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Statistics 

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section. 

n/a Confirmed 

D D The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

D D A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

□ □ The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section. 

D D A description of all covariates tested

D D A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

D D 
A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)

AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals) 

□ □ For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable. 

D D For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

D D For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

D D Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above. 

Software and code 

Policy information about availability of computer code 

Data collection 

Data analysis 

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 

reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information. 

Data 

Policy information about availability of data 

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 

- Accession codes, unique identifiers, or web links for publicly available datasets 

- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our QQ.)ky_ 
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The RNA-seq data generated in this study have been deposited in the Gene Expression Omnibus (GEO) database under accession number GSE205334 (https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE205334). Genome assembly used in this paper (dm6) is publicly available. Uncropped immunoblots and source 
data underlying graphs are presented in the "Source Data" file. The reporting summary and supplementary tables (1-8) for this article are available under 
supplementary information. Source data are provided with this paper.

RT-qPCR data was collected with CFX Maestro (v2.2). Fluorescence images were acquired with OLYMPUS cellSens  Dimension (v3.2). 
Luminescence data were collected with BioTek Gen5 (v3.11). LC-MS data were processed using MS-Dial (v4.80).

Statistical analysis and graph generation was conducted with GraphPad Prism (v9.3.1) and R (v3.6). Immunoblots were analyzed with 
ImageJ (v1.53). Sequencing analysis software and code include: Read alignment - STAR (v2.5.0e); Differential analysis - DeSeq2 (v1.8); 
Ehythmicity analysis - JTK_Cycle (v3.0); Downstream analysis - David (v6.8). Metabolomics analysis were conduct with MetaboAnalyst (v5.0).



Two outliers (WT-TRF-ZT1 and Sk2-ALF-ZT23) were identified from  the time-series transcriptomic data. The data from these two outliers 
were removed from all downstream analysis.   

Sample sizes were not predetermined based on statistical methods, but were chosen according to the standards for molecular 
and phenotypic characterization of fly models. At least three independent replicates for each condition were performed.

Flies were randomly allocated experimental groups.

X

Experiments were repeated at least in triplicates to confirm experimental reproducibility.  At least 2 RNAi fly lines were tested per gene to 
confirm biological reproducibility. All attempts at replication were successful.

Blinding was utilized during data collection for flight performance and muscle cytology. Blinding was not utilized for the rest of experiments 
as they are quantitative measurements that did not require subjective interpretation or judgement.  



Data collection 

Timing 

Data exclusions 

Non-participation 

Randomization 

Provide details about the data collection procedure, including the instruments or devices used to record the data (e.g. pen and paper, 
computer, eye tracker, video or audio equipment) whether anyone was present besides the participant(s) and the researcher, and 
whether the researcher was blind to experimental condition and/or the study hypothesis during data collection. 

Indicate the start and stop dates of data collection. If there is a gap between collection periods, state the dates for each sample 
cohort. 

If no data were excluded from the analyses, state so OR if data were excluded, provide the exact number of exclusions and the 
rationale behind them, indicating whether exclusion criteria were pre-established. 

State how many participants dropped out/declined participation and the reason(s) given OR provide response rate OR state that no 
participants dropped out/declined participation. 

If participants were not allocated into experimental groups, state so OR describe how participants were allocated to groups, and if 
a/location was not random, describe how covariates were controlled. 

Ecological, evolutionary & environmental sciences study design 
All studies must disclose on these points even when the disclosure is negative. 

Study description 

Research sample 

Sampling strategy 

Data collection 

Briefly describe the study. For quantitative data include treatment factors and interactions, design structure (e.g. factorial, nested, 
hierarchical}, nature and number of experimental units and replicates. 

Describe the research sample (e.g. a group of tagged Passerdomesticus, a/1 Stenocereus thurberi within Organ Pipe Cactus National 
Monument}, and provide a rationale for the sample choice. When relevant, describe the organism taxa, source, sex, age range and 
any manipulations. State what population the sample is meant to represent when applicable. For studies involving existing datasets, 
describe the data and its source. 

Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size 
calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient. 

Describe the data collection procedure, including who recorded the data and how. 

Timing and spatial scale Indicate the start and stop dates of data collection, noting the frequency and periodicity of sampling and providing a rationale for 
these choices. if there is a gap between collection periods, state the dates for each sample cohort. Specify the spatial scale from which 
the data are taken 

Data exclusions If no data were excluded from the analyses, state so OR if data were excluded, describe the exclusions and the rationale behind them, 
indicating whether exclusion criteria were pre-established. 

Reproducibility Describe the measures taken to verify the reproducibility of experimental findings. For each experiment, note whether any attempts to 
repeat the experiment failed OR state that all attempts to repeat the experiment were successful. 
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Randomization Describe how samples/organisms/participants were allocated into groups. If a/location was not random, describe how covariates were 
controlled. If this is not relevant to your study, explain why. 

Blinding Describe the extent of blinding used during data acquisition and analysis. If blinding was not possible, describe why OR explain why 
blinding was not relevant to your study. 

Did the study involve field work? O v e s  

Field work, collection and transport 

Field conditions Describe the study conditions for field work, providing relevant parameters (e.g. temperature, rainfall). 

Location State the location of the sampling or experiment, providing relevant parameters (e.g. latitude and longitude, elevation, water depth). 

Access & import/export Describe the efforts you have made to access habitats and to collect and import/export your samples in a responsible manner and in 
compliance with local, national and international laws, noting any permits that were obtained (give the name of the issuing authority, 
the date of issue, and any identifying information). 

Disturbance Describe any disturbance caused by the study and how it was minimized. 
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Species: Drosophila melanogaster. Strains: Canton S and Sk2 mutant. Age: tested at the age of 4 days, 1, 3, 5 and 7 weeks. 

AMPK-alpha (Abcam, Cat.: ab80039, 1:3000 WB ), Phospho-AMPK-alpha (Thr172) (Cell Signaling, Cat.: 2535S, 1:1000 WB, ), alpha Tubulin (Abcam, Cat.: 
ab52866, 1:3000 WB),anti-rabbit-HRP (Abcam, ab6721, 1:10000 WB) and anti-mouse-HRP (Abcam, ab6728, 1:10000 WB) 
AMPK-alpha (Abcam, Cat.: ab80039): manufacturer validated for WB with Drosophila embryo samples and in several publications; Phospho-AMPK-alpha 
(Thr172) (Cell Signaling, Cat.: 2535S): manufacturer validated for WB with Drosophila samples and in several publications; alpha Tubulin (Abcam, Cat.: ab52866): 
manufacturer validated for WB with Drosophila samples and in several publications anti-rabbit-HRP (Abcam, ab6721): manufacturer validated for WB with rabbit 
antibodies and in numerous publications; anti-mouse-HRP (Abcam, ab6728): manufacturer validated for WB with mouse antibodies and in numerous publications.

NA

NA



Wild animals 

Reporting on sex 

Field-collected samples 

Ethics oversight 

Note that full information on the approval of the study protocol must also be provided in the manuscript. 

Clinical data 

Policy information about clinical studies 
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All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions. 

Clinical trial registration Provide the trial registration number from ClinicalTrials.gov or an equivalent agency. 

Study protocol Note where the full trial protocol can be accessed OR if not available, explain why. 

Data collection Describe the settings and locales of data collection, noting the time periods of recruitment and data collection. 

Outcomes Describe how you pre-defined primary and secondary outcome measures and how you assessed these measures. 

Dual use research of concern 

Policy information about dual use research of concern 

Hazards 

Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented 

in the manuscript, pose a threat to: 

No Yes 

0 0 Public health

D D National security

D D Crops and/or livestock

D D Ecosystems

D D Any other significant area

Experiments of concern 

Does the work involve any of these experiments of concern: 

No Yes 

D D Demonstrate how to render a vaccine ineffective 

D D Confer resistance to therapeutically useful antibiotics or antiviral agents

D D Enhance the virulence of a pathogen or render a non pathogen virulent 

D D Increase transmissibility of a pathogen

D D Alter the host range of a pathogen

D D Enable evasion of diagnostic/detection modalities

D D Enable the weaponization of a biological agent or toxin 

D D Any other potentially harmful combination of experiments and agents
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No wild animals were used in this study.

No field-collected samples were used in this study.

The study was conducted using Drosophila melanogaster (fruit fly), therefore there is no ethical concern.
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Majority of experiments were conducted with female flies, and data from supplementary figure 3d, f were conducted with male 
flies. 
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