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pcolcea 1 peolceb X AR S & FHEA B HPRITHEE T

IxXFHF, HFER, HEW, FE", Z&HELY
(1. SRl K 2K = 22, AR AR SR K A & E B AR =,
KALE U KK AL P st R SR A 0 LRI Sy, ik 2000 430070;
2.dEEk I sEER =, WAL B 4300705
3. LR A A B Al S i R AR AR A A0y, WA L 430070)

e (B B aXREEAHEEET (PCOLCE) # 2 # A (pcolcea Fn
peolceb) LB ERHATRWNER. [ 5] RAEWMELEF2N. EMALER. REE
# PCR. CRISPR/Cas9 % [ 47 48 & % 4 A1+ H AW Z 43 36 % 207 B8R For 5230 F B DL oA 4 3
I # pcolcea 71 pcolceb FLH W) 5 FIFFAE. B ESEM . ARKEURGRFATETFHRLETN
Bl [ %% | peolcea % peolceb % = EA A M. AHFMBER, 5HEDED 6 4
th., peolcea ” 3& Tt %0 peolcea " peolceb W R A L BB B F L E MK, T peolceb
WMLaERARMILETE EWZ R, & peolcea”  RAGKME REAEE &, bmplb. collala.
colla2. runx2b. alpl. sp7 2L F W ki B 2 TR, & pcolcea ; pcolceb ™ W % & 1K th B 3
MF W, bmplb. collala. collalb. colla2. runx2b. entpdS5a. bglap. sp7 3 B #y 5 3k #
PEMTEHAAMD &, [ 4510 ] peolcea E etk 2B D & & ALY EFH
., H pcolcea Fu pcolceb ZLFH W Bl Bt 6k &2 8 FmEZ KA . KRB\ T T peolcea Fn
peolceb AL & FRHABTHHIER, h#—FPHARELFHRATN S TRENARET
HERAE.
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¥ i 50 %

HORE A C AT, 2 G U HE Bl 20 A B ot 2 2
21 Yk J 57 WL TR FTR R C AR A TEAS
&4 H 1 (bone morphogenetic protein 1, BMP1)
FUAH OC 42 J& 28 11l BT $2 ik 19 pCPs ¥ 4 1) 15,
PCOLCE J2 il i H: CUB %5 #4) 38, 5 W 5 Jit 11 £
C-Ri AR K A B2 38 15 HE NTR 546 38 5 1T 2% 5 R s 4%
A, kR BMP-1 093EPE, (el i 4 i sy,
AT S S5 A 1 A B

PCOLCE 7 7 1 B U 25 111 45 45 2H 2R

AHAHAR PG RFER, BREEA TR IER
TR, HRIR IR 5 22 BRI 4 K LRk A

* . Xiang %" & Bl PCOLCE 7£ 15 J& Jih J83 20 21
Fak B, B — R Y SR i IR B TS A2
bR . Massoudi 251" #75 PCOLCE 15t = 1] §
2P EMAE Z B . Wang %P L I TWISTI
RERS {1t PCOLCE HYZRIA, N 1A R 20 M A9 1=
AR, N R BB AR AR I
Ak, WEFE R peolce FEHFE Kk B I H- 8% 3R ik
KRS, peolce R RIBXTHH M AT EA
HEMER . /N (Mus musculus) ', pcolce 3
K 2238 N R & S BULAR TR s 8 & i TR,
peolce ™~ HEVE/INERUBC - B REARY i THA M2
FERH B FI A, B (Danio rerio) fl 7% pcolce
FER) 2 AW, peolcea F peolceb., FEBEHfiH,
i 17 MO (morpholine) {F i 51 & 19 B 5 4 pcol-
ceb FER IR, B S AMIGE I A
BREU, REFI BN peolce 3 TEHHE S
I EE R EE—EEH, M peolce R TERE
It R B B I AR AT A

HTHI 2562 B & K11 60 dpf (2 K5 )5 60 d) Bt
Ihfr R IILIA (5 LIRD ) P20 L s 20 5080 3
peolcea FEFTEWUIE LN . 8B 40 it b 20 3Rk,
1Ml peolceb & PTE W A M Ry S 2381, DL 125
RFZW peolcea 5 peolceb FEH T REAE T #E LB T
FAEDIRE b, Ik, AWF5EAEFIH] CRISPR/Cas9
F R 4 35 4 R M peolcea F1 peolceb F R i Bk B
hfa i R SEAE L, i g8 AR R R AL S T R
FERF IR T, T peolcea 1 peolceb & [F X}
FKais KRB R EE- .

1 MES IR

1.1 SEIe#RE
St e B A A B B AR T AB R BE I {0 SR AR

b b E R B K AR R MR o R4, S AR AR
Hfll R 2EK 27 B B AR A 7R, KRR FFTE 28°C,
AR FFIIA 14 hOBHEAT 10 h RIS . BE 5 fa ik
R7E 28°C N5, 5~14 dpf /] MA@ ., 14 dpf
JE M AR R, SRR T AT AL 20 B
20 dpf BfAE RIBE S 0 i BAFALIA, 30, 45, 60 X
90 dpf #f A=t (45 9 ) EFNLA, LI 10 B
5 IS EF A FUA 3 Fp 5 A i S AR IRl (45 10/8) 1)
FEEBHER o PR FE SR ARG S BV AU R, R R
FET-80°C & M. ARG A Rl K27 5L 5
Bl A BRI A 2 DA S b o (bR S0
HZAUFI-2023-0013), SE5 it 8 rpf /e N\ 51 ™ 4%
SPAR AL R 2R SIS B W AH AR BRALYE , IfH R
Herp gl R AFARIZ Ty 23 il R i BE PR T o

1.2 PCOLCE EFEMEMEEFZDH

M NCBI (https://www.ncbi.nlm.nih.gov) ¥
Ensemble (http://asia.ensembl.org) FKHL T 7 Fh a5 .
g & 85 (Cynoglossus semilaevis). 5 i (Oryzias
latipes) . B 15 UMM (Ictalurus punctatus) . BEh 1
Y Af (Ctenopharyngodon idella). B3k &5 (Megalo-
brama amblycephala). F ¥} (Paralichthys olivaceus)
F#AHT IE (Xenopus tropicalis). /N, (Mus muscu-
lus). N (Homo sapiens) I pcolce Z:HR 75, fifi A
DNAMAN X 45 i 7] 957 1) #E A7 e xs, I al i
PhyloSuitev1.2.3 f MAFFT S 34 AR e X I
P HEALAN , 7 itol Pk (https:/itol.embl.de/) HEFT
AL . [FIES, R AEZ Mk (http:/gsds.gao-lab.
org/index.php) & 7~ ¥ B 2 1] 5 A 25 44 #H {1 M |
Jff# H AlphaFold3 (https://alphafoldserver.com/) i
I BKE 5 £ peolcea N peolceb F& R 1 F5 1 5T = 9
E I

1.3 JRAIZRA

EIRRE BRI 2232 DL 24, 48, 72 hpf (Z A )G
72 h) A AR FUBE St PR AG ABFIE XS 5, SR peol-
cea F pcolceb FE PR 7 BE B 10 {0 ity A& 7 B 1A 9 2 38
fii # o pcolcea W) JiL v 2% A8 ¥ £ 51 ¥ F: 5~
CATCTCCACGTCCAACACCA-3'fll R: 5-TAATA
CGACTCACTATAGGGCTGTTCCGGTGCCTC
TGC-3', pcolceb W) JF A7 % 22 ¥ 41 A F: 5-GGG-
GCATCTGGGACACATAA-3'Hl R: 5-TAATACG
ACTCACTATAGGG CCACAGAAGCGACCCAGT
TT-3'. 2N A% AS i P Thisse C Al Thisse B
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peolcea T peolceb B RIAEFE 5 i Fd4% K B I DhEE 4L 50 4

P 4t 34 89 77 vk #E AT fii ] Sigma-Aldrich f 5T
DIG-AP, Fab F Bt (Roche, SKU: 11093274910) 1E
Fhik, R SZX-16 A B ERAR L W BT (BB
SzZX-16, HA) REK F .

YI K9 CFAL 238 LA 60 dpf B A5 7 BE 0 £ oy
WFIE X 4, BOLR AL . A P15 ] Leica
UV1900 ¥ 71 HL (Leica, 78 [E)) W AL PR I 1
PR, VIR REE 10 pmo Y1 R 2906 A 4438 38 K
F Wang 55U 1 75 5 4T, #REFF 51 M Beliveau
AU S BE D fa R S R E (https://oli-
gopaints.hms.harvard.edu/genome-files), 3¢ H 4 T
AP TR (B B A BRA R A (R 1. ]
488 R NHREN R iC peolcea FeH | cy3 e NCHREl b
it poclceb F: K, DAPI 4% ¥l (Thermo Fisher, &

) Fric 0 M 4% . >R ZEISS LSM 800 ol 35
£ 0 3EE (ZEISS, fEE) SRER A

1.4 WDBERTMAME

T Ensembl ¢ #& /& (https://asia.ensembl.org/
Danio_rerio/Info/Index) T #k B 5 fi pcolcea
pcolceb % [H ) DNA J¥ 51l , 1£ crisprscan M ¥
(https://www.crisprscan.org) _I i 56 A1 1 3 P i R
#0 5, , d# 1t oligoevaluator P 3l (http:/www.oligoe-
valuator.com/LoginServlet) £ I 5 [ 457 1, 09 45 5 14
e A% . {0 CRISPR-Cas9 J& K 21 4 8 £ A
B[] BE 5 £4 (1) peolcea FN peolceb FEIH . gRNAs Fll
PCR N F 5 90 #E 35 2 v @A XF 2 Fh gL [
MRl AR AT A5, IR SR T R
RUSAT, 3R48 T peolcea Fl peolceb KPR B AUHE A

#F 1 pcolcea F peolceb EE R KR IRETE RS IHFETI

Tab.1 Primer sequence synthesis of fluorescent in situ hybridization probes for pcolcea and pcolceb genes

14K

primer name

751 (5'—3")

primer sequence (5'—3")

pcolcea-probel

ACATTA GAGACCACGCGGGATGCTGG A ACCATGCTGGATCTAG AAGATA

CCACCTGCAGACGGAGAAT TAATGTTATCTT

pcolcea-probe2

ACATTA GGAGATGAGAGCCCCAGGCC A ACCATGCTGGATCTAG AAGATA

ACCATCATGGTGTTGGACG TAATGTTATCTT

pcolcea-probe3

ACATTA CACCACATTGCCCTCTGGGA G ACCATGCTGGATCTAG AAGATA

AAAATCCTGAAGGACAGCA TAATGTTATCTT

pcolcea-probe4

ACATTA TCATGAGTTTGACAGACATGGT A ACCATGCTGGATCTAG AAGATA

AATGGGCATTTCTTGCAGGG TAATGTTATCTT

pcolceb-probel

ACATTA CTGATGCCTGCTGGGTAATC T TACTAGCTCGATTCAA AAGATA

CTGATATGTGCCAGGAGCA TAATGTTATCTT

pcolceb-probe?2

ACATTA TGTGAGTGTGGCAGATGTGC A TACTAGCTCGATTCAA AAGATA

GGACATTTACTGCATGTGG TAATGTTATCTT

pcolceb-probe3

ACATTA GTCGGTCACCAGATGTCCAC G TACTAGCTCGATTCAA AAGATA

TCACTGGCCACAAATCCTG TAATGTTATCTT

pcolceb-probe4

ACATTA AGGGGTTCAAAATGCCAAGA G TACTAGCTCGATTCAA AAGATA

ATGCTGTAGGGCGAAGCTG TAATGTTATCTT

%2 BIS & pcolcea 1 peolceb EE ) gRNAs $0F 51 K E F R #M5|¥15 5

Tab.2 gRNAs target sequences of pcolcea and pcolceb genes and primer sequences of genotype in D. rerio

ClEYE 3 (5—3") Efib)
primer primer sequence (5'—3") purpose

pcolcea-target taatacgactcactataGGGGATCTGGTTGGAGACT Cgttttagagctagaa FEDR

pcolceb-target taatacgactcactataGGAGGTGGAGATCAGGGCT Cgttttagagctagaa

peolcea-check F: TCTCAAGCCACCATAAATGCAATG T R
R: ACGATGGGAATCCTTCACTTCC

pcolceb-check F: TGGACACTCATACACAGTGCAG Eaysyialll]
R: AGCGTGAAGTCAGCTTACCA

peolceb-seq F: CTCTCCTGCTCTCTAGGCCC e

R: TGGATTGATATTAAAGGCAAAGCGT
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2Rk 50 %

EBRA G R R, 44N peolcea ™ ~; peolceb ™
1.5 = RNA HJIZELS ¢cDNA B9& B

TERET A= BB 1 0B RO B = A S H T
(20 dpf F1 30 dpf & B # TR H & B 1R, 45 dpf
1 60 pdf i F % B0 % i 5 4 W B R I 1, 90
dpf JZBE L £ p A BB #8880 e i) 1 2
TEWLA (& WLME]RD B2 & LA 8T peolcea F1 peol-
ceb W FEIRTHDL . VEFE 5 H W EF A= T 2 S8 AR IR EE 5
o B AME S FE &L, X 24> peolee T Ui R 45 3k A
(bmpla. bmplb), 3 MRIFEEALEHHA (collala.
collalb, colla2) #1541~ B # &8 K (runx2b.
entpdSa. alpl. bglap. spT) HATRIKIIHT S

% B8 NAiso Plus Reagent (TaKaRa, Ki%) iji
T 45 45 S RNAL 38 3 3 A5 0 B A FR Dk Az )
RNA [t FIse 8, i K5600 8 i 7ot
7T (KRiRo, dt7T) Kuilll RNA ¥ E #1 OD fH . {fi/H
HiScript II Q RT Super Mix for qPCR (+ gDNA wiper)
B &FF RNA 6 5% 5% 2 cDNA, fi B S )5 T
—20°C R4

1.6 EMETENETE 324 (Micro-CT)
B 5 H I BE D R AETE 4% 117 Z2 5%

®3 EMTOLE

48 h, BHJETEVAE BT R (B i) ARA A1
Nemo Micro-CT (NMC-200) 1% 7 [ i#47 Micro-CT
T, LU 12 pm BA R KN (T 90 kv 1Y X
SN, 65 pA 1 X ST IR D) i BEH fadf
Ao BPATURN 3 FhRASABE S s 3 R, 312 B
fi FH /N BRUIR B A A B 23 BE B A (QRM-MircoCT-
HA, TEE) RS, X5 o i HE R & 517
HL ) o2 B

1.7 SERTRFEE PCR (RT-qPCR)

i FH NCBI ™3 (https://www.ncbi.nlm.nih.gov/
tools/primer-blast/) & it & w5 ¥, HERAEWR
BB A BR 2>\l & L (35 3). fdi ] Prime Script
RT Reagent Kit with g DNA Eraser (No. RR047A,
TaKaRa) & Bl cDNA. R ## i 7| & Hieff® qPCR
SYBR" Green Master Mix (Low Rox Plus, #3%) Ui
WIRCH] PCRAKR, B-actin fEZHINZ:, 1E QuantStu-
dio 6 Flex 5Z Hf PCR & 4t (Applied Biosystems,
ABI, %) b #4T RT-qPCR 73 Hr . Jir A 5L 4 1
WEIANEE, MH2C% A HRIEREDY
mRNA FXf % 5 &, Jfilif IBM SPSS Statistics
(version 22.0) ZX {4 ) Turkey [C 2 F L FI ¢ K

&= PCR 3|7

Tab.3 Sequences of the primers used for RT-qPCR

5144 % JFH1 (5'—3") kIR C ¥ B bp
primer primer sequence (5'—3") annealing temperature product size

pcolcea F: CCTATAAGACTGGCAGACTC 60 221
R:TGGCTGGTTGTTGATGTT

pcolceb F: GCCATTAGACCTCAACCAA 60 172
R: CCATCGTGCCTATTCTCTT

bmpla F: TCGATCTGGACGCGATTGAG 60 122
R: TTCCTCATCCAGCGCAATGT

bmplb F: CGTGACGGATACGGGAGAAG 60 175
R: GTCTCACTTCGCCTCCACAA

collala F: TCATGAGAGAAGCACACCTTAG 60 178
R: CAAGTCCATTGGGCAGTCAG

collalb F: AGGGAGTTTCTGCTAGGGTCT 60 179
R: TCTCACTGCAAGGACCACTG

colla2 F: TGTCAAAACATGAAATGGGTTTTCT 60 190
R: AGCATCCCAAGTTGCAGTGA

runx2b F: CACTTACCACAGAGCCATT 60 110
R: TGAGACGGTCAGAGAACA

entpd5a F: GGCAGAGGCAACATATTAC 60 245
R: CATTGTCAAGCACTGGAAG

alpl F: ACGCAGGCTGATAGATAAC 60 184
R: GGCAATGTTCTTGTTGAGTT

bglap F: ATGAAGGTGTGTTTGTGAAG 60 172
R: TAGGCGGTGATGATTCCA

sp7 F: TCCGTATCCATCCGTAGG 60 193
R: GCAATCGCAAGAAGACCT

p-actin F: GGCATCACACCTTCTACAA 60 208

R: GAGTCCATCACAATACCAGTA

https://www.china-fishery.cn
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1 T3F5, %5 peolcea T peolceb FEREBE S th i % K B IV E 70k 50 &

Wit 22 R BEE T peolce &R W T 5 4544 73 B =R W1, B 41 peol-
. cea FEH AL E 8 NMAMNIE.F, pcolceb FH AL E 94~
2 &R ShELT . H peoleeb 3 I I 5% K T HE 5D i
o o pcolcea FH (] 1-b), AN [R) 4 F 8] {4 2 3 2 7 57
21 B PCOLCE RERIAREBIN  jyjem), BEvh i peolcea B peolceb I 5 fl
REREMERE R, BHEIDTH YA A SRR E A G55, FRO CUB Z5fa5K,
peolce FEHIE I 4 > F 2533, Hrp, BEH 0 T B 145 R B G R 1) A 3 S g e () e R
B SR R RN A S 85 1Y) peolceb FE R 5 PR (B 1-0) EIEMRIT IS LSS R R, BEDf
AT MR — % RS, BN LR, B pcolcea FEH 5N . /NRFNFAT TNIER peolce FEH
AL peolcea SEFIN 5758 . ZFEFFIENE (8] B 2R WL 7 91 AH LM 23 0 Oy 43.52% . 43.31%
TR R o —3; WA, ANEAUVNE peolce F F146.2%; pcolceb FEH AR 73514 39.67% .
IR — 3 #s IIE s ph B8 — 32 (K 1-a). 41.02% Fil 42.8%.

N M. musculus peolce P ——

N H.sapienspeolce  i————— e
A7 ¥ X tropicalis peolce —_— —— —

FHHEE  C semilaevis peolceb ———— i

18 0. latipes peolceb - - P —

BERU R 1 punctatus peolceb — e e

Bt D. rerio polceb . — —
%iftt C. idella pcolceb — -

13k M. amblycephala peolceb — ——— s

158§ 0. latipes pcolcea
FE P olivaceus pcolcea

IEEE  C semilaevis peolcea s — Ds
BERULREM 1 punctatus peolcea —_—— — btreany downsten
0.1 BES 4 D. rerio peolcea — e —— s Upstream/ downstream
— Hifi C. idella pcolcea S — Intron
3k M. amblycephala peolcea — —— ,
Legend:y 3
FIFFFFFEFTFEFFFFTFTEFFF 975

@

135 55 CUB domain — |172 |1_9_2 CUB domain —
L S
S T T e T e
2 e S T
, -
/NE M. musculus peolce FLCGGDVTGESGYVASEG TPNWPESDYPPGISCSWHTITIA
N H. sapiens pcolce FLCGGDVKGESGYVASEG TPNWPESDYPPGISCSWHIIA
AT EE X tropicalis peolce FLCGGDITGDSGFIASEG “-TPNWPDNNYPSGISCSWHIVA
w6 C semilaevispcoleb FLCGGHLVIDSGIVASEG “"TPNWPNSNYPAGISCSWHITV
8 0. latipes pcolceb FPCGGHMVTDSGMVASEG “TPNWPNSNYPAGISCSWHISV
BESLRE 1 punctatus pcolceb FRCGGHLTTDSGFVASED TPNWPDSNYPAGISCSWHISV
PEL D, rerio peolceb FLCGGHLVTDSGFVASEG TPNWPESDYPAGISCSWHISV
%t C. idellus pcolceb FLCGGHLVSDSGFVASEG TPNWPESDYPAGISCSWHISV
A3k M. amblycephala pcolceb FLC G GHLVSDSGFVASEG TPNWPESDYPAGISCSWHISV
P8 0. latipes polcea FLCGGDLVAESGFVGSEG TPNWPDGKYPLGVSCSWLITV
7 P. olivaceus pcolcea FYCGGDLVADSGFVGSEG TPNWPDKKYPPGTSCSWLIVV
i) C. semilaevispcolea FHC GGDMVGDSGFVGSEG "TPNWPDKKYPAGTSCSWLITV
BEACLRER 1 punctatus pcolcea FKC GGNLDGDSGFVASED "TPNWPEKNYPPGISCSWLITV
B D. rerio peolcea FNCGGDLVGDSGFVGSEG "TPNWPEKNYPPGISCSWLITV
Wit C. idella pcolcea FNCGGDLVGDSGFVASEG "TPNWPEKNYPPGISCSWLITYV
[A3k8; M. amblycephala pcolcea FNC G GDLVGDSGFVASEG TPNWPEKNYPPGISCSWLITV

~
()
~

1 FEFHMA peolce EE R R G & B FLEHIFHE
(@) ANEPFH peolce FER I R G K B 48T, Lt 74k, BE D i peolcea Fl peolceb 3R ; (b) AN[FEWIFH peolce FE K HI G5 M FGAE . HBOLREE. W&
T, WEMEHE. JERE X (UTR) B4, #AMEHE. 485 X 551 (CDS); (c) ARWF peolce FER ) 2 A CUB 45 # i9 PAS Fr B (35~55
1 172~192 EEERL T A1), KEFETEHE. & Ok sF X

Fig. 1 Phylogenetic and structural characterization of pcolce genes

(a) phylogenetic analysis of pcolce genes in different species, red font. pcolcea and pcolceb genes of D.rerio; (b) structural characteristics of pcolce genes
in different species, black line. introns, blue rectangular boxes. UTR sequences, yellow rectangular boxes. CDS sequences; (c) two segments (35-55 and

172-192 amino acid sequences) of the two CUB domains of the pcolce genes in different species, gray rectangular boxes. highly conserved regions.

2.2 Pcolcea 1 pcolceb B F R FRIZEDR peolceb & P75 AR I i v isg 35 5 72 hpf I,

S W A 2 A8 R0 S JE 37 2 30 23 T 5 s peolcea Fl peolceb FERI I HR . MR . e &
TE 24 hpf B, peolcea FE R 18 H 2R UP #5276 400 BHEF IR, H peolcea N B FRIKJEHIE), H
(1 223K, T peolceb KL P i R AW ) F ik, 48  RiIkFETEE (KR 1), 7E 60 dpf i}, pcolcea Fil
hpf B}, pcolcea F& R 3k 3 A1 5 HE /5 23k, pcolceb FE R AEFHE . AL ] FLIG F 39 F £k
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1~3. pcolcea IR IR IEIE I, 4~6. peolceb FEH IR EE ML 1. 4.24dpf, 2. 5.48dpf, 3. 6.72dpf; W =M. RTIESHE.

Plate |

Whole-mount in situ hybridization of the pcolcea and pcolceb at D. rerio wild-type embryos

1-3. expression of the pcolcea gene, 4-6. expression of the pcolceb gene; 1, 4. 24 dpf; 2, 5. 48 dpf; 3, 6. 72 dpf. Blue triangles. hybridization signal.

o
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Plate I
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9~12. WLIAIH]; 1. 5. 9.DAPI, 2. 6. 10.pcolcea, 3+ 7~ 11.pcolceb, 4. 8 12. &R HIREEM .

Fluorescent in situ hybridization of the pcolcea and pcolceb in 60 dpf wild-type D. rerio tail tissue

1-4. overall cross section of the tail tissue, 5-8. vertebra, 9-12. intermuscular bone; 1, 5, 9. DAPI, 2, 6, 10. pcolcea, 3, 7, 11. pcolceb, 4, 8, 12. expression

of merge.
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Fig. 2 Quantitative expression analysis of pcolcea (a) and pcolceb (b) genes in wild-type D. rerio at
different developmental stages

Different letters indicate significantly different groups, P<0.05.
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KRBT EEAXE. a-lBE, SEXIE B-HTE.

Fig. 3 Sequence characterization (a, b) and protein structure prediction (¢, d) of wild-type and mutant D. rerio

White rectangular boxes. untranslated region sequences, yellow rectangular boxes. coding region sequence; red font. CRISPR-Cas9 target sequence,

orange font. start codon, “-” o

. missing nucleotides, red “*”. stop codon, yellow area. a-helix, green area. B-sheet.
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Plate [[I Micro-CT of wild-type and mutant D. rerio

1. wild-type, 2. pcolcea ™' ™, 3. pcolceb ™', 4. pcolcea ™ ; pcolceb 7, yellow area. vertebra, purple area. rib.
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Fig. 4 Analysis of bone tissue mineral density in wild-type and mutant D. rerio
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**%2  P<0.001; the same below.
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Fig. 5 Quantitative expression analysis of genes related to bone development in wild type and mutant D. rerio

(a) (b) quantitative expression analysis of genes related to development of tail vertebrae of wild type and pcolcea™ D. rerio; (c) (d) quantitative expres-

sion analysis of genes related to development of tail vertebrae of wild type and pcolceb™ D. rerio; (e) (f) quantitative expression analysis of genes related

to development of tail vertebrae of wild type and pcolcea™; pcolceb” double mutant D. rerio. 1. pcolcea, 2. pcolceb, 3. bmpla, 4. bmplb, 5. collala, 6.

collalb, 7. colla2, 8. runx2b, 9. entpdSa, 10. alpl, 11. bglap, 12. sp7.
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bone development in Danio rerio
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Abstract: Procollagen C-proteinase enhancer protein (PCOLCE) is a secreted protein that enhances the activity of procollagen
C-proteinase, thereby facilitating the maturation of collagen and influencing the process of bone formation. Down-regulation of
pcolce expression compromises the maturation of collagen, ultimately leading to a reduction in bone mass. In teleost fish, the
occurrence of genomic duplication events has led to the emergence of two paralogs of pcolce, designated pcolcea and pcolceb,
whose functional roles in skeletal development remain incompletely characterized. To delineate the functional divergence of
pcolcea and pcolceb in zebrafish (Danio rerio) osteogenesis, this study employed a multi-faceted approach integrating compu-
tational analysis of sequence features, spatiotemporal expression profiling, and phenotypic characterization of targeted mutants.
The results indicated that pcolcea and pcolceb comprise 8 and 9 exons, respectively, with pcolceb being significantly longer;
both genes were predominantly expressed in the vertebrae, head, and pectoral fins. Through targeted gene knockout, we gener-
ated pcolcea” and pcolceb™ homozygous mutants. The pcolcea” mutant carried a 229-bp deletion in exon 1, while the pcolceb™
mutant carried a 7-bp deletion in exon 3. Compared to wild-type D. rerio, pcolcea” and pcolcea”; pcolceb” double mutant D.
rerio exhibited a marked reduction in vertebral tissue mineral density, whereas pcolceb™ D. rerio showed no significant differ-
ence. Subsequently, the expression of genes related to bone development (runx2b, entpdSa, alpl, bglap, sp7), collagen develop-
ment (collala, collalb, colla2), and downstream effector genes (bmpla, bmplb) was quantified by RT-qPCR in the caudal
vertebrae of the mutants. RT-qPCR results showed that expression of bmp1b, collala, colla2, runx2b, alpl, and sp7 was signi-
ficantly downregulated in pcolcea” mutants. In pcolcea™; pcolceb” double mutants, the expression of bmplb, collala, collalb,
colla2, runx2b, entpdSa, bglap, and sp7 was significantly lower than in wild-type D. rerio. Collectively, these results demon-
strated that loss of pcolcea impaired skeletal tissue mineralization in D. rerio, and this phenotype was significantly exacerbated
by the concurrent deletion of pcolceb. This study elucidates the distinct roles of pcolcea and pcolceb in D. rerio bone develop-

ment and provides a foundation for understanding the molecular mechanisms governing skeletal formation in fish.
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