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transcription factor 2b)E R J5, 3R45 7 WLIE 4 56 4=
ok A KR E I L R E AR g A
BE A, B R B K AR At 5t i A1) FH CRISPR/
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A (forkhead box L2b-A)M foxI2b-B (forkhead box
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28°C T £% 7%, 5dpf (day post fertilization)®!] 14dpfiH]
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73 ) K #£48hpf. 72hpf. 96hpfAl 120hpfi] 4l
B RASRANET RIS S0 R E TR E T, T
—80°C fRAF. K HI TRIzoliZ%: it HUHE JIE & RNA, {4
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R 1 D& runx2bEEREASMSIIFIIER
Tab. 1 The target site and primer sequence information of runx2b
gene in zebrafish

P B
SEB H P iRl ETEY) KA
Gene Target sequence Primer (5—3") Product
size (bp)
runx2b-1 CAGGGCCAAACG CTGGATGACTCTC 588
CAGATTAC CGAAGGC
ACTGCTTTTATAC
CAGCCAAACT
runx2b-2 TCAGCAGCAGCAG CAAACTCATCAG 367
GACGGCG ACTGCAGCG
CGCGACCGGTAG
GGTTTTAT
runx2b-3 AGGCTCAATCTTC TCAGTAGGAATG 312
CCCACCA GCAGATAA
ATCGCTGATGGA
GGGCAGAC
runx2b-4 CATGTCAGCAGAA AAGGGTCACCAG 375
CTTCTTC AAACCACG
CTTTCAGCTTGCA
CACACCC
runx2b-5 TATTACCTGTAAT CTGGATGACTCTC 588
CTGCGTT CGAAGGC
ACTGCTTTTATAC
CAGCCAAACT
runx2b-6 GATCTGAAGGAAC TCAGTAGGAATG 312
AAACAAG GCAGATAA
ATCGCTGATGGA
GGGCAGAC
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wiper) /% % 5 HHcDNA. LA B-actin’y 4 %, I Hieff”
gPCR SYBR Green Master Mix (Low Rox Plus)f&: il
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BV B3N Y% E S . RT-qPCRT QuantStudio
6 Flex Real-Time PCRAZ: i 47 . A2 4yl
Sy, TR H R AR Rk
1.6 Western Blot4&|

3 | K £E Sdp R 60dpfTr) 4 £ 5% A8 A il B A 7Y
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2h, B T TBSTH BE4% D387, I 4 $T Runx2b AN
Actinfi /K4 C 8 R % &1 &, TBSTIEBE; I AHRP-
conjugated Goat anti-Rabbit IgG (H+L) - 1T & il ¥
JE R R I% & 45min, TBSTIE B, IIANECL S, i@
it Tanonft. 5 K BG40 Hr R G gk AT I b4 .
1.7 BIEHF

AT 5T BT 45 52 56 204 3 HH GraphPad Prism
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Tab. 2 Primer sequences of skeletal development related genes
for RT-qPCR

8.0. 2 M IHEAT it 7 M, ¥ LI E b il Z 3R0R,
N SIS EHE BT B8, P<0.05% R 25 53, P<0.01
NEFWEE,

2 45

2.1 FREEMEREMAEEE 94

FEPES X I runxc2b 2 IR R 64 B 5 3
AT s o3 S, ASE I 25 S S TR B AT A 34 AN AR SR AR
R AL, MR R BORIE T5% A L, T HAth
A SRR ACEAE60% LA R (B 1) HTEB1IN MR T
b B R AR TE AT — DI RE R, BT DLIE A T
runx2b& [KIPHA032473h g 38 55 64N 4 2 7 B 1
B 33T R B2 (] 2).

YRR A K 2 H R, A3 70 EA
AT I 20 M, 45 5 BoR, 19 AN A g 48 R R AE
80%LA I, 23 B/MATE10%—80% (£ 3). fifiide 4

HiEs

50 r ‘ ’j[‘

100

iR
Editing efficiency (%)

F A Skl ENUPREFNAN
Gene Primer sequence (5'—3") Product size (bp)
alpl GGGAATCGTCACAACAACGC 115 \0 *0’”’ ‘0% > X ‘o’s ‘o’b
GCTCTGCAGTGCTTCATTGG *\W J‘\Q \N@' \NO {\Q/ ‘\@
entpdSa AGCTTGCGGTCTCATGGAAA 194 ™ o o o o o
CGCGAACAGTTCTTTGGGTG
sp7 CGGGAGGTCTTCTTGCGATT 127 1 CBEMJZRFFL 2hIE 64N B S5 F AL [ G 2 R
TTTACCGTACACCTTOCCGE ] AT 1) A8 runx 2b 35 [K] 61 HE s F AR S B R0
p-actin - GGCATCACACCTTCTACAA 208 Fig. 1 CBE editing efficiency of six targets of runx2b gene in
GAGTCCATCACAATACCAGTA zebrafish
runx2b gene
Exon 1 2 3 4 S5 6 7
—— M —— A A A T —
Runt PHA03247 RunxI
AEGCTC AATCTTCCCCACCA
AGGCTT\ ATCTTCCCCACCA
Wild type
Mutant F,

Mutant F, M WV /\/\/\/\ /\/\

B2 BT runx2bt K sgRNABEAT ST /R =
Fig.2 Schematic dlagram of the ngNA target location in the runx2b of zebrafish

The edited locus (CAA—TAA) is indicated by grey highlighting
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BRLE0% LA L IF AR AR/ 5 AZ BHAF 1R 45
RN, FARIUFE R & T Rai &1 A AR R,
HF AR & N RIET70%0L b o $E A7 A 9 A8 R AE
90% LA L [HF AN 3 A8 7= R Fo AR, JERT 48 &, M4

% 3 CBEZEND & runx2b-358 S F R A ARIESER

Tab. 3 Editing efficiency of runx2b-3 across the F generation of
zebrafish using CBE

N Foft
Editing efficiency F, generation
<10(%) 28
[10—80) 23
[80—100] 19

Wild type

RAFRIIIEI0% LA | o 5B A TUAR b, 25 AR 4
H A TERE, hReI B (K 3).
22 RTEHRFRBSH

T W EEH] FH CBEHE A 2 8 runx2b 58 28 14
PRI, X EF AT Py FORIF AR R AR T 76 2
EBR . ERER, SEARML, FARAR
PP L] S 5 3 b, Bk A 22 ML ] )
B11—28HR, 4 M 10—334 (K] 4BAIZEK 4), HLiE] A
SEOR2155% . F) I CBES: A K 2 1 runx2b 5848
&, ZEF AT LSRR 70% L 4 &1, HF AR4iE
TR AL TR) A 4 5B Bk 2 (B 4C). FIRE, 1B Gt
F AR RAZ R AAEAENL A5, % B CBEH AR 2 1

Mutant

K3 EAE AR B Runx2b A A &5 Hon = K

Fig.3 Schematic representation of the Runx2b protein structures of wild-type and mutant

\

N

4 BPARI(A). FyfCREFIRB). FAN(C)RIF A4 & 1 (D)BE i 78 2 208 B8 e (o 73 B (37 Sk s N LT )
Fig. 4 Alizarin red skeleton staining of the wild-type zebrafish (A), F, mutants (B), F, (C), and F, homozygote (D) (The arrows indicate

intermuscular bones)



12 4 PV TR A8 2 T M kvt 4 2R A T TG UL ) R £ i 2R 5

FRAF AT L] ) 7 1Y 1] F2 g 1 4% (] 4D).
23 EFEFMEBRESH

AN T — BT CBEYR 8 runx 2b X 1K FH 9%
PR KAk W 2, AW 55 F) FH RT-qPCRAN Western
Blotfa il #H 5% 3% X 1 2 15 . Western Blot4h Ht &7
Runx2b %k (A7ESdpf160dp I S84 7R A FRIE (A 5).
RT-qPCR& R 07 5 BF A AR EL, RAZ A4 B AH 5%
FK(alpl. entpd5a. sp7)HIFRIEEERZE T, 47 b

FTid, CBERENS A 20 2 45 B 15 1 runx 2bFE R, $2 0
2k E AR

3 iTig
3.1 FAEWEERIE RS CBER R A EA
CRISPR/Cas9 £ 4t /& H i # iz Al I i 258 =A%

KA R, HZRGR e E B =
() 9788 SR 1k B35 DR S 88 ED AL, 5 368 R oL 5

*4 HERNFAREHBEDEMALERKE

Tab. 4 The number of intermuscular bones in the wild-type zebrafish and mutant of F, generation

FEARGS  EMBES T EC MRk S /N

T AL e o £

AT ANEE HUKS N EE AL ] s

Sample ID Epineurals (LSB) Epipleurals (LSB) Number of IBs (LSB) Epineurals (RSB) Epipleurals (RSB) Number of IBs (RSB)

WT 2740 17+1 44+1 27+1 17+1 4441
Fy-1 8 10 18 15 4 19
Fy-2 14 10 24 15 10 25
Fy-3 13 11 24 5 9 14
Fyp-4 9 9 18 17 12 29
Fy-5 10 13 23 16 17 33
Fy-6 8 6 14 10
Fo-7 10 1 11 13
Fy-8 6 5 11 10 9 19
Fy-9 18 10 28 12 13 25
Fy-10 10 17 27 16 13 29
Fy-11 9 2 11 12 1 13
Fo F{H 10+3 9+5 19+7 12+4 95 2148
alpl entpdSa
1.5 1 Wild type ZA Mutant 1.5 ¢ 1 Wild type ZA Mutant
ns
[ sk ns
g i $k * l g kol _ s
o [/ o
ks '% 0.5 1 g * % 051
-2 ’ -2 a
0 . . / 0 . . :
48hpf  72hpf  96hpf 120 hpf 48hpf  72hpf  96hpf 120 hpf
sp7
1.5 1 Wild type ZA Mutant
. 5 dpfa&jix 60 dpfZEBIILIA
sk o
=] %k - . .
k= Wild type Mutant Wild type Mutant
w2 oL =z T T
X & X
K5 | — - Runx2b
=2
£3E 05t
&
a eses e | ..
0 .

48hpf 72hpf 96 hpf 120 hpf

K5 B A %3k R A Runx 2b A 72 B A2 M R3S K N BRI 7 #r
Fig. 5 Relative expression of osteogenic genes and Runx2b protein expression levels
**P<0.05, *P<0.01
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CONSTRUCTION OF FISH WITHOUT INTERMUSCULAR BONES BASED ON
CYTOSINE BASE EDITING SYSTEM
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College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China; 2. Base Therapeutics,

Shanghai 200120, China; 3. Hubei Hongshan Laboratory, Wuhan 430070, China; 4. Hubei Province
Famous Fish Breeding and Healthy Aquaculture Engineering Technology
Research Center, Wuhan 430070, China)

Abstract: To verify the editing effect of new cytosine base editor (CBE) in fish, this study took the runx2b that regu-
lates the formation of intermuscular bones (IBs) in fish as the target gene, and explored its editing efficiency, pheno-
type and related gene expression on the constructed mutation zebrafish line. The results showed that the mutation effi-
ciency in the F,, generation was 60%. Skeletal staining demonstrated a 55% reduction in IBs in F;, generation mutants
compared to wild-type controls. In the F; generation produced by self-crossing of the F,, generation, only heterozygotes
and homozygotes were observed, with homozygotes exhibiting completely IBs absence and stable inheritance across
generations. Western Blot analysis confirmed the absence of runx2b protein in mutant, while RT-qPCR showed signifi-
cantly downregulated expression of osteoblast differentiation and mineralization-related genes (entpdSa, sp7, and alpl)
in mutants. The results indicate that CBE not only achieves high editing efficiency in fish, but also enables IBs free
phenotypes, shortens homozygotes generation time, and expands the utility of base editing in aquatic species. This
study provides a foundation for applying GE in breeding economic fish.
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