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Production of Langshan-AA chimeras and transgenic study via chimeras
LI Jian-xu, CHEN Jie, CAI Ya-fei, LIU Jian, XU Shi-yong, LIU Hong-lin"

(College of Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Experiment I : The Langshan was used as the donor and the AA broiler was the recipient, the Langshan-AA chimeras
were produced via windowing the recipient eggs. 108 eggs were manipulated, and 19 chickens were hatched. The hatching rate
was 17.6% . 22 chimeric embryos were obtained, 15 chimeras survived. The survived chimera rate was 13. 9% . Abnormal testis-
es was founded in one of the two male chimeras by dissecting. Hetero-sexual cells were found in the gonads of both chimeras by
PCR amplifying the W-specific repeating sequences. The result showed that it was possible to produce transgenic avians by using
our method of producing chimeras. Experiment I ; Plasmid pEGFP was introduced into the X stage chicken balstodermal cells via
lipofectamine in vitro, the exogenous gene began to express 8 h later. After cultured for 12 h in vitro the transfecting rate reached
21.43% . The transfected blastodermal cells were injected into the subgerminal cavity of the recipient, after being hatched for 6
days the exogenous gene were detected in 40% (8/20) of the embryos examined.
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Brazolot %) | Fraser &5 VAR AR Yeid A& A lacZ FERHY BCs F ASZIRXS RN, 2t 2 ~3 d
LIS, TERCA AR PRSI E] B —F LB H B AYTETE . Ono %5 A9/ BCs 5 &A lacZ W TR L
[FE R 5 7 ASZARAIR Y, 984k 52 h J57E 1/3 BIEIRASUh RN R T lacZ FER, AR BT 94N
VARSI 2 S NS I R A A7 A

ARG, RATDR (LA B AA XS SZIK, X & A HiIE S B XS 34T T R it
5%, VBRSSO EST T A

1.1 ##E
HEARILZERS (JBP)) SRR HILAE KGN, 2R AA R (FF) 2K & 3 il
BRI, DMEM, 0.05% trypsin/0.02% EDTA . J§Fi{A Lipofectamine™ >4 GIBCOBRL /A & 7= i,
FBS AT VU5 7= 5, 1% WS . Taq B (5 U - wL.™") 4 Promega ;= , W 4tk 8 ¢ 5 Rr 5%
1% (5'-CCCAAATATAACACGCTTCACT-3" 1 5'-GAAATGAATTATTTTCTGGCGAC-3") -**) F1I GFP J& [X 4%
SVEFIY) (5'-CACCATGGTGAGCAAGGGCGAG-3' Fil 5'-CTTGTACAGCTCGTCCATGCCGA-3") 1 FifgE T
Y TRARA TGS, pEGFP-Cl B/l K Guelph K2 Gibbins Z{FZ B | = B ES A5 40 55 BE I ik
BAE5 (GIS-700D) . dfadssRM . KEEVIA AL (FEE Leica) . %G RMBE (FEHE Leica) %,
1.2 R 1. HRETBHHEREE
Bt IR LS SZAG B 75% CREPRAIE B, FTIFEFOH N A EI AR FR L
o FHHRB BT U DU R IR SN0 20 B, AR PBS-G (& ISR AR ER 2 vhil ) S SRILAp, 5%
e, KBRENE, R E SO NGB, RS A S — B PBS-G 1Y 1.5 mL BL.OE T, 1000 g
B0 5 min, 5% PBS-G, MMATIEAY0.05% trypsin/0. 02% EDTA {54k 10 min, 1 000 g B.L»5 min, %
220.05% trypsin/0. 02% EDTA, Fi#5 10% FBS () DMEM $3R M BEmvk, Hl ek, I isg=ZT4
7 150 000 ~200 000 MYGIRAHAE, FHEE MR AESZ AR AA FhEE B9 R E 04T H — /DL (AT
TEESTIE % 1 7% PBS-G, SRIGFT T E SO A ERIASL, W A R 4 A 2R A SZ S R 3, 3 B
—YUg R ESE S A Se I DAL JRRVERBCE O, SR SE AR IR ARG AR , D4 37.5 °C . AEXT
TR 55% WAk B2 4k, PRI Al e IR0 sk B & B MRS A RS & B B SCIE A AR
W5 AR 2 Hi G IR AXSfER], R PR & BRI,
PEME DNA B2 507 2% 0L SCHk
(157, KE#EHAY DNA #3850 ng - wL™', PCR RWAKZR N 12.5 pl, HH ddH,0 8. 65 ul, 10 x Buff-
er 1.25 wL, MgCl, (25 mmol + L™") 0.75 wL, 4 dNTPs (2 mmol - L") 0.25 pL, 5[#/450.5 pL, Taq
B (50 - uL™) 0.1 uL, B DNA (50 ng - pL.™') 0.5 L, JWFEFH 94 °C 5 min; 94 °C 30 s, 60
°C30s, 72 °C 45 s, 35 MEH; 72 °C 10 min, 2% BEREREEERE 50 V HLUK 50 min, EB B0,
1.3 XG0, HERBHHE
BEATR LIRS X IR S A AR A 53 B kR L, R T #R Bk pEGFP
5 IR IFAA Lipofectamine ™ XA VR 485 40 b 1 d5e FEEL YL sk, PR TRD B 311 S5k 5 B O (R 5 G XS R At
YUMo TR . (1) S 1 x10° DM 200 wL DMEM B3Pk, IR 40 s in A 2 15/ 19% W
WAL PR 1.9 em® AR FRFLZ T (2) BEASTR] L i) ook AR B AR TR & 9 8 15 min, 285 FH 200
pL DMEM #iBEIF AR FaR 4G Ju L (3) 4% JL 4 M 1 35 57 ML A 4 3% 3246, 37 °C 5%
CO, ¥ 4 hy (4) Wikt , M&H 10% B4 17E R DMEM 400 pL A%, 40iElis=4H 37 € 5%
CO, ¥EFRi i ; (5) OGS TR IR rp &R 9O F Rk, [RIBHSAn -4, A%
il 25 He il 9 RIR ORI
TERIVER BE DG I, K220t 4 h F5 5L iy X0 ik
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FEAMAIRFT BRI K, 1000 g B0, HANMUTIE Rk, bR DIEF UM, H & 10% B4 13 1)
DMEM {EUE40ME 2 ¥k, [FIREE.OIF R DI, 5 10% G2 i 19 DMEM 27 40, il A= 7t
BWRAT 1.5%10° ~2.0 x10° AGIRLHAE, LU D5 S A A0 VR A R, 5 i1 50 B8 IR ik
ABEARA , 37.5 C, MXHREE 55% Mk 6 d JFHUH, 40 BRI IR VK IR U Fr s WSS 4% i R A 4
PRI 2] DNA, PR DNA BYEEHOT A -, Bit DNA B9 B & PCR b IR R R b, RO FR )T .
94 °C 5min; 94 °C 30s, 62 °C 30s, 72 °C 1 min, 35 NMEH; 72 °C 7 min , 12% RVEEEER, 120
V fERRLTK 10 ~12 h, 4R35y,

FEVFAE: RIS AA PIXG A R i 4 S LA R S A5 -85

2.1 HREEFMESER

ARYARIIEXT 108 M2 RS2 K B 017
TEAE, BERA 30 B A E, H
W22 MON R AN AR, 8 M AR &
XEIE, FeAU AR 20.4% (22/108)
B TG 19 HAY, B4k BTSSR A
17.6% (19/108), H R 53 15
H (139, 28), w4 B, mh
KRN 13.9% (15/108) (F 1), +
R i & B RALYE, 7E i A S R

F1 MUEEPBELERNEE

Table 1 Developing and survival rate of chicken embryos

K BIE/d Time of development

i H Ttems
9 14 18 20 21

PRI . 30 28 19 19 19
Number of developing embryos
A b 9l T S
B IRGI 2 2 15 15 15
Number of developing chimeric embryos
AR A AR IS 6 4 4 A
Number of developing non-chimeric embryos
W AT 54 %

27.8 25.9 17.6 17.6 17.6

Survival rate

(E1), EWREAAR, ARURDEN A RS, AL A TG (K 1-B),

B1 REHSHES
Fig. 1 Pheotypic chimeric chickens
A HEAORINEXS CREOPIE) . ZHAA R (A6), BOIKREGE (R, AHE); B: ARBEBOREGNY ; C: 4 RINXYH
PE (BE); P —HAUERSESHPE; f: AARBHPE (A6)
A: Donor Langshanblack chicken (black feather) , recipient AA broiler (white feather) , pheotypic chimeric chicken (black and white feath-

er); B: Phenotypic chimeric chickens in differential degree; C: Left: Feather of Langshan chickens (black), Middle: Feather of one adult chi-
mera, Right: Feather of AA broilers (white)

2.2 MRRRYREEI 22

2 BARFRE] S F S A REME i SR TR, R 1 R A ARG Y S AU /N T R A Y 2
(K 2), T 1 RN IEEAMARS2ALNEA IR 1 225
2.3 BEWREBEKLEESEFH PCR &N

X bk 2 B G RS2l W QL ik BREA B R TSI T PCR R, 78 2 Hii G AR ny M b &
FEEA W AR S T TS, XRUITEHR G ARG AR P & 1T AR LS B BEPE A (1&13)
2.4 G RRLE 20 e B A SINESR A A S

AR B9 pEGFP — C1 Bk J& LL CMV  ( Cytomegalovirus, FAMAEIREE) N sl F 3G 5 AU 2% (4,
POCE N EAZRIRBRL, FEYex RS A0 i 5 20 WA LA B ¢ 0 5OLE M B Rk, B )5 12
h, FRIRFOCH MR SRR wk B &g (K 4),
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M Cl C2 LS AA

315 bp

s 3 ZEAFEEWREHHERESFIN PCR &NE
B2 HAHBEL (A) S5ES AL BBEA (B) Fig. 3 PCR analysis of the W chromosome-specific repeating se-
Hy b B quence in the testis of male chimeras
M: DNA #RfEdh; Cl: #GH1 (8); C2: #WAHK2 (8); LS:
I (2); AA: AA AR (8 ), M: DNA marker; Cl: Chimera 1
(8); C2: Chimera2 ( &); LS: Langshan ( @ ); AA: AA broiler ( §)

Fig.2  Comparison of testis between the chimera
(A) and the normal AA broiler (B)

[19% White light ( %200 ) WL Blue light ( x200)

B4 ZFEBWHLEAEBREMEEFHFRIE
Fig. 4 Expression of GFP in chicken blastodermal cells
2.5 FERRME A EXIG A MR LA %0 %2 pEGFP 5 Lipofectamine™ 7E4% 3438 X BR % 40t iy 45 2
i A TR A P R, SOESAS TG F & Table2  The result of pEGFP plasmid and Lipofectamine™ used

SEEYL O IR S A M. A FE 2 T L LW ( 54 in transfecting chicken X blastodermal cells

Bi) W (NEFRIR) = 1:4 095 LR iy UL/ g BB/ g Fik GFP 4N LA/ %
’ Dose of pEGFP  Dose of Lipofectamine™  Rate of cells expressing GFP

R 21.43% , W EME T HARY (P < 4 8 10. 47%
0.01), HihHZzmEKEAREESR (P> 4 12 9.35%
0.05) 4 16 21.43%

° . . 4 20 12.97%
2.6 SMEEETE6 Hid B HHRIE 4 24 12. 5280

AR T 34 BOYE, 20086 d 1Y ik RRJONG FH& R fE 0.0 #10.05 AF 25 %, The different
g@,ﬁc’ BE 20 MEF M X%HI‘«) o 3 A 309 A A ;:apiltal and small letters indicate significant difference at 0.01 and 0. 05
UKRY) A KNS GFP SRR 33k, SRR '

i PCR Y7, FRATAE 8 XGRS INE] T AMNE GFP SN AFFEAE, BHTERG 40% (1&15)

M P 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

—— 720 bp

B 5 8RR GFP EEHIHE
Fig. 5 Detection of GFP in the chicken embryos
M. DNA marker; P: pEGFP ; 1-20. WA Chicken embryos
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ARI R T Speksnijder 45" Btk i 7, 8 AEARIEFBAT AN X IR B 40 M 3 5 2 2 AR IR
JE, 5521 REMLRIBE] T 17.6% (19/108) , X —WE b3k H T Petitte 25 Fl Thoraval 25" ff #i% 1
f97.5% F7.3% , {AfIKT Speksnijder %' FITEMFIESE "130% ~35% F1 31% BIMFILR, 16K & IR
H, RAURAHEN20.4% (22/108), (HEIFEAL AR, FRERARHA LA 13.9% , X —FH AR
VE 75T Petitte 2517 Fll Thoraval 25 FFFRAE Y 1. 9% M13. 2% , TiRSME T Speksnijder 251 FraHeig g2 fir
RIB) 14. 2% F116.2%

FEFALIIET 1 ~8 d, F 72.2% (78/108) MIMRARAET, 7EMFLAYEE 14 ~18 X, WIS T —4
FET- BTG, RIS MARH 25. 9% F& S T 17. 6% , X5 Bednarczyk 45" | B8 B AF &R iy 5245
MIRFFE G R — B, & AT A S IR IGFE TR I S XA Ry i — 2D 5E

Kagami 52" | Furuta %' | Yamaguchi %' BUBFCEREM , 76 A HAMAS , KA 30% 1Y
AMEHEAERRAE & B AR 2 R IO TR R B 1) B SRR T . AR AT 1 B A AR A XS M AR L E H
AA ISR/, TS 1 RENES, JEH, 2 Hik SR A R A T AR S i, fr
PL, X Hm A AR A S YERR I & B AR TR TR T B A& s, B A BREAR, W7z
PR P A S AR |5 H S [ S2 PR M AR A2 B S R R TR % M v e R A B G TR e th ]
RS2 T UR T bR M B0 0 R [R) s i) . F Tk Bl I A 32 4R R AA TR, 40 M RE A
i, At AASRE FHINAE 1 i ek e A5 AR & & A T AR RIR R B, TG 2 HR A A A RS A
GEHORE, ENTRERR PRz A THMAR NI, EA MR, XA X 3R 3540 i 5 A TR A i 40
MR RTIRZAIM , R LR X IR AN RS A SZ IR RO IR RIS, XA n] LUK B N RA S 40N, 2
MBE R B Z AR PERR TR IT & B R IhAERCF ) . BrLh, MAGTIES R E , i 2 iR AR A5 &
T, X — 2R AR T 34T R % A R 7 ok il - e S B &R T AT

Brazolot %2 FNG FRAARSE YL XS IR FE A0 M0 16 ~24 h J5 B I, $EYRE N 4% 5 Pain 212 F 3 FlhORTRIAY
RIUR A pEGFP — C1 kI Ye TSR FLANML, RN Y i A AE R T B v M B T k%, Zead it
AN BE AL, WA Ak i R S5 40 I ) 55 e OR N 4%, T 2 2 43 A 1 R 455 40 B 1 7 e Rk 31 T
15% . 5% %% F Lipofectamine™ F1 pEGFP — C1 JFUR /s e X A 4 40 i 1) fi B AR R 3 T 6% o ARUCGR,
B RAT R R B T RTARIZE SR, el RERYIRE, SR T R A s T R B s R
SRR RN R . ZAEER =, ST X 3, (EREEEEAURE T, MEuTEE L,
JIT LA A2 K S AR S R B ] ) 1) 2 e i R3S A T A RS, Tt X e e A g, S b, et
MR | REFRIY pH (EAE BR ZHR T RE S w5 Yl

Etches 2706 X NS IR BCs B, FEMRAIMESRT d, KB BCs hHA ZRETAMMEIE, b
T & Pk 28 BCs AEMSHIAE YL, JF HAE YT 1Y BCs oIS SR AE M b SR AR R AN RE SR AN IR FE [H , AWK
R, LY A TEBE G 18537 TR A R 40 A R 7S I 3 R S A B 4 44k, T AR 2R
24 h i35, BaAHSRASME, BEE IR AYIER, FIRAME L A 40 B Rom b, AMEIE R AY
FORURE B Z S, 9 ARG A AR B GFP LR A2k, 1 PCR 7E 8 4~ 6 H XS AR b
KD E] T ANFEIE R AR, X Be2 SRR AN IR AT RE I 36 A BT L Y AN A 2 R 4l P, T 2 00
B NAZ AN, W% AMMAIBEFE RIS, B S I DR Bl A1 A A A R G M f s 1, BT AEE A I O 5T
HLE S R 220 B o A R [RIEE, Fie IR AL AR A A e F Rk IR IR A 4H LD T4 Z BB A B2 AR IR I, A
A5 BN SL R AN R AT AT IR A2

SE 3k

[1]  Wall R J. Transgenic livestock: progress and prospects for future [J]. Theriogenology, 1996, 45. 57 —68

[2]  Fiches R J, Carsience R S, Clark M E, et al. Chimeric chickens and their use in manipulation of the chicken genome [J]. Poultry
Science, 1993, 72(5): 882 - 889

[3]  WattJ M, Petitte J N, Etches R J. Early development of the chick embryo [J]. Journal of Morphology, 1993, 215(2): 165 —182



- 88 - [E2J N S A N = S 14 5530 &

[4] Ginsburg M. Primordial germ cell development in avians [J]. Poultry Science, 1997, 76(1): 91 -95

[5]  Karagenc L, Cinnamon Y, Ginsgurg M, et al. Origin of primordial germ cells in the prestreak chicken embryo [ J]. Developmental
Genetics, 1996, 19(4): 290 —-301

[6]  Marzullo G. Production of chick chimaeras [J]. Nature, 1970, 225. 72 -73

[7] Petitte ] N, Clark M E, Liu G, et al. Production of somatic and germ line chimeras in the chicken by transfer of early blastodermal cells
[J]. Development, 1990, 108(1):. 185-195

[8] Thoraval P, Lasserre I, Coudert F, et al. Somatic and germline chicken chimeras obtained from Brown and White Leghorns by transfer of
early blastodermal cells [J]. Poultry Science, 1994, 73(12). 1897 —1905

[9] Ono T, Muto S, Mizutani M. Production of quail chimera by transfer of early blastodermal cells and its use for transgenesis [J]. Japanese
Poultry Science, 1994, 31(2):. 119-129

[10] Naito M, Watanabe M, Kinutani M. Production of quail-chick chimeras by blastodermal cell transfer [ J]. British Poultry Science, 1991,
31(1): 79-86

[11] LiZ D, Deng H, Liu C H, et al. Production of duck-chicken chimeras by transferring early blastodermal cells [ J]. Poultry Science,
2002, 81(9): 1360 - 1364

[12] Brazolot C L, Petitte J N, Etches R J, et al. Efficient transfection of chicken cells by lipofection, and introduction of tansfected blastoder-
mal cells into the embryo [J]. Molecular Reproduction Development, 1991, 30. 304 —312

[13] Fraser R A, Carsience R S, Clark M E, et al. Efficient incorporation of transfected blastodermal cells into chimeric chicken embryos [J].
International Journal of Developmental Biology, 1993, 37(3). 381 —385

[14] Trefil P, Bruno M, Miku$ T, et al. Sexing of chicken feather follicle, blastodermal and blood cells [J]. Folia Biologica, 1999, 45.
253 -256

[15] Sambrook J, Russell D W. Molecular Clonging: A Laboratory Mannual [ M]. 3rd ed. New York: Cold Spring Harbor Laboratory Press,
2001, 483 -485

[16] Speksnijder G, Ivarie R. A modified method of shell windowing for producing somatic or germline chimeras in fertilized chicken eggs [ J].
Poultry Science, 2000, 79(10): 1430 —1433

(17] e, MIomd, XS, &5 S8R ORA RRE S mECE BCs G RIERRIBIE [J]. PEREE%M, 2002, 6(1):
1-4

[18] Bednarczyk M, Lakota P, Siwek M. Improvement of hatchability of chicken eggs injected by blastoderm cells [ J]. Poultry Science, 2000,
79(12) . 1823 - 1828

[19] BHEME, RE—J1, XDEFE, 5. WREEFRSIRGREEE (1], hESRSIYARE, 2001, 11(2): 93-9%

[20] XI5, #eGME, Hitwg, 55 BHEIFE RS ARSI Z BRI LT musT (1], AafAprsT, 2001, 5(3):
270 - 274

[21] Kagami H, Clark M E, Gibbins VA M, et al. Sexual differentiation of chimeric chickens containing ZZ and ZW cells in the germline []].
Molecular Reproduction Development, 1995, 42. 379 —387

[22] Furuta H, Fujihara N. Production of exogenously injected primordial germ cells( PGCs) into busulfan-treated chicken embryos [J]. Asian
Journal of Andrology, 1999, 1(4). 187 - 190

[23] Yamaguchi H, Xi Y M, Fujihara N. Inter embryonic ( homo-or hetero-sexual ) transfer of primordial germ cells between chicken embryos
[J]. Cytotechnology, 2000, 33. 101 —108

[24] Pain B, Chenevier P, Samarut J. Chicken embryonic stem cells and transgenic strategies [ J]. Cells Tissues Organs, 1999, 165(3/4) .
212 -219

(251 Heam, M, XVEW, 5 WMMAgEIOLEORERESREAR P ERE (1] LESZBIIYFRE, 2001, 24(3):
137 - 140

[26] Etches RJ, Clark M E, Zajchowski L, et al. Manipulation of blastodermal cells [J]. Poultry Science, 1997, 76(8): 1075 — 1083

RERE:



