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FE. WY X B kS 1 (FMRL) J:RIEiBRYT C57BL/6 /Nl (Mus musculus domesticus) 4>
PEPEER TR S, A A B B2 A0 o BT SCRIAS B AR A I 8 ~ 10 S ) FMRL JE A
/N R (C57BL/6 FMR1 KO) K [RIJS TS 5+ C57BL/6 /I LI A= F A Ak T b . AR, JFiEATS
W23 Hr. C57BL/6 FMR1 KO /R 587 /E 7 C57BL/6 /N R LA, i ZE BEAE b ok A e v 281 1] )
YRRV (MEUT#). FRPERI g 20tk (MEUT) FISkEgifi g oyt (LY) fFEEREEZER
(P <0.05); #EMEAIMIML 4R % (RBC), MM4LdEA (HGB). ZL4NMuEFR (HCT) Il 4l ik
HIRE (MCHC) FIER MR (P <0.05); MEVEAIRIF E41 (WBC). #hEdiffatt 4 (LY#) ¢
TEREVEZE R (P <0.05); 1T 7 P 3 5 mi 5 28 /N BU2H T (1) 2040 Jf i 2 (RBC) L AL g AR (HCT,
PR AN AR (MEUTH) . BRI 20 b (MEUT) FREA /0t (LY) fFEREEER
(P <0.05); L&A Febs itk 4 8] ) 73 B 0 2 45 T A 2 (ASTALD A£7E B 3 PEZE 5 (P < 0.05);
MEVELLIE] I WUBT CR. WUBR B IR B CK RIS B IR Ca® fifE B PE 225 (P <0.05); idREyE Rl K &
SN BRALE 1S SR RS TN R S (ASIAL). WLET CR R BERR UL CK fA7E W 2
(P <0.05); HAWKTifebr R ALE (P> 0.05), HIFTEY, FMRL XK R AT 520N 0385k
HAALIEFRAKFE, X A4 ERFSURIN B C57BL/6 FMR1 KO /s BURS TR $4I T 5286 43 4
B FEBEG: bk X B RS 1 (FMR1) JEE; C57BL/6 /MR MLV FIALIGHR
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Abstract: This study aims to explore the influence of fragile X retardation 1 (FMR1) gene knockout on

biological characteristics of C57BL/6 (Mus musculus domesticus) mice. Blood physiological and biochemical
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indexes of FMR1 knockout mice and C57BL/6 mice of 8 - 10 weeks old were respectively examined using
animal automatic blood cell analyzer and automatic biochemical detection. The comparison of difference
between groups was analyzed with independent-samples T test method using SPSS 19.0. The blood routine
indexes of C57BL/6 FMR1 KO male and female mice, such as neutrophilic granulocyte (MEUTH#),
neutrophilic granulocyte percentage (MEUT) and lymphocyte percentage (LY), had significant difference
compared to C57BL/6 mice (P < 0.05); for males, the number of red blood cells (RBC), hamoglobin (HGB),
hematocrit value (HCT) and mean corpuscular hemoglobin concentration (MCHC) showed significant
difference compared to C57BL/6 mice (P < 0.05); for females, the number of white blood cells (WBC) and
lymphocytes (LY#) showed significant difference compared to C57BL/6 mice (P < 0.05); the non-sex factors
including red blood cells (RBC), hematocrit value (HCT), neutrophilic granulocytes (MEUT#), neutrophilic
granulocyte percentage (MEUT) and lymphocyte percentage (LY) showed significant difference compared to
C57BL/6 mice (P < 0.05). But there was no significant difference in the number of platelets (PLT), mean
platelet volume (MPV), plateletcrit (PCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH), red blood cell distribution width-standard deviation (RDW-SD), red blood cell distribution
width-coefficient of variance (RDW-CV), platelet distribution width (PDW), platelet-large cell rate (P-LCR),
monocytes (MONO #), monocytes percentage (MONO), eosnophils (EO#), eosnophils percentage (EO),
basophilic granulocytes (BASO#) and basophilic granulocyte percentage (BASO) between C57BL/6 FMR1
KO mice and C57BL/6 mice (P > 0.05) (Table 1). Serum biochemical indexes of C57BL/6 FMR1 KO mice,
such as the AST/ALT (AS/AL) in males had significant difference compared to C57BL/6 mice (P < 0.05); the
creatinine (CR), creatine phosphokinase (CK) and electrolyte Ca®* in females had significant difference
compared to C57BL/6 mice (P < 0.05); the non-sex factors including AST/ALT (AS/AL), creatinine (CR) and
creatine phosphokinase (CK) had significant difference compared to C57BL/6 mice (P < 0.05). No significant
difference was found in albumin (ALB), globulin (GLB), ALB/GLB (A/G), alkaline phosphatase (ALP),
(GGT), (TPROT), (ALT),
aminotransferase (AST), blood urea nitrogen (BUN), uric acid (UA), cholesterol (CHO), triglyceride (TG),
glucose (GLU), lactic dehydrogenase (LDH), osmotic pressure, K*, Na*, CI, Mg and P** (P > 0.05) (Table

2). Thus, the results suggest that FMR1 gene knockout can influence some blood physiological and serum

glutamyltransferase total protein alanine  aminotransferase aspartate

biochemical values in mice. These results will provide the experimental basis for researching and using
C57BL/6 FMR1 KO mouse model in the future.
Key word: Gene knockout; Fragile X retardation 1 gene (FMR1); C57BL/6 mice; Physiological and

biochemical indexes
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FMR1 2 [l fi B 7 B Mus musculus
domesticus ) & A A A& P i B 45 R OB IE B
C57BL/6 /I LI FMRL JE [R5 s K3, il 45 ik
Nt X & fE (fragile X chromosome
syndrome, FraX) MIZHA (BHy45 2001,
Miyashiro et al. 2003, Meredith et al. 2007,
McNaughton et al. 2008) . H FIXf T-i% /N i)

WF 5T 3 LA T B Wi A 8 v (1 . FH DL B e
SR FE EN AR TH IR S R D e . S ARSI S5
ANERAH L, 2RI AR 1 1) /S BRUAE e RRPER 7
A 225 N T ks 44 e BRI AR 1)
AT S IR B, dERFBL S
i R AERHARE R N AT MY, BT R
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C57BL/6 (WT C57BL/6) /Nl Ly 4= ¥ A Ak 2%
By R B EET ST, DAL B 1
AL TR E IR A9 ik PR T S5 ) A
B, AP IR RSN E

1 MEEFE

1.1 SEEh

FMR1 2 [X @ B C57BL/6 4 & /)
(C57BL/6 FMR1 KO) i [ Baylor =25t Dr.
David Nelson 3%, M. #Es 1 H. HpR3E
DRI B i1/ BT i il v B 24 K22 SR 30 )
HUL[PFATIES SYXK (i) 2014-0005]% &M
3. [FYE WT C57BL/6 /)N R H 1 i3l 3 v 5
K Eh WA R DR A W [WFATIE S SCXK ()
2012-0002]. 1EHY 8 ~ 10 JH# C57BL/6 FMR1
KO F1 WT C57BL/6 /Ml % 20 K, M. HE&-F.
1.2 SERENYHIEFEIRE

NELT BB 2248 (specific pathogen free,
SPF) Zh#ysEih s s 5 BhE, I e
Rt v R 25 K22 SR B W h L SER B )
A S S aE R R o B B RS YR 20 ~
26°C, FSAHRHESE 40% ~ 70%, M35 < 60
dB, Jef 12 L : 12D, /NERGEA. TlRHFIH
LA 38 28 ey il e s K B A3 S A A, R i v
Ky HHERE. WIS EDE /N WA
KAGAL, AR P, kL RK AR AR
7t (A 2003) .
1.3 FMR1 ZEFER/REEFR L E

ASZES TR C57BL/I6 FMRL KO 148/
It PCR % SER Y ik M ik « Sorbr, 5]
Y M2 F1 N2 $734 5 By 800 bp, Tl
C57BL/6 FMR1 KO /)M FMRL 4, & 8 5 2%
NPT BUW AN LR B 514 S1 R S2
B2 468 bp, I TRLIN WT C57BL/6 /IR I1)
FMR1 ZEA7HE R F B 514l 6 3 R i
145751, DNA $2HL. PCR X WAK & K 1.5%
T MW e e LUk A% LRI 7 U T G AR
& 2015) .
1.4 DRIEAEE S TER 2

2120 5, AR 0.9~1.1mm KL
PRIPILAE 35 3 B 40 7 280 BUIRE P L JOk B if. 200
~ 150 ul, 3N EDTA HiBES N . KM Sysmex
XT-2000iV 4 F 8l 1.5 284 M8 53 Bt ARl
MR AEFIFEFR. 2500 12 h )5, SR BRIE BRYZ:
FHUM 0.8 MK, (24 +2) CEEHE 2h J5,
3 000 r/min &0 5 min, A EIMTE. %HH
7180 4 [ B A=A 23 BT SR I IfL 37 A= AL AR b o
1.5 Hgib

V] SPSS 19.0 #fFAbBE, SIS A
LMY + FrdEZE (Mean £SD) #7s, Hit
L6 45 FREAT T R W AT L. P < 0.05
hEFEE, P<0.01 HERWREE.

2 #R

2.1 FMR1 #H ke B R % e

PCR %4278, C57BL/6 FMR1 KO
/INERAEZY 800 bp Ak H BRI 4% (& ). H
T FMRL BEPA bR/ B FMRI R ER 5 AM4h
SR E R B, ATFEWT T 468
bp DNA F B 48, Esz NBIErE X 2410
(FraX) /AR FMRI 3R B o
2.2 FMR1 ZEHmE/DNRAMEF4R C57BL/6
/I B PR LY 2 F R b LA
221 PHR/P BROME T 20 R A 2 M) I 9 S+ 4R
PRECEE  ARSCEGHLINE T 24 DAk BRARRR
(£ 1) . £ tK%, C57BL/6 FMR1 KO /Ml 5
WT C57BL/6 /NERAH LG,  MEPE A 20 [a] ()
PRI TR (MEUT#) . T ka4 i 71 4>
bt (MEUT) Ik 4n iy 70 te (LY) Y474
BEVEER (P <0.05); MEPELLIN K240 i 5
¥ (RBC). M & (HGB). ZL40 k!
(HCT) AP AL (MCHC) 7455
FZhE2ER (P < 0.05); MM 8 1 F 40
(WBC). WhmAMuvtE (LY#) fFfel &k
7 (P<0.05). HALKIEbr 22w ARE (P>
0.05) .
222 WE/PR (. S ARPIMEF
FRFRELER  ASLIGSLIE T 24 Tl Ak B
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1 C57BL/6 FMR1 KO /MR PCR % e 4R
Fig.1 PCR gene identification results of C57BL/6 FMR1 KO mice
Tl 1~ 8 S FEA, Marker i DNA 7 Fibrifk; MW S Marker 73 75 MW Z25 149000 S1IS2 3474, MW A5 1424 M2/N2 43

s’/B

The test samples were from one to eight, the primer on the left side of molecular weight (MW) was S1 / S2, and the primer on the right side of

MW was M2 / N2.

Fr (£ 1D . &tK5%, C57BL/6 FMR1 KO /s
5 WT C57BL/6 /ML CHfE. HER-F) AR,
PRI/ AL (R 21 40 5 20 (RBC) S 2140 i e
BOCHCT). R4 vt (MEUT#), ik
g0 2r e CMEUT ) R B2 40 i 77 29 L
(LY) fFEREEEES (P <0.05); HAL&I
fabr = AR (P>0.05) .

2.3 FMR1ZHEaER/ R MEFAZ C57BL/6 /)
SR B I A AN B

231 PR/ ROMEME A ForE PR A 1) i A
AR R PIAL/N B 2B A FE R R I35 P A
FOLME T 24 T (£ 2) « & t445:, C57BL/6
FMR1 KO /)il 55 WT C57BL/6 /)N L EL %, T
Y] (A S AT N (ASIAL) f71E
BEMZER (P<0.05); M KUEF CR.
LR B IR CK RIS B TR Cal" fiAE B3
PEZER (P <0.05); A& IFEbs 2 7 A B
(P>0.05) .

232 FEPNR O, BERY) dRINIEE
AR R PIAL/N B 2B A FE R R I35 P A
FOLME T 24 T (£ 2) « & t445:, C57BL/6
FMR1 KO /)il 55 WT C57BL/6 /ML (e, 4
Nt WIS/ R AL A S WA N

M (AS/IAL). JULEF CR FLEGHE ER IS CK
AR EEZER (P<0.05); HAih&Tiishs 2z
FARE (P>0.05) .

3 e
3.1 etk X &28ES FMRL ZEERRE/DRK
MR

NEMEtE X ZE61E (FraX) J&—Fh X @85
A BB, W R WA R R
PESIRZ — R FAIR TG e R AR )
R FEEAIE (B IRESE 2007) , fE ABEHIZIH
() KI5 T2 1/1 500, L2y 1/2 500, %9
S X etk e X B AR R 15 B
M 5l k2 FMR1 2 A ( fragile X mental
retardation-1 protein, FMRP) & iy /b it £
(Warren 2007) . FMR1 J&5Efi T X etifhk
i BEARSE N, ARG R B E
BRWAER, HLmiLr=% FMRP {E ) —#
MRNA 2558, EFZ AR P A RE, =
TN TR G0 MRS SR A0, KR 52 A
IS, {EAEYIRI IR 2 RGFI AT R S
RE SR EEEZER.

B FMRP [/ 52215 N1 FMRP 1R 45
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P AFAE OT%IARLYE, $Eom i HA R
AEPRIRE, XGRS AL I B R A T K
Y5 . Verkerk 25 (1991) jfyith v e H HL 200 Kt
FMR1, 1% 550 k%R (CGG) i
SPH e iy 38 R SLARLRIRA, CpG 5 i
FAb, A FMRL BRI S J (B0 FHIEZAL,
SEG Y FMRP 9Bk . 1994 4E
FMRL FEDA e/ B B NS X 256
fE (FraX) WL —/ MR FEM (Bakker et al.
1994) . Bakker % (1994) 7f FMR1 JL K [X i
N R R B, SUTIZIE R RERIE FMRP 1
R NI PE X S5 AE (FraX) /N A%,
FMR1 KO /INRIIVFZAT A #R IS Ntk
X ZEAAE (FraX) B dEs AL, X 8 e
VA A TR AL T —Fh e A B AR Y

32 HFHAMBAEBENSHGEER

S S E MR AR B AE A b 2 A
AT RS, RSP R AR A
AEFEHLARIR DL, SR AIWTE IR RS Bkt
JEME UL ROEFR SR S bR UE (FhE 2005, +
Yt5%E 2008, BMESE 2011) .

FIGH M A PR 20 L RIbR E 40 A A B2
RGN0, AR FER: 1 e FRE
P EEAE ], B BhRPTOR AR 28 Lt
W AN TR BE (AT 0 MEVE . e R
IRl Z5 4111 C57BL/6 FMRL KO /)™ B bk 240
o b B KT C57BL/6 /ML (P < 0.05)
iRk R A MR B E R A L B e T
C57BL/6 /Nl (P <0.05) ; MfEtE4H R C57BL/6
FMRL KO /) [ 11 48 s 25 Ik T2 40 i it Wl
FET C57BL/6 /ML (P < 0.05) . X% ] FMR1
2 DT D e o T AAE — e R B 5 /) BT S % 2
RE. ZUgNfu¥ia. LB A 15 s LRI TR bR
Al DU e/ BRI AR RE . PR RPN 3=
ZH[H] C57BL/6 FMR1 KO /)™ 541 40 i
21 40 i 1 B S 35T CB7BLI6 /ML (P <
0.01) ; [HIR, HEME4LA C57BL/6 FMR1 KO /)
TR R =4S = SN o 11| AN -4 & N 3R TE L (9
T C57BL/6 /MR (P < 0.05) . iX#EHW] FMR1

SEDRI 1 o T RS M B0 T 20 4 i 2 e AR 2
BERETT

Ak, C57BL/6 FMR1 KO /M R I8 B
MRS N I LLAE . UEF . JUUPER W IR B i 1)
ik T C57BL/6 /M, JFRARENEER (P <
0.05), HuEtE4H C57BL/6 FMR1 KO /)NELAY
CaZ* IR LML T- C57BL/6 /ML, # I FMR1 3t
PRI () B PT RESE s L. Bl &
B 5T T T BE

S 45 T S T DRl R s 5 /N R S AL
SUNRMZEY AR, BT IrE SERRE A
FHFIZAT FUFR, FREARLL, & K20
RIRAE AL SANE], BT R L 27 S
A AT bR IR I T B4 55 B il R AT AEAE K
P£ . FMRL JE R FMRP 145 %, FMRP
BRG] mRNA BB, SRS T
Re R AL, DNRERILG AW B SE.
P ETLRE R NSRRI . IX IR AT
VRN E . P NIRRT 2R AT, ) R
IHREREAG, e AR R, XL
SO ok A B AR A FR R 1 25 S BT AR o
33 BH

S0 B W) 0 IR B AR A Fe AR 2 AR 1Y
S SR FRE. PR B IR
S 4025 T PRS0 [i) BN A R B 32 000 5 v
IS8 T 2% R A B 55 DR 25 (1)3% ) (Mlitruka et al.
1977, Tyt%F 2010, MHGFEE 2011, Zeh’k
25 2012) o 1M 24 HGX T FMRL 3 DR E o i 4
FIETH) FMRP S AH N 2R 1151 65 1 i 5 i A=
PAEALFRRR () AR TR R W . DAL,
R SRR bR S 5E A T FMRL JE R bR
JTE, TR R RN R T A 7 1 debs
SIS, AREE AT S8R, Ak,
TE 53 BT g o 1 DR A5 56 S 56 310 1 9 2 456 34
S ()[R, ASBFFERT ELA C57BL/6 FMR1 KO
/N BB R SR AT 5 (1 MR 2 FR A 2 2 T M .
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