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Generating insulin receptor substrate 1 (Irs1) knockout
rat using CRISPR/Cas9
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[ Abstract] Objective To study the relationship of insulin receptor substrate-1 (Irs1) and metabolic disease, we
generated Irs1 gene knockout rat by CRISPR/Cas9 system. Methods  Two sgRNA targeting sites were designed for Irsl
targeting. The Cas9 and sgRNAs were transcribed by T7 RNA polymerase in vitro. Cas9 mRNA and sgRNA mixtures were
pooled and microinjected into one-cell fertilized eggs of SD rats to generate rats with targeted mutation. Results Five rats
with the mutations were detected with the efficiency of 83% . Conclusion The Irs1 gene knockout rats generated in this
study can be transmitted by germline.
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BRI /N AT AT AR T S A2
TER RS K RAE X 55 1 20 T /N, Pt
S Irs1 FEREEBR AR, F TR R B R A5 51508, R
BRI IS 2 AR R Z [ ) ¢ R4, B ATk
WHEERE S, LSRR, —Fh A0 OR IR
A R A R A (1] o [ S B &2 7 800 DA R I 30 A o 3
(Kl (CRISPR/Cas9 ) , 7E A TR B 5 £ 2 Wi FL 3
YL LA SN R B A 0 2 T S i 1) i R 4 2 4
THPENOT D ARBES R I CRISPR/ Cas9 R 4%, i
A TS T A Irs1 SRR KRR

1 #RFnrx

1.1 JREHE

X Irs1 FERFRATTETT T AR A5, A& B X
BB B 5% (Rat-IRS1-E1 (1) -gRNA : TAGGGCA
AAGGCCCACCATGAC Hl AAACGTCATGGTGGGCCT
TTGC; Rat-IRSI-E1 ( 2 )-gRNA: TAGGCTGCGGT
GGTAGCTGCAG Hl AAACCTGCAGCTACCACCGCA
G)H Tl % seRNA, & MU SE R HF R AR K
(95°C 5 min J5 BRI EFM) , EAL Bsa | BFVIZ
LAY pUCST-sgRNA FRih 3R (7 5l K2 %14 %
MR ) A 2 sgRNA Fah A, 38 i W T 560 %
AR BURT IE, Je 8 IE 00 A s b, 97 K Is R m 4R
TR FH T 1 25 1A S I SR ABEAR
1.2 fF5vER

Cas9 F2ikJFi ki ( Addgene No. 44758 , B 51 K
WO EITE ) | 2 Age | BEYIZRPEAL , 5 A M)
ffRalifb )5, 3 T I m i K VR S AR, T
RN S, Cas9 mRNA 1A B H K & T7 Ulta
Kit (Ambion, AM1345) 7E/RZNFI T7 RNA R 51
SERL, sgRNA MR IBHAKL Dra 1 FHVIL AT,
2P S Fh R LAk, 7 T JC A% R I 11 K v A Sy 5
B, TR AN 55 0 sgRNA AR AN & 1 it 70 &
MEG Ashortscript Kit ( Ambion, AM1354 ) 7E &AM ]
T7 RNA R4 8578
1.3 Cas9/sgRNA RyE#ZE5f

T SR Cas9 mRNA Fll sgRNA JRA& I8 25k
J# % 20 ng/pL 110 ng/ L/ Fh sgRNA | 80 5
PKs RNA TR A PTE S SD K BUAY 324 B ) Ik 1
AR (R BRI [ b 4 AR 52 56 sh
BRZYF [ SCXK(57)2012-0001] ) , il SD K ERAE H fii
ZHZ AR KRR (8 [ b 438 R A S0 50 3h 9 BR 2 ]
[ SCXK ( 5U) 2012-0001 ]), i # ¥ % K K B

(TE2000U £F4E1 5 ) o 5250 A C s W 7 4 i 1
AEEBN RPN L AL R 2 S R ([ SCXK
(50)2013-002)) , S50 b K sh Wi fE R Iy © 4649
| [ B A B 2 B 1 2 S 5 3 ) 0t 93 i sh 4 i
S HZ 5 AAE, #EMES N TLAS-GC-2012-001
1.4 T7EN1 Eg#3L18

KETEHA 7 ~ 14 d B, Y BEAR IS A AR,
WCAEBY T B AL, 2k FH 2 i i S8 0 5 ik SR KL TR
A DNA, % F 0.1 x TE i, it —X 51 ¥ &
seRNA fE i # 4&5, L UiF 51 % 8 R-IRS1-S1: 5 -
CTCACCCAGTTTTTCGACACC-3’, F#E5¥ M R-
IRS1-ASI: 5 *-AGAAGTTCTCTGAGTGGCCACA-3 ’
( SR AEYEARA R AE A, HE) . PCR R
N ZR 50 WL (PCR JRAHSCI I A 49 T8
ARAA, HE) ., RN Z&MH:95C 5 min; (95C
30 5,60°C 30 5,72°C 30 s) x 30; 72°C 10 min; {37
4°C . ¥ BER/NA 687 bp, JH PCR 4iifkifH] &
(Takara 22 H]) 4lifk PCR /=4, HL 100 ng ZlifL)5 1)
PCR 7=¥)7¢ NEB Buffer 2 Fp728VE )5, FH T7 #
2 N VI ( NEB,M0302L) 37°C 85 40 min, #X)5
1. 5% WIS REMEEERC LUK 43 25 . T7 AR N V) i RE
TR 58 4 BE 4 (9 XUBE DNA |, FF BEAT U0 #), i)
CRISPR/ Cas9 X #3517 28748 , 14 RE % Bl i g
A, I3 OUE DNA W2, R, 70 SR W 6 e
TKHPAEAERR PCR P2 Z AN 45, Ut BHAR K™=
REAE B T7 A% IR N V) B R 0 I U0 51, ZR A HE A5 DNA
JEHNTTRBAFAE R AE , itk — 0 Uk R A A AE, LU
RASEDL AT TA TERE 0 FE E— 246 0 A
1.5 RT-PCR #&illl Irs1 B9RIETER

FUUME I F VR R B, BRI T, ARG K BRURN T
A (WT) X RO BRI B 8 L R 07 B O
BEE RNA |, F) FH 5% 54875 & ( Life Technologies ) 3%
ok . cDNA, F| H 51 ¥ RT-IRSI-F. 5°-
GGAGGACTTGAGCTATGACACG-3’ F1 RT-IRS1-F.
5’ -GAGGATTGTTGAGATGGTGCCT-3 " ¥ 1 H fy %t
B, K/NR 437 bp §7 3 H YL . GAPDH 1EA
Z fRE Irs] TEPIRV U YRGB G, LA G F
FIEF A6 BRI R Irs1 ik 2557,

2 FR

2.1 sgRNA HIZiTF3TERE KRG
CRISPR/Cas9 & GiAE A — Fi AH X} T ZFNs Hi
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TALENs 5 g {fj B (14 i [K] 20 2 B B AR | 35 JLAF R 5
BT TRZ IR, Cas9 LA —> HNH £ 7 Al =
A RuvC B, 705 [R] I T HNH AT RuvC N YT R
il 02 (B 1A) o BRI Cas9 REMSTE SR —1 5
Pk RNA (sgRNA) BI/EFE , #0055 PAM ( Pro-
space adjacent motif, NGG F&J¥ ) #L )37 41, I 5Z BT

DNA J7 5] () BUEE W 24 (B 1B) o AR 3 SCHk iz 18 1Y
ngNA F R FE 5353 k02 B A A

S A, RATEERF Irs1 FEH BT T B sgRNA
VEﬁH%FL. T, MKE sgRNA RAKZE Bsa TR AIR TR
iy, A N E R R BE, 4R KR i A pUCST-
seRNA #fkr (B 1C), 58K sgRNA #ikt g, 2
D P 6 UE 1

A
NLSFlag linker

Cas 9

GGNNNNNNNNNNNNNNNNN, PAM
5%\INNE Target site (g‘ NNNN=3' 4 oA
M\I_EENNN NNNENRNNNNR\INNNN NNNN-5'

I
ll\lll\lll\l ll\lll\lll\l ll\lrl\lNNNNNNAGUUUUAGAﬁSF\JA A

3—GCCUGAUCGGAAUAAAAUU CGAU A

F-coon

sgRNA

T7 promoter sgRNA

pUC57-sgRNA

kanamyecin resistance

TE:A. Cas9 Z5H/RBE I8, Cas9 W& — % M55 (NLS)
—A™ flag FRICHI—BEEHEIX , B, Cas9/sgRNA /S 1 54T
B, BFH () FA ~20 bp JFHIRLE 3 3 PAM (4L
@), 3f B NGG 3% fii xi PR 5 Al DNA LA By 26 20 1, C.
pUC57-sgRNA IR E M, LR EH — A RIS R Pk
AR U B XU SEAZ T R 7T LU AP Bsa 1AL,

1 CRISPR/Cas9 /S f 5 PRI 4T HIL 7R 72 14
Note:A. Schematic diagram of Cas9. Cas9 containing a nuclear
localization signal ( NLS) region, flag and a linker region. B.
Cas9/sgRNA-mediated gene targeting. The target sequence
(blue) is ~ 20 bp and closed to PAM, whereas PAM (red) , and
the NGG motif are essential for site recognition and cleavage. C.
pUCS57-sgRNA expression vector. This sgRNA expression vector
containing a kanamycin resistance gene. The annealed oligos were
inserted between the two Bsa I restriction sites.

Fig.1 Schematic diagram of CRISPR/Cas9-mediated

gene targeting

2.2 74 CRISPR/Cas9 T+ &5/ Irs1 HEE R
KRR

MHOWT 1 2 3 4 5 6
750 bp =
—> -

PCR
B MHOWT1 2 3 4 5 6
750 bp
— —-----—
- - T7ENI

M Marker DL2000 ( Takara) ; H,0:DNA AR 7K ; WT.
DNA AR A B A= X BRIE I ZH DNA ;1 - 6 Shilad S i 4 F,
FORERSS . A. FIFHZIH R-IRS1-S1 Al R-IRS1-AS1 #3441
T sgRNA /EFI#0 5 19— B DNA JF 31, B. PCR =¥ F| H
TTENT 256 534780 1S B S L

E|2  CRISPR/Cas9 RGN Irsl MYFEFEME I
Note: M: DNA molecular weight marker DL2000 ( Takara ) ;
H,0: Template DNA was replaced with water; WT: Template

DNA was replaced with wilde type rat genomic DNA; 1 - 6;
Rats generated by microinjection. A. Target loci of Irsl were
amplified using genomic DNA templates from founders using
primers R-IRS1-SI and R-IRSI-AS1. B. PCR products were
subjected to the TTENI cleavage assay to detect the modification
in the target loci.

Fig.2 CRISPR/Cas9 system mediated genetic

modifications in Irsl

Cas9 FRIKJFRLFN sgRNA Feik 4R A4, 435248 Age
1 Fl Dra 1 PEACG , By A D52 )5, 1E B A
JH T7 RNA R & MRS % 5% G i Cas9 mRNA Al
seRNA, FfiJ5F% Cas9 mRNA (20 ng/pL) Fl sgRNA
(10 ng/pL) WA G, 38 i JFAZ T 5 0 4 SD
KEAZAEIN, FRATHE o 2 R S IF A T 65 1
ZHEOIE] 2 MR R, ok — R REAMET,
ﬁ‘xﬂ:ﬂf‘ﬁi 6 HKR, FATHHL DNA 19 PCR §”
B ONE 2A P B A XS RRRP A 5 H5E
BRI M A E I B 22 5. MR FRATHE 1
) PCR =14 TTEN1 SE50 i — 25 0 o 5 R 28 A5 A
MK 2B) , 454 PCR P45 3 HAg#5 BARA W
754k 500 CRISPR/ Cas9 7E#5 R AR K E1E FH 8k
EIERE 2 TIEMME R, hETF 5, A
N HR KA AR AT B DB ik AR Bl S FRATT 0 3L
A5 HUATREAEAE S PR 1) K BRI S 438 ™= 4y , 38
it TA SR P i 280 € T CRISPR/Cas9 X Irsl
T AR PR A 1 O (BT 3), 4R R AR ]
ik 83% .
TR 45 9 AT L 2 KBS 94 bp BB
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CRISPR/Cas9 3 (¥1Irs 1 1 R & i
CRISPR/Cas9 induced Irs1 locus modification

Exonl s BE25-
[ : 1
sgRNA-B sgRNA-A

ATCGGGCAAAGGCCCACCATGACEGEGCTEGEGAGGAGGCTGCGETEGETAGCTGCAGCCECAGCT  (WT)

ATCGGGCAAAGGCCCACCAT {-32 bp) 8/8

ATCGGGCAAAGGCCC. {-94 bp) 5/10
{-196 bp) 2/10

ATCGG ACGGG—CTGGAGG {-37 bp, +6bp) 3/10
{-138bp) 5/9

ATCGGGCAAAGGCCCAC TGGAGGA- {-6bp, -21bp) 4/9

ATCGGGCAAAGG TGGAGGAGGCTGCGGTGETAGCT {-13bp, -12bp) 7/7

ATCGGGCAAAGG—————————— -CGGGGCTGGAGGAGGCTGCGGT {-10bp> —27bp) 4/9

ATCGGGCAAAGGC————————— CGGGGCTGGAGGAGGCTGCGGTGGTA————CAGCGGCAGCT {-9bp, 4bp) 5/9

T TR S A FEPEMi Y PCR W) 2R HEA TN Y . PAM JEFF R 7R W&k G F Rk i 4 3R
IR R CONEFIR AR +) R (=) IHRAER AT PR, N/N R i 5 B %
B TERL,

B3 sgRNA FIHLRiAL DNA JF51 2544 7R R 1A
Note; PCR amplicon of the targeted fragment in the Irs1 in rats were sequenced. The PAM sequence is
underlined and highlighted in green; the targeting site are red; the mutations are blue, lower case;
insertions ( + ), deletions ( — ) are shown to the right of each allele. N/N indicates positive colonies out

of total sequenced.

Fig.3 Schematic diagrams of sgRNAs and DNA sequences of targeting genomic loci

A
M WT P 1 2 3 4 5 6 7 8 9 10 11
750 bp ‘e
%—_-——_z————_——_——
P
o
B
ATCGGGCAAAGGCCCA: 2#-a (-94 bp)
CGGCAGCT 2#-b (-196 bp)
ATCGG ACGGG-CTGGAGG- AGCGGCAGCT 2#-c (-37 bp, +6bp)
bt
ATCGGGCAAAGGCCCA: 2# (-94 bp) 4/9
ATCGGGCAAAGGCCCA: 3% (-94 bp) 5/8
ATCGGGCAAAGGCCCA: 7# (-94 bp) 4/7
ATCGGGCAAAGGCCC. 9% (-94 bp) 7/10

TE: A FyRKR#2 5IFERIRRASE 2 E M 11 TR, ZBEREB T, 23,7 F9 5
AESSI A BB A . B F, ARA92.3.7 MO Blid TA FEREI— B3 42 founder 194 bp 13
Fo fUlR A — 55, W] Cas9/sgRNA A G RYFE P 528 0] LIEAR
B4 BRI LT

Note: A. Detection of CRISPR/Cas9-mediated target cleavage of Irsl in 11 F, pups derived from founder
#2 by PCR amplification. Mutations were detected in 4 F, pups (2, 3, 7 and 9). B. PCR amplicon of
the targeted fragment at the Irsl in potential founder #2-derived F, pups 2, 3, 7 and 9 were cloned and
sequenced. Sequencing result showed 94 bp deletions same as the founder #2 was detected in the
offspring, indicating that a mutation induced by Cas9/sgRNA was transmittable.

Fig.4 Analysis of the transmission of the target mutation

FERAY Z B RE R T sl JER RIS AR 4R ARG, IRATAIA CRISPR/ Cas9 R 40 KT 5L T X
AT LAEEW T O SRR B AR E B KRR sl BEEPET T AR

KIEG A DR E R, AT #2 KB SE A AR FEREST T Irs] HEDRI AR R R, FRATTX 7= AR 1Y
SD KRBT, =4 T 11 HFPRKRE, AT F, A2 S THCT BE, B8 0, iE 7 FIE 365 RNA,
F, AR AR, 2547 T PCR 7 38 3 R 4 35 5 | FIHS 14 RT-IRS1-F Fl RT-IRS1-R X Irs1 52351
SiRFWZHRRE SRR (K 4) , SdATEH ST TN (B S) SRR sl 245 T RERE
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S A e S S S RTA ] 1
FEE BENL MW B

Liver  Skeletal muscle  Fat Kidney Spinal marrow

H+ - A+ H- A+ A HE A~ H -

—  — G e a— Irsl

Gapdh

— — —— — — A —
—
e +/+ DEATISD R +/ - 20 Isl 28BF KRB FIH
5|%) RT-IRSI-F 1 RT-IRSI-R FH R AG M Irs1 3 P 3 35 1% L,
Irsl FEHFIRTE Fy AAA A FRE I B AR,
B 5 RT-PCR 4r#r Isl £ F, £
ZA TR B EEE R IR G

Note: +/ —: wild type SD rat; +/ —: Irsl heterogeneous rat,
Primer RT-IRSI-F and RT-IRSI-R were used for gene expression

analysis.  Gene  expression decreased in F,  generation

heterogeneous rat.
Fig.5 RT-PCR analysis of Irsl gene expression in

F, heterozygous rat

3 it

HE DR AR B ARAE Sy — o R R IR TR T BT
WFoC R T e 5 T & 45 AR ], AT IRIG T
(ES) 2t 5 PR 3 THE B R ok o 14 352 4% 248 Wi 2 1t
T—MERA T, TR R 20 2R ZEOR
T g T R DR B | 3 AT AR 2R A2 R R e /s B
WRURIE T E AR . HFREES 4i
RS IR AR BR ], B3 2010 4F A S T 55 —Fh 3k
T ES Z Y e PR R O USSR (pS3 36k AT R 5 A
RRARL) P2 H E A, 5T R ELES 4 F K i i
P B I [] J R, 22 T ES i K
SEATHE  FORETL | R TR SR U A AR, B A TR
B B ARG R R Y 5 58— A 2 B P4 (19 15 (1]
17 H. ES 2010 i 85 35 25 5 7 A 3R 5 R, X 3R B A
EORERAE W BT 2, X 2e PR 2R ™ R ] 1 AR T
FER BTS2 . R B/ BRTERIF I8 A B AR5
T2t e 75 1 2 A T 2 003 I JLAR R BE &
ARB A, AR B S — B ) Sh M R AL T 46
] S

Irs1 J2 [ B 3R 52 1A I A R VR T IS W, TE B B R
PG | A5 5 5 B rp okt E AR T, SRR C R %
Yl ABIFGE R FH 3 4 e e 3B ok 1Y) ik DR 2 20 8 4 R
CRISPR/Cas9 FRZEXT K BT Irs1 FEPH HEA 7w b, 2
S Irs1 R R, 80535 83%  ABFFE I WTSE

[ R A5 Tk, S RIPT LA K 2 BB IR G 2
() A o ZR R0 Irs1 JEPRIRGRR KRR,

T LA BB FE , 2% BH 35 PR 21 4 0 R G 5 )
ZH G AR AN FE A% B ( ZFNs ) F R0 5 i
T RERS N [ 7+ ( TALENSs ) £ AR 2/ fil CRISPR/ Cas
RGN A AN B S LS A R
(1) 5 DRI 20 4 0 06 1 I FH T o o R P e /D B
FK B R J5 T & ¥ 45 W o B BRI AE . ZFNs Al
TALENs 75 Z2EF XA BT A0 V8 TS0 A5, 1144 2
PRANRE S 1) T b7 3% 36 A 5 1 R 1 Ok S H A 3
PRI R 80 o) P B, 18 T R B AR AR T B3R B, AN
AT RS> 525628 . CRISPR/Cas RS ZANH —&
B R Ge, MR A 32 20 4% 0 A1 s T 4 ) )
CRISPR/ Cas ZR G041 B4 0 1,10, TIT BB o 11 A4
SRR Cas9 FEH , R AEH TR AT DNA 215k,
A% T it 15 P (AN 5 2 — PP AE S5 RNA-/IN S ]
P RNA (sgRNA) 45 T BRI AT 52 9 5 o] 566 A 4T
#ELOT P CRISPR/Cas9 R 42 W 8 h T2,
CRISPR/Cas9 % 4t 1E & — i #H XI T° ZFNs
TALENs B0 {RJ i PR (14 5 R 20 4 48 R, 76 g
THE LA R B3 sl 0 455 A8 (0% g S T A S AR R TR
AW FZ R G T Irs1 HE DK B R B, AN
AR5 B BF 28 32 Bt T Il BEBR R OB, B (A5
CRISPR/ Cas9 12— BB A TE A BB 5E 80
75 T B AR B SEBR A
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