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Construction of eukaryotic expression vector of COLIAI gene in
Guizhou black goat and its effect on collagen family genes and
kidding genes in granulosa cells
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Abstract: [Objective] To construct the overexpression vector of type I collagen al chain gene (COLIAI) and ana-
lyze its effect on collagen family genes and lambing genes in granulosa cells, so as to lay a foundation for further study on
the molecular mechanism of COLIAI gene affecting goat kidding traits.[ Method ] The A and B fragments of COLIAI gene
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were cloned by overlap extension PCR, and then recombined and ligated into pUC57 and pcDNA3.1(+) linearized vec-
tors respectively. The full length of COLIAI gene was obtained by double enzyme digestion and ligation, and the pcD-
NA3.1(+)-COLIAI overexpression vector was constructed. After transfection of goat ovarian granulosa cells, the expres-
sion efficiency of COL1A1 protein was detected by Western blotting, and its localization in granulosa cells was detected
by immunofluorescence. The effects of COLIAI gene overexpression on the expression of collagen family genes COLIAI,
COIL2AI and COL3A1 and kidding related genes [ bone morphogenetic protein 15 (BMPI15) , bone morphogenetic protein
receptor 1B (BMPRIB), growth differentiation factor 9 (GDF9) and follicle stimulating hormone B subunit (FSHB) ] were
detected by real-time fluorescence quantitative PCR.[Result] The full-length circular plasmid of COLIAI gene was 1847
bp, the overexpression vector of COLIAI gene was successfully constructed after it was ligated into pcDNA3.1(+) linear-
ized vectors. Western blotting results showed that the expression of COL1A1 protein in pcDNA3.1(+)-COLIAI transfec-
tion group after 48 h was extremely significantly higher than that in pcDNA3.1(+) empty vector transfection group (P<
0.01, the same below). Immunofluorescence results showed that COL1A1 protein was expressed in the nucleus and cyto-
plasm of granulosa cells, but the expression level in nucleus was higher. The results of real-time fluorescence quantitative
PCR showed that the expression levels of COLIAI, COL2A1 and COL3A1 collagen family genes and GDF9, FSHB and
BMP15 kidding-related genes in granulosa cells of pcDNA3.1(+)-COLIAI transfection group were extremely significantly
higher than those of pcDNA3.1 (+) empty vector transfection group (P<0.01). However, there was no significant effect
on the expression of BUPRIB gene (P>0.05).[ Conclusion] COLIAI gene is widely expressed in ovarian granulosa cells,
and its overexpression can extremely significantly promote the expression of collagen family genes COL2A1 and COL3A1
and lambingrelated genes GDF9, FSHB and BMPRIB in granulosa cells. That is, COLIAI gene can cooperate with the ex-
pression of collagen family genes to promote ECM synthesis to affect ovarian tissue structure, embryonic development
and promote gonadal hormone expression, thereby affecting the kidding traits of goats, which can be used as a candidate
gene affecting the prolificacy of Guizhou black goats.
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Table 1 PCR amplification primers for overlap extension of COLIA1 gene A fragment

EIL7 YN %751
Primer Primer sequence
COLIAI-A-1 5'-ACGACGTTGTAAAACGACGGCCAGTAAGCTTATGTTCAGCTTTGTGGACCTCCGGCTCCTGCTCCTCTTAGCGGCC
ACCG-3'
COL1AI-A-2 5'-GATGTCTTCTTCTTGGCCTTCTTCCTGGCCCTCCTCTTGGCCGTGCGTCAGGAGGGCGGTGGCCGCTAAGA-3'
COLIAI-A-3  5'-CAAGAAGAAGACATCCCACCAGTCACCTGCGTACAGAACGGCCTCAGGTACCATGACCGAGACGTGTGGAAACCC
GTGCC-3'
COLIAlI-A-4  5-TAAGTTCGTCGCAGATCACGTCATCGCACAGCACGTTGCCGTTGTCGCAGACACAGATCTGGCAGGGCACGGGTTT
CCAC-3'
COL1AI-A-5 5'-TCTGCGACGAACTTAAGGACTGTCCTAACGCCAAAGTCCCCACGGACGAATGCTGCCCCGTCTGCCCCGAAGG-3'
COLIAI-A-6  5-GCCAGTGTCTCCTTTGGGTCCCTCGACTCCAGTGGTTTCTTGGTCCGTGGTTGATTCCTGGCCTTCGGGGCAGACG-3'
COLI1AI-A-7 5'-AAAGGAGACACTGGCCCCCGAGGCCCAAGGGGACCCGCCGGCCCCCCTGGCCGAGATGGCATCCCTGGACA-3!
COLIAI-A-8 5'-CGAGGCCAGGGGGTCCGGGAGGTCCGGGGGGTCCAGGGGGTCCGGGAAGTCCAGGTTGTCCAGGGATGCCA-3'
COLIAI-A-9 5'-GACCCCCTGGCCTCGGAGGAAACTTTGCTCCCCAGTTGTCTTACGGCTATGATGAGAAATCAACAGGAATTTCTG
TGCCT-3'
COLIAI-A-10  5'-CCAGGTGCGCCAGGGGGGCCAGGGAGACCACGAGGACCAGAAGGACCCATGGGACCAGGCACAGAAATTCC-3'
COLI1AI-A-11 5'-CCCTGGCGCACCTGGTCCCCAAGGTTTCCAAGGCCCCCCTGGTGAGCCTGGCGAGCCCGGAGCCTCAGGTC-3'
COL1AI1-A-12 S-TTCACCATCATCTCCGTTCTTGCCAGGGGGGCCAGGGGGACCACGGGGACCCATGGGACCTGAGGCTCCGG-3'
COL1AI1-A-13 5'-GGAGATGATGGTGAAGCTGGAAAGCCTGGTCGTCCTGGTGAGCGCGGGCCTCCCGGACCTCAGGGTGCTCG-3'
COL1Al1-A-14 5'-CATCCAAACCACTGAAACCTCTGTGTCCCTTCATTCCAGGGAGGCCAGCTGTTCCAGGCAATCCCCGAGCACC
CTGAGGT-3'
COLI1AIl-A-15 5'-TCAGTGGTTTGGATGGTGCCAAGGGAGATGCTGGTCCTGCTGGCCCCAAGGGTGAGCCTGGTAGCCCTGGTGA
AAATGGA-3'
COLIA1-A-16 5'-GCTCCAGGGCGACCTCTCTCACCAGGCAGACCACGGGGGCCCATCTGACCAGGAGCTCCATTTTCACCAGG-3'
COLI1A1-A-17 5'-AGGTCGCCCTGGAGCCCCTGGCCCTGCTGGTGCTAGAGGAAATGATGGTGCTACTGGTGCTGCTGGCCCCC-3'
COLIAI-A-18  5'-CTTAGCACCCACAGCACCAGGGAAACCAGGAGGACCAGCGGGGCCAGTGGGACCAGGGGGGCCAGCAGCAC-3'
COLIAI-A-19 5'-GCTGTGGGTGCTAAGGGTGAAGCTGGTCCCCAAGGACCCCGAGGTTCTGAAGGTCCCCAGGGTGTACGTGG-3'
COL1A1-A-20 5'-CACCAGGGTTGCCAGCAGGGCCAGCAGCACCAGCAGGGCCAGGGGGGCCAGGCTCACCACGTACACCCTGG-3'
COL1AI-A-21 5'-CTGGCAACCCTGGTGCTGATGGACAGCCTGGTGCTAAAGGTGCCAATGGCGCTCCTGGTATTGCTGGTGCTCCTG
GCTTC-3'
COLIAI-A-22  5-TTGGGACCAGGGGGGCCACTGGGGCCCTGGGGTCCAGAGGGGCCTCGGGCACCAGGGAAGCCAGGAGCACC-3'
COL1A1-A-23 5'-CCCCCCTGGTCCCAAGGGTAACAGCGGTGAACCCGGCGCTCCTGGCAGCAAAGGAGACACTGGTGCCAAGG-3'
COLI1A1-A-24 5'-TCCTTCTTCCCCAGCGGGGCCAGGGGGGCCTTGAATACCAGTGGGACCGGGTTCTCCCTTGGCACCAGTGT-3'
COL1AI1-A-25 5'-GCTGGGGAAGAAGGAAAGCGAGGAGCCCGAGGTGAACCTGGACCTGCTGGCCTGCCTGGACCCCCTGGCGA-3'
COLI1A1-A-26 5'-TGGGGCCAGCAACACCGTCAGAGCCAGGGAAGCCACGGCTTCCAGGTCCGCCACGCTCGCCAGGGGGTCCA-3'
COLI1A1-A-27 5'-GTGTTGCTGGCCCCAAGGGTCCTGCTGGTGAGCGCGGTGCTCCTGGCCCTGCTGGCCCCAAGGGGTCTCCT-3'
COLI1A1-A-28 5'-CCAGTCAGACCCTTGGCACCAGGCAGACCAGCTTCACCGGGGCGGCCAGCTTCACCAGGAGACCCCTTGGG-3'
COL1A1-A-29 5'-CAAGGGTCTGACTGGAAGCCCTGGCAGCCCGGGTCCTGATGGCAAAACTGGCCCCCCTGGTCCCGCTGGTC-3'
COLI1A1-A-30 5'-CACGCCAGCCTGACCACGGGCACCGGGAGGGCCTGGGGGTCCAGGGCGGCCATCTTGACCAGCGGGACCAG-3'
COL1AI1-A-31 5'-GGTCAGGCTGGCGTGATGGGTTTCCCTGGACCTAAAGGTGCTGCTGGAGAGCCTGGAAAAGCTGGAGAGCGA
GGTGTTCC-3'
COLI1A1-A-32 5'-CCTGAGCTCCAGCTTCTCCGTCTTTGCCAGCAGGACCAACAGCGCCAGGGGGTCCAGGAACACCTCGCTCT-3"
COLIA1-A-33 5'-AAGCTGGAGCTCAGGGACCCCCAGGACCTGCTGGCCCCGCTGGTGAGAGAGGCGAACAAGGCCCTGCTGGC-3'
COLI1A1-A-34 5-TTGCCTGCTTCACCAGGAGGACCAGCAGGGCCGGGGAGACCCTGGAATCCAGGGGAGCCAGCAGGGCCTTG-3'
COL1A1-A-35 5'-TGGTGAAGCAGGCAAACCTGGTGAACAGGGTGTTCCTGGAGACCTTGGTGCCCCCGGCCCCTCTGGAGCAA-3'
COLIA1-A-36 5'-TGCAGGACCGGGCGGCCCTTGCACACCACGCTCGCCGGGGAAACCTCTCTCGCCTCTTGCTCCAGAGGGGC-3'
COL1A1-A-37 5'-CCGCCCGGTCCTGCAGGTCCCCGTGGGGCCAATGGTGCCCCTGGCAACGATGGCGCTAAGGGTGATGCTGG-3'
COL1A1-A-38 5'-CACCAGGCATTCCTTGAAGGCCAGGGGCACCCTGGCTACCGGGGGCTCCAGGGGCACCAGCATCACCCTTA-3'
COL1A1-A-39 5'-AAGGAATGCCTGGTGAACGAGGTGCAGCTGGCCTTCCAGGCCCTAAGGGTGACAGAGGGGATGCTGGTCCCA
AAGGTG-3'
COL1A1-A-40 5'-GACCGATGGGACCAGTCAGACCACGGACGCCATCTTTGCCAGGAGCACCATCAGCACCTTTGGGACCAGCA-3'
COLI1A1-A-41 5'-CTGGTCCCATCGGTCCTCCTGGCCCCGCTGGTGCCCCTGGTGACAAGGGTGAAACTGGTCCTAGCGGCCCA-3'
COL1A1-A-42 5'-GGGGGACCAGGCTCACCACGGTCACCGGGGGCGCCACGAGCTCCAGTGGGACCGGCTGGGCCGCTAGGACC-3"
COLI1A1-A-43 5'-TGAGCCTGGTCCCCCCGGCCCTGCTGGCTTCGCTGGCCCCCCTGGTGCTGATGGCCAACCTGGTGCTAAAG-3"
COL1A1-A-44 5'-TCCAGCAGGCCCAGGGGGGCCAGCGTCACCTTTAGCACCAGCATCACCAGGTTCGCCTTTAGCACCAGGTT-3'
COLI1A1-A-45 5'-CCTGGGCCTGCTGGACCTGCTGGACCCCCTGGCCCCATTGGTAACGTTGGTGCTCCTGGACCCAAAGGTGC-3'
COLI1A1-A-46 5'-CTCGGCCAGCAGCACCTGGGAAACCAGTAGCACCAGGGGGACCAGCGCTGCCGCGAGCACCTTTGGGTCCA-3'
COLI1A1-A-47 5'-GTGCTGCTGGCCGAGTCGGTCCCCCTGGCCCCTCTGGAAATGCTGGACCCCCTGGCCCTCCTGGCCCTGCT-3'
COLI1A1-A-48 5'-CCGGGACGCCCAGCGGGGCCAGTCTCACCACGGGGGCCTTTGCTGCCTTCTTTGCCAGCAGGGCCAGGAGG-3'
COLI1A1-A-49 5'-CGCTGGGCGTCCCGGTGAAGTCGGTCCCCCTGGTCCCCCTGGCCCCGCTGGTGAGAAAGGAGCCCCTGGTG-3'
COLIA1-A-50 5'-CTGTCCAGCAATACCCTGAGGTCCAGGAGTGCCAGGAGCGCCAGCAGGTCCGTCAGCACCAGGGGCTCCTT-3'
COLI1A1-A-51 5'-GGTATTGCTGGACAGCGTGGTGTGGTCGGCCTGCCCGGTCAGAGAGGAGAAAGAGGCTTCCCTGGTCTTCC-3'
COLIAI-A-52  5'-GCCACGTTCACCACTTGCTCCAGAAGGACCTTGTTTGCCGGGTTCACCAGAGGGGCCAGGAAGACCAGGGAAG-3'
COLIA1-A-53 5-AGTGGTGAACGTGGCCCCCCTGGTCCCATGGGCCCCCCTGGATTGGCTGGACCCCCTGGCGAGTCTGGACG-3'
COL1A1-A-54 5'-AAACAGCTATGACCATGATTACGCCGGATCCTTCAGCACCAGGAGCTCCCTCACGTCCAGACTCGCCAGGG-3'
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Table 2 PCR amplification primers for overlap extension of COLIA1 gene B fragment
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Primer Primer sequence

COLIAI-B-1 5'-AGCTGGCTAGCGTTTAAACTTAAGCTTGAGAGGATCCCCTGGACGAGATGGTGCTCCTGGCGCCAAGGGTGACCGTG

GTG-3'

COLI1A1-B-2 5'-AGGGCCAGGGGCACCGGGAGCACCAGGAGCACCAGGAGGTCCAGCAGGGCCAGTCTCACCACGGTCACCCT-3'

COLIAI-B-3 5-GGTGCCCCTGGCCCTGTCGGGCCTGCTGGCAAGAGTGGTGATCGTGGTGAGACTGGTCCTGCTGGTCCTGCTGGTC-3'

COL1A1-B-4 5'-GTCACCACGGGGGCCTTGGGGTCCAGCGGGGCCACGGGCACCAACGGGGCCAATGGGACCAGCAGGACCAG-3'

COLIA1-B-5 5-GGCCCCCGTGGTGACAAGGGTGAGACAGGCGAACAGGGCGACAGAGGCATCAAGGGTCACCGTGGCTTCTCCGGTC
TCCA-3'

COL1A1-B-6 5'-CAGAGGCTCCGGAAGGACCTTGCTCACCAGGAGAGCCGGGAGGGCCAGGGGGACCCTGGAGACCGGAGAAG-3'

COLIAI1-B-7 5-CTTCCGGAGCCTCTGGTCCTGCTGGTCCCCGCGGTCCCCCTGGCTCTGCTGGTACTCCTGGCAAAGATGGACTCAATG

GT-3'

COLIA1-B-8 5'-GGACCAGCAGGACCAGCATCACCAGTGCGACCTCGAGGCCCAGGGGGACCGATGGGGCCTGGGAGACCATTGAGTC
CATC-3'

COL1A1-B-9 5'-TGGTCCTGCTGGTCCTCCCGGCCCTCCTGGACCCCCTGGTCCCCCCGGTCCTCCCAGCGGCGGCTACGACT-3'

COL1A1-B-10 5'-ATCAGCCCGGTAGTAGCGGCCACCATCGTGAGCCTTCTCTTGAGGTGGCTGGGGCAGGAAGCTCAAGTCGTAGCCGC

CGC-3'

COL1A1-B-11 5'-TACTACCGGGCTGATGATGCCAACGTGGTCCGTGACCGTGACCTCGAGGTGGACACCACCCTCAAGAGCCTGAGCCA

GCA-3'

COL1AI1-B-12 5-GGTCACGGCAGGTGCGGGCGGGGTTCTTGCGGCTGCCCTCAGGGCTCCGGATGTTCTCGATCTGCTGGCTCAGGCTC

TT-3'

COL1A1-B-13 5'-GCACCTGCCGTGACCTCAAGATGTGCCACCCCGACTGGAAGAGCGGAGAATACTGGATTGACCCCAACCAAGGCTGC

AAC-3'

COL1A1-B-14 5'-GGCTGAGTGGGGTACACACAGGTCTCACCGGTCTCCATGTTGCAGAAGACCTTAATGGCATCCAGGTTGCAGCCTTG

GTT-3'

COL1A1-B-15 5-GTACCCCACTCAGCCCAGCGTGGCCCAGAAGAACTGGTACATCAGCAAGAACCCCAAGGACAAGAGGCACGTCTGGT

COL1A1-B-16

COL1A1-B-17

COL1A1-B-18

COL1A1-B-19

COL1A1-B-20

COL1A1-B-21

ACG-3'

5'-CACATCGGCAGGATCGGAGCCCTGGCCGCCGTACTCAAACTGGAATCCGCCGGTCATGCTCTCGCCGTACCAGACG

TGCC-3'

5'-GATCCTGCCGATGTGGCCATCCAGCTGACTTTCCTGCGCCTGATGTCCACCGAGGCCTCCCAGAACATCACCTACCA

CTG-3'

5'-CCTGGAGGAGCAGGGCCTTCTTGAGGTTGCCGGTCTGCTGGTCCATGTAGGCCACGCTGTTCTTGCAGTGGTAGGT

GATG-3'

5'-CCCTGCTCCTCCAGGGCTCCAACGAGATCGAGATTCGGGCCGAGGGCAACAGCCGCTTCACCTACAGCGTCACCTA

CGAT-3'

5'-GAGGTCTTGGTGGTTTTGTATTCGATCACTGTCTTGCCCCAGGCTCCGGTGTGACTCGTGCAGCCATCGTAGGTGAC

GCT-3'

5'-AACCACCAAGACCTCCCGCTTGCCCATCATCGATGTGGCTCCCTTGGACGTTGGCGCCCCAGACCAGGAATTCGGC

TTCG-3'

COL1A1-B-22 5-AGCGGGTTTAAACGGGCCCTCTAGACTCGAGCGGCCGCTTACAGGAAGCAGACAGAGCCGATGTCGAAGCCGAATT

CCTGGT-3'

* 3 EHREHKEEPCRYESIMFIER

Table 3 Real-time fluorescence quantitative PCR amplifica-

tion primer sequence information

LR 44 51975 PR

Gene Primer sequence (bp)

Product size
qCOLIAI F:5-AAGAAGAAGACATCCCACCAG-3' 133
R:5'-CAGATCACGTCATCGCACA-3'

qCOL241 F:5-CGCCACACTCAAGTCCCTCAAC-3' 132
R:5'-ATCCAGTAGTCTCCGCTCTTCCAC-3'

qCOL3A41 F:5-CTGGCGTTCCTCCGACTT-3' 289
R:5-CAATATCATAGGGTGCAATGTCT-3'

[f-acting F:5-GGTGCCCATCTACGAGG-3' 154

R:5'-CTTGATGTCACGGACGATT-3'

5, COL1A1-B-22(50 pmol/uL)0.5 uL, & & fiiPV2
0.5 uL, 5xPV2 Buffer 10.0 pL, 10 mmol/L dNTP
1.0 pL, ddH,O %M 2 50.0 pL. ¥ 84 F2 ) [m 55— 4
PCRY MEARIT o 434 7= W) 28 1 % Bt HiE W58 1 P VK ASE
W, B COLIATFRER AFIB R Bt o [A] B R H Hind

11/BamH T EFHIpUCS 7344 . BamH 1/Not TR 1]
peDNA3.1(+) 2Rk, i RN g U] 7= 1y ) 64 T 4 3%
PR . AR B RIS WA 4.0 pL, pUCST4ME
fb 3 A (Hind 111/BamH 1) 3.5 pL, T4 DNA % 42 fiff
2.5 uL; BA B R BN HIB 4.0 uL, pcDNA3.1(+)
LRV 2 AA (BamH 1/Not 1)3.5 pL, T4 DNA i 3 il
2.5 uL, 50 “C/K¥25 min, 7K b7 E 2~3 min, B
HERE Y ATBA20.0 pL, 23 510 A3 100.0 pLEk
A MR T RRIE A, VK30 minf542 °C
KBGO0 s, PR E T UK ¥R H1S min, B 5 W]
BHMAT700.0 pLICHUAE R LBIRAARE 7738, iz
IRA), B T37 € F 180 r/minde KI5 351 h, ffi 5 &
B, 51500.0 pL EIEW B R S B 50 R
FELBRGFRIE [ ,37 CHEFRad i o B T4 O e S 2
P 35 7 B BT VK L 43 i COL1AT-A-17F1
COL1A1-A-54 .COL1A1-B-1f1COL1A1-B-22%}A .B
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HATHTEPCRE T o BENLEK LA PHE: ve b i & T
LB AR #2337 °CF 180 r/minf R 1 4 13 7
(12~16 h) , 3RBUTCHRE, 3% 2 b 5t R A YRk 4y
A BRZA F1
1.4 COLIAIEEERKHWERERE

X0 P LA 1 I e A AR A R A T LT ok A
(JFEkiB)10.0 pL . Hind 111/BamH 1452.0 uL (BamH
I[/Not 1452.0 uL) , Buffer 1.0 pL. i 51 4) 7= 4
PEATIERE  OVAR R I IS = A 4.0 uL, g [T =
YIB 4.0 L, T4%EREREL.0 L, T4%EHEREBuffer 1.0 plL.
50 °CIK¥525 min, & 2~3 minfdi R, FE T
Al K BROA AT GEBEIRI1.3),37 CREFRE 0, 452 d
PR IR 5L 10 PR R VE A TPCREE A . KIS
B Adi ] COL1A1-A-39 F1COL1A1-B-125| ¥ #E 17
TPCRY 1Y, 28 1% REHEE 11 i Uk Al )5 Pk 26 41
FEPE P B TLBIR AR 5,37 “C IR (180 r/min)
RS i, 552 dPEIUTORL, IR Hind 111/Not 14T
UG]S 5, W PCRXE 22 FIUL V) 45 502 1 (%) Jookr
1 B U R Y B B0y A BR A W) AT I
1.5 COLIAISRIEFHRAEF 0D E TR

W T HA 53 B A7 1) I SR 241 AL I -80  C KA
FECHE , 1000 t/minBS.05 min, 35 B WE IAGE B
B AL, IO AT IR A il 14t i 2 BT 3188, 1AL
30740, AT A B 6L, FINA2 mL5E4s
B dk, T+ kiR A . fRAiR12 h)g, ik
T 3% L5 I T A 2 15 97 3 s IR P8 Lipofectamine™
2000 Reagentf# Y il 71 &5 i FH UL, 5% Yt pcDNA3.1
(+)-COLIAIFIpcDNA3.1(+) 23 344
1. 6 Western blotting#MICOL1 A1 B FRiA R E

Fram it yeds him , s LA 85 37 3% R H
TV (I PBSIH YE2 IR, LA WA S 1T RE W 2 5% 8 19
PBS, #fLfINA150.0 pL RIPAZY# (£10% PMSF),
BT 4 CHKTT/2Y#20 min, %A% B Z1.5 mL
B, 4 °CTF 14000 r/min®.0r 10 min, $F 5T
MM EHNE.OE T, -80 CIRAFEH . RHBCA
A R S A T AR O B B B AR R A
FHIFVE BE J AR 1 B AR G2 vl (B 1 1 B
ZEhi=4:1) 182,100 CZ5M10 min, B T ok B
110 min, & . BFLIMA20 pg®E 5.0 pLE A
FUT Maker, 80 VI 4E30 min, 110 V4351 h, )5
110 V70 min 5% MilE 05837 CH2 h, FRkF
PVDF i it A TBST i B 1) #e #T COL1A1 (1: 1000)
FIGAPDH(1:5000)—iH",4 CHFHE K. 52 dFl
We—t, TBSTYEAR3 YK , B:UK 10 min, FI4PVDFE L

A1:5000F B FUHRPHRIC 1L SE 4TS —di i, 37 CHi
A 1.5 h, TBSTUERE3 YK, 57K 10 min, fz /5 il AECL
LA RO AT B, BE 5 i BE IS SR R 45t
AT UG 3 -
1.7 COLI1A1ZE B 7 9P £ B i TE 28 A TE 1L 53 1

I 2 [B] 42 G0 8 58 LK I COL 141 3 PH 7 B §E
g et I RR DR VA RV G U R R B U
35 mmPE R, JE 9512 hIG 35 35 38, AT 1
PBSV§ YE3 UK, N A 4% 2 5 WY [ 5 48 120 min,
PBSIEE3 K, MAPBSHEL i #90.25% Triton X-100%
38 %5 min, PBSEUE3 X, il APBSEL il 79 10% /1
A IMYE ,37 CHAT h, FEE P, AL 2508 B
HRILCOL1AL, 4 CHFE K JGPBSIEE3IR , kit 5E
AT A3, AL 50078 B Cy34nic L 24T f
W PR 1 h, PBSIHUE3 X, I ADAPIH4 4% 10
min, PBSTE U3, W 244, il 90 1 i
NEEHA G, 43 AT COL 1AL 1 75 J0RE 240 il v () 7€ 1
T
1.8 pcDNA3.1(+)-COLIAIF R EBRIEERA
BLFEFEEEAREENFM

PIpcDNA3.1(+)-COLIAIFIpcDNA3.1(+) 25 %,
AP VR e G U 20 MY, %% L 48 h >R ] GeneJET™
RNAZEALIA ] S B IRNA , M LMt
FE A I RNA T, 3 3 HiFi Sariptidhi % s 5] £
F ik 34 cDNA B cDNAF B 2800 ng/uL i B 3%
HEAT JZ 56 e a2 e PCRAG I o 2 W7 A 22 10.0 pL:
SBYR Green qPCR Mix 5.0 uL,cDNA#Hz1.0 uL,
10 umol/L_ I . N5 #1450.5 puL,ddH,0 3.0 uL. ¥~
HAFEF .95 CHIZEME 2 min; 95 °C 305,60 °C 30 s,
70 °C 30 s; UM B 9O 2 7 PCR [ 47 A9 4 fife it
2 HEATA0OMIEER , LAB-actin W NS HE N, BR3P H
82 SEEF RO R PCREZ I COLIAI, COL2A1 Fl
COL3A1}:H } GDF9 . FSHB . BMP15 F1BMPRI1B 1|
Fr A A R R IR O (L4, 2020) , #F— 20
G3HTCOLIA I 5 1L 2 7= SR Rl AR OGPk
1.9 SitHthr

fif 2 vk 5 B H S A ek il T
o 6 o3 BT A PR Rk 22 APk 5 SR HISPSS 19.08E7 7 ERL [
)7 247 (One-way ANOVA ), Ll GraphPad Prism
8.0l RIRLE R = D3R LI ERE i,

2 HERE5RH

2.1 COLIAIEFEAFBH LR
COLIAIFEN A B R Bt 433>k HICOL1A1-A-1~
COLIA1-A-54F1COL1A1-B-1~COL1A1-B-222| ¥
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ﬁﬁﬁéﬁﬁﬂPCR#i,FEKE%HB’\JA\BH&JHU%H%
COLIAI - A - 1 #1 COL1A1-A-54, COL1A1-B-1 #lI
COL1A1-B- 22%!%& TRAIE, HPE 21 Y% i i i
JiE FL DK ARG T A5 55 U 45 SR AR A I R Be (T 1) , 3R I
O3By BECOLIATFE R AFIB F B oy, vl i A7 —
A
2.2 EREECOLIAIEFEAFBEE

B 2.0 B B B = A VB B ALV &
pUCS7 4k Mtk 2 A4 (Hind 111/BamH 1) FlpcDNA3.1
(+) R PEAL AR (BamH 1/Not 1) |, BEE- W 44k
KBTS , Pk 75 A TPCRASE | S e 4
(#12) 5 B R B/ h—30, #4 BHYE e R ok i 2=
TR A YR AR A BR A BI04 SR I
2.3 COLIAIEREZKHMBERETEER

W R A B A JBORE A R JBTRL B 43 S A
Hind 11/BamH 18{BamH 1/Not 147 X Y], A B~
Y2 T4 DNABEHEMHERAS B 2K IMETFH), H =)
BRI AL R TS PCRYEAE , 4 R R W], 2 K b Tk
Kl K/ NA 1847 bp, £E1000~2000 bpli] H HERH = 4545
(E3-A) , H BRI 725 R A, R B ARAS IR0 1 4=

5000 bp
3122 bp %888 Ep
P
1500 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

k ok B X LA Y SR fi FH Hind T/ Not itk
TR S 5E , 45 A 5000~6000 bpA14000~5000 bp

I‘Eﬂthfﬂﬁﬂ%nﬁﬁ(lz‘ls B), /3 HpeDNA3.1(+) 25 %
KK COLIAIFEH 2K R B, BCOL1A 13 it 23k
L= AUNAEIIR
2.4 COLIAIEEFIENERNER

SRS COL1ATHE PR A% 3R 38 2K 1 2 35 34
%, IpcDNA3.1(+)-COLIAI FlpcDNA3.1 (+) 23
A e Bk 4 iR 48 h )i, 38 i Western blotting £ |
COL1AlEHRA G, 451 (K4) 7R, pcDNA3.1(+)-
COLIAI%E L2 R () COL1A 1 45 [ A W 32 35 % b
F 15 TpeDNA3.1 (+) 28 # AR YL 2 (P<0.01, R [A]) ,
UL COLIA IR i F ik st @ )iy, \T T8 —
5
2.5 COLIAIERTMAENMER

G E DRI &5 R Bon - 5 IR Al AH L, &
HPTCOLIATL(—HT ) T A9 4 00 0 i 9k e b1
0, DAPLRF A AZ G s 2, W COL1A 18R 7R
167 200 L 1% 200 B A B A A A B o R A Rk (HL 4
Wb B9 R B SR T AR BT ([515) , R IWICOL1A 1R

5000 bp
3000 bp
2000 bp
1401 bp 1500 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

B 1 EBEMPCREECOLIAIEBEAMBHRENBRRREEELE
Fig.1 Identification of overlapping extended PCR clones of fragments A and B in COLIA] gene

M:DL5000 DNA Marker; 1~2: #3474 Amplified product

M1 2 3 4 5 6 7 8
A

5000 bp 3122 bp
3000 bp
2000 bp
1500 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

B 2 COLIAIEFEAFBREEHERE

) E
73

BE%PCREELE

Fig.2 PCR identification of recombinant ligated colonies of fragmentsAandB in COLIAI gene
M:DL5000 DNA Marker; 1~8: #3474 Amplified product
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10000 bp

8000 bp

7000 bb

6000 bp
et
3000 p 3000 bp
1500 bp P
1

2000 b
500 bp P
250 bp
100 bp

1000 bp

B 3 COLIAIZERERKIMLEAHIPCREE K WEYIEFE LR
Fig.3 PCR identification and double digestion of full-length cyclized plasmid COLIA41 gene
A:PCRAEZER (M:DL5000 DNA Marker; 1~8: 734 74)) ; B: B % 1 45 5% (M : DL10000 DNA Marker; 1:pcDNA3.1(+)
BUA;2: COLIA IR FRRHAR)
A:PCR identification results (M:DL5000 DNA Marker; 1~8: Amplified product) ; B: Double digestion identification (M: DL10000
DNA Marker; 1:pcDNA3.1(+) vector; 2: COLIAI gene overexpvession vector)

pcDNA3.1(+)-

COLI1A1 pcDNA3.1(+)
COLIAI b 2
anvors | VD .

Pl

02 -

Relative expression of
COLI1AL1 protein

COLIAIZEAHENE

0.0

pecDNA3.1(+)-COLIAI pcDNA3.1(+)
xR 2SR 3 (P<0.01)

** represented extremely significant difference (P<0.01)

B 4 COLIA1ZE B Western blotting#& il 5 5
Fig.4 Expression of COL1A1 protein detected by Western blotting

FIAE AN A 1 2R B KO B 5
2.6 pcDNA3.1(+)-COLIAIRIEEBRKER
FIXHI RN
LipecDNA3.1(+)-COL1AI K pcDNA3.1(+) 25 #;
A3 ) e YL ORI LS L S 2 5 5 8 PCRAS I 45
R (F6) 7R, pcDNA3.1(+)-COL 1A 1% YL 40 ki 48
o v COL1AI . COL241 M1 COL3A1FE R ) A1 %F e 3k
A & = T pcDNA3. 1 (+) 55 28 A5 Yt 21 ok 241
JHa, 158 BH 3 #3K COL 1A 135 H ) RR AR HE 1Y | TR I
AU I 2R A5 Ao
2.7 pcDNA3.1(+)-COLIAIX F=EBXERRKIE
s
i 3 52 i} %€ ) 72 B PCR K 3 3 3K COL1A41
FEPRXT 1 2 7= S A R FE ) GDF9 . FSHB . BMP15 Al
BMPR1BFR/K I3, 4559 (F7) 7R ,pcDNA3. 1
(+)-COLIAI%% 4% 211 i fr 44 i () GDF9 . FSHB Fll
BMP 1 53RN 5 b {2 3 5 T peDNA3.1 (+) %8

ARG YL 2 | {H X BMPRI1BEE Fl 114 2% 35 T 1B 35 52 i)
(P>0.05, F[F) o A WL, ik 33k COLIATFE R v] fig i
PR IRAR I PR Feak BRI COL 14 156 1R 3 ik
A 2 A G 35 PR 3 8 T 2 Ml 5% N P L 2 1) 7 6
62N
3 iFig

ECM ELAT 4+ B 5 20 21 48546 K 1F % DI 1 B9 XL
FEAEH, IR R L R E L5 E . ECMH R
FRbE R FE R IR I 7 RA &R
S L FE AR T DA, SE X SR R B A AN
20 (Long et al.,2018) . BRELAE LIpA Kby
W SR A A AE 2 DB R (RIS, 2020) . A
WF 5 14 52 I 2926 8 B PCRAG I 45 S 2 1], b 6 3k
COLIAIEN G COL2AT RN COL3A1FE PR AR X} Fe 3k £
W 2T, DRI E3E COL 14 135 R 7 J5Uk: 21 Bt Hh (Y
Fik  WECM A H A EEALHEEH . COL1A1
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L e

LSl B. DAPIYL (% DAPI Stafning

C.COL1A144{f COL1ALI staining

D. Merge

5 COLIAIEBEMEMMMERIRNEMER

Fig.5 Fluorescence localization of COL1A1 protein in granulosa cells

3107 = 2R

mmm pcDNA3.1(+)-COLIAI

= pcDNA3.1(+)
2.5%107 =

X
i 2x107N

2.5
2.0
1.5
1.0
0.5
0.0

7

rTr1rr-7s

ko

3

COL2A41 COL341
BEZEAFKEERE Collagen family gene

B 6 FRIECOLIAIERAMKRRERREERRENZIM

Fig.6 Effects of overexpression of COLIAI on expression of
collagen structural gene

PR TR (P<0.01) . [EI7]

** represented extremely significant difference (P<0.01). The same

was applied in Fig.7

LiEPOE
Relative expression

COLIAI

15 mm PcDNA3.1(+)-COLIAI

= pcDNA3.1(+)

Relative expression

GDF9 BMPI15

FSHf  BMPRIB
F=EMEXEE Related genes in lambing
B 7 SRIECOLIAIZERMFHREXERRIENZNM
Fig.7 Effects of overexpression of COLIAI gene on expres-
sion levels of related genes in lambing

VR T i 526 1 09 T B A R Ry, 25 i i B 7
1258 R AN A2 0%, H-5 22 i 4 it N e A o
(Ilhan-Mutlu et al.,2016; Wang and Yu,2018). %%

A7 SCHFFAE (2020) AIFFEIESE COL 1A 13 PR i 55 BE 110 il
B 597 20 MU ES - 2485 ; Li%% (2020) 5% & A T/GF-B1
G5 R COLIAIRH R IR RS Z B 0P HLEAAE
(PCOS) G HEOP AT R UIM O . LAh , e F L
R ICOLIAIIEN F 357K F-RE S 4 i JL YR 145
P B 252478 Ak, TR s R4 4 i JL B 82 % 7 M
W8] i B HY (Franchi et al.,2020) ., ASHFSE 5o
Y K IN, COL 1A 1L PR 7E SR 20 B A 40 b A% S
AN T R )2 6K, 5 COLIATREN AR )2 DRk
FYIAC , FL 0 35 ECM 5 40 MY . 40 0 5 40 A 17] 79 AR
HAEA.

SR 210 it B9 S O 7 v A MR AN i (B 4
15,2013, J0A 200 B Ay 35 5 T A 1 D 3 7 il ,
JH T 5| & B 4] 51 (He et al.,2016) . BMPRIB,
BMP15 . GDF9Fl FSHB 72 5% Wi 51 ¥ & 7 F1HE 51 %5
1Y £ Jifi 2 K (Mulsant et al., 2001 ; Galloway et al.,
2002; Bodin et al.,2007) , Kl It , BMPRIB . BMPI5 .
GDFIFIFSHBHE K 7E 51 S A0R 40 i rh 1) 63k K-
YE T bn B K TG sh B S 3. Dhoe kB,
GDF9FMIBMP1 53N )& T TGF-BE R i , LM FL )
YR A A rp R A FEEL N A 1 D AR (XA,
2016; 5 T K%, 2017) , H. GDFOFE R [ £ T B
BLTETE BRI 2R I J5 b TR R I Bk =
A (B, 2020) s 70 G A0 R 1ILE PBURILE K
U RIS s Th i & B, GDF9MBMPI5
B R 7 T A Y R M A el R S AU b A
(Cui et al.,2009; X754, 2016 #7351 A %5,2018) , H.
BMP 153 K 98 78 7 B 55 Py 38 1 A1 A 50020 it 28 1
DR AR RS /NG NHEI %L (Galloway et al.,2000) .



270 - BoA Rk F R 54 %

AWFFTLE R WoR i R IR COLIAIFEN G , GDFIFI
BMP 153 PR 7 O SR 20 A Hh 0 AF G 3 m bt
15 TpeDNA3.1 (+) 25 AR Y 4 AN COL 14 15
(R Feak RBAE E DY 5L ARG & B MR [a) o =44, a2 1
SEMA L2 BTE PR RE . URL 20 A 53 A FSH . LHZE
[ S TR R A2 A, M IR I AR KB T R AP A
B )8 4% 45 R 3f 19 2B K & B (Matsuda et al., 2012;
Baufeld and Vanselow,2013) , H. 742 &K 2% i) P [F)
YERT e 2E IR L, 175 & HEDE G BE XA, 1996 ; B
o5 K45E,2000; Arato et al.,2018) , 42 112 i Eh etk
F RO (45, 2010) . AR R IR, i 2k
COLI1A1FEH I BEAR 5k 25 2 =5 FSHBHE R 3235 | ik
M COL1AIHE N 32 B30 33 52 Wi b DG M i R Rk ks
Wi 360 2% 7, TS 0 L 2 A = S B

AWFIE S5 R 2 B, COLI1ALHE R AE R4 i
Iz Fik, Hat %38 COLIAIIEN G etk B 48w
JE SR A4S ML COL2A1 .COL3A 1 K =26 A5 HRE A
BMP15 .GDFIMIFSHBWIAIX Fik i, Hrp,COL141
B PR 2 52 M ECMAE B 53 50RE4H I b i) 5 B 4
R Op A 250 KA R G 4 B PRI
T e L2 09 77 2685, 5 00 8k & A NI i 1)
. TEINVLE B R, e S ARfL &
BRI UKL A0 14 G 240 ) B 2 e IR AR AR
HORAF . NSO 4 I ) o R TR T SN i A
BiAh i R EHARA T TR IR R 2RO
CEA A IR B P & 2 (Tu et al.,2019) . EF
WF5E A& B, BMPR 1B PR 7E 45 2 B S 550k 41 A Hh
Pk (TP E 55 ,2018), HBEE NI % & BMPRIB
FEH F R K -2 i T (Li et al.,2021) , 45 Higeih
2 ORI ) 2 5 50U 0 UK 40 B UF T (Yao et al.,
2019) ., FEAMHGEH, I FRIKCOLIAIFE KX BMPRIB
FH PR (R ARG 0k B T B R (HCOL 1A 1 3£ RE 75
TR 1 SRR 20 MG 5F LA 2 DR & T R
— R .
4 Hig

COL 1A R 75 OP 5L 550040 i o )32 ek,
I RN R I 2 R I R I G K COL24 1R
COL3A1 K= 2 A0 K FE K GDF9 . FSHBF1 BMPR 1 BTF
TR 223k, B COL 1A 15K A Bl Jie i 2 1
FEHE R 22 I8 0 BEECM A 1K 52 Wi B 55 20 21 2%
WG & B SAREPE AR R Ak, HE T s i 1 2
SEMRIR, TR A R MR S B L 2 2 26 e JE N R A
AP .
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