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The effect of feeding and mating on the development of flight
muscle in Agrotis ypsilon

WANG Wei  YIN Jiao CAO Ya-Zhong LI Ke-Bin™*

(State Key Laboratory for Biology of Plant Disease and Insect Pests, Institute of Plant Protection,

Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract The development of flight muscles in adult Agrotis ypsilon ( Rottemburg ) can be influenced by a number of
factors. The effects of feeding and mating behavior on the development of flight muscles, the structure of muscle fibres and
mitochondria in flight muscles ( dorsal longitudinal flight muscles) were observed using electron microscopy. By day 4 of
the adult stage, the myofibrillar diameter, sarcomere length and myofibrillar volume fractions of hungry females were
significantly less than those of feeding females. The myofibrillar diameter, sarcomere length and myofibrillar volume
fractions of 7-day-old females without food were not significantly different from those of 4-day-old feeding females, but their
myofibrillar diameter was significantly longer than those of 7-day-old females with food. 10 days after emergence, the
sarcomere length of hungry females was significantly different from that of feeding females, and myofibrillar volume
fractions and mitochondria volume fractions were both significantly lower than those of feeding females. Myofibrillar
diameters of mating females 7, 10 and 13 days, respectively, after emergence were significantly smaller than those of
unmated moths of the same ages. Myofibrillar volume fractions of mating females 7, 10 and 13 days after emergence were
significantly less than those of unmated moths. Although mitochondria volume fractions showed no differences between
these two groups at these ages, those of mating moths were significantly lower as early as 4 days after emergence. These
results show that flight muscles of feeding females begin to degenerate after 4 days, and that hunger affects the
development of flight muscles, preventing their degeneration in more mature moths but promotes their degeneration at the
end of adult life. Mating also promotes degeneration of flight muscles.
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Bk T A BT, A BN 2/3 KT
Bt ARk WM HE BN ES S ZE &R
2, FHEHREN, £ H 350 ~450 mg )1, 7
PIb G, Wb H o TF 9T 10% B e 5 7K oSk ) 57
TEYIEWN R

1.2 iKIgsbiE

DURR AL B <o 203k e B T W BN, 45 T
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(B2 e ) B Uiy e K (2 AL, 1996) .
HEAJE Steer (1981) 57 1A 2 5t B J7 125 X M R v 4% 4
MR 2 & i (R R 80 e A 3 AL
MEZSZ R S KL E o N SAS 9. 1
XM ERAEAE P =0.05 F1 P =0.01 P> 7KF F R H]
Duncan’s £ 5 358  XF 45 Fh AL BR3EAT 22 R 00 #r

2 HBREHH

2.1 PLEXTNERTCITIA BRI
2.1.1 RAAEEETNH £ 1 BRIUE /D
W2 RIS 2F 4 B AR AR AL R A O, B R 2

AR 38 K, 2 05 SO/ Bl e 91K BUT o IR
YRCET f M R VU 27 4 AR, 28 24 h S s O, i
PIFALHI 2 1.2 pom SENE] 1,59 pm, 4544 215
BUE AR A2 SR (P <0.01) , T LR 9 LR
LR B, AR DUE RE] 131 pum, B3 (P <
0.05) /NFHUE Y ;4 H i — 38 257 3, LR AL
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Table 1 The effect of starvation on myofibrils diameter
Ab B ATE) H & WU ST 4585 ) 542 (wm) Myofibrils diameter
Treatments 0 1 H# 4 Hid 7 H# 10 H# 13 H#
Gy
1.20 £0.10 aBC  1.59 £0.12aA  1.45+0.10aA  1.29+£0.09aB 1.04 £0.12aCD 1.00 £0. 16D
Feeding
PLigk
1.20 +£0.10aABC 1.31 £0.11bA  1.12 £0.14bAB 1.10 +£0.08bBC 1.08 +0. 10aC —
Starvation

TR PR P I = n i 22 o BUR bR A A TR /NG B 7R O ) — 50 KU ) B 22 5 (B 25 (P < 0..05) s AR R E 783k

71 I8 — A7 B A1 i 22 5 .3 (P <0.05) . TR

Data in the table are mean = SD, and followed by different lower-case letters in the same column indicate significant difference at

0. 05 level, while followed by different capital letters indicate significant difference in the same row at 0. 05 level. The same below.

2.1.2 B RKETL UL 4E LT K E AL
HEARBARERAM(R2) . PEBE 1 d 5
B K 2 2. 98 um, B B35 (P <0.01) i) R T
DU 2.3 wmo 4 HEPLEA LY R B35 (P <
0.05)/NFHCE ;7 H I LR B9 L5 1 R XA

KTFWENH - HFERABE(P=0.05),51
H s A E, B i 0/ AR B L LR . 10 H i
PUBRI LY K .3 (P <0.05) By R THRE Y, B
7~ 10 H 1k ME B U 2R 2 4 R AR fR BN

F2 NELEXMNTKEZTAHZMW

Table 2 The effect of starvation on the length of sarcomere

Qb 7 A H B K JE (um) The length of sarcomere
Treatments 0 1 B 4 HB 7 Hi# 10 H % 13 H i
:/§ g
2.26 £0.16aB  2.98 £0.15aA  2.23 £0.04aB 2.03 £0.39aBC 1.83 £0.11bCD 1.88 +0.14D
Feeding
oLk

2.26 £0.16aA  2.30 =£0.23bA

Starvation

2.11 £0.06bAB 2.09 +£0.12aAB 2.06 =0.09aB —
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2.1.3 AESFEFERSHTU  MWUREL 4k
U BUBAC R (] 3), M 9k 19 JIL 5L 2T 4 14 R )
A AR AW H i, BCE Y KTV, Foh e
4 HERF 10 HESHE R B 3% (P <0.05) KTl
e Ak L o 1 o LA £ JUL B 2T A A RR 2 B R ME
1 HiE 46.99% , B i LI £F 2 AR BR 43 B0 R ok
fHA 4 HiIRM 52.37% , £ 4 H I mrBCE 1 LR
L L AR B — B AE S, T DL 6 7E 12 D

10 H #4414k i WL 2F 2 R B 4 BB = 35. 13%
BEWA37.53%, ~FH R W E(P<0.05), /]
YU WU T 4 25 0l /0 10 i B K. DA vl 45 R
AU EE YU R (10 H ) M 48 L2
e A LB AT 4 v 52 B0 25 B, P9 3 90 K O
A TTHCE I 13 H % B8 43 LR £F 2 A4 IF i K
R (E9:E,F)

x3 NBLENNERFEFRSBTLHZN0

Table 3 The effect of starvation on the volume fractions of myofibrils

Jib #g ATa] H & WUR S 45 R FR 7250 (% ) The volume fractions of myofibrils
Treatments 0 1 H# 4 Hiy 7 H# 10 H# 13 Hit
B
45.54 +1.61aB  48.82 +1.41aA 52.37 +1.59aA 42.94 +1.43aB 37.53 +1.42aCD 36.66 +0.70D
Feeding
PR
45.54 +1.61aAB 46.99 +1.02aA 42.50 +1.76bBC 41.88 £1.04aC 35.13 £0.87bD —
Starvation

2.1.4 ZPEERSEMTL K4 BR, VIR
H 2R AR R o B A G R R S 1 B Rl
TR R Y LR AR R R 43 85 00 B AR Y 35.95%
ArRIRER 27.11% 27.99% , B 4 H # B 1 FL
T 1) LR A A B 43 B8 SO i 15 K (HAR SR /N T4
K5 T H R TE G [8] 58 LR i AR i 26

R AR B0 K B 35 25 5% (P <0.05) Lk 7 H
B B SRR AR 2 B35 (P <0.05) /NTF IR Y
ZJ5  F 10 H R LR e Lo A R R o Ko 25 (P
<0.05)/NFHCERY . BEIF 10 HEILH I L
KR C B 2 (18 9:E) , MR /9 13 H i
I SRR A IR R (1] 9:F) ¢

x4 NELEXZAEERSBELH M

Table 4 The effect of starvation on the volume fractions of mitochondria

fib 7 AR H 8L bi R AR T4 %0 (% ) The volume fractions of mitochondria
Treatments 0 1 H# 4 Hig 7 H i 10 H # 13 Hig
Foodi 35.95 £0.88aA 27.99 £0.75aC 31.25 +1.16aB 28.85 +1.13aBC 24.94 +0.85bD 13.75 +£0.95D
eeding
Lk
35.95 £0.88aA 27.11 £0.84aC 29.90 £0.97aB 21.59 =1.17bD  19.79 £0.90aD —
Starvation
2.1.5 NEALERSITKELRMENERELSE  0.59, MERY N 0.65;7 2 10 H B LER #7508

HELNEERSBZ UM YU 2 48
T SR AR A Ol 5 U B AR (BT 1) o
PURASE T 1 BRI, 2 5 SO, J5 39 -F s L
TR, TR B 1 H WS P RN PR
fo, ZJR B S PV A R Bl AL T Ry 4 H
WOk OV ME R WU 2T e (AR S LT KEZ N

ANCBRFERX RS HEIURSAE S R C L RIE T
M (IR 9:E) .

B2 5o, DUk e sl LD 4F 2 5 4ohr (A R F)
SR MBI R T R A, 10 H AT R
£59.22% s HIE M5 T 4 HIRH RE) 83.62% ,
ZJR ST R, 10 H g/ E) 53.47% , %) 13 H i
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Fig.1 The changes of ratios of myofibril diameter and sarcomere length
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Fig.2 The changes of the volume fractions of myofibrils and mitochondria
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Fig.3 The effect of mating on myofibrils diameter
TE < B S S B = B v 2% AR R TR/INE R R R o [l — B ) A 2% e .35 (P < 0.05) 5K

[) R 55 5 b 3R [R] — Ak BRSO A ) 25 57 3 (P <0.05) . T,
Data are shown as means + SD, and with different lower-case letters indicate significant difference for the
same column at 0. 05 level, while with different capital letters with indicate significant difference for the

same treatment at 0. 05 level. The same below.
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Fig.4 The effect of mating on the length of sarcomere
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RZEG, W o M A WL 22 3 3ot BUE LIS 28 0.05) 558y 4 HIBFN 7 H i Zonr AR B 70 £
R ILZ2 8] A2 13 A1 S A (18] 10:E) o BFH(P<0.05)/NTFARSZHECH o w] LA i, 5 C
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Fig.5 The effect of mating on the volume fractions of mitochondria
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Fig.6 The effect of mating the volume fractions of myofibrils
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Fig.7 The changes of ratios of myofibril diameter and sarcomere length
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Fig.8 The changes of the volume fractions of myofibrils and mitochondria
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B9 /MoZREHRNGSHELENCITINEMEN
Fig.9 Ultrastructure of the flight muscles in hungry or feeding female adults Agrotis ypsilon
A, Bl AW RAL (O H %) ME RUIT NN U050 S WU EF4EML A 22 19 4548;C, D, E, F 500 4 Hig
DU 4 BRI (10 BRI 13 H IR CoF B A% M B0 BUNLRE U0 . M. UL 2F 28 5 Me: 2ROl 0 5 Tr B3
RS WU s N 4 I A% ; Se: IUBT I s M LI 22 5 AF AL

A: longitudinal section; B: cross section (0 day) ; a indicates myosin filament and actin filament; C, D, E, F

indicate 4-day hungry, 4-day feeding, 10-day hungry, 13-day feeding cross sections, respectively; Mf: myofibril;
Mt: mitochondria; Tr:tracheole; S: length of myotome; Nu: nucleus; Sr: sarcoplasmic reticulum; MF: myosin

filament; AF: actin filament.
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Fig. 10 Ultrastructure of the flight muscles in mating or not mating female adults Agrotis ypsilon

& 10

D 73500 10 H @ 22 5 Al 2 e e 9 ADLAE DS

M UL 2T 4 s Mt 28 R4

.C,

’

GENIR )
NN )

I35 79 4 H R 52 5 AR 5 B HE B

A% 13 H

A, B

o

i

1% =2 i 55 4R 5 e M LY

o

F
A

respectively; C, D indicate cross sections of 10-

day mating and non mating females,

B indicate cross sections of 4-

’

day mating and non mating

F indicate cross sections of 13-

s

respectively; E

Mt.

s

Mf: myofibril;

day mating and non mating females

mitochondria.

’

females, respectively.
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NN KE . EMERAE SR (7 HiIR) A ITIE
3 g

YN /N 3 22 17 AT LAY 2 R 4y
JUU DS T 4 2 b A SR 5 AL T A 3 B2
oy, MR BRI AR RGP IOREM S,
BT, HaE R W B A RATRE . )
WSS IEA R IR AR AL, I E R BRI ¢
W PR A TRAT L, B AR T Sk L AT 4 K
LML A RN AR EEATITE S K, 35 LI P =
B TR W RAT L E = R R, R B R
( Finlayson, 1975 ; Cotton and Anstce, 1990; Wang
et al. ,1993) ; 7E W H WA KB LG, W/
ZIR(EBRK,1986) Khid (P L ,1996) % .

DU — B R RAT I R F . K&
(2006 ) Bt 5% — H & YL X AL AT 58 7 19 52
R IR AL 3 ok He AT IS R] A AT BE B 5 X R
AR LG22 53 3 /)y o BORE B A (1990) 56 TRl g
HURh 788 37 X K AT B8 1 52 14 A 5T 5 SR R BT, ML
B 48 h L HRATRE ), W 55 T IROED 0
WESFREE B TR A o AR X0 I A B 2 1 ol 4
A7 FE R 5T 2 W, /I b 2 % 0 e 3P Ak s T A7 BRI
BAMFEE IR, S H AT & F , mLUER AL 31 Y
METEPAL W R AT LR B 2, FELSL 2T 4E &
BRI A UWME E 1, Bertram F1 Yoshio (1972) #ff
GE AR MG Phormia regina “RAT LB MR if & 30, A
R 1 T UKL DA 73 fife 08 4R A v B 31 UL 2T 4k
B . AN 10 H 1 /)N b 22 1% fE n e i) Hi 458 IR 7 ]
DL DU B H 8 AL 2F 2 ) DL 30) 2k 1A 24 figk B
O TC . T — R A R B R, B AR
APV A gl R A 43 A B LD 2T 4 25 S5 4 )
T, e A 1l ml ) D Y BE R B, DLk AR B R Y
Bl AT UL LR S e /)N b 2 PR ME LT AT LR I8 Y
K I SR R S WU 2T 2 1 23 %

WA 5 e & B ) CAT LK F o Toghara
45 (2009 ) X 21 K WURT S A B, 2SI fE 8 5 R AT
UL B 2 Ao, AT LR A R . AT LR i
Yow ¥ # ) A 5 2% J7 1 HE BT A A ((Nair and
Prabhu, 1985 ; Dingle, 1996 ; Hanski et al. ,2006)
A2 3EK (2001) WF5E 1 AN HURY AT LR iR, 75 AR 5
F 05 Mk T AR I B AT WL R . RS
KB, SR /I b 2 PR E AR AT LAY 1
N BE H S, ME A B R G B R B L, AL
B 5 A= i 1% 3l O B 1) AR B, NI T R AT AL

28 M B, SORL A I I i, AR BE RE 1 BRI, HL
S TC A B A AR R DR T IR S IC Y 5 () IR 8 oA A T
7R ORGP 2 R R AT AA 1 626. 25 KE ([n] K 5
55,2010) , 40 o 5 A 7 B9 ) 5 B OR R B BE B ALY
I8 R = i O w27 S I o LR (R L =9
£F 4 SRR TR o) i

LRIy U5 2T 4 i 4 2 it e 1, WL D 2 2
S B H ) KR 4R it 35 J7 (Huxley, 1957 ; Tribe and
Doree, 1972 ; B L8 F12E 61 ,1996) , U 2F 4 B
S WU KB M RETE — s TR B b S e Lt 2F 4
(R 45 FE e E A A2 BRPEBE . AR ITHE Y B, 90 3 4b
PSR TC2E Sk, B ) (4 HIR 2= 7 H i) 4b
FHLE s LS 2T 4 5 SR A TR B O3 Bz R R LR
Y EAR G S X R TR] L, 2R GOk
AEPRE) RATHLE 2T IR B KATHLUR B AR, |
SRV ME 1) LB AT 4 5 2O IR 1A FR 3 B 2 F s
THCE W YU A WL AT 4 B ff 1 30 B AR S
USSR BE A L /N T 5 5 I I LR i b e R AT
JUURE A 5 I 301 22 TC Mk e AT ALK e e S BOHL L 400
JUL22 ) B A2 R, JILTY 2 I/ W B8 R T L Dt 1 4
AR/ B0 R L 3 L AEA R 8

S AR TR S N R A A B, /N M R
AT & & o B b AR AR /Y, T B 32 B 2R
BER A B AT RAER W, 7E B R A R dUE 24k
TEYUBCRES (AR B RS ), X B 2R IR XS /)
IR VAT B R EA LW, AL, /N & 57
I AT Z2 AT AE T, A2 TE R O AT LR il 1 52
i) SCANRT 7 3 A 28 e 1Y) e e AT LR AL S A 5 E
HUORH ) 7 B[] 25 3 46 ) J, 3 5 2T i iF — 2B
ABBFSE
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