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[#ZE] H#B  FIH CRISPR/Cas9 AR HE 5 A H IL A R IMAE cbIC Y W203X 28458 I — 1 /)y Bl
R, F5iE  3@ad BLAST LU AFI/INER cblC ZEEUFIEE (T 91 A94R~F I, Nz CRISPR/Cas9 £ AR #EFT/INBRAZHG B
BREES, FAERET FLAVNR, FLAVNRUE 22583505 W203X 25 5848 /N, JExtali & o878 A | [a)g 44
A AR A R 3 AN T AR P N A B . SEER RN LN R IIUAE bl1C ALY EOR L A
MMACHC BYA%HF R FN S B8 91 25 BE AR AT . i3 CRISPR/Cas9 $5 AR ENFAE W203X 459828 B/, 1%/
AR JG 24 h MR TRET 2 TH5 (P<0.001) o Z5i8  FIH] CRISPR/Cas9 #5 A I T 5 A H 3L iR
St eblC 8 W203X ZE 25— Sy /N FRAS AR [ PESRILRIZE, 2019, 21 (8) : 824-8291]
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Construction of a mouse model of cblC type methylmalonic acidemia with W203X
mutation based on the CRISPR/Cas9 technology

MA Fei, SHI Cong-Cong, LIANG Pu-Ping, LI Si-Tao, GU Xia, XIAO Xin, HAO Hu. Laboratory of Inborn Metabolism,
Sixth Affiliated Hospital, Sun Yat-sen University, Guangzhou 510655, China (Hao H, Email: freehaotiger@126.com)

Abstract: Objective  To construct a W203X-mutant mouse model of c¢blC type methylmalonic acidemia
based on the CRISPR/Cas9 technology. Methods At first, BLAST was used to compare the conservative nature
of the c¢blC gene and protein sequences in humans and mice, and then, the CRISPR/Cas9 technology was used for
microinjection of mouse fertilized eggs to obtain heterozygous F1 mice. Hybridization was performed for these mice to
obtain homozygous W203X-mutant mice. The blood level of the metabolite propionyl carnitine (C3) was measured for
homozygous mutant mice, heterozygous littermates, and wild-type mice. Results  The gene and protein sequences of
MMACHC, the pathogenic gene for cblC type methylmalonic acidemia, were highly conserved in humans and mice.
The homozygous W203X-mutant mice were successfully obtained by the CRISPR/Cas9 technology, and there was a
significant increase in C3 in these mice at 24 hours after birth (P<0.001). Conclusions A W203X-mutant mouse model
of cblC type methylmalonic acidemia is successfully constructed by the CRISPR/Cas9 technology.

[Chin J Contemp Pediatr, 2019, 21(8): 824-829]
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B LN R Il AiE  ( methylmalonic acidemia,
MMA ) o 3% 5 UL A HLRR A s, AR 4 i
BREEAAYZEAY, B3 N e A 2 i

( methylmalonly-CoA mutase, Mut ) Bl R A
B, (EEE) MRk 2 K2, 45E Rk 10
RFPARL, 12y 70% S MMA cblC 8 ', MMA
chlC B J& T4 3 B, (CH 2500, HEUR
3 K MMACHC (OMIM 277400 ) & i T 1p34.1,
FLFE 4 DI TP 384 B i TR B0 58 78
if 100 B BT HE, £ MMA cblC BAYTF
BFBRERIRE, ST44R B, MEISRE; A
i, X FRERMEIL, ALt BiREIT, A
A BT E A 22 22 G 13 RV 7 0l 45 i gt ™
R, 44 MMACHC £ R 28 742 AL/ N R R A B2
J8 R BT IR T SR W F 9 ) B AH 201K, CRISPR/Cas9

( clustered regularly interspaced short palindromic
repeats/CRISPR-associated nuclease 9 ) FERTIEZ N
FHTBEDR B« i sh WA B A e B PRIR 7 45
G U, Z ARG /N T BE RNA 1951 S AL T
B AT —Be RO A . 38 A DNA XUEEMT 2L, 15
F FHALAK DNA $5 4518 52 AL ) S5 036 A1 ol o et
Ao TE MMACHC 2[R AR Z Y RAE R, W203X
S E B LR W 2 AR i Bt HRE, Bk
AEXT MMACHC PR 5lCH 28 A8 037 553 m Sk 1) sl
B, FRRET X W203X SR /N RSN TG Y7 R
el s VA 08
1 MR57A=E
1.1 FERHE5UER
Cas9/gRNA I &SRR MR & (b i
SRR R A E] ) L TT RSN SR &

CAeste i ST AR YR R A ) B
ZH DNA $2 UL G AR B A WA R AT ).
T A R & (R R A PR
) gk ( Invitrogen ). DNA Marker( Invitrogen R
WA @IS IR (AP 3200MD ) .

1.2 CRISPR/Cas9 &4 HIi%it

FIH GenBank JE K5 B 70K MMACHC
B A (Gene ID: 67096 ) 4 5 4b i F 58 45 fi 53

( MMACHC: NM_001330540.2:exon4:c.609G>A:p.
W203X ) X iz A /0N SRR AR S8 07 . ( MMACHC:

NM_025962.3:exon4:c.609G>A:p.W203X ) . i

CRISPR/Cas9 T Jit B, F| Ji] CRISPR DESIGN
(https://zlab.bio/guide-design-resources ) £ %f /NS 4

AN TFIEAE R .609G>A BT 5 A ] F: RNA
(single-guide RNA, sgRNA ) (1) .

&1 sgRNA BEHEHEFSI
sgRNA J¥ 41
sgRNAT 5"-AATTTCCATTGGCGGGACTGG-3'
sgRNA2 5'-TAAGTCCAGTCCCGCCAATGG-3'
sgRNA3 5'-GGTTTCAATTTCCATTGGCGG-3'
sgRNA4 5'-CCGCATCACTCTGCTTGAAGG-3'
sgRNAS 5'-AACACTCATACCCATACTTGG-3'

e W )35 R 5 R B T 8 I T 35T (protospacer adjacent

motif ) .

1.3 sgRNA KRN BB i A

BT 1Y sgRNA Z2FEJ0 50 ME v 37 fE AR 4
BHEA BRFI ARG B, IFFIHIZA 7 AE 1Y Cas9/
gRNA B SRR AN G &0 6 R sgRNA 14N
YIS PESEA TR
1.4 [EFEZEHEWR ( Donor B ) BIHIE Rk
Hx

HR A sgRNA BT Pl 25 S S Ao B, 3k
FE RS . BRI/ seRNA3, 1T Ff44 % Donor
DNA oligo, JFFIUIT: AGAGCTGGCCGCATCACT
CTGCTTGAAGGTTTCAATTTCCATTGGCGCGACTG
AACTTACCGTGATGCTGTGACTCCTGAAGAACGG
TAC. ¥4 38 Donor 786 1b 5t o i 57 48 A= )}
FARA GG, MR T7 RSN A7) G R o e
SEHAG Cas9-nickase mRNA Fl sgRNA
1.5 /IMRZRBIPERES

% Cas9-nickase mRNA | Cas9 #1 55 sgRNA

( MMACHC-g3) 5 Donor DNA i 47 1R & Fii F%,

1R A Wi ' Cas9-nickase mRNA 5 2K Jii 1 M B R
100 ng/pul., sgRNA 2 Frim &0 20 ng/ul. A5
FRA WL WA R GRS 2R M0 . &
I T A /N BRSZRE OB b, K SIS Y 2R B A A1
WHRZE 2N, PRHEIERAT IR 2 4
GRS A 2R B
1.6 NMNRHEREFEBEE

FH R HE PR 2H DNA 4 B 5] 6 46 O A 2
DNA, 20 CLRAF# . M LA i, ¥t
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PCR 5| ¥ (F: 5-ATAGTCGTTGAACCTAGTGT-3',
R: 5-GGATACAGGTGGTGAGAC-3') K Il ¥ 5| ¥
(F: 5“ATAGTCGTTGAACCTAGTGT-3") , 153

PCR 77 ) 25 35l W 458 1 H DK A MMACHC 4 A
c.609G>A RASER NI, HE— 5k,
1.7 BREBRFHNART/NMNRSRRENEL

AT HEN A MMACHC ZE[H ¢.609G>A 278 )
/N (founder ) Ji7, Bz U584 BN AL
i, FRIGFEE RIL Y c.609G>A 78 24 F/INER
(+/-) F1R FEFBIFARE 2 A T/ BB ASHL,
RIF52] ¢.609G>A AR 4G F /N ABFFE 3Lk
312 Raig /N TEAAAIPIEH ST, Fail =)
(1) 4 RaiBFard il (BRI E RIS IIESS ) |
BItEA G 24 W RSB W AR 22, Hrh—H 36 h (N3E
T2, —H60h NAET:, FRESEEE; 42 H/NR
T2h NAETD, WS PR C bk Iz R oy
FEAEJS 12 h A1 24 h W3 55k 4 Rai G/ R,
BIR Wk AL SE:, F T840 RAE M bR A,
28 FE PR 43 FR ARG I B ffy L PRI
1.8 @& F/NRImA =i

XFAE G 12 h Fl 24 h 3R15 1Y ¢.609G>A 58 4% 4l
G AR B AR A B [7] 55 AH DT BC A% 24 5 F AR
A BUMAR A, HEAT A ™ Y 73 I R B (C3)
K, €3 A5 0.02~0.08 pmol/L,

1.9 Sit=am

i ] SPSS 22.0 B HATEHRAL B . BIES
TR PRI + bl (x+s) Fon, 4l
AR ST, ¢ K5, 2240 R LSRR 7 2245 #T
ZH (8] V5 R L %% % ] Bonferroni 3. Bonferroni
P=0.05/4=0.0125, 4% P<0.05 /R & 3G G X,
2 H#R
2.1 MMACHC ERE#EAFUNRRRTFIES T

X AFI/NE MMACHC 3[R 371 [ P 0647 e
X, &3 DNA 4 (MFEYE: 84% ) R HR T
G CHAFEE: 84%, HIE: 89% ) 4 B f-F
(B 1~2) o HFRARN S AE NN RIS T2 3
R F A A5G 203 o7, /N BT W203X 2848 2 A1 A
N W203X AR —F
2.2 sgRNA B Big TR & Hik i

FIH CRISPR/Cas9 B & DNA [m] 5 81 2 5 R 7E
FRE AN PP G & A BYBIE e, SRR A AY
MRAR (K 3A) o 7E 4 54072878y B T ki
ML T 5 4% sgRNA, i id Cas9/gRNA H S 20%
R IR0 £ % A Y sgRNA AR A1 D) 306 P 4G
i 1 HH— 2R T T Y sgRNA3 (&l 3B) o

947 C
856 T

o110 0w 1

O 481 et s ARl

O 0101431 e 1 g

115 LA et e 50

OO 1 et A e 1 G
0Ol inidsnieniivige
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Score Expect Method Identities Positives Gaps
466 bits(1200) 7e-173() Compositional matrix adjust. 237/282(84%) 252/282(89%) 3/282(1%)
homo 1 MEPKVAELKQKITEDTLCPFGFEVYPFQVAWYNELLPPAFHLPLPGPTLAFLVLSTPAMED 60
MEP+VAELKQKTEDTLCPFGFEVYPFQVAWYNELLPPAFHLP PGPTLAFLVLSTPAMED
mus 1 MEPRVAELKQKTEDTLCPFGFEVYPFQVAWYNELLPPAFHLPFPGPTLAFLVLSTPAMFD 60
61 RALKPFLQSCHLRMLTDPVDQCVAYHLGRVRESLPELQIEI TADYEVHPNRRPKTLAQTA 120
RALKPFL+SCH + L DPVDQCV+YHL V E PE+ +E+TADYEVHPNRRPKILAQTA
61  RALKPFLKSCHFQTLRDPVDQCVSYHLRSVTEKFPEVHMEVIADYEVHPNRRPKILAQTA 120
121 AHVAGAAYYYQRQDVEADPWGNQRISGVCIHPRFGGWFAIRGVVLLPGIEVPDLPPRKPH 180
AHVAGAAYYYQRQDV+ADPWG Q T+GVCIHPRFGGWFAIRGV+LLPGIEVP+LPPRKP
121 AHVAGAAYYYQRQDVDADPWGTQHIAGVCTHPRFGGWFATRGVMLLPGIEVPNLPPRKPP 180
181 DCVPTRADRIALLEGENFHWRDWTYRDAVTPQERYSEEQKAYFSTPPAQRLALLGLAQPS 240
DCVPTRA RI LLEGENFHWRDWTYRDAVTP+ERYSEEQK YFSTPPAQRLALLGLAQPS
181 DCVPTRAGRITLLEGENFHWRDWTYRDAVTPEERYSEEQKTYFSTPPAQRLALLGLAQPS 240
241 EKPSSPSPDL PFTTPAPKKPGNPSRARSWI SPRVSPPASPGP 282
E PS+ S +LP + KP N RARSWLSP VSPP SPGP
241 EHPSTTS—-ELPLSLLT——KPQNSRRARSWLSPSVSPPVSPGP 279
B2 MMACHC ERHBMEEBRFINEATNRHRTERT  EIOR p.W203X 0 1 &R
A
Donor DNA 1 i I
W203X
sgRNA
I
Genomic DNA E4 I
Recombination \L
Knock-in 1 =i I
W203X
B
gl 22 23 ) 25 NC-1 PRE 1 FRfE2  NC-2 Mark
2000 bp
l 000 bp
750 bp
500 bp
E 3 CRISPR/Cas9 ERmNREBR T AFE WM 15 AR CRISPR/Cas9 A S FIRE A, 2L EHF R

TE 45N T (E4) St sgRNA #8205 8 B /R BETFAY sgRNA PRAM G M A L vk 12
NC-1 Fll NC-2 7R AR VIHRIBITEXS HE, AiflE 1 7-rifEd gRNAL, FRifE 2 7”450 gRNA2, Mark 75 DNA 43 i brifi,

2.3 CRISPR/Cas9 Nt & HIE E RIS W203X
MAERTING

SCIBORLIE A TA T CE N %ﬂﬂiﬂﬁ%*ﬁ}: HHE2H

g T/R (ES) .

&2 FOR/MRHEERBRL

gl~g5 7354 sgRNA1~sgRNAS,

FO UM (3R2) o 28 PCR ™84 )5 L Tk S

o HEAT ¢.609G>A
I B b 4P
TM?\IIE ﬁﬁ/—‘—»/\‘k‘ ?H: 8 73/]\ ﬁ Jeper _:Ht 3 ﬁ%ﬂ 6 A H 3 HAHI HIETRS SN
N B MMACHC 25 ¢.600G>A 1 275 1 25 2017/12/19  2018/01/09 1~5 & ; 6~8 2 8 9
/J\EF_:IH‘ ( Iz] 4> # ﬂ} %E]?;/_:E%U/J ﬁﬁ@@a 3441{‘:* 2018/01/11 2018/02/01 1~6 &; 7~14 2 348, 638
W SuRMEMERTE R @ aRMEMERTE R

BERY ¢.609G>A RAEZG T/ (+/-) FLAR,

mﬁéi_ﬂ‘ F1 A B, 753 ¢.609G>A Z8 745 1)
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200 210 220

6 6 ¢ 6 6 G AC T G A ACT T A C C G T G

210

4 FORERBMFEDF  BOFIRIIANRE
fimi As 1 -8 s—tt 8 S/hR; 1T -3 M8 4L 3 5/ 1T -6
At 6 /N

200
c a

e

210 220
T T 6 6 C G G G A CT G G A C T T A C C

5 F1REASRAESREBERNFSH

RO
IRGIABIGENLE Ay LR KR G>C RIS, IR gRNA #E
K PAM Z5R I JE LIS (CGG>CGE, B gt zig ) .

2.4 W203X éi g R®RIT/NR MK =45
W203X &4l & 28728 /N AR PR AS IE %, A
W AERUNRR N I E R, W LB, 1
A 24 h J5 W203X 4fi5 5848 /N BRI S BB i AR 2%
72 h NAERIET . RS AR P AR I & B, A
J& 12 h I C3 FELEGRAE | 2445 5378 FET A= AU/
B 253 T80 2#5E X (P>0.05) , A 24 h 1L
i C3TE = HZMZERAGIE L (P<0.001) ,

2t Bonferroni 15 L K B, 4li A 28 A8 BN BUIML TS
C3 A oA e AR N R TR, ZRA ST
R (P<0.001) o 2GRN 24 h i
HC3E 12h BETE (P<0.05) (£3) .

R3S ARARTEBFFERERF12hF24h
MABEAE (C3) KELLE

(xxs)

A JE AN RIS ] 5 0L C3 R EE

4 B (pmol/L) i PH
12h 24 h

iR 4 0.050+0.014 0.108+0.017 -5.186 0.002

ZRGAER 4 0.048+0.010 0.053 £0.010° -0.739 0.488

1§ 4 0.059%0.005 0.050+0.008" 1.567 0.168
F 1§ 1.026 28.167
P{H 0.397 <0.001

TE: an UG RAERILE, P<0.001.

MMA cblC R E05 5L K MMACHC 3£ 7] 14 20
PEZRASA S E T 100 A P70 SRR (H I
RAFNIATA ¢.271dupA ) PPURTEIAG R, FRE
R DL R e RIS g 2 ¢.609G>A P51 AT
FEFIH CRISPR/Cas9 AR 1 kA & T 41X A MMA
cblC AU W203X 4 G548 /NFUBERL, If sS4
LR TR ebIC ks 1 I AR = P €3 T i A
AL SOE A LB R IR IR IE . R, AR wI 26
R NERUEIEAS MMA cblC IR RI A I
CRISPR/Cas9 + AR 2 4 [F) 5 5 41 v] L3R A W203X
afi 45 28 /N Bl W203X 4l A 2828 /N BB R AR e
24 h A B T = i A €3, ARG B A
AL 72 h, X — B AL s AL AR S ) D E AR
JL—R 1 R NBET I R B — 2L

H HT MMA (% 3l 9 45 780 3 2 02 3 Mut £ A
W% (knock-out ) /NS (AR KO /MR ) "',
SR, KO /NRIEEIENERY, 171G i o] — A
24 h, J5 AR GE I 1] b R R R I A 2 AR R
5 IR /N R AETG B ], (EATS AN BB S MMA eblC
RIURHRAE . PRI, SFXF AR AR R AR 2Tk
A BEHS 548 ¢.609G>A, FF & AR 4 3 ki
RURARRIELNIRIT KRl A B, A
580 ] CRISPR/Cas9 S 43R 1) 5 50 A G i T 2
LIRS EE T W203X 4l & 2848 /N FBIRL, 3%/ R
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R SRAEA R 12 h i R IEw AR e e i, H/E
J& 24 h AR C3 B ETHE . BARLEIE I [R] %
At 72 h Ptk ZBR L T EAE MMA
cblC BB ILIW G R HY BT B SR A7 1% B[] S
(<72h) , {HE Mut KO /)N FUAE A7 1] B g
A JE 12 h WHMAC = 3, PR d
WA B AR, 33X R AR S R S R R R T R
T e, B CRISPR/Cas9 At 36 iy s R 3t
Yl T ELA L, DL ARAH S 5 ( adeno-associated
virus, AAV ) FE9%E: (lentivirus, LV ) Zef ek
() e, (H A5 L PR B A 2R 3 o 3 PR VA Y T B
AT H TR AT BAIE T AAV A 3 kN gk
DKl i #5119 MMLA 5 DX G (9037 i, RS
SCE LA A R, ARMRAT LU T Z AR AL 1 T sh
S8 It ek B 3 PRGSO 17 05, 2
WM SEIEE BT, — B RLT), K m it
Fem AR R L. Ik, W203X 4li4 %48/
AN MMA cblC U A= LA & 93 i) J0E 28 Lk
FFHREPRIRYT B BEARAR A

AT RLEIRE E W203X 4l 2878 /N B
FEIG I RIR M 72 h, S5 1AM H 3N R %
SR AR R TS A e A, FIREIA
WG BE I /N BRAEAR A 2 0, s /N BUnT
AR TSN AL, WA R, £T
JIN BT Bsf ) S A R RIS 0 S, FRATT3R)
Je 30938 1 i KRR SR A, AR R R
JEIRYY, LIIAE /N BB &0 i 58 RT3 410
S, ARSI AR NRIE T R E, A
ARBALH T MMA cblC 8 ¢.609G>A 4l 4 58 75 (1)
I R FE, FelEsr A L &R . s B E
Mo BRI AL T MMA cbIC Y
c.609G>A 455878 A R LI RS &L, XF gk
1299 A AL AT 5T B A

(& £ X k]

XK RS, kg, 45 . v E 1003 41 3 P R I AE 1Y)
AR | FE DB K B iA G ST [7]. AR LR s
2018, 56(6): 414-420.

g, wEA , A S RN TR ILAE S 143 BiIRRL
ST 0] AR N A 44 L 2014, 30(6): 490-494.
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