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Changesin biochemical substances during the diapause
of Aphidoletes aphidimyza
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Abstract [Objectives] To investigate changes in key biochemical substances during different stages of the diapause of
Aphidoletes aphidimyza in order to better understand the metabolic characteristics of this species and physiological mechanism
regulating diapause in insects in general. [Methods] The amount of key metabolites (total protein, total carbohydrates,
glycogen, trehalose and glycerin) and fresh body weight, were measured in non-diapausing, diapausing and post-diapausing A.
aphidimyza (diapause induced mature larvae, diapausing prepupae and post-diapause adults). [Results] (1) The fresh weight
and amount of biochemical substances in diapause induced mature larvae were significantly higher than those in
non-diapausing individuals. (2) Trehalose and glycerol significantly increased in diapausing prepupae; in 60 day-old
diapausing prepupae these were 1.80 times and 1.73 times, respectively, the levels of these substances in non-diapausing
prepupae. (3) The fresh weight, and trehalose and glycerin levels of post-diapause adults were significantly higher in those of
non-diapausing adults, whereas the opposite was true for glycogen levels. (4) Total carbohydrate and glycogen levels gradually
decreased with diapause stage, from diapause-induced mature larvae to post-diapause adults. Total protein content fluctuated,
declining from diapause-induced mature larvae to the anaphase of diapausing prepupae, before rising in post-diapause adults.

The opposite trend was observed for trehalose and glycerin. [Conclusion] These results indicate that diapausing prepupae
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accumulate trehalose and glycerin to meet the energy requirements of diapause, and to protect them from environmental stress.

Key words Aphidoletes aphidimyza; diapause; biochemical substances
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Fig. 2 Total protein content in nondiapause and diapause Aphidoletes aphidimyza
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Glycogen content in nondiapause and diapause Aphidoletes aphidimyza
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Fig. 6 Glycerin content in nondiapause and diapause Aphidoletes aphidimyza

3 itig

VI 2 B A B 55 01 RN B 00 01
ST A AR BT, DA R HAE
Ui B W RE AR A B R MR R B
772K (Denlinger et al., 2012; {E/h=%, 2016 ),
PR 2 S W B R B SR B R A —
fobn, WEEOLT , A AR B S TR
HMA( Gadenne et al., 1997 ; Hahna and Denlinger,

2007 ), fil4nky 2215 Sesamia nonagrioides i & 1
(B : 202.8 mg/3k, JEHIE: 168.1 mg/k)
( Fantinou et al., 1996 ), [ i1 4 4> /N4 Nasonia

vitripennisii & 10 d 2 R S53ERF E 4 22 7 B
(Z=EH, 2015), ClkifE, —LRERWE

I AR 55 A & R BB, HEKRSE
Psacothea hilaris &5 & F 690 mg i, 100% M4

AfHEAMEE, RE 600 mg I, 50% MAHE A
B, KT 540 mg i, AfEAFE (Munyiri etal.,
2004 ), T RE S S A R A AR R R )



- 848 - o B 3244 Chinese Journal of Applied Entomology 60 %

(Denlinger et al., 2005), & B HSFEHEAMN T
HIAIH BRI TR R . W/NZ i . Stodiplosis
mosellana &Jj B & Hi L [ BT & e TR & 4
B4, 2008 ), AHHLEE Chrysopa formosa
HE 1 HERBE (E2%5%, 2020), MR
Helicoverpa assulta i & i & H & =35 TR
BAME (FEL, 2005), W E dUh & W
WEREYIRT, JF AT LA B R SE PR (TR
S, 2008 ), I8 E LR F AT EATRRR, BN
#H —4kIE Chilo suppressalis %)Mt . 4 iF 7 g
Aphidius gifuensis fI A V. /NE#% Orius sauteri i
W B TR E A W A O i
HORAERT A MAT Y 144 £ CSKIIZE, 2007;
ZEH, 20115 BERAE, 2020), #iEARIL/NE
AR BESGH Mylabris phalerate 3B & 25
THRME M (RZF5E, 2008; HI%4E, 2020 ),
AF 5 3R W I ] 1 e A A G 7 2E RE B AR TR O
P rF (Zhaietal., 2016), MR A R
RERESI LRI AL DI RE (22 K3, 2015)

HE— R R, B G i A B UG B
B CREmM 2L )52 1) —Fh AL ( Baust, 1982 ),
4N K BESE 75 FIURR I Sarcopbaga crassipal pis 7
i E R E R, K e TS
MA (Denlinger and Lee, 2010 ), AR#F5EEH,

B B A e dfif . SR

SVBE L OBEI | VRESEORE R HI B 2 I R
B, UL 5 25 1, TE
T B AT AR KR AR . S R TR
BHAH I S35 SR, LA 9 8 1] 0 8 R A
RTEK, IFHG R IR RE T .

ER MG I, K& B, SRR
T R AR A A EE B 7 ) A I R
%, fnE kiE 25 dt Busseola fusca #l Chilo
partellus fi B A E 5351 LA A 8.7 mg 1 4.6
mg 193 AR Rami, 1991 )& 2 5[ H Coccinella
septempunctata #ir & B . K E # Chrysopa
pallens FIfH#L44 Chrysopa formosa i & il 4 7
i B U R) A B i A TR T AR SR, 2012;
fE/hNm%, 20155 E8ES, 2020 ), SR
SR = (51 ST TR N = e |/ L

Laodelphax striatellus ¥ & #H] 3 #4547 HUSE
Wi, 4 IEIRIRZ, 5 IR ERIR (KE
FAE, 2017 ). HnsE e R i T WA T
PSRBT T, bR B R RRA%, Bl s
A SF 8 I R 4 8P 5.26 pg/mg B3 T
B2 4 AR 6.45 ng/mg, MifAERA T 5 A
& D E TR (FEH, 2011), AFER
W, B P e 715 T A T T A
B R E BUOR AT, BSOS R S R R
fit, REARSEEmNFH TR a4y
SRR | fBR T E S T AR,
TN B IR . SRR E S BRI,
WCHEDT,  Hh AR B U I A A AR R A A
FH L DT g B i € 1

i B B AR R R AT PR A . — 20
BB A R ) — Al A 28 ( Hayakawa
and Chino, 1982 ), "4Eifi Hii% Chrysoperla sinica
PR P T S B R AT & i T e, B T
PR RAY (BREEBAE, 2013). S22 MK, 3%
i Pieris rapae FUHIF fx w6 i 7 107 18] SRR v
B, B IR A R (FMEB ARG BB, 1989;
BEH, 2011), AROFPFEERY, SRPEIAER T
ST TE)H i e R TR AN, T VR i W
o PRUCHEN , By E V] AR R T R
A,

S0k (References)

Baust JG, 1982. Environmental triggers to cold hardening. Comparative
Biochemistry and Physiology, 73(4): 563-570.

Boulanger FX, Jandricic S, Bolckmans K, Wckers FL, Pekas A,
2019. Optimizing aphid biocontrol with the predator Aphidoletes
aphidimyza, based on biology and ecology. Pest Management
Science, 75(6): 1479-1493.

Cheng WN, Li YP, Li JJ, Li XL, Wu JX, Wang HL, 2008. Protein
contents and electrophoresis patterns of the pre-diapause,
diapause and post-diapause larvae in the wheat blossom midge,
Stodiplosis mosellana Gehin. Acta Phytophylacica Sinica, 35(2):
155-159. DT, 2060, 2%, 28, Pk, £k,
2008. /N WA T T I R B A 1 BT e M K )
Br. HEPR R, 35(2): 155-159.]

Chen ZZ, Zhao N, Yin XC, Zhang F, Xu YY, 2013. Physiological
and biochemical changes in naturally overwintering adults of

Chrysoperla sinica (Neuroptera: Chrysopidae) during diapause



33 JiSRIRSE: i E R S A A R A RIT 5T - 849 -

termination under two different photoperiods. Acta Entomologica
Sinica, 56(2): 120-130. [, B4, ENZYI, KA, KX,
2013, A IE B [H SNBSS R R AR PTG RLY T A SR
A AR L. B2ERR, 56(2): 120-130.]

Danks HV, 1987. Insect dormancy: An ecological perspective.
Biological Survey of Canada, 33(3): 114-122.

Denlinger DL, Lee RE, 2010. Low Temperature Biology of Insects.
Cambridge: Cambridge University Press. 390.

Denlinger DL, Yocum GD, Rinehart JP, 2005. Hormonal control of
diapause//Gilert LI, Iatrou K, Glii S (eds.). Comprehensive Insect
Molecular Science. Amsterdam: Elsevier. 615-650.

Denlinger DL, Yocum GD, Rinehart JP. 2012. Hormonal control of
diapause//Gilbert L(ed.). Insect endocrinology. London: Elsevier.
430-463.

Fang MJ, Wang YB, He XQ, Liu D, Song K, Pang JZ, Guo AQ,
2020. A method of obtaining pure pupae of Aphidoletes
aphidimyza. China Invention Patent, 201810812283.8. [J7324H,
FERBE, MIREPE, X4, KL, VERLR, P40, 2020 —Fhik
PR Pl Y Ty vk, SR E A, 201810812283 8.

Fantinou AA, Tsitsipis JA, Karandinos MG, 1996. Effects of short
and long-day photoperiods on growth and development of
Sesamia nonagrioides (Lepidoptera: Noctuidae). Environmental
Entomology, 25(6): 1337-1343.

Feng YQ, Wang JL, Zong SX, 2014. Review of insects overwintering
stages and cold- resistance strategies. Chinese Agriculutral
Science Bulletin, 30(9): 22-25. [{5:1%, Mk, ik,
2014, B A b s R FEHE I MEA. rh AR i A, 30(9):
22-25.]

Forsberg A, 1980. Possibilities of using the diapause of Aphidoletes
aphidimyza (Rond.) (Diptera: Cecidomyiidae) in its mass
production. Bulletin Srop, 3(3): 35-39.

Gadenne C, Dufour MC, Rossignol F, B é card JM, Couillaud F,
1997. Occurrence of non-stationary larval moults during diapause
in the corn-stalk borer, Sesamia nonagrioides (Lepidoptera:
Noctuidae). Journal of Insect Physiology, 43(5): 425-431.

Gao YY, 2005. Studies on the physiological and biochemical
mechanism of diapause pupae of oriental tobacco budworm,
Helicoverpa assulta. Master dissertation. Zhengzhou: Henan
Agricultural University.[ 5 & 21, 2005. 407 % Helicoverpa
assulta AT 7 U 1 A BRA: AL RFPERIT ST, LA 00 S0, A
Mz IR KA ]

Gilkeson LA, Hill SB, 1986a. Diapause prevention in Aphidoletes
aphidimyza (Diptera: Cecidomyiidae) by low-intensity light.
Environmental Entomology, 15(5): 1067-1069.

Gilkeson LA, Hill SB, 1986b. Genetic selection for and evaluation
of nondiapause lines of predatory midge, Aphidoletes aphidimyza
(Rondani) (Diptera: Cecidomyiidae). Canadian Entomologist,
118(9): 869-879.

Hahna DA, Denlinger DL, 2007. Meeting the energetic demands of
insect diapause: Nutrient storage and utilization. Journal of
Insect Physiology, 53(8): 760-773.

Han RD, Gan YL, Kong XH, Ge F, 2008. Physiological and
endocrine differences between diapausing and non-diapausing
larvae of the pine caterpillar Dendrolimus tabulaeformis
(Lepidoptera: Lasiocampidae). Zoological Sudies, 47(1): 96-102.

Hayakawa Y, Chino H, 1982. Phosphofructokinase as a possible key
enzyme regulating glycerol or trehalose accumulation in
diapausing insects. |nsect Biochemistry, 12(6): 639-642.

Kostal V, 2006. Eco-physiological phases of insect diapause. Journal
of Insect Physiology, 52(2): 113-127.

Kostal V, Havelka J, 2000. Diapausing larvae of the midge Aphidoletes
aphidimyza (Diptera: Cecidomyiidae) survive at subzero
temperatures in a supercooled state but tolerate freezing if
inoculated by external ice. European Journal of Entomology,
97(3): 433-436.

Kostal V, Havelka J, 2001. Low-temperature storage and cold
hardiness in two populations of the predatory midge Aphidoletes
aphidimyza, differing in diapause intensity. Physiological
Entomology, 26(4): 320-328.

Liu L, Li LL, Li C, Ouyang F, Yu Y, Zheng L, Ye BH, Men XY,
Zhang SC, 2018. The super-cooling ability and biochemical
substances of post-diapause Osmia excavata Alfken. Chinese
Journal of Applied Entomology, 55(6): 984-993. [XIH, ZEHi#],
A, BROIDY, TH, AL, s, 1%, kAT, 2018.
Ui B B i 7 ) Y Bt v B0 ) SR AR Bl AR Ak
24, 55(6): 984-993.]

Liu Q, Chen H, Zhai YF, Lai SG, Gao HH, Yu Y, 2017. Effects of
three kinds of fungi on physiological indexes of Drosophila
suzukii. Shandong Agricultural Science, 49(5): 102-104, 107.[X1]
fif, Wi, —JL, RsFE, RFOR, TR, 2017 =R
DO R A B AR B LA AR, 49(5): 102-104,
107.]

Li WX, LiJC, Lu ZY, Liu XX, Zhang QW, 2008. Critical photoperiod
and sensitive stage of diapause induction in Microplitis mediator
(Haliday) (Hymenoptera : Braconidae). Acta Entomologica
Sinica, 51(6): 635-639.[F 3, FHW, WT =, XMk, ik
T, 2008, Hr LAV A A I SO A BURO L IR R s 1Y
ME. B H2ER, 51(6): 635-639.]

Li YY, 2011. Temperature and photoperiodic response of diapause

induction and diapause physiology in Aphidius gifuensis Ashmead.
Master dissertation. Beijing: Chinese Academy of Agricultural
Sciences. [Z=TH, 2011. MR B B 15 S 0IEE R SO
K R BRSO et P EgOL AR

Li YY, 2015. Effects of diapause and nutritional transfer on cold

tolerance of Nasonia vitripennis and its molecular mechanism.
Doctoral dissertation. Beijing: Chinese Academy of Agricultural
Sciences.[42 EHi, 2015. iy 71755 FIEE F5 A% jek X ok g 0 4 45
NI FE PR S R B LA AL e S des:
FE PR BE]

Lu B, SunM, Zhai YF , Zheng L, Chen H, 2020. Changes of cold
tolerance and biochemical substances in diapause and post-

diapause Orius sauteri. Chinese Journal of Biological Control,



- 850 - o B 3244 Chinese Journal of Applied Entomology 60 %

36(6): 885-890. [FI%, M, #E—JL, AL, Prif:, 2020. &K
/AR B RS T IERE ) SR LR s L. P E A
Biiif2E4H, 36(6): 885-890.]

Miles JE, Bale JS, 1995. Analysis of chilling injury in the biological
control agent Aphidoletes aphidimyza. Cryobiology, 32(5): 436—
443.

Munyiri FN, Shintani Y, Ishikawa Y, 2004. Evidence for the
presence of a threshold weight for entering diapause in the
yellow-spotted longicorn beetle, Psacothea hilaris. Journal of
Insect Physiology, 50(4): 295-301.

Rami K, 1991. Effect of diapause on development and reproduction
of the stem borers Busseola fusca (Lepidoptera: Noctuidae) and
Chilo partellus (Lepidoptera: Pyralidae). Journal of Economic
Entomology, 84(6): 1677-1680.

Ren XY, Qi XY, An T, Han YH, Chen HY, Zhang LS, 2016.
Research on the accumulation, transformation and regulation of
nutrients in diapause insects. Chinese Journal of Applied
Entomology, 53(4): 685-695. [{T/Nz, FFERH, 20, whifate,
PRELED, 3KALA:, 2016, i RAVEFRYBHIRER . M50
. N R AR, 53(4): 685-695.]

Ren XY, Zhang LS, Qi XY, An T, Han YH, Chen HY, 2015.
Metabolic adaption and evaluation of cold hardiness on diapausing
ladybird, Coccinella septempunctata L. Journal of Environmental
Entomology, 37(6): 1195-1202. [fE/h=, #kALA:, FFIEM, %
W, WhHAAE, BRELEN, 2015, Wi E L R B RGHE I 540 %E
PRV, FRBE R R, 37(6): 1195-1202.]

Song JJ, Zhu WC, Lin KJ, Wang GR, 2017. The impact of diapause
on physiological and biochemical characteristics of the small
brown planthopper, Laodelphax striatellus. Journal of Plant
Protection, 44(2): 312-317. [R¥#, KIGHE, M, THZE,
2017. FE AR QIR AR LR RS2 R A DR AR
44(2): 312-317.]

Sun DX, Lu MX, 1989. Carbohydrate metabolism of the cabbage
white butterfly (Pieris rapae L.) during diapause. Journal of
Shenyang Agricultural University, 20(3): 300-306. [#M&EfE, Fii
BBt 1989, SRBMAT B IR ACET. TRIRAOl R A= 4k,
20(3): 300-306.]

Wang FH, Gong H, 1997. Advances of researches on diapause
hormone. Natural Enemies of Insects, 19(2): 88-92.[ F /5iff, 32
1, 1997. WA MR OBTIEHERE. RHUKE, 19(2): 88-92.]

Wang MQ, Li ZZ, 2004. The research advance of insect diapause.
Journal of Nanjing Forestry University(Natural Sciences Edition),
28(1): 71-76. [EHA, 2T, 2004, R HRHEHFITIERE.
B RUMOL 2= (SR RHE ), 28(1): 71-76.]

Wang MZ, Li YY, Gao F, Liu MY, Zhang HZ, Xu C, Zang LS,
Zhang LS, 2020. Physiochemical changes in diapause prepupae
of the green lacewing Chrysopa formosa. Chinese Journal of
Biological Control, 36(1): 31-39. [F2¥, Z=Fi, &K, X
Bk, kb, IR, R, SRALA, 2020, T S E B
Ui 1 o A A ) B AR A A A T E AR R SE i, 36(1):

31-39.]

Wang XQ, Wang XY, Yu XF, Huang CY, Shen XY, Yang XC, Yang
MF, 2019. Morphological ontogeny of Aphidoletes aphidimyza
(Rondani). Chinese Journal of Applied Entomology, 56(4):
832-839. [EHF, £/, T, walbs, sght, Bt
Bk k&, 2019. BSOS AIER. NH B AR,
56(4): 832-839.]

Wu KJ, 2002. A consideration about dormancy in relation to
diapause in insects. Entomological Knowledge, 39(2): 154-160.
[ZRINH, 2002. KT B RRIRFHE &R RZEW. B AU
i, 39(2): 154-160.]

Wu KM, Guo YY, 1995. Inducing factors of pupal diapause in
Helicoverpa armigera. Acta Phytophylacica Sinica, 22(4):
331-336. [RALHA, FTIC, 1995. Mg Hor & i T R
78, AR I2EAR, 22(4): 331-336.]

Xu WH, 1999. Advances in insect diapaus. Chinese Bulletin of
Entomology, 42(1): 100-107. [#& P4, 1999. UM BIAFFE
HERE. BRI, 42(1): 100-107.]

Yamane M, Yano E, Matsumoto Y, Yoshioka S, Kawai T, Toyonishi
H, Nakamura T, 2012. Effect of photoperiod and temperature on
the induction of diapause in a Japanese strain of Aphidoletes
aphidimyza (Diptera: Cecidomyiidae). Applied Entomology and
Zoology, 47(1): 17-26.

Yang ZQ, Wang XY, 2007. Notes on insect prepupa. Chinese
Bulletin of Entomology, 44(6): 3. [#8%, F/N2, 2007, #kik
FL AT, B HIR, 44(6): 3.]

Yu CH, Lu D, Lin RH, Wang XIJ, Jiang H, Zhao F, 2008. Trehalose
—the blood sugar in insects. Chinese Bulletin of Entomology,
45(5): 832-837. [TRL, /i, MORME, EIRZE, 20, BK,
2008. WEHEE—E AU RS, B HUATR, 45(5): 832-837.]

Yu LY, Shi AJ, Zheng FQ, Lu H, Zhang F, Xu YY, 2012. Seasonal
changes in the cold hardiness of Chrysopa pallens (Rambur)
prepupa. Scientia Agricultura Sinica, 45(9): 1723-1730. [ T4-4Z,
BFZ4, AR, T, TR, KR, 2012, KR TR
FEMEMZETT AL, T ERARRE, 459): 1723-1730.]

Zhai YF, Lin QC, Zhang JP, Zhang F, Zheng L,Yu Y, 2016. Adult
reproductive diapause in Drosophila suzukii females. Journal of
Pest Science, 89(3): 679-688.

Zhang YJ, 2007. Studies on the cold hardiness and mechanism of
over wintering larva of Chilo Supperssalis (Walker). Master
dissertation. Wuhan: Huazhong Agricultural University. [5K411%Z,
2007. —ARBEBAC A ST TEVE S HALERDESE. WL R e,
R Al R

Zhu F, Li H, Wang Y, Wang XP, Zhou XM, Huang W, Lei CL, 2008.
Change of trehalose, glycogen and polyol contents of the
diapausing larvae of Mylabris phalerata (Pallas) (Coleoptera:
Meloidae)at different diapausing stages. Acta Entomologica
Sinica, 51(1): 9-13. [A3%, 24T, Tk, TN, RN, #
3C, HHWISE, 2008, KBESCTH A A 4 AR B A R B B i
FREE iR L. AU, 51(1): 9-13.]



