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Knocking out nuclear transcriptional factor PXR
gene in zebrafish via CRISPR/Cas9 technology
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Abstract: Pregnane X receptor (PXR) transcriptional factor is one of the nuclear receptors family mem-
bers, which plays a crucial role in the process of the transformation and metabolism of exogenous and en-
dogenerous substances. The present study focus on the establishment of zebrafish model with PXR gene
null by use of CRISPR/Cas9 gene editing technology to provide a fundamental model for the studying of
environmental toxicoloical analysis. Target sites of gRNA are designed and synthesized based on the se-
quence of PXR gene. The mixtures of gRNA and Cas9 mRNA were injected into zebrafish fertilized eggs
during single cell phase via microinjection technical approach. Mutant with PXR gene null species were
selected out through generational hybridization. Result showed that PXR gene in zebrafish was successful-
ly knocked out by CRISPR/Cas9 technological approach, and sequence analysis exhibited 4 bp insert in
the encoding PXR gene region.
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Zake X 52K (Pregnane X receptor, PXR) &%
ZRHEEE (NRs)  NRIT [ EEE R Z—, 7F
P A= UL S T P9 TR A SN 0 R 43 AT
EEMEM . PXR B F T3 5% AZ 5 M
FRUFAISCIZE D, B A AR N 25 A ) 32 L il 2R
Z 4t P450 (CYP) /2 PXR % 5% A+
PR R AL 2 — AR R AR 2R
VFZ SR AN TS Je i R AR R . b
PXR A% 53 N 137 S 300 s il BELg =), T
ANETS Qe M AR R B R AN e W 1 A
WAL . A HEEEREMY . BRI A
FA: 4 PXR 55 R 11 R B2 5 Ye W) 22 58 1 A TR %
MRS AL E A HRIED Y EXE PXR B SR N 1R
ey mE A b i 2R A AL B SR A5
UNSRAEA B — 1% CRISPR/Cas9 JE A 4 4 4 R
X1z B br 5L HE 1T g B, 3k 15 PXR 4l i i A
PXR'™7) ) XA HFSE PXR 55 R F7E 15 Je ik
R R R S R,

CRISPR/Cas9 R & 4 45 =X “ FL P 41 5E i G
AR % & 4% orRNA  ( CRISPR-derived
RNA) 5 tracrRNA (trans-activating RNA) 255 7F
B M RNA (guide RNA, gRNA) , BEAF
SN BRRIEHE TS, FE5] S Cas9 R M VI
YRR S 7 5 EAT DNA XU BT 91, FIH
AN A R IR A s B FRE BB S HLH], WAk 3t
R BOfe A FRAE 2 5 A v T g 2 Hh A A st 2k 58
ARPRG 0T T kA e R AL IS A A M, s R

g H A

AHFFEHH CRISPR/Cas9 JE R 25 H £ AR, LA
AV BE S BB, AL ARG G
WA B IAR 5 B A% 5% S A1 PXR B AT i BB
RY, PG54 PXR LR B S8, Jy PXR
PR ARSCOE T SR SRR SRR

L ARSI

B A= RUBE T £ i % Tuebingen (Tu) HyH E K
PR AW I BE BRI K = OF 5 BT f fl, Cas9 mRNA
33K ok % pXT7-Cas9[”] , YFP-nanos3 Jii ki H
O R BB ST TR A
1.1 gRNA $Bf @izt

7E NCBI |48 if) 5F 5 1 PXR K] 1 4% 1R )7 41
Sequence ID; XM _ 005167420.4, # i PXR £
W& T SR F A5 SO SRS B Bt
A PXR FEH AR 1454 (1), BB SRR
HEE 2 NS, S A R T 0 7 R 4 2 T
ATG ZJ5, N T ORUESE Y D) g il ok, T 0] oK
A[EHER 5-UTR A1 3-UTR, LA PXR FEHE B 2 441
Wy s o B Ak, i i KOs hup: /7
crispr. mit. edu/ 1] gRNA #4785, MAEL T4
R PR T & EZOR AT, JF R PEA H
R PE R A RE AL AR e iz (181 2) o FHAR
K4 gRNA BB 75 (R 1) 23 BT HR R Y
FeetEiEm g1 (£2) .

E 1 PXREREASNE FLEHRER

Fig. 1 PXR genome exon structure diagram
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Fig.2  gRNA target map

gRNA BAKFE 51 L4 1
The gRNA specific sequence is shown in Table 1
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Table 1 gRNAtarget site
gRNA Target sequence
gRNAL1 5’-CCCCTGGACGATTCGGGACACGG-3’
gRNA2 5’-ACCGTGTCCCGAATCGTCCAGGG-3’
gRNA3 5'-TAGATTTGTCGCCGCATACTTGG-3’
gRNA4 5'-GTATGCGGCGACAAATCTACTGG-3'
gRNAS 5"-AATGGAGGAGCTTTCTCCCCTGG-3’
gRNA6 5"-GGGACACGGTGATGGGTCTGAGG-3’
gRNA7 5'-CCGCATACTTGGCAAATTTTAGG-3’
gRNAS 5'-CAGGATGAGTAAAGAAATGGAGG-3’

1): Cas9 mRNA HEEVI#E] PAM (protospacer adjacent motif) _FIERYFS], ZLEFAbRICH PAM X
Cas9 mRNA can only shear the sequence of PAM upstiream, the red font marks are the PAM area

K2 gRNARERIEIERASGY)
Table 2 gRNA specific forward primer

gRNA Primer sequence

gRNA-1 5'-TAATACGACTCACTATACCCCTGGACGATTCGGGACACGGGTTTTAGAGCTAGAAATAGC-3’
gRNA-2 5"-TAATACGACTCACTATAACCGTGTCCCGAATCGTCCAGGG GTTTTAGAGCTAGAAATAGC-3’
gRNA-3 5'-TAATACGACTCACTATATAGATTTGTCGCCGCATACTTGG GTTTTAGAGCTAGAAATAGC-3’
gRNA-4 5'-TAATACGACTCACTATAGTATGCGGCGACAAATCTACTGG GTTTTAGAGCTAGAAATAGC-3’
gRNA-5 5'-TAATACGACTCACTATAAATGGAGGAGCTTTCTCCCCTGG GTTTTAGAGCTAGAAATAGC-3’
gRNA-6 5'-TAATACGACTCACTATAGGGACACGGTGATGGGTCTGAGG GTTTTAGAGCTAGAAATAGC-3’
gRNA-7 5'"-TAATACGACTCACTATACCGCATACTTGGCAAATTTTAGG GTTTTAGAGCTAGAAATAGC-3’
gRNA-8 5'-TAATACGACTCACTATACAGGATGAGTAAAGAAATGGAGG GTTTTAGAGCTAGAAATAGC-3’

1.2 {K5MERER gRNA
1.2.1  gRNA #ita A2 gRNA R P IE 1 519
MRAEA2H gRNA BBA B0, A 17 B3 17,
B 5 P4 SR A3 scaffold P41, @l s [ 9045 T7 )3
BT 5 S S S0 A A 8T R 51 4y
scaffold J5 51 J% 2 |F {% 5. 5'-AAAAAAAGCAC-
CGACTCGGT-3', it PCR Jyiky ¥4 i H W R B,
PCR S WK Z 4% . PrimeSTAR Max Premix 25 L,
gRNA F¢ PR IE 17 5 | Py Al R 5191 & 2 pl,
gRNA Btk (BIBCHRO3EAIA) 1 pl, ddH,0 b2
%50 pl.,

PCR Wi 5514: 98 C T2 10 s, 55 C iR
K S5s, 72 CTEEMS s, LiHIT35 ME; 4 PCR
P w =2% BEREHEEE R HEAT UK, HAR K/ Ny
120 bp Zifis

H RNase free [) PCR =4 [l & (Ax-
gen) X b3k PCR =¥y gE47 [0l i, [l e 5€ 5&
DEPC-H, O % M 2 PCR ™4

1.2.2 gRNA 4hoP4: 3 (R & MAXIscript®
T7 Kit (Ambion) P47 gRNA fRIMH S, B 58
e, WU WL I w = 2% SRR WEBEIRC HEAT HLIK
ARG S Y gRNA S I SE Bk, IR 550
JEGRETI R Sty gRNA R BE, £7F -70 C,
1.3 Cas9 1 YFP-nanos3mRNA &

L) pXT7-Cas9 ki AR i 45 Cas9 mRNA,
EcoR 1 | Hind NGRS PR PEAL (EcoR T F
Hind Il j& pXT7-Cas9 Jit kL T7 % 56 T iFny 2 I
R, AEGYIE NP EEEY) S A ) RIGH m
MessagemMachine SP6 Kit ( Ambion, Z£[E) %4
BFER TN 55, SEEL RG24
FH w =2% S5t ARA B e 2 AT v DK A D 2 s vy H Y
Sl st B, ¥ W AR & RNease Mini kit
(Qiagen) #lifl, I 58 A0 3000 B2 11 e 5%
4 Cas9 mRNA VR, f£F -70 C, 7E1: 41 gRNA
5 Cas9 mRNA R R B {7 7 5 — 1 57 o 050
Fik, JGELRERITREMIY TAE, Aieik
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BORAE B AGE S 5] A YFP-nanos3 mRNA, i mR-
NA STEBE 5 fa IR Jig h B R A | A 2Ot E M,
FHESCHRIER , YFP 3[R DABR B R Ry 28R4
TE B AN s (R R RS A5 LR, ik
FIHHER A ZOCFRIRMEAR ATV D R e AT 48 5 /5
LLI T E R . YFP-nanos3mRNA 45 /774 5
Cas9 FHIF]

1.4 RHEGES

PEHAT T AP AR BB fa A T EARE O XS, T
EHCT=OR 5, WSCHE Bk e — At 1 1 32 OKG BR 3E AT
S, MR gRNA SEI A A5, Kr 8 4~ gRNA 4328 3
ZH, 451 20K gRNAL, gRNA4, gRNAG; 452 40K
oRNA3 . gRNAS. gRNA7; 45 3 4] Jy gRNA2,
gRNAS; fifi[d]—2H N gRNA B0 S EE A B,
# Cas9 mRNA JH%% 3| 300 ng/ul, gRNA 300 ng/
pL, YFP-nanos3 mRNA 300 ng/plL #% 1: 1: 1 8 5]
S, SRR 1 ~2 0k,

1.5 gRNA jEHSIGIE

1.5.1 #RemL &K DNA  BEN 24 h
J&, PRI DEGIRIE M SZAE I1 43 33 AT S 2 D0 BR
HPRAETHDN, FHZEH 4] DNA 2R & (5895
AR A R A E, M) $EEDNA, T
-20 C,

1.5.2 PXR AR DRI HE 4 DNA
AR, #4T PCR .

EUE 5l ¥ PXR6-F: 5'-ACAGATTTTGGTAT-
CAGTG-3’

T2 4 PXR5-R: 5'-TTATTAGTACGGGCTT-
GGA-3’

PCR JZ i 462 95 C FHiASPE 5 min; 95 °C
TAEM 30 s, 54 CTiEK30s, 72 C T {4 45 s,
AT 35 DMEH; A 72 C T S min, PCR
P w =2% B RE WERE RS HEATHL UK, AR A5 AT
HEATRI 50T . PCR 5 |9 2 AR 5 NCBI b3
PXR LA 751 (Gene ID: 565875) #1711t
1.5.3 DNA #3447  LLL PCR =¥ H Gel Ex-
traction Kit ( OMEGA) i 7 & W [0 e, A pM-
DTM18-T Vector Cloning Kit (TaKaRa) #$2, # A
DHSo J® 53275 (TaKaRa) Hr, PRECHLTERE, Z£H
I SR AR AR A B w0 S e, s R
Chromas F1 SnapGene ¥4 #4743 LLXT, 38 4 #8
A7 BRI A7 A L PR Indel S€745 DU A TS MR Y
gRNA,

1.6 FAIEERTNMEHIFIESES
00 281 5 A5 1 ()41 S i S 2 K5 DO A6 31l 37

BV, SRR RS BRI FL AR, X Fl
AT R EE LIS DNA BEATI P S, O i 1) e 2
PXR JE A 28 5 RASIR, brifEL e I =t %
BRAMRZ AT A s BhE, 5 F2 40, 58RI
BTG T7 SUPE B DNA EAT RS, MR B
OrbT, AR F2 AU AT AT R 58 ik PXR S K YAy
G FREThfh, FEJS SRR R PXRCY Y AUgE
Syt fe F2 AR, 15 DLEMERLE AT o

2 HER550r
2.1  gRNA &M

A% eRNA 5 Cas9mRNA J5, H w =2% Lijjg
W B B R AT LUK, B AR 45 R R gRNA FI
Cas9 mRNAXY e —464F (E3).

Mark Cas9

bp  Mark gRNA bp
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Fig.3 gRNA and Cas9 mRNA gel electrophoresis detection
A: ¢gRNA BECHL VK, FL Marker J& DL1000; B: Cas9mRNA
BERC YK, JH Marker 2 DL10000
A: mRNA gel electrophoresis and its marker DL1000;
B: Cas9 mRNA gel electrophoresis and its marker DL 10000

BiE G i) ¢RNA . Cas9 mRNA Fl YFP-nanos3
mRNA 58 1 {5 B 1 #1400 2 K B 1) X
Bk gRNA 361, A IO BED A a by, R
S DNA, PCR 73 B8, F2EAT I I,
55 PMDIS-T A B A5, PRI voRE, i
B PCR ZRAG FHPE R PR, 28 N SCFEA P HoRAT
FRZS &7, 7 40 b xF 25 R 8 JR, gRNAL,
eRNA6 . ¢RNA7 BB VEME (3, F£4), ¢RNA2,
gRNA3 | gRNA4  gRNAS Fl gRNA8 ¥JTGid ¥4, 7E
AR
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Table 3 Deletion identification of the prediction area sequence 1

Mutation type

Mutation rate

gRNA / bp Sequence %

WT TCAGGATGAGTAAAGAAATGGAGGAGCTTTCTCCCCTGGACGATTCGGGACACGGTGAT
giiié -7 TCAGGATGAGTAAAGAAATGGAGGAGCTTTCTCCCCTGGACGATTCGG------- TGAT 9.09
i -5 TCAGGATGAGTAAAGAA-----GGAGCTTTCTCCCCTGGACGATTCGGGACACGGTGAT 9.09

Fed BN FF IR 4 2"
Table 4  Deletion identification of the prediction area sequence 2
Mutation type Mutation rate

¢RNA Sequence

/ bp /%

WT GATTCGGGACACGGTGATGGGTCTGAGGAGGAAACAGAGGAGGATGACGAACCT

gRNA7 -9 GATTCGGGACACGGTGA--------- GGAGGAAACAGAGGAGGATGACGAACCT 29.17
gRNA7 -6 GATTCGGGACACGGTGATGGG------ GAGGAAACAGAGGAGGATGACGAACCT 29.17
gRNA7 -10 GATTCGGGACACGGTGATGGG---------- AAACAGAGGAGGATGACGAACCT 29.17
gRNA7 -5 GATTCGGGACACGGTGATGG-----AGGAGGAAACAGAGGAGGATGACGAACCT 29.17
gRNA7 +1/ -4 GATTCGGGACACGGTGATGGGTA---GGAGGAAACAGAGGAGGATGACGAACCT 29.17
gRNA7 -9 GATTCGGGACACGGTGA--------- GGAGGAAACAGAGGAGGATGACGAACCT 29. 17
gRNA7 +2/ -1 GATTCGGGACACGGTGATGGGAT-------GAGGAAACAGAGGAGGATGACGAACCT 29.17

1) PRI RASE N R B, 2L ORISR I B

Red font is labeled as inserted gene fragment and red labeling hyphen is missing gene fragment

2.2 (HIRTRER PXR EENRS &

W 0 2k 3 B A G PR B gRNAT, gRNA6 #I
eRNA7 JB2)J5 5 Cas9 mRNA Fl1 YFP-nanos3 mRNA
PRI L 12 1 AR50 AT N 2 A IR AR 2 FO AR, 5
S A RUBE 1 £ 2 S BEAH AR L AR, X F1AUBT R
DASZIER DNA AT e S0, 0 8 Hh 2k PXR S [
A =LA 4 AR (&1 4), Pkik indel 4
bp A B F1 AR, FrifEfb i 7% 2 i fa, F1 A2 [E
PAT AL B, 135 F2 AR, A F2 AUrbidE g DNA
P UEPEYE, indel 4 bp A IEP (K5) FB—4
7, WAHREEEMI, FoRM A0 HEP Y TE R
— LA A [F] Y 4 B T B0z B R RS 58
A5, AR AR B i, R2Iai G =Bk,
300 ik

CRISPR 2 241 B 1 vty 4t T Ay 1 Xof i 2 1 JS0RE A
U kg i A T A P 245 P S i LA A
A | & J g STk SR i CRISPR/ Cas9 5 [ 4 4
E5% SR AW/ e e b 7/ K= 22 ) I TV AR I S O 5T 5 7 N
ZHOR P DA H R SR A i A T o, o E AR
BURTT 3% 9 5 . CRISPR/ Cas9 [ 45 48 1 A
S5 B EEHE I IREE ( Zine-finger nucleases, ZFNs)

DA B S0 PR RS WU A% R - ( Transcription ac-
tivator-like effector nucleases, TALENs) ZR & #H kb,
FEBETE S R R PR, AR FLAsE R s
A SE AR S CRISPR/Cas9 it R G4 4 A, LA
A WBE S o SR 5, 78 PXROBE B B i
HEEZASNE T, Bt gRNA BB, ROMNE RS
%, gRNA F1 Cas9 mRNA, XA BUBE L fa £GP JEA 7
WS, #EAT R AR . CRISPR/ Cas9 AR 1
IR DNA BUEE S | B 40 ik R I8 AR v B B 2, 78
B MBS R T I A A S A B L A ARG
AR AR, RN B FBE 2 FER LA
B o8 AR AN R OR AT &R, A SE IR 7E 5k
gRNAL, gRNA6, gRNA7 HA TG # =411 5118
aob S A B A BB A R BE At B, R A
AFERGEAZ IR, gk 6 bp % PXR H& K 4 it
RPN, i 4 bp B BIALE A 3
bp AR 1 bp, XFIEIENE AL, A4 bp A
RNy e 8 4di A 4 bp, AT LABIR s JE PR 91 9t £
SN PXR PR 2 5 1) 2 11 47, T 3 B A 4
bp A BURYBE 5 30 5 B AR AL e, B A5 58
ARk PXRZER RS, Jfaefa e 2.
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Cleavage

Indel 4 bp A
Wild type: 5-TGGGTCTGAGGAGGAAACAGAGGAGGATG-3'
Indel 4 bp: 5-TGGGTCCTCCTGAGGAGGAAACAGAGGAGGATG-3'
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Cleavage

AW N WVALW b
Indel 4 bp B

Wild type: 5-TGGGTCTGAGGAGGAAACAGAGGAGGATG-3'
Indel 4 bp: 5-TGGGAGG-AGGAGGAAACAGAGGAGGATGACGAACCTAAAA-3'

I 6 AT 6 A 6 6 A T 6 AR 6 A GG A A AR2A G AT 6 AC 6 AT 6 AT

Cleavage

Wild type: 5-TGGGTCTGAGGAGGAAACAGAGGAGGATG-3'
Indel 6 bp: 5'-TG------------ AGGAGGAAACAGAGGAGGATG-3'

Hu
@
o
@1
@1
al

- - = om= -I-ll u)
A G 6 2 AT A

AT A

- = = U
C 6 A T

Indel6bp B
Wild type: 5'-TGGGTCTGAGGAGGAAACAGAGGAGGATG-3'
Indel 6 bp: 5'-TGGG------------ GAGGAAACAGAGGAGGATG-3'

K4 DNA JF51i Fr
Fig. 4 Sequence map of DNA sequence
LU TFRBRE I ASE R B, ZLOBRTE I T4 Iy R 5 TR B

Red font is labeled as inserted gene fragment and red labeling hyphen is missing gene fragment

A W A



JRHLAE . FIH] CRISPR/ Cas9 AR MERIE L 0 4% 32 {4 PXR JE[H B

121

YFP-nanos3 mRNA FiAMH GO0 EEH A K

-
o -
-
[
-
-
-
-
-
-
-
o -
-
am
-
=
-
am
=
=
-
ne
=
-
=
am
am
-
-
am
-
-
Gom

.q‘nx \ f\\“ A | N
AR AT A (L]
!I’ﬁ \Lv \s‘_l/ ‘ \ fl/ 'L' |I' ll “ If\“ | | M‘ J,‘l‘}l _fli _’.-/r_%ﬁ'.ﬁk_., ]

Indel 4 bp A

Wild type: 5-TGGGTCTGAGGAGGAAACAGAGGAGGATG-3'
Indel 4 bp: 5-TGGGTCCTCCTGAGGAGGAAACAGAGGAGGATG-3'

K5 F2 f{ DNA JIl 75k
Fig. 5 F2 generation DNA sequencing validation
LU0 T IR L0 P IARBR T A AR LR R BL

The red underline is marked with the red font as the inserted 4 bp

JR ST A AR S W 2 e B R A

Ui

R YO H AT EHO LA A BN +, #AH®
4 L5 B R SR R AR e B 2800 a2 R
WER, REMERIRAIENE, Bl T BEeESR
R T, I WL O e T X T, R
ESEI AR . M EHTSE W] CRISPR/ Cas9 wﬂ
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