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Construction of Human-bovine Interspecies Embryos and
Investigation of Interspecies Embryonic Mitochondrial Source

Lu Yang, Dong Zhang, Yongsheng Wang, Daquan Sun, and Yong Zhang
Bioengineering Institute, College of Veterinary Medicine, Northwest Agricultural & Forestry University, Yangling 712100, China

Abstract: Obtaining human blastocysts is a prerequisite for cell replacement therapy using embryonic stem cells. We established an
interspecies somatic cell nuclear transfer (iSCNT) technique for producing blastocysts without sacrificing human oocytes. Human foetal
fibroblasts were used as donor cells injected into the enucleated bovine oocytes in nuclear transfer, whereas bovine foetal fibroblasts were
used to produce intraspecies embryos. We also examined the fate of human and bovine mitochondrial DNA (mtDNA) during preimplantation
development after nuclear transfer by PCR. PCR analysis for the detection of human and bovine mtDNA was done at the 2,8-morula, and
blastocyst stages of the embryos. Result: 2.8% interspecies embryos developed to blastocysts after cultured in an SOF medium, while
blastocyst rate of intraspecies embryos were 10.1%. Both human and bovine mtDNAs existed until the morula stage, whereas only the bovine
mtDNA was found at the blastocyst stage. These results indicated that interspecies cloning without using human oocytes could generate
human blastocysts. Because of the incoordination between bovine mtDNA and human nuclear gene, developmental rate of interspecies
embryos was significantly lower than intraspecie. Whether the embryonic stem cell could be used for cell replacement therapy need further
research.
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Bt 5 v B 2 22 R A )t T DL R 2K T 41
Ay AATE BT A 40 TR
BT AR, R, Rk T MR T
AR I . S, DU IR T 4 B A B 5
oA eTE s FIFIRAG T 40 kA T 40 i B A0 e SR T 1
FEURS AR AT NSRBI . (HULRh i SN
KRG T RBCE I L TE .t A0 B4 i ke Y e
WA, BZEAHE. RS2 F R E RS, R
AT S HCE I N SR REGN M TSR i oY, SRR
R M A e pfe X — e BRI T AT AERL. [IBR b6
TN RSN IREIEE D, BNz 5iek
A KT N -4 SR v B G R HT AR & B R
R IR 24 & B BE b A4 ki1 DNA SR IE A Y
i o AWEIE B AEX A B R B A i B A S HE AR
YA Y R, R RS RN R E
PEATERR, RIS X o B R IR I R AR I 24T PCR
i, AAE ke 1 FH 3 OB 4 ke R IO YT T
JIT T (R N5 JUR s 400 i 25 5 S it
1 #mHa %

1.1 {RIRARa AR
111 AMhn A 577

Jais 12 N TR IR E ST IR (T 4E), 2
KIRIATERE, JEm gy, MG Hh VE 2 2 bt
FE T B e B AR AL, (PR A ARS8 W, B
THRE
1.1.2  AMIL K I 2T 0 77 i3 R S C 15 7%

BUEYR 12 FE M AR )L 3858 4 AT AT 455 1)
Bk, A& EREB RN PBS 12Uk kg1 4k
5~6 1K, BIREE 1 mm® A/h, ¥5IHER 60 mm 5
FEM_E, 8 5 min, 25 MA FBS(Gibco) 10%
i) DMEM 35 23 . 17 20 i A6 4 22 2 80% St I 15 77 M1
IS, HATAEAREE SRR VR ORAE
1.1.3 LA A5

AT BUE IR AL . 4 IR LT 2t 440 i,
1E 5 FBS(Gibco) 0.5%(%) DMEM 4 35 ¥ b I35 1L ik
K5 3% 3~5 do A% B A Hi R (Sigma) (0.5%) 1 1k B H
2 if 22 B FH
1.2 RIS HaEE
1.2.1 L HEEA

ABRECR AR By, 10 mL f g sl
L BR EL 5P 3 v Y B9 e R BE 40 i 2 A 1A (Cumulus

oocyte complexes), HEFEHA )2 L UKL 4H il 1Y
COCs JHWiR L2 vl (PBS)YE 2 WK, A W3S 77
K OM (TCM199(Gibco)+10% FBS(Gibco)+10 mmol/L

Hepes (Sigma)+0.5 mmol/L Pyruvic acidsodium salt
(Sigma) + 0.0751U/mL HMG( T I 45 — I £ )+1
ng/mLpB-E2 (Sigma))Hr, T 38.5°C, 5% CO,, 100%i#
BRI 3R 20~22 h JE A 0.3%:% B T R il
(Sigma)Jit 2: COCs I ) §IUkLAH At Bk B 3 HLA 55—
R AR 1 S B B 20 B A T I S S 5
122 Gt L

A+ M2 JU B BE 4 i T 7 5mg/L CB i1 10% FBS
) PBS Wi Hr, (i 5H—ARAL T 1~2 s AR
20~25 pm (82 AL BT WG AR — AR AR S LR
1/4~1/3 Mz, FAZJaHONEE40 AL 1] Hoechst 33342
AT, D306 T BRIt H A% 58 2 I B4
JL 25 1
1.3 EMEMEINESE
131 FHHHHE

W LR A0 BB 77 F A A% IR R4 i Y PBS
W, FE S min, AR AN i A 2 AP
BEANAL A9 WA T o 76 F RS YR IR k- A A i
2 min, SRJE 5 AR EER H RS . PR A 4 A
P4 Bl HL A B B e EE R, ol R A f A 5 R I 1 4
fidsf . PR ML TSR EH L b, R B
41X (Thermo, BTX-2001 H)IEGiHk, &4-f@h& Lk
A A LA A 280 35 V. 10 ms, flA TR
1K
1.3.2 FHHWRFF

A IR BR RS A M199 B J iR i Uk 3k,
B ACHTEE ) M199 15 F2 M k2 3~5 h J5 #EA T4k~
1%, RIS 5 umol/L ionomycin ) SOFaa 5% 77 ik
b3 4 min, 5 A 2 mmol/L 1) 6-DMAP B35 55 ik
HER 4 h, SRJGAEHTEE SOFaa 1 F 0 Hh i vk 3 i i
A RA AR S . SR AT A R A It A R )2
SOFaa ¥ F= W, 7 38.5°C., 5% CO,. 1
FER AT R, 43 48 h BBk 11K,
1.4 #%i{Kk DNA 8 PCR 9 #f
1.4.1 PCR il #

WegE 2-Z0 . 4-4if . 8-4ffE . RAEME 4 A-HY
W IEIG & 10 M0 T 20 L 1988 4l K B s 45 v,
PR 6 MCE T 12 pL BB 4K R O, oo
BF-70°C PRAF. A GRARAR S, 1 hdsm
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200 mg/mL E A8 K, T 56°C FiR® 30 min, ZJ5
Tk HiE 10 min, 1000 r/min 5.0 1 min J5, b
# FIVE PCR AR

1.4.2 PCR 5/#i#7f

s A mDNA(HUMMTCG). 4 mtDNA(NC_
006853)/74] cytochrome ¢ oxidase subunit | #4351
ZE58, ol Bt R E R R 1, AR RS 14,
pB1(5'-3'): GGAATAGTTTGGGCTATAATG & pB2
(5'-3'): GAACAATATCGAGGGAAGAG; A 5t
5141, pH1(5'-3'): ATTCATCTTTCTTTTCACCGT X
pH2(5’'-3'): TGTAGTACGATGTCTAGTGAT GAG, L)
S RN TR AR I TRl E Y mDNA, H
VKA, ARIR T [ Invitrogen 28 FA .

1.5 Sz EMaERERIRE PCR 247
15.1 PCR ##ridif /7 #

PN - R R AL N TR P52 5, Wit
ANEF5FPE PCR 51, & —¥ G AR TR EHF
A o AR A U g 15 5 v N 2R G L BT 4 4
VER PR R, BE S F Y Je @k 1) SOX10
FEDE R H B JE DR, 30k ol 5 R 78 2 OBk 240 el rp 2 A
FETERY . H4E SOX10 JEH i PCR ¥ 454, Wi
2 PCR A& [T a4 7 BH A4 L X B
1.5.2 PCR ##ii#

O3 O S FP v B | 2R R AN T P E A
A IEEAR I 6 AMCE T 12 pl AR Al K e A
e 10° AN L AR LB ET 4R 4i i T 20 b Ay kg 4tk
DA, O T -70°C BRAF - I B VR IR iR
J&, S 200 mg/mL & 1 K, F 56°C ik
A 30 min, ZJ5 T @7k Hi & 10 min, 1000 r/min £
O 1 min J5 _EIEBUTAE PCR AR,

1.5.3 PCR 2N ZE Tk att A
M4 A2 T K adk [N (BCO74929) ) K 4= T4

F I (BOVIFNAA) 1 J7 41 2 S v i N6 F g i 55
% PCR [ 5% p INFA1(5'-3"): TCGCCCTTTGCTT
TACTGATGGT J% pINF2(5’-3'): CCTTCCTCCTTAA
TCTTTCTTGC. 4r AL SR pEitia . AN ILAEF
Yeaiff . RN e ARG AR AR L AT 4 20 ff 24
FRWCA AR AR TR o N, HL kA
1.5.4 PCR £2/Y A 25 SOX10 Z /A7

R #& SRY(Sex determining region Y)-box10
(DQ896471) & M5 |H pSOX1(5'-3'): ATGGCGGA
GGAGCAGGACCTATCGG } pSOX2(5'-3'): GGGG
CGGGAGATGGAGGGGAAGGC, /3 %I LA 5 Fh v
WRIG « ARG LA AE2m AL . 2 1Bk 240 i 58 A T R A
My 34 SRY FE[H, HLPKATI .
1.6 HUESIT

AR IR EL 3K, FriG5dEH SPSS
K AFE ANOVA 43 #7,24 P<0.05 I 7ESE 1127 ik k22
S TE

2 ERER

21 AN-4ZERERR S 40k 40 i 5e B2 AR B AY 4K
INRB LI

MR 1 el A, AMRILSAT 4edi i 5 L%
A B R0 B Rl B 8(63.5%+1.0%) 1% T 2 H- i 2T 4
Y0 B 5 2 A% A B0 B 4 it 1 il A 56.(68.3%23.1%), T
T 25 5O 1 3 (P>0.05) . S v B IR A B LR
(50.6%:4.7%) . 8-Z LY % 7 #(21.0%+5.6%) . FxAft
WRH & B %(5.7%+2.4%) . T2 & B #5(2.8%+1.3%)
PP T[] 30 1) [ b o A R i (B 284 2% 58.5%0+2.7%, 8-
g Kk TR 31.4%£2.9%, FEMIE K TR 14.8%+
1.8%, HEHRAR 10.1%+2.2%), H A SJHIE | RN &
BRELEFDE (P<0.05). K& BAN-4 5 Fh v
AR TE A I H (K 1)

x1 AN4EMRERSHRMAMETERNEINLE LR
Tabel 1 Comparison of the developmental rate of intraspecies and interspecies cloned embryos derived from bovine oocytes
in vitro

Type of No. of enucleated Successfully Cleavage rate 8-cell rate (%)" Morula rate Blastocyst rate
cloned embryos oocytes fused rate (%) (%) ? (%)° (%)°
Human-bovine 328 63.5+1.0 50.6+4.7 21.0+5.6 5.7+2.4° 2.8+1.3°
Bovine-bovine 276 68.3+3.1 58.5+2.7 31.4+2.9 14.8+1.8¢ 10.1+2.2¢

Note: * The experiments were replicated three times; a: No. of 2-cell stage/ No. of successfully fused; b: No. of 8-cell stage/ No. of
successfully fused; c: No. of blastocyst/No. of successfully fused; d,e: within the same column, different superscripts are significantly

different(P<0.05)
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1 A-4RMeEEiRREsE
Fig. 1 Morphology (A: 2-cell stage; B:, 8-cell stage; C:
blastocysts) of interspecies embryos derived from a human
foetal fibroblast transfer into enucleated bovine oocyte

2.3 ZKI{K DNA SR

i PCR Jriksrr v N-4- A s G 2-40
ML A-ZHAEL . 8-ZHAL . RAMLIE . FEARBT B A LAk
DNA. AZRifk DNA FA7E T RAMEEZ A1 4R
G R B BB, ALk IR DNATEAE T 3N BT A IR
R BB TEBA XS B i R 47K PCR S i
MM, FERH B PCR = HI(A 2).

B 543210M

A543210M

286 bp nll'l

§ 1 DRI €
LI
ook
[=T=]

100 75 bp
50

2 S#sEERRRR 4 (A)FNA(B)MIDNA 5347
Fig. 2 PCR analysis on bovine (A) and human (B) mtDNA
of interspecies embryos

Types of mitochondrial DNA (mtDNA) in interspecies embryos
reconstructed by human foetal fibroblast transfer into bovine enucleated
oocytes. Interspecies embryos developed to the 2-cell, 4-cell, 8-cell,
morula, and blastocyst stages were provided and mtDNA in embryos of
different stages were traced by polymerization chain reaction (PCR)
amplification of cytochrome ¢ oxidase subunit | region of human and
bovine mtDNA. Left picture shows the detection bovine mtDNA at 286
bp, whereas the right shows human mtDNA (75 bp) of interspecies. The
PCR analysis shows that human mtDNA disappears at the blastocyst
stage, but bovine mtDNA continues to express it until blastocysts. M:
marker; 0: negative control; 1:2-cell stage; 2:4-cell stage; 3:8-cell stage;
4: morula stage; 5: blastocyst stage

24 TEERZEEFRES
241 ANETHFRLPCR 20

il PCR Jriky sy b A TR R ok,
RGN e AR | A AT 4 A R 0 4 R H B

PCR #8474y, N-F5mb o et . AMn JLAler 4
B P8 H B (18 3).

750bp

3 RS FERRBRIZE B KIR

Fig. 3 PCR analysis on karyogene of interspecies embryos
Interspecies embryos, bovine SCNT embryos, human foetal
fibroblasts, bovine fibroblasts were provided and karyogene of
them were traced by polymerization chain reaction (PCR)
amplification of homo sapiens interferon DNA of human karyogene.
Picture shows the detection homo karyogene at 559 bp. The PCR
analysis shows that homo sapiens interferon detect at the blastocyst
stage of interspecies embryos and human foetal fibroblasts but not
detect in bovine SCNT embryos and bovine fibroblasts. M: marker;
1:bovine fibroblasts; 2: bovine embryos of somatic cell nuclear
transfer; 3: human foetal fibroblasts; 4: interspecies embryos

2.4.2 A ZESOX10 Z/4 PCR £#21

PCR Ly sy h A SOX10 JE[H, 4Btk
AT A B PCR §714 =1, A-4-SFfh vafeae
& MG LT A M 414 3 5 (& 4).

M 3 2 1

1200 bp

4 B4 SOX10 ER S
Fig. 4 PCR analysis on homo male sapiens SOX10 DNA of
interspecies embryos

Interspecies embryos, human foetal fibroblasts, bovine oocytes
were provided and karyogene of them were traced by
polymerization chain reaction (PCR) amplification of homo male
sapiens SOX10 DNA of human karyogene. Picture shows the
detection homo SOX10 DNA at 1194 bp. The PCR analysis shows
that homo sapiens SOX10 detect in the interspecies embryos and
human foetal fibroblasts, but not detect in bovine oocytes. M: marker; 1:
human foetal fibroblasts; 2: bovine oocytes; 3: interspecies embryos
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Mot F ik Z R S I, Al R R
Wi IV e e 2N [ 2 R Al it v PR G & B I 5 9% 2%
PRRE R o ASWFIE SR, -4 S R A 41 i o P IR
(A 1 R R (2.8%:+1.3%) . & fI% T 2 -2 [l A 1]
21 10 ve P IR (10.1%2.2%), HLIX Fh 22 5 2 2R BLAE
S b v [ U 21 SOBEAR B B 1 R BB T (5.7%+2.4%)
5B E AR TR b v R IR (14.8%+1.8%) . AT RE % J5L A
ET, BEMIGE R IR F b4 F R A R I %
BTG, IR & B AR B 2 O R 0 A 5 1
PG RO AR BN KEEA . mRNA K41
i, FE T 8] v B R B 1 R B A A2 A A AR 1 5
BB AR & B B — I, 50 EE 20 g £
PEPEY BRI RETR R, I 7 L D B (zygotic
gene activation, ZGA), Wik HIE—4 % TR 2
HEAAZ FE N g () mMRNA K mRNA 155 T & i %
BT, 2 A fa) 5 w2 A vh bl A% 53 AH B AR Y
ANV, DT 5 i 2 25 A2 OB 4 B o A LR 2T 4k
) i g A, S A e B AR — 2P R F R AR
TRl Fh e RE ARG
3.2 ZhIifk DNA BRBERY EX £ EHI ST

TERR R PR R AR b, A A 2 ke W ) 4 s
NI N R N B N IR S 51 i U s AN
S G i o PR U N T AT S5 VA NS o7 e Rl 791
S IR b ST T e e S NG 5 £ O B2 o e )
MtDNA e 5 T2 R B0 B 4a g2, sRif, % F 5 Fh
TF1] 0 30 400 R 300 i L v e A ) ke IR ) BT A7 A
AU, KEEHIE 22 B 5 Fh 5w e sh i b i 2ok
RFE | R r kT 2 AR 2, |
R IR AN RE A 2 A - 50 ) 5 P o 8 R I 22 75 BB 0 25 15
B G 38 F T 240 i B AR YT B9 TR PRI G T4, (H
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T 7% 2% B R Rl IR 2 pr 1k i L7 2 S JUR 2 ™ Y
AR AR, ABETE R, A RSO AARTE SRR T
FMEEFY B AT AL A7, (AERENRE B, RGN R T
A ZRLA DNA, ANZkifk DNA TEFEILKY B o8
Ll A A 2 P e T A G U ) T R
W RO Y E i PCR #EATHFSE . M Roc &
FERH, FERBEM - SR s ARG T, A% 2 R A%
BRI ZRIA DNA TERL ARG B IRIG % & B BEL A7,
BAEMAJE, ALK mDNA KA, %2k
MtDNA Z 8 e, AR IR i ok ik 5 A £ 5
o7, WEoE R TR S 2 R e s RS
KRBT, B FE DR A5 ) R T HRE S R I AOR R
MR RLR I KT AR, -2 R v R G
Bk mDNA 5, Bl A% (LRSS 1305 | ik
WK, S L, (RS2 Aok 1A 4 bk vk
PRUE RS, 25 SR o B VR ) 2R A4 1 R B4k,
e AT AR A MR AR I 7 AR A5 i TR AR T
4 i

REFERENCES

[1] Wilmut I, Schnieke A, McWhir J, et al. Viable offspring
derived from fetal and adult mammalian cells. Nature,
1997, 385: 810-813.

[2] James A Thomson, Joseph ltskovitz-Eldor, Sander S
Shapiro, et al. Embryonic stem cell lines derived from
human blastocysts. Science, 1998, 282: 1145-1147

[3] Dominko T, Mitalipova M, Haley B, et al. Bovine oocyte
cytoplasm supports development of embryos produced by
nuclear transfer of somatic cell nuclei from various
mammalian species. Biol Reprod, 1999, 60: 1496-502.

[4] Li XF, Li Y, An ZX, et al. Effects of pre-activation of
donor cells and enucleated oocytes on the in vitro
development of bovine somatic nuclear transferred
embryos. Chinese Journal of Animal and Veterinary
Science, 2003, 34(1): 33-36.

EW, A, RS, S LR AN MR 2 A N R4
B AN Ti) U 146 KA 240 A2 % AL R i 1A A R 5 T
e 4R, 2003, 34(1): 33-36.

[5] Wan QH, Qian KX, Fang SG. A simple DNA extraction
and rapid specific identification technique for single cells
and early embryos of two breeds of Bos taurus. Anim
Reprod Sci, 2003, 77(1-2): 1-9

[6] Chen DY, Wen DC, Zhang YP, et al. Interspecies
implantation and mitochondria fate of panda-rabbit cloned
embryos. Biol Reprod, 2002, 67: 637—642.

[7]1 Yang CX, Kou ZH, Wang K, et al. Quantitative analysis
of mitochondrial DNAs in macaque embryos reprogrammed



RS - S5 P v R A S LR AR R 1215

by rabbit oocytes. Biol Reprod, 2004, 127: 201-205. [17] Do JT, Hong KH, Lee BY, et al. In vitro development of

[8] Jiang Y, Chen T, Nan CL, et al. In vitro culture and reconstructed bovine embryos and fate of donor
mtDNA fate of ibex-rabbit nuclear transfer embryos. mitochondria following nuclear injection of cumulus cells.
Zygote, 2005, 13: 233-240. Zygote, 2001, 9: 211-218

[9] LiY, DaiY, DuW, et al. Cloned endangered species takin [18] Do JT, Lee JW, Lee BY, et al. Fate of donor mitochondrial
(Budorcas taxicolor) by interspecies nuclear transfer and DNA in cloned bovine embryos produced by microinjection
comparison of the blastocyst development with yak (Bos of cumulus cells. Biol Reprod, 2002, 67: 555-560.
grunniens) and bovine. Mol Reprod Dev, 2006, 73: 189-195. [19] Hiendleder S, Schmutz SM, Erhardt G, et al.

[10] Yang CX, Han ZM, Wen DC, et al. In vitro development Transmitochondrial differences and varying levels of
and mitochondrial fate of macaque-rabbit cloned embryos. heteroplasmy in nuclear transfer cloned cattle. Mol Reprod
Mol Reprod Dev, 2003, 65: 396-401. Dev, 1999, 54: 24-31.

[11] Zhao ZJ, Ouyang YC, Nan CL, et al. Rabbit oocyte [20] Steinborn R, Schinogl P, Zakhartchenko V, et al.
cytoplasm supports development of nuclear transfer Mitochondrial DNA heteroplasmy in cloned cattle
embryos derived from the somatic cells of the camel and produced by fetal and adult cell cloning. Nat Genet, 2000,
Tibetan antelope. J Reprod Dev, 2006, 52(3): 449-459. 25: 255-257.

[12] Lanza RP, Cibelli JB, Diaz F, et al. Cloning of endangered [21] Lanza RP, Cibelli JB, Diaz F, et al. Cloning of endangered
species (Bos gaurus) using interspecies nuclear transfer. species (Bos gaurus) using interspecies nuclear transfer.
Cloning, 2000, 2: 79-90. Cloning, 2000, 2: 79-90.

[13] Meirelles FV, Bordignon V, Watanabe Y. Complete [22] Loi CP, Ptak G, Barboni B, et al. Genetic rescue of an
replacement of the mitochondrial genotype in a Bos endangered mammal by cross-species nuclear transfer
indicus calf reconstructed by nuclear transfer to a Bos using post-mortem somatic cells. Nat Biotechnol, 2001, 19:
taurus oocyte. Genetics, 2001, 158(1): 351-356. 962-964.

[14] Steinborn R, Schinogl P, Wells DN, et al. Coexistence of [23] Meirelles FV, Bordignon V, Watanabe Y. Complete
Bos taurus and B. indicus mitochondrial DNASs in nuclear replacement of the mitochondrial genotype in a Bos
transfer-derived somatic cattle clones. Genetics, 2002, 162: indicus calf reconstructed by nuclear transfer to a Bos
823-829. taurus oocyte. Genetics, 2001, 158(1): 351-356.

[15] Evans MJ, Gurer C, Loike JD, et al. Mitochondrial DNA [24] Steinborn R, Schinogl P, Wells DN, et al. Coexistence of
genotypes in nuclear transfer-derived cloned sheep. Nat Bos taurus and B. indicus mitochondrial DNAs in nuclear
Genet, 1999, 23: 90-93. transfer-derived somatic cattle clones. Genetics, 2002, 162:

[16] Takeda K, Takahashi S, Onishi A, et al. Dominant 823-829.
distribution of mitochondria DNA from recipient oocytes [25] Barritt J, Brenner C, Malter H, et al. Mitochondria in
in bovine embryos and offspring after nuclear transfer. J human offspring derived from ooplasmic transplantation:
Reprod Fertil, 1999, 116(2): 253-259. Brief communication. Hum Reprod, 2001, 16: 513-516.

REOMREODOMREOMR LR RIODOMREODOROMREGDIREODMRODOMREOMRIGDR LR O LR LR LR KR LR LR KD
#TF (EApTiE¥IR) 2008 A IF-4EET) B iFah il s

UH, FEE R ERM A, A AR A SR T, A2 SRR R BBk B B e, BR T
CARIEN TR, i TR, M CR . AR LRZAN, BERA . U IR GOKRR . AR S B 20
A TR G R BTG SRy 1 I AR G | A bl S A A ST ) I T RCR, DR T R ) A O A R, TS
Oy RAE CAEY TR ER ) RPER S SR, ek ER e, (R TR A ) RMBESUUE A 2008 4Rk,
R —E R A& T LT RGeS AR ) AR AR DG ST EOR R R K R OB i, S A N AR
AR G T 0T Y SR R, LA R T e [ G RIA EI EA O TR SRR RUR o ELOIGEA
URAS AR A AR SR, OISR L T B B g 2= S e, A AR B0 AR A L 0 2 25 4
ATTHLTM . FEFRER, HESLHFE.

HRAE L I TAE TR, St © T i 42 2009 45 B & Pl IE, BURAT SC F T AT

1 LRGSR SCHUE TR IUAIZE 1239 T, SO WEFR PIF 00 a5 AL, 35 O A AN B (R
http://journals.im.ac.cn/cjbcn);

2. OB ERF A TR T EL X FEE HHIER, HiFZ)E, PLE-mail B a9 Uk 1% 3 G 4 AR
fRH: cib@im.ac.cn, FFIETEMEPE TR % PIHITE" P,

3. HUE QAT BRI, 35 7 1R G

E-mail: cjb@im.ac.cn; Tel: 010-64807509

Journals.im.ac.cn



