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(Carassius auratus) 5 # W5 P X302, LG
1E ik (Hypophthalmichthys molitrix ) Z2 4t fif H b 5¢
A ILTR] R 2 FIE H B3R 5ok S A T
JUAp R ULERERL (Cyprinidae ) a2 LR RIFE A2

1. B 2T U] f B LR ZE 8 5 2. (i F ' S BB T /K LT s ) 2 LU (ECT, POT) 5 3. il B LR ZE 14T - 3 L LAE (ENT, LT,
MT) , £L YRR 85 WU AL s WUETHR) s 4. R WUS 2P 3 ZUKE (EPT, hLT, MT) , £L 6 R 38 53 WUR A s WUETH] s ENT.
B WUKE ;s EPT. BK= URE; hLT. RO U ; LT, Bl AU LR MT. HEARFLEE s DPC. #5115 ML IR 6E s HOFP. K BRbR S
Grs vs. EENLEIEG; hs. AKPLEIRR ; ESP. il EASURIERSY s EFP. il EQUIEESS:; DAC. FIEATILABIHE; VR ;5 VPC. JE IS L
PIBIAE; VAC. ILIETHTALA BISE; HSP. fh T IARNS 2 HYFP. f I35 POT. SN ECT. HEHILEE .

1. Collagen—fibre architecture of vertical myosepta in teleostomes; 2. Polarized—light micrographs of horizontal septa. 3. Schematic
representations of Epaxial part, oblique dorsal and anterior view. A set of three tendons (ENT, eLT, MT) is present. Red indicates possible
membranous ossifications of these tendons. 4. Schematic representations of Hypaxial part, oblique ventral and anterior view. A set of three
tendons (EPT, hLT, MT) is present. Red indicates possible membranous ossifications of these tendons; ENT. epineural tendons; EPT.
epipleural tendons; hLT. hypaxial lateral tendon; eLT. epaxial lateral tendon; MT. myorhabdoid tendons; DPC. dorsal posterior cone;
HOFP. horizontal fanlike projections; vs. vertical septa;hs. horizontal septum; ESP. epaxial sloping parts; EFP. epaxial flanking part; DAC.
dorsal anterior cone; VR. ventral ribs; VPC. ventral posterior cone; VAC. ventral anterior cone; HSP. hypaxial sloping parts; HYFP.
hypaxial flanking part; POT. posteriorly oriented tendon; ECT. epicentral tendon.
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Plate [ Spatial arrangement and collagen—fibre architecture of myoseptum
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Upeneus tragula SBBE4HE
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ENT. epineural tendon; EPT. epipleural tendon; AOT. anteriorly oriented tendon; POT. posteriorly oriented tendon; eLT. epaxial lateral

tendon; hLT. hypaxial lateral tendon.

B1 EF&ER/KEERINSHIER (88N ET)

Fig. 1 Distribution of tendon ossification on a supertree from family-level phylogenies (n=88 taxa)

TEARAF BRI, LR R 25 F 070 A S 3 —
FEMRGREAAE >, B/ NE R LR 1
FCE A AR H TR L, A A 7R R T
TR JULIRI R , T 25 4 Ay A 187 B 04 “ 17T 5 1) 1A fie A
H , W H A 68 i (Anguilla japonica) JLIA] B JL-F-#B
534 BEHE SH , 185 (Coilia nasus) 5 /N
BB E S B 0 B e B s
S/NEIEARR Ze s B g EIE B ()8R},

http://www.shhydxxb.com

AR Bk (Misgurnus anguillicaudatus) FF 45 , 8 5 /)
U RAR AL, B ] AR D RS O B T
s e e BB B H M B E B, 0 s B
(Pelteobagrus fulvidraco) ,# =5 /NVETH K o Bk /N
AR X S /N B B, TR L i
(Muraenesox cinereus) A" FF i tH B, i 5 i1k, JE
SRR HBA RS /NE B ERE 2 2
%ﬁ’%(Hemearbus labeo) ¥4y H BLIR AL , 2 TE H



13 5 0 - O LR B % S 37

R B IR S T B ik S AN HEMA N B
PN SN EBIR GH R W3 SRR TR L)
HRBH B Z, 82 3R S G (Alosa
sapidissims ) FJGECH 2 /D T BB R T, 5]
R H |, W AE £ (Myxocyprinus asiaticus ) 5EiR
T,

3 LI A AR 2 Tk P AR

1 245 L] e JE s UL 1) 30 7 ) e B A S5 0L
WA I AR A DR SR Rl B0y =i
VKA a2 Bl 0 RN ER B Al A W A G
WIBE A, B LR Rk 12
LF [ R e, LA A5 1) S b i 5K )
F T 77 75 456 1% 3l 0 R0 3 2l B AILARCRE 1 R A
it o BB AU S LRI BR B R A
MY P SR 5T 5 1 LRI BE UL ZE LA
VB Z ] AR | A AR B AR L 3G AR
A0 JULMAT 207 4ok A LTS 728 T A B A e AT 5 = 0y T 1Y)
AR F23034350 R Lb UL TR R B, AL 0 3 B 8 14 o
O ARTES WIRE, AT LR W4 o A% BH 1k LY A
&, DT A fa 44 $28 By B 5 Bl 7= A TR A AR0nY I
JyE R oY R B 68K FBH A (Lepomis
macrochirus ) JLIH] & BT Bk T £0 498 24025 WIEE 1
—2f AR — AR R )

S T AESE LTE] 4548 K o0r DB 20, RHO
R T RVGEEEE(Clupea harengus ) JILTE] I A
L Ak X3 J 0 58 4 Bk X R R AR
BURGER %5 | H138r 2/ 1 BE XS R 43 1 73
Br 13 ~ SRR PE SR 4 ~ 5 9% 1 S I Pa EE AL
V) ) 018 J S 2T 4 ) R 0 4544, FIEDLER %5417
L NN iiREa NPT N € IR 7 D |
PR AV G WALNEDRL S 1 vy N
FEEENLTE R A AR &F BT AR R e T o BF S 2 B
] UL LTs S H-B AR i JILTRD I, 328 5 ) 4% %
A 5, T ENT 1 EPT KCH-A-AL Y JILE] 3 3222 5 N
PR = A A R

4 A[EFEFK T 2 A LR R T s
11 2337 7k 77 2 43 MPF (Median or paired-

fin swimming) 77 3 il BCF (Body-caudal fin

swimming) /5 2, MPF J5 =X AU HE & 119 425 2 3541

FT7= A4 Ty, AR a2 AR A A JILTE R . BCF
T SRR 2R iy i ik 07 2, A 88 475 65

Fra 8847 ORI AT 2, LD 32 27 A T 68 4y
AT A4 0% 3 A vkor A B
Ferptmel,

LA 0 EBEAL 5, WLIRIR 5 B URE AR &5 4
MY, 280k — B [a) J5 A4 ml B8 & A6 2 )L TE]
Lo P R R A e O 58 8 UL R) R B K
RERT, (R AME —SE Fh 2 b AT ) B AR
547 X517 a2, it 5 44 (Danio rerio)
fife WX YT R ( Cyprinus carpio var. Color) ST
T (Cyprinus carpio haematopterus) | | A 3k
(Megalobrama amblycephala) %5 ) JIL 8] 5] & 1 I
Fr A St BRAE B, SRS AR ATV B, 1)
LRI FE 520K i 43 d(dpf) B Je7E BB iR L]
BRI F8, SR TE Sk AR T [ KU I, B1) 55 dpf7E4%
JULTE] By AR 0 1l . AN ) 7 6847 X a8 47
2 M B 1A 5 38 1 ik 438 2 ok 8 UK , 8
A 2 A8 2 AR T A B R AT 21 5 41 3h 0
& 17 eV 18y 1 A 8 i, LI 0] 1 s 0 ) 2
S 08 i 8 L] o i 81 R S, 5 8B4 7 2
g4y AU UK I F AR S FE A i T i A7 =X
F18) i 5 R SRk, LT R RSO A 2 A
XA [e i vk =X £ 28 JL ]S S e 1 A ]
7 A A Sy I JUL P A% 3k 2 o O ML ) T RE RS
ST WUTRTH TR R

5 JULIRDR A A 00 A o R

JULTED SR 2 JSE P s, iy ) 5 i 200 i 1 by
BN A 285 s i B A b Rl
T8, R BLAE — S 28 e o B, R AR D R
B FEBE T fa FL 65 (Oncorhynchus mykiss ) IR

0 2 V7 [ B, R SR DX A T 1 T 78 JoT 4
HEL SR AJILTR] BT, 3R 2 £ L] B A7 A scxva
7 15 WY 8] SE BT 40 M, B AT g Ak D UL AR
(Tenocytes) , 7¢ i5 L 40 Jfd A i 28 A (enmd
colla2 xir2b) , WAl 734k h il 40l (Osteoblasts ) ,
FE IR UE AR ICHE D (runa2b) ™, RBRBE LS 1
sexa HEP] TS EOYLR] A BGRB8 A UL
(1) 30 2 3K seaca JE DR A9 1) 58 5 40 0 2 AR AR 25 2R
i R U 20 AR 1C B X tnmd  coll a2 B8, xir2b , J2&
A Al BEZ R LA R 7 QiR , 2 B L
(1) 1 P S 00 o 4 e ) 5 5 400 L 53 A T it
i

http://www.shhydxxb.com



38 ISR G NI 34 4

6 L% & #9535 L]

JULTED A0 2 e a2 s B B B, i LA [
vk 7 2 A S LI IR s AN [R] , 22 W LI
[i4] 32 J5T 241 M 32 ) 1 f0 R 128 Bl sl B B L I
Ut LTI RIIE B T RESEAILAE 1375 R 45 SR (& 2) o
CL R VR T A R 1 () 7 5 48 L LA ) o 3
AT R R BB LB RR UL LA
SFLZU ) Myostatin (MSTN) J2: ] 45 - 8% L
RH L, Follistatin (FST) A $5 41 MSTN
FFE S, msten BRE £ L A4 3l JUL T ) B A%
K, 1T L UL 30 0 A Bt 1) B8 iy, A S fse B £
JLPR %, L] s B g A i, i UL ) o) s 8 )
[E] 4R T

[ FE BT 4 A
. Mesenchymal stem cell (MSC)
fRIE IR
Enhancement X 8 N
of fish body [ 72 5T 40 A i A LI B
swing MSC in myosepta, marker gene scxa
AN
LbiJ) 2 R 1 i
Mechanical sensing S
9 Osteogenic
protein?
relaged
HILBE AN genes such
Tenocyte, marker genes as bmp , cbfB,
tnmd, colla2, xir2b osterix, spT,
P jj VG A=F ‘) ccndb, sox11b,
Mechanical sensing entpdSh, sost.
protein?
AR

Osteoblast, marker gene runx2b

B2 EF&XIBEREZENS FREIH

Fig.2 Molecular regulation of intermuscular bones
development in teleosts
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Fig.3 Scheme explanation on the evolution of

intermuscular bones in teleosts
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The development and evolution of intermuscular bones in teleosts
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Abstract: Intermuscular bone (IB) is one of three morphological characters of teleosts, and is becoming an
obstacle for fish processing. Recently, some cyprinid fish without IB have been generated by Crispr/Cas9
technology, will be very helpful for our fresh fish culture in China. So far bmp6 and runx2bhave been determined
as key genes for the development of IBs, however, upstream signal pathway to regulate the development is not
sure, and the complex evolution of IBs in teleost is in lack of understanding. This review first gives us a basic
introduction on the IB types, distribution, and the role in swimming, then focuses on the research advance on IB
developmental model, cellular origin, and upstream regulation factors. Finally, a preliminary hypothesis is
proposed in this review to explain IB evolution in teleosts, indicating IB evolution potential associations between
axialmuscle diversification and locomotion adaptive radiations that generated modern teleost lineages.

Key words: myosepta; intermuscular bone; development; evolution; teleost

http://www.shhydxxb.com



