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Tab.1 SgRNA target sequences and primer sequences for genes

514 FR Primer 519741 Sequence JHi% Usage R AGRE Tm/C
Target-omd taatacgacicactataGGCCGACC o [ L A 60
AAAAAAGCCCGGgttttagagetagaa
0Oligo2 AAAAGCACCGACTCGGTGCCACT
TTTTCAAGTTGATAACGGACTAGCC A 18 gRNA 60
TTATTTTAACTTGCTATTTCTAGCTCT
AAAAC
omd-GT-F TGTAAAACGACGGCCAGTCAACCAACA BB 55
AGGAATGGAAG
omd-GT-R GTGTCTTCTACTACGCTTACAGATGTTTC A IE 55
omd-F2 ACTTGGCCTCCGAGAGAGAT PCR 60
omd-R2 GCGAAGGGATAAGACGAGGG PCR 60
elf-F CTTCTCAGGCTGACTGTG e 60
elf-R CTTCTCAGGCTGACTGTGC e 60
omd1-F GGCTTCACTGAGGTCACCGA PREE IR 62
omd1-T7R TAATACGACTCACTATAGGGGGTGG
TCGCAATACATGGCG PREA 62
1.2.2 M RNA4RER F2,0md-R2) o AHXS Ik 5 R H] 27 5 #4713

A3 R B S0 H 1 dpf (9 HEBG F1 S0 B 5. 10,
15.20.25.30.35 145 dpf {7 2L RNA . 44
BE L f1 A [) 20 2B S RNA SR B, 1671 3 H I3 Y B
AERIBEE 015 B2, o BIHBOCE R Bk B LA
B 5 6E HRAE IR L RS R . B omd
FH PR A WY A= RUBRE ) £0 KT omd ™4 BB i B2 BKE 5
fa i Fik2s 5 I3 AR D& 3 8, irli
(L LU AR R L. S B8 Trizol 35 Ui W
FRAR L T IR B SR RNA Y 1% B BE
L Pk Ok i B RNA B B A 52 B M R
Nanodrop 2000 {#5ll & RNA ¥
1.2.3 35S DL 9O E # RT-qPCR

FI 0 SR 50 £ (R323-01-AA , T MERE )t
1 wg & RNA JC#E i cDNA. % )t 2 & RT-qPCR
W 3ANEE , R 20 pLigiE& 2, #H BIO-RED
QPCR XA, Lhelf E RN S LK (T 514 elf-F,
elf-R) , % omd FE R HEATAR X 2 5 (I FH 514 omd-

B8, A8 Prism 6 Kb 3 HIAEREIR e 1B 9T H 43
Mr 28 5% 2 k2
1.2.4 CRISPR/Cas9 % AR R BRHE D £ omd FEH
Z: 2% SCHR[ 10, 13 ] 05 15, SE R UCSC 935
BT EE ) £ omd FE R ) R HE 05, 5 190 7 410 WL 2
1. Z J& fdi | HiScribe T7 High Yield RNA
Synthesis Kit iX 7] & (NEB 2 @) %f |4 PCR =
Yy ot AT R S 5%, ] RNA Clean & Concentrator
Kit {7 & (Zymo Research /A F] ) 4lifb % 5% 7=y ,
A% sgRNA. SRJ5RH Xba 1 B (NEB /A #] )X}
T3 JitA pT3TS-nCas9n, 7€ 37 CAAMF FEEYI 3 h,
fifi Ho 2k ¥4k . JH PCR Purification Kit i 7 £
(QIAGEN 72~ w] ) 4lifb B 1) 7= 4 o {1 F] HiScribe
T7 High Yield RNA Synthesis Kit 171 & (NEB 2%
w]) X2l AT RSN 5k . FIRNA Clean &
Concentrator Kit i) & (Zymo Research 23 ] ) 4fifk
k=W, 3815 Cas9 mRNA, 1 J5 K sgRNA F
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SRR EREE S R ICP IS (LR FE LM%
%), R B TR RO B A
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Relative expression of omd genes in zebrafish at early developmental stages (a) and in different tissues of the adult (b) ; In (a)

figure, 1dpf was used as the reference for comparative calculations, and in (b) figure, the dorsal fin was used as the reference for

comparative calculations; **#*P < 0. 000 1,***P < (. 001,"ns" represents no significant difference.
Bl omdEREHDSERHAREMBRFMMERRERNRIE

Fig.1 omd gene expression in different tissues during early developmental stages and adult zebrafish
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1-4 [ S B Al R 8], LU R 250 um 3 5-8,9-12,13—16,17-20 435Il g % 157 11 €5 07 HE A 86 5 HEAAR ik = Fnar LAY 1 38 42

A0 R, FEf R 50 o F1E T HEFRZRBORAY X4k

In the whole zebrafish longitudinal section, iF488 was the localization expression of FITC-labeled omd gene, DAPI was the
localization expression of the nucleus, and the sense strand was used as the control group. Numbers 1-4 are confocal
magnifications with scale bars of 250 wm; Numbers 5-8, 9-12, 13-16, and 17-20 are confocal 40X magnification images of the

medullary arch, vertebral body, pulse arch, and red muscle corresponding to the white box, respectively; scale bar: 50 wm. The

white box represents the enlarged area.

BRI omd BEEHRK SR ZET

Plate I Fluorescence in sifu hybridization for the omd gene
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gRNA target site
(-11bp) omd gene product

Sequence alignment of omd protein products
WT OMD -.... PDRPKKPGGSKAIDTEV*  40laa

(-11bp) OMD ...... PDRPKKOGY* 393aa
(a) (@
L5c BAER WT
§ [ = WA omd
600 '%‘ -
o o
Omd+/+ 450 K % 1. 0 |
300 T o
WT >
308bp 150 = E 0.5
| L 0 &
0
WT omd"~
(b) (d)

(a) omd J [H ) R IR 0 A, 55 B A TR0 50E 6 100 179 5 DRI 2R 1A B3 mi B 78 (9 BRE 5 SE PRI 11 bp DA R (IR GA 2 1k 5 (b) 1%
JEF A 9 308 bp, 2 5 S B R A s B3 45 A R 5 (o) P A BURT omd ™ 4l w R Y A0 BE 2D 4115 (d) omd F5 P9 B BRIGIE
FEA R 200 pm, *#%%P < 0. 000 1,

(a) Figure shows the omd gene knockout target, compared with the wild—type zebrafish gene and protein, the knockout zebrafish

gene deletion 11 bp and protein expression termination; number 1 of (b) figure is wild—type 308 bp, and number 2 of (b) figure is
effective knockout of E3; (¢) Figure shows wild—type and omd™ zebrafish; (d) Figure shows omd gene knockout validation. The
scale bar is 200 pm, ****P < (. 000 1.

2 FFHCRISPR/Cas9 B omd " HEHBRANIARR
Fig.2 CRISPR/Cas9-mediated omd™ zebrafish

(a)
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(a) 151 4553 S A B BE 2 61 Rl omd ™ 445 R R B S 2 O AR, 25 1 5 5 43 ) £ U B 6 61 Rl omd ™ 245
53 it ZR B 0 (LA R R, 35 645 3 il 2 T A RUBRE B 01 0 omd ™ A RS i R B £ T JILAY R AL 5 (b) WP A BB o
0 omd ™4l R FR B LA RO BE 0T (o) 5 A B 5 £ T omd ™40 F il Bk i 2R 3 ) 0 2T LA IR S A S ).
FEAIR 200 pmo "ns"fRFTC B FHEE R

Numbers1 and 4 of (a) figure are the longitudinal slices of wild—type and omd™" zebrafish. Numbers 2 and 5 of (a) figure are the
magnification plots of white muscle of wild—type and omd ™" zebrafish. Numbers 3 and 6 of (a) figure are the magnification plots of red
muscle of wild—type and omd™" zebrafish; (b) Figure shows count of white muscle cells in wild—type and omd ™ zebrafish; (c) Figure
shows count of red muscle cells in wild—type and omd ™" zebrafish. The scale bar is 200 um. "ns" represents no significant difference.

BRI HEEMSEFomd HAERKBMARIEMALAXT

Plate I Muscle comparison of wild—type zebrafish and omd™~ zebrafish

R
NN

N\

(a;

(a) 151352 20 dpf AP AR TUBEED 160 A0 omd ™ SlF BB Al R 500 1 €00 BE AR BT, 255 A1 450312 2 A3 A AR OR B 5 (b) 1
5 34542 30 dpf A EF A BUBE A7 F omd 4G RIS & B BE S £ SRR IR, 2 5 R 4 54 iR 2 5 BB AR ORI 5 (¢) 15
350 2 i AR U BE D £ ] omd Al RS A R BE D £ AR R, 250 4 A3 iR 2 A I R ORIAL s (d) 1S R3S
2 3 W (1 B A BB B A ) omd 405 RIS i R BE T £ R ORI, 245 R 445 43 2 A R AR SOR L . LR Dl 200 e
Numbers 1 and 3 of (a) figure show the whole body of 20 dpf wild—type and omd™ zebrafish, while numbers 2 and 4 of (a) figure
show the vertebral column magnification of 2X 3 Numbers 1 and 3 of (b) figure show the whole body of 30 dpf wild—type and omd™"
zebrafish, while numbers 2 and 4 of (b) figure show the vertebral column magnification of 2X 3 Numbers 1 and 3 of (¢) figure
show the whole body of 2-month—old wild-type and omd™ zebrafish, while numbers 2 and 4 of (¢) figure show the vertebral
column magnification of 2X 3 Numbers 1 and 3 of (d) figure show the whole body of 3—month—old wild-type and omd™" zebrafish,
while numbers 2 and 4 of (d) figure show the vertebral column magnification of 2X. The scale bar is 200 pm.
BRI ARENEHEEMISGTFond AEHKRREARIENEREE

Plate I Bone staining of wild—type zebrafish and omd™~ zebrafish at different stages
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(e) (£

(a) FAE AT B B BB YL D (57 B P 5 (b)) A 6 PR S 88 1) S 24 K 5 (o) AR B R S A2 A ) S S B2 5 () 8
J R A (- P R 5 (e ) 1 B0 S O SE )T 3 SR 5 () FR AT B s SR A~ 3 F o LEIR 200 pome "ns" R TE .

FMER.

(a) Figure shows a schematic of the selected measurement positions of vertebral column, tail rod bone, scales, and fins; (b)

Figure shows the average transverse length of the selected part of the vertebral column. (c¢) Figure shows average longitudinal

length of selected parts of vertebral column; (d) Figure shows average circumference of selected parts of the scale; (e) Figure

shows average circumference of selected parts of the dorsal fin; (f) Figure shows average circumference of the selected part of the

tail rod bone. The scale bar is 200 pwm. "ns" represents no significant difference.

B IV FERBRDEMomd  HEREKRFERDENAR RS BRESNE

Plate [V Skeletal morphometry in different parts of wild—type and omd™~ zebrafish
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The red asterisk in number 1 of (a) figure is the selected part. Number 2 of (a)figure is the magnified view of the vertebral column
and tail rod bone of zebrafish. Number 3 of (a) figure is the magnified view of the selected scales of zebrafish. Number 4 of (a)
figure is the magnified view of the dorsal fin of zebrafish. (b) figure shows the Agligent icpms solid element analyzer measuring the
calcium content of zebrafish. (c¢)Figure shows the average calcium content of selected parts of the zebrafish vertebral column; (d)
Figure shows the statistical results of average calcium content in selected parts of zebrafish tail rod bone; (e) Figure shows the
average calcium content of selected parts of zebrafish dorsal fin; (f) Figure shows the statistical results of average calcium content
in selected parts of zebrafish scales. The scale bar is 200 pwm. The red asterisk represents the point where the calcium content was
selected for measurement; **P < 0. 01, "ns" represents no significant difference.
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Plate V Determination of calcium content in different parts of wild—type zebrafish and omd™ zebrafish
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(a) Figure shows the average swimming distance statistics of wild—type and omd™ zebrafish, the data are shown as mean =+

standard deviation (n=6,* P < 0. 05)

; (b) Figure shows the average swimming speed statistics of wild—type and omd ™ zebrafish,

the data are shown as mean + standard deviation (n=6, ** P < 0.01); (c) Figure shows the relative immobility time statistics of

wild-type and omd™" zebrafish, and the data are shown as mean # standard deviation (n=6, * P < 0.05) ; (d) Figure shows the

motion trajectories of wild—type and omd™ zebrafish.
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Fig.3 Wild-type zebrafish and omd™~ zebrafish swimming behavior monitoring at 3 months
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iron content, serum ferritin and bone mineral density in

The effect of omd gene on the bone mineralization in zebrafish

WANG Qi]'z, CHE ]inyuanl‘z, BAO Baolongl‘2

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghat 201306, China; 2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: The omd gene encodes osteomodulin, which regulates mineralization in human bone. However,
the effect of omd gene on bone mineralization in fish is still unclear. To explore the effect of omd gene on fish
skeleton, we investigated the expression of omd gene in different developmental stages and different tissues of
zebrafish. Using CRISPR/Cas9 gene editing technology, we constructed omd gene knockout zebrafish
(omd” ). The results showed that the expression of omd gene gradually increased with development in
zebrafish, and the expression was higher in vertebral column and muscle. Compared with the wild-type
zebrafish, no significant changes were found in bone morphology and tail muscle structure of omd ™ zebrafish,
and the calcium content of the vertebral column was down-regulated by 59. 81%. Compared with the wild
type, the average swimming distance and swimming speed of omd™ zebrafish decreased by 33.93% and
39.44%, respectively, while the relative stationary time increased by 88.26%, and the swimming ability
decreased. These results suggest that the deletion of omd gene affects mineralization of the vertebral column
of zebrafish and affects the mobility of zebrafish to a certain extent.

Key words: omd; zebrafish; bone; mineralization; swimming
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