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8 E: %L F (Cashmere goat) £ —KvAA =L F&A T F A, BEREA @A LT, BE. REM
&% Emk, ALF AKX E XFEE (Keratin associated protein, KAP) #FH &4 4 & @ (Bone morphogenetic
protein, BMP) EFAGFf L E Mg iafe b2 T REZERN. ATRGLFRNG T EF0R, F04
kap6.3, kap8.1 A= bmp4 A B 9 4m H A T % &4k (Bacterial artificial chromosome, BAC) #HATHF 5. & &% A R
RE G 7y ikt BAC #ATIEAG, HAK B Lo 4 F T AL ) Tol2 4 & TN BAC ¥, &/ERM Amaxa
Nucleofector # %t £ #H K¥E154Fi14) BAC AR L FRF L@, ERLAVURIMETSHEAERBHY
BAC-Tol2 # k. #H Ak L &4 UBC B34 egfp ARt A B A= A AZ Th £ 40tk neo AR, JF B HARG) st A Ay
loxp Tk, A4t EmipEiriefduit KR o)X RAE RS, B L @RAE LT 1% 6%, R TE 10%. MK
) iRAF T SN R4S kap6.3. kap8.1 A= bmpd A B 49 ek, HAB LEHKL FHESE. FAAYW, £ BACH
A6 LR Tol2 46 B F 24340 T Wit LB L%, RET BAC LA EA A FEFA5 b,
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Cashmere goat bacterial artificial chromosome
recombination and cell transfection system
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Abstract: The Cashmere goat is mainly used to produce cashmere, which is very popular for its delicate fiber, luscious
softness and natural excellent warm property. Keratin associated protein (KAP) and bone morphogenetic protein (BMP) of
the Cashmere goat play an important role in the proliferation and development of cashmere fiber follicle cells. Bacterial
artificial chromosome containing kap6.3, kap8.1 and bmp4 genes were used to increase the production and quality of
Cashmere. First, we constructed bacterial artificial chromosomes by homology recombination. Then Tol2 transposon was
inserted into bacterial artificial chromosomes that were then transfected into Cashmere goat fibroblasts by Amaxa
Nucleofector technology according to the manufacture’s instructions. We successfully constructed the BAC-Tol2 vectors
containing target genes. Each vector contained egfp report gene with UBC promoter, Neomycin resistant gene for cell
screening and two loxp elements for resistance removing after transfected into cells. The bacterial artificial
chromosome-Tol2 vectors showed a high efficiency of transfection that can reach 1% to 6% with a highest efficiency of
10%. We also obtained Cashmere goat fibroblasts integrated exogenous genes (kap6.3, kap8.1 and bmp4) preparing for the
clone of Cashmere goat in the future. Our research demonstrates that the insertion of Tol2 transposons into bacterial
artificial chromosomes improves the transfection efficiency and accuracy of bacterial artificial chromosome error-free
recombination.

Keywords: Cashmere goat, bacterial artificial chromosome, Tol2 transposon, electric transfection
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Table 1 Sequence of primer
Primer name Primer sequence (5'—3") Length (bp)
KAPS8.1-F ATACTGAGGAAATTCATTCCCTGC 199
KAP8.1-R GCCCCAGAGCCGTTGTAG
KAP6.3-F GCTCAAGTGACACCTATACTCTCC 306
KAP6.3-R CAGAACTGGAAAATTGGAGGGT
BMP4-F GCGAGCCATGCTAGTTTGATACC 314
BMP4-R GTGGAAGCTCCTCACGGTGTTG
EGFP -F ATGGTGAGCAAGGGCGAG 751
EGFP-R TTACTTGTACAGCTCGTCCATGC
Homology-F1 ACATGTCGTCGTAACCTGTAGAACGGAGTAACCTCGG 1516

TGTGCGGTTGTATCCCTGCTCGAGCCGGGCCCAAGTG
TTAACGTGCCGGCACGGCCTGGGTAACCAGGTATTTT

Homology-R1 GTCCACATAACCGATTATGATCCTCTAGATCAGATCT
Tol2-F TCTGGCTAGAATCTTACTTGAG 591
Tol2-R GACTTCCATTGTTCATTCCAC
pBAC-EGFP-F TTCCGTTCTTCTTCGTCATA 529
pBAC-EGFP-R ATGTCCTTCTGCTGATACTG
Xho | PolyA Sal |
UBC EGFP

pPb-UBC-EGFP

Amp I

pGL3-Control

Not1 Kapl Bg I

Amp

7zf-mcs
LoxP EM7 Bam Not |

PGK l Neo/KanlBGHPA| ’ } l Amp
LoxP-Neo
LoxP EM7 Not |

PGKI Neo/Kaa BGﬁA l EGFP l UBC ‘ lAmP

PolyA

LoxP-EGFP-Neo

1 LoxP-EGFP-Neo #fA#iE itz &
Fig. 1 Construction of LoxP-EGFP-Neo vector.
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1.3.2 BAC
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—
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Hind T
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ﬂ LoxP @
Homo- Fl 1200 R150Homo-R1| LacZ Cm

Tol2-F1 Tol-RI H’”d n
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2 pCCI1BAC-Tol2 ik EiRi2E
Fig. 2 Construction of pCC1BAC-Tol2 vector.
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Fig. 3 Construction of pCC1BAC-Tol2-EGFP vectors.
LoxPEM7
pG|K| VeqBGHPA |EGFP |UBC ‘ ol Amp
Homo-R2 l
LoxP-EGFP-Neo
pcclBAC Cowe

LoxP EM?7 LoxP
UBC . EGFp BGHPA Neo|PGK

WA
sy s 1

Homo-F2 PolyA Hind 111
pcclBAC-EGFP

4 Jt Tol2 4 FEF pCC1BAC-EGFP #H Kk RiEE
Fig. 4 Construction of pCC1BAC-EGFP vector less Tol2 transposon.

400 pg/mL
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135
(egfp)
(neo)
loxP
Cre ( 400 ng)
Cre-LoxP (egfp)
(neo) Cre-LoxP
6
PCR
2 RN
21 HREE
2.1.1 UBC-EGFP-ployA
PCR
PCR
egfp 751bp (  5A)
1
Xho [
2930bp 439bp( 5B) PCR
2.1.2 pCCIlBAC-ToI2
Homo-F1
Homo-R1 PCR Tol2
6 1516 bp

2 3 26 PCR

Tol2-F1 Tol2-R1
PCR

7 PCR 591 bp

5 LoxP-EGFP-Neo #{k PCR g &£ E

Fig. 5 Identification of LoxP-EGFP-Neo vector. (A)
PCR amplification of egfp gene. 1, 2, 4: positive clones;
3. false positive clone; 5: negative control. (B)
Xho I enzyme digestion of LoxP-EGFP-Neo. M: DNA
marker.

2.1.3 pCCI1BAC-Tol2-EGFP
Tol2-F1

Tol2-R1
8 591 bp

8 12

kb M1 23 456 7 8 9101112131415161718192021222324

2
1

kb M 252627 28293031 323334353637 3839404142 43 44 45 46 47

2
1

6 PCCIBAC-Tol2 #{k Tol2 3 EEFHE Kk PCR £ &
Fig. 6 PCR amplification of Tol2 transposon in pCC1BAC-Tol2 vector. M: DNA marker. 1-8: PCR products of

Tol2 transposon using 706H15-Tol2 vector as template; 9—24: PCR products of Tol2 transposon using 169D05-Tol2
vector as template; 25—43: PCR products of Tol2 transposon using 572K 17-Tol2 vector as template; 44—46: negative
control using BAC 706H15, 169D05 and 572K 17 as templates; 47: negative control using double-distilled water as

template.
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bp M1 4567 8 91011121315161718192021232425272829

'} T T

bp M 30 31 32 33 34 35 36 37 38 39 40 41 42 43

700
500

7 pCCI1BAC-Tol2 Kk &E Kk PCR £ &

Fig. 7 PCR amplification of pCC1BAC-Tol2 vectors using Tol2F1 and Tol2R1 primers. M: DNA marker. 1-8: PCR
products of 706H15-Tol2 vector as template; 9—24: PCR products of 169D05-Tol2 vector as template; 25-42: PCR
products of 572K 17-Tol2 vector as template; 43: negative control.

pBAC-EGFP-F  pBAC-EGFP-R
bp M12345678910111213141516

PCR 10 529 bp
500

B8 FE_REHEE Tol2 #EFH BAC BRIEMRK
PCR¥E
Fig. 8 PCR amplification of the second

recombination products using Tol2-F1 and Tol2-Rl1 by Mg e g e O e e e

primers. M: DNA marker. 1-4: PCR products of g88

706H15-Tol2-EGFP vector as template; 5-9: PCR
products of 169D05-Tol2-EGFP vector as template;
10-13: PCR products of 572K17-Tol2-EGFP vector as
template; 14: positive control using construct of first
recombination as template; 15: negative control using

9 pCCI1BAC-ToI2-EGFP #H A& Kk PCR ¥

Fig. 9 PCR amplification of the pPCC1BAC-Tol2-EGFP
vectors using pBAC-EGFP-F and pBAC-EGFP-R
primers. M: DNA marker. 1-4: PCR products of
706H15-Tol2-EGFP vector as template; 5-7, 9: PCR
products of 169D05-Tol2-EGFP vector as template;
10-11, 13: PCR products of 572K 17-Tol2-EGFP vector
as template; 14: negative control using double-distilled

BAC as template; 16: negative control using
double-distilled water as template.

BAC UBC water as template.
pBAC-EGFP-F
pBAC-EGFP-R PCR bp M1 2 3 4 5 6 7 8 9 10 11
; S R~ TSRO
9 PCR

B 10 Bk PCR £F X Tol2 ¥ FE F #
pCC1BAC-EGFP #,{K
Fig. 10 PCR amplification of pCCIBAC-EGFP

21.4 Tol2 pCC1BAC-EGFP vector less Tol2 transposon. M: DNA marker. 1-9:

positive clones; 10: negative control; 11: positive

( ) control using construct of second recombination as
Tol2 BAC template.
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22 HIFRALEMBAER. RHES5EE
221

48 h
572K17-Tol2-EGFP

706H15-Tol2 -EGFP

169D05-Tol2-EGFP
( 11
400 pg/mL
( 12A-C)

1%—6% 10%

I(Mm

I(Mm

1 (Mm

B 11 AR RN

Fig. 11 Detection of cell fluorescence after
transfected with 706H15-Tol2-EGFP (kap8.1 gene)
constructs (A), 572K17-Tol2-EGFP (bmp4 gene)
constructs (B) and 169D05-Tol2-EGFP (kap6.3 gene)
constructs (C). Scale bars=100 pm.
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12 BRI LG e

Fig. 12 Detection of cell fluorescence after screened
with  neomycin. (A) 706H15-Tol2-EGFP. (B)
572K17-Tol2-EGFP. (C) 169D05-Tol2-EGFP. (D) Cells
transfected with Cre plasmid. Scale bars=100 um.
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kap8.1 kap6.3 bmp4
13A kaps.1 199 bp
13B kap6.3 314 bp
bmp4 306 bp
(TP )
pcDNA3.1-TP TP
BAC Tol2
L200 R150 BAC
amp”
Homo-F1/R1 PCR
14 TP
1576 bp
3 ik
BAC 2012
Bird pABRG

B
bp M 1 2 3 4 5
300
200
13 BEWEREE
Fig. 13 Identification of target genes by genomic

PCR. M: DNA marker. (A) 1-2: PCR amplification of
kap8.1 gene using cell genome after transfected with
706H15-Tol2-EGFP vector; 3—4: positive control using
BAC as template; 5: negative control. (B) 1: PCR
amplification of kap6.3 gene using cell genome after
transfected with 169D05-Tol2-EGFP vector; 2: PCR
amplification of bmp4 gene using cell genome after
transfected with 572K17-Tol2-EGF vector; 3-4:
positive control of targets genes; 5: negative control.
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14 MpEREEampBEEREE

Fig. 14 Identification of amp” gene by genomic PCR.
1-4: PCR amplification of amp® gene using cell
genome after transfected with 706H15-Tol2-EGFP
vector (line 1,2), 169D05-Tol2-EGFP vector (line 3),
and 572K 17-Tol2-EGF vector (line 4), respectively; 5:
PCR  amplification of amp® gene  using
pCC1BAC-Tol2-EGFP vector as positive control; 6:
negative control of BAC as template; 7: negative
control of cells not transfected with pcDNA3.1-TP
plasmid; 8: negative control using double-distilled
water as template.
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