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Postembryonic development of the thoracic muscles of Apis mellifera
ligustica ( Hymenoptera: Apidae)
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and Food Engineering College, Shaanxi Xueqian Normal University, Xi'an 710100, China)

Abstract: [ Aim] This study aims to understand the postembryonic development of the thoracic muscles
of the Italian honey bee, Apis mellifera ligustica, so as to provide some theoretical support for the study of
animal muscle development and pathology, and to present a valuable insect model system to investigate
muscle regeneration in wvivo. [ Methods] The postembryonic developmental process and structure
characteristics of the thoracic muscles of A. m. ligustica were observed and compared by using
hematoxylin and eosin (HE) staining and 5-bromo-2-deoxyuridine ( BrdU) incorporation. [ Results] The
thoracic muscles of A. m. ligustica larvae are derived from myoblasts formed during embryonic
development. Muscle development is accomplished through the fusion of fusion-competent myoblasts
(FCMs) and founder cells (FCs) , and the division of myoblasts and muscle cells. In the early stages of
the development of A. m. ligustica pupa, most of the larval muscles degenerate and disappear. Adult
thoracic muscles originate from three myoblast nests of two muscle cell groups, of which dorsal
longitudinal muscles (DLMs) mainly originate from one myoblast nest of dorsal fan-shaped cell group,
and other muscles originate from two myoblast nests of the ventral spindle cell group. Adult myoblasts of

the myoblast nest continuously divide and proliferate. These divided cells expand and extend in specific
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directions. These cells become muscle fibers after the myofilaments are formed, and then multiple cells
form a muscle bundle. These muscle bundles make up the entire muscles of the adult thorax.
[ Conclusion] The developmental modes of muscles of A. m. ligustica are different between its larvae and

adults, and also different from those of Drosophila.
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KT RBNAKE P, BIEFREE Drosophila
melanogaster JEATIHE N RGE M T, 16 M1 IR
JEEE R i TR Y 22 ek LA B AH S
IR B P IRZ AR 2 BB, R RAE U . PIR)Z
YT ~2 LRI (myogenic cell) 4kEE & H A
LR AH 41 9 ( myogenic progenitor cells, MPCs) , &
AL T 7 AR5 LA BT 5 04 B A 15 5 5 i 40 JH
Hh At 1 4B DU il S R R L AR ( fusion-
competent myoblasts, FCMs) , ‘&2 {7 3= % 3@ 3 [6] i L
A RLA , LARE N LEF i i 5 5 DL A L4 B A% 1)
%1 (Bate, 1990; Baylies et al., 1998) , MPCs #ff7
AXIFRGFBE, A BE LA MY (founder cells, FCs) Al
A H WL AH 28 MY (adult muscle progenitor cells,
AMPs) , FCs Fl FCMs AHEIFRLG T2 LA MR
WUEF 4, e 28 14 2 i 2L 2 24 ( Abmayr and
Pavlath, 2012; Gunagea et al., 2014; Bothe and
Baylies, 2016 ; Deng et al., 2018) ,

SR H )l PR A R R ILIA, AT TR
& B E AL, R 20 m] CATAROC  (HZ A R ILIA Y
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Bate, 1997) . 7EMfi % & 491, KA I 9 S A LI I
fiff , 33X S 20 i DA i L T RS B O 7, AR L RS
FEBUR LA ( Currie and Bate, 1991; Ruiz-Gémez
and Bate, 1997 ; Abmayr and Pavlath, 2012 ; Gunagea
et al., 2014 ; Bothe and Baylies, 2016) , a7 HE
W ( dorso-ventral muscles, DVMs) 5t 238 1 X AL A HL
HIE B B (Rivlin et al., 2000; Dutta et al., 2004,
2005) , 1A AL ( dorsal longitudinal muscles,
DLMs ) fJE 100 2 3 3k 75 b —Fh AL 7E 4 UL
At AR rh, R e M 1Y 6 e gl B LA (BN 3
Ho) B B ok ME R H DLMs & & AR AR . 78 0
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Xof % B L PR BP9 A PP 7R IR S LA 1Y
HAGH |, Morison (1928 ) X i 4F 4 J5 % 4§ Apis
mellifera 1) [A] 42 RAT WL TH AL IE O WE IR LA AR 56
W ENUA RS R A AP 2E AT TR
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AW 58 o A WU R IR R ORS-OF 40 G 1
( hematoxylin and eosin staining, HE &%)  BrdU 4
P 2H Ak 2 Y {4, [ 5-bromo-2-deoxyuridine ( BrdU)
incorporation | & £ AR | X B K F) & ¥ Apis mellifera
ligustica ( fRFR" Z2ME" ) WL ARG & B 1 72 K 41 41
SEARR AT T HOETHIESY , O o B LA B o B A Ak
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U AR AN L, T 4% Z R W 4°C [ 5E 8 h, 70% ,
80% , 90% , 95% F1 100% H: £ W K§ M 7K , A1 05 42
HELEYIR R T wm, YT IR 2 M
BRI BT,

IR T Z W ORI, AR B2 P50 520K ; Bt I
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JBE R, Nikon 0% BAMUSAR R 58 (DS-5M) 411 1R
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(B 1: E), BRI EIE LA 4, iz 1e
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KL (LS) , EHMMEHANAKC & F 58455 18
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Fig. 1 Postembryonic development of thoracic muscles of Apis mellifera ligustica larva
A 1% A HP WA H L ZEHY (YY) ) Structural organization of dorsal longitudinal muscles in the 1st instar larva ( sagittal section) ; B 1 #34) d1 f 20
WA JEAH S AL Y ZH 2R 4588 (90 E)]) Structural organization of ventral longitudinal muscles and muscles associated with the leg in the 1st instar larva
(sagittal section) ; C, D 1 %l H s L4020 2L 5544 (YA Y] ) Structural organization of myoblasts in the 1st instar larva ( sagittal section) ; E: BrdU
FRICH) 2 #2h AI LA (90 ] ) BrdU-labeled muscles in the 2nd instar larva ( sagittal section) ; ¥, G, H: 2 §& 4 de 35 18 ALAY 2 214549 (90 4)
Structural organization of dorso-ventral muscles in the 2nd instar larva (sagittal section) ; I; BrdU Frict 3 #4h H WL (/K3E4)] ) BrdU-labeled muscles
in the 3rd instar larva (horizontal section) ; J: BrdU fxict 4 #2 4 A HILA (201)) BrdU-labeled muscles in the 4th instar larva ( sagittal section) ; K
BrdU #3712 5 4 A LA (904] ) BrdU-labeled muscles in the Sth instar larva ( sagittal section) ; L. T 0 )L A A4 £ 21 25 44 ( 7K SF-47) ) Structural
organization of muscles of the prepupa ( PP) (horizontal section). Ap: % Apodeme; Nu: ffit% Nucleus; FBC . S5 {AZH /il Fat body cell; FC. BE%E
A Founder cell; FCM ; il % i IL4H I Fusion-competent myoblast; DLM; 52\l Dorsal longitudinal muscle; VLM fEZAHJL Ventral longitudinal
muscle; DVM; 75 )l Dorso-ventral muscle; Tr; ‘S 4§ Trachea; Va: 235 ¥I Vacuole; Le: J& Leg. A, B, C, D, F, K: ZZNA7, [ HTF Left is
anterior, and the top is dosal; E, G, H, J: 22 0%, AT Left is dorsal, and the top is anterior; 1. ZZ4MI, F N Left is the ectal side, and
the top is anterior; L: ZZNHT, [ F I Left is anterior, and the top is the internal side. [ BrdU Fric BRI - 4b, Haxh HE Qe f; F
[&[7], Except the figures noted with being labeled with BrdU, the other figures are stained with HE. The same for the following figures. #5 U Scale
bars =50 pum.

FETR, R BB LA Sk SE AN 1) R — ATy TR RIS s WLZZ A5 L T B, 5, M A% o A
[ SEA, B HT IR AE 22 (812 B) o BEAE L FEWLEF e A A [T, iR LA A 15 ~20 A4
AN, L2 B W HE SRS ST (BN LET 4 IR WLET e K 2908 80 wm, FEZY 7% 30 pm, 4947
WIFRASKL, AR, e LR 2 ol R DR U, [ 8 ~10 50 ([& 2. D) ;X i LA EAY I 225 5 1 000
LT 4EdAN S (181 2: C, D) o BERMEFAER Y pm(E2: C) o P1BRI], SEERGRRHD) o, 72 H
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B2 BRFEERESIAMIRERE (1)
Fig. 2 Postembryonic development of thoracic muscles of pupa of Apis mellifera ligustica (1)

A, C: 1 H A0 B 75 00 A4 JUL A 7 Dorsal muscles of the 1-day-old pupa; B: 1 H i 5 135 3500 20 S 76 v (9 LA I Muscle cells in the dorsal muscles
of the 1-day-old pupa; D 1 F A0 Ha5B 75000 40 M 7 vb A4 JULET 4E B Muscle fibers in the dorsal muscles of the 1-day-old pupa; E: 1 H {& U LA A% 2
125 H Structural organization of muscles of the 1-day-old pupa; F: 1 F {4 5875 M )L I 7% Dorsal muscles of the 1-day-old pupa; G: 1 H %1 I3
JEMIILAFE Ventral muscles of the 1-day-old pupa; H: 2 H §3 U LA A4 2 2R 454 (57T BE ) Structural organization of muscles of the 2-day-old pupa
(near the ectal side) ; 1: 2 H {4 Jg5 355 0 LA B Dorsal muscles of the 2-day-old pupa; J: 2 F #5880 35BS LA Upper ventral muscles
of the 2-day-old pupa; K: 2 H {4 LD A4 2H 2R 4544 (58 UL 1A% ) Structural organization of muscles of the 2-day-old pupa( near the intal side) ; L: 1 H
4 T 0 AL PR B R Y ILET- 4 Muscle fibers in dorsal muscles of the 1-day-old pupa; M. 2 H % 8§ 35 00 AL B 0 B9 HILET 4 Muscle fibers in dorsal
muscles of the 2-day-old pupa; N: 2 H & 5 00 LA 5 0 89 JULEF 4 Muscle fibers in ventral muscles of the 2-day-old pupa; O: 2 H§3 U LA A £H 27
ZE 44 Structural organization of muscles of the 2-day-old pupa; P: 2 H #¥ 1 g3 35 ML A Dorsal muscles of the 2-day-old pupa; Q: 2 H i 5 i
M FHBAY LA E Lower ventral muscles of the 2-day-old pupa; R: 2 H #i% 5 i3 6 M 38 A4 UL B Upper ventral muscles of the 2-day-old pupa. DM
HOILA B Dorsal muscles; UVM: JiE 1l F 3 i JULIA 3 Upper ventral muscles; LVM. & ] 3B 44 LI 7 Lower ventral muscles; Mfl: fJl 2
Myofilament; MF: JJLZ}-4 Muscle fiber; AM: A{HUSLZH i Adult myoblast; Nu: Jf84% Nucleus. A - D: 7K3FE4I, 2 HT, oMMl Horizontal
section, the left is anterior, and the top is the ectal side; E - R: ZA], 2= W[, [ Ni¥ Sagittal section, the left is anterior, and the top is dorsal.

FIREMAA —DLARECE 22 E) S8 ERRAILARE UKD B A JILET 4 o5 X AR R LET S sfi 2047 9 ~
ERIE,KRIELA 1000 pm (18 2: F), BEAE  1050(K2: F, L), % NEROARERRE, KE
R, AT ILZY 8 ~ 10 R4 A A MR EEBTIE AN 2925 1000 wm , SEREZ R 500 wm 5 H 94 s [m] L7 5
P ER P S 77 1) i HE A (18T 22 ) B T, B — 2RI JEROARRESEAL, S IStk B Y, v ) 2 R A
A SO AR BN IE HES S T R L2 b JLER4ERR, IR 9 ~ 10 31 (I 2: G)



12 1 ZRIRTEAT TR B e ) F JUL P O S K 7 1457

IR IEE 2 K (P2) (B12: H, K), FIAY
WL TS i (18] 22 1), o) o 2 AR BEFE 1
FE(P 2 K, He ot B 2 2 [R] i ) 1) (A BEFE i i
o BANAR S, JLEF4E I, HE9 855, B ALH
P, R Bl o AR 22/ NSO AZ T (B 2 M) o FERRR Y
AN, rTRLE R 2 ASHLARE. e FRHEE 1E
PREENZE L, 1] BBl 07 il 3 e 52 B B (1) 2
H, K, 1) s B LR 4E 0 A MU ) Z2 2 (14 2.
N) o B P2 HE 31, & REA B # i pl e g 5L PY 23 A
AT (1 22 O) o 500 AIL PARRE (Y 1 i 0 B 35 7 1
BERYA R _E (B 2: P) s BEAAY 2 AL R LA 2%

%L, ) R B R 7 R B (2. Q, R,
FHgE W 9 T MR T AT (22 0) o

FUMRAE S 4 K (P4) |, A T i 7 f) 7 0
(K3: A, B) JEM(IE3: C) IAFEER(K3: D)
RILA R b, BEE B 1F 2 BrdU A3 iC B9 FH 1 40 D
PACRE PR 1% 40 £ UL PR RS 35 ) 3t D7 (oI 240 i JB I
2R, S LR CEAM RS FIULIA) 22 18] S R ik
Z (3. B), FMHAFTRNS K(PS), BiEHEH
A3 B, F) FEMCE 3. G, H) ARTILL K
HHNLCE 3: 1) BRI, 7E WL 54 A i
BrdU FRic B FHPEANME (& 3: F, H, 1),

B3 ERREEImMFRILRMIRE £ E ()
Fig. 3 Postembryonic development of thoracic muscles of pupa of Apis mellifera ligustica ( 1)

A, B: BrdU #rict 4 H 45 Hg30 2 0 #9 LAY BrdU-labeled dorsal muscles of the 4-day-old pupa; C, D: BrdU Frict 4 H % 1 M35 i 0 9 LA BrdU-
labeled ventral muscles of the 4-day-old pupa; E, F: BrdU #xic 5 H #4558 2 01 64 JLPY BrdU-labeled dorsal muscles of the 5-day-old pupa; G, H:
BrdU #1325 H %4 % A 351 i 0] A9 LY BrdU-labeled ventral muscles of the 5-day-old pupa; 1. BrdU #3532 5 H %  f9 75 2\ UL BrdU-labeled dorsal
longitudinal muscles of the 5-day-old pupa; J: 6 H % iJLIA (19 20 21 25 44 ( 5E VTR RE , PA4]) Structural organization of muscles of the 6-day-old pupa
(near the ectal side, sagittal section) ; K: 6 H &5 LA B9 41212548 (SEE A%, A ) Structural organization of muscles of the 6-day-old pupa ( near
the intal side, sagittal section) ; L; 6 H {3535 I8 NILE 2H 21 45 #4 Structural organization of dorso-ventral muscles ( DVMs) of the 6-day-old pupa; M, N
6 H I u 5 ALY ZH 2R 4545 Structural organization of dorsal longitudinal muscles (DLMs) of the 6-day-old pupa; O: 6 H & & 3L A A 4H R 254
Structural organization of leg muscles of the 6-day-old pupa; P J{Ht LA AYZH 2145 H Structural organization of adult muscles. BW: {&EBE Body wall;
Ap: N Apodemes; DLM: T2\l Dorsal longitudinal muscle; DVM; 5 i )l Dorso-ventral muscle; FBC: EHi AR 40} Fat body cell; Ga: #fiZTy
Ganglion. i3k$571 K BrdU Fric BIL4EML . The arrows denote BrdU-labeled muscle cells. A, F, P: Z2°N75, | A Left is dorsal, and the top is
anterior; FAYIE F Other figures: Z2°NH7, | N3 Left is anterior, and the top is dorsal.



1458 B 244k Acta Entomologica Sinica 63 &
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(F3: 0), XEPLALEIEH L4, HAR R AHLAS
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3.1 EEYHAANERMNEZERER

[ B HES YIS, B He iy s UL an i du ke B bl
7. TEEERET RW(L] -12) A —2 KA
A, ENZ 2L Z e, M R, 5
R LR R PP G A 20 €2, () S FB1 1) g s < 4
FRLIE B A B P X)L, 35K 42 200 I 122 S 5 Bk A B 5 A4
JL(FCs) FIVAIAE . BT 12 7E4h HUi 55 243
B, R ZOE A U LA . TE FCs J5 [ 586 15 2
ANEURR A H , 3X SE A0 i R EJ2 FCMs, ‘B {1123 [R] FCs
RARNAG VLT 4R 0% 5t 5 DL R 40 A 0 B 1
(Bate, 1990; Baylies et al., 1998) ., Duch % (2000)
TEXSJH R M Manduca sexta TN B BIBFFEH,
WAER 13X S M ) A7 A, B TER B 20
SU5 X SE AN A AR ) U — EAETE, B, EAT
SR AEERE B 1 DR, (ERAVE# AT 45 X
G240 A A R T

JIS A UL PR 240 L ) AR A R AR ARV 2 A
Xof SRAE LA & B RT3 B, LA B iU d@ i FC
[] FCMs fRl-&TE I o B — LR & A — & 5L
VAR, FC fil& FCMs (1% RIZ LA
JIT A 5 V8 40 A i — 3 T A R AS IL P 2R 8, FC
TRl ) FCMs B9 2o e ny . flan—Aa4 3
AHEAZ I LP 238 2T 2 YA B RS T8 B 5 T A
25 AR R BIWUEA , D2 5d 2ok 24 Y 4n B 5 ok
FEIE Y, HLsk Sl A i B S R S8 Y, Al 52 B
JE AR T SR 2 AT s Y T e S, BV ILET 4
(Baylies et al., 1998; Gunagea et al., 2017), =T
JULPA 4 At e it - 1) 5 2O mLET ey PLR] , BRAE
22 0 52 14 3 % 1 % (Sink, 2006; Bothe and
Baylies, 2016) , X — idf 2 DA SR i 3 55 45 5 HE B )
PEARAE T oK, ST LEF 46K P 1 2R AL T A
PHEREII R G, TER i LN Y & B R,

FE R A VLA LA L, e 2 1 2/ M A (2
P TS T B R, T2 i 2 ok 26 240 5 B UL 4
i =z Tt U (R A AR

S A BUNL A YR TE IR IR e S & 22 ST
TEAR SR AT — BLR 5 AN (Bate, 1990) o Ji & A4 &8 7
WU CEHPNUFIIE BN TERRIG I 1, JF — B SESE
FFHOEH]; FIEUN R AE A U A T IR R B,
el MOV & B 7 R T A Rl A1, 38 T DL
ok VAR E B 73 2R3 i LA e A S 40 B A% i)
Kok, XA ILIA BRI O 2, 702 e 4 B i i L3 e
ARNLAZES CE YN FF IR HNL) R BE
o BRI Ab, TR WUE A — R ik i 58 in JLET 2
Bt 1977 20 IUET 4 b ] v A0 A 6, B8 s i
1212 1 23 AR KA , B A — MR LT 4R\ 53 AR
T JULET A gt 1 38 hn 07 =X, 7 2R i i S 3 e
PN HLBENS UL E (Fernandes et al., 1991) ,{H7ES)
HOR DLAGE

) AR Dz 3l , BT AT T Y I
BTG ILA R G K H 3 R 0 R i 2
ik, BT HPNAEEEA) R B 2 BN LT Ay
2R, BARAE 10 ~ 20 wm, & 55 3 2 RS HEA , 31X
RS — BAFTEI T RESL R T ] . X 265 SR 4
Frgly HUB AR DA K 0 A2 25 0 8 o 78 vp ol 5 21
o ABZSEMNUREA ], AT W R UL b dse & i
(), JoHAE AR, I LA WLEF 4ERELKR , IR L
PeAE—f, WM AGATREE WA T Z 0], 3X
I FE [ 2 e 4 oo A e 5 rh (0 o 2 58 R AR S5
A, TRz o)y ) e 2l RO HE , SR 40 L 2%
3 WUEAS ) 2 8 DU S 4 46
3.2 EERBRAANEEMNZEER

B Hr e e B L PR A s L 40 e R T ep IR
2L TEMIGIRE I8 B, EATHRR S AMPs, EA]
FE2RIE 1Y 2y B A AR T Rl 4 b i 33 (Bate et
al., 1991 ; Currie and Bate, 1991) , g fr M AR & 7
0 g (adepithelial cells) , [ 2 &A1 T[] o e 26 1) 26 K2
B DIAROC X 2e 8 Je A 2 5 1 )l B LA I
A ( Lawrence, 1982) . {H & Duch %5 (2000 ) X 4 2
Kl M. sexta FHNUEE HIWTTE B, I LE m LR
JEIEA R A THA . SRR AMPs JE RS AL T
RS, — H R AR & IR B 5, TR R
BRI ; AR R BRI, R84Sy LA 24
SUFFURVES AR , 1T 26 B LA Ff iR AR AR, -8 )
S VAR o o L B | A W A AN S 2 R
(Fernandes et al., 1991; Roy and VijayRaghavan,
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1999) ,

B U BUILA 8998 B TE AT 3 Ry =X (1)
SETAEA YR WUR & B B R LA 5 (2) 4l LA
TRARH A TR VE AL BUS LA 5 (3) 4 UL
PSE 4 B AR Z A2 s LA . 78 R LA
RGERIE R FE b, X 3 FhoOrUEA R AL BESEER
B, SRl DLMs J2 75 5% B 114 20 HUL R ASE Bl i) il |
KB A H 5 M5B A DVMs LA K Ji8 35 54 L P 0 J2 78
NP Rl o = = £ R ) [ 5 |
(Fernandes et al., 1991; Bothe and Baylies, 2016) ;
1771 L FR A L PR 2 58 b s R & 0, B BT
TE 4 M vp 3 R fF AE . Beinbrech (11968 ) X X #&
Phormia regina DA J Duch £ (2000 ) X 4 25 K ik M.
sexta [RIFFEAIESE 73X WA .

Duch %5 (2000 ) X} 4 &L K ik M. sexta FHFFT i
7N, A UL PR 2T A R A B9 5 1 A 38 G A i E
(wandering stage) fY) W3 BhEERY 1 d J5IRAH R, 764k
SRS (PO ), T A U4 BE AL DY I i s 39008 A6 1 5
% BrdU Fricd s 76 W2 1, KR EHINE B XM
AMPs A% BRI W2 B 2 d J5, g BULer
Y56 4R 1k, P3 J5 WLEF 4k vh Jo 4l UM AZ A7 AE 5 iR
WU BYIE iR 29 TR & & 1Y 28 7 K (Dutta et al.,
2004) . 7ERMEIA RGN LB LB S,BR T 40
(1) DLMs , Ho Al 2)y H UL A 09 375 il & AE 7 i & 5 5 400
(RATEALETS 8 h) 5 i H [a] 42 AT WU L 40 A i)
AlG I T & F /) 28 =30 h; 2] 50 h B, s HLAIL
A YT 1% 3 AR 5 i ( Costello and Wyman, 1986) , &
B2y v JIL PR PRIV A R 240 K AR AR 401 (PP — P1) 5 A
He W FR LA RO ARTE IR AE A A B YR 2 d(1812) 5 3
P4 — PS5 if, 8 LA R 8 B9 48 2 2 B AR 1 (]
3) o MHLA A BRI RIZE R, A 2 R i | R
R IERAEA

AT EE T o, S 0 o ES vy JUL PR 2 2 U
REFHIE R 2 A WUAMIRE . 35 005 T A0 MR
(1) 50 2 WL 20 B P T B DX —— S L4 B ( myoblast
nest) , B S EENT IR OYTE 5 0o VLA S Y 4 i
AN 5324 A D S B i 1) O S Ao 3
A UL 5 L2z ESCRLAHES B T 1 LA T HES
AN MIAZ R — DI B LA ; e 2 24> WL 2R
ERIE K DT TE () LT ZE TR 5 22 JUL PR R S o 38 3K A e
I, MR BETE S e o 3X BB 23 LA 2 2R Il 1T e
P AL M7 B 75 1 UL S AR B LA, D) 7 22 5
0 i R e S 0 ) 27 BT LA LR, 1 B
2 AR (S5 BRI B W ) , IEAF RS ek E

AR 2 A EIL A REARXS R o 3% 2 AL RE H
PRAERR & B WSS 2 K, BT 50 43 01 B 7 g 8
HI &R AR AR AR RE Y28 B B AT & s 0 LA A A
SR, ] B A AT b AN B SE Ak UL 2 P B
() 40 JE n) RE B0 2 IR A IR iR B L 2 &8 L
AMPs, 7E UM & F B R (PP - P1) , BT
Zk TR AT HRTA T2 IR DL K
WAL AT B Tk, i T — PRy S5 Ik B
Lawrence (1982 ) [ #F 5540 7 1, AR i 58 55 0l JUL
PRV [ J 000 JUL PSR 158 i e 28 v A [ f) J UL 40
L, BTG AN TR (0 A 28 | 3 el <A %, B3R 4R
ERE (Currie and Bate, 1991)

e A e S R LA U T 2 A UL B R e
3 A B A S, LA Y3 b e B A A SR i 1) A
KAFFEP AR WA R, e Ah, SR H DLMs 2 i UL
2 it [ 28 4 BB A7 1Y) 6 1 DLMs A5k, I [a] & AT il
EIGTE B ( Fernandes et al., 1991) . fF & Wi &
HIEH 1 R(PL) , BAAILARER 24h sk B 1Y DLMs,
HREEA ML WRTENTCH T A DLMs A4k 52
2R WFET R R T EE R EVR R
MARERANS , S AR 43 T8 TR H ASGE B,
AT %) HOA R H W R AL PR 9T 17 =X 23 T AR ]
PR , 3X —J7 T A] RE ] B AT A0 M b 22 5 (L 0 26
RIGE) A, 3 — 5 T A BB 2 B T AN [ i A 5 5
A Y

JUUPA A LA 200 J 53531 iy v 2 RN A IR 2 2 7
Ko BIENLA 5 I E B 00T AURTE I & B AR
2 T T, XA [A] SR (I & B 2R 6 R
fiti) o WU 32 B2 N B TE iR, B2 40 M A
JLPA B 5 1 3 5 G, 0 B BT i 22 4K, 3k 6K Jli
R AL 200 i T LA JUL PR T % 5 | [ D A 1) 32 o
B IF SRS TR H IR =2 ] S A I AR
( Bate and Rushton, 1993) ,

EL R ILP B RO, S A B A | 54 HE Bl
Y g WAL, 2 —Fh 5 MRS, 75 22 07 PR A% 20 i
CHILAI ) 2Z (] AR B Rl o O T B S WL A Bl
MWESE, 7R TV 2 HARN T EHESI LA K &
AERFFESE LA KA R S B i S A M . 7
RS HESI Y, 5 RS AMPs A1 24 Y 412 TR
AL (satellite cell) , B AR LAGE i JLPA (98 52 T 2R
1o IX BB I o A7) O RCUL AR A P O B Ok Ak
T IR IO 5 WLEF 2 i 3 U e fih , L0 EAT]
BB LB R Z I AT g st AT i A K A
68, 0 FAY = oE o, 33X R 40 B R i TS
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HRUCHE T note-myc {55, o T MR B HHES P
WUIEPERR P g DR sy . T OC T B UL e it A
R0 O R e 1 1 P e i 4 B
AL A A S A B T WLET 4 v 1) 5 o7 55 B F
T, UKy 1) BN ZH JUL PR 9 AR UL PR 24 ) /R 2 L
TR AT 1 S (RS R (] Bt b s S BUNLER
AEMRF IR 1Y S M B LD B 2E 46 T ( Bothe
and Baylies, 2016)
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