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BB ZRBERGFERT L @I, TGS FecB #2 GDF9 3 F # 4T Sanger M 5 %
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Single base editing system mediates site-directed mutagenesis
of genes GDF9 and FecB in Ouler Tibetan sheep

ZHAO Yifan', ZHANG Yingbing', YU Ruiluan', WU Ying?, CHEN Yongzhong?,
ZHAO Ruolin', ZHANG Chengtu®, SU Jianmin""

1 Key Laboratory of Animal Biotechnology of the Ministry of Agriculture, College of Veterinary Medicine,
Northwest A&F University, Yangling 712100, Shaanxi, China
2 Xining Center for Animal Disease Prevention and Control, Xining 810016, Qinghai, China

Abstract: In this study, a single base editing system was used to edit the FecB and GDF9 gene
to achieve a targeted site mutation from A to G and from C to T in Ouler Tibetan sheep
fibroblasts, and to test its editing efficiency. Firstly, we designed and synthesized sgRNA
sequences targeting FecB and GDF9 genes of Ouler Tibetan sheep, followed by connection to
epi-ABEmax and epi-BE4max plasmids to construct vectors and electrotransfer into Ouler
Tibetan sheep fibroblasts. Finally, Sanger sequencing was performed to identify the target
point mutation of FecB and GDF9 genes positive cells. T-A cloning was used to estimate the
editing efficiency of the single base editing system. We obtained gRNA targeting FecB and
GDF9 genes and constructed the vector aiming at mutating single base of FecB and GDF9
genes in Ouler Tibetan sheep. The editing efficiency for the target site of FecB gene was
39.13%, whereas the editing efficiency for the target sites (G260, G721 and G1184) of GDF9
gene were 10.52%, 26.67% and 8.00%, respectively. Achieving single base mutation in FecB
and GDF9 genes may facilitate improving the reproduction traits of Ouler Tibetan sheep with
multifetal lambs.

Keywords: Ouler Tibetan sheep; single base editing system; FecB gene; GDF9 gene
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B, [Fn R PLFE. dURa . K
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HEKRE X, FecB R 54 KL T 9
(growth differentiation factor 9, GDF9)E #{ilF 5
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BRI BRBL AR AR FecB B2
P, BINILH FecB I g A5 Wi R P E 4 - HE I7
Fere e R RN L 2021 4F S 413500 52 1
FecB 3L RAZMEFXHEFEE 5 H FecB F:H 5747
MEFEAF RGPS TY B8, 45 R
IRFH 70.59%, FHEFA 150.00%, K FecB
55 A5 el 6 22 16 MR R I AR B . AR
GDF9 J& R /)N BRI 0 & B 45 iy 7 1 2 B
2O BE, IEW] GDF9 B PR BRI ) 1E % &
FEkEE, BRI KBS BN
=5 GDF9 SEH By FRIAIK K 281k 2% V)
FHX . McNatty 56 & BLBEN GDF9 Fl BMP15 3
IRIKT ) AR i 25 4 e HE U GDF9 3k
PR O B B B AR KRB L (R HE 0k 41 i
S FEAR B0 o4k R B B A AR s
Hyak o PR IR AN A& B LA B A O
B | BRI PR Y A e

WL iR FecB 3L GDF9 3 M R KR
AT F B VEAR A DCE AR R WARGE , Kt 2
FH AT I S BEL (e RGP0 - FecB 3£IN5 GDF9
SR E R RS, MR B — R RGE R e
BESE TN & Ol & R — R BB R FBL

mA = REH iR AR CRISPR/Cas9 714
Pyl iz W o FEIZFR G crRNA AJ {51 5k
I DNA () BAMZ R R Be (BRI R IX), i
TR AR P A R ST peAh, —Fhak
FRM tractRNA 1 % CRISPR RNA 7%
5 Cas9 R MHE MU E R G, & UrE
S XUE DNA W2 (double strand break, DSB)
DSB, iX 2 I~ RNA 53456 8 — AR5
RNA” (sgRNA)Pitk & 43 F 11, Cas9 & A # H %
5|20 77 5 B L DR 1 7 e g R
H CRISPR/Cas RGiHALTIR , i Ws g i 5k g
4 4% (cytosine base editors, CBE)H nCas9 1{
dCas9 55 fifams g i & B4 %, #E sgRNA 5]
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FF, # K4 DNA 5 CBE RS H1% Cas9 HEH
JE 8 R-loop E A1, Cas9 % 11l DNA Ja & fit
O A5 e e B B T LS R-loop & A 1A
K5 sgRNA BCX Y ssDNA 454, ¥H—E X
S5, P L W (C) 5 2 55 78 WL UR W E (U, 4k i
7E DNA &5 5534 5 il J5 fi R s e (U) Bl i v
IE(T)R e, e &5l C 3] Tl G 7] A By,
2017 4F David Liu A A B D 4 £ T M R4 i
Y% % (adenine base editors, ABE), %% % H
i W IV Ot Tt A A U T 8 (A) T 25 3 1k R L
(D)o MDA G k2= 2540 5 B IEERS (G) T4
FEARL, 4 ZHLHEERBINT @), el
SR (G), MM E LUK HAr A-T B4l
G-CPY, ZJ5 David Liu HIBAek B T ABE &%t
e RS S AR %S T, HEFmAT
WRIES (ABE7.10)08 g o, FHIG™A4E T HA
FRCR I E 15 ABEmax 4 #3°%, Episomal %%
ART LI IK Cas9 5 sgRNA, Jfifijd NHEJ/
MMEJ il 4 SE B 2 32 R g i 2224 ) I HLix
AR T DU EDAZ A2 W B0 20 A e AR P BR B A
HE, FEA R RREE R Cas9 5 sgRNAs.
Episomal /A4 617 blasticidin i 245 3 K 41 43,
J SR S5 50 R 38 Ao 2 24 ) 0 P A L e
ikt RS0 LA episomal AR K ELE, [A] 04
sgRNA J¥51 . ABE = CBE 474y, fEsLEikit
5 v A5 T A 7 B B

Bi#F CRISPR RZEMY Z N H, Hb g
B AR G AT X 4 S DR G R A ST R BTG
CEMIR A, Y4 FecB 3N 746 bp BH RN
AL AR GRS, SFEEESL
He TR 1A 2 A AR ST IX ek P 48 S B R AR N
KRR, GDF9 N G1., G4 [ G8 RAERET|
LR (1) AR AL FEZ5 5 AR SZ A4, 2 1T 52 e 43
R EA MR AR ST B A (P A I S
RGN RIS - FecB. GDF9 Z LA it
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FE AR, AR R F 40 M KPS
P PR R e o R ST AN 2R AT O (0 ] B
G 4R B S R IR 2 22 T DR 4, P R R
PR - — 116 22 26 I SR IR B B AR Il

P

1.1 SKIG# LRI

BP0 - B2 L BUR A T 148 FE R
WEENI A — R 05, R4 h
R AR, IR T S = T AR
. BHRIET 37 C. 5% CO, B34 h I 5%,
BEFR B8 h 90% DMEM 5 10%JI4 4= IfiL 14
(fetal bovine serum, FBS),

SCH T A S 36 R FIFE A DL AR 1
1.2 KWHAE
1.2.1  BRICHEILE F RN A MR IR T

P 48 R4 2 SE 7 Pk BE W A
—JAB R, KRB A E E e R B
BWRE TG, R 3 W, B RT A
3, B R HGAZ, i E TR R 30 s,
PR T 75% OB 30 s, & T&A

F 1 PRI AR

200 TU/mL 5% R 5 58 2 09 A4 R K rpf [A]
S . AR B K B ZUEUE 3 K, AR
JEIRAE 75% BT 1 min, AR BEER K
IBUE 3 K, ERAT ARG ARG R, JFH 20
ZURYfE, HLFETE 60 mm F5FRILA, AR
FOEIN 1 53R (DMEM+10% FBS+1%WHT)
R, AR K AR AL E 57 SR
MLACE T 5% CO,. 38 CHiFAH, 12 hJEMER
A A b AR A ) AR OIR ZS O S e R R T
B 24 h ULZE AN AR RORAS, Sl iy iy 2 2Lk
PR, HEAEEE NG ZFEHS R
(CH F1AQ) o ASWTFE MRz s = S5 A Q4 i 1 R
LTRSS LR AR AL, SRR
S H AN E ST RV OE
1.2.2  sgRNA K4 5| 41% 1t

A5 NCBI ¥ L AT 4R FecB il
GDF9 N ¥ 5 1EHE 5 0 %6 M 3 [Guide design
resources—Zhang Lab(zlab.bio)] 15 i TH#E A &5
51, BB AR N7 4 (2. AT46G, p.Q249R) 3 '3t
UT-NGG 1ER sgRNA A H] B 51 48 30 5
(protospacer adjacent motif, PAM){i/ 55, #AZ%0

Table 1  List of test reagents and consumables used in this study

Reagent

Sourcing company

epi-ABEmax vector

epi-BE4max vector

Enzyme BspQI

T4 DNA ligase

GenlociCruiser Enzyme

Whole Genome Extraction Kit

PCR product Purification and Recovery Kit
Endotoxin-free Plasmid Extraction Kit
DL2000 DNA Marker
ApexHFHSDNAPolymeraseCL
2xEasyTag®™ PCR Super Mix (+dye)
DMEM

Fetal bovine serum (FBS)

Competent cell (E. coli DH5a)

Purchase by Addgenen website
Purchase by Addgenen website
New England Biolabs
TransGen Biotech

Genloci Biotechnologies Inc
TIANGEN

TaKaRa

Omega

TransGen Biotech

Accurate Biology

TransGen Biotech

Gibco

Gibco

TransGen Biotech

&: 010-64807509
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B oA AL A T T i B (PAM I %5 4-8 nt)
P& 1), 7E sgRNA Uiz k5149 54 AT )
L TTT, NUHFR KB 54 A BI85
AAC, ¥i%iHFR sgRNA 51¥38 b st % Rl
AYRHE A BRAE A L. g3t 2 KA
}3 23 bp sgRNA 55, FRIF5144% 10 uL,
98 °C 5 min J5 AR H, & sgRNA 3k .
1.2.3 sgRNA FTiEFH KB

45 LL epi-ABEmax Fll epi-BE4max 381K N
ARG, IRA 1 uL WYIEE BspQI 55 1000 ng
R, i 50 'C 15 min, 80 C

BMPR11B
WT-5' ACA GAA ATA TAT

mutant-5° ACA GAA ATA TAT

GDF9 L.
— RN —
5'-CCAGATGACAGAGCTTTGCGCTA-3' sgRNA

sgRNA
ACG GTIG TTG ATG 4GG CAT GAA

G4-G721A

20 min, 4 CLRPF, #AKEFDILMEALIS, 10 g/L
I3 BB R 2 R VK 45 E PCR =W, I Il i 44k,
20 CRMIAE, RIEHIEKJEC A
GDF9-sgRNA 5 FecB-sgRNA Bk 7y il 4% %
epi-ABEmax . epi-BE4max # K, ;KWK FR : 5 ul
Vs 1 +4 uL sgRNA+1 uL ZPEfb#kik, 16 C
30 min, BFEE YL 50 pL Az S AR
W ¥T % (Escherichia coli) DH5a, & A 1.5 mL
BE.OE A 700 mL LB, 37 ‘CHEH 50 min,
3 000xg &0 5 min, B IR Z S ANV IE R FT )5,
BISBRHm T EARATEERN ML, Wik

PAM

ACG GTG TTG ATG AGG CAT GAA

7 8-C1184T

PAM "“TCGGACATCGGTATGGCTCTCCG-3’

’ ~ ~ ’
3GGTCTACAGTCTCGAAACGCGAT-5" - ATGTGCGGAAGACCAGCTGCAGC 3" 3/ \ (. CTGTAGCCATACCGAGAGGC-5'

PAM sgRNA

3’'-TACACGCCTTCTGGTCGACGTCG-5'

PAM sgRNA

1 ZE[E FecB sgRNA. E[E GDFY sgRNA {ii &~ = &
Figure 1 Location of gene FecB sgRNA and gene GDF9 sgRNA.

F 2 sgRNA BASIHIF7

Table 2 Oligonucleotides for generating transcription of sgRNA expression vectors

Primer

U6-FecB-sgRNA-F
U6-FecB-sgRNA-R
GDF9-G1-sgRNA-F
GDF9-G1-sgRNA-R
GDF9-G4-sgRNA-F
GDF9-G4-sgRNA-R
GDF9-G8-sgRNA-F
GDF9-G8-sgRNA-R

Lowercase stands for sticky end.

Sequence (5'—3")
tttTATATCAGACGGTGTTGATG
aacCATCAACACCGTCTGATATA
ttTAGCGCAAAGCTCTGTCATC
aacGATGACAGAGCTTTGCGCTA
ttATGTGCGGAAGACCAGCTGC
aacGCAGCTGGTCTTCCGCACAT
ttCGGAGAGCCATACCGATGTC
aacGACATCGGTATGGCTCTCCG

http://journals.im.ac.cn/cjben
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37 CHK 14 h J5, BEYLPRECE TR #1TH
KL Sanger M %5, B 48 5 25 R R BHE ) 2. 5
BET VRS KA SR, i IO N B Z= Bk 4 BUa )
ERERPAT A LW TR IR, EEE .
1.2.4  FELEE RN 45 =F B 4T 4E 40 Al

IRl 20 2 S A BT A 4 A 4% 7E 60 mm
YA AR, SR KB R 90% I HIE
A RGP, T 2P IO RS e AT 2 A0
BRSPS . WM. H PBS V& Uk 2 i
YRR . A | mL BRI AL 4RI . T 4 i
I AB DO 350xg, 5 min), i,
T[] 250 AN 800 uL Opti-MEM W4T 4 fifg
JEEL, EE FARERE . A 600 pL HFE R IR
5710 pg oL, FiRFHE 10 min, FAMSH
R TR, i/ BTX ECM2001 4iffiH
A AL (510 V. 2 ms 1K), Z0HIAE 4 Cif
B 10 min VK LG S 40 B F 60 mm KF SR,
A 3 mL 555 . B0 40 i 8% 5= LA A il
MIHCE T 37 CL 5% CO Bi g K 24h 5
UL £ R 5 D T 460 i 35 9 B G R TR
i % 48 h J5 FEUS N 25 ng/mL blasticidin fifi &
48 h J5 AR A5 B 41 A
1.2.5 #4R%E{is PCR =% Sanger |5

TSN 1 mL BEEFIH AL 4 min, X
FTAML 5 20 (2 000xg, 10 min), P 43
PRI 2 8 Ui 0) G 4 A i 6 [ 4 DNA (3%
3G IS s Ok D1 H AR DNA JP41, %
PCR =¥kt st R A YRt B A IR A R kAT
Sanger | ¥,
1.2.6 T-A SEFEHN

Sanger T BB 2 007 1 ) R O
PEAT T-A 5@ BN B Ry vt b 5 1 A7 A5 1% 2
TR L SRR A A AR R 4 DNA Jf-a AT
H AR Bt PCR ¥4, 10 g/L B g Wi i v vk e
B atif, #E B iR BOE ARSI A RFRDIE

&: 010-64807509

FivEARuG, T #UA, KSR IEAK
AT I B2 B4 (E. coli DH50), 37 ‘CHi35id
W, PRBCATERE R A E A 2 mL LB 18555 6 h
ik 2L R YR A BR A F 4T Sanger
¥ o P25 R4 X R TR S R 28 AR 850K

2 BER540

2.1 BRILHE LR F AL AT 4E R R Y 1S 5

K FHZA 20 BE VL 43 B8 S AR U 4T i At i, 4
SUERTFRILERE SR 2 d J5, S~ B
FNHLBUh G AN E B s A, TS
Kigt 4 d R (K 2A), 4% R3] 60%, 4ijE
EAREWEN, 2RI, Wi Lagib, 1F
I A S A TR A 21K 2 d S5 (] 2B)
KR F7 96k 4 7 2T 4 20 MR S e . T ZRIE M
AR RAF, 2 B BT AR A R AR o
YN
2.2 sgRNA RiZHEKMWEEEE

LMk PCR 5K (A 3), ke
14 900 bp B HBYZcH, SEMAIE % . RIEH
BRI B 5w B PR V& 64T 0 B Sanger WU, 3542
sgRNA H BEIYFS) . 8 505 7 4 5 925 15
AT (E 4y, X R KPR FecB 3 A
sgRNA 21 ffd 28 A4 48 2 1 20 -

%3 FecB# GDF9 EE BS54
Table 3 Primers for genotyping and amplifying
Cas9/sgRNA targeted FecB and GDF9 gene
fragments

Primer Sequence (5'—3")

FecB-F AGGTCCAGAGGACGATAGCA

FecB-R AGGAAACCCTGAACATCGCTAA

GDF9-G1-F CAGTGTTGTAGAGGTGGCGT

GDF9-G1-R TGGTTTTGCTGCTTTGCCTG

GDF9-G4-F GGAATATTCACATGTCTGTAAATTTTA
CATGTTCG

GDF9-G4-R GAGGGAATGCCACCTGTGAAAAGCC

GDF9-G8-F GGTCTTGGCACTGAGGAGTC

GDF9-G8-R ACACCCTCAGCAGCTTCTTC

B<: cjb@im.ac.cn
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B 2 BRALHE 45 F R 4T 4 LA B 3R (40%)

A JFAREESR. B USSR

Figure 2 Ouler Tibetan sheep fibroblast cell line (40%). A: Primary culture. B: Subculture.

bp M 1

14 900 bp

3 FRAEGYIERIKMEM  M:DNA FX 55
IhRAE. 1. BspQI BFVIZk M {2k i
Figure 3 Plasmid digestion electrophoresis. M:

Trans8K"™ Plus DNA marker. 1: BspQI digestion of
linearized vectors.

2.3 sgRNA RIEHBAKFZLMME FecB.
GDF9 £ F L s =T

Blasticidin Z5¥) i g4 48 h 5, KB4
MRAET, 4600 A A0 PE UL R 41 DNA, i ]
T PR LG g SR 2 B R B 3R 2 1 FecB
RN . GDF9 3:H HFR 7 59 1 51 P38 KB
PCR /=¥, JF%& 10 g/L BEIRWEEE HIK)G
PCR 1Y 567 K/NE 5), 5Egmfii 4 iR
FbXt, B IERR PCR F=#i#E4T Sanger Il 7,
i DNAMAN 3R A PCR B9 P45 2R 5

http://journals.im.ac.cn/cjben

NCBI $0H FE 45 °F FecB B A4 R KL R4 T L X,
Iy 28 3 8 7R (8] 6), epi-ABEmax &5 7 11
+T 0 A S G E BT I A G XA
Y1 WT RIBELS U, a5 R FER B iR s my iR

FecB-sgRNA

TTTTATAT CAGACGGTGTTGAT GGTT
GDF9-G1-sgRNA

TTTAGCGCAAAGCTCT GTCAT CGTT
GDF9-G4-sgRNA

TTTATGTGCGGAAGACCAGC T TGC GTT
GDF9-G8-sgRNA

TTTCGGAGAGCCATACCGATGT CGTT

4 FecB-sgRNA-epi-ABEmax 1 GDF9-sgRNA-
epi-BE4max #H /K Sanger MFLER  FUAFRICHE
Y

Figure 4 Sanger sequencing results of FecB-sgRNA-

epi-ABEmax and GDF9-sgRNA-epi-BE4max vectors.
The restriction sites are marked in italics.
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bp M 123456 bp

587

300

285 623

5 HME GDFY9 5 FecB B4LI5 PCRETELER  A: GDFI KL 5 PCR % E 45 . M: Trans2K”
Plus DNA marker; 1: GDF9-G1-sgRNA BHVEXT AR ; 2. GDF9-Gl-epi-BE4max; 3: GDF9-G4-sgRNA [
PEXT IR s 4. GDF9-G4-epi-BE4max; 5: GDF9-G8-sgRNA FHEXT R ; 6. GDF9-G8-epi-BE4max. B: FecB
B 5 PCR % 5E 45 9. M: Trans2K® Plus DNA marker; 1: FecB [I¥EXI#R; 2. FecB-epi-ABEmax

Figure 5 PCR identification results of GDF9 and FecB target sites. A: PCR identification results of GDF9
target sites. M: Trans2K® Plus DNA marker; 1: GDF9-Gl-sgRNA negative control; 2:
GDF9-Gl-epi-BE4max; 3: GDF9-G4-sgRNA negative control; 4: GDF9-G4-epi-BE4max; 5:
GDF9-G8-sgRNA negative control; 6: GDF9-G8-epi-BE4max. B: PCR identification results of FecB target

sites. M: Trans2K" Plus DNA marker; 1: FecB negative control; 2: FecB-epi-ABEmax.

MRS (A) T T S B S5 A8, AN A 9 G
F SIS (G), P45 R B8, £ BE4max
T TR G1. G4 F1 G8 FEARR F47 25 35
WESNE, Hi G4 A EZE S, by
I H AR A5 1 e E (C) R S IEERA (GBI E
BT S RS AR, MUK B G i A i e e e
(T)FIAR IS (A), VA FZ5RUESE T ABEmax 5
BE4max RSV 4L FecB. GDF9 3:HA —5&
1) & R o
24 FecB. GDF9 EFEALS T-A TTrEN
FERD

FecB FEH T-A se ¥ 45 1 B (K 7),
9 MREMCA A R KA B AE, 14 AFEM,
R ICEE G R K A 97, epi-ABEmax 45 4 4
B 4 5+T7 A7, HERL P SR OR IR F
39.13% (9/23). GDF9 FE[H T-A g [ 545
T, G107 38 MAREEH A L 4 4 1E

&: 010-64807509

AR 1A EHEHARRAE, AR R 10.52%:;
G4 i 15 DMAMEE R HI 4 N IER AR,
1 NMEEWRRE, AMFRBERER 26.67%;
G8 i 11 25 DA R P 2 N EEIER
A VAN EEERREA, A EEN 8.00%,
3 b

A EARCD) ZNHTREDUR .
DR OR[N R B A A NI 1 N N2l =
THRENARBAEFTFHEAKRR, LEHET
ZFN (BEI8 W R ) . TALENSs (5% s 306 X
TRERUN W A% FR ) A1 CRISPR/Cas9 =43 [H
B RIS IR MM R AR T N ABE
ity I R AR B FLAR R R W54 . SP110 A
YA T NRAMPT LR SR B3 45 4% 15
ARSI 2 2877 S B EL S IR B R
2020 4F AL T AR N B R E Al A b A 4
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FecB

ACA G AAATATAT ACGGTGTTGATGAGGCATG AA

GDF9-G1 (©)

ACAT qTGcW@TmIAGACCAGCRGCAG

GDF9-G4

Bl6 PAAMFER kB hREHA LA PAM KEPRC FRIZ
Figure 6 Sequencing peak diagram of target sites. The arrow points to the target mutation; the PAM area is
marked with an underscore.

FecB Frequency
WT TATATCAGACGGTGTTGATG
ABEmax TATATCGGACGGTGTTGATG 9/23
GDF9-G1
WT TAGCGCAAAGCTCTGACATCTGG
TAGTGCAAAGCTCTGACATCTGG 4/38
BE4max
TAGCGTAAAGCTCTGACATCTGG 1/38
GDF9-G4
WT ATGTGCGGAAGACCAGCTGCAGC
ATGTGCGAAAGACCAGCTGCAGC 4/15
BE4max ATGTGCAGAAGACCAGCTGCAGC 1/15
ATGTACGGAAGACCAGCTGCAGC 0/15
GDF9-G8
WT CGGAGAGCCATACCGATGTCCGA
CGGAAAGCCATACCGATGTCCGA 2/25
BE4max |
CGGAGAACCATACCGATGTCCGA 1/25

7 E[@ FecB 1 GDF9 EL = HmiBHE
Figure 7 The editing efficiency of FecB 1 GDF9 genes at each point.
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M5 2% o X AT RE BT 28 60 A ) B R IR
e 15 APOBECI M2 i (1) R 5 1 TC 5
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B R & A indels BUHAD AR FUH 2842 (n € 3] G
5 A), A HFR S A8 19~ 4 5 APOBECT Jii
BB R TEPEA MO, TS ¢ B T
FFFY (R T-C F#3), 1 G8 fixi, wlffi i
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MmiXFF G1 17 45.(G-C #51), vl BE-PACE
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P B PR| F xCas9-ABE. ABEmax4 .
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A, T-A seBER I T G453 &k 9/23
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