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Establishment of Abcb1 knock out rat and Abchbl humanized rat models
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[ Abstract] Objective To knock out the Abcbl gene of rat,and establish the Abcbl humanized rat model based on
the Abebl knock out rat. Methods  The animal model was established using BAC and CRISPR/Cas9 technology,and was
analyzed by PCR, RT-PCR and real-time PCR. Results Establishing a rat model expressing human Abcbl stably by
transfer the 153 kb BAC containing human Abcbl promoter and ¢cDNA into rat genome, and establishing the Abcbl knock
out rat at the same time. Establishing the Abchbl humanized model by crossing these two strains together. The expression
pattern of Abebl in Abebl humanized rat is different from the wild type rat. The Abcbl humanized model express not only the
human Abcbl gene but also has similar expression pattern as human. Conclusions The Abcbl knock out rat and the Abcbl
humanized rat were successfully established, and this model is close to human concerning about the drug metabolism related
to Abcbl.
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KD AR A 2 2 25 B G B AEE ] P-
WEEE 1 RIK 10 Abeb1 JEH 5 ZFh 245 )45 R0bE Fn e 4
PEAHC

KEBRAE A AR #i28 Je AT R S5 058
AR sh e e 25 BB 1 254 i ek
WM HTsESI Y Z —, B ToRh2ER, KR P-F
S ARD) P (A 0 258 B S A8 25 4 4T
B2 TR, R sh i AT 25 A b A
LA PEVEH Y 25 5 55 1 PR3 56 25 SR AN — B0 s O
mA KA

K H BACY! (40T A T 4 oA ) i 75 1 T LUK
h-Abcb1 FEPR T A B R BRI 328G B v, 57 i (R 45
) ek AR A 7 XS A AR LR R Rl
THFIIREIL NS h-Abebl 133k B3, T 55 /0 %%
SR PPN 259, T) Ak SR B PR g ok |y B AT 20 )
B BRIZ P 5 3 R B R 3k, a7 A TR AR R BB A
M Abebl AHIG 2yt ik | B FLIPAN R4 R 4F 19 AN JA
R B

1 #MEFAEE

1.1 Rk Abehl HHPAATIEBEREEERKX
RAEIHIE

FIFH R U8 5 41 09 J5 15 #E Abeb1-BAC i B&
(RP1142N21) 1 5° 37 65 kb AN B 46 A h-Abebl
FER K BT HE4K cDNA (4718 bp) , (149 247 13
R ATG _LIFK B R 66 kbp, ATG R
&4 87 kbp) A HEFE Ik Abeb] B BAC Fh a8k (
FIBES T EEAE ) o KA AT 19 B4 225k 1y 0 4tk
PRI VR BE 2 1 ~2 ng/pL, B FH M0 ST AR
4 BAC 15T 2] SD K EASZAF 50 b (K BRI B b5t
38 A A2 5255 3 W) A7 BR A Rl [ SCXK (5E) 2012-
001]),HH SD KEE R BAEZ R KB (R BRI At
S I AR S50 B A BR 23 A [ SCXK (5) 2012-
001)), il £ 5 3 K K Bl ( TE2000U &1 4 14 $H%) .
SEHGAH S S W AE A T T3 A N 2 L AR B 2
JHSEE A BH [ SYXK ((51)2013-002] , 5286 Hhi% it
SYERAERR Y O 245 2 b [ B8 22 B2 b 15 22 S
SIS T shi i 5 A B B S e, ik iESoh
ILAS-GC-2012-001,
1.2 Abcb1b ERE R KRB FIE

FEASELITILARSR 1) T Abeb1b FEHAT
AR eRNA FURAGEE 2) (RF1 5% 3) Cas9/sgRNA 1Y
JRAZTES

FHF Abeb1b FERFT LAY gRNA SRS 2 £ X
Abeb1b F K 3 1 I > 8 5 GGAGACAAATACA
CAAGATT VI & GG TTTGACGTGAATGACGCT, & )ik
Wit 2 2 4% 1 B2 5% ( RAT-ABCBI-E1 (1)-gRNA .
TAGGAGACAAATACACAAGATT 1 AAACAATCTTG
TGTATTTGTCT; RAT-ABCBI-E1 (2)-gRNA: TAGGT
TTGACGTGAATGACGCT Hl AAACAGCGTCATTCAC
GTCAAA) FH T4 sgRNA &I R TR 458
K (97°C 6 min J5 AR EZER) , 7% AL Bsa 1 il
VI pUCST-sgRNA Fak a8 (7 5t K27 BT
LM ) FHE sgRNA FREMA, IF IR, ik
EEFR .

PRANFE 55 . Cas9 Fik JiRE ( Addgenne No. 44858,
R H LV I ) |, 28 Age 1 TV AL,
2B A P Sk IS W T O A% R Wl 1 K R AR
B, T AR AN 50 Cas9 mRNA 184 % i il ) &
T7Ultra Kit( Amibion, AM1345) 7E & ZMMEF] T7 RNA
RAEMTE ., sgRNA B RIXBIRZL Dral BYIL M
e , 2By & A5 SliAk, % T JCA% IR il 1) /K A hy 5
We TR AL 50 sgRNA B AR AR & 1 i it ) &
MEGAshortscript Kit ( Ambion, AMI354 ) 7£ & 41 %] H
T7 RNA BAE5EN

Cas9/sgRNA [ JFAZ T . 7 SR 4F ) Cas9 mRNA
il sgRNA 1RAIF HIRHE MR % 20 ng/pl F1 10 ng/
pL /sgRNA | G0 S 200K RNA TR A 9 31 %) SD
BRI 32 K5 O %) e T A% 0 A0 5 o A A 2R I
K,

1.3 Abcbl- BAC HEE KR K Abcb1b EE BRI
ARHNERBLTE

HRARTA 7 ~ 14 d B, 3T REARIC, IS T
M2, 36 i S S OE I 4 DNA, 3 F 0.1 x
TE 1, i PCR iEXT & @ BRUEATRiE, XTT Abebl
-BAC R R B, fd = %F PCR 51443 5% 4 A
BAC 1y I R AT 58 4 R I, 43531 A« Abeb1 -
BAC-F1. 5’ -CACCAGTTGAAGAGCGTTGA-3" T it
Abeb1-BAC-R1: 5’ -GCTGCTGATGTGCTGATTGT-3
Abcb1-BAC-F2 : 5’ -CCAATGATGCTGCTCAAG-3 " T
W Abcbl-BAC-R2: 5’ -GAGTTTATGTGCCACCAAGT
AG-3’ Abcb1-BAC-F3: 5’ -AGTGGTGTTTCAGAATG
GC-3° Nl Abcb1-BAC-R3: 5’ -GTCAGTTACAGTCC
AAATGGG-3 ( Life Technologies, H1 [ ), PCR )/
K% 20 wWL(PCR RN AHICIAKIG B AW T4
BRAE D) o R Z&F:95°C 5 min; (95°C 30 s,
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58°C 30 5,72°C 30 5,30 MEHF) ;72°C 10 min;4°C 14
M, PR BERK/NT 518 316 bp,449 bp,410 bp,
XFF Abeb1b FEP IR R B, Bt —XF 5 1 W & 1R H
o, b W 51 % A Abebl-check-F1
GCTACAATGACATGTCCTACCCAAT F % 51 ¥ H
Abebl-check-R1: AGTCTTGATTCTGCCAGCCTAGTC
(L EBAEYWHEAREARGRAR G, TE),
PCR WK Z 50 wL( PCR K20 AH &5 8 A 54
%T%%ﬁlzﬁ/é\\ﬁj, Hh EI) o fiﬂj%%ﬁﬁ:%"c 5 min;
(95°C30 5,62°C 30 s,72°C 30 s) x 30 f{#;72°C 10
min;4°CIRAF . ¥4 R BoR/N R 737 bp, JFidd TA
SE R DU — DA I o SR
1.4 Abchl NBEULKRHES

IS Y cAbeb1b FE IR R K Bt AT 452
FRAG rAbeb1b JEH R BR 46 A T K, B hAbeb1-BAC
FHME R B rAbeb1b FE PR RBR K R 4458, 15 5] BAC
FAEH rAbeb1b FEPRE R 24 & F R B IR RS
rAbeb1b 5& R A B 46 & F KR 2% 22, B AT 3R 15
hAbeb1-BAC FATE H. rAbeb1b JE PR 8 % 4l & 1 R B,
XFPR B r-Abeb1b FEH [ 33K, [F] B 485 747 3 ok
BAC FARTFE A h-Abebl FEH
1.5 RT-PCR #&illl hAbchl AR REER

Abebl NIFALK FR 57 A4 R K BRAS L, % 7R
1) 5 PR SRR DL HEAT 4 BT o SR O A 2 A P R
PRI F1 AR IR BB B A X6 BE R B U | O O
Jifi Fii 20 2% 5. RNA, il % cDNA, #|FH51 ¥) RT-
Abcb1-F:5” -GGCTATCATTACTCTTTACCTGTGAAG-
3’ #il RT-Abcbl-R: 5 - CCGGATTGACTGAATGCTG
37 YR /NA 225 bp B9 B 9 A B, PCR W AR &
20 wL(PCR N #5050 0 B 49 TR A R
", PE) . RUW4:95°C 5 ming (95°C30 s,62°C
30 5,72°C30 5,24 MEH) ;72°C 10 min; 4°C {717,
GAPDH 1E AN Z
1.6 Real-time PCR #& il ZH 28 Abcb1mRNA F
EER

SR B8 F 2 B, BB I DL
BREEZH 4T RNA, H145 ¢DNA,

P i £ 69 ZE ST fF 519 Abebl -wi-standard-
F1: 5’ -CAGGAGATAGGCTGGTTTGACG-3 " ; Abcbl-
wt-standard-R1: 5’ -GGCCCTTCAAGATCTTAACTTCA
C-3’ LI K Abebl-human-standard-F1. 5’ - CAGTGG
AATTGGTGCTGG-3"’ ; Abcbl -human-standard-R1:5’ -
AACACTAAAAGCCCCAATTAATACAG-3” 43 Hil 4 44

7 1 T A P 1 rAbeb1b L PR D) R N\ IBRAR R B
WY hAbebl e, i Be K BE 43 51 R 766 bp M 682
bp, WHEW A rAbebl LR K hAbeb1 J& 1) iR A
RN, P BTSN 1 x 10 ~ 1 x 10° 2 01/l fifi
JHl Power SYBR Green Master Mix 1K % ,}i@%ﬁ:ﬁﬂ
95°C WiZE % 5 min #E A ¥R 95°C 30 s, 59°C
(1Abcb1) 3 61°C (hAbeb1 ) B 2k 30 s,72°C #EF 30 s,
TEER 40 K, FEREIMEAEE 5 I WG, #Sr s
HE il £ B O B 50 W 8 Abebl-wt-F1. 57 -
GAATGTTCTTTCAGTCCATAACGA-3 > Fl Abcbl-wt-
Rl: 5 -GTTCTGATGGCTGCTAAGACTTC-3 * DL M
Abcbl-human-F1: 5’ -TGGTTGCTGCTTACATTCAGG-
3’ Ml Abcbl-human-R1 5’ -CAGCTGACAGTCCAAG
AACAGG-3" ,

{81 Abeb1-wt-F1/R1 F1 Abcbl-human-F1/R1 43
ST B A AR R S N TR AR BRI Abeb SRR AT
B ARSESRAE IR TR 20 DU, T 3 IR,
GraphPad Prism 5 #4547,

2 R

2.1 hAbcbhl - BAC HER KR EE D

I TR 5 5 2 %) 5 157 Abeb1-BAC 5a % ( RP11-
42N21) 5° 137 65 kb UL B4 A h-Abeb1 FER )5
KBIHEIR cDNA (4718 bp) , ( #4 7 b 10 2% A kS 4 2%
7 ATG LK% N 66 kbp, ATG FiiF K B A 87
kbp) T8 T # ik Abebl 1 BAC Fik ik (1),
A% 15 H F0 AR EL, $R B N 41 DNA, PCR 48
L IERE 4 QIR K h-Abebl B R (K 2),
HEA 3 HEdReefa L, $RBOCER MO NE,
B B W Bl L B B9 RNAM) ) RT-PCR 77 ¥ 3 #F
Abebl 1) RNA 7KK IBME L, 45 R KW 3 DML
KERFR(2 5,5 FH 8 %) MINHLIIA Abebl S
(235 B A 5 SR KRR .0 R4 2
Abebl 3 H Y 3k, I EL7E JF AR, Jils 70 oG 20 21
Abeb1 135 B f i (E 3)

| i
[iﬂ?:ili

J 8 X

promoter

1 Abch1cDNA]

[ T
(AR

El1 BAC-Abebl 0 A T3 (A ZE
Fig.1 The structure of BAC-Abcbl

2.2 Abcblb BEERBR ARG &

2R RS, 58 12 HE R, SRR E
TR = H (1 5,5 5/M9 %) HERR (K
4A) It = HUE a ERUR W5 e T Y 4
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M H W P 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
—

— —_— — — — — — -—— 316 bp
—
b — — — — — — —_— <— 449 bp
—
i — — — — — — -'H()bp

T : M Marker DL2000; H: 7K ;W : [T B P BEAE X IR 1 - 15 2 FO UK B S 5 2,5,8,10 AP E AR,
B2 PCR %/E BAC-Abcbl K FRUHEH %!
Note: M: DNA molecular weight marker DI2000;H: H,0; W Negative control; P Positive control;
1 — 15 rats were generated by microinjection, 2, 5,8,10 were four positive founders.
Fig.2 Identify the genotype of the BAC-Abcbl rats by PCR
Lol [ ok Ji i

Heart Liver Kidney Lung Brain

W F2 F5 FRF W F2 F5 F8 W F2 F5 F8 W F2 F5 F8 W F2 F5 F8

— p— —_ — «— Abchl

— ———— —— —— —— — — — — — v — — —<— (apdh

TE: W PIMEXF B F2 F5 F8 22,58 Sl A FARE. FS5 7RO E I, B E, BRI 34 Abebl BRI 3RI5
B3 RT-PCR 4T Abebl 7 F1 AR 36 B e ik 1 1
Note: W: Negative control; F2, F5 and F8 are generated by crossing founder 2, 5, 8 with wild type rats.
FS has human Abcbl expression in heart, liver, kidney, lung and brain.
Fig.3 Abcbl gene expression in F1 rats were analyzed by RT-PCR
AM W I 2 3 4 5 6 7 § 9 10 11 12 BM H W - -

4 :M: Marker DL2000; H: 7K ; W IR G AL 1 — 12 il s S fdei 5 =2 i FO R B 5.
B:5 S RS E , BRI LB, -/ + 1Abebl 24T R -/ — :Abebl FEHFIBRALE TR,
4 Abeb1b HEDH R OR FUAd) R B M

Note :M: DNA molecular weight marker DI2000; H: H,0; W: Negative control; A: 1 —12: Rats generated by microinjection.

B: The off springs of founder 5 were identified by PCR, The mutation can be transmitted.
—/ + :Abcbl heterogeneous rat. —/ — ;Abcbl homozygous rat.

Fig.4 Identify the genotype of the Abcblb knockout rats by PCR

M, B %E T CRISPR/Cas9 X Abeb1b ()3 PRB M 175 5L
(EI5A),

ST RIS SEHERFRSA 62 bp 1 DNA B
B BRI T Abeb1b R RS 54 | I
HI7 A T2ORBW T, JATH 5 SEERRSEE
RIS RS HE , X AR R AT SE R R % 7 (R 4B)

Wy 25 R R WL R Re s Fa g 5% (&1 5B) .
2.3 Abchl N KRHIES

HF Abeb1b FE H R R K BRI hAbeb1-BAC g 3 [
KEL 2458, i & 3K 15 rAbeb1b FE B i B3 F1 36 5k
hAbeb1 19 K B, BI i N R AL Abebl K, 6 5K
Abebl NIEALKEL (B 6A B)
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CRISPR/Cas9 induced Abcb1b locus modification

ES I/ I/l
7 "“I s 7 o
sgRNA-A seRNA-B

GEAGCTG M A AANTAC A AM AT TAGGCAGAAGTTTTTCCATGOCATCATGANTCAGRAGATAGGCTRATTTRADGTRANTRACGOTGUROGRA | (WT)

GCAGCTG GRCAGAAGTTTTTCCATGOCATCATGAATC TECTTTOACGTEANTGACGOTGGGGA. 10 (-21bp) &/6

GCAGCTGUGAGACAANTACACA AGGCAGAMGTTTTTCCATGOC TC TGOTTTGACGTGAATGACGOTGGGGA. 20 (-5bp) 5/5
Sf-a (-11Tbp) 6/10

GCAGCTGGIAGACAANTACACAAGA GCTGGGGA  50-b (-62bp) 4710

GEAGCTGHG CAAATACACAAGATT TTTTCCA TTCACGTGAATCACGOTGGGGA. 6 (~3bp) 6/6

TTTTCCATGLC i GOTGGGCA  90-a (-158bp, -15bp) 5/5
GCAGCTGEGMIMIAANTACALA GMAGTTTT TTGACGTGRAATOACICTGGEGA  100-a(-10bp)  5/10
GEAGCTRAGACAMN TACAL AGGCAGANGTTTTTOCATGOCATCATGAATCAGGAGATAGEC TGUTTTRACGTGAATGACGOTGGGER 100 -b (- 6bp) 5/10
B

GEAGCTGRAAAAANTACACANGA GUTGGGGEA  50-b (-62bp)

GOAGCTGEACACAANTACACAAA, GUTGGGGA -/ (-62bp) 5/5

GCAGCTGUUAGACANATACACAMGA GUTGGGGA  -/+  (-62bp) 610

T : PAM BJ7 3R g @i TRk S0 AL @R S8 BE OFRmA (+) B (- ),
N/N 7R il 8 s B AN B PE R, A RIS R . D AUK I PSR
5 Abeblb HE DR BR R AT 45 2R 0 B
Note; The PAM sequence is underlined and highlighted in green; the targeting site are red; the mutations are blue;
deletions ( — ) are shown to the right of each allele. N/N Indicates positive colonies out of total sequenced.
A The sequence result of founder rats. D: Sequencing result of offspring rat.

Fig.5 The sequence result analysis of Abcblb knockout rat model

A M H w p 1 2 3 4 5 6
[S——
p— — — S—— 316 bp
e
— — e W — 449 bp
—
— — C— - €— 410 bp
B M H w p 1 2 3 4 5 6
L—
[— (_/—Ahcblb—WT
- — -——— .
. - — s — —-(—\_
Abeblbko
—
—

TE :M: Marker DL2000; H. 7K ; W . BP0 B P BHMEXT B 1 -6 H1 BAC-Abebl KEUS Abeblb B K B Z43E = A TR,
A:2 4.6 JHEERIBITERL ;1 3 .5 S SE R I RL, B:1 .2 SO A RT3 4 5 Abeb1b FER MR & TR B
5.6 52A Abeblb FEFRBRAIE T KB, 6 5 Abebl NTALKE,
6 Abebl NPFALKR B4 E
Note: M: DNA molecular weight marker DL2000;H: H,0; W. Negative control. P: Positive control. 1 —6: Rats were got by crossing
BAC-Abcbl rat with Abcb1b knock out rat. A; 2, 4, 6 are transgenic positive rats; 1, 3, 5 are transgenic negalive rat
B: 1, 2 are wild type rat; 3, 4 are Abcblb heterogeneous rat; 5, 6 are Abcblb homozygous rats. 6 is the humanized Abcbl rat.
Fig.6 Generation of humanized Abcbl rat
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Lig iy}
A M H O F B W N WE
-

o

Abchdl N4k K B

- e w— o e— rat-Abchlh

y=-3.261x+37.19

R*=0.996
R S S S S S
SDZ LM B Abeb | hIE PR (145 0 S 1o i

B M H .U B W N R
—
- — - &— human-Ahch1
D
30
25
20
= s
]
109 p=3.1341x+36.44
5 R*=0.998
0+ - - - : )
0 2 4 6 8 10

Abeb | NIEAL K B A BAbch | b3 R f 42 UL 8 il 1

AL IS PRSI RT-PCR =47, A6 0 85 A 7K B Abeb1 b F63515 00, B. BTG JAGI RT-PCR 749 , K Abebl
NIAL KLY Abebl Fih C. Abebl -human JURL 10 5 R IR RE AR UEMZE , D. Abeb1b-rat kL 10 %5 R SRR bR kT £k
B 7 RT-PCR Kl BFAE AU BN ALK BRZH 2L Abebl mRNA RIA7K-F L
Abeb1-human Fl Abeb1b-rat JFURL 10 £ 28 51 B B A i 1 ¢

Note: A:The wild type rat RT-PCR products detected by agarose gel, analyzing the Abcblb expression level in tissues.

B:The Abcbl humanized rat RT-PCR products detected by agarose gel, analyzing Abcbl expression level in tissues

C:The standard curve of 10-fold serial dilutions of Abeblb-rat plasmid D;The standard curve of 10-fold serial dilutions of Abcbl-human plasmid.

Fig.7 The Abcbl mRNA expression level of wild type rat and Abcbl humanized rat in different tissues detected by

RT-PCR and the standard curve of 10-fold serial dilution of Abcbl-human and Abcblb-rat plasmid

2.4 Abcbl NiBELKRFNEFERI KR Abeblb Rk
& X bk 43 4

Pty BB B BR A 2 2L cDNA R 5
M, P34 Abebl, & 3T A Y KRR AR P9 T DR A
Abcb1b Fihtt iy, U JIE AT A 2% 38 1 AH XA (]
TAB) o AUEAE SRR PN I | B RE RS PN Abebl
Tk, DIER B RN, WA rAbeb1b K
K K2 hAbeb1 JEPRRFORLLA 10 3546 B 22 90 i A A
B B3 B AR MERRZE R® > 0. 99, 77 & i 2R 23K
(El7C.D) ., Abebl FER¥E DU & 581t o b vl LU
H Abebl NIFALK BUOMERGFE DIEGRE] S x 10° 45
UL/ mg, TERFAE R 5 x 10 ¥ 01 /mg, I8AE R 8 x 10
PEU/mg, BNER 1.2 x 10° # 01 /mg, ik 2 x10°
501 /mg, CoME MELIE B BRI Y h-Abeb1 95 DL e
15 T r-Abebl | 25 5 5 B 5 B M v Uk &5 SR — B0 (1A
8).

i#

it
AR AL BB TR 5 AT A 20 e 9 T
7 SR SO0 S L 2 R KF
A 20 R L B A AL K A 1L
WP ). DR K0 A 3 R
CLL Ve PP YN I B
SEHEEH G 1 B LR A BAC. T 4 A

3

2.5X10°
€3 B4 AR,
2.0X10° 2o ETEAPNTIFN - ]
E 1.5X10° S
*
1=
2 1.0X10° 4 1
05%10°d  pm E
E g M
A

TE P 2R SRR Abebl NIRALTK R Abebl
e HE AR RRE PR i R i 2 4 DUKK
B 8 Real-time PCR A5 I8P AE AR BRAI AL K B
LY Abebl mRNA Fik KT
Note: The copy numbers of Abcbl-human and
Abceblb-rat in heart, liver, spleen, kidney,
brain, thymus per milligram.
Fig.8 The Abcbl mRNA expression level of wild
type rat and Abcbl humanized rat in
different tissues detected by Real-time PCR

F, BAC 3EMURSUK RRIFEE 1 H A3 5 A 2 30
P i RS 20 K BT U R 4 A ] 5
ik AR EE R T RE
P-HiE R T 1976 4E 1 Juliao Al Ling 251
TERKK AR 24 104 v 1 6 BB 5340 i rh 2 B, HL B
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Je BRI R 2 A7 TR R4~ 81 " p-
WEER RS — R IR ABC 5528 1, 2 )5
WG RSt R BT R E A, R — iR
PRS0 25 S 1 2, TR IR 24 3 vk R DA 24
L P A i 2R A M A R AR L PR vk B O S B 2 2 i 24
PG N PR B 1 S 7 iR 40 i
R, Z 5 IR R E A AR IE A8 d )z
FIk AN iE b Bz A0 M, A0 R A IHAS i, B A
i/ INE b Bz 40 it i S5 B s A A P R 4 LA
B RERT 1L HLAAR XA 35 9 5T 4 WO R A 5 ) o 1)
DR, S, i LS AR, AR Abebl
SERFEHIF A 0 P-WE R 5 259 3 A Rl iz % )
I PREE (AR ML G ATP K B E A
AR SMIEE I 25 W) B W e A2 Ok BRI AR A P 24
Vi g

ol g 2 S 2 1 24 W I AR IR 5 9 3 DR 7 D
PRz — 12724 il g A ml SR S0 sh A 2 6 &R
P EE R B S SR B R

KEEE A2 b, A WA 8] 2 Abebla S
Abeb1b Zfi% P-WEEE (M, 35 A58 7 5 A LT
85% , SIFIVEAY NS Abebl HIREFEMRABIME >80% ,
KE Abebla B Abeb1b FE R 5 AN Abebl FEA
[EFEXT LR 259, B 1R AR SR B . Abebla 5
Abeb1b FEPRIAE L 288 B 14 43 A AS [R)(H R AR B 5
ANZEHY Abebl FEPRUZ—S, EAN15 AR Abeb1 K&
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Effect of chronic restraint stress on sociability in mice

GAO Jie' ,ZHANG Nan',SONG Ming-jing' , SUN Xiu-ping'
( Comparative Medicine Center,Peking Union Medical College( PUMC) ,and Institute of LaboratoryAnimal Science,
Chinese Academy of Medical Sciences( CAMS) ;Key Laboratory of Human DiseaseComparative Medicine , Ministry of Health;
Key Laboratory of Human Disease Animal Models, State Administration of Traditional Chinese Medicine, Beijing 100021 , China)

[ Abstract]  Objective To investigate the effect of chronic restraint stress on sociability in mice. Method
Chronic restraint stress was applied to establish stress depression model. The mice were individually housing and restrained
for 4 h per day in a 50 mL polypropylene conical tube with ventilation holes. This daily restraint was repeated for 35
consecutive days. The sucrose preference test was applied to evaluate the model. The social approach-avoidance test was
used to assess the effect of chronic restraint stress on sociability. Results The sucrose intake was significantly reduced in
chronic restraint stress model compared with the control mice (P < 0.01). The control group investigated the social
stimulus ( stranger cage ) significantly longer than the object stimulus ( empty cage), thereby demonstrating normal social
preference. The model group showed a decrease (sniffing time and frequency) in social investigation (P < 0.05,P <
0.01, vs the control group).  The chronic restraint stress group did not demonstrate social preference. The preference

index in chronic restraint stress model (ratio time sniffing stranger vs. empty cage) was significantly lower compared with
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the control mice (P < 0.01). Conclusion
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Fig.2 Effect of chronic restraint stress on sociability test
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Comparative study on values of blood physiological and
biochemical for middle and old-aged cynomolgus monkey

TIAN Chao-yang' ,LIU Shou-tao* ,JING Tao® ,ZHANG Xin®> , YANG Ying-shan'
(1. Hainan Jingang Biotech Co. , Ltd, Haikou 571100, China;2. Wuxi AppTec( Suzhou)
Co. , Ltd, Jiangsu Suzhou 215104, China)

[ Abstract] Objective To provide reference of the general physiological index, blood physiology and biochemistry
for middle and old-aged cynomolgus monkey. Methods 119 cynomolgus monkey aged from 11 ~16 (80 were males and
39 were females) were involved in the study. We detected the general physiological index ( body weight, the crown-rump
length and waist circumference ), hematology and blood biochemistry parameters respectively and compared these
parameters between males and females. Results Between males and females, there were significant differences in Body
weight, the crown-rump length and Waist circumference of the general physiological index(P < 0.01) ,NEUT# LYMPH#
EO# BASO# NEUT% ,LYMPH% .EO% .BASO% .MCV MCH RDW-CV PCT MONO% .HGB HCT MCHC RDW-SD,
MPV of hematology(P < 0.01 or P < 0.05)and TBIL ALB GLO ,A/G ALP GLU UREA CREA TCH.,TG ,CK ALT,
GGT of blood biochemistry (P < 0.01 or P < 0.05). There were no significant differences in other parameters (P >
0.05). Conclusion It provides reference of general physiological index, blood physiology and biochemistry parameters of
cynomolgus monkey and basis for their application in biomedical domain.

[ Key words ] Cynomolgus monkey; Body weight; Crown-rump length; Waist circumference; Hematology;
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JE ISR s AR AR A RS
ST R ARG I, B RN R KR8 5 W)
FRIEAD AR TS 2 2 7 1, A 2 E T
By#) 62% LA L BRI T S0 80 100% ., MLAh, &
M ENAESA 1 TR SRR, 3R E R S8
WeFRpa A TR R d v B SL g R K857
FEIF A P43 (CLPA) 2012 4R SE 11 7R 4 [ 52 96k
BEAMEERN A ECHES 29 7 R K g
Wik 25 T HP ) RG] RS KA K
(B AR PB4 B BE (RIS =10 % R P AR
AR > 15 5 A 1 Bk S N S R
FEPTOR T B R A Bl 9 9 455 780 1 s o 44
BET FEE IR IR

PRI, 7 o 22 A B B 0 5 01 I DA i 7 A 3
AAAFEAR AU N R IE B Z S 5 1l
bR EAR ) A 7R A BRI H RO B 12 W & HE 2 H
TEEBEMER, ABFFE 119 H 11 ~16 2 a5
Mo () — PR AE FRAR A (IR AR TN ) | Il Y 2 A
ML AE AR bR UEAT T 4T RGN E , FF ik iT T
PN ) ) B, Sk £ B A A A W I SR ) 1o FH 42
H“ESEEFER,

1 #EMTE

1.1 SKIEzh¥

R 119 H M 80 L MEME39 H, g .
YA 11 ~ 16 2 5 S W) A 7 B I R 4 W AR
Y AR A A BR 2N 7] [ SCXK () 2010-0001 ) . 52
0TI P 4 U 2R W) BRI A PR 2 W) B 3 g AR
NRK Y5058 = 3547 [ SYXK (31)2014-0017] .
T 2 5% A BRI RE R MR AL AR Zh W A B ROk
1.2 MEAHZX
1.2.1  — A B8R (KT /body weight | 1K/
crown-rump length FIJE [l /waist circumference ) Il € :
Y EEFE > 16 h, F-8.00 ~11.00 FRE, FRE
HIOWLESFZE 50 (0. 1 mL/kg BW) HEAT BEIE , % ] 52
JUFEEA TR £ 5 AR 0 S T 2 259 R FH Rz R, W e

FFHE 0 BRI 4 1 S 0 0 i, 1 A A L, R D o 2
FI Sk IO 538 v e 1 SR SiE A 28 2 AR B BT
R ROA AL A G — A, P B aE rh BT

1.2.2  IMEABREEFRIGE - 40 1. 2. 1 PRk kAT 34
(75 I8 | IR I RN SR AR #R DK Il 2 mL, 1 FH 38 3 BC-
5500 4 F 30 Il 4 A 53 B A3 K e 253550 20 4 7 1l 248 A
TR, R H Sy . AR (WBC) | R AR
MECH (NEUT#) bk 4 i B (LYMPH#) | A%
Y% H (MONO#) | FERR MR AN I E B (EO#) /8
BRCPE K7 40 B %k H ( BASO#) | H PRz 40 i 1 4 1
(NEUT% ) bk EL 40 B A 43 He ( LYMPH% ) | 542 41
MIA 43t ( MONO% ) | W& 1R P kL 48 il & 43 b
(EO% ) g K7 40 i 7 43 b ( BASO% ) | £ 41 i
B(RBC) | IfL£1 % 11 (HGB) £L 40 g JE AL ( HCT) |
RBC “F ¥ /A& F1 (MCV) . RBC ¥ 34 1fil 41 % 1 & &
(MCH) \RBC ~F- 341l £1. 25 ¥ B ( MCHC) | 21 41 Jfd
A3 G FEAS S 22K (RDW-CV) | £1 40 Jifd 43 A 5 JiE b
#EZ (RDW-SD) i /MRUEEL(PLT) S 1/ A
FL(MPV) | 1L/ 53 A7 56 2 (PDW) | IfiL /) Az Hs FR
(PCT),

1.2.3 MR PRI a0 1. 2. 1 frk it A7 34
23 16 BRI R A DK I 3w, B0 BRI 35, 107 P
R 120 4 A AU BRI R Stk AT
MR AE A2 ARG AU T H Ay - 45 P9 5 2 (ALT) |
RINA& AR A F R M (AST)  SHLLE (TBIL) |
SAEE(TP) (HAEH(ALB) JKEH (GLO) (HERIL
(A/G) BHPEBERREE (ALP) (45 2 k4% Ik ( GGT) |
A (GLU) \JRZ (UREA) JJLETF (CREA) | &UAH

[ (TCH) Hh =86 (TG) | WLRR#Hs (CK) \FLIR
Jii =B (LDH)
1.3 Z5RAE

N SPSS GEi A S a6 B s i 47 40 A, 45 R
DA Mean + SD 37~ , R « 865011, lE& 4
FEFEAREAE R 25 57 I 25 R K a0 =0. 05,

2 #HR

2.1 —HRAIEIEFR
e BFEVE Sh ) B A E AR T BT 9 s 22 S A I
F(P < 0.01), HEtm THEM(RD .,
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R1 PR AR
Tab.1 The general physiological index of middle and old-aged cynomolgus monkey

EgE| 1 Tk W
Ttem Average Male Female
AT Body weight (kg) 7.79 £2.34 9.08 +1.56 5.07 £0.99
&+ Crown-rump length( cm) 48.11 £4.08 50.30 £2.55™ 43.51 £2.59
[ FE] Waist circumference ( cm ) 44.53 £7.30 45.87 +£6.43 ™ 41.78 £8.24

oS 80 L MEMESh Y 39 W ¢ S s IAHLEL P <0.05; 1 S shAHLE P <0. 01,

Note ; Number of male monkey is 80 and female monkey is 39; * ,P <0. 05 ( compared with the female) ; ™ , P <0. 01 ( compared with the female).

2.2 MiEFEER

HEPESh #) 1) NEUT#, LYMPH #, EO #, BASO #,
NEUT% . LYMPH% ., EO% . BASO% . MCV . MCH ,
RDW-CV PCT 5MitES P HIL 22 R & (P <

0.01) ,MONO% ,HGB ,HCT ,MCHC ,RDW-SD , MPV

S5ErEsh M 22 S W EEH (P < 0.05),{UAH
WBC .MONO# RBC .PLT .PDW 5 M 4 s ) 4 Lt 2%
RAREP > 0.05)(£2),

R2 PR EER MR LR
Tab.2 The hematology value of middle and old-aged cynomolgus monkey

T H iR WP

Ttem A Average Male Female
WBC 10°/L 8.22+2.93 8.59 £2.94 7.48 +2.79
NEUT# 10°/L 5.16 £2.70 5.80 £2.73 3.84 +£2.09
LYMPH# 10°/L 2.44 +0.84 2.28 +0.72* 2.75 £0.98
MONO# 10°/L 0.35 £0.19 0.35 £0.20 0.36 0. 18
EO# 10°/L 0.07 £0.07 0.06 +0. 05 ** 0.11 +0.07
BASO# 10° /L 0.02 +0. 02 0.02 +0.02 ™ 0.01 0. 01
NEUT% 61.46 +14. 66 65.94 +12.10* 52.27 £15.29
LYMPH% 32.52 +£13.18 28.57 +10.51 40.53 £14. 48
MONO% 4.42 £2.22 4.07 £2.19* 5.15£2.12
E0% 0.97 +0.96 0.68 +0.57 1.58 £1.28
BASO% 0.19 +0. 14 0.23 +0.16 ™ 0.12 £0. 06
RBC 10'2/L 5.35+0.57 5.32+0.41 5.40 £0. 80
HGB /L 126.01 +14.24 128.74 +11.35 " 120.41 £17.71
HCT % 42.43 £4.41 43.20 £3.54 " 40. 86 +5.53
MCV (L 79.52 £4.97 81.21 +3.44™ 76.03 +5.79
MCH pg 23.60 +1.70 24.20 +1. 14 22.38 +2.00
MCHC g/L 296. 85 +7. 69 298.08 £6.77 294.33 +8. 87
RDW-CV % 13.27 +1.21 12.78 £0.77 14.26 +1.34
RDW-SD (L 39.28 +£3.48 39.77 £3.52* 38.29 +3.22
PLT 10°/L 371.23 £72.33 362. 84 £72. 11 388. 68 =70. 53
MPV (L 10.06 £1.22 9.88+1.19" 10.43 £1.23
PDW % 15.34 +0.31 15.33 +0.31 15.36 +0. 31
PCT % 0.37 +0. 07 0.36 +0. 06 ** 0.41 £0.07

W HEE S 80 R MEMESIY 39 K SMEMESIIFHLL P < 0.05; %, SHEMESIIARLL P < 0.01,

Note : Number of male monkey is 80 and female monkey is 39; * ,P < 0. 05( compared with the female) ; ** ,P < 0. 01( compared with the female).

2.3 MmEELFIER

e ¥E 3 ¥ ) TBIL, ALB, GLO, A/G, ALP,
GLU .UREA ,CREA . TCH TG .CK 5 M7 zh 9 AH
WZSMBE(P < 0.01),ALT . GGT 5 HEtE3)
YHL 2 S 5% (P < 0.05) ,{UA AST TP,
LDH S5tk Z 7 A8 E (P > 0.05)
(£3),

3 itig

ESE NN ESTE €U DIN )7 N TR7Se S e S R/
WA R RO, RRSIPRE S ORE I
PR EE B ML A B A AR R A5t AL 25
B LTI a R C R RS B e AR B Ak
( >10 % LAE) ARG S BORH AN e UL AAE
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R3hRAFRERK A AR bR

Tab.3 The blood biochemistry parameters of middle and old-aged cynomolgus monkey

i H V-3 liide3 M

Ttem Average Male Female
ALT U/L 46.76 +16.77 44.18 £14.39 " 52.27 £20.09
AST U/L 39.20 = 14. 65 40.47 £15.79 36.55 = 11. 68
TBIL pmol/L 3.61 £1.46 3.84£1.55™ 3.14 1. 11
TP g/L 70.32 +£3.92 69. 84 +3.86 71.29 +£3.92
ALB g/L 39.59 £3.55 40.38 £2.79 ™ 37.97 £4.36
GLO g/L 30.72 4. 45 29.46 £4.05 ™ 33.32+4.13
A/G 1.32+0.25 1.40 £0.23 ™ 1.16 £0.23
ALP U/L 94.26 +40. 27 78.38 £24.35™ 126. 84 +46.75
GGT U/L 44.56 +18.59 47.01 £20.21° 39.38 £13.45
GLU mmol/L 3.61 0. 87 3.42+0.84™ 3.99 +0. 81
UREA mmol/L 5.63 +1.51 5.96 +1.38™ 4.98 £1.58
CREA pmol/L 92.19 +26.77 107.54 £16.22 ™ 60.72 £12.90
TCH mmol/L 2.39 +0.61 2.18 £0.48 ™ 2.81 +0.63
TG mmol/L 0.52 +0.28 0.42 +£0.15™ 0.72 +0. 36
CK U/L 286. 52 +£302. 51 331.25 £353.19™ 192. 34 +98. 05
LDH U/L 693.01 £259.73 685. 55 +£239. 61 708. 31 +£299. 60

TEHEPESY) 80 L #EMESY 39 ;v SMEESIIAHLL P < 0.05; ™

JEMEEEI ML P < 0.01,

Note : Number of male monkey is 80 and female monkey is 39; * ,P < 0. 05( compared with the female) ; ** ,P < 0.01( compared with the female).
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PE L/ NRE MSTN H& DK 731~ Sk S 41 o3y
%%ﬁ;@l,% %l’mmwlﬂ’iiiil A %ﬁJ mﬁfglz

(1. BT ERRAF SIS O R E AT RT, T 51051552, ZRZEMMLITTABRSCI SR A BRAT &R H5E  523808)

[{HZE)] B P PuE N AL LR KM R 2 (MSTN) 5 K 4 5 X K 51, HE4 R4 3E 17 4R W15 B 2
GHT. Ak SRETUE N TR RNA S SRR <DNA, FIIF RT-PCR /759 44 MSTN H: K 4 it X 4> 4
JEE Rl tr B pMD19-T ki 32 F#AL RAAT B DHS o, Ui 128 B 1 5 B 5900 5 03 371, R A W0 15 B 240
B P AR, JF 5 A 12 Fh R @ R R, R OBV MSTN J: R 4 X 4K 1128 bp, 4ifith
375 ANEEERR , F AR T IR BT 2R B, 5 IR R RS MSTN 2R 7 5 AH M d 55, O 99% , 4518 MSTN
FER TG NBURERR T SXG B S RO RO AL, 5 R RIS A A AR RIEE R BN
B R ARE AT , Hor 5 MR R (R SR O R BN 3

[=8iA)  PUmDINISE  MSTN JER ; v 7

[FESHES] R332 [ XiktRiZAE] A [XE4HS)1671-7856(2015) 03-0018-05

doi: 10.3969. j. issn. 1671.7856. 2015. 003.04

Cloning and sequence analysis of Tibet mini-pig’ s MSTN gene

WU Qing-hong' , YUE Min', TIAN Yu-guang'”?, WANG Yu-jue' ,XU Ming-chen' ,GU Wei-wang'~>
(1. Laboratory Animal Center and Institute of Comparative Medicine, Southern Medical University, Guangzhou 510515 ,China;
2. Songshan Lake Pearl Laboratory Animal Sci. & Tech. Co. , Ltd. , Guangdogn Dongguan 523808 , China)

[ Abstract] Objective To amplify the encoding full-length sequence of Tibet mini-pigs myostatin ( MSTN) gene
and analysis the sequence by bioinformatics software. Method  The RNA of liver tissues from Tibet mini-pig was
extracted, and reversely transcribed into cDNA. The gene coding region sequence of myostatin gene was amplified through
RT-PCR, and then the purified product of PCR was ligated with a pMD19-T and transferred into the bacterium DHS5« for
replication. The positive clones were screened and sequenced. The sequence characters were analyzed by using
bioinformatics method and phylogeny evolution tree was constructed with other twelve species. Results The coding redion
of MSTN gene was 1128bp, and coded 375 amino acids. The amino acid homology analysis showed that the homology rate
of amino acid sequence was 99% . Conclusions Molecular phylogeny evolution indicated that it had a close relation with
human, dog, banna minipig, sheep, goat, cattle, horse, chimpanzee, rat, mouse except chick and zebrafish, and the
most closely related with banna minipig.

[ Key words] Tibet mini-pig; MSTN gene ; Cloning and sequence

HAUA A= KA 2 (myostatin, MSTN ) X FX GDF- B ( growth differentiation factor B) , /&4 K ¥ AL K+
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B (transforming growth factor beta, TGF-B) # % 1Y
BB Y MSTN 7E-8 8% WUH R Sk 33k Xt
A AT SRR AR T, BIF ST R ], 2 PR A 8 78 7
P 2F R R B LSRR R
MSTN {G PR LA & 7E58 10 70+ B F 2 A W
TERY A E . Rt 12k PR e 3 i 2 e L AR
ZWNAR Z YR By MSTN 5t A 45 1 5 B I 5 1
TENL Y

TroE RAE 8 2010 AR 8 LA IAL 3 1 SR KL
ILAIHE L RNA R, A A RT-PCR £, 974
WAL R Y MSTN B cDNA R B, Hll 45 23
SHGER 3, UGN R 2004 AR T BERER
SFESLIG B 0 P I T AR VLA L5 | A Zlifh i 45
Sk PE /N R | A Sk S5 50 3h ) A7 A AR A
H HTE 58 X 911k K S50 sh B A wh 5, IF T 1
FASCBN IR | 2540 52 30 S B IR S B S5 0E 9 . A
gy LI K B, o &R BRI 1Y) S
AHCHE AR A AL FRAE i b Ry 1y S8 E | S —Fh
R B ARSI 30 FH /NS AR BV N T
(¥) MSTN JE[N | 0] 2y JE— 20 JF e v /N EUSE 70 1 8
FERWF 5T S S HE BRI AR

1 #RFn7E

1.1 ##

L1 1 SERshdy. vas s 6 Ais 1 3k kiR T
T & BE K 2 5286 3 i A0 [ SCXK () 2011-
0074 ] , BCH I , W ZGH TR, — 80°C VKFE IR AE .
112 EZLH]

RNA 2507 4 (No. DP419) Gk /Mt &
(No.DP103) \DHS5cx /837 & 4fi L ( No. CB101) 14 H
KR A AT 4L (db 5t) A R 2 75 PrimeSeript RT
reagent Kit( No. DRRO37A) \EX Taq(No. DROOLA) |
pMDI19-T Vector( No. D102A) \HindIII NI EcoRI
YT 52 4R TR (K% ) A BRZ A) ; DNA B
J IR G B ) AR AR R A R A IR D
DM2000 M [ b 5 B A 28 A Rk 4 A BR AN W], 3
LIENE1 B i B Vs VT
1.2 Fi&

1.2.1 RNA AY3EEL

fifi FH R MR 28 7 B9 RNA $2 BGR 57 & 32 BT IE 40
211 RNA, 1IN — 80°C kA Hr B H: Sk | FHVR A
B EIF S ) A, 18] A 25 RNA B89 1.5 mL EP 4
A 1 mL Trizol, J2 &2 AT IR FHE 5 min, #2218

R G VW] # AD BREE I, R A% R A 1 vk B T
% Nano Drop 2000 ] RNA ¥ & & 4l & ( 0D260/
0D280) , 4 T AL —20°CIRAF

1.2.2 ¢DNA &1

I E YA FIP) PrimeScript RT reagent Kit 3
FTIHG SN . cDNA & it 50 40y Bl il RT &2
MV (S I i AE 0K B3 4T) o 5 x PrimeSeript
Buffer 4 pL, PrimeSeript RT Enzyme Mix 1 1 plL,
Oligo Dt Primer (50 pmol/L) 1 pL, Random 6 mers
(100 pmol/L) 1 plL, Total RNA 1 g, RNase Free
dH,0 JNZE 20 wL, sk N 55444 :37°C 15 min
(JEESEI N ) ,85C 5 s (S i s il 1) 2R 1% 1T )
- 20°C PRI
1.2.3  PCR 59T F14 ak

M3 GenBank %% MSTN % [A ) I3 51 ( Gene
Accession No. : NM _214435) , iz 5| W& i1 & 4
Primer5S. 0 B4 5 E519), Invitrogen INTFVE
51%°8:Up (P1): 5 -ATGCAAAAACTGCAAATCTA
TGTTTATATTTAC-3" , Down(P2): 5’ -TCATGAGCA
CCCACAGCGATCTAC-3’

1.2.4 PCR ¥4

16 PCR WAL E 25 L (R AR & | it
M 0.5 wL 3% cDNA §748 MSTN, 25 wL A9 S 14
%~ 2.5 mmol/L dNTP mixture 2 pL, 10 x Ex Taq
buffer 2. 5 pL,&# ¢cDNA 0.5 L, 5% P1 2.5 pL,
514 P2 2.5 wL,ExTaq 0. 3 pL,ddH,0 14.6 pL, §"
B 224 .949C 5 min;94°C 30 s,55°C 30 s,72°C 1
min 20 5,32 MEH;72°C 5 min; 16°CIR-FF,

1.2.5 PCR #ynylaliiaiifl

PCR 7= W48 1% SERERE LUK G , TE RN RIET
FARATDUME B BEMEER AT E T 1.5
mLEP &, FI ) AR AR BRAY R A BR AR
DNA #E MG & alifk B 19 R B, glidk = b —
AT AT, — 85247 SRl 7
1.2.6 BB SBIRER:

Braidb it H 89 7 BE S pMD19-T 4K pE47 1% 4%,
FWRZ 10 pL:1 wL pMDI19-T Vetor,2 wL [l fY
PCR 774¥),5 wL Solutionl ,2 nL ddH20, fHIRAEFRK
W 16°CH#EHE2 h,

1.2.7 ERPEYINEAL E R 3R

K HRE 6 wL R =i A E 30 pLDHS o J2%
AN IRA), VKIS 30 min,42°C /K HUK 5E 90
s, B VKA 2 min, 430 0 A 200 pL LB 35 5% %
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(Amp ™) ,?53/5,],370(: 200 t/min R 1555 1 h,ﬂ%—'[a%_]‘
WIRA S EEA N HHER(Amp”™ 100 pg/mL) Y LB
AR, E TR, BRI, B
B2 3T CAAIEFRA T, FEHEFR 1 h 5, BIELR
BigR,
1.2.8  JURLAY ) %528 B e e

MOFAR b A 4R TP T 3 mL LB WA :
FRFEE(Amp * ) [ 15 mL B0 H 200 r/min, 37°C $
PRI SR, Al R AR Y JRL /N B8 3 500 6 18 BT
L, B TREYISEE ROV AR R R 10 w4 L AHREL
J5Uk7, 10 x M Buffer 1 L, HindIII 0. 4 wL . EcoRIO. 4
pLo 37°CHEY) 2 h, BEDI™ W) LI & IRAL S BE (EB)
(4 1% B R W B8 e HL UK 0 25, 6 J0E AR 2R 48 W AR
IH P AT 226 4 MR R DR 8 W

2GR

2.1 RT-PCR %R

AT /N I I 2 2 4 B RINA | 39 it
J&, LA cDNA AR, DU S PES I 9 38 5] T 1152
bp KR B, SHUWASF (B 1),

1 M

2000

1000
750
500
250
100

TE£:M:DI2000,1:RT-PCR (455,
1 RT-PCR ¥ 445
Note; M :DI1.2000, 1 ; the result of RT-PCR.
Fig.1 The electrophoresis of RT-PCR amplification

2.2 EAFRNEYIBEKER
P VG 5N RS () RT-PCR 72 4 2 24k [l i s

il

JEAF] pMD19-T %A ) AR e PR e A 1, #4) B HE
2H Tk, T 20 JF R 22 HindIIT N Y1 EcoRI N V)
BT (K 2)

1 2 3

9 10 M1 M2

W.1.3.5.7.9, HAFCREIKE,
2 4.6.8 .10 ; HindIII 1 EcoRI XL B 3k 4],
B2 F kD) E K

Note:1.3.5.7 9 :the electrophoresis of

recombinant plasmid,2 4 6.8 .10 :the
electrophoresis of recombinant plasmid by
restriction enzyme digestion( HindIIl + EcoRI) ,
M1:1kb DNA Ladder,M2:2 kb DNA Ladder.
Fig.2 Identification of recombinant plasmid by
digested (HindIII + EcoRT) and plasmid

2.3 /MRS MSTN EEFF 54 Motk xd

FIH DNAman | Lasergene 55 2 /1> £ W) {5 B 27 4K
14y PR/ NEURE MSTN ¢DNA 5970 ] LA 3K A5 4 A 114
375 AR (Kl 3), 5 NCBI B (hitp://www.
gov ) BLAST J5 T # W A
( NM005259.2 ). /I Bl ( NM010834 ). K
( NMO19151 ), 1l £ ( HM462261 ), 1w O
( NM001079919 ). 4+ ( GQ184147 ). 4 ¢
(NM001009428. 1) . K ( NM001002959 ) . Ji 44 fi 74
% ( JN630464 ). I ( NM001081817 ). X4
(NM001001461) 11 ™HFh i & FE R 7 51 147 L XT
AR 23 5918 95% . 92% 91% 95% 95% .94% .
94% 93% 99% 97% 85% .

ncbi. nlm. nih.

i il L Al 1l ol i il
Lowoa b b benna B b o bewaa B b Do bennn B b Lenna Lia e

#‘fQX?_Q IYLFMLIVAGEVDLNENSEQRENVEREGLCNACMNRQNTESSRLEATRIQILSRLRLETAPNISEDAIR(] 80
LPRAPPLRELIDQYDVQRDDSSDGSLEDDDYHATTET ITTMPTESDLLMQVEGKPRCCFFRF SSRIQYNRVVEAQLNIYL 160
RBVETPTTVEVQILRLIKPMEDGTRYTGIRSLRLDMNPGTGIN)S I DVETVLONWLRQPESNLEI ETKALDENGHDLAVT 240
FPGPGEDGLNPFLEVRVIDT PRRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGHDWI IAPRRYRASYCSGECE 320
YPHTHLVHQANPRGSAGPCCTPTRMSPINMLY FNGREQITYGRIPAMVVDRCGCS. 376

B3 PujsNERE MSTN BE A 5 8 1 A R 751
Fig.3 The putative amino acid sequence of MSTN gene of Tibet mini-pigs
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2.4 PHE/NESE MSTN L

FIHH Mega6. O FAF1 P4 /N RS 1) MSTN 24 5
RS NN N AT SN <Y ) I S E S
KN LAESE D XS B 12 AN MSTN
BT SR AR (1 4) o S5 R BoR Va0
RURE MSTN JE R B T 5 00 AN BE I £ 5 25 ¢ R30I
Gh, 5 IHAD 10 AR R 42, o 5 ARl R A

IIBSZ S S GyE: S
tibet minipig
4‘£b€nma minipig
horse

chimpanzee

cattle
goat

dog

— rat
L mouse

chick

zebrafish

4 MSTN 7T R
Fig.4 The phylogenetic tree of MSTN protein

3 it

1997 4F, McPherron 2538 33 i 1€ /)N B 1) & #% AL
cDNA SCEETT15 3 2K 1 cDNA J¥ 51, 53 Hrak i,
/IR Myostatin ¢DNA J3781) A HUAA —ANFF i ] 2 HE 48
(opening reading frame , ORF) |, 4w 376 & FE 1R,
HAT TGF-B MG M A L5 (H 5 H & TCF-B K
TR 53 r ) U PR AR G, AT 9 A B — 25 . GDF-8
( growth-differentiation factor 8 ), #f 5% 3% B, GDF-8
HIAR C-oAR I DX Sl o0t 2y i i A Mk B A J 22 1 AR
FH 30 X TR LR 42 ~ 115 Z )1
b Lee B ILIAIZE Daneau %57 HRHRIE T 4% WLA: AL
Tl =LA cDNA JF, 2 G & 45 R, & 15 2
1756 bp HI4& LA A 4] 2 cDNA 51, o 1 ~
1125 bp i 2 ELW2 1y 41, 3 WA LA 14 ) 25 ig
A 375 DNEEERRA L, ASHIFFE A0 PG 0/ N R
(% MSTN B:[H (% cDNA JP# BEAT T SOkl )y, & 30
MSTN 3 [H 45 5% [X. 4> K 1128 bp, ] i DNAman .
Lasergene 55 2 /1> A= W) {5 2. 2% B i D4 J6C /)N 0 4%
MSTN cDNA J# 51 ] LASRAS St 14 375 AHEMR ., 5
TR AN TR A B AT XS 0 AT A BRAE 307 62 Y 2 BE TR 1
N—S,

TES AN NEGCKRE I BEE 4 4 R
WAL S 3G 11 A Fh B s LR 91 3 AT [
Xif, AL 43 9 A 95% L 92% \91% . 95% ,95% .

94% 94% 93% 99% 97% 85% , %% PV /N A%
5 RRANERE AR DL B 8, 38 99% . 5N I
MR LA A R PR AR I T 949% , R BV
FE/NEUSE 55 11 AP ol ) A 12 35 TR g A XA 1Y 1R )
A 8] A 5 R ST

A F RGBT MSTN 3 R 75 i /)N 16 5 ok
T SR RIBE L R 2O R AN, 5N K RN
L AR E SN ITE SIE SIS v 13 -8 N = A NS P
HRE N, Horh 55 AR A TR 1Y) 2 4% OC R e 4%
T, X BT — 25U B T P N SRR G R S
JEFRG R R BRI ARG, R TR R A AT R
ALK EAMR/NES, U T /N 5
FR /NS L R K AL R B T S [, B AT THE DNA
IR BN 22 5 XA R 3 — 25 T e G g N AR
o B FEORBER P TSR

SE Lk
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3. OB ZG T A B BE, ﬁ I 5102404, BhilZSRIEEDRHEAERA R, T ARMIL 528225,
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[WE] HM WEBUKNE FLARKERER, 3k 2EECFARRUK /N 83 Sk (M 48 3k, IEYE 35
) MERIAE 12 0 IRE M MmN wE MR R BRI R AR 9 MR R R B AR AR, IE R H
SPSS GEiT A4 Logistic JELe M KBRGEAT 00T, SR BlukK/NEE FI1AR IR0 A (R S e HE 5 318 0. 61 +0. 14
kg #10. 55 +0. 13 kg,6 H BRI M504 17. 21 +£5. 20 kg F1 16. 35 +5.23 kg, 12 H &R MELE 550 26.97 +
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0.05) , HAHEFa A WMk Z M3 o 25 5, B Logistic BB HT A HEAEKPISHES ~6 Hﬁ“ltﬂ PR FI R
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Measurement of growth curve in F1 generation of Rongshui miniature pig

SHI He-he''* ,CHEN Gan®,LIU Yun-zhong’ ,LIU Ke' ,KUANG Shao-song' ,REN Hai-tao'* , TANG Xiao-jiang'
(1. Guangdong Medical Laboratory Animal Center, Guangdong Foshan 528248 , China;
2. Beige BioTec Co. , Ltd. , Guangdong Foshan 528100, China; 3. Guangzhou Pharmaceutical Industry
Research Institute, Guangzhou 510240, China; 4. FoshanTailgenBiotec Co. , Ltd, Guangdong Foshan 528225, China;
5. Guangdong Academy of Medical Sciences, Guangzhou 510060, China)

[ Abstract] Objective To measure the body weight and body size of the F1 generation in Rongshui miniature pig (
RMP ). Methods 83 F1 generations of RMPs (48 females and 35 males) were selected randomly. 9 traits included
body-weight, body-length, body-height, chest-circumference, chest-breadth, chest-depth, circum of pastern, girth of leg
and rictus were measured, and analyzed statistically by SPSS statistical software and Logistic nonlinear growth analysis
model. Results In the F1 generations of RMP, the weights of birth day .6"month and 12" month of female and male were
0.61 £0. 14 kg and 0.55 +0.13 kg, 17.21 +5.20 kg and 16.35 +5.23 kg, 26.97 +6.49 kg and 26.53 +£5.65 kg
respectively. There was no difference significantly between the genders of the 9 measured traits except for born-weight,
born-length and chest-breadth in 10" month ( P < 0.05 ). According to the analysis in Logistic model, body-weight
inflection point was between 5" — 6" month, body length and girth of leg inflection points were 2™ ~ 3™ month, while

inflection points of other traits were 1* ~2™ month. Conclusion The F1 generations of RMP showed low mature body

[EETH] HFK A RREIE 4 530 H (81120108003 ;81330007 )
[1EZ R it AkAR (1985 - ) , 595, Wit BF 5Ty 1) . SEE /N
[BIEER ]/ NL(1967 - ) 5B 84 BF5R 7 1) SC8G S ) S 80 h IR E-mail ; river-t@ 126. com,
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weight and sweet temper. It should be breed as good laboratory miniature pig.

[ Key words)]

A IR S S AR AL oY Y BN A,
SR BT A 3R AR AN T s B A E
K /NEDRE IR A PSR A A X K AR S
[E NN R R T (BN oy SR e Wi DU
P, 2ol A 2 A Tl K /N TR R S5 3h ) Ak 1
HEALS . |ATT 2012 45 5 H Kk /N B8 Fh IR
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X F1 AR AR S ECE HE AT 00 2, DLER B Rtk /N B 5
MAER R E GO, 2 BT S8, I A S5
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1 #RfAEE
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1. 2 WEFREGE
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PIFEAR BB L ECR H t K55, P < 0. 05 fEA R 1
EERUE, AR M AN SPSS 21. 0 Fiit4k
PEHEATAL PR | UL Logistic AEZeMEA: AR XS A 4 il £k
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Rongshui miniature pigs( RMPs) ; Growth and development ; Growth curve model
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XFRIA 2 12 A S [0 590 1 il 7K /N B Ak
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Fig.1 The growth curve of body weight, body length, body height, chest circumference, chest breadth, chest depth,
circumof pastern, girth of legs and rictus in Rongshuiminiature pig of O ~ 12 month old
F1 AUKNEE FLACAE K L R AliiH24
Tab.1 Growth curves and parameter estimates of F1 Rongshui miniature pig
PEIR P LN i B2 P B Ak
Traits Gender Growth curves Inflection point value Inflection point month
Ik s Y, =26.960/[ 1 +9.973exp( —0.429t) ] 0. 980 13. 480 5.36
Body weight Q Y, =27.212/[1 +10. 122exp( - 0. 4491) ] 0. 985 13. 606 5.16
i s Y, =81.473/[1 +2.597exp( —0.3741) ] 0. 986 40.737 2.55
Body length ) Y, =81.462/[1 +2.495exp( 0. 390t) 0. 986 40. 731 2.34
e 5 Y, =42.231/[1 +2. 085exp( —0. 3791) ] 0. 992 21.116 1.94
Body height Q Y, =40. 131/[ 1 +1. 898exp( —0. 410t) ] 0. 994 20. 066 1.56
Wl 5 Y, =63.087/[ 1 +2.079exp( —0.447t) ] 0. 986 31.544 1.63
Chest circumference Q Y, =63.897/[1 +2. 007exp( —0. 4501) ] 0. 986 31.949 1.55
Wag s Y, =17.221/[1 +1. 897exp( —0. 4021) ] 0.974 8.611 1.59
Chest breadth Q Y, =18.749/[1 +1.993exp( —0. 3451) ] 0. 980 9.375 2.00
Wtk 5 Y, =24.964/[ 1 +2.319exp( —0.419t) ] 0. 982 12.482 1.68
Chest depth Q Y, =24.691/[ 1 +2.369exp( —0. 4511) ] 0.991 12. 346 1.91
5 s Y, =12.539/[1 +1. 719exp( —0. 3851) ] 0. 986 6.268 1.41
Circum of pastern Q Y, =12.022/[1 +1.535exp( - 0. 381t) ] 0.993 6.011 1.12
i 5 Y, =61.368/[1 +2.459%exp( —0.3971) ] 0.981 30. 684 2.27
Girth of legs Q Y, =61.328/[1 +2.405exp( 0. 396t) 0. 982 30. 664 2.22
Wes K i s Y, =8.776/[ 1 +1.957exp( —0.4751) ] 0. 981 4.388 1.41
Rictus length Q Y, =8.476/[1 +2.075exp( 0. 5071) ] 0. 990 4.238 1.44
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Tab.2 Comparison among Rongshui miniature pig and other miniature pigs

. , 6 H IR (Kg 12 H I ARE (K
ik PR C) HEE (Ke) HERH(Kg) -
Populati Birth body-weight ( & ) Body-weight in Body-weightin 2 Wk
cputation i bodymweg & 6" month ( Kg ) 12" month ( Kg )
Filk /N 570 (#17™) 16.35£5.23( &) 26.53£5.65( &) y
Rongshui miniature pig (Primiparity ) 17.21 £5.20( ?) 26.97 £6.49( %)
B T N R 560 = 150 ( PH L) 20.26 +3.52( P 29. 47 (H/AHHAL) (6-7]
Bama minipig (4" generation) (4" generation) (18" generation )
T [ S B/ N R 35 - 40 (AF)
Chinese experimental minipig 145 - 160 24-26 (Adult) 8]
oy .66 0. 221
ﬁ)i,V\]HIA zz 290 +90 10. 66 £0.89( &) 19.22£1.68( 8) 0]
Banna minipig 17.94 £1.27( ?) 33.90 £2.67( ?)
PH /N 650 (#17%) ( Primiparity) ; 12.61 £1.68( &) 24.00 £0.70( &) (107
Tibet minipig 700 ( =) ( Multiparity ) 10.89 +0.76( %) 21.87 £2.40( ?)
AR /N 35 (JRUAR)
Wuzhishan minipig 330+8.3 13.43£3.27 (Adult) [11]
TN 560( &) 12.86( &) 30.6 +0.25(12 - 18 Ai#&) (12 -13]
Guizhou miniature pig 580( %) 13.76( %) (12" - 18" month )
BRIFR/NELRE 790 £160( &) 17.47 £3.88( &) 21.98 £2.47( &) [14]
Juema minipig 670 £190( 9 ) 16.93 £3.95( 9) 22.93+2.59( %)
557 /NI A 40 (JR4F)
Clawn 500 / (Adult) [15]
HEEAR /NS 24.84( )
Gottingen 460( &, 2) 13.80( 6 )13.67( ) 26.09( ) [16]
DARTE F 80 — 95 (Jl4F)
Hanford 730 / (Adult) [15]
e JE B/ NS 60 — 100 (J4F)
Munich 600 -900 / (‘Adult) [15]
Panepinto JNRUSE 25 -30¢( EEEF)
Panepinto 500 -800 / (Adult) [15]
i/ NS 55 =70 (JAF)
Sinclair 590 / (‘Adult) [15]
Westran /NES% 80 -93¢( EEEF)
Westran 930 / (‘Adult) [15]
JUR /N R 70 - 83 (JR4E)
Yucatan 500 =900 / (Adult) [15]
b R e 55 =70 (J4E)
Micro-Yucatan 600 -700 / (‘Adult) [15]
g ik EH IR FR
NI IRKE AT 760 2 48 [17]
Minnesota-Hormel
RYLEES 45 (JRAE)
Corsica / / (‘Adult) [17)
BK & 40 - 50 ( BUAF)
Oh mini / / (Adult) [17]
Iy
2R 650 / 25-35 [18]
Huei-Jin

XA K I LIRS, Logistic AR EL A
A 200 A R AR A A 5 o A DL A A
RURHRAE . AR A il A Y SR A 5% 3l 4 A B iR
REEFEFR A AL I — PP B AL RSB0 HS Logistic 45
AN T il K /N B8 0 A i R AR RO IR B F 9
WF9E R B PR AR 400G B2 38 31 1 B 1y K P

(R* /- 0.980 ~0.986 Z[a]) , &M Logistic 135
FLH IR K /N R R R RO A K R A4S
PRRAERK PG A WA B ROk N A K E TR
B, ARSI 1 ~3 Al (R &1k
RAEFR) s LA A g7, A KB BT 5 ~6
W (RIMAIRELER) .
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Rk /INEIRE SRR DNA 2546 F R G4k 1 43 B
GER EHF EAK.E AL AEFL T F B

(1. PEBEREACGIEEIFET, b5 1001012, 7RG ERLshY .o, ) % il 528248,
3. TRNMBAEYRHHEA AT, & Bl 528100;4. w5t RSB 5T, et 210061 ;
5. TRBEEREER, M 510060)

[HE] B UIRAUKNIENZGARE DNA S MAGHMXER, Ak ERT 2 HAH D750
i SR W b it K /N DR B A0 ) I ROREAS EAT 00 5, 4 Hlumina JE B8 28 20 Hr I 5 £ R A paired-end SCJ2E BT A St
WP B JEHATIHER ST, &R UK/ NG 19 58 B 4RI 7 51 S 30T, B Kl 16888 bp, B 13 M 4miS i 2k

Al 22 M1z RNA FIPIMZHRER RNA A, ZRiK DNA 1 GC SR 44 % . REHALIHT G SR T

R R IR T ZERIK NG 22050 R TG RS 7 5k — SRR RAE TR Bk, &I Rlok/bh R
2 T AL G Rl TP L 22 I T NS

[ 4] RN  Z0RR DNA ; RGEHHLHT 8% AR

[FESHES] R332 [ CERFRIZAE] A [3XE4HS]1671-7856(2015) 03-0028-07

doi: 10.3969. j. issn. 1671. 7856. 2015. 003. 06

Genomic and phylogenetic analysis of porcine
mitochondrial genomes of Rongshui miniature pig

XU Jia-yue' ,SHI He-he** ,WANG Xu-min' ,GAO Xiang', YU Xi-yong’, YU Jun' ,TANG Xiao-jiang®
(1. Beijing Institute of Genomics, Chinese Academy of Sciences, Beijing 100101, China;
2. Guangdong Medical Laboratory Animal Center, Guangdong Foshan 528248, China;
3. Beige BioTec Co. , Ltd. , Guangdong Foshan 528100, China; 4. Model Animal Research Center of
Nanjing University, Nanjing 210061, China; 5. Guangdong Academy of Medical Sciences, Guangzhou 510060, China )

[ Abstract] Objective Assembly whole mitochondrial genome sequence of Rongshui miniature pig ( RMP ) breed
and analysis the structure of mitochondrion based on the next-generation sequecing method. Comparison of phylogenetic
relationship and genetic diversity among different pig breeds. Methods  We collected peripheral venous blood sample
from RMP and constructed two paired-end sequencing libraries. A whole-genome shotgun sequencing strategy and Illumina
Genome Analyser sequencing technology were used in our study. Results The mitochondrial genome of RMP consists of
13 protein coding genes, 2 ribosomal RNA genes, 22 transfer RNA genes and the length of pig is 16888 bp. The GC
content of this pig mitochondrial genome is about 44 % . Based on phlogenetic analysis, population genetic analysis, our

findings confirmed that the ancestral cluster in East Asia mainly occurred among Diannan 7# pig, Hainan wild boar, Lanyu

[E&TE ] EEHEAPITIE (2011CB944101) ; FIZK H AR K4 £1351 H (81120108003 ;81330007 ) ,

[EERAN 1 1R7 (1988 — ) , & bk BF5e il B F/INEE RN R R G 2 BRI A SR 4L, A (s B2 b bk (1985 - ), 33,
Wit FAR G WG 1) SR /AN W LIS R

[EWHAEE 1 E/ANT(1967 - ), 59 184 WF5e i SE 0 sh ) S5 9m sh WAl B3 2% . E-mail: river-L@ 126. com, JL:[RI#IRVEH . 2541
(1977 =) 53 Wi BT 7 1) . S B PRI 4 2%, wangxm@ big. ac. cn,,
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and RMP. Conclusion

[ Key words)]

K /NSRRI A TV B R R N R B A
RGN PR IR 7= A7 o BRSO S R A, B
R AR AL 256 /N RV (A R, AT
F 2012 FRZIE RIS | B R =K B H o T3
RHAREE AT R ISR 2, & 2t F1 AR F2 1R, 2
R 5T b Ty b o A0 A5 ST RlK /N LR B TR
mPEHIARAE, A T D R R AR R AR SO
LRI DNA UEFT T 500,

1 #MBEFAEE

1.1 HARAUET DNA KI3RE

K /NG B T 2R DUAS A R A BR A R (T
FRAR B SLG Sh ) bt NS S ) B3 TG TR
JFF 2% 490 470 B SR i A5 LA K /0N TR A1 i bk afi 10
mL, ] Qiagen A &) QlAamp DNA 7 & Fe B rE i
542 0L DNA
1.2 FHIRMEFfESE

SR FH 4= L PR 40 S A 3% () 30 7 S s, £ Tllumina
LA 3 B P 4 AR AT P F T, b T iR A
BT, X K /N BV BT Sl R BER /N R
300 bp #1500 bp (X paired-end SCPZE#EAT A Ui I 1
3 F Brujin B & % 1 SOAPdenovo % 14
(http://soap. genomeics. org. cn) X il 45 2| /4 44 A
Brb AT PR 0 15 B Rk /N RS G 58 B Lk
& DNA 551,
1.3  Z4i{k DNA BERFS 4T

Sk T W R Tk K N B R ) SR AR 25 A, B S DA
Susscrofa BYZKIIAF 5 h 2% 751, K BLAST %K
S SE 15T Susserofa 5K /NS B HEXT B E 2k
BRI S i 25 L R rRNA FIL tRNA, 4K
Codon'W Xef 2t fith 2 1 35 [R] 14 2 A foff FH A% Bl 0B 45 42
. 54N (RNAscan-SE v. 1. 21 %410 % 25 b A
tRNA ) 54 & 44 (RNA {9 5 7 b 47
UM, FH clustal W SR PKE Rl K /NRU RS 1 40 2 1
X ¥ 5 GenBank HHAY 15 Sk [ A 41 b 5 28 7 4K 44
MEF XS (FR 1) T X,

JH DnaspS. 107 B4 50 4 R BAE Y a3t
1% ZREVE RS AL AL AR DG BUE ™ . T LA
PALEFIIREIS Y4325 R Tajima’ s DY Fu’ sH0
AP PR SRR 16 A58 1) A5 Y o A R AT R
o o, G A ORE AR AR R KR R R R D AE

RMP, a typical miniature pig breed in China, is an earlier ancestor than Lanyu pig breed.

Rongshui miniature pig ( RMP ) ;Mitochondrial genome ; Phylogenetic analysis ; Genetic diversity

Arkequin3. 11 sz Wi, 1 H 2+ 2 5 50
(AMOVA) )75 7 LA 10000 7 T 52 B4l A 5% 2
FHEG BEAT WA, DAIHOR PE A0 P R 352 4% 2 S5
KPR AL AR OGS T Rk s
ZE5 N 3 DA R R E B AE 9. F] Network
4.6 (hitp://www. fluxus-engineering. com/sharenet.
htm) Xf 16 AMEFIEATRAE I H MEGA 5. 01 iy
AR AR HE T 16 N F6 i ) i B 2 1 X A T
5 Wi s TS

2 #R

2.1 BRK/INBUB SRR

Tl /NS 55 HAth o (1% &5 AR HE SR A [R], #1502
13 NS 1,22 4~ tRNA A1 2 4~ rRNA 4% (%
2), LORiA4 K 16888 bp, Zikifk DNA fOA%F
RN A >C>T>G, LRRN GC & i SEAK
T AT &,
2.2 HBEREERE

Al /NERE 13 S JE A A, BR R ND6 £ T
LRLAR B R 2 Ah, HoAy 12 A HE R AL H5 ND1 |
ND2 . ND3, ND4 . ND4L ., ND5, COX1, COX2, COX3,
CYTB ATP6 ATP8 #RTELRLARIN k(R 2), X 13
AN B R 11255 bp, Hidh 5L H ATP6 H1 3L [H]
ATP8 7 42 bp Y H & X Jk, £ ND4L % ND4
A 7 bp B X, FEK NDS FIFER ND6 A 17 bp (1)
FEXE, AT RK/NRE EEERY 12 gt 8 1 2
AIBEIELE S A > C >T > G, HA ND1 ATP6 ,.COX3
ND3 ND4 ND5 ND2, CYTB8 3 K (5 i 2 4y 2 —
HAY:A>C>T>G,MFEHF COX1,COX2,ATPS ND4L
HIBSELH Y ] A >T > C > G A4 AL TRk /NE 2
HERY ND6 FER RN C >A >T > G,
2.3 FERALEHERXIE . D-loop = H X FEF E X

FEPHE R RlK /NG LRLAR 1, D-loop X (14
J& 4 1254 bp, tRNA-Pro fil tRNA-Phe HE4i T D-loop
X B P, 7E D-loop XBHIEAM H A>C>T>G,
SRR DNA —8(, AT & EE T GC &, It
G Bk /NS LRAR DNA A=l 2 5 A 55 DR ) XK
JEEA 654 bp , 3 BERE PR [] X (1) 32 2L [ R 2o A
tRNA R EHE, b e K i — B L N ] X2 A T
ND1 F1 tRNA Z [a] () X I, 4 4 139 bp, FEPH [E]IX
H BN B R G AR T AT RE
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1 15 DHEFERIE DNA BEASE B HAE NCBI R E P iR S

Tab.1 List of mitochondrial genome sequences of Swine breeds and their accession numbers as retrieved from NCBI database

YrFh 24 LRI KB (bp) Yy T AE M X Lioa 452

Species Mitochondrial length Species area Number of retrieval
ER P 7 75 /K 3 ( European Berkshire pig) 16,876 BEE AT IR AY574045
HE1% 78 ( Duroc pig) 16. 905 e [E] AY337045
IR (Hampshire pig) 16,865 HE[E |, L e Ab AY74046
T ARHEFRE (Ttaly wild boar) 16,302 BEARA AF304201
BEM 1045 (Jeju 104 pig) 17,014 g, T AY574048
TEIH 8#4# (Jeju 84# pig) 17,014 whE T NC000845
5[5 8534 ( South Korean wild boar) 16,973 [ DQ334860
£ 1% ( Landrace pig) 16,921 /eS| DQ334861
22 i5%% ( Lanyu pig) 17,071 T, B AY574047
INFE TN F F5% (Sussex domestic pig) 17,095 e DQ518915
B V5 X B4 ( Taiwan wild boar) 16,802 E, A NC012095
IR FE ST M (Sussex pig) 16,923 el NC014692
Hg 11 4% (Meishan pig) 16,998 W IR AF486855
155 #7344 ( Hainan wild boar) 16,690 VR EF545572
JE ¥ 7 5 ( Diannan 7# pig) 16,690 TE, =M EF545576

|2 FEK/NIELALIR DNA BZEFFIE

Tab.2 Location of feature in the mitochondrial DNA of Rongshui miniature pig

b ) BT RXEHT Pk
FEH /X Ik regional location ( bf) Codon Antisense codon Chain
Gene/ Region
R B 2 IR ATY AR T A
Starting location ~ Termination location Start codon Termination codon
tRNA-Pro 746 809 63 ACC L
tRNA-Thr 810 877 67 ACA H
CYTB 878 2017 1139 ATG GAG H
tRNA-Glu 2022 2090 68 AAC L
ND6 2091 2618 528 ATG TAA L
ND5 2602 4422 1820 ATA TAA H
tRNA-Leu2 4423 4492 69 AUU H
tRNA-Ser 4493 4551 58 UGA H
tRNA-His 4552 4620 68 CAC H
ND4 4621 5998 1377 ATG T- H
ND4L 5992 6288 296 GTG TAA H
tRNA-Arg 6289 6357 68 AAG H
ND3 6359 6704 345 ATA TA - H
tRNA-Gly 6705 6773 68 AGG H
COX3 6774 7557 783 ATG TA - L
ATP6 7557 8237 680 ATG TAA H
ATP8 8195 8398 203 ATG TAA H
tRNA-Lys 8400 8466 66 AAA H
COX2 8467 9154 687 ATG T- H
tRNA-Asp 9155 9222 67 CAG H
tRNA-Sec 9228 9298 70 UCN L
COX1 9302 10846 1544 ATG TAA H
tRNA-Tyr 10848 10913 65 CAU L
tRNA-Cys 10913 10978 65 CGU L
tRNA-Asn 11011 11085 74 CAA L
tRNA-Ala 11087 11154 67 ACG L
tRNA-Trp 11161 11228 67 AGU H
tRNA-Gln 11227 11297 70 AAC L
ND2 11348 12267 919 ATT TAG H
tRNA-Met 12271 12340 69 GUA H
ND1 12479 13435 956 ATG TAG H
tRNA-Leu 13438 13512 74 AUC H
16S-rRNA 13513 15025 1512 H
tRNA-Val 15083 15150 67 AUG H
12s-rRNA 15151 16110 959 H
tRNA-Phe 16111 16180 69 CUU H
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2.4 ZHEMR RNA

SRR AL FE TS A BE IR RNA, 43 1 128
rRNA and 16S rRNA (£ 1) ,12S rRNA A 4 959
bp,16S rRNA (KN 1512 bp, 16S rRNA Zifid T
SRR AR 2 0], R A A>T >C > Gy
12S rRNA 2t 7 E B2 A4 = R =2 6], Hol FE 4 4y
HA>C>T>G, 12S rRNA F1 16S rRNA 1) GC &
HITE 40 % ity FIFEGREE T GC S RALT AT &%
X4
2.5 %iE RNA

XAl NG SRA  FRATTII T 22 Migis
RNA () 454 I8 T 45515 RNA 1 Je L%
(22 2 FiRn) o 31X 22 MEE RNA 1Y GC & &
HALT AT &8, bR &R GC & s i fik, 29 21
% s FRRERN GC S, 2447 % .,

Rk /NEDRB LA DNA B %505 10 ARG 00 (36
3) . WIELIEEW TN, A 3772 DE T, 1
H S CUA IEH 2, 2 306 41,11 AGG
FCGC AT A A, AES ST 14t
IR E R RN ASC>T >
G ; M AE B0 T4 0 & B IR T > C > A
> G FEBRS T 28 = AN E B AR A A >
C>U>G, ARJTEA, B85 F 78 AS [l o7 B fff A R
14 25 5 2 FR T 05 ol P 0l P e B, R
BT PR 00 AR R A SR ORLAR DNA 19 i AL P2 1L
THRAMGEL™
2.6 FIXRETMIEF N RE

[F) SC A A [R) S5 748 2 8] () i) ( Ka/Ks D)
AT AR R B b 22 8] B ) R Gk fe e &Y
I 16 ¥ 13 MRS aE A X BT 5147 L
XA T A2 5 (Ref) , 73 0B B L
A A LR P 915 Ref #) Ka/Ks HUH, 455
wE 2 B 1 Fs 16 DR g & H X ) Ka/KS
EHY/NF 1, B ITA 13 A4 i 8 3% R TE Rk A2
FIEVEEE, Hrp LN COXT AYTERRE Ik, I s Ik
FLIE R IEAE K7 5 AR SR I 4l AL 85 5 1T NDS 9 1E
IR TIAAT N Ut B B R A bl h 5 57— 2
BRI AR
2.7 REHULS

i MEGA %4+ %) Kimura’ s two-parameter
BERL(K2P) 715 16 AN FE R 1 2 5 B 11 X114 35t % 1
B, Rk /NG 5 AR Y38 A% IR B A, B Y
SEBAREE BN 1. 141, TR R 9 35 45 1 B g0t

Hh W ) LA R R A A TR R 4 1 s v 254X
0.0015, BEF _FaRist L B A FE , i MEGA #X
PR B AU I AT 47 6T 16 Sk J 1 2 i 2 1
DAy R ge A (181 2) , NI 2 FTLAE 16 4
FERPAT Lo e A 280, RIBR N AE (E BF) Y 1
BECALBE) W 2 BECA2 BE) I 3 BE(A3 ),
For B B AR R RO Pl A B, G v R ORI 1Y) B
WA B R AL B R P E B A i E S
PN FEFR S Berkshire ¥4 &[R4 B, 763X — 43 32 H
AT DATIE B A% 1) 2 b 2 R 29 A2 U8 ) 431 3] K
M A2 BRI 7 5 0 R RN 25 05 R A
B, X —Z5 8 WG IE T 2 B A 5T, B 2 e 0 Rl A
X LI AR e R Gk oy
B SR (AR DG T (R 2 Rk /NS T LU At L 2=
W5HETE Ryl 2
2.8 LRMIKFE S BB 4 47 K R TR

RGP Xt 25 B 2 & A it AR s ] A
BERLHT, S8 T B0 ik 28 G0 2 Ak 43 A 45 SR 0 R 1
FHEAE AL I % 16 AN G R HEIL DG R T 1 —
H43H0r, F Dnasps. 1017 43 #r 16 458 Ff (1) £k 4
DNA 4ty X741, S645 5 14 A sqs Al (5 s
I ZFEHEFEECN 0. 596, K42 HT I 14 B35 B 5040 1)
JH Network #RAEVER (£ 2 K 3) . 14 D EAERIAT L
3R 3 KIS DU IR IR K A
FESITRE AL S | R OROR B | OB B A 2R
BRI CERE 1) s BRI 8858 PN 10488 |t [
PPRE MFILRE R 5 TS M X P RN — I (e 2) 5 =
W55 TERE 7 SR I R K NG B o — 2k
(JERE 3 PSR | R Z RN MG A, 26 2 £
LI Y %) s [ R 45 V25 M X0 b ol 2, 6B 3 2R
R 4 SkirER R, T IE H Network £ Fl 45
SR G SR KBUR — B0, Xk —2P
IS UE T Rl /NG 2 — AR R

BET AR S T 45 2R, 43 IR 3 S 8 HE AT
TR (N 4) o ZEHE 3 NELEAT B I B
RIZHEM: (h =0. 899) , L EA 5 & 1T R 2 1
(Pi=0.03417) , FLIAZEHE 3 HAEFM A F 58 1Y
WL 2R AP TR B AT S, xR 1
T 2, BB PR (R AT IR Z AR MR
K. VB AN 2B 1 58 Fh 28 Dy 2o 3 9 5k sl
PEAPT AR AR ST R KB 1 ORI B 3
Tajin a’s D 5 Fs {000 H 22 573 .35 X R W
1 FZEHE 3 WP BSEFPE T s R0 & TR D K
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R3EK/NEEN T

Tab.3 Codon usage for Rongshui miniature pig

WHTEE | AE | mETEE  TE EBFEE K BB TR T
Codon types Number Codon types Number Codon types Number Codon types Number
UUU(F) 84 UCU(S) 31 GCA(A) 117 uGuU(C) 9
UUC(F) 142 UCC(8S) 75 GCG(A) 3 UGC(C) 17
UUA(L) 89 UCA(S) 119 UAU(Y) 62 UGA(W) 99
UUG(L) 15 UCG(S) 1 UAC(Y) 78 UGG(W) 4
CUU(L) 50 AGU(S) 11 CAU(H) 24 CGU(R) 6
CuC(L) 68 AGC(S) 45 CAC(H) 78 CGA(R) 48
CUA(L) 306 CCU(P) 37 CAA(Q) 83 CGC(R) 11
CUG(L) 39 CCC(P) 59 CAG(Q) 2 CGG(R) 0
AUU(T) 153 CCA(P) 94 AAU(N) 48 GGU(G) 32
AUC(I) 182 CCG(P) 2 AAC(N) 111 GGA(G) 107
AUA(M) 218 ACU(T) 54 AAA(K) 90 GGG(G) 20
AUG(M) 40 ACC(T) 88 AAG(K) 8 GGC(G) 50
GUU(V) 30 ACA(T) 172 GAU(D) 20 UAA( *) 7
GUC(V) 20 ACG(T) 6 GAC(D) 46 UAG( *) 1
GUA(V) 111 GCU(A) 45 GAA(E) 86 AGA( =) 1
GUG(V) 13 GCC(A) 91 GAG(E) 14 AGG( *) 0
DUARESE
DY 3R e
ke
I S Eff
LiR 3R
BOKFEF5E
bORCHA S AR
W10
HEHE ALHE
il
3 7 i XA
i B
WHTS
| et pom
=128
Mk AR AR
P
0.2
B2 16 MER R GEIEA T (RRASRIE LR )

Fig.2 The phylogenetic analysis of 16 pig breeds(NJ, ML analyses)

R4 W16 NSEFNG IS 5L P T PR SR R AL 2R B

Tab.4 Neutrality test and genetic diversity for main haplogroups in coding region for 16 swine mitochondrial genomes

e eS| ES i) HHE3
Group Group 1 Group 2 Group 3
%A% H Number of Haplotype 7 4 4
FEAKUH Number of samples 7 5 4
ZAMENLIEAE(S) Number of polymorphic loci (S) 2717 311 192
AR 22 5 Y18 (k) Nucleotide difference in mean (k) 39.7 62.2 84
BLEIZREE (h) Haplotype diversity (h) 1+ 0.00251 0.913 + 0.01287 0. 899 +0. 0002
WA BRZ K (Pi) Nucleotide diversity (Pi) 0. 00273 = 0. 00013 0. 00496 = 0.01481 0.03417 +0. 0002
Tajima‘s D A 55{H Tajima’s D test value -0.7% -1.2111 -0.566293
BEMSIT Significant Statistics %, P <0.05 Not significant, P >0. 1 #*, P <0.05
Fu‘s Fs K8 Fu’ s Fs test value —1. 6544 2,211 -1.29789
ENST Significant Statistics * P < 0.05 Not significant, P >0. 1 #, P <0.05
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3 itig

LRI DNA 778 T 20 i S5 2 (R ML v ) A
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Detection and analysis of blood parameter, blood biochemical
and electrolyte indices in F1 generation of Rongshui miniature pig

LIU Ke' ,SHI He-he'?, CHEN Gan®, KUANG Shao-song' , LIU Sheng-lai', LIU Yun-zhong’ ,
ZHONG Zhi-yong' , GUO Jin-biao* ,Geng Qing-shan’ , TANG Xiao-jiang'

(1. Guangdong Medical Laboratory Animal Center, Guangdong Foshan 528248, China; 2. Beige BioTec Co. , Lid. ,
Guangdong Foshan 510642, China; 3. Guangzhou Pharmaceutical Industry Research Institute, Guangzhou 510240, China;
4. Foshan University, Guangdong Foshan 528231, China;

5. Guangdong Academy Medical Science, Guangzhou 510060, China )

[ Abstract] Objective To detect the blood parameter, blood biochemical and electrolyte indices of the F1
generation of Rongshui miniature pig (RMP). Methods The blood of 43 female and 42 male RMPs of 4" month old, and
36 RMPs of 12" month old (half male and female) were extracted from jugular vein. And the blood parameter, blood
biochemical and electrolyte indices were detected by blood analyzer and automatic biochemical analyzer. Results In the

same month-old RMP, no significant difference between male and female were found in most indices of blood parameter,
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blood biochemical and electrolyte indices. On the other hand, many indices were difference between 4" month old and 12"
month old RMPs of same gender. Compared with the 4" month old RMP, the 12" month old RMP decreased significantly in
WBC and PLT, increased in HGB (P < 0.05) while RBC was the same (P > 0.05). Serum ALT, AST, ALP, CK
(male), LDH(male), A/G, BUN, GLU (female), CHOL (male) and K* decreased significantly (P < 0.05), while
serum TP, TBIL, CR and Ca®* increased significantly (P < 0.05) ,but serum CHOL, TG, HDL-C and LDL-C were not

different. 86.4% (19/22) biochemical and electrolyte indices in RMP were in/or close to the range of normal value of

human. Conclusion
human’ s normal value.
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Tab.1 The blood parameters of Rongshui miniature pigs in the 4" month-old and 12" month-old

Ferimi w5 5 4 A 4™ month-old 12 A 12" month-old
Test items ?(n=43) 5(n=42) ?(n=18) 5(n=18)
WBC(10°/L) 19.7 £5.68 18.4 £4.45 13.3 £2.75%% 12.5 £3.2124%
NE(10°/L) 0.8 +2.38 0.5+0.48 2.9£1.96%4% 2.2 £0.77%%
LY(10°/L) 18.7 +4. 80 17.7 +4. 41 10.2 +2.614% 10.7 £3. 0424
MO(10°/L) 0. 16 0. 09 0. 18 0. 10 044 0.01 £0.03%4
EO(10°/L) 0. 04 0. 09 0.02 0. 05 0.2+0.212% 0.1+0.09%%
BA(10°/L) 0 0 0 0
NE% (%) 3.2+6.19 2.9+3.09 21.2 +13.014%4 17.8 £7.54%4
LY% (%) 95.7 £6.38 96.0 3. 30 77.2 +14.06 %% 81.0 £7.584%
MO% (%) 0.9 +0.39 1.0+0.52 0.1+£0.10%% 0.2+0.16%%
E0% (%) 0.2 +£0.24 0.2 £0.25 1.5+1.794% 1.0 £0.53%%
BA% (%) 0 0.002 +0.015 0 0+0.02
RBC(10"2/L) 7.02+1.16 7.23 +1.16 7.60 £0.55° 7. 66 +0. 60
HGB(g/L) 119 +14.24 123 +21.92 137 £13.00242 130 +34. 49
HCT(% ) 34.1+5.04 35.2 £5.90 39.2 £3.7544 39.1+3.72%
MCV ({L) 48.7 +3.08 48.7 +3.01 51.1+£1.71%% 51.1£2.41%4
MCH( pg) 17.0 1. 10 17.0+1.13 17.4 +2.56 17.9 £0. 8742
MCHC(g/L) 349 £5. 18 349 +6. 56 352 6. 54 350 +5. 34
RDW (% ) 15.7 £1.05 16.6 +2.27* 14.5 £0. 6424 13.8 £0.43 = 24
PLT(10°/L) 522 £122.93 529 +142. 03 437 £126.95% 422 £129.01%%
PCT(% ) 0.30 +0. 09 0.30 +0. 081 0.31 0. 07 0.31 +0.09
MPV (L) 5.9 +£0.91 5.6 £0.85 7.3 £1.304% 7.6 £0.9944
PDW ({L) 15.8 +0. 89 15.6 +1.03 15.9 +0. 88 15.8 +0.77

T SE AR P < 0.05, ™ P < 0.01;5 4 ARFEENE 2P < 0.05,24P < 0.01,

Note ; Compared with female in same month old * P < 0.05, ** P < 0.01,compared with the 4™ month in same gender.

R2 4 AR 12 AR/ A A R R R

Tab.2 The blood biochemical and electrolyte indices of Rongshui miniature pigs in the 4™ month and 12" month

K 5 4 4% the 4™ month 12 A the 4™ month old
Test items ?(n=43) & (n=42) ?(n=18) 5(n=18)
ALT(U/L) 53 +12.87 65+17.22 35+7.5144 36 £7.9444
AST(U/L) 138 +13.33 138 +14. 60 32 +£9.8644 36 £24. 6544
ALP(U/L) 202 +65. 40 206 +76. 89 158 +77. 56 155 £69. 152
CK(U/L) 495 +177.75 499 +150. 88 394 £242. 82 310 £159. 6344
LDH(IU/L) 552.26 +144. 46 635.21 +148.00 474.11 £97. 53 497.78 +65. 6422
TP(g/L) 58.4 +6.46 60.2 +4.89 68.5 £3.354% 66.7 +7.834%
ALB(g/L) 31.4 £4.94 35.7 £4.70 34.0 £2.3944 33.6 +4. 60
GLOB(g/L) 27.0 £5.55 24.5 +4.35 34.4 £2. 7204 33.0+5.9844
A/G 1.22 +0.37 1.52 +0. 45 0.99 0. 1122 1.05 +0.23244
TBIL( wmol/L) 0.59 +0.26 0.70 £0.31 0.09 £0.04%% 0.09 £0.032%
GLU( mmol/L) 4.39 +1.06 4.26 £1.21 2.70 0. 7254 3.57£0.99**
BUN( mmol/L) 5.06 +0. 63 4.87 +0.53 3.61 £0. 8244 4.12+1.53
CR( wmol/L) 90. 6 +18. 81 86.4 +17.05 150.9 +34. 0422 151.7 £24. 4152
CHOL( mmol/L) 2.19 +0. 33 2.03 £0.31 2.06 +0. 38 1.73 £0.24 * 44
TG( mmol/L) 0.56 £0. 12 0.50 +0. 16 0. 64 +0. 20 0.50 £0.16*
HDL-C( mmol/L) 0.72 +0. 15 0.71 0. 16 0. 80 +0.08% 0.76 +0. 06
LDL-C( mmol/L) 0.96 +0. 17 0.80 +0.24 0.98 +0. 17 0.77 £0.15*
P’ * (mmol/L) 2.86 0. 65 3.21 +0.37 3.17 0. 1024 3.14 £0.19
Ca® * (mmol/L) 2.42 +0.39 2.61 +0.17 2.88 +0.082% 2.85+0. 1144
K* (mmol/L) 4.86 +0.70 4.79 +0. 82 4.11 £0.1744 4.01 £0.04* 44
Na* (mmol/L) 141.96 +4. 63 140. 55 +4.71 141.26 +2. 56 142.29 +2. 43
Cl~ (mmol/L) 102.23 +4. 89 101.91 +3.28 100. 71 =1. 50 99.79 +1.75

W SR AR LR P < 0.05, ™ P < 0.01;54 ARSI AP < 0.05,24P < 0.01),

Note ; Compared with female in same month old* P < 0.05, ** P < 0.01,compared with the 4" month in same gender.
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T5i$8 %5 (ALP .GLOB ,TBIL .CR .HDL-C .LDH-C i
) GLU, Ca®* ) JE & #2380 A 28 1IE & (H 78 [, 5
34.1% ;W E G 11k 86.4% (19/22) . 4 3 Tifs
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Tab.3 Comparison of blood parameters among Rongshui miniature pigs, dog, rat, human and other minipigs

Cottingen R FARL
s A PR MY i SD
ML X . A
sl (12 F1i%) (6 A (12 Ai) (6~12 Ak) (6~12 Al%) 8 A PN e et
I H Rongshui i Chinese Tibet minipig ~ Wuzhishan N (6 ~8 i) -~
. . Gottingen . . Beagle dog Human
Test miniature pig o experimental (6 ~12 month- minipig 8 th-old) Clean grade
items (12 month-old) G mlmlfllgl 0 minipig old) (6~12 fonth-o SD rats
font-o (12 month-old) month-old)
Q 5 ? 3 ? 5 ? 5 ? 5
WBC 13.3+ 125+ 946+ 9.84+ 19.53+ 21.62+ 17.27 + 2.73 1492+ 13.65+ 627+ 747+ 3997
(10°/L) 2.75 3.21 2. 66 2.05 2.93 6.46 5.45 6.14 2.91 2.42 1.68 2.50 ' ’
NE 29z 22+ 25+ 3.16=% 33.06 + 19.10 = .
. / / / / / /
(10°/L) 1.96 0.77 1.30 1.56 11.28 0.74
LY 102+ 10.7% .59 + .37 + 1.36 + .10 4.87 £ .34 +
: 0.2+ 0.7+ 659+ 637+ y y 61.36 + 73.10 = y y 87+ 534z L0~33
(10°/L) 2.61 3.04 1.84 1.42 12.63 2.71 1.58 1.84
MO 0.0l 007+ 0.08x 272+ 2.66 £ 0.25+ 0.36%
0 / / / 0.12~0.8
(10°/L) 0.03 0.05 0.05 2.21 1.96 0.20 0.21
E;O 0.2+ 0.1+ 019+ 019 Y 2.75+ 4.9 £ y y 0.05+ 0.05+ 0.02~0.5
(10°/L) 0.21 0.09 0.09 0.09 2.71 2.49 0.02 0.03
BA 0 0.05+ 0.05=% y, , 0.12+ 0.15+ y, , y y 0-1
(10°/L) 0.02 0.02 0.14 0.10
NE% 21.2+ 17.8+ 2621+ 31.39% Y y y 64.80+ 71.00 y / -
(%) 13.01 7.54 8.68 10.58 5.36 8.38
LY% 772+ 810+ 70.42+ 65.23% y y, Y, 3.37+ 25.05+ 80.01+ 8203+ 18.7 ~47
(%) 14.06 7.58 871 10. 18 5.82 8.26 8.24 3.61 '
MO% 0.1+ 0.2+ 075+ 0.8 , y y y .03+ 077 439+ 434+ 3-8
(%) 0.10 0.16 0.46 0.36 1.27 1.69 2.20 1.93
EO% 1.5+ LOx 202+ 200= 280+ 3.18x 103+ 0.66=+
/ / / / 0.5~5
(%) 179 0.53 1.08 0.97 2.02 2.22 0. 69 0.41
BA% 0+ 0.60+ 0.56 %
~1
(%) 0 0.02 0.19 0.25 / / / / / / / 0
RBC 7.60+ 7.66+ 88+ 833+ 828+ 829=x 7.93 + 7.92+ 5.93+ 548+ 7.58+ 7.36= 43-5.9
(10"2/L) 0.55 0.60 0.74 0.95 0.62 0.53 0.83 0.51 2.23 1.10 0.35 0.27 ’ ’
HGB 137+ 130+ 140.32+ 134.04+ 15585+ 152.30+  156.11 = 142.00+  154.40+ 137.13+ 145.20+ 140.70 + 137 ~179
(g/L) 13.00  34.49 8.86 10.79 18.50 9.72 15.21 13.10 14.76 11.30 7.24 3.86
HCT 39.2+ 39.1% , Y 0.5+ 0.54+ 67.16 + 62.37 39.91+ 25.84+ 042+ 041z 0.40 ~0. 54
(%) 3.5 3.72 0.05 0.04 6.27 5.39 14.81 7.25 0.12 0.01 ) ’
MCV 511+ S5L1= y , 65.75+ 65.73 84.93 + 78.73 + 67.27+ 65.27+ 5539+ 56.00+ 83 ~ 101
(L) 1.71 2.41 4.32 3.97 5.19 4.42 3.15 2.84 1.88 1.58
MCH 17.4+ 17.9% y y 18.54 + 24.26 + 19.73 + 17.85 + 2770+ 25,72+ 19.17+ 19.13 + 272347
(pg) 256 0.87 1.05 29.62 1.07 0.92 5.21 4.34 0.69 0.53 T
MCHC 332+ 350+ 330.58+ 329.77+ 279.73+ 276.04+  232.79 + 22717+ 41243+ 388.23+ 346.00+ 341.20 + 329 ~360
(¢/L) 6.54 5.34 4.51 4.35 19.08  22.01 7.41 8.35 77.16 8.86 4.06 3.49
RDW 145+ 13.8% + 19.51+ 22.01 + 21.79 + 21.58 +
/ / / / / / 14.5
(%) 064 043 19 25 1.83 0.94 <
PLT 437+ 422+ 381.47+ 437.76 + 300.56 + 310.00+ 285.84 = 272.83+  346.67 + 301.45+ 1154.90 £ 1223.30 + 8.7 ~302.9
(10°/L) 126.95 129.01 112.02 62.64 7438  83.22 101.73 125.05 78.73 11474 175.38 154.22 ’ ’
0.31+ 0.31=% 0.95+ 100+
PCT / / / / / / / / 0. 108 ~0.272
0.07 0.09 0.13 0.13
MPV 7.3+ 7.6 £ 825+ 814+
/ / / / / / / / 7.6~13.2
(L) 1.30 0.99 0.36 0.27
PDW 159+ 15.8% 808+ 7.8+
14.8~17.2
(fL)  0.88 0.77 / / / / / / / / 0.67 0.41 8-17

TE . HRLAN M (NE) A G FFAREZ 0. 04 ~0.6 x 10°/L 53145 2 ~ 7 x 107 /L5 # # sPHRATM 43804 (NE% ) G FPIRAZ B 43801 ~ 5 x
10°/L 55 M4 4351 50 ~70 x 10°/L,
Note: * neutrophil (NE) includes a rod-shaped nuclear 0. 04 ~ 0.6 # 10°/L and polymorpho nuclear 2 ~ 7 s 10°/L. # % neutrophil percentage
includes (NE% ) includes a rod-shaped nuclear fraction of 1 ~ 5 s 10°/L and polymorpho nuclear reached 50 ~ 70 * 10°/L.
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Tab.4 Comparison of blood biochemical indices among Beige miniature pigs, dog, rat, human and other minipigs

) R FAgLL
_ _— Gottingen ) e ) -
Rk NELRK o WS RN MR S SD
Ko (12 A1) (6*)‘3%) (12 Al%) (6~12 A) (6~12 A) 8 A PN ki)
i H Rongshui L. ¢ Chinese Tibet minipig ~ Wuzhishan N (6 ~8 JEi)
.. . Gottingen . L Beagle dog Human
Test miniature pig e experimental (6 ~12 month- minipig 8 th-old) Clean grade
items (12 month-old) 6 mlmﬂ}llg ) minipig old) (6~12 fonthrole SD rats
froni-oie (12 month-old ) month-old)
Q 5 ? S ? S ? S ? 5
ALT  35% 36 + 63.6 + B+ 6704+ 7816+ 71.70 = 49.75 + 25.67+ 40.90+ 25.67+ 40.90=+ 0.0 ~40.0
(U/L) 7.51 7.94 39 82.2 14.44 20.40 46.35 4.92 2.40 6.24 2.40 6.24 ’ ’
AST 32+ 36 + 30+ 384+ 7639+ 38.60+ 101.33 £ 9R.75 132.20+ 141.20 = 132.20+ 141.20 + 0.0 ~45.0
(U/L)  9.86 24. 65 27 4.4 153.57  16.60 56. 03 20.71 24.69 29.98 24. 69 29.98 ’ ’
ALP 158 = 155 + 138 + 153+ 330.63+ 287.80 + y y 11230+ 194.00+ 112.30 + 194.00 = 40,0 ~150
(U/L) 77.56 69. 15 54 40.8 385.3 16490 36.04 42.01 36. 04 42.01 ’
CK 3%z 310 1963.2+ 1720.2+ 959.90 + 937.10 = 15.40 + 18.63 + 169.70 + 107.63 = y / 18 - 174
(U/L) 242.82  159.63 3984 3903 125.90 11.00 13.61 9.35 64.19 35.37
LDH 474.11 £ 497.78 + 402.6+ 402.6 +
/ / / / / / / 109 ~205
(Iu/L) 97.53 65. 64 195.6 210.6 ®
TP 685+ 66.7+ 60.17+ 53.01+ 73.11x 76.13+ 86. 88 + 83.89 + 7200+ 66.93+ 5519+ 4843+ 0
(g/L)  3.35 7.83 12.95 11.76 12.04 5.67 5.28 4.90 9.27 5.55 6.55 2.52
ALB 340+ 33.6z , y 45.51 = 43.01 = 46.11 = 42.20 = 41.03+ 39.47+ 19.68x 15.97+ 35 52
(gZ/L)  2.39 4.60 5.28 6.86 4.04 4.22 3.32 3.91 2.96 0.77
GLOB 34.4+ 33.0=x
(L) 27 5.08 / / / / / / / / / 20 ~30
. 09+ 105+ 1.26x 1.34=x
Meo o em om0 / / / / / / / 1.0~-2.0
TBIL 0.09+ 0.09+ 1440+ 400+ 0.2+ 0.09=%
1.7 ~2
(pmol/L) 0.04 0.03 1240 900 / / / / 0.06 0.05 / 7~20
GLU 270+ 3.57%+ 475+ 448+ 482+ 452+ 2.45 1.06 £ 50180+ 519+ 9.6+ 715+ 3,61 ~6.11
(mmol/L) 0.72 0.99 1.19 0.91 0.99 0.66 1.27 1.03 0. 8634 0.61 1.85 1.56 ’ )
BUN 3.6l 412z y , 6.35+ 7.14=% 6.68 + 4.30 £ 47032+ 498+ 3.80x 403z L8~7.1
(mmol/L) 0.82 1.53 1.55 2.11 1.35 0.97 1. 1078 0.89 0.70 0.72 ’ ’
CR 150.9+ I51.7+ 74180+ 76650+ 115.01+ 112.36+  156.67 + 125.13 £ 429+ 5877+ 4530+ 31.40+ 44133
(pmol/L) 34.04 24.41 20630 13200 34.65 29. 80 19.08 15.32 10.62 15.02 14.21 4.06
CHOL 206+ 1.73%+ 209+ 132z 264+ 256+ 2.04 = 2.0l + 411+ 434+ 062+ 0.8z 9457
(mmol/L) 0.38 0.24 0.48 0.35 0.59 0.41 0.41 0.16 0.61 0.58 0.10 0.17 ) ’
TG 064+ 050"+ 048+ 031 077+ 068 0.67 + 0.52 + 0.4+ 054+ 048+ 0.28= 0-~1.69
(mmol/L) 0.20 0.16 0.15 0.10 0.26 0.22 0.46 0.17 0.12 0.1 0.23 0.09 ’
HDL-C 0.80+ 0.76 + .03+ 1L04=x
/ / / / / / / / 1.063 ~1.21
(mmol/L) 0.08 0.06 0.21 0.14
LDL-C 0.98x 0.77% = 0.7+ 139z
/ / / / / / / 1.019 ~1. 063
(mmol/L) 0.17 0.15 0.26 0.34
PPt 317+ 3.14x 235+ 220+ 260+ 263z 830+ 687+
/ / / / 0.81 ~1.45
(mmol/L) 0.10 0.19 0.54 0.48 0.35 0.25 1. 66 1.11
Ca®* 288+ 2.8x 24l 232+ 272+ 275% 2%+ 267+
/ / / / 2.25~2.75
(mmol/L) 0.08 0.11 0.43 0.45 0.18 0.16 0.27 0.14
K* 411+ 401"+ 445+ 454+ 734+ 768z y y, 577+ 4.4+ , 3555
(mmol/L) 0.17 0.04 0.98 0.83 1.05 0.89 0.59 1.35 ’ ’
Nat 141.26 + 142.29+ 133.27 + 131.05+ 149.08 + 148.51 y y 188.17 + 147.10 = , 130 ~ 150
(mmol/L) 2.56 2.43 17.48 16. 56 0.14 4.90 35.72 23.41
- .71+ 99.79 + 48 £ .35+ .91+ 103.51 + .9+ 4+
Cl- 100.71+ 99.79+ 91.48+ 91.35+ 103.91+ 103.51 + y y, 119.9+ 113.4 = , 120 ~ 140
(mmol/L) 1.50 1.75 12.45 12.05 4.11 3.40 7.63 6.25
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Autopsy procedures and pathological observation of spontaneous
main organ lesions in Rongshui miniature pig

SHI He-he'-? ,SUN xia' ,LIU Ke' ,REN Hai-tao' ,CHEN gan® ,HUANG wei' ,
ZHONG Zhi-yong' ,LIU Yun-zhong’ ,Lin Qiu-xiong* , TANG Xiao-jiang'
(1. Guangdong Medical Laboratory Animal Center, Foshan 528248, China; 2. Beige Biological Technology Co. ,
Lid. , Foshan 510642, China; 3. Guangzhou Pharmaceutical Industry Research Institute, Guangzhou 510240, China;
4. Guangdong Academy Medical Science, Guangzhou 510060, China)

[ Abstract] Objective To establish the data including anatomy and histology of main organs in Rongshui miniature
pig (RMP). Methods F1 Rongshui miniature pigs with male and female (2 in each group) in 6 month old were used in
this experiment. We measured body weights, dissected these pigs after anaesthesia, recorded total blood volume, total
plasma volume, number of spine and dental formula, took main organs for photographs, and made histological sections
observed and took photographs by microscope. Results =~ We gained the photographs of main organs and histological
sections, organ weights,organic coefficients and other basic data. Conclusion Basic anatomy and histology data of main
organs in RMP were collected.

[ Key words] Rongshui miniature pig ( RMP ) ; Anatomy ; Histology ; Organ weight; Organ coefficient
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Tab.1 The body weight, organ weight and organ coefficient in Rongshui miniature pigs

BEPE (n =2) Female (n=2) MM (n=2)Male (n=2)

HiH
o (}jiﬁi;iiggill gi?j%ﬁéj;il HEZRTE (&) Organ weight (;mfgﬁ%ﬁézer)u
MIE Heart 82.35 +6.29 4.29 +0.22 73.95 £11.53 4.88 +0.52
Jifi Lung 148. 85 9. 69 7.76 £0.71 148. 85 +42. 64 9.79 +2.33
JIT Liver 265.15 £14.35 13.82 £1. 10 268. 20 +30. 69 17.72 +1.34
Ji# Spleen 26.50 +0.57 1.38 +0 24.95 0. 35 1. 65 0. 06
% Kidney 62.30 +2. 4 3.24 0. 04 55.05 6. 15 3.64 £0.23
Jii§ Brain 75.60 +3.39 3.94 +0.08 73.55 +8.56 4.86 +0.33
FRAR Thyroid gland 1.45 +0.21 0.075 0. 01 1.25 +0.07 0.08 +0
5 1% Adrenal gland 1.65 £0. 35 0.085 0. 02 1.65 £0.21 0.11 £0.01
2, Testis / / 22.20 +2.97 1.47 £0.12
G Ovary 5.75 %0.49 0.30 0. 01 / /
JiE Thymus gland 7.15 £0. 64 0.38 £0.02 5.00 £0. 85 0.33 0. 04
1K (kg) Body weight 19.20 +0. 49 / 15.12 +£0.76 /

T2 RR/NEIREATMEN B W 1 S5 At Kb

Tab.2 The basic data such as number of vertebration and length of intestine in Rongshui miniature pigs

WiH WEPE (n=2) Mtk (n=2)
Ttems Female (n=2) Male(n=2)
4> 1fil. ( mL)
Whole blood (mL) 843 £53 1000 + 14
1 3% (mL)
Plaoma () 425 +71 538 +4
() 7 7
Cervical vertebra ( Number)
(AN
. JHtfie (4>) 14 14
Thoracic vertebra ( Number)
B ; ;
Lumbar vertebra ( Number)
HEHEC) . .
Sacral vertebrae ( Number)
(AN
FHECA) 21 21
Caudal vertebra ( Number)
T 48 (cm)
Duodenum ( ¢m) 3=l 263
5 (em) 302 89 472 £27
Jejunum (cm)
] ,
1 ( cm) 396 +30 459 +98
Tleum (cm)
e
B (cm)
10 + 15 +1
Cecum (cm) 00 St
2% (em)
Colon (em) 163 =1 206 27
E:HZJ( cm)
Rectum (em) 30 +3 28 +4
FLk () 6 6
Papilla ( Pairs)
WR(ATAR S ARG IFgEH) 2(3 1 4) 2(3 1 4)
Dental formula ( Molars and premolars were aggregated ) 3 15 315
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2.3 FERBNRSHAFRE

X R /INEERE SR AL AT T RS SR 11 1R
S WERR LALLM ULA WL B 5 B 5, DE RS 4120 (A
2) o JERTA AL E AT TR, 5 S
Z5RE .

O E O LA 2 RS 3 55, R 24 B R &5
HASYE IRFE, K L0 ILEF 44k, 18] 5 & WL 7K il | 78
I 0t K AR A iR (1] 3-A)

JHEIUE « JHF /NP 55 0 5 i, M 400 P 2R HE 3 44
WA WLASYE YR AE, 55 N K2 4 i B A A EC 4R i R D
S a g NN [EK =102 R[S B R A 1 [ e
1 (E 3-B),

JLINE « £1 | I RE S5 A4 V8 I, 20 Jbk J] L bk L2 389 3 b
AL UL v e Bl kR DL s A8 | RN o A B S TE R
BB L AT, RS AR DL I (1 4-A)

P+ 280 /0N S A0S T Ik O 40 9 v Al 9
IS 6L 25 AL TR O, Bt 6L A DL 5K B it v BE R 4
EARDLY 5K | 7o, il v (R B A U 34 TS il v e T
AT, A LAt 7 e R A S ot M 9 P A DL W 4 i 2R
£ (E14-B) .

VI« K BEZEAER T, B /N ER R UL 3 K
g5 A3 Al BRI AR AR WAL, BN R LSRR IR
KA BRI Al B AR R TTE BRI
PEIRBE, B/ INEE IR W 5K, R WLE SR )
JUCAR, TR BT A UL AR A M= i | 2 424U A 3L
KA DLIRAE B oK DL 5K AR K B 4 4 it i i (&
5-A),

(=l AN U R R A S NG N RN
A7 IRORAS 20 M HE S B I 25 IE 8, 8 T AN B A &
SIARIER A AR LR WLIE AR R 4, R UL I IR
FE S AAE RV (B 5-B)

TG« A B 45 J 20 28 0 A 28 e I AN R T 75
B AR ZE s ARPE RFE 38 AR A5 AR ) iR L
AR FEL L, A UL A RE 20 A IS i K il A IR i A
TE . 13T A UL I8 5 5, 2 5 B % ik 46 FBE o DL
ORI EBUK (E6-A)

JINFRG < B T H IS T AR B A% A 28 0 4N i B
BIEF 42 A5 1 B, 106 RS UL 5 0, ok Do e
THEAR DK i B 1, 0N i 2 210 28 T8 A D i
JH , LR L2 0T B, A DA A A 5 A D 4o 445 240 i
INFE SN Az A DL AR Ak kI B 5 il 28 23 ) Joit
A UK LA K S L R I e 28 R A0 IR 1
JEE A LS ERE (&1 6-B) o

[ e R U Y A Bl O I o O L F 2w
) TR NI Uy S T E2Y % NI % A .
LR A IEH . Bk R DL I IR BE AL (]
6-C) .

HE USRI TR 25 40 523, IR 5 H Y A6
TR ISR £ 32 sl 4 28 o0 4 IR 25 HE S IE R L AR
PE IRBEZR BN, A B0 A1 FN S A #2600 S g ig 2
FIRIE &, A UL A 25 40 i R A S W8 Ao 28 41 JfL R 42 5
AU M AEY 5K FE ity B A BE A 2 LT 4R A A
TE BT A DL AR (] 7-A)

BRI b R SR BRARHES R 5 R LR | i
I IRFE B 05t 95 T i, ORE A0 M R A ROE 3 OE
HORIZELE ARSI A, R WA AR B S R A
WUZ AR DLIEJE 22 45 5l i SRFE, 2B UL 70l
K i B A A A 5 (T 8A)

+ AR R R G B, R S
&2 (K 8-B) .

75 W KRR T R ARSI, 75 SRR B T
(E19-A,)

17 - 4% ] J5 72 1M, 20 & R
C)o

S50 R RR)Z WK B SCIR HZL (&1 9-B)

B ERE /N EERTE O, 45 GRS Y 3 O
G e A WS B i 06 SR g SN
YRGS 2540 . 2% 520 A g ek 7% 5 R) J5 200 i R AL
A 1) A LK i, T Y i % 5% AE 4N IR T
(K 10-A)

FRPSE L BRPSEAE T R AN DL 2 Ak, 480 I P T AL
PN e SULK <l S 2 Y ST 1 UV L N 1
H ol B e AR A= (1A 10-B)

HSI IR BRARFA B o341, BRI P 0T D 43 0h 40, )
JEg A i R WLRR b R A ) T £ A 41 20
A TRDB T AL K B 2 200 At 35 i S P ek AR (1] 10-
C)o

TB T B RER RS W, 1 P BEORG R
S EHCRHED] KT A RS A NN A T
B, FE UZ AT B AN UL B e 3 5 (1 11 -
B),

DPEL . £ RN B, B IE Y, R DR v
i i B e L (B 11-A)

J i < o i e B O AR IR, 40 ALVE b, B oA
DLZEGE | B Tk T 40 B 25 2 4 A IE w4
WL AR5 (K 12-B) .

2 B e (A 9-
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R - IR AR ZH S5 A A L S, TT DL AM 43 D A
JBR 5, 9 82 A R HE B LE R A0 43 DA B YL - 2 4
KUV ZEAR A PE SROE, R LA 2 v (1] 14-
B).

WRELGS . B o Dk /NS S IE 3 IR X W IX
IS DX I BT 0T UL 1) Rz T3 DX B2 4 B P 265 B 43 A IF
RS M PR S IE AR W E (8 13-B) .

TR - HUAR B A 450 2R T 5, FF IR R 0 3
SEFIER B b R 20 MR WA PR IR, DB 55 A0
AR RLIE A A L AR A B IR (181 12-A)

B IE R (2R R th =R BEUR AT LR
UM B R, 2540 SE R, I R AR L AR PR IR AE
& A BB ON S S 48 A i T 4 A oK DL AR M 3G A 5
A IUZ P T LER 4R T8 S HES IE 3, 45 )2 41480
FROR LR AR E (18 13-B)

JIELAEE A S 1A 23 L 6 A R (TR 14-A)

BTk« 6 B 5 1 e B | L 2R I IS S A 4 | K R
B F S5 R4 35 B, A WLIRSE 7K b 3o H ol S 48 2
JL2E (B 15-A)

WLPA WU 2T 5 | B 503 W, 40 A% 057 T JILEF 4
I B7A R N SN2 4 v A il i 87 7 A 115 @ s A 1
t I R 5% 4 M= (8] 15-B)

Ne LS AR LFUETATHES ], R DL 42 2 Y A
PE RS RERS (B 7-B) .

3 itie

ANl K /N Y 29 A R B HEAT AN WL AN
LY WMEE B AR TR A7 T RIS A2 212 1
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[FE] BHM @ IBIERmE, PN ARSI = A S T IEHl & KBRS S9 WG PEME 4, LI KR FEAIR
LIS RA I Ames SCISTEIEM BTN AY SO IR IRAT T I R T ATHE 4200 SO FIHR, 773k SRTIRIER A o5 A
Ames 150 T B AT B HIPIFPORIE SO 16 A0 I BRI 45 SR AEAT HLEE, S ACH W AR50, #8237 SO il R AR IR A% A7
I LR ST T - 20°C kAR, R Ames ST TH B AN A HI PR SO 78 B 28 5 i/ B S 35 A
L — A F, Ames 1058 o P FP SO FT A5 FHPESS RIF IR KRR, BRI Z RG24 L, BHER Ak
o Rl AR PR SO BT FH 25 AL TOR R 25 5, 2R R ] 25 T LG 12438 L, S9 (WK N 38% ) A&
FE 1. 48 ~6. 62 pL/pL BRI T % TA100 B B 3% AR, 152 2828 5y g BRAL A0 3 A5 A 1 &84 Wl
FHIZHEUR AR 2 T A K BUF SO 36 MR/ BRA 5 A Tl LU R 2 AR 1S Sk il & 53K 99,

[REEiA]  BRBEURAT ; Ames ; A5 T 5 SO ORI

[FESZES] R332 [ THkFRIZAE] A [ X E4HS]1671-7856(2015) 03-0048-05

doi: 10.3969. j. issn. 1671. 7856. 2015.003. 09

Using spiral coating technique to evaluate the activity of rat liver S9
prepared by combination inducing method

SHAN Chun,ZHANG Feng-lan, CUI Sheng-hui
(National Institutes for Food and Drug Control, Beijing 100050, China)

[ Abstract] Objective To reduce experimental costs and improve the utilization of S9, we use spiral coating
technique to evaluate the activity of rat liver S9 prepared by combination inducing method as well as to establish
cryopreservation method. Methods  Using spiral coating technique and Ames test to evaluate the activity of self-made rat
liver S9 and commercially available S9 separately. We use glycerinum as protective agent to establish cryogenic storage
method, so that S9 can be in liquid form stored at —20 ° C in the refrigerator. Results In the Ames assay as well as
using spiral coating technique, the number of revertant colonies had dose-response relationship among the dose of S9. When
conditions were the same, the number of revertant colonies in positive control was at the approximate level in presense of
self-made rat liver S9 and commercially available S9 respectively. When S9 ( concentration of 38% ) was added to the
amount at 1.48 ~ 6.62 pL / pL broth dose of bacteria, it can significantly induced Salmonella typhimurium histidine
strains TA100, reverse mutation rates were three times more than the control group. Conclusions Spiral coating technique
can successfully evaluate the activity of rat liver S9. The inducing method of combination of PB and BF can take the place
of the unducing method of PCB_ in the preparation of Liver homogenate S9.

[ Key words] Spiral coating; Ames ; Combination inducing;S9 ; Enzyme protecting agent
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VI TR B AR ( Ames) IR EG TR )72 v FH 46
I SRR Aot i 25 10 B8 AR M, o L s o
P 5K 40 R P Ak 5 A2 LA B nT ik AR iR
FRBHEIL R S8 (S9) =F IR & I AT AL I 7 26 55
I, (ESCE MR K RIS 2 IRk
FERE BRAEAL IR A A S AR B, A O R | A R
SRS AR — e XE R VDT T BB E TR A B AR
BB AR BT K ARAS | A sk s 56 8 5
RS ST L7k ivalllEs 2 NN S WE N ES A B S e eI ST B o
HRIZHEAR KA AR # S RE H R
DA I 8 AR 28 L [l 5 58 A0 3 0 X K o R SRR
st P4 PR S O G T Aot & R R R TR s
Ames TR BGHHEE A B ARRCR MR, AR SMR IS 1L
FN(S9) i I Z2 B (PCBs) 1E 5 7 7,
PCBs C 8% Bl PR b M U@ A AN TR A L
S, e AR, BATE SR 3 -
B A s 2 s S 0 AEE TR AR AR
FE BB TCHE AR HEAT A AR ) A BB | IR 4
FHBULT 2 EE IR ED . MRS = R
A2 B-AK T ( BF) B 5 S K BUIT S9 DL
& PCBs, I LA A RIS 8 S9 3 vtk 4, HETE
WAMRLE SO BIRAF T A S - 80°C vkAE T, [l & VR
Fal s S At 17 B A, AR 51 56 5 7 il O 4 390 4
T SO EMAKIAE - 20°C UkAH h , B AL G B
k.

1 #MEIAE

1.1 LY RIAFENS

SPF %% SD K 24 H HEPE, A5 180 ~200 g,
P L £ 24 A P 5 B S 6 B A DR s 4
BE[ SCXK ( 5)2009-0017) , SZEAE b [E £ & 24 i A
FERFSE BE — S 50 s W % AT [ SYXK (30) 2011-
0008 ], TELEE 229C ~24C , #HXT IR B 40% ~45% , H
JEAT 12 h BRBH KB B AE R fa) R 25 B K, H
FHRIK
1.2 FEKFRIE

B- KB , R 20, 2-FFE 4, B RSO,
A, CO, 555548, MRBE TR DAY, B 89 (£ & HK
R FHI) .
1.3 HDAMFIEEE

KA FA N AR L Z 80 + 2550 80 mg +
100 mg/ kg, 75 A 7 X BEZH (B oK) B4 R R
12 5,

1.4 Zhp4IER S9 #1%

BRAEBES AZH T 123 d KEMEES
TR 2 + ZRE R, TR 1R, RIE R 80 mg +
100 mg/kg, A Z51AFN 2 mL/kg, KBRAE B KA 5
J& 4 d ZbBE AbBERT 12 h ZEEARES K X R4 T &
KM 2 mL/kg, 4% N AR — BT SO il & ik, 9
SPEETOHAEE D, RS, B R A T ARIR K AH
R R AT LA
1.5 Ames iRKIE

BB Bk HOMH B PR TR 5 2D & TSB
EIRRAN 20 mL TREHIEE T MR NI
£ 37°C 125 v/min (e EFRAA TG E 16 h, FrEE
2T 5080 r/min,4°C , B0 10 min, 7% 3, H
0. 15 mol/L PBS ¥k, # L 8.0 3 IR, G372
FH G Ao e B (B 7E 0. 8 ~ 1 22 8], Bl 2T+ 1
10° 22 x 10° MR B fECT VKA B8 T2
PHATAEYIRER'  SRAER B A, 2 BH X
g 2-EHH (2-AF, 100 wg/mL) , BH % 20 45 1L fin 2-
AF W 0. 1 mL, B4 3 A7, =Fh SO (BKE
W SRR TR ) B SO IRA (MR 10% )
0.5 mL AYPHVEL , Bikk TA9S ' TA100 38 i % 5 #F4F
EIREECR . ZHA R — M Ames R85, WK EE
11/ G
1.6 SERERMIEMN S9 EM A IR E T

TA100 Fbjdiy B 4 10° s g5 FH T30 80 (L
MfE.0.8~1),

WETE U A AN R ILAT SR U A TAL00 JE K 20 L
(Unif,20 pL) ,F#TJ5 ( <1 min) B3R AT 20 pL FH
PEF 2-AF (100 pg/mL) , & < 1min, 5 J5 DL EL
BIF (log,50 wL) 7 AEEAE 50 WL = Fp - SO (i |
BRATES XTI SCI0 PR IE 5 U IR A1 - LR A5 AH
], AU 7 35 T B — 1 B R FE BT | 1A 58
EERE TR T 37°CHFRAa 1 95 48 h Ja 3Rz
YR8 7 e AT R 1 77 A 0K ok Bk b A K e A
[ZS N N A NI < I B S R N 3 ol O 14
ij,%&[l, 10 - 11] .

1.7 B S RBRFREFEENEL

20 mmol/L. Tris-HCI ( pH = 7.4) .1 mmol/L
CaCl, \50% N =% . 47% S9 JFUI il 45 % 16 6 179 .
il 28 I R A A7 VROCHS 2 VRS R AE T - 20°C VKA
. H Ames SE90 5 7k, EFE B HR TA98 | TA100, 53
MTFESE 1AL 3 AU R
?Eﬂl\i[lz—lﬂ .
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2 FR

2.1 Ames RIEFHREITHER

TA98 \ TA100 7 Fft T Bk 73 1) >R FHEK G175 025 1
AT S Tk Y B 2H el A B B Rk 22 5% | 2R
WG Sl 45 T B SO BEAE2E A [ A8 Bty 1k AR
A 5 AF T 6 B2 A B 4 SO I AR$Ry 2 A5 A 1,
PUPHEZE SR, PR SO 1h kIR JC B 5 22 5, Hd
TR KER SO WitE(P < 0.05,3 1),
2.2 WEERBELWRER

TR S9 Mk B AL G (38% ) , REABHE LA
UF MR BERBRE MR DGR TR AT P HILB) B K 7
WERTHRE Vi AT T DL BRT s T 2 5 MR E FR P 1) AR U
W, [IAEEL SO MR AT RATE 1.48 ~6.62 pl/pL B
WREETT A B W B0 A8 T M R T 4 R 9 B3 3k
B 1 & AR 20 K BH 1 X R 2H AR 7 B % B0 2 A% DA
L AT AHIEGE R AYE(P < 0.05,% 2, 1),
2.3 Ames LIGIEERT S9 (RIBRIFZH AT

Ames FRiEIG RS SRR 7E 3 NH N, S9 iGAT
W 5 D P A 2 A B B B H T AR 4 R

R PIRESINEGI R SO BHIED

AT HIEPEE G (P < 0.05,%3,4),
3 iwtig

TER AN Z AR R0 AR A5 £b 77 2 52 56
AN BT, H T E N SR = 2 T
B S9 iHW, — 8 300 JT/2ml/ 37, Mk B 5, Ml 5K
Y5 AR R 5 S a4 LI, SE 80 = [ il S9 T
PES T SO WETEM Y, T M AR
Sl R B I SO, NG 7 (E 45 15, 35
Gy HATDAR K FEAR 2 96 BUAS | 78 FE 28 4540 7 AT LA
BARTTE SO TS5, Vb I T I B R TE Uk A ¥ 1 5
FR5 Ames K H:[R]=5 e W A0 o o P A 37 A7 1 L
— 20 B FEAF AR AN A TE AN IR AR S L R G
LT, B 8E T — 77 v [ Y 2 ) Je 28 A8 A0
TR MR IR B AE K AR TER e LR A
Per BB A SR, (AR B VR 20
B A2 AT SO TRA W A B e i B AR B AR L
MRURTE 55 AT B — A AT S5 K 8 02 e | e 2% P 4%
S0 A R K R BR T — &R A I SR R R 32
R P E3TY N F48 ~ 7205, M Z iKY

A5 Ames TRIE A ELEE R (« £SD)

Tab.1 Results of the Ames assay using S9 from 2 souces

R SRR
4] 1 N=EPASY
A 5 (tt_ Al (ml) The number of revertant colonies
Group S9 mixture( mL)
TA98 TA100
[Ep AEES Spontaneous revertant colonies 62 +11 144 +7
+S9 (i) +S9( Commercially available) 0.5 1199 211 1378 +185
+S9(IEA15S) + S9(Induction combined with PB and BF) 0.5 1327 +148 1662 =124
+S9 ( XFHEZL) +S9( Control group) 0.5 812 +102 951 +68

R2BRBERANEEIAE SO BORATEME

Tab.2 Results of the activation of S9 using spiral coating technique

F & g

Spontaneous revertant — S9

RIS
Test groups

+ SO(THEE) + SO(BEAIES)

( Commercially

+S9 (X e )

Induction combined
(Induction combine (Control group)

available) with PB and BF)
L o - S9 dt/ wL I I I
e WER(uL) CPWEEE esofk(u) T TR T T P
X Bacteria Colony Volume . Colony Colony Colony
Spiral S9/Bacterium
Count count of S9 . count count count
solution ( wl.)
4a 2.9 17 £2 19.2 6. 62 95+8 108 +9 61 £5
4b 2.5 18 +2 11.72 4.69 90 + 88 +7 40 £5
4c 2.96 153 7.72 2.61 60 = 81 +7 37 x4
3a 3.44 23 +3 5.08 1.48 59 + 62 +5 33 +5
3b 3.88 27 +3 3.32 0. 86 48 +4 47 +6 26 +4
3c 4.36 40 £6 2.16 0. 50 34 33 +4 21 +£3
ik S 140 =9 385 +25 419 +£30 218 +25

Total bacterial count
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AR AT = SO IR EIGUE ; B . A IRBEIA AR SR AN F & AR
1 BRFERAR IR SO B4R g 1 TA100 B [l &2 58 AR EH Il

Note: A ; Results of the activation of S9 using using spiral coating technique ; B: Results of the Spontaneous revertant.

Fig.1 The reverse mutation number of Salmonellatyphimurium histidine strains TA100 using spiral coating technique

F 3 Ames IERIE SO RIEAEFIRESE A G M (TA98 \TA100, x =SD)
Tab.3 Results of the activation of S9 stored in —20°C refrigerator using the Ames assay

14 31 A
117MH1 h
1 week A 1 mont 3 month
R . +59 [ul 5% . +59 Jal 5% o +S9 AR
) % 1A ¥ EHC g EHC g e -
Group Revertant Revertant Revertant
Spontaneous . Spontaneous . Spontaneous .
ant colonies ant colonies ant colonies
revertan (+99) revertan (+99) revertan (+99)
A=
SQ(THE') . 53 +12 973 £50 54 +8 873 +50 53 +4 860 +61
TAOS S9 ( Commercially available)
SO (A7)
1001 =1 +4 47 £52
S9 (Stored in —20%C as liquid form) 001 =18 935 £49 4T 5
A=
SQ(THE') . 149 £ 14 1055 £62 158 +4 1108 £91 126 £10 1039 +54
TAL00 S9 ( Commercially available )
39 (fifFite) 1106 +102 1116 +95 1090 + 104

S9 (Stored in —20%C as liquid form)

B R A ALK T 2R % FR AR K B 6 1 b A K SR AR B
Ffr, S8 TR % SR FH A0 A TR 7 1B 5, 0 T8
SCRT PR T S A b TR A EAT IR TR S A
ARG 4 W8 Uk A B IR A A T AR A
ST . 2P il 15 AR R E | K/
FE 3 1 38 f5 B, W] 5 HY A R BB e Uk A 8 5
M7 - i

MRV A ik TN — R B U B ) 2 AR Uk A
TEAN B b, A T R 05 AR PR 5T AT Y
R VI B B B BE U A B AR K DN 4 R A
Houk ' % I #E F 4, B [ AN = SR AR K
WEA T Z2 5 i e, HL Ak 11 B 2 R T Ak
2 TAEE 45 (AOAC) L i, J&: APHA HEFE M ELR
AR AR T v, N S 56 5 A ST RN N % S 5
T oy 0 A b A A SOk R, 45 L E R
WA — R ERN W BRAE Ik R R IR R, A

S CLGF TR A FH A 95 3 A C ) 323X B R A
BV LA 75 5K 20 B 2 A 85 R Ry e
I & Il AR ESG FRL i o A 1 (] 5 2 A0 B A 8 — )
N, BFRAE IR W] HE ST 5 bR o A R 55
BBl A ARSI ), BEE TR A VR AT 222 1/10 B2tk &4
FEART DL K 1740 ~ 1/80 [ E 2L IR G FEA &, 5
- SRNE 43BN SR IR T A SR B SR AR T AR — R
FIREFEMR, WE ST H 72 1 1) 28 H 4 o SRR |
CPTRET P CARERT

E NS = SO 51K 3R 5t 2 (- A7 16 T AU
5 - 80°C vKA H , R Ml AT & i Al Ak , KR FRAIR
il A R PR AR 26, A S0 2 4 31 AT SO Z8 iR
PRUER, TERAS TR T - 20°CUKARfEfF . 45 R
FW @A 3 N BHE A RAIE, A H AR RN &
XSO T A R M kB T A2 R A e O P
ik, B2t —E 5050 % 4 B, i 215 S 70 5
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For I 7512k 5 43 P T/ BUFI R BB MNPCE ¢ MNNCE Ui 22 kil
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Technical methods on screening cyclophosphamide induced
bone marrow micronucleus polychromatic erythrocytes by flow cytometer

LIU Shi-jie, FANG Zhan-qiang
(Key Laboratory of Ecology and Environmental Science in Guangdong Higher Education,

College of Life Science, South China Normal University, Guangzhou 510631, China)

[ Abstract]  Objective To discriminate whether chemical compounds are micronuclei-inducing by counting the
ratio of bone marrow micronucleus polychromatic erythrocytes (MNPCE) dyed with a single fluorescence reagent ( acriding
organe, AO) by single-laser flow cytometry. Methods Treating male KM mice and SD rat with cyclophosphamide ( CP)
respectively, and counting their frequencies of micronucleated polychromatic erythrocytes (MNPCE) as well as frequencies
of micronucleated normochromatic erythrocytes ( MNNCE) in bone marrow by AO and a single _laser flow cytometer
(FCM), comparing and analyzing the results from different methods. Results The results showed that, along with
increasing dose of CP, the ratio of MNPCE also corresponding increase, suggesting significant quantative-efficiency
correlation. MNPCE were also counted manually by fluorescence microscopy, and the results showed no significant
difference with that by flow cytometry. Conclusions AO_FCM fully automated detection method for the detection of
MNPCE and MNNCE in mice and rat bone marrow micronucleus rate is reliable.

[ Key words] Micronuclei ; Polychromatic erythrocytes ; Single-flow cytometry ; Mice ; Rat
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TR S5 56 A kg — b ARG 00 352 4% B %) 6 40 0 4K
2, e s 1 2 b Ag 32 . EA
K, AT — B2 N T8, W T %A o e
20 B LA S AL it 4 v B A D — SR AR
TN, A BEAS B — > LB HE 0 1 B% %, X R
SEON LR R AR &R R B AU AR, I A8 52K
— S R T R Bl B — S i BH ML 80 AR AR,
Hutter 1 Stohr!"” 5 5¢ iy FH 3 28 41 i 4SS 10 T /1N R
PRI 8 21 40 3R 58 X 0 A A R ]
P RE K R = g 2 gL 21 40 B ( polychromatic
erythrocytes, PCE) , 5 1% 48 09 N\ T . i35 1 800 AH
Pl P P T B0k S 6 T ARG 0 PR R
SESRLTIME AT HE 7 ARSI FH PR I e 1AL s
HF N, YL 24 h 5 BCEBEAN I, 200y
WERE (acridine orange, AO) PG YL A, R H B I
2 S T 5 240 L ) 55 A% 1 g 22 G 21 4 i
( micronucleated PCE , MNPCE ) Fll & 1#04% 19 it A 4141
Jif? ( micronucleated NCE , MNNCE) , Ft 5 1 3 18 254
KA, ST T — i BE T B0 it =X 20 A A %
H SR IN 5 v B A& W08 R Uz E R 2

1 #RfAEE

1.1 ZEzHY

SPF Rttt KM /ML 16 H /AE 18 ~ 22 g,1.5
A% SPF g¢lfett: SD K 16 H &5 150 ~ 250 ¢,
1.5 A%, 30 T8 5 BERF K228 s 4 o0
[ SCXK - 2006-0015] . /N BRI K B 2 UM T
B BERR R 27 52 56 3 W Rk 2 35 50 ) 52 96 1 it P 3
17[SYXK - 2006-0015]) . 5258 /)> BRUFI R B3 51
G, BEVLY N 4 41, B 4 R, SCsshd)
(Ao FH RS2 50 2o A 2 BRI 56 sh W 9 3R L
T
1.2 FERAFNRBEESE

R W Bk B% ( cyclophosphamide, CP); WY BE %
(acriding organe ,AO) (LT EKEFRHEARRAF]) ;
TritonX-100( 3% [ Sigma /A 7)) ; [# %€ # . &% SDS 30
weg/mL, 1% (v/v) 3 &K Sorensen’ s 22 1 (0. 05
mol/L,pH6.8) ; % A:0.1 mL Triton X-100 + 8
mL 1.0 mol/L HCl + 0.877g NaCl, IZ&#/K & 100
mL,{%’-{@i B.37 mL 0. 1 mol/L JTL/KF ML + 63 mL
0.2 mol/L BEFRE 4 + 0.877 g NaCl + 34 mg
EDTA-Na, + 0.6 mL Img/mL AO /K ¥ ¥ ; 0. 067
mol/L,pH7. 2 Sorensen’ s 2% M1 .

1.3 FENF

ELOAL A LAY PO A
1.4 Z5HpabiE

IWEmEN T A= R K BE ], B 4 DA,
0.10.20 & 40 mg/kg, FHAFIN 0.25 mL/100g
R, RIS, S25)5 24 h JF U,
1.5 BHRERNH&E

/N R AR TR ) 1 B < T AR B /N R, 3 75 XU
JBCE , FH 1 mL TGS 88 400 WL /A LT 8 F i
T R AT 3k U ) R R . R R A A YA )
% TR TE A B, 43 B XU, F 1 mL VRSS2,
HLA400 pL /A VAR i s, S S AT 3t i o ok
B
1.6 #HRMEESHE

U5 mL [EEWR, — I RIZR G, — 1 m A 200
wL 22, B %E 5 min, 1650 r/min &0 5 min, 2=
B AR YITE RS T 0.2 mL 0. 067 mol/L,
pH7.2 Sorensen’ s ZZtf T, W A SV B 78
FHATE FUK WG AL, A 400 wL % A 5 1.2 mL
W B, R ERIR AT, M T vk B A B 5 30 min,
1650 r/min #:.0> 5 min, £ L&, 40 U0 BB TR &
F 0.5 mL 0.067 mol/L, pH7.2 Sorensen’ s Z& i
W
1.7 N AR{L St

ISR B S BB . R A UG (forward
angle scatte, FSC), ZI| B &% & £ P DNA %56
(FL1,525 nm) , ZIBEBE X8, ok o R 2y
1000 N4AE/ P, B FEA I A A>T 200,000 4>
M. R i =X 40 B A 23 B A WinMDI 3E 17
I3HT,
1.8 AILERERN

(] >R S BB R AT N A5G

2 R

2.1 XA NR B ESAEENXR S
R

A8 FH A& A B 6 (forward angle scatter,
FSC) #1 DNA %¢5:(DNA  fluorescence, FL1) 7EK],
AT LA DX 73/ BB BEREAS TR 5 AR A9 0 A
X3k, W 2 Y 21 40 Bl ( polychromatic erythrocytes,
PCE) (R1) , &1 B4 %8 £ YL 21 41 ifd ( micronucleated
polychromatic erythrocytes, MNPCE) (R2) , B2 ZT 4H
Jifd ( mormochromatic erythrocytes, NCE) ( R3) , & il
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%0y 1% 2421 40 B ( micronucleated normochromatic
erythrocytes, MNNCE) ( R4 ) 14 # 4l }Y ( nucleated
cells, NC) (R5) (Kl 1A ~D), K1 i, B4
FNLLYH X 53 T A | W8 22 G 21 48 f A ol A 21 40 i
O3 PR HE 5 IO R 21 40 RS B SR R 21
Y o A — B B A RS2 R B e, — 7 T
T A o AA K SR A — o A, 5 — T
T PR TR 5 AT DA g0 5 vk, (R T
T,
2.2 AEFIERBHEBILEZI/NR 24 h FHIRI
FAf 8 Tl 1A ~ D 7R 0,10,20 F1 40 mg/kg A
[7) 771 8 B4 ik BBE % ( eyclophosphamide, CP) b 24 h
Ja ,/INERCE REAEAS A 40 IR %) 43 A1 B it =X 40 AU
MALESR, LN BERE (acriding organe, AO) Jefi )5,
WMMIERSELr, B2 eal gl & MAs L ut, I
TR BE , ka0, BT o A
LA ICHO, Won MWERE . Al UL, 7E 488 nm UKk
JEF A0 FOEHI DNA 454, & msk (50 il it
FL1GEGERIN, DL FL1 S 905, A 4% 4012 DNA &
&%, TEfe b7, W8 22 YL 20 4 i LUk, 7E 9\l iy vp
(], AL A0 B A f5c B 75 BB CP B VAR T BELAS 1
DNA 5, T B A KA P, 11 RNA 59 52 16l
ANEZ N, PRI 240 53 54 ) SiE 3R S SO a7,

LR TR R AR G o, DT o8 5 A% 1) A A
IEH AnAmg K BB UG FSC 1R R, 75 R
TN, B RO 1) 20 i A R e Bl 9 A 3
NG G U e v I S I W TN S R %2 )
DNA 2 B f ik, H 20 R/ N 8 B Al Jje K, T
Z YL AR DNA D38 B AT 4% 40 ik 5 Rl
ANz 8], BERG S R A, A A O Y AT 4N Ee
NS gan: b SN e =l SR VA i A
WAL AN R AT 5 55 0 BR A R4 8 TR 1A) #HT L, &
AR CP AFR S5 45504 (B46 8 B 1B ~D)
SR Y 8 22 Y 2T AN LA R R T AL 4
LT XSl P 40 5 32 A AN R R B A 15

R AT O GATE 158, FIIFH WinMDI 4k
PRI AMRE A L], 45 R a0k 1 BoR Bl CP
WREERYG &, B g Z L R B Y £,
TE CP %35 40 mg/kg BB, 3 30T 4 A 417 )
(PCE/NCE <1), &AFFI&E CP A 24 h J5, 3
Y ARSI Y /N BB B AE A fMNPCE 5 fMNNCE
Rifi 5 AR 1 0 mg/kg 34 & 40 mg/kg, fMNPCE
SEIME 5. 79%01 2 20. 19%o0, i IMNNCE ~F 2114
WIE 2. 62%03 % 3. 36%0, K2 7R T & Wiz g
ZYLLT MRS CP Wk EM Mg £, —JchleJy
BN EMAFER LR (R=0.917),

R BB 24 b )5 AR KM /) B B8 (IMNPCE 5 fMNNCE ( %0)
Tab.1 The fMNPCE and fMNNCE(%0) of KM mice bone marrow collected 24h after injection of
cyclophosphamide by flow cytometry

o W W P e Y W
I\Q@E’f oy ES E;‘éﬁ; Wk ‘;’ﬁim MERAN  AREER  RRAAN AT
o v UEEE aw BE s THH WASAN
(me/ke) PCE MNPCE NCE MNNCE MNPCE/ Average MNNCE/ Average
PCE (%0) fMNPCE ( %o) NCE(%0) fMNNCE (%o0)

0 1 63.50 0.41 36. 50 0.09 6.38 5.79 £0. 84 2.56 2.62 +0.72
2 54.59 0.27 45. 41 0.09 4.87 1.95
3 56.48 0.37 43.52 0.10 6. 61 2.34
4 65.33 0.35 34. 67 0.13 5.29 3.63

10 5 52.74 0.54 47.26 0.15 10. 18 8.63 £2.01 3. 19 3.19 £1.47
6 67. 86 0.71 32. 14 0.10 10. 51 3.06
7 54.93 0. 40 45.07 0.23 7.25 5.05
8 74.77 0.49 25.23 0.04 6.57 1. 44

20 9 67.02 1.31 32.98 0.16 19. 51 16.57 +2.81 4.76 3.15+1.07
10 51.82 0.71 48.18 0.13 13.61 2.60
11 60. 65 1.11 39. 35 0.10 18. 35 2.57
12 70. 44 1.04 29.56 0.08 14. 81 2. 66

40 13 35.45 0.70 64.55 0.16 19. 88 20.19 £6.03 2.43 3.36 +0. 86
14 23.35 0.32 76. 65 0.29 13. 81 3.74
15 39. 39 0.74 60. 61 0.18 18.75 2.89
16 28.25 0. 80 71.75 0. 31 28.33 4. 36
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MNPCE
25.00
20.00 ¥=0.376x+6.199
3 R=0.917
o 15.00
] —— MNPCE
Z 10.00 —= MNPCE(H i 3 %1)
= / — HHE(MNPCE)
5.001
0.00
0 10 20 30 40 50

CP concentrations(mg/kg)

B2 BB KM /N 24 b5 fMNPCE
AN TR IR R SN
Fig.2 Dose-effect relationship of
Cyclophosphamide (CP) concentrations and
fMNPCE in KM mice exposed to CP after 24 h

2.3
HR
52,1 A BEAE ] FSC A FLL ARt ] LA
T S b X 53 KRR BEAE AR oh 5 4 240 B 19 0 A X
B RELZ YL AN (PCE) (RL) , &A% E LY ar
Y (MNPCE) (R2) , MU AL (NCE) (R3) , %
TR By B 2T 40 i ( MNNCE ) (R4 ) F18 #% 40 iy
(NC)(R5) (I3 A~D), ®14d 9 & 3 s, A4
JHOFNEZT 20 B DX 3 S35 | W 22 Y 21 240 AR i 21 2

AN AR EESERENR S

Loy A A A TE A, O IO A £ AN RS B O 1Y)
LA AT R A — B TR A 2R B 5
2.4 AEFIEABEBZLESEX AR 24h FHIFNT
K 3A ~D Bl 0 ~40 mg/kg CP 7| & 4b ¥
24 h 5, K BUEBERE A A AR ) 43 A B it =X A it
IR A Z5 5 4 A0 et )5, AR B, W8
Z YL MR MRS Lt uO, T E i M IRAE, &
SRS A A IC 5, WoR NG RE
7 488 nm LT, AO VG H DNA 454, & H i
S, W FL1 @B, LA FLL A9\, B %
A B b T, B 22 Y 21 4T it AE N Bl %) v T B
TN AE 5 B 7 BB HUH G FSC AR R #4578
TARMLIR /I, B SO 1 200 i A R e R T 0 A 3
ANE WAL A, AR 9 B 3 PR, A %A
L DNA 200 3 fe i, HCA0 i /Nt fe
M2 YL LT M Y DNA Y6 B2 N A T A 24l S5
AL A 0], Bkl B A B, & o i 2 4
Ji LY T 2T A S R | A S v B T A
IO TEHE 2T A0 ) A 5 5 06 B2 (TR 3A) AL, 48 5
~40 mg/kg NEWEE CP AP A 4515641 (& 3B
~ D) B O B RE 22 Y 21 40 M L R 5 RO B R
T2 60 T A DX IS0 4 288 A AN ()R B X 15

T2 IAWRBEMAL I 24 h 5 AR AR SR SD SR i (IMNPCE 15 fMNNCE (%)
Tab.2 The fMNPCE and fMNNCE(%o) of SD rat bone marrow collected 24 h after
injection of cyclophosphamide by flow cytometry

W

A~ iy e i v o
- ) A A TR X CAib] AL
Ty vemma SEEC g SEE g MU wanan s
- 2ol PR 1] ST WL T AN JREALT 40 T8
Concentration No ‘ ARk ) panpial ! Average .
(me/ke) PCE MNPCE NCE MNNCE MNPCE/ (MNPCE MNNCE/ Average
me
& PCE( %) NCE (%) IMNNCE (%0)
(%)
1 68.29 0.03 31.71 0.01 0.44 0.32
2 70. 81 0. 06 29. 19 0.01 0.85 0.34
0 1.23 £0.71 2.44 +£2.58
3 71.37 0.14 28.63 0. 16 1.96 5.59
4 65.73 0.11 34,27 0.12 1.67 3.50
5 61.56 0.20 38. 44 0. 06 3.25 1.56
6 56. 44 0.20 43.56 0.14 3.54 3.21
10 3.26 £0. 86 2.35+0.77
7 57. 15 0.12 42.85 0.08 2.10 1. 87
8 53.16 0.22 46. 84 0.13 4. 14 2.78
9 90. 96 0.51 9.04 0. 06 5.61 6. 64
10 84.39 0.37 15.61 0.10 4.38 6.41
20 5.07 £0. 51 6.83 +0. 82
11 67. 68 0.35 32.32 0.26 5.17 8.04
12 84.00 0.43 16. 00 0.10 5.12 6.25
13 74.90 0.59 25.10 0.44 7. 88 17.53
14 78.79 0.55 21.21 0.23 6.98 10. 84
40 7.33+£0.43 10. 58 +5.37
15 87.26 0.61 12.74 0.12 6.99 9.42
16 53.42 0.40 46. 58 0.21 7.49 4.51
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AR 7 B AT 3 O GATE #%#&, F J] WinMDI
AR A B 0 e 9, 25 SR sk 2 R, Bl
CP ¥ 5 (0 384 150, 25 A% 19 g 22 s 21 400 Jf A, 3% 25 1
% {E CP %1k 40 mg/kg AU, H LT 20 it 41 il
(PCE/NCE <1), & A[EF&E CP AbEE 24 h J5, i
A AEASCR I 4 K B B B A 4% fMNPCE 5 fMNNCE
BfEE AL FR ) H 0 me/kg 1 & 40 mg/kg, TMNPCE
SERIME 1. 23%038 5 7. 33%0, 1 IMNNCE “F- 211
W HT 2. 44%038 2 10. 58%0, 4 SR T S g
ZYLLT I 2 CP Ve B 38 5 1 1 v, B I A7 A i
MKFE(R=0.977),

Kl 4 W78 T MNPCE Bl CP e B34 s i3 2 1)
HAOCR 1 H—Je M5 7 F8 /s 530 AR 7 —
IRFR XA it — DT,

MNPCE
P
— S

/
L

7

MNPCE( %)
S — b L L D) o0

0 2 3 40 50
CP concentrations(mg/kg)
4 FRWEBERE (CP) JeRE SD KR
24 h J5 fMNPCE Fil CP ¥ () RO R
Fig.4 Dose-effect relationship of
Cyclophosphamide (CP) concentrations and
fMNPCE in SD rat exposed to CP after 24 h

3 g

Hutter F1 Stohr!" | FH PR I 2 4 SR 3y M
R T /INVE BELT A R, (R — 7 vk i AN g X 4
W& Z YL 2T il i (PCE ) FUSZALL 41 (NCE) . Grawe
25100 U] ] ngE W 4% % RNA | Hoechst 33342 4% DNA,
JC T b FH SO Tt = ASORE 2 B A A% 40 R 1 /DN B
HME LXK 53 4 SRR . W2 YL AL (PCE) ,
FO Vg 22 YL 2T 40 D ( MNPCE ), A% 24 21 41 i
(NCE) DA B 5% TR i L £1 41 Bl (MNNCE ), Cao
U SIS KR TZAEAR /N RSN A I g 2 g g
AR TR0 B A ARG I AR 3k B S AR KR
PINST 45 N — 2B ST TV BERS AO Y (a2 &
VO X A0 AN ) K B i I 2 Y T 2 I A% R
B B A 4 5 %, R T 4R T R BT B N R
W K, A AL OO T = Al A o B shik
o 5 2 B TR R A g 5

W BERS (AO) & —Fp S Yotk oot yekl , & Xt DNA

T RNA B E MR EM S, 24 A0 PIFEA RS
SEALTREE A I, 46 488 nm K ,530 nm Ak & 8 4%
PG, H578 DNA; 5 PR EE & 5,640 nm Ab
KRG AP, $8/8 RNA, W 2 — W 1 2 1R
(EDTA) BEZEFRIEASPE RNA | AR IE SUEE RNA A
2Tt DNA, PR 751 RE A2 I iF A% 2 11 DL DNA i
BN A0 HINA %5 DNA 254, F— Tt
AO %t DNA FYBE 1T BRI I, AT F ] FLI (3%
S, 878 DNA) B4 FLA (40 @ 25806, i
RNA) X 73 W& 2 JL 21 40 Jfd ( PCE ) 5 Jli 24 21 40 i
(NCE) , 8k, AR S5 b % BH, FIA RAS A B8 X 43
PCE 5 NCE, 1fi fH FL1 W BBAR &7 M Xt HL X 43, {H FLI
AT DX 20 5 B (%) A0 B RIS 5 T A B 4B, 2 SR )
FH FL1 Jf-45 & FSC (48 7 4 g K/ ), W RE IX 43
PCE | i i) W8 22 Y 21 41 ffd ( MNPCE ) \NCE | % fi
1% B IERET 40 M ( MNNCE ) DA KA #% 20 0 ( nucleated
cell) . FATIAN, ATHER Ry PCE 4380 £ 1Y % 8 4
i e —A WA S kA, T RNA 25 el 2>, Bt A
FH FL4 i AEEX 43 PCE 1 NCE, i F J FL1 W 57
FAEE X 4 PCE F NCE, [/ B, 1, 1F PR 2y 26 i 44
DNA T4 T FLL X5 o0k 0% 4 it 55 2 Sk 9 4
HLAG X 53,

BRI (CP) /2 28 M e 40 fR Dy 4 541 | 78 i 51
5 28 B P AE BE X BRG] FEAR SIS, T
J& CP i3 19/ BUH B8 IMNPCE i J2& K BB 8
fMNPCE #8230 R 4F 1) 5 i -200 ¢ &, Horfr CP 7§
/N BE MNPCE 76 2k B 41 (40 mg/kg) BT
HHEA (PCE/NCE < 1), IEWIEOL T, L1 EKAY
A 22575 — AR R D R R b R
KN — By Lr i i e A SRR L, (0%, 76 2%
NHEFR A Howell-Jolly /A, & UL F B 4 240 fg %%
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A new type occluder applied in atrial spetal defect of mini-pigs

CAO Ping' ,LI An-ning' ,ZHANG De-yuan® ,LIU Xiang-dong” ,SHI Xiao-li, XU Ming-chen® ,GU Wei-wang’**
(1. Shenzhen Testing Center of Medical Devices, Guangdong Shenzhen 518057, Chinaj;2. LifeTech Scientific ( Shenzhen)
Co. ,LTD, Guangdong Shenzhen 518057, China;3. Laboratory Animal Center and Institute of Comparative Medicine,
Southern Medical University, Guangzhou 510515, China;4. Songshan Lake Pearl Laboratory Animal Sci. & Tech. Co. , Ltd.
Guangdong Dongguan 523808, China)

[ Abstract] Objective To evaluate the efficacy, safety and compatibility of a new type of atrial septal defect
(ASD) occluder in atrial spetal defect mini-pigs model. Methods Five Tibet mini-pigs were selected as the ASD models
which were established by the combination of atrial septal puncture and balloon dilation. Then the new type occluder was
implanted for the therapy of ASD. Transthoracic echocardiography with color Doppler was used in all animals during closure
and in follow up examinations. The animals were killed at 3 months after occlusion for electron microscopical observation
and microscopic examination. Result The ASD models had been created in five piglets successfully without complication,
all of whom were implanted successfully with the new device without shunts. Postmortem and microscopic examination of the
5 specimens 3 months after placement showed complete. Conclusion  Transcatheter ASD occlusion with new type ASD
occluder is safe feasible and effective. This occlusion can repair the atrial septal defect successfully.

[ Key words] Atrial septal defec;Piglets; Occlude
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Fig.1 A new type of ASD Occlude
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Fig.4 The radiography situation of sheath in left atrial
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An efficient method which can be used to transfect
Tibetan minipig embryonic fibroblasts

LIU Wei,CHEN Yan, YUE Min, YUAN Jin,QIU Tian-wu,XIAO Dong,GU Wei-wang
(Institute of Comparative Medicine & Laboratory Animal Center, Southern Medical University , Guangzhou 510515, China)

[ Abstract] Objective To transfect EGFP gene to porcine embryonic fibroblasts ( PEFs) of Tibetan miniature pigs
by Lonza Nucleofector Il machine and compare the tansfection efficiency between this method and the lipofection method.
Method A plasmid carrying green fluorescent protein ( GFP) was transfected into PEFs of Tibetan miniature pigs via the
Lonza Nucleofector II machine ( program U020) and by Lipofectamine 2000. Results 5 hours after nucleofection, green
fluorescence was observed, indicating 80% transfecting efficiency in the nucleofection group, which is significantly higher
than the lipofection group.  Conclusion  Nucleofector II machine can efficiently transfect PEFs, provides a reliable
method for efficiently generate transgenic Tibetan minipigs.

[ Key words] Tibetan miniature pigs; Embryonic fibroblasts ; Transfection ; Nucleofection ; Lipofection

ANBURE TR AR BRI g il by AR RR i A2 PN RSB RAR B4 2004 4 iy DU L 36 X 51 Ff 2
HAE RS T5 105N R B AR RLPE , ITAF AR )N I A Y S 5 /N A el AT ARk, I G
IR T AV BT, WA SR TR A TR SR R s A
KA T /N B A A= W 15 2 1 5 o ) S L ] 5 e 5 DR I ) 2 VR B BT A 40 i

[E£TH] F%“973” Wi H (2011CBA01006 ) ; % H AR ERE 4T H (31271042) ; B Z R E BR&7EH H (2011DFA33290) ;7 AR E
BHE 135 B (2013B060300013) ;) A48 BHE LAl S - 82 15351 H (2012B061700099) ;)7 4448 FH 12135 H (2012B011000004 ) ,

[MEEBIN I XL, 2, WAg, TFcdrm . BF /NI & NS5 shig i s

[EHIEETH AR, B A B 6L A R0 658y ). TS & & A28 RGP s WA BB &, E-mail: Xiao_d@ hotmail.
com; UM EE ) U3 U2 WA 0 IS D5 18] S S 5 LA BS 24, E-mail : Guwwl00@ 163. com,



o R PR A AR 2015 453 HEE 25 B3 Chin J Comp Med, March 2015, Vol. 25. No. 3 65

(porcine embryonic fibroblasts, PEFs) /&8 H % 35 H
B JVR I %) DAL T 4 40 B, K A1 U BE PR 5 A PEFs
el i SE R SO RE G (A — 2B L B AR R
SMNEIER T PEFs 17 1A R B e JL ik 518
BT BRNR B E R e PEFs HY%E JLik
FRARAIR, 380 2ok B I [B] 174 245 W) i 18 A R R4 D B 1Y
T A T H DXL %) 440 PR D 5 B A A RS A5 T 12
BRI AR AR LA SR Y 0] R (08 3 75 4= 7 A7
e W A EL A A A 1 4 1) o s e e B2 52
Fe T ELA T R BOB R B KL , 18 5 7 IR 1 2R
2 TR,

Nucleofection #% %% e 7 A J& — o] LU X A ]
AR R, P fe A 00 e e By 5 e i) |y vl
e AR R 75 AT DA e R0 G X 2% 1 240 e
AR (Wi 2T SR T )
QORI R A 5 v 1 B 0
R, HETC A — L0 S50 508 B AR N ] 3 4% ]
veRESE I A 1 B AR O B Y BE R 56 A PEFs)
AR S % 2 R G 1 S5 A5 B I HOR T TR
ePUiH NS PEFs I UBCH 5 (e Se s SR e s
IETERE QR 225,

1 #RFn7E

L1 #R5iRXHA
L1 RGO S5

¥ % ¢ 3 fl. Human Fibroblasts
Nucleofector Kit ( VPD-1001) (117 pmaxGFP Jikr)
(15 [H Lonza /A )) ; Nucleofector 11 %% YL A% ( 15[
Lonza /A\\ﬁj) 5
112 FEIH

JG4- 7% | =i DMEM AR 2 2R | L-A &
B B Hyclone 73 H] | Lipofectamine ™ 2000 | Opti-
MEM 75 %5 2 -5 55 R I WL JB 2R FUBE A DMSO 451
A Invitrogen N | i o SR NGy e Y A | Corning
A w), HARGR A P st A2 el E A At
1.2 FiE
1.2.1 f&Bh Nucleofector # ¥4 Y2 U pmaxGFP Jit
KL% A PEFs

SRR A S0 2 VR AT U /N LR PEFs %
Ve URIRAF RO A I A 90 0 15 AR 2 U, T i v Al Wi £ 4
JE, T VPI-1001 35050) £ B A% e e ok o
Yl fd ( Basic Nucleofector Solution + Supplement 4. 5 ;
1), 4% 10° 40BN 5 we FIEINA pmaxGFP JFHL, K

Dermal

RAWIA LA, H U020 F2 /7 i Tl G e, 58
B Y AR WA 1] AR A 500 L F
PR REFRAE WS 20 TR 5 WO B B 3 i i T
PIEFRW LT A CO, 35 FRFa 85 7 — Bt
] 5, WRZE A ML Y 4 2.5 EE 1 (GFP) RIRTE L
1.2.2  fEBIIE R pmaxGFP TR YL A PEFs

[AIHAREFE /) PEFs, #2 B8 Invitrogen HEFF I S256 )7
W RN — LI 2. 1 g UKL, 5. 4wl JRR
TR A TR Gy

2 #HR

i e 5 h e B8 9O Wi N T Il GFP %
ik B ULRRAE 80% D L B Y 3 d JE T WLk ta ot
S B R T e e R AR R TE 80% LA I (A
1E), AR, W R, S REs
F, RMEEY 6 d J5, GFP BH I B9 41 i B 5 2>
(50% LA'F) fEREDE G BEDRES . 11 d 521 d
J& ,GFP P B 4 atE— 2 (R B EI5E 21 %, ]
PIE B PS AR A /D m gl i R ik s 5 (B
B ), BB R e nT LIRS D R e
B AN R A 4 B 5 07 AR BT AR 5% L %) PEFs, 78 12
h AT E ] GFP K1k, H R LSRRI R4 11 K
2) AR SR B 7 RN, T & A Wk 5e 6,
it FHAS S 56 v R Y O i % U PEFs, T3k A5 (1 7%
Usb R B I T AR AR

3 g

BRUARTE HRE A S AR L A () Ik ip 3R 58 (U
e D RS E B G T AMEBEDY | o
2R (NEO) HIE R (HYG) itk B PR i e fa
AP, T XF T PEFs 3 Fl JFAC 240 i Sk 18, A B
B QLR RCR AR R (109% VAR ), #9001
— JA BT AR 2R 0 A, o 40 TR ) RO B, T A
Ty e R e B G B R R A 40 B pRAE ARG, HL
ARATGH I B DR 40 L ) Bl D A1

Lonza 2 AT & A A% 55 e F R & — Fh AR 2/
SRR YRR I BARAEAL G 5 FLEOR A 2k
filt BT R Bt A B XA [ 21 B 40 i 1 £
A YU R e R LR S PR A R il AR e ek
SRR FH R i 236 28 41 i 150 25 18 A% T G 1) A o
PFRT , HHEAEAMR R 2 A4 A%, LAGA 31 A
HEEG R 5 08 AR A E, Nucleofection #% %%
YLt 07 LK BORL DNA BLERE A ANAZ N, DT



66 P E PR BE 2R 24k 2015 4F 3 45 25 455 3 1 Chin J Comp Med, March 2015, Vol. 25. No. 3

RIIGIN T ks DNA 55 315 BRI AR ILR,
I RE R KA ke e B G AR

Nucleofector %% e A3 BEE X5 A ] 4 i i 5
PR G iR A Ye e e, A2 7T 2K Lonza 11 19
uili b AT DA BSRS89 F P ST A Bde i
1000 7240 Jfd PR 4 sl 5% Qe Iy DRI S 96T 3k |
BR3P AF AR R (HE X T PEFs JRAT]
TE LI VA A A G A o TN Rl N e 2=
P L0 S 43 ST 2 R A 0 R i BT 4 A M AT T A%
S AT Ao T e 22 AR e R R BB X SR IR iR
JSCET A 2 ML) e AR 2 Y R P S TO16 , AR A5 A el
RN 86% 5 E Xt A IR BLET 4 20 il i) fe AR G Y R Iy
J& V013, 3R A3 B FE YL ROR N 96% . [EAh Maurisse
SRR BT X PEFs 1) de R Y BT R U020 (S
FRHE ) | ARAG I e ROR T2 90% AT ] 4 %
Y357 J& Human Dermal Fibroblasts Nucleofector Kit
(VPD-1001), Nakayama %% 5 %t Clawn /)N %1 5%
PEFs B XTHEREY 10 N YAy AT 0 e 45t B ft
TR U023, 345 1 79% B %% Qe (Ao 2 e i
7| /& Basic Primary Fibroblasts Nucleofector Kit ( VPI-
1002) , A 525 F AT 2K FH Maurisse 1 22 56, i H
VPD-1001 % YL 511 U020 F2 ¥, 7% pLAF 2k 40
AR SR T VAR UG N LR PEFs HEATIZ R

FIFH Nucleofection #% %% Y3 A Yl 74 e /N B A
PEFs J&, H W3 GFP BEFE PEFs H 15, k15 T
B A QUSRS I I v T I AR v B
PEFs, HAZfX 21 d Ja A H 0 4 ik GFP, 3l
i 11 Nucleofection 1% YL g #f45 — i LA ) Fs e 3
A AR EE DR B 20 B, 5 AT DAGE S 9, AT
PUPEIR L , JRAT R B A B A0 56 PR A9 400 ik | i
Sy i 2 e B DR v AR SR AL AR

Nucleofection A% YeF ARIRAE (o] 51 55 YL v} To 5
T IME H FR, AMAE AT e 5 h R I
BRI 5 AR LA Gl 12, e G ) 5 B T 46

MIE B FRHE FEYL S 4 ~ 8 h 75 B, DA 2= B =)
AR EEYE, H—B T 12 h JF A REFE B9 EIA,
ALUL AR S G i J7 125, Be R ORI /b S e 4 | 4
S JE M 3 A R A AR R Y S

25 iR, Nucleofection B85 YL ik B R Z
B BUARTE AN AT LU R A A S — e 850 G4 4% PEF's
1 AEASHET R

S 3k

[ 1] DengW, Yang D, Zhao B, et al. Use of the 2A peptide for
generation of multi-transgenic pigs through a single round of
nuclear transfer[ J]. PLoS One, 2011, 6(5) :e19986.

[2] Yang D, Wang CE, Zhao B, et al. Expression of Huntington’ s
disease protein results in apoptotic neurons in the brains of cloned
transgenic pigs [ J ]. Hum Mol Genet, 2010, 19 (20) ;3983
-3994.

(3] X8, SERWL, BfE A, 1809 a5 MR 0 o 45 38t 1 AR A A /N
BRI BUR BN TSR R T]. b E S 3 244, 2012,
05:84 -89.

[4] Martinet W, Schrijvers D, Kockx M. Nucleofection as an
efficient nonviral transfection method for human monocyti ¢ cells[
J]. Bi otechrol Lett, 2003,25( 13) : 1025 - 1029.

(5] HmE, b, kg e, 4. TN [R]fA 200 i 215 26 3 PR 3 2 Oy =
MR AN R E W], FHSHBE, 2012,
44(1) .57 -60.

(6] ZBH, TOro Wi 5. AR YL 7 s i e A4 th g o
HIHEEL[T]. Al AR, 2011, 19(6) : 1027 - 1033.

[ 7] Maurisse R. , De Semir D. , Emamekhoo H. , et al. Comparative
transfection of DNA into primary and transformed mammalian
cells from different lineages[ J]. BMC Biotechnology, 2010,10
(1):9.

[ 8] Nakayama A., Sato M., Shinohara M., Matsubara S. , et al.
Efficienttransfection of primarily cultured porcine

embryonicfibroblasts using the amaxa nucleofection system TM

[J]. Cloning and Stem Cells, 2007, 9(4) : 523 -534.

(&2 B #8)2015-02-06



2015 4E3 H
¥25% H3W

T P B A A A
CHINESE JOURNAL OF COMPARATIVE MEDICINE

March, 2015
Vol. 25 No. 3

PR LR
§§ﬁs§m§
S =

A =

A Wk LA 25 1) 5 2R AR TS R R o 4 1

I, & JE,E

LA A FE

(BRRFEATPA R W E ST AR A B A B 2y W2y B85 %, LT 100084)
[HE] BARLR AT LR, B R E 20 5, U2 W0 S 05y T
HABERAEN FHNE . HIIRETE 80 A0 MIS5 0 |55 Al w5 9 A 0 1) P = Pk (o A5 2 e B — MR T B 28 9%
R AR N TSR | A EE T R 2 B E 25 E VT TR R R, IR T G AR 2 R 4R
IR PPN P AT AT, DAL ER S A KT ISR R 53 Hh 245 52 07 18 25 30 B AL A i 352
[X8iA] Y 29 mtos s 2
[hE4%ES] R332 [ XHEMHFIRE] A
doi: 10.3969. j. issn. 1671. 7856. 2015. 003. 13

[ XEHE]1671-7856(2015) 03-0067-06

Model organism C. elegans applications in the
complex-system drug activity evaluation

WANG Xin-pei, YU Xuan, LEI Fan,XING Dong-ming,DU Li-jun
(MOE Key Laboratory of Protein Sciences, Laboratory of Molecular Pharmacology and Pharmaceutical Sciences,

School of Life Sciences and School of Medicine , Tsinghua University , Beijing 100084 , China)

[ Abstract ]

particularly in the targets of novel drugs and the related mechanism. C. elegans, combining with cost-effective cultivation,

Caenorhabditis elegans ( C. elegans) , has developed into an useful model for biomedical research,

simple biological structure, make for high-throughput screenings in vivo model. In this review, we explore the feasibility of
C. elegans in drug activity evaluation of complex systems. Because of the body independence of C. elegans, it provided
good platform for the efficacy and mechanism of research on new drugs as well as Chinese herbal extract in vivo, showing a
good prospect.

[ Key words] Caenorhabditis elegans;Model organism; Drug innovation ; Chinese herb
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Note:a: Chemosensory neurons. b: Pharynx. c: intestinal lumen. d: Body cavity. e: target tissue.

Fig.1 Drug entry route into C. elegans
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The anatomical and physiological changes of rat brain
extracellular space during postnatal development
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[ Abstract] Rat brain development is a complicated process. There are significant changes of histology, cytology
and molecular biology in the process of fetal and postnatal brain development. The basic structure of brain has formed in the
prenatal period. While the formation of connections between different parts and the improvement of the function of the brain
occur after birth, during which many of the variations are bases of the nervous system diseases, so the postnatal brain
development is still very important. Although the concept of brain microenvironment has been proposed more than 150 years
ago, the research about the changing extracellular space (ECS) during the postnatal brain development has yet to gain
significant progress. The author reviewed the anatomical and physiological characteristics of ECS in the process of postnatal
development of the rat, stating the important role of ECS in the individual development, which is expected to provide
reliable evidences for the explore of mechanisms and effective treatment approaches of pediatric development related nervous

system diseases.
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Clinical and experimental research survey of human and canine
mammary tumors which are treated by traditional Chinese medicine

LIN Jia-hao,HE Jing-rong,Fan Kai,Lin De-gui

(College of Veterinary Medicine, China Agricultural University, Beijing 100193, China)
[ Abstract] In recent years many reports on the progress of mammary tumors treated by traditional Chinese medicine
(TCM) have appeared in the literature. In this article, progress of clinical and experimental study between human and
canine mammary tumors was compared. Ways and methods of how TCM treat mammary tumors were exhibited such as
Chinese medicinal formulae, herbal extracts and active ingredients. Meanwhile, mechanisms of TCM treating mammary
tumors were pointed out. The purpose of this article is to provide idea about TCM clinical therapy methods for canine
mammary tumors, and to provide research foundation and important models for study of human mammary tumors.
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Brief report of series study on Rongshui miniature pig as laboratory animal
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[ Abstract] The provenances of Rongshui miniature pigs (RMPs) were purchased from Rongshui, Guangxi, in
2012. 130 RMPs were transported to Sanshui, Guangdong, China, which were breed according to the laboratory animal
standards. 83 RMPs were selected randomly from the first filial generations ( F1 ). The basic data were collected including
breed characteristics, reproductive performance, grow curve, hematology, biochemical markers of serum and urine, organ

coefficient, Chromosome analysis. According to the national and local standards, the quality control standards of RMP were
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set up including microbiological, parasitic, environment and facilities, fodder, pathology, genetic. The results showed that

RMPs adapt to the climate of Guangdong. The natural mating and conceive rate was 88.3% with the pregnancy of 112

days. The average number of firstborn and still-born was 6. 1 and 7. 9 respectively. RMP was small body size with the adult

body weight of 17.21 +5.20 kg and 16.35 +5.23 kg in female and male respectively. RMP was very tame. The

mitochondrial genome analysis suggested RMP belonged a typical miniature pig breed in China, which is ancient than Lanyu

pig. RMP could be breed as a new kind of laboratory animal.
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