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B AAA 6 F—K (F1) 69AFL4kEE (hLF) $2KB L FAE AR £, 453k K. 2RI DNA, did
FERZAE M. FEE KL E PCR (gPCR). ELISA #= Western blotting 5 #ml4& K, #F5 L o0 IA R 9154+
HREREKF, 2REF, 6 R FORBARLFHOLERRANRHBEALTF. REALFHFFHIL. A%
FNHZHEIRE (2-16), HALHIETMEHALT—K, FOF FLRK hLF;}E[ﬂ%D‘léﬁ*fﬁio F1ARAEA R L F R
hLF KPR & Ti& 1.12g/L (L3-1, # N4 8). L4REAM, 56N RAR GBI TIISE T —K, LA
ERLEANMRGAERE B ERERR, @ B#E N GKE hLF REAK-F LR LM, X AFLE L FR L iE
AREADMOH AT IEE ELT Aah, BATTREFE.

XER: HEARFHY, BRESN, Lkkd, HNHK, @4

Genetic background of human lactoferrin transgenic goats
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Abstract: The genetic background such as copy number, integration site and chromosome karyotype of exogenous genes of
transgenic animals obtained by random integration is still unclear. There may be some problems such as silent integration,
invalid integration, toxic integration and unpredictable expression level of exogenous genes. In this study, six primary (FO)
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and their corresponding offspring (F1) of human lactoferrin (hLF) transgenic goats were selected as the research objects, and
blood samples were collected from jugular vein and DNA were extracted. The genetic background and expression level of
exogenous genes were studied by chromosome karyotype analysis, real-time quantitative PCR (qPCR), ELISA and Western
blotting. The chromosomes of six FO transgenic goats had no obvious morphological variation, number change and other
abnormalities. The relative copy number was different (2—-16) and could be steadily inherited to the next generation. The copy
number of FO and F1 hLF gene was the same. The highest expression level of hLF was 1.12 g/L in F1 transgenic goats (L3-1, 8
copies). The results proved that the integrated exogenous genes could steadily inherit the next generation, and did not cause
obstacles to the growth and development of transgenic goat individuals. Moreover, there was no obvious correlation between
the number of copies and the expression level of hLF. This laid a foundation for the new varieties cultivation of transgenic

goats and other transgenic animals, and analysis of genetic background.

Keywords: transgenic animals, karyotype analysis, lactoferrin, copy number, heredity

A 3 2 R DR R A 7 B S AR R 3 IR AN —
TE R RE R AL R IR AR E AT, A AT e AR BRI
PR AN LR B LR R R, X SR A A ad i v
To vk 8] g ) Y B3 A0, M OGSOk, B
DR 4 R 1T BB 2 5] e 1 3 Y 6o (A 55 A 5 40 1 ek
A5, Gyt A IR T AR R S, AT R
RS AR R S EUR R R B R A
T, W EmIED . Pursel Z9F Reik 7
AT UESE T 24 ZM R I R4 A 21 i Ty ik
FEEANEERE T, e E8m ENRIE LT
FEEAOT HIL, RS A i A
MG Fast A5 ) Y AR R DL R s SN FE 7Y, B
T LA T AT ) 3 1 o

FHCMF 5T F B, IR 3 R 10 8 DL B30 14 38
SB35 T RE SR I A IR I R G 2k st
ferase, 1 ELAMESE DR B #5 DA AR AL 3 i i
WAl BE & A E kB0 Migliaccio 25 M i AR 4
e K256 4if kB, SMERE BARRETE V200 a5
A FNFRIR B HAT AR AL S A BE R e 1AL
AR, A A Ak Y A IR I R el s R A
Ko BLAN, ST HMNEIE R B HE DLRCE kK 2 1)
5 RWBLEAR— . HAESEMAP R R,
MO A IH R BURRCR 55 1 DR
FHOETE, BAPE DAY MR HL 2-3 45 D A FE AR PO
BE I H R, Mansur 45U T s R [ 45 01 %
(1. 5. 11) WERSRAEIA (MIP) FEH A EE IR
BEER, RIFRE KT 548 DUBCR IEAH G .
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{HE, B TR B sh Y st i 8 5o
DB, CHEAFLRER (hLF) FEERE LW
WAL A HT i A ILHRAE , A X< [ S5 B vy 4 B
5 AN A RS L S R BEPLY 1S 2 857 DNA
(Radom amplified polymorphic DNA, RAPD) 43
B, R S0 S 7 1L 2 R 45 5t
TR AT 33k s g R e o s R PR 3 1
ML ST .

I, ABHFER T 534 i LR 1L 2E B s S 1S
s, PEHH N R 2 BB 2R B VL IR R S R 25 1
FRBF ST POl R A S AT 25 1 hLF % 36 1R 1L A
FBFFEXT G, SR AP 4238 (Fluorescence in
situ hybridization, FISH) . A7 Y€ i PCR (QPCR)
il 1% 4 92 0 [ 36 (Enzyme-linked immunosorbent
assay, ELISA)FI Western blotting 11 7% FEX
Xof e S DR L 2 A A% R A 5 DR B DL B AT )
B, B TE B L R L SR AR G i AN IR R R AR 2
XA B B . e REE R E B A R
DUE 5 AR BE R 3Rk 7K 1 56 R 55— R st
sl R, AR e BE IR 1L R A Sl R
AR R HE SER .

1 MBE5FE

1.1 ##
111 FERF

GoTagq gPCR Master Mix (Promega), GoTaq
Green Master Mix (Promega), Wizard Genomic
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DNA Purification Kit (Promega), pGEM-T Easy
Vector (Promega) , SunShineclean ik /MafiliHiz 7
£ (SunShineBio), #EZ AR & (QIAGEN),
GeneRuLer™ Low Range DNA ladders
(Fermentas), [Pt hLF ¥ diik (SantaCruz,

sc-53498) . “EHi R e FEPLIA 19G-HRP (Santa
Cruz, sc-2005) , HAx A6 W 57 34 4 [ 4 Hir 4
OyHIE A AT AEY TR (BE) BA BRAF A
] 24 4 A AL 24300 A BR A ) %

1.1.2 EB|Y

MRAEIMEIE IS R IELE (1112 p-actin, 3
K41 ¥ D8k 2) 751 Primer Premier 5.0 %14
Wits ¥, AT A TR () BROARA
A (R 1),

1.1.3 kI

BLC14 # MM HIF R AF T AL =, SA 1L+
B-FLEREE H A TCIFF hLF ZhRESER (K 2A).
1.1.4 SERZY)

FO (##ic L1-L6, BLC14 #ikHYeili2Ein )L
BCEF 2 A0 AR R (IE A A, 30 2o AR 40 A AR
R REIL S, A hLF AMEIER) K
FLf (bricd L1-1,L2-1,L3-1,L4-1,L51,L6-1,
FO M5 i 1L E 4258 /5 1R) 1) hLF 5% 5L R 1L = A
AR BENE R I (FRid NOL NO-1) KA
MR SRR, H LR SR
12 H*&

1.2.1 W MM Gk b B & AR 4T

HEEL 6 HEA hLF & 3EHI1LE (FO, #rid
L1-L6) A1 2 HIEH L (brid NO. NO-1), 1%
JHF AN AEDUEE R, SUFR KGR R 2 mL, 37 C
EIRFA RS 72 h, WL E 0.5 mol/mL )

#& 1 RT-PCRY¥ #5957
Tablel Theprimer sequences of RT-PCR

Primer name Primer sequence (5'-3')
hLF-F GTGGTGTCTCGGATGGATAAG
hLF-R TTAGTAATGCCTGCGACATACTG
actin F CTTCCTTCCTGGGTGAGTGAGA
actin R ACAGCACCGTGTTGGCGTAAA

&: 010-64807509

BOKAIRAAHR S, dksedhse, (405 2445 1k
TES 24T ] WA X B A R BT A i, ol Ak
J£ 0.05 pg/mL B9 RKKAIZRALEE 6 h, SR JE KUK 5 mL
fXB% (0.075 mol/L KCI) 37 “C4b3 30 min, 1 mL
W (FEEVKESRR 3: 1) 4 CHUE 20 min,
RIEE 25, —20 Cidi. WH, JASEAN Ak
Jy 1x10°AMmL, A (20 om iR T S A R Y
HY R L), EERPHCE TR B, i 1.5 g/l
Giemsa T/EMJL 5 20 min, [ KK ik zyl A,
HAR T8 PRk R AT 053 Z4AH7E B 505 T EA 73K
K. 5% . FH Adobe Photoshop [E14 4b 34k 14
AT R TR, B D). HEBN, HEATIRIE G
BB . I
1.2.2 FENIRAIZRAE (FISH) Al

BLC14 JitkiZ: Not 1 /Sal 1 i) a1k 15 936 bp
w BB BLC14 5%t . Digoxigenin-11-dUTP
VI PR EARCRE , A TR o A - 1 L
TREFSUEJERE; 2000 W, 5min, 50 3K
FRGZ PR, EIRAE S 2 min 2 mL J AW (5% BSA),
30 min; N 2 mL 264K Anti-Dig-fluorescine,
Ly 200 pg/mL, JBFF 30 min; e 24K
(VEW A 0.1 mol/L TR +0.3% Tween20),
15 min/¥k; A0 10 mL K:ZE b (0.1 mol/L
Tris-HCl ZZ ik, pH 9.5), “F-#f 5min; B, 3
MR FEARAELE T ARIC RN BOTRAET , 2 e p 7 3100
PEATHREN o2 B R BT 85 CASTETR (70%H! i
Jfi¢/2xSSC) H 3 min, 7. 2| & 70%K LB, Mt
K, BT REFZACH (2 Ll 20xSSC, 10 pL 2
Bk, 4 ul 50% DS, 2 pL #8%F, 2 L #
afizK) WK 5 min, 2K 5 ming JEmMAE
PEJG AR A2 2 vl 20 ul T3 A |, #o, 37°C
WA e AC b ;s PBS Wi E, TN 100 pL Uik
(anti-dig-antibody), 37 CI¥ 5 2 h; PBS e, i
T, N 20 L DAPI & 4% fii G5 B il
B (1IX-71, Olympus, HAR) W%, FHHAME,
123 SERTRIEER PCR KM I 5K

I 6 HJEAL hLF FELEILE (FO, #Rid
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L1-L6) MHXPWAEIL (F1, Frid L1-1, L2-1,
L3-1. L4-1, L5-1, L6-1) Fil 2 HiE# LY (bRid
NO.NO-1), it ik Jo & R 1fi. 0.5 mL (il 15% EDTA
PrdE), PEWOLRA, M8 S0 IR R A 5L A
(B-actin, WZ L) ¥4, 1 Primer Premier 5.0
BAFBETTS 9, PCR Y74 | Bk, 55 pGEM-T Easy
Vector Uk 3 © 1 (L@l #EA 7% 4%, 4 C/)V 8 h, %%
M2 S AL, PRI SO T VR 47 4, SR IEUTORE,
DRI P S5 5, IEHRLE A4 actin-T Al
hLF-T. #% #8 qPCR A #RE U B A 754 A 1 = A
T LA EIE R Y 1S, RMARR (20 pl): 2xRT
mix, 10 uL; ik, 1ul; 514 F A1 R (2 umol/L),
2ul; JCAXPREEK, 7pul. JNFEF: 95 CHiAS
PE 2min; 95 °C7A51E 5s, 60 ‘CiBk M IEff 30 s,
40 MG, JEfRhZ: RN 60-95 C, [H[EH
0.5°C, WFEA 5FMA-, WaELFan B Y, CfA.
154 {1 55 S B0 500 P R A SIS A B

1.2.4 ELISA &

PEEFLAC hLF #5202 (BRid L1-1.02-1,
L3-1.L4-1,L5-1,L6-1) FIE# I (brid NO-1)
P FLIEE S RIRE &, B K A FE (2 mg/ ).
HARR (10 mg/ ) AT AN TiFEFIWAL, ESEFL
14 d J5 S — A (0.5 mg/H), 2 d ke
i, FLFE . (10 000 r/min, 30 min) %[ F
JERENT BT 2, WL, —20 CORAE# H o
DU FE DL S 2L VR e AS 538 1L - 2L
BT RE . PBS /28 (I IR AN FLIE1E R BRI
X HR L fdH BLBD hLF B8 v B 0 AR A o — Hi
(sc-53498, Santa Cruz) . - 47t fl B v [ Pt 14
IgG-HRP (sc-2005, Santa Cruz) 1k & —#Hiik4T
ELISA K&, {505 BRI %2 ODyso fH, %4
TR e . 1158 hLF FRik i,

1.2.5 Western blotting #&lj

FLIEFE S IFEAF B (125 mmol/L NaCl,
25 mmol/L Tris, 5 mmol/L KCI, 2 mmol/L ZH %t
RTESR, pH 7.4) ¥EAT 100 f5F ke, #&M8 1: 14k
TR R FAEZEM (100 mmol/L Tris-HCI, pH 6.8,
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200 mmol/L 1,4- i 75 BEEE, 4% SDS, 0.2%5
W, 20%H ) R4, 100 Chigk 5min, 281k, #E
1T 12% SDS BN FbIEE R 7k (SDS-PAGE)™,
R %% o (1.93 g/L Tris, 9 g/L glycine) ##
RN IE e BRI #2 ZE PVDF i, 250 mA, H%E)
3h, #Maikrhyk)s, 37 CEMA (20 mmol/L Tris,
137 mmol/L NaCl, 0.1% Tween-20, 10%Ji42 I3,
pH 7.6), 2h. IMA—HiFEREE (1: 1000 #ks, B
Pt hLF gk, sc-53498, SantaCruz), 37 C
% 5E 2h, TTBS (20 mmol/L Tris, 137 mmol/L NaCl,
1% Tween-20, pH 7.6) ¥t 35, A —PHi-HRP
B (1:2 000 Fi B, =Foi R s ik
lgG-HRP, sc-2005, SantaCruz) H', 37 ‘CIi¥H 2h.
By PVDF JEE, PBS VRS, BN Ak (DAB
50 mg, 0.05mol/L TB 100 mL, 30 uL 30% H0, ,

pH 7.6), Z ik 15 min, BT /R iR IFIRAE -

2 HERSAM

21 HERWLFHNEEREE S

e R LU AE A P A% H 2 60 4%, A 29 X
S [ e e A ) B e R, B Je — X R R A
FE hLF 7% 50 L 2R e ik i rh ke el R 47 B
ATEWE . WS R 24, S R
BEILIE R LA g R T AR, S RER: %
By 6 2 FOAREEEEILZE (L1, L2, L3, L4,
L5.L6) By 4% (AR IE 5 L3 e o pk 3 AL
WA R B R L 2 i e R 50 B R S 2540 5
AL N L el DUR e e R 5 H 35k 60 5%,
TEARY N T BT 5 PR A X A i 45 22 b G
ik, MR K Y R@AIEsE/N, arLl
AR A 55 A
22 TORRMLAIZEMER

BLC14 ik (& 2A) WYl IE 15 936 bp K
N R B, SRS R -2, WK 2B PR,
¥ B8] 295 ] Digoxigenin-11-dUTP #rid
BLC14 ¥REHIFRICHCRUE 3 A FiR . ASLE I
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1 WFEREFZESITE
Fig. 1 The karyotypes analysis map of goats. (A) Norma ram chromosome. (B) Normal ewe chromosome. (C) L1
chromosome. (D) L2 chromosome. (E) L3 chromosome. (F) L4 chromosome. (G) L5 chromosome. (H) L6 chromosome.

B
Sal 1 Not 1 bp BLC14 APLM M bp
5-BLG , C

19 329

‘ ) 15936
1000 bp pA SV40  pA 5-BLG3

7743
6223

4254
3472

3000 2690

1882
1489

2 BLCUHAKFEHREESRABEYIEE
Fig. 2 The structure diagram of BLC14 vector (A) and enzyme digestion analysis of BLC14 (B).
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A
1 2 3 4
a b

3 WFERBMHFRIZEMER

Fig. 3 The hybridization result of goat chromosomes. (A) Determination of the probe labeling efficiency (1-5:
standard concentration (1 ng/uL, 0.5 ng/uL, 250 pg/uL,100 pg/uL, O pg/uL); a 0.5 ng/uL concentration labeled probe;
b: 1 ng/uL concentration labeled probe). (B) Hybridization results of BLC14 probe in goat Chromosomes (B1:
Chromosomes of hLF transgenic goats L3; B2: Chromosomes of normal goats).

FRid T 0.5 ng/ul F1 1 ng/ul BRPHEE REREE,
ABAS A 2SI A BN B AR, HARCSCREB RS
K, BLC1A REF SR I QRS R EOR
Lk F A ERMSEGS (B 3B1, L3R
W2, ik PR), BEBAFEIZAL Y iR S5 T
AR E YRR (11 S e A s T o AR S
2R R IR Je e gk e e E S (B 3B2), it
BH IE 3830 1L 2 S B i AR

2.3 SERTTEKREE PCR EMSNEERE hLF #
N

AT FEAG I 4 5 DRI AR G F 9 2 3L 5 B A
X DUE, SN SRR B OCEEE, ATkt
=g B-Mlsh&EA (B-actin) fENNSEN, NS
B-actin FIZMNE H LA hLF 59 PCR 34 /=4 itk
17 1%5ERS LTk, 431551 193 bp AT 210 bp () H #x
R B, W 4 PR, #id#E gPCR Y Conc (B-actin)=
1070286"C+12.272) 1 Conc (hLF)=1030"C+13.070) /¢

&2 hLF#FEELFRINREEERFE Y

2, 43T S5 R RS S D] A - 24 DL
BB TN S RN TR L RN RS A
AR L2OL T A e PR 1L 1 A0 IR L DR 2 Al R Y LR
Wy, R, a2 2 A IR L R # D1 5=
TR 2 5 DR D1 50x 2) 1 I SR PR s o 181 4 D
B R AME LR hLF AR RHE DU, gk 2
Mk 3w, L1-L6 SEILH AR hLF K HAH

B-actin hLF M bp

400
300

200
100

4 MNESEMA p-actin FIMEEFE hLF §J PCR # 18
22 4E

Fig. 4 The PCR amplification of reference gene S-actin
and exogenous gene hLF.

Table2 The copy number of exogenous genein goatsintegrating with hLF

Gene Average number of COpI.ES 2xhLF/actin Relative number of copies for hLF
sample hLF p-actin
L1 72.2 89.1 1.6 2
L2 279.0 34.7 16.1 16
L3 7.6 2.0 7.7 8
L4 84.4 81.3 2.1 2
L5 199.0 321 12.4 12
L6 42.5 16.2 5.2 5
NO 2.2 174.0 0.0 0

http://journals.im.ac.cn/cjbcn
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*3 hLF HEFELFHINEERNE NS RIEKFE

Table3 The copy number of exogenous genein goatsintegrating with hLF and expression level

Gene Average number of copies
2xhLF/actin Relative number of copies for hLF hLF expression level (g/L)
sample hLF p-actin

L1-1 81.6 95.4 1.7 2 0

L2-1 283.0 36.1 15.7 16 0.85

L3-1 26.5 6.8 7.8 1.12

L4-1 454.0 463.0 2.0 0

L5-1 383.0 64.2 11.9 12 0.13

L6-1 31.9 12.0 5.3 0.19

NO-1 3.1 153.2 0.0 0

N JE ARAR XS ¥ DL B 2 2, 16, 8. 2, 12, 5,
I E % I SE (FRic NO. NO-1) By AH XS # D1 %L
0, XU T EEIED LR n SRR R BE S e

ML 25 5%, #5 WBOR kA=A .
2.4 ELISA #&MZLARFRIE hLF 1R

PAFLI bn e S iR B (/L) A1 D B AR A

BEFEDRN 2R ALIE AR hLF, Hgy 4 HEERA
I2EFLAE AN 255 hLF AR ETE 0.13-1.12 /L 2
i (L2-1:0.85g/L, L3-1: 1.12¢g/L, L51: 0.13g/L,
L6-1: 0.19 g/L), fmRik/AKFikE 112 gL
(L3-1)o N3 3 (%G BE IR 1L 2 22 SR AKCF R X 5 D
ok R S5 JL e T DU S hLF AR5 DGR (2)
MR BL P LR K3 hLF, T HA 33k hLF (%

ODyso TEAE AL AR, TIVERRHERZ (U 5A Fr
), 6 H FLAEIERINEFUR RIS hLF &k
MR % 3, AR, Hid L1-1 0 L4-1

A 20+ hLF standard curve
1.8¢
1.6
141
1.2F
1.0
0.8}
0.6 |
04F
0.2+

L3-1
L2-1

ODs5

Concentration of hLF (g/L)

5 FHERFIRFTIELF MR

OO L L 1 1 1 L L 1 1 1
02 04 06 08 1.0 1.2 14 1.6 1.8 2.0 2.2

IR LA 78 DL 3Rk K- v ARG B W A2 ) A

Kt
1 2 3 456 7 8 M kDa
20 kD —97.2
a—-
" — 66.4
443

Fig. 5 Detection of hLF expression in mammary glands of transgenic goats. (A) Standard curve of the concentration of
hLF in whey samples. The standard concentrations of lactoferrin in human whey were 0, 0.031 25, 0.062 5, 0.125, 0.25,
0.5, 1.0 and 2.0 g/L, respectively. L1-1-1 6-1 were collected from F1 transgenic goats after lactagogue. (B) Western
blotting analysis of the milk of transgenic goats (All samples were diluted 100 times). 1: positive control (human whey);
2: negative control (normal sheep whey); 3: L1-1 sheep whey; 4: L2-1 sheep whey; 5: L3-1 sheep whey; 6: L4-1 sheep
whey; 7: L5-1 sheep whey; 8: L6-1 sheep whey; M: protein marker.
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2.5 Western blotting ¥ ZLBRFR1X hLF 1§50

FLi§ Western blotting 5% (& 5B) RHA,
L2-1, L3-1, L51, L6-1 SHEEEE L FRFLIT
¥ ANFLVBREN (O F& 80 kDa) AyEIA, B
K/NY) 80 kDa iy 4541 , 5 FH B AR — 21 L1-1,
L4-1 158 388 L S 2L rh o B Rl s LAk 2 1
ki, X5 ELSIA Kl g5 SRAH—3L,
3 Wit

FIUR SRR B AR AE LIk, AR . Rl
PR ATR  E T E R RE T, R AN R A
S IL R B B AR P IO R E S st A
T2 A I H T S DR ot o 55 6 T 1% 32 2 PRI
Z—, PR TR SME L R A 815 15 504 Re s
U M S 2 R DR i R PP I [ AR AT TR
PUE BN 5 AN fl (Ber = JSRegIL
SN L2k L TITE S SHE TATTE S % 1T E = B
e Rt 2 BRUB ST T 4451 M
AT RF R A L MR B
JUIRRE . /NG E) 1 feis 51, g e xt
3 LS BB T ST . TR R IR B Y ast
B ST s 5/, JUHUE hLF R 3Ll
ML o/ b 2 XD o AR S 32 B Y e A
ML A LS F AR . AN SE R AE e 6 4R | iy 45 D
BOFIE AL | 5 DU Rk 18] 1 56 22 55 5 Tl
RAFFE NLF % 3 B L2 1 848 75 55

3 3o A A% A R S BT S 5 v T A A B
SR ZS 5y 1 Y R B H RN 240 S, S iR
GE KT IR B R B R R AR T
MFRATIRAF R SE TR R B, BRI 2R g ik
AL B S IR B 2R, ek
BH I 60 %%, Horb 29 ity [ Y e (o A (1) 5 Y
iR, sa— Xk, TEASH REh D
WY, PR R X AR B, Y R s
BN TR S v 1 A R TR DA Sk R A
IR RIE G B YR IE /A b, ok
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HPE DL RS 2RSS
T 248 D 207 5 1 e 4120 ARSI 2 R oK 6 K
FO 1X hLF % 3[R 1L = S AR R ) FL 5 ACAME 2L
PRL )RR 6 48 DUEOAR [R], H A& 5 45 DUEC s (IR [
(2-16), 3% % B AR (K 4 A 78 g = YL @k $E D
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