2-LINE Intron1l 381 - L1A3 PRI Y 9 At Fhep HOE LIRS | AR AE IR
RIP VEREIAT A HE K TR RIURL 6 5% R A )
2.3 esrl 7 esr2 RIP L S BHA S ST LINE™MA, 22 M5 R4 81 LINE™ M4k

esrl il esr2 RIP fi SS7EG|I ASLFT CREAME . esrl-SINE-RIP3 ZE K HME . MEILME . HilEH A

http://journals.im.ac.cn/cjbcn



R S5 esr BEAREREEFRASTUERES KB EEF RN XKES T 2799

F4 AEGME esrl Flesr2 RERFEFRBAZ SIS
Table 4 Analysis of the esrl and esr2 RIP in different pig breeds

Number Genotype frequency Allele frequency Hardy- Polymorphic
Polymorphic sites  Breeds Weinberg information
++ +- == + = equilibrium content
esrl-SINE-RIP1 Large White 404 10.15 56.93 32.92 38.61 61.39 5.40e-5 0.36
Landrace 24 4.17 95.83 2.08 97.92 0.92 0.04
Sushan 24 29.17 70.83 14.58 85.42 0.40 0.22
esrl-LINE-RIP2 Large White 394 25.89 47.46 26.65 49.62 50.38 0.17 0.38
Landrace 24 83.33 16.67 91.67 8.33 0.66 0.14
Duroc 24 91.67 8.33 95.83 4.17 0.83 0.08
Fengjing 24 100.00 100.00
Jiangquhai 24 8.33 91.67 4.17 95.83 0.83 0.08
Sujiang 106 33.02 38.68 28.30 52.36 47.64 0.02 0.37
Sushan 24 23.08 46.15 30.77 46.15 53.85 0.72 0.37
esr1-SINE-RIP3 Large White 359 33.98 48.75 17.27 58.36 41.64 0.90 0.37
Meishan 24 91.67 8.33 95.83 4.17 0.83 0.14
Fengjing 24 100.00 100.00
Sushan 24 66.67 33.33 83.33 16.67 0.33 0.24
esr2-LINE-RIP  Meishan 24 0 79.17 20.83 39.58 60.42 0.001 0.36
Erhualian 24 66.67 33.33 83.33 16.67 0.33 0.24
Fengjing 24 70.83 29.17 85.42 14.58 0.40 0.22
Jiangquhai 24 45.83 54.17 22.92 77.08 0.15 0.29
Sujiang 110 17.27 41.82 40.91 38.18 61.82 0.23 0.36
Sushan 24 8.33 91.67 4.17 95.83 0.83 0.08

+/+: homozygote with retrotransposon insertion; +/-: heterozygote with retrotransposon insertion; —/—: homozygote without
retrotransposon insertion; +: allele with retrotransposon insertion; —: allele without retrotransposon insertion.

Z&M, H SINE"HURS T SINE SR, M1l
e SINE™#IAMA, esr2-LINE-RIP 7E5]| A & Fil
SEEN AUl E N = e DN TR A AR R N
Kk 0, LINE"RZEWA N 4.17%. PIC 255 iR,
KM esrl-SINE-RIPL v &, KM . FHZEEMH
LL1%% esrl-LINE-RIP2 {3 &5, K% esrl-SINE-RIP3
B, AR 28 | 22 Mg s A LU 4 esr2-LINE-
RIP2 {37 s ¥ Ry R B DA 225k, HAt AR 2250
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2.4 esrl-SINE-RIP1 5 X MR KBS

¥  esrl-SINE-RIPL | esrl-LINE-RIP2 |
esr1-SINE-RIP3 #il RIP1-esr2-LINE 4 > Z &4
MR AR ERMARBETT BRI, KAk
esr1-SINE-RIPL {7 &5 1 SINE A4 17 14 75 22 J5L A1
100 kg 1K iR B % 5 T SINEY Ak
(P<0.05), A& . MRWLUEEEFIE 100 kg /A H i
£j SINE & %4 A TG . M 568k (35 5)
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%5 esrl-SINE-RIP1 £S5 XKAEEKMERXEK S
Table 5 Correlation analysis between esr1-SINE-RIP1 polymorphism and growth traits of Large White pigs

Genotvpe  Number be?cc:?eys\ll\;ilgr?tter Thickness Loin eye muscle Age at 100 kg Back fat thickness at 100 kg
yp (ka) g of back fat (mm) thickness (mm) body weight (d) body weight (mm)
SINE™ 39 104.16x1.62a 12.74+0.64a 58.39+0.91a 161.04+1.60a  12.23+0.57A
SINE*" 224 104.42+0.79a 11.38+0.20b 56.67+0.34a 161.28+0.68a  10.93+0.17B
SINE™™ 133 103.89+0.56a 11.57+0.24b 57.40+0.42a 161.23+0.88a  11.28+0.22B

Note: the same letter in the same column means that the difference between groups is not significant. Different superscript
lowercase letters indicated significant difference between groups (P<0.05). Different superscript capital letters indicated

extremely significant difference between groups (P<0.01).
3 Wit

1996 4 3 [ Rothschild #5741 & B, MEME
SEURIEIN (esr) e AT RO EROERNS, )E
[ AN AR Z W FEE R esr BEAEA [ FhRE i £
Ak BB AN AT T W58 . KA A F 5E 45 21
WESE T esr JERAEEZ M mil, X T S VERERE
PRSI BRI — R i m o, H TR
KF esr FEIE 5% T4 A Z M 4 AR iciF
FEHIE

RIP & Flevell 25045 iy, J&—Fik i
I SR I R - K B DNA JF 9153159 PCR 514
M RPEFRIC R GE, AT 4875 HE A Jk PR3 AN [) S5 A67
RAS (O TC P SR PE - AE ) o HE AR
A LARPBE#A T K E ARG /. HET RIP ZEAEY)
syt fe e SRR Tz M. A
FER FH HCA L R 20 2= T 14 esrd il esr2 [ 47 4
RIP fiisi, R PCRIUESE T 4 NZAEMALA, 7
BRI T esrl B9 SINEAL, L1C7. SINEA9 i A
FIGL T esr2 (9 L1A3 i A, HcHle Chen ZEl2Mxigs
G SRR PE 1328, BRI R AR ) B e s
JEF o HEL AT REA —E RS PR, s SR R R R
kB IRE

ABFFERT 4 4> RIP AL ARSI A SR . b7
FirF0 85/ b R R o A HE AT T R
esr1-SINE-RIP1 fo; s 7E #b J5 i Bl v A& A 0 3]
SINE ffi A, K FRE TR ILAE il AR, K
5% R AL 52 5% h esr1-LINE-RIP2 i 5 i LINE®
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PR E T LINE™, 2B LINE SRS T
LINE™, HUEHE P ARAME] LINE fh A o DAFL % 7
W, 22 WS AR N SR AR B B W 95 255
LINE® #i % & 52.36% , LINE Jy 47.64% ,
Hardy-Weinberg #5657~ , 95225 % 07 5 125
-fi; (P<0.05), BB A T3 F R T %0 5 1 F
15 o esr2-LINE-RIP 3 sU7E 5 | R b R4S U 3147
Ao Frllifgd LINESRAAR, ol ge2 R e
AP FNy DN | N4 I - AN (1 G 1
TG . MELLE R 8 AR P2 7 J b e
A7 L2080 B

K esr 550 2R 255 16 eV 3 W 0 B3 1 AR
e AR EEAER, A SCHTBINT 4 4~ RIP A7 51
SRR B MR AT R AT R A A
ARIEAT RIS HT, (B K B RO (B AR e
IR)o BFIX 4 AT R A AR KR A T OCHK
et RIR esrl-SINE-RIPL 5K 1SS 36 1435
JEEJEE T 100 kg 148 8 T L JEE 5 %8 G HK o A P 3R A
esr & T AR AR FETE B R i S EAE AN, X s
(B A KRS & A S B2, e N R E
R, MERER R IR Y esrl TIRERY BIR AR 2
SR EAERKEE, MR S e
B AN AR L I T P A D X — it
2, AT BOE AR () BT — 2 )
A KPS esr R T PO AE FAALE AT MR T 4E
HABIERY, IEWIHS HA esrl PRI — gy
BT EE AT R, PR T LA
O A B PRGBS T B B R U R
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U7 240 L A K R I i A 0 S BT 20 o R DGR
TR esr SR AR 54 KAMRAE G, an 1997
4 Short 2% 4 262 S esr 7 S TIEH 4y
R, ORI esr SER S AT ERAT — @ I AH G
M SR kB S P AR
AR R I esrl FER N & 1 2 19 SINE #fi A
S MRE E EEUTAR, HMR AR LB 8 AR 4,
TE SR AS SCBAT W5 S B YRR 3 15 1) 3 A o
—B5E . BIIGIA 55T LA e AE N 4 Fhric il
BB RO VR 15 WIS R ISR, R 3 B2 R R R
) HE

4 HH

X} esrl il esr2 FEH E1T 22 7951 LX), 3 1
HRA PCR S8 th 4 /Sl sl i Z2 28V
i, RN T esrl () SINEAL, L1C7, SINEA9
1 AFINET esr2 ) LIA3 fliA . S KRABIAK
PERPEAT 0T R L, esr1-SINE-RIPL 137 5 f
SINE ™ 4li£34 AMAH TG R IR A 100 kg AT
TS 2w T SINE MR SINEAMA, 7T LA
2 RAE R 4 T AR il B K UM R R

REFERENCES

[1] Zhang Z, Chen ZT, Ye SP, et al. Genome-wide
association study for reproductive traits in a Duroc
pig population. Animals (Basel). 2019, 9(10): 732.

[2] Crespo-Piazuelo D, Criado-Mesas L, Revilla M, et al.
Indel detection from whole genome sequencing data
and association with lipid metabolism in pigs. PLoS
ONE, 2019, 14(6): e0218862.

[3] Zzhao Y, Wang K, Wang WL, et al. A
high-throughput SNP discovery strategy for RNA-seq
data. BMC Genomics, 2019, 20(1): 160.

[4] Wang H, Wang C, Yang K, et al. Genome-wide
distributions and functional characterization of copy
number variations between Chinese and Western
pigs. PLoS ONE, 2015, 10(7): e0131522.

[5] Xiong Y, Eickbush TH. Origin and evolution of

&: 010-64807509

(6]

[7]

8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

retroelements based upon their reverse transcriptase
sequences. EMBO J, 1990, 9(10): 3353-3362.

Lisch D. How important are transposons for plant
evolution? Nat Rev Genet, 2013, 14(1): 49-61.

Xiao H, Schaffner E, et al. A
retrotransposon-mediated gene duplication underlies
morphological variation of tomato fruit. Science,
2008, 319(5869): 1527-1530.

Mirouze M, Reinders J, Bucher E, et al. Selective
epigenetic  control  of  retrotransposition  in
Arabidopsis. Nature, 2009, 461 (7262): 427-430.
Clark LA, Wahl JM, Rees CA, et al. Retrotransposon
insertion in SILV is responsible for merle patterning
of the domestic dog. Proc Natl Acad Sci USA, 2006,
103(5): 1376-1381.

Dall’Olio S, Scotti E, Fontanesi L, et al. Analysis of
the 227 bp short interspersed nuclear element (SINE)
insertion of the promoter of the myostatin (MSTN)
gene in different horse breeds. Vet Ital, 2014, 50(3):
193-197.

Bift. vrtn Fil ktnl JERG 8Tl A 28 % L
HEFEERE I SCIR ST [D]. #M: #HR, 2019,
Chen W. Polymorphism identification of VRTN and
KTN1 Gene transposon insertion and its association
with
Yangzhou University, 2019 (in Chinese).

WA, Bifl, A58, . B oD kinl SR
GEM S S B FL 5 A 7 PR RE O SR IR BT AR AR
2£4, 2020, 36(2): 267-275.

Chen C, Chen W, Zheng Y, et al. Structural
variations caused by transposons in porcine ktnl gene

Jiang N,

production  performance[D].  Yangzhou:

and their association with production traits. Chin J
Biotech, 2020, 36(2): 267-275 (in Chinese).

Han S, Khan MHU, Yang Y, et al. Identification and
comprehensive analysis of the CLV3/esr-related
(CLE) gene family in Brassica napus L. Plant Biol
(Stuttg), 2020, 22(4): 709-721.

Tremblay GB, Tremblay A, Copeland NG, et al.
Cloning, chromosomal localization, and functional
analysis of the murine estrogen receptor B. Mol
Endocrinol, 1997, 11(3): 353-365.

Mosselman S, Polman J, Dijkema R. ER J beta:

B<: cjb@im.ac.cn



2802 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

[16]

[17]

[18]

[19]

[20]

[21]

identification and characterization of a novel human
estrogen receptor. FEBS Lett, 1996, 392(1): 49-53.
Rothschild MF, Messer LA, Vincent A. Molecular
approaches to improved pig fertility. J Reprod Fertil
Suppl, 1996, 52: 227-236.

TR, (TR, 2a0m, 5. esr FEATEIRZAE I
FRIEF Y 3t 4% 728 S B 5 08 S B R ) DG K
OB, 2012, 45(4): 768-773.

Wang XY, He QL, Jing RB, et al. Genetic variation
of ESR gene in different generations of Sujiang pigs
and the impact on reproductive traits of pigs. Sci
Agric Sin, 2012, 45(4): 768-773 (in Chinese).
Rothschild MF, Jacobson C, Vaske D, et al. The
estrogen receptor locus is associated with a major
gene influencing litter size in pigs. Proc Natl Acad
Sci USA, 1996, 93: 201-205.

JMg, E, EEE, & R S
FEE . K& AR, 2020, 41(8): 1-6.

Zhou M, Zhang Y, Wang CL, et al. Research
progress on candidate genes for litter size traits in
pigs. J Domest Anim Ecol, 2020, 41(8): 1-6 (in

Chinese).
Flevell AJ, Knox MR, Pearce SR, et al.
Retrotransposon-based  insertion  polymorphisms

(RBIP) for high throughput marker analysis. Plant J,
1998, 16(5): 643-650.

Chen C, Wang W, Wang XY .et al. Retrotransposons
evolution and impact on IncRNA and protein coding
genes in pigs. Mob DNA, 2019, 10: 19.

http://journals.im.ac.cn/cjbcn

[22]

[23]

[24]

[25]

[26]

[27]

FESF3C, 8k, B, 5. BilEEE s
o [ & e 4Rk, 2020, 56(11): 47-51.

Ren SW, Li BX, Ge YS, et al. Study on breeding of
Sushan pig. Chin J Anim Sci, 2020, 56(11): 47-51 (in
Chinese).

Lundeen SG, Carver JM, McKean ML,
Characterization of the ovariectomized rat model for

et al.

the evaluation of estrogen effects on plasma

cholesterol levels. 1997, 138(4):
1552-1558.

Pedersen SB, Bgrglum JD, Mgller-Pedersen T, et al.

Endocrinology,

Effects of in vivo estrogen treatment on adipose tissue
metabolism and nuclear estrogen receptor binding in
isolated rat adipocytes. Mol Cell Endocrinol, 1992,
85(1/2): 13-19.

Price TM, O’Brien SN. Determination of estrogen
receptor messenger ribonucleic acid (mRNA) and
cytochrome P450 aromatase mMRNA levels in
adipocytes and adipose stromal cells by competitive
polymerase chain reaction amplification. J Clin
Endocrinol Metab, 1993, 77(4): 1041-1045.

Price TM, O’Brien SN, Welter BH, et al. Estrogen
regulation of  adipose  tissue lipoprotein
lipase—possible mechanism of body fat distribution.
Am J Obstet Gynecol, 1998, 178(1): 101-107.

Short TH, Rothschild MF, Southwood Ol, et al.
Effect of the estrogen receptor locus on reproduction
and production traits in four commercial pig lines. J

Anim Sci, 1997, 75(12): 3138-3142.

(B339 RN TT)



