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[ Abstract]

Zebrafish have been widely used to investigate various fields as a model organism, but relatively little

attention has been focused on exploring development of its spinal region. Here, we review the development of the zebrafish

spinal region from five aspects: the central nervous system ( CNS),

connective tissue, and movement of the spinal region,
contribute to its basic research.
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to further our understanding of this excellent animal model and

1 HiREMERS

1.1 &8

FPHX P22 22 58 ( central nerve system, CNS) i flis
*ﬂ;ﬁﬁfﬁﬁéﬁﬁi A SC AR A 21 B ) 10 5 B E’J?’i

o DL A0 1 BE AL T HEE N, R ECE B AE
iﬁ'ﬁﬂiﬂuﬂ‘ﬁﬁE,ﬁﬁﬁi@iuﬂi}ﬁ—ﬁﬁ*ﬁ,75@%
(T B s S R S A S A TR T B
L 24 I B i — RN D R AT, R 28 5
R b ER 0 S IR 2 54 5 R 28 B, #2240
e AT ) TR B SR e A S SO R 2 e,

[EIE1EE 1okt €, o )5 YHE  AF5E 05 10 166 PR AR50 2 A1 & B A4 98 o Email : zjfdlmedu@ 163.com;
VEIS RS, 55 W O, A S RIS O ] G DR i 12558 . Email : suihj@ hotmail.com,

« LA R



o [ S8 Zh 2R 2023 4F 4 2 31 56 4 8] Acta Lab Anim Sci Sin, April 2023, Vol. 31, No. 4 525

80 R U TG A IR 1) Pl 28 | 5 i 2 0 5 S
PRIE BT as IR 00 i 20 2 i R 114 D
e, BEENMIG AT, A28 H AR IO B, ik LA
JE R W 2 B O e, RG22 48 R 4
MIRT 53R 3 2 o B2 g B I 22, B A b e
BE R BT b R AN B R B B A R 5 v 1]
JZ2 A 2 A0 M A AR T Y B IEZE  H R B R E Y
JRIBT s B AN S 2 £ Y B vh 1 3 2 )22, Bl A B
ML A3 R AR IR R R RCE BRI B, B
HEAEAR T~ B 0 (Y R R B2, I i A 38 25 728 4 Y it
[6] AR REE L) TR A AR A5 A 3l A0 00T 0 e T3
H , 10 22 B4 DY A2 2 8 T 2 R | I S B A Ay
PIANIE K7 A, B 0 i 2 2T A T 4y Sk
XK, —KEAEHEBEA B TP RE S 7 — K&
T BEAG , B) EATLR 4R N AT4R4E,
1.2 HHERE

B B RSN A A — 2 A AL, R
B, AR HA v S5 MESh 4, 2 R 2 Bt 2k 2
A JE A5 S R B | G A TR A A R TR B8 s 435
e S A VA A I N 1 R S
HHERR R B RS BT S
1.3 &R

Jixi B ( cerebrospinal fluid , CSF) & B i #4 Jik
28N R U FE A I A B A )02 B A Sy R K
MAERGMESE IR TE R, IF 2 8 % 50N 5
KA AR VE I, MR HES Y (226 W
WA ZLZ) A 4 A a2 B 2 A
= A EERA — AR KRR E
EHEANY , J& CSF RS 3 , LAk |, Oreskovié
SEHOTIRL Y CSF A T BE PR A8 I B 41 I A BE Y VA
Tt i, IR, ST, e CSF 12 3y
PR R IR Sk 5z 30520 i T B fa
v, LBk R IZ B R ZF B AE CSF g il &
TR,

2 BERES

2.1 BRAXE

BRE— Mol 2 a a5, 78 IR G vh ol AR &k
K RHMTTHERE T S WIE T L
Bk, B AAE I & B 2 2 Bh ik e 1S MEAR
WIRERAIR Y (B R WA B HE R 46, 3 808
B AEMEIR B IMEAR P9 456 /)N 4538 S84 R 1 —
FROEIR) o oA TE A SRR T T A A, 8 iR

L B B S T Js 1 i 45 T s ) N A% 3, X 2 44
JRLIGT s il D BRE ST B4 R IR A AR R AR BB R
RIFE B i 0], IR IS AR A & B & . Bt S min G
KB F)ZH 5 10 d(days post fertilization , dpf) i},
RIFG A FEFTA B IR RG A 22 0 iy v
I iR AR = 5 T S5 v ) 30 58 P R R
Uit AR PNERE A R B A AL, AL A A
B A R BERVR B R ) E AL s g,
WURRARZE 422 ) |, i L PR — 2 IR IR , Il 2 B 1
PIREES i, RN LY AR AR R R R A
—EMRERE NI AT SRR D fig . MR8 = 5 1A
HESIYIZERE D W@ATSE | 10 2 2R 45 HAE IR IR I ]
AHR,GRGE A ITOE, §R®A G 5% 2B ks
A BRATSS

2.2 BHEHEF

O FE B b IR 2 0 A B AN i R SR B
R RIE L, AEBE S B AL h 31 ~ 32 A
G, BEEfF R TR R AT Sk, R
S BARE , 5o 5 R EE AR I, DL R B A R
TR A, H R B ARG, B b 3, B
ORHEFNRRHEP D, & BB — 5 HEE #R 2 UMDE
HorHEAR S 1 SOAT Al 43 B HE DK S HE S SRR AT
EHADAEHES 2L, BE 5 00 B 8% & B k4G T
FEANN, FRRG HAE O B, A7 A B RR i 7 =X
BIVACH P B P R P R A B T i HE
W3 o R R AR OB B, BV HE - P8 B B3R
B, B TR, BN AT B E , KIK
ALor A B IR R B 4 ME 5 5 kS 09I B
FAEAARTE B 3 AR BE T AR A RO Sk 31
AR AR 3 52 B2 BRE o A A 1) B AR AR FH T

BT AT AR R AR AR5 B A X e Sk
HRFNEETE 2 A7 ) ZE A, T 25 38 2 A LB 4447 19 B 1k
DI, 55 0P B A B R 2 T A S R R bk S Y
Hj}m{ZS—Z‘)J .

17 dpf , 3R 5 A 2 AL 53 1 56 R 1
SHIEAE, LA 5T D0E T8 AR FE, 6 T35 30
) DRI [ BB AE (0, 55 3 4.5 6 M fc LB
B, ZJE A 1.2 B ME, B 23 dpf, T B HER CE
Ji, Fisher %" IR K BE N IEME, EANHE R T B
il B B & B AR BBy B R K E
3.5 mm B}, 50 3 4 HERIE B B REKE 4.1 mm B,
HAAHEAIE A B RKE 5.5 mm B, BT HEAR 25
ALY SR IAEA R ST RIS A A & A R



526 T E S SR 2023 4F 4 AE 31 %45 4 1 Acta Lab Anim Sci Sin, April 2023, Vol. 31, No. 4

B2 FFhR ) HZE A AN A R BT
7T 2 FH B R 2 ] T 1 T - 240 L T
2.3 BFPHBLRENHNTZHR

HEREE MY il B ol & R AR AR
X, HRBEREAAAE, DA e — s
Kd CEAE M E LR, AR B AR
(I ZS T« Sk B A A B R R B 1 1 & B 2
S 1) AR U B A 5 LT - D) S8 1 DA 30 1) K 358
R B AR, IF B F LR S 0B g T8
5 BB S E B B AR UT 430 R R 6 TS R B EE IE
g ffg' > BT, A HEE H 2 R ) RE AR S
ITAINES D=

3 BERIRS

3.1 XMIAL( muscle lateralis)

P LR VA o R 2 0 2 LT, e 1 2R L
YIRS Ak B LA B, IR 2 B A A LIV,
VI XICX i 4 28 S, B 2 Ao epr | (A5 Lo B AR
D ORER A TR IR 4y TR S5 A8 B T L BRI
HEBBCEA S B R G T A 1 AR H
MAEZAE)E 10.5 h (10.5 hpf) , BEJ5 HARATT L 30
min {9 Ak ) () s, ¢ 79 00k R %) 0 =X ke i A
FEARRIE B, B 5] 24 hpf J5 (BDEE S 1 K4
) T SE T R Fe) A AT R ) FE 5 AN
Hh o i JR LA — A Rz A M A, KD BB, 4
(20 M T L K B AT ] — o A 1 R R P 25 44 T AR
7R, HRR] X 38 A 41 i L BB T B — P 22 1
YRR, AR )RR S R L L Ll 4 4
FRARELAE P B 28 SRls R A A K T 1
Bz AL, 54 245 AR 4B A AT 19 Hp ke 15 3 440
B FLR A WL R DB BUAE LYY (B AE WL B
JEYHML) | IX S 4 A 22 57 25 K& B UG 5 — 1
SRR B L, 2 BB LR VR T ol 2 28 ) 1) 3
e 2 BB A AT, T A LS 5 & R
UL TR VR LR AR LY 0 T A 240 U B
1] KRN S S 5787 W Nu e O Y| N B¢ O A e [
BERER B R T B Al B R L, X SR
KRB S MAET R ENSRS &EEHEY, s
Js LA,

KAWL SR — R 50 HES LYY, —
FERT A3 ML WU AL 2 Fh2s R e fiLrp AT 2k
H&mg L, MERE, & &8Ok, A7 AR
(I AR AR RE &, W4 18/, IO 3R R AEHF AT

A% 57 , XA ML, LR WLLLEE A& i, i
B SRS /b MREE T AU il 1Y) 3 A2 1L
Mg AR )R, oy T A B 9% 57 i SRR R
Wl T UL E &8 30 15 2% A 30 il 200 e 5 % i ok PR UL
FH A 3T A MO8 K 40 - A T I, 3 i B AE TLIE
B LS FERE A e AL R
A3 A AEA LT (00 T AR X 35, R UL 0] 2 £ A 3K T
R EBI IR LA, A7 T AR U BRI X S, VR
BELh fa (K Al op g 5 — 45 4 Al 21 K OF BRI
(horizontal septum ) ¥ KA AL 7k E T PS4y,
I RR A Bl L (epaxial muscle) , T 77 b #h R L
(hypaxial muscle) .

3.2 #%Hl( carinate muscle)

BN RAFTE T farh A KUK, ILET
HEAT , A0 A48 B URTT B LI 53, 23531
LT A TAE A 2 B SO PILRTE I
WL Herb R LAY A i 5 | LR 5 68 4 AL, T B2 AL
W53 RSB L I o 4 LRV S 4 L
3.3 BRIRERR

BB LI S A 25 ) B 2 JILET 4, Kohn 550
KPR, 00 HLET 4k b = A B HESh ) B 41, Johnston
SENU R R Wl R G WLET 4 5
FHL B T FR DA L2 2 A o K UL P A R R
K2 BERIEH R —E AR, N Z
2 531 Ay LD A 48 L e, 380 UL 4t L 1 285
Wizt B YRR 32 2 L ZF 4 09 T8 BF B
B R AR SRE S s iR, 2
858 A IO 2558 2 i W B &R il LS i LEF
AEJEHT G 10, IF B N B LA 4EAR /D B 3% 3
o AR T MIAL PR A 5 A i i | TE iz 3l
WAL BN REFR , LA J5 7 VE FE T 7K 7 A 9 S AR 4
BRI,

4 MEXREHAR

4.1 AR

BEAE LT R LT [R] 20 B AR SR 208 09 LS
Z A — F 51 B9 WLKR ( myosepta ) , Ji 45 19 445 1L
2N LR R LR 20 B 48 L [H] 114 25 4 4 41
R LR o LY 1A A LT 2 o DR o8 3 32 4 T L
B, T UL 1] N 3 e BB AL, TEDNRE b, LR 5 0
FLEY) 0 JILRRE [R5 | FLE 2T A 25 kg #E 20 11 3h )
TP I v B B — B, 2R WY WL 7 il 1) 38 Sl it Dk
BF i o BE B S L % 4% ( myotendinous



o [ S B AR 2023 4F 4 FI 55 31 %55 4 ) Acta Lab Anim Sci Sin, April 2023, Vol. 31, No. 4 527

junction, MTJ) EIR T4 0 b B RT3 5| 3% $2 4
SREI WIS LA, 2 W vk A7 o Hh ) e e 388 1) 3 2830
{37, ULPI A MT #8 BT — A~ 58 B i HLB B 5T
Charvet %V 5 YRR 1 5 15 0 JUL KR 1) 18 1 4% 4
P T IR A R

KV WURR 9 4 8 BR300, ol A B AL BAY
e ST A ORI A, JULRR S 8T de ) B b B AR
B, XA bR A I S A [ 0 20 s AR 1 A
BERUMNEREAMREER LG K
( dystrophin-associated glycoproteins complex, DGC) ,
il € B ) A 20 B Ab JE BT (extracellular matrix,
ECM) 110 Al Zn A , 12 LA e i s A, AA I Py
M DX I o o AR g 0 4 R LT A X I )
SMNES B TR I RO B DL I S Ak LA
Ha 23 BE A AER A (6 MTT 15 BT A, X6 B £
JULRR \MTJ % & B il A 2 2 T 4K T X 55 R R U T
1, XSGR A AL E PR LIC AR, TT7E 24 hpf I, 3T
Wham e BT RS, 18 ILET 4E 4l Bk Z LA, B
TEEAN K E B B, 19 58 2R 73T

Charvet 2SI F5E 2 W 7EBE St b | JULBR Y %
A HERE VLA AR . ER BRIAT 6 d, I
JEZT HEBEA FR B AT AT 4 2 0907 16] , LR 2 2 Ak
MRy WABRIH 6 KIThh, B A — B A,
e S £ e ) B R ) TE SRS (RS AR ) 454, 5T
SRR R IR, SR e S A ILRR ECM, #E 2 AL
IR JC D 2T 4 i R 4 5 JUL 20 ) A4 1 3l 1 L
B I i 27 24 19 IE 5SS HE S 7 A2 ECML B 2 AT LA
I RO % ) RS ] 5 Jo 50 AHK 0] 1 2 4 1 B it
FRE2 AT FILZ R 40 A A/ 5 R R 43 22 T A %
T BN 0 AH BLAE R T SR LR 1Y 2 58 4= B~ 2
KHE, AW, Charvet 55 1 & L1 LK 25 76
JUURR b FUA Wb o 32« 2 B Ot A, i R B AL AR 2D
o3 B BRI AL S LRG| I3 B JILRR B9 2544
KNI RS BRI
4.2 AREHALRM

LB AL 4R SR S e i 3 SR 454k
PRy, 028 HA LU 450 . B ) 3 AR
JULZT- 44 By L PR JEE | 2 RS TR LT 24 9 JUL SR JBE | 2%
AN B ILE I, e rb, LSRR A0 UL BR AH 1 i
Fe o JLET Ak 3 i 20 /) B0 e DL 47 4 B 5 7 JUL R 45 45
AU L S5ILER iR E b, AR a2
NSS4 AL U IS i 2 6 /0  H Fi 2R LA
ZRER L GUR T T AR T LRSS T

5 BHXBEH

ANTF T R AR HE S Wiz S AU 2R, B
a1 (Ris 3 AR R, D PN S, AL PR e 3G R
e S B AR AT A0 JUL PR A 1 e S
Wi , T2 iz 2l A% B 2 HR , FEACR: 1) 328 S 10 2 7
SR S ARz 3l DL 1) Jm 75 VR F 2K 7= AR 14 )
AR A Sl i AT, 0 A0 150 421 25 F) i 3 g R
T B AL BT 51 AR A4 N0 1) 328 Bl i KT AR
X A LB 2K A 1) I 9 T, — UL PA) 5 s e ]
25 R 00 322 52 77 A ) 25 o T K 0 A 2 e i
DRI 7 A 1] Je B ey SE BR ARk, [R] i, 28 B
A—FEZERPLSIEE ST, ME R R Fkik, 24U
FEHR Y, 2 A PREUES 0 MR A £ A R T 23R
S TN C T Zh AR, i — B T o
Sl B, U5 U Tk S A 5E
WAERE S AR S JE R Bt A, K BLBE S Sk MR
OIEEES DOk o R= Pu R 3 AR | T - 02
AR PR AL 2 4 Ty, Sk AR Bl A AR R F
i FE A8 422 20 7 A 0 IR A e e B 3 4R R R A
Jit

6 NESRE

UTAER , B Hy i DUH AR L3 2 e T A4
S N7 N VR NS e Th Ay W Ny
RFEN R BEAN T 3171, BT, AT
I JAR 2 07 T, /N /N B Ey 0 FE R iR vh
EEN T MELIAE G Y AR A PR AR B Otk 3
TR IRERRE LS, TR AT, &Rl T
FULREE FE A 7 I L 3 0 1) 3k A7 7 O LRI A T
(i 85) 10T B (A AR AR
& BT WU R AT i A7, A itE— 25k B L AgE g
W/ WURE REEAT 5 245 1) 7 45 ME 30 40 v i) 385 3 A2 A, T
il B B £ A XY K B R A B T AT X LAt
W R BIESZAC I RERIIR R .

2 £ X #k(References)

[ 1] Meyers JR. Zebrafish: Development of a vertebrate model
organism zebrafish: development of a vertebrate model organism
[J]. Curr Protoc Essent Lab Tech, 2018, 16(1): 1.

(2] WA M2 [M]. deat. hEg A 2010.
Xie CX. Ichthyology [ M ]. Beijing: China Agriculture
Press; 2010.

[ 3] Araya C, Ward LC, Girdler GC, et al. Coordinating cell and

tissue behavior during zebrafish neural tube morphogenesis [ J].



528

o E SR Eh YA 2023 4F 4 HAE 31 555 43 Acta Lab Anim Sci Sin, April 2023, Vol. 31, No. 4

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Dev Dyn, 2016, 245(3) . 197-208.

Clarke J. Role of polarized cell divisions in zebrafish neural tube
formation [ J]. Curr Opin Neurobiol, 2009, 19(2) . 134-138.
Harrington MJ, Hong E, Brewster R. Comparative analysis of
neurulation ; first impressions do not count [ J]. Mol Reprod Dev,
2009, 76(10) : 954-965.

Lowery LA, Sive H. Strategies of vertebrate neurulation and a re-
evaluation of teleost neural tube formation [ J]. Mech Dev, 2004,
121(10) ; 1189-1197.

Wi, FREL, WAl EHES Y LB A2 (M. dEae. db
HURSA AL 5 2008.

Yang AF, Cheng H, Yao JX. Comparative vertebrate anatomy
[M]. Beijing: Peking University Press; 2008.

DA, R B SR [M] deat B W
#t; 1985.

Romer AS, Parson TS. The vertebrate body [ M ].
Science Press; 1985.

Hagenlocher C, Walentek P, M Ller C, et al. Ciliogenesis and

Beijing:

cerebrospinal fluid flow in the developing Xenopus brain are
regulated by foxjl [J]. Cilia, 2013, 2(1); 12.

Mogi K, Adachi T, Tzumi S, et al. Visualisation of cerebrospinal
fluid flow patterns in albino Xenopus larvae in vivo [ J]. Fluids
Barriers CNS, 2012, 9. 9.

Wilting J, Christ B. An experimental and ultrastructural study on
the development of the avian choroid plexus [ J]. Cell Tissue
Res, 1989, 255(3) ; 487-494.

Turner MH, Ullmann JF, Kay AR. A method for detecting
molecular transport within the cerebral ventricles of live zebrafish
(Danio rerio) larvae [ J]. J Physiol, 2012, 590 ( 10) . 2233
-2240.

Bill BR, Korzh V. Choroid plexus in developmental and
evolutionary perspective [ J]. Front Neurosci, 2014, 8. 363.
Kimelberg HK. Water homeostasis in the brain: basic concepts
[J]. Neuroscience, 2004, 129(4) . 851-860.

Lun MP, Monuki ES, Lehtinen MK. Development and functions
of the choroid plexus-cerebrospinal fluid system [ J]. Nat Rev
Neurosci, 2015, 16(8) ; 445-457.

Oreskovi¢ D, Klarica M. The formation of cerebrospinal fluid:
nearly a hundred years of interpretations and misinterpretations
[J]. Brain Res Rev, 2010, 64(2) : 241-262.

Oreskovi¢ D, Klarica M. A new look at cerebrospinal fluid
movement [ J]. Fluids Barriers CNS, 2014, 11 16.

Klose U, Strik C, Kiefer C, et al. Detection of a relation between
respiration and CSF pulsation with an echoplanar technique [ J].
J Magn Reson Imaging, 2000, 11(4) . 438-444.

Xu Q, Yu SB, Zheng N, et al. Head movement, an important
contributor to human cerebrospinal fluid circulation [ J]. Sci
Rep, 2016, 6. 31787.

Yamada S, Miyazaki M, Yamashita Y, et al. Influence of
respiration on cerebrospinal fluid movement using magnetic
resonance spin labeling [ J]. Fluids Barriers CNS, 2013, 10

(1): 36.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[30]

[31]

[32]

[33]

[34]

Olstad EW, Ringers C, Hansen JN, et al. Ciliary beating
compartmentalizes cerebrospinal fluid flow in the brain and
regulates ventricular development [ J]. Curr Biol, 2019, 29(2) .
229-241.¢€6.

ksl , SRR, HHI, A5 BEE 5 2 SUR B R E Y
BEFE [T]. HEEEABESE, 2014, 30(2) : 97-99.

Zhang YL, Zhang CZ, Peng G, et al. Characteristics of
craniofacial bone development of zebrafish [ J]. J Oral Res,
2014, 30(2): 97-99.

dRIE, JRER AR MR R [ M]. JE Bl R
1 1987.

Meng QW, Su JX. Comparative fish anatomy [ M].
Science Press; 1987.

Beijing;

Bird NC, Mabee PM. Developmental morphology of the axial
skeleton of the zebrafish, Danio rerio ( Ostariophysi: Cyprinidae )
[J]. Dev Dyn, 2003, 228(3) . 337-357.

Walker MB, Miller CT, Coffin Talbot J, et al. Zebrafish furin
mutants reveal intricacies in regulating Endothelinl signaling in
craniofacial patterning [ J]. Dev Biol, 2006, 295(1) ; 194-205.
Yang Y. Skeletal morphogenesis during embryonic development
[J]. Crit Rev Eukaryot Gene Expr, 2009, 19(3) . 197-218.
Du SJ, Frenkel V, Kindschi G, et al. Visualizing normal and
defective bone development in zebrafish embryos using the
fluorescent chromophore calcein [ J]. Dev Biol, 2001, 238(2) .
239-246.

AT, TKICHR, TR, BELD 01 B BB R A BT 5T 0
[J]. EEESYFA, 2019, 27(2) : 248-253.

Peng W, Zhang W], Xue Y. Research progress of zebrafish
models of bone diseases [ J]. Acta Lab Anim Sci Sin, 2019, 27
(2):248-253.

B BRIk R H RS AL e S R E [ D).
M R#; 2012,

Xi Y. Screening of mutant with abnormal bone development and

zebrafish. [ D ]. Nankai

PN

caleification  in
University; 2012.
Fleming A, Keynes R, Tannahill D. A central role for the

Tianjin:

notochord in vertebral patterning [ J]. Development, 2004, 131
(4): 873-880.

Fisher S, Jagadeeswaran P, Halpern ME. Radiographic analysis
of zebrafish skeletal defects [ J]. Dev Biol, 2003, 264(1): 64
=176.

T, A, ARJarR, AR LD B O X B 1D i ik R
WS (1], KA, 2020, 44(3) : 546-553.

Yang J, Tong GX, Zheng XH, et al. Comparative analysis of
skeletal ~ development  between  wildtype zebrafish  and
intermuscular bone-deficient mutants [ J]. Acta Hydrobiol Sin,
2020, 44(3): 546-553.

Stickney HL, Barresi MJ, Devoto SH. Somite development in
zebrafish [ J]. Dev Dyn, 2000, 219(3) : 287-303.

Cossu G, Borello U. Wnt signaling and the activation of
myogenesis in mammals [ J]. Embo J, 1999, 18 (24). 6867

—-6872.



1 E SIS YR 2023 A5 4 A5 31 55 4 8 Acta Lab Anim Sci Sin, April 2023, Vol. 31, No. 4

529

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Christ B, Ordahl CP. Early stages of chick somite development
[J]. Anat Embryol (Berl), 1995, 191(5) : 381-396.

Cossu G, Tajbakhsh S, Buckingham M. How is myogenesis
initiated in the embryo? [ J]. Trends Genet, 1996, 12(6) . 218
-223.

Kimmel CB, Ballard WW, Kimmel SR,
embryonic development of the zebrafish [ J]. Dev Dyn, 1995,
203(3) . 253-310.

Altringham JD, Ellerby DJ. Fish swimming: patterns in muscle
function [ J]. J Exp Biol, 1999, 202. 3397-3403.

Bone Q, Hoar W, Randall D. Locomotor muscle [ J]. Fish
Physiol, 1978, 7. 361-424.

Kohn TA, Kritzinger B, Hoffman LC, et al. Characteristics of

et al. Stages of

impala ( Aepyceros melampus) skeletal muscles [ J]. Meat Sci,
2005, 69(2) . 277-282.

Johnston TA, Alderson R, Sandham C, et al. Muscle fibre
density in relation to the colour and texture of smoked Atlantic
salmon ( Salmo salar L.) [J]. Aquaculture, 2000, 189(3-4) .
335-349.

Johnston TA, Manthri S, Alderson R, et al. Freshwater
environment affects growth rate and muscle fibre recruitment in
seawater stages of Atlantic salmon ( Salmo salar 1.) [J]. J Exp
Biol, 2003, 206: 1337-1351.

Arnold HH, Winter B. Muscle differentiation ; more complexity to
the network of myogenic regulators [ J]. Curr Opin Genet Dev,
1998, 8(5) : 539-544.

Lassar A, Miinsterberg A. Wiring diagrams: regulatory circuits
and the control of skeletal myogenesis [ J]. Curr Opin Cell Biol,
1994, 6(3) . 432-442.

Kudo H, Amizuka N, Araki K, et al. Zebrafish periostin is
required for the adhesion of muscle fiber bundles to the
myoseptum and for the differentiation of muscle fibers [ J]. Dev
Biol, 2004, 267(2) . 473-487.

Gemballa S, Ebmeyer L, Hagen K, et al. Evolutionary
transformations of myoseptal tendons in gnathostomes [ J]. Proc
Biol Sci, 2003, 270( 1521) ; 1229-1235.

Poovathumkadavil P, Jagla K. Genetic Control of Muscle
Diversification and Homeostasis; Insights from Drosophila [ J].
Cells, 2020, 9(6) :1543.

Charvet B, Malbouyres M, Pagnon-Minot A, et al. Development
of the zebrafish myoseptum with emphasis on the myotendinous
junction [ J]. Cell Tissue Res, 2011, 346(3) . 439-449.

Dai Y, Liang S, Dong X, et al. Whole exome sequencing
identified a novel DAG1 mutation in a patient with rare, mild and
late age of onset muscular dystrophy-dystroglycanopathy [ J]. Cell
Mol Med, 2019, 23(2): 811-818.

Devoto SH, Melangon E, Eisen JS, et al. Identification of
separate slow and fast muscle precursor cells in vivo, prior to
somite formation [ J]. Development, 1996, 122 (11). 3371
-3380.

Henry CA, Amacher SL. Zebrafish slow muscle cell migration

induces a wave of fast muscle morphogenesis [ J]. Dev Cell,

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

2004, 7(6) : 917-923.

Forgacs G, Newman SA, Hinner B, et al. Assembly of collagen
matrices as a phase transition revealed by structural and rheologic
studies [ J]. Biophys J, 2003, 84(2): 1272-1280.

Holmes DF, Gilpin CJ, Baldock C, et al. Corneal collagen fibril
structure in three dimensions; structural insights into fibril
assembly, mechanical properties, and tissue organization [ J].
Proc Natl Acad Sci U S A, 2001, 98(13) : 7307-7312.
Kadler KE, Hill A, Canty-Laird EG. Collagen fibrillogenesis:
fibronectin, integrins, and minor collagens as organizers and
nucleators [ J]. Curr Opin Cell Biol, 2008, 20(5) : 495-501.
Bremner HA, Hallett IC. Muscle fiber-connective tissue junctions
in the fish blue grenadier ( Macruronus novaezelandiae ). A
scanning electron microscope study [ J]. J Food Sci, 1985, 50
(4):975-980.

Briiggemann DA, Lawson MA. The extracellular matrix of Gadus
morhua muscle contains types III, V, VI and IV collagens in
addition to type I [ J]. J Fish Biol, 2005, 66(3) . 810-821.
Bricard Y, Ralliere C, Lebret V, et al. Early fish myoseptal
cells; insights from the trout and relationships with amniote axial
tenocytes [ J]. PLoS One, 2014, 9(3) ; e91876.

Ralliere C, Branthonne A, Rescan PY. Formation of
intramuscular connective tissue network in fish: first insight from
the rainbow trout ( Oncorhynchus mykiss) [J]. ] Fish Biol,
2018, 93(6): 1171-1177.

Issa FA, O’ Brien G, Kettunen P, et al. Neural circuit activity in
freely behaving zebrafish ( Danio rerio) [J]. J Exp Biol, 2011,
214 1028-1038.

Rl BORIT, MR BED S BURFNEEEAE [J].
L F1%, 2007, 22(5) : 519-526.

Wu YF, Jia LB, Yin XZ. The kinematic analysis of S-start of
zebra danio( Danio rerio) [J]. J Exp Mech, 2007, 22(5) . 519
-526.

T, W, BRI BT AR AT SE TP Y
B [J]. BEEAEE (R AT, 2010, 5(2) : 337-338.

Fang W, Zeng J, Wang FL. Application of zebrafish, a model
organism, in the study of human diseases [ J]. Med Inf, 2010, 5
(2): 337-338.

Zheng N, Yuan XY, Chi YY, et al. The universal existence of
myodural bridge in mammals; an indication of a necessary
function [ J]. Sci Rep, 2017, 7(1) . 8248.

Li C, Yue C, Yan B, et al. Identification of the myodural bridge
in a venomous snake, the Gloydius shedaoensis: what is the
functional significance? [J]. Int J Morphol, 2022, 40(2) . 304
-313.

Huangfu Z, Zhang X, Sui JY, et al. Existence of myodural
bridge in the Trachemys scripta elegans: indication of its
important physiological function [ J]. Int J Morphol, 2019, 37
(4): 1353-1360.

Zhang JH, Tang W, Zhang ZX, et al. Connection of the posterior
occipital muscle and Dura mater of the Siamese crocodile [ J].

Anat Rec (Hoboken) , 2016, 299(10) : 1402-1408.



530 T E S SR 2023 4F 4 AE 31 %45 4 1 Acta Lab Anim Sci Sin, April 2023, Vol. 31, No. 4

[66] Dou YR, Zheng N, Gong J, et al. Existence and features of the 1524-1531.
myodural bridge in Gallus domesticus; indication of its important [68] Chen C, Yu SB, Chi YY, et al. Existence and features of the
physiological function [ J]. Anat Sci Int, 2019, 94(2). 184 myodural bridge in Gentoo penguins: a morphological study [J].
-191. PLoS One, 2021, 16(4) : €0244774.

[67] Okoye CS, Zheng N, Yu SB, et al. The myodural bridge in the
common rock pigeon ( Columbia livia) ;: Morphology and possible [WFBEH] 2022-09-06

physiological implications [ J]. J Morphol, 2018, 279 (10):

(R EKREIHMFRYHL

E TS CN 11-2986/Q EPFRT]S ISSN 1005-4847 HBJE1L S 2-748

— FENE

AT SR sh v 2 15 o [ DR 2 B B 12 o S 38 sh W k5 e 32 9 1) 4 Tl e e 0~ R T (A
Tl IS 5 50k I S SR AAS G o % B A I [R5 52 30 sh )45 s S 30 A O 19 2B A Bt 224500
SRR A A AR AR PR ARS WETE DR A S 2k EORORRS AR SE R nl 5 SO R Sk UL
i GRIUES B, A QUE AR AT

AT Hp R 5 | SR 12 A DU ) | v T 2 A S 2385 PR el 2 SR U 1) | v T 22 AR ) 2 5
R (CAJCED ) Gt I5UI ] | (v [ 22 AT R S ) A DRI ] e v [ A 2 SRR B 128 | o A 0 )
(% ) Bdla ) (P ERHGE G HEI T (P EBHE O T RSO C IR H R ) (LR L)
SEICHER eI
T BRERREEEI

SCHRE A B EA QU RS I 18 R WA, BORE AT 52, SO BIN0RS 25, b 0475 ER , IR AL
T, PRI, SCE R 6000 2N,

BAE WAL http . // zgsydw. enjournals. com/
LUESS NP S



