
Fig. S1. Feeding induces flight muscle degeneration in winged female A. pisum. 

Transmission electron microscopy (TEM) observations of the flight muscles from 24 h 

to 96 h post eclosion under feeding conditions (A–D). Detailed magnifications of the 

sections in the red box highlighting muscle fibers and mitochondria below the 

corresponding picture. “*” indicates disrupted mitochondrial. I–IV represents 

biological replications. 
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Fig. S2. Flight muscle degeneration would not occur during starvation post 

eclosion in winged female A. pisum. TEM observations of the flight muscles from 24 

h to 96 h post eclosion under starvation (A–D). Detailed magnifications of the sections 

in the red box highlighting muscle fibers and mitochondria below the corresponding 

picture. I–IV represents biological replications. 

Development: doi:10.1242/dev.200891: Supplementary information
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Fig. S3. Feeding-induced muscle degeneration would not occur in the leg muscles 

during winged aphid colonization. (A) Relative expression levels of Met and Kr-h1 

in the legs of fed and starved aphids at 72 h post eclosion. The data are presented as 

the mean ± s.e.m. from 3 biological replicates, and each replicate contains 50 aphids. 

Student’s t-test was used to compare the differences between starvation and feeding 

groups (*P < 0.05). (B) Longitudinal ultrathin sections of leg muscles in winged female 

aphids under feeding 72 h and starvation 72 h post eclosion identified by TEM.  

Development: doi:10.1242/dev.200891: Supplementary information
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Fig. S4. JH application induces mitochondrial disruption and flight muscle fiber 

breakdown during starvation in winged female A. pisum. TEM observations of the 

flight muscles at 24 h (A and B) and 60 h (C and D) after methoprene treatment under 

starvation. Detailed magnifications of the sections in the red box highlighting muscle 

fibers and mitochondria below the corresponding picture. “*” indicates disrupted 

mitochondrial. I–IV represents biological replications.  

Development: doi:10.1242/dev.200891: Supplementary information
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Fig. S5. JH application would not induce mitochondrial disruption and leg 

muscle fiber breakdown during starvation in winged female A. pisum. (A) 

Relative expression levels of Kr-h1 in the legs and thoraxes of starved aphids at 12 h 

post methoprene treatment. Methoprene (100 ng/aphid) was applied at 24 h post 

eclosion, and the aphids were subjected to starvation. qPCR data are presented as the 

mean ± s.e.m. from 3 biological replicates (each replicate contains 10 aphids for the 

thoraxes or 50 aphids for the legs). Differences between 2 groups were determined by 

Student’s t-test (*P < 0.05, ***P < 0.001). (B) Longitudinal ultrathin sections of leg 

muscles in the control and methoprene-treated aphids at 60 h after the treatment 

identified by TEM. 

Development: doi:10.1242/dev.200891: Supplementary information
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Fig. S6. JH biosynthesis level is relatively stable during colonization of winged 

aphids, which is necessary to colonization behavior. (A) Heat map representing the 

transcriptional changes (expression data from the RNA-seq of head and flight 

muscle) of genes involved in JH biosynthesis between “flight” and “colonization” 

aphids. (B and C) Effects of precocene II on histological changes of the flight muscles 

at 60 h after the treatment. Precocene (5 µg/aphid, dissolved in acetone) was topically 

applicated on the aphids 24 h post eclosion, and the treated aphids were placed in the 

feeding cages. I–III represents biological replications. Precocene inhibits colonization 

behavior of the winged aphids. 

Development: doi:10.1242/dev.200891: Supplementary information
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Fig. S7. RNAi-knockdown of Kr-h1 delays flight muscle degeneration in winged 

A. pisum. TEM observation of the flight muscles of dsLta- (A) and dsKr-h1-injected 

(B) aphids at 48 h after dsRNA injection. Injection of dsRNA (6 µg/µL, 150 nL/aphid) 

was performed at 24 h after eclosion, and the treated aphids were placed in the feeding 

cages. I–III represents biological replications. 

Development: doi:10.1242/dev.200891: Supplementary information
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Fig. S8. Suppressing the TORC1 pathway by rapamycin inhibitor delays flight 

muscle degeneration in winged A. pisum. Histological changes of the flight muscles 

from DMSO-treated (A) aphids, rapamycin-treated (B) aphids, and methoprene-

rescued aphids (C) at 48 h after the treatment. Rapamycin injection (2nM, 100 

nL/aphid) and methoprene application (100 ng/aphid) were performed at 24 h after 

eclosion, and the treated aphids were placed in the feeding cages. I–IV represents 

biological replications. 

Development: doi:10.1242/dev.200891: Supplementary information
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Fig. S9. Feeding and JH application down-regulates genes involved in the TCA 

cycle in the flight muscles of winged female A. pisum. (A) Principal component 

analysis (PCA) analysis of the whole RNA-seq samples involved in this study. (B and 

C) Transcriptome verification of selected genes involved in carbohydrate metabolism 

using qPCR. (B) Gene expression ratio between the aphids which are in the state of 

colonization and flight regarding the genes involved in the TCA cycle in the thoraxes. 

(C) Gene expression ratio of methoprene to acetone treated aphids regarding those 

same genes in the thoraxes at 24 h after the treatment. Differences between 2 groups 

were determined by Student’s t-test (*P < 0.05, **P < 0.01). (CS, citrate synthase, 

geneID: 100162475; AH, aconitate hydratase, geneID: 100167414; ICDH, isocitrate 

dehydrogenase, geneID: 100161204; SCS, succinyl-CoA synthetase, geneID: 

100168788; SDH, succinate dehydrogenase, geneID: 100165770; MDH, malate 

dehydrogenase, geneID: 100145825; PEPCK, phosphoenolpyruvate carboxykinase, 

geneID: 100160700) 

Development: doi:10.1242/dev.200891: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



Fig. S10. The experimental devices and domain structure analysis of ApMet and 

ApKr-h1 protein. (A) Cages supplied for the winged aphids to colonize and feed. 

Same as Drosophila melanogaster, ApMet and ApKr-h1 have two transcriptional 

isoforms, respectively, named ApMet A/B and ApKr-h1 A/B. Protein sequences are 

deduced by the ExPASy translation tool, and domains are predicted by the SMART 

tool. (B) Conserved domains of DmMet and ApMet. Met belongs to the basic helix–

loop–helix (bHLH)-Per-Arnt-Sim (PAS) family of transcription factors. However, 

ApMet B lakes HLH domain. (C) Conserved domains of DmKr-h1 and ApKr-h1. Both 

DmKr-h1 A/B and ApKr-h1 A/B contain eight C2H2-type zinc fingers (Znf) domains. 

(D) Phenotype of RNAi-ApKr-h1. Application of dsRNA was performed at 3rd nymph 

stage, and wing abnormal phenotype was obtained post eclosion. 

Development: doi:10.1242/dev.200891: Supplementary information
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Table S1. List of primers utilized in orthologue verification. 

Fragment (bp) Forward (5’ to 3’) Reverse (5’ to 3’) 

Ap-Met-A AAGCTACCGGTGCAGTGTTG CGTCAATCATATGCCTCAAGTGAAA 

Ap-Met-B AACCTATTCGCCTTTAATACGGAAA CGTCAATCATATGCCTCAAGTGAAA 

Ap-Kr-h1-A CTTCAGTAGGCTGTTGACTGTTG TTGTATAATGTGTACGTACGTTGCG 

Ap-Kr-h1-B TCGCACACTGTTCGTTATTTTTATT TAATGTGTACGTACGTTGCGAAAAA 

Table S2. List of primers utilized in qPCR. 

gene Forward (5’ to 3’) Reverse (5’ to 3’) Efficiency 

qAp-JHAMT1 CCATTAGTTGAGTTGTATAAATGT

ATGGATAC 

AATGTCTTTTATTTCATCTGGTGA

ATACAC 

E = 0.991 

qAp-JHAMT2 CAAGGCTGGATTTCGTATCA TCATCTACAGCTCTGACGG E = 0.985 

qAp-JHAMT3  TGCGGTTCTTCTTATTCGCTC ATTAAGCAAGGCACCGACTTT E = 0.844 

qAp-Met  TGCATCTGAACCTGGAATTG ATCTTCAGTAACATCTTCCAATGT E = 0.998 

qAp-Kr-h1 CGGTAGCGATAAGGAGAACA GTCAGACAGCTGAAGCAATAC E = 0.993 

qAp-CS  ACCACGAGGGTGGTAATGTA CCATACCGGCACTGAATGAA E = 0.990 

qAp-AH  CCAGACAAATTGAACGCCAG AGCAATGACAACCGATCCAT E = 0.995 

qAp-ICDH AGGTCTAACACCCAGTGGAA CGGCTATATCTGGAGCAGTTC E = 0.989 

qAp-SCS GTGGTGCTACTGCTTCTCAA ATAGCACACACTTTGGGGTC E = 0.991 

qAp-SDH GGTGTGGGATGCTGGTAAAT GCTACCGACAATCACACCAT E = 0.997 

qAp-MDH GTTCGGTCTAACAGATTCATTGC CCGCCGATAACAGGAACATT E = 0.992 

qAp-PEPCK ACATGCTGATCTTAGGCGTG CATCATCGCCATGTTGGTCT E = 0.994 

Ap-EF1α TAGGAGGTATTGGAACAGTCC TGTTTGCTGGTGCGAAAA E = 1.030 

qAp-rps20 ATCAAAAGAGGCACAAAATCCGT GCAATCATCTCGGAGCACAC E = 0.983 

Table S3. List of primers utilized in RNAi. 

Fragment (bp) Forward (5’ to 3’) Reverse (5’ to 3’) 

dsAp-Kr-h1 (307) T7+AATGGTTCGGGAAGACGATG T7+TTGGTGTCGACGAGTGATTG 

dsMus-Lta (193) T7+CACCCTCTCCACGAATTG T7+TAGAAGATGCTGCTGTTTCA 

T7 RNA polymerase promoter sequence: TAATACGACTCACTATAGGG. 
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Table S4. List of top pathways enriched in KEGG aggregation analysis from the 

comparative transcriptome of “colonization” vs “flight”. 

KEGG pathway Background 

genes 

Up-regulated 

genes 

 P-value 

Proteasome 47 35 2.59e-8 

Protein processing in endoplasmic reticulum 126 35 1.17e-5 

Protein export 

Autophagy 

27 

27 

13 

12 

0.01099 

0.02227 

Phagosome 72 23 0.03952 

KEGG pathway Background 

genes 

Down-regulated 

genes 

 P-value 

Oxidative phosphorylation 125 53 4.53e-6 

2-Oxocarboxylic acid metabolism 22 14 0.00098 

Citrate cycle (TCA cycle) 34 16 0.00461 

Carbon metabolism 112 35 0.01178 

FoxO signaling pathway 63 21 0.02693 

Table S5. List of top pathways enriched in KEGG aggregation analysis from the 

comparative transcriptome of “methoprene” vs “acetone”. 

KEGG pathway Background 

genes 

Up-regulated 

genes 

P-value 

Proteasome 47 20 1.05e-9 

Protein processing in endoplasmic reticulum 126 20 0.00043 

Endocytosis 130 20 0.00062 

Autophagy 27 8 0.00089 

ABC transporters 34 8 0.00310 

KEGG pathway Background 

genes 

Down-regulated 

genes 

 P-value 

Folate biosynthesis 32 6 0.00154 

Carbon metabolism 32 6 0.00154 

2-Oxocarboxylic acid metabolism 22 5 0.00184 

Thiamine metabolism 14 4 0.00266 

Cysteine and methionine metabolism 42 6 0.00520 
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