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PR o AELR X S K Sk K F 2Rk B 58 L FRBE B
KRBT AR T 5 S S AR e 2 ST 1 S R 2%, A
19 R S K A R K 7= R B o s
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AT B TEARE A D, 2% R IO R ] £ VLR 1 2K
TR FEA T 33— 75 . YangZ5! %t 12 AL
592 R SR LA B B R AR AT T RGEHEAHETT,
W TR 1SRRI B A e 2 A, HE
RGR B VIR, H 23 2 FhER R R 5200,
X ILIE] B R R AR A 11— b 7
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FEFIBINE o IZHE T 9 B 10 S B B A2 ) ) 2 R
R RFPESR A T 07 I 28

AR, BEE A ER PR I & R, BF TN
G GE S LA A L e AR e
Gy R ALEIR A/ Je R 5 B ST I . TR
A Las ) Nie! " MR wans " w5 T L
(A B A S R ) 23— LA B — 2 5 A 5 DR 1 i 48
{EF. 7EH M, Tang® " MXiong% "5y HILF
i 7 8288 (Cyprinus carpio var. specularis) 113k
(Megalobrama amblycephala)JLI8) & W i54% 17, NI
RG> LR B (R A 5% S A BEE T B A A B
i 252 f Perazza ™5 5 % B TE LA S AR
YR L th (Ctenopharyngodon idella)F1 K 5 ELAR #(Pia-
ractus brachypomus), NIRZENLIEH KA K5 FHL
Gl R R A P s W NS S S 5
A RNWURNE BB Bk}, ML B A OB 5+
BILHI A B b AT S S5 7 T EAT T 41 A .

1 AEE L FHEXEEFE

1.1 BMPZiEERA

B A K 4 & 1 (Bone Morphogenetic Protein,
BMP) & 19654 HH Urist 1 X M B B 41 23 4 B (1)
—FhyE AR AR, B T BMP-144, )8 T A K
[Al-F--B(Transforming growth factor, TGF-P)itH F [X]
K2, HAT, BMPE L O & it 3070,
Zhang5 i ACHIP A Wt B Kk LI N 2K 145 77
BREEA S N3FZAL: BMP2. BMP4. BMP6.
BMP7HIBMPYJ& T e/ & /i IE 252, BMPS .
BMP11. BMP12. BMP13. BMP14f1BMPI15J% T
LR & & 25 %4, BMP3. BMPSHIBMP10J& T-BMP3
KA BMPEA T RE IE R, BN S
BB s B WNE S 0T BMPERE
GRS 75 W DU R ki £ LI 35 A X SRR
BMP ][] — SR 5 — RAAH IR IE R 56 B 5
R S AR A A4 (1) 8] 78 53 T4 B 3R 10 52 A B, AL
T AR 3 1) 78 o F- 40 i 76 2. BMPOBEIA g2 155
R BE ) 7S TR B B R

ZhangZ:""& Fl qRT-PCREAHIE 40471 7 94
bmpHEPRIAE A Sk 75 UL IA] B 44N R B B B ) 36
ik, 45 AR FE LR B R B B TR B, bmp3 .
bmp4. bmpSFbmp8afIFKiL T i, Fit, XLk
BMP 2 Jt J5 PR W g 2 5 0 i 1) 7 o 48 1) JUL )
AR ST REKBCE AR 1. £
(i) R B B, R bmpTbMbmp163RIE8 SR
N, Ui B bmpTb Fbmpl16 7] B8 5 Al H 4B 4 L
FLTE B R B . 78 Sk i LR B K B iR

i, RIA B 5 & HbmpTb mRNATE LA HRIE K &
I 3135 38 f v W, H 3R W BMIP-7b ] RS2 JULA]
KEMIESH T, HTHSECE R E .
TENLIE] B 584 K B BRI #, bmp2a bmp2b.
bmp3. bmp4. bmp8aFbmp 140 %F T H Al H AL B
FH P 2R 5 S 25 358, 00 T A 5 AT S6of A4E RF UL )
LENSE T EEIER . Yang5Uxt B 4R 4 A
Skt () bmp2a/bR K (VI FE R W, bmp2bE EAE JILIA]
B s FEE 5% S A O R R IE, TibmpaE
BAENLA S AL O AR SF AN E H AR L . Itk A,
bmp2bW] Re SWLIAE M KA KB % VI K. Sutl
Dong"” 75 SR AKF HE T T bmpa st K72
RN 2 R 1T SULIA . IR L R RN R LA Y
FRIEE, 45 KR bmp 4FE R 1E 6715 5 A2 5L
RIIX P AL & A LR B B2 21 m kak, Hiftha 2
A RIE, HRIA EE K T 75 8 1) 1 5 5
WUAR Rk . A TR G A T
WLTE) B H 2R LE AR, i B bmp4 2= (R AT BE A2 42 UL ]
BB LA
1.2 flRRAZEHEXER

BT AL E 2 WU B A ke Y
TENUE & & ok R, Scleraxis(SCX)FTenomodulin
(TNMD)EEE RN & B Rr e e e s R 52 3] T
2R . SCXat — /N A W 14 45 e - 1 - W3 e (basic
Helix-Loop-Helix, bHLH) %% 5 K -, 72 WL .41
Jfe T bR &, EIVUBE IR R B i T B AR
P, EW AL+, Tomoyas | Filscx-GFP#%
FEF/NRBT T T SCXTENUES 7 518 ZAEH, 45
FSCXJE — A~ FHE P InPAZ 4749 R 2 UL g (1)
5y THEFF. ShukunamiZs"7 5 Fi TALENA: 53 (]
G AR S sex N REIL VLR &R B #
A, [ER, ShukunamiZe® 1 & BISCX 2 tnmd s [
(LR T, fEsex /N BRIV b nmd
FEH TR L . TNMD A — R L) 145 45 = v
FRic AT LA A B+, J8 TS IR S ),
A i FE AR - R0 B A R R 1 S i R
YinZE R Blonmd /IS G U T4 M 5 [ 2 14 14
3 AR 2R IR A G TR e T B 2 B AN A2, 4T R
AR ST S AR e 240

FERE 0 25 R 98, NieZs U@ i Crispr/Cas9
R B R B R 2 BIHRAR T sexa” Mlsexh™ BE Ty 5%
AR, sexa PRyt 5 B AR R BE T fkE L RS B LI
B R, AR S A DL R s
AT R sexa BE Dt LR & 7 AH S L R % ik B
BIFR. TWisexb BT f LI B 72 200 5 HF AR BE T
To it o 1ZMT 5T B s cxa ik DR ] 42 i B - #0281 TR
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BRBEMR. BRFE RSB TR B R
F R tnmd M xirp 2a 1t A Sk 55 LR B AN [F R & Y
KIE, B FT 45 RO tnmd 5 R 78 ] Sk 855 U1 18] i ek
KRB IR A& R 2 T AR 1, TMxirp2a %5 B
FENUE R E &R A R EZE R U RE
B tnmdHE R AT RE XL 1K B BA — € 1
fEH.
1.3 EHERER

fifi {1t & A (Sclerostin, SOST) & — & H2134
TR IE R 1, 16 k™
JSCE A B PR B, 32 AR 2 #0H1 Wnt/B-cate-
nindd@ B8, A TTHIE]E T . 1EsostHk PRl B 1 /)
B P AT DAL B e R R T, IF BT s e
AL 2 LR RE 8 IR T B, X VR IT B 5B
At T A o7

T A4 2 ik DR ZE A v £ S L TA) i v B 9 R
o K AR B 2 T AR R R A T I 6
(Carassius auratus)sost3: R 21K, I R AZRIA
Bk, RANRIEMEE . S5 R R, BEE N R )
G, B4 R IE BB WY K, 5 I R h4h e
HHFRRE RS XRS5 IRAEAE R sost
R (0 2R (B AR AR A . e B o e
S ULIA] A B I BB TR, SOSTRI RES 5K
TH] B LT A SO R, 6 R OR B AT R A
FH o B 2 ST 7V0b gy ) i A 70 UL 0 L 40 L
IR TR I, sostfEWLREH L K& 3Rk HAE
LI S LA A 2 Rk . L
LTS HE (T T R, R Wl soseE R AE JUL TR B
AN FEE A B mRNAFI & AR B AE N, 45
F WZ B DR LE JILIR) B 58 42 A5 21k 508 B e e,
M sosek PR 5 ) 1) UL TR) B AR KA — 8 AH G
14 HhER

TEAMES P, UL AR & (Muscle segment
homeobox, MSX){E | 57 -[8] 78 Jit 1158 HAEF A & %
EEAE, R R R™ . Lo iz B 5
B2 A2 M qRT-PCRAL AT T Misx- CLE & it (Hemi-
barbus labeo) LI H K AELFEFHI/EH . Msx-CHE
A7 JE 1526—41 dph(Day post hatching) /E L% H 3£
ik, Z AR5 JE 6 LA & & AL FE(35—62 dph)—
B, R W Msx-CH: R 1L 5 g L8] & T8 OS2 b K 4%
HEEH

TWIST A& 1 FE O ST {0 14 W2 e - 4 - W2 g (Basic
helix-loop-helix, bHLH) Z J& H {14 S K 1, & 5
FEEATAE AL B EERE™ . FHEaE
FlowistF ], B ewist1 Flewise2®" s WEFCR BN, twistl
Flewise2 % /N B BB R B BAREERS, Bk

%[531@ﬁqPCREﬂ?Etwistl%ﬂtwisthiEqﬁ%HﬂI‘Eﬂ%Z%
B4 BN JHI RAK IO, 45 B W iwist1 FRIE
LA K B IR TR, LR PR & 0 R
I B ewis1 R IE &5 WLIEE R K & b JHAE b 25 B
K twise2 )LV K k& B 5B UL & PRk K &
I B SR IA B FEoR R A B35 R Ak, BILIR] B 58 42 A
I A H SRR B A B3 PR AR . X R W rwise 1/2 55 R
KL SR G B HAFLE— € BIAH M

AT, X T AR EREEE N R RS Z,
Bt 7033 e A L& 5 T N SN L340 1 AH St
Fho RIS, A XS T N AN 2L Bh 4 (1) 3k Ak s for
8, AH R 22 R ARt AL fE R L DD e T e 2k AR AH
Y ES A% o 1T ELAE i A 7K T ) 2 IR g i 2 B 22 Bl
(1952 B HME RN FIAE FH , AT XS 32 TR 5% 55 = A 5
. ZREKE, BN E KB HCERAE fF2
PEAIRZ

2 AlEEHEXEFSN

H A, K2 EOULEE 078 32 B SR R AE A
KRB EHT, SRS R E 5T
TR S AR b o T SS4E, B mE R FBR
Ao FHARBUR &, Bk E FIT 7N R 4612 H
HEF AR FEARB RV E RERE ST
PR 1)

2.1 R4

FE Tl BT ER, WanZ5 ¥ U LB 4 b
T 6 H S Lty LA B (IBs) AN, 5 LA B 1) 45 45 40
ZU(CT)ImiRNA > THEE, 38152184 C.HImiRNA
BRI 7 FI AR R R IR 7K o 245 SRR BAMIR-206 72
FS T AT B 43 A P S R 47 DR 1, o) B 4 A
P HNHIER o it stem-loop SEHT 2 Y g AT 117
7 B XA mIRNAEINH L EHEATIRAE, 45 R
mam-miR-221. mam-miR-222a. mam-miR-92a#l
mam-miR-26a7E JLTE] & F1& LA & i gk g 2l p 3R
IS EAR R, B HAENA S R & R — R .

Bt 5, Wan25 L AT T L LB R B
BRI BA(ST. WUE B AR KA S2. LR B HI28 KA
S3. WlUEHHRIE K F; S4. WUEE K B 56 4)mRNA
AImiRNA K 4> FHHE, 5 —F T8 E 0. 4
REYITGF-BI5 T 1@ SMAPKE Fil . ERKAS
SIEEE AR, W ECE A . TR Sk AL R
AR B BRI, 22 miRNA R4 F i Al
18 M miRNAFFE: Niff . BT EE AT K —E %L
=S VLA B RA LI mRNA-miRNA B AEX,
FE A0 M 7K P36 AE T miR-133 %6 #E3E R Tefbrlalt)if
FAEH .
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Tﬂiﬁ%“s]XﬂLﬂE%@E(C carpio var. Quanzhou-
nensis) MR (C. carpio var. Jian) L[] i TmiRNA
F1h e e B P, 9 222 S A 5 SR AR, LTA] B R K
B AR N L B miIRNA R R IA & & E
VA B miRNA ) 2 IA &R A il i ik 72, AT
94 1 AR AE S UL 1) 4/ % SR R . Peng Y
EG 73 B AR A R0 2 6 L] B mRNA fllmicroRNA
SR AR RN TS 2 7 AR FE R AN 2 22 e Rk
miRNAZ 5RICHE L 12 . B [k b
A3 DAL P O 52 1, Lins "% 3Rk 4l 4L (L)
B LR AN E S 26 L3RS 5 B )t AT TR
FEFR AL, BE— PR T BT S 3 1) R R Rk
72 W S 5 WLIA) & (R0 A T REA 5%

22 ER4A

NieZ5" @i iTRAQ LC-MS/MSZ (141 % 5t &
WAk N K= N N 1= i = O | 4 |
HENE. ZEEHTF R, — 6 Bk 5 LA &
FU B Z 18] B 934N 22 e 3R 1K B 1 38 Rl — 8 141 5k 575
JULTE] B A0 B AL 2 R 22 e, — % T Sk i UL ) iy
AU (A7 AE 1544 22 e 3Rk B s Bk 2 by
(1) (1) A, 2 AL R 22 s 5 B 4 TR 3 A0 A 5 ) 3B 2
H bR 4 8 8 E B2 e W B h B3 B ERIE; 7

P Sk s (RS TRV SRR I B (— 88 88 RILI3AN LR
R E AR R AR LA R B A (i
H. BEKEGG/HTE235 N B e T
20234 E, HAENLR G K B A5 5 ImEs,
MAPK(E i@ 5% 115 5@k, TGF-BfE 5@
6. Wt 5 e R 40 M AR AR 20 ) 4 5 Y
60, 41, 20, 17FIIFEA. BT GOER T,
HCMfE 5B A ZE R RIEEARZIER. £
B ALE] R A [E R k45N EE, (VA LAMA2 %
ik L, HAedaREARE T IH. T HEAHEE,
NieZs"SECM. MAPK. GnRH K45 55 738
FEARRIERIAT T . EECMASE 5 18 1 b i
R TR R Aal (V)2 1848 A 1E — W% B Sk 5 i & 41
S ERIE; MEEAFEA. EREE A T HKa-
2Ftnc B (A7 — W& Skt LIA) B vp () R IR B f v
23 ZEFEESHH

TE VLA R F 4 4 K A0 B 43 F 92 07 T, NieZe!”
TEITHEG ) Ak e AT 1 — W A 3% (41 3k s
WUEE R E, U1R 45 BRI PP A H L &6 =
Fofr i 700 )R T BT, B R A . R 4T RN
Y, (HAE— AN 8 B3kt g s R I — A&
B A B, T LD AR R A .

®1 RFFEFELAEBFHEXEEMAZAR

Tab. 1 Summary of studies on genes or omics related to intermuscular bone in lower teleosts
FERFNZH 2E 0 A i . T . R 71 .
i o%li%csij:egfcr;lem and Pk Species P i K A Sampling part Hnﬁéﬁf;gzearch 27 ik Reference
\ WA 0 6
bmp2 A3kt je 2 % JE 1 Ko WU ERE. M gqRT-PCR [31]
BE O i
. . de ¥ _ YEEOH AAY 2L
bmp4 e ] o JE B B A £ Eé%}g Wm < gL qRT PCR%%,EJ\’HQ% [32]
N N bl o 25
bmp2a, bmp2b, bmp3b, mp4, oy % EI/J% 952%7’{ B E:%
bmp5, bmpTb, bmp8a, bmp14, SN [Eepage N qRT-PCR [30]
bmp16 %%@ﬁ :mﬁHJ-LIEﬂ B
& LA LA
sost AT ) gqRT-PCR [45—48]
sexa/sexb B £ Crispr/Cas93E [K] i 5 [40]
NINOEEE > 25 s
mmd EiPE %E%é%lij CES VL gRT-PCR [41]
L S0 i o 2 et o
MsxC JE %,’g FORBER A g 220 RT-PCR [16]
twist1/2 JE iy fr. HEA LA gqRT-PCR [53]
A 2] A AT ] A A IR
MicroRNAZMicroRNA ] 3k )i %ﬂﬂﬁfﬁﬂ%ﬁf@ﬁﬂf e B [19]
MicroRNAZ R4 4 g VU AL [ B S B R A I s Ly
MicroRNA & Transcriptome ER i 4h SR el [20]
MicroRNA 41 MicroRNA IR A Bl 7 il JLIELF o 1 B [15]
MicroRNAZLFI%% 320 : ey
MicroRNA & Transcriptome ARAES L LR RIEEI [54]
LA — AR S i B A
% (4 41 Protcome 3 s B e [17]
R AR A 4 Proteome & 1y o g RSN SR -a= 1) e ey
Transcriptome B W4t R LA Sp el [18]
FERI 1 F3% 5% 2H Genome & o ZALE R R F R 2 p
Transcriptome 158 Wi 2 LA R T [56]
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Ao A Y B A e (T T B A P G ) 7 R AL
Gt (F T H BN 35 [ ) S5 AN [R) B e .07 VR 34
Nie25 otk [ Sk f L) B 25 8 St TR0 AN A7
ARG I I, 45 AR W ULE] B B A S 2
WITTU5, S22 St HIAS JIRR & 45 S48 0 ; (HAEALIR]
B R B R T ALY R, R IR A 8 E A
AN . BEJE, Nied! s T a8,
Bz s RN R B A B A D 20 B T ALTAD B B A AL
3., 83 [FIAL 25 FRIC A FIZ4E X 78 & (isobaric tags
for relative and absolute quantification, iTRAQ)H; A
BEMR3368 M EH H, DIREER R WIMARKSS 518
B B 5 Sl e B R AR AT
. gl P4 AE B RIE TR, BOE 4
S H(COLLAGEN9AL. STATIFITNC)ZENL
B K B RIA B IR 2R, 5 eE 4
AN A 55 8 F1(ENTPDS. CASQIA. PVALB.
ANXA2ARIANXAS) ik BAEAN R A 7 I3 1E) H
A RE N Z Y, WNEBH AR P RAE T
JULTE) BB A AN P BB B B R e

ChenZ @ it 4 HE R 41 ANEE e L 2550 40, 35
3 T MAPKAE Sl #5875 5. ECM*%
R AT K Notch (s 5 1 i 5% 41 Sk i I LIR) & 5 5 A 2K
55 iR, JUHZECMAZ /K HAE MNotch {5 5 il %
TE 4 FE R MU S L P b e A b 4 B s 46 . Bl
JEAE B KPR UE 1 DA B8 e A o6 B R (ie-
gal. itgaba. lamblb. col6a3. dvllaFoserl), &4
TR WYX LI R 1 A ] Sk 55 WLIA) 1 % & S I ke
ST HIE 2 SRk, 5 4UK-F A .

T, TR K 55 R SRR G A AR R I T
WL B AR, BF 2 A BA K AR R AT T 423
R ST T, e 3 7 134 S B B (i
IR B RSO B A 55 A OC T BEAH O 1)
KK, BFactn3b. adamtsl2 atp6vOala~ atp6vOca-

BMP{E S #% (BMP signal pathway): TGF-B,I-Smads, BMPs

FGF 15258 % (FGF signal pathway): FGF, Collagen I

Runx2

]

S

WL T400 | Tonmd
Tendon-derived Osteoprogenitor cells
stem cells Sp7 Colla2

B Collala | Collalb

AR T A A A el
Osteoblast

dchslb. ebf3a. efnbl. nmu. ntnd. pdedd. plek.
wisp1bMxprib.

FET AR FAHRAFMERNELEER, &
&5t UL 9058 0 6 - RS 20 L % 4 - RS
P JULTE] B 18 ot A v A 4% — e A I i A 5k
FR(E 1), At — B R LA B K H L)
SRt 1 o 7 AEAlE R .

3 AEEMREEERIES

H b, BN RSN, PSR K
IR I A 2 SRR S A LA, ) 2R AL
smMEHZE=A T — BN, —Sifss
T is & T Bokiib sl £ B 2K ALRE, &
5 — e B 5 kB (3 2).

31 EEEH

H201t 4070, 80EAAD, ARH AL B MK Rik
BRNEREBETM O Z N T KSR BE1E
Bl B T A R, TR N Btk LI B R vk
HRIFUET19674EY . BARIX e 75 4R T A 31
150 LT i 28 it R, (R 22 W 9 R BILLE ) £
e L) B B AR A B A A Rl 0, X
Fohigt A% A8 S 30 G 3% B 3G 8 A R ] B T 98D L TE]
R AR

ITEEE, Cao%s P Xb B . AT ECHE(C. pel-
legrini) 5 B IEITHL(C. carpio) ) 42 2C ], fuf CL AR [
TR} € i 8 5 350 1 1 LA B E ARS8 e L ik
A7 LR A Hr, 5 At 9 A f A B, B LA 1 4
wmipb, TR AR S . 45 RRFE S —FnT
T k38 Mo WL & R R, 5 B R d ik
B P LA B0 > A s S5 UL A A= .
Tangs ¥ Voot 4 i FUL A B 336 47 30 7 Rk B ik
R A5 (Quantitative Trait Loci, QTLs) 74T, 25 3%
HF 45 I ) i 250 B R R S A% PR IR A I 8L

Ca’*{%“25@ % (Calcium signal pathway): CaM, NFATc, CREB, AP-1
RANKL 1% 25# % (RANKL signal pathway): RANK, C-fos
NOTCH 15 5 # (NOTCH signal pathway): Dvlla, Oserl

ECM-% & H {E =4 3£ K (The key genes of ECM-receptor-intraction) :
Itgal, Itga6a, Lamblb, COL6a3

i A 5
Osteocytes Bone matrix

Enppl

K1 Rt LA R AR T AL

Fig. 1 The molecular mechanism related to intermuscular bone in teleosts
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] B QTLsFH29AN WLIA) B AH DR (1 g e BE PR o i 92
Sy B8 L] B 43 AL R NI LR A TR R
Xiong25 T 9t 2 9 141 3k f B AR LI B B AS 57 R
$796.98%, Tk = /B AR A 7 RERIE13.63%,
DERTHS NEEENER RZE(6.60%). Xt
8344 [RI L 5% F A1 3k 5 UL I - 0 i Jok A 7 ik A7
PG o, 8 /N B R 71(0.13), ik 5/
B R A S 1(0.37). XiongZE A AT L
WIS K RIEFEEMRA RO K S NEHE. 1
20140904405 A, DNAJT T hric i B & Fi i Hi 3L
IR T B AR DR 2004 TR fr
R 149 2 A MEAL 5, G RV A BT 3Rk AR
8™ 15 B 8 UL [ 15 0 S 3 AH SR 1 TR A AT
WanZ VR FI VR 4 43 4143 H7 (Bulked segregant ana-
lysis, BSA)J7 i il 141 2k 5 LI - AR 2 (<100) FA AR
2 (>130) BN EEA H ISNPs, FLHi 5E T 60741~SN-
Ps H g 28 i e th 18 145 1 Sk 55 JUL ) B 505 AH DG Y
1B SNPAL o W0 I IKIR R T SNPshz sl 5L
() 5 (R ORI, DR UL TA] 1 H A DG ) 4 F Al
B MBE T Bl

32 ZXEM

Brife e g M ah, 2258 B Pt 2 skl HAg 2
2R AZ P RN G AR
1 RBEAT ARAL, X IRAF B S5 AEAT LR & AH 2K 4 #ir
WFIE. St 25" b ] Sk 7 5 H Al 3 o 7 iR #40 2
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Abstract: Intermuscular bones (IBs) are small spicule-like bones existing in the muscle fillet of fish and ossified from
tendons, which only occur in lower teleosts. Most of the aquaculture fish species in the world, especially cyprinid
fishes, contain a certain amount of IBs, which consequently affects the market value and processing industry of these
species. Therefore, understanding the molecular regulation mechanism and conducting the genetic selection of IBs are
worthwhile and meaningful for the world aquaculture industry, especially for carp species. Since 1967, more and more
studies began to focus on the types, morphology and number of IBs among different fish species. With the evolution of
fish, the IBs morphology evolved from simple to complex and then degenerate simple again. The two different types of
ossification pattern have been observed during IBs’ development, including ossification from posterior to the anterior
regions, and from anterior to the posterior regions. Recently, with the development of high-throughput sequencing and
molecular technology, a quite number of studies have been conducted and tried to uncover the molecular mechanisms
of IBs development. The regulation functions of some genes, such as scxa, osterix, bmps, tnm, had been revealed.
Among these genes, the scxa mutations based on Crispr/Cas9 system showed distinct reduction of mineralized IBs in
zebrafish, osterix mutations in common carp had short length of IBs. These genes could be used as candidate genes to
breed less or short IBs strains in other economic fish species with IBs. The omics data of IBs, including miRNA,
mRNA, proteomics and genomics, have been established in several fish species, such as blunt snout bream, common
carp, tambaqui, which would be useful to unveil the molecular regulation mechanisms of IBs development. As to the
genetic selection of IBs, several technologies, such as selective breeding, hybridization, polyploid breeding, gynogene-
sis and gene editing, had been used to breed strains with less IBs number. The selective breeding studies had reported
the moderate heritability values of IBs number in blunt snout bream and mirror carp, which indicate that it should be fea-
sible to decrease the number of IBs through selective breeding. Some related SNPs and QTL with IBs number were also
identified in these two species. The individuals totally losing IBs were identified in the grass carp gynogenetic popula-
tion in China and in one tambaqui culture population in Brazil. These identified individuals offers the fantastic mate-
rials for understanding the genetic origin of this phenotype as well as founders to breed offspring without IBs. In the fu-
ture, with the development of single cell transcriptomics and spatially resolved transcriptomics analysis, the molecular
mechanism for tendon-derived stem cells differentiating into osteoblast in species with IBs could be clarified. Then the
key genes could be screened out and their functions in IBs development can be clarified. Moreover, Genome wide asso-
ciation studies (GWAS) based on sequencing could be used to identify the genes/SNPs associated with IBs number and
whole genome selection approach could be considered in some important species. In this review, we summarized all the
related reports focusing on fish IBs’ developmental molecular mechanism and genetic breeding, and the future direc-
tions are also discussed, which could dedicate basic data for less-IB or no-IB strains breeding program.
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