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Figure S1: Sleep metrics of iso31 flies binned in 3-hour intervals and P(doze) 

variability. Related to Figure 1. A) Sleep duration, B) P(wake), and C) P(doze) in 

mature (black, n = 87) and juvenile (red, n = 82) iso31 flies binned into 3-hour intervals 

across 24 hours. Proportion of undefined D) P(doze) and E) P(wake) values across 24 

hours in mature and juvenile flies shown in Figure 1 Top traces are a rolling 30-minute 

window sampled every 10 minutes, Bottom graphs show the average proportion of 

undefined values per 30-minute window across 6-hour intervals. (F) Proportion of time 

spent in deep sleep, light sleep, light wake, and full wake (Mann-Whitney U tests). 





Figure S2: HMMs trained on mature vs juvenile iso31 fly locomotor datasets. 

Related to Figure 1.  Log(probability) of observing a given sequence of locomotor 

behavior in A) mature or B) juvenile iso31 flies by applying HMM-mature (black, n = 87) 

or HMM-juvenile (red, n = 82) (two-tailed T-tests). Proportion of time spent in each 

sleep/wake hidden state in mature vs juvenile flies from ZT0-12 and ZT12-24 when 

applying C, D) HMM-mature or E, F) HMM-juvenile (two-way ANOVA with post-hoc 

Sidak’s multiple comparison test). 





Figure S3: Developmental progression of sleep architecture and substates. 

Related to Figure 1. A) Sleep duration, B) bout length, C) bout number, D) P(wake), 

and E) P(doze) in iso31 flies at post-eclosion day 1 (red, n = 127), 3 (blue, n = 64), and 

7 (black, n = 64) from ZT0-12 (top) and ZT12-24 (bottom). Proportion of time spent in 

F) deep sleep, light sleep, light wake, and full wake across the three age groups from 

ZT0-12 (left) and ZT12-24 (right) (Kruskall-Wallis with post-hoc Dunn’s multiple 

comparison test). 





Figure S4: Correlation between sleep duration and proportion of time spent in a 

given sleep state. Related to Figure 1.  Sleep duration vs proportion of time spent in 

A) deep sleep, B) light sleep, C) light wake, and D) full wake in individual mature (black) 

and juvenile iso31 flies (red). The slope of the linear regressions are shown with ± SEM, 

along with r2 values, and color-coded according to the dataset used for the regression 

(mature or juvenile). 





Figure S5: Mating status affects sleep architecture. Related to Figure 1. A) 

Sleep duration, B) bout length, C) bout number, D) P(wake), and E) P(doze) in 

unmated (black, n = 64) and mated (maroon, n = 63) mature iso31 flies from ZT0-12 

(top) and ZT12-24 (bottom). Proportion of time spent in F) deep sleep, light sleep, 

light wake, and full wake in unmated vs mated flies from ZT0-12 (left) and ZT12-24 

(right) (Mann-Whitney tests). 





Figure S6: Extended sleep metrics after sleep deprivation in mature and 

juvenile flies. Related to Figure 3. A) Sleep duration, B) bout length, C) bout 

number, D) P(wake), and E) P(doze) in juvenile (red, n = 90), non-deprived control 

(black, n = 85), and mechanically sleep-deprived mature iso31 flies (blue, n = 90) from 

ZT0-12 (left) and ZT12-24 (right). Proportion of time spent in F) deep sleep, light sleep, 

light wake, and full wake across the three conditions from ZT0-12 (left) and ZT12-24 

(right) (Kruskall-Wallis with post-hoc Dunn’s multiple comparison test for A-F). G) 

Sleep duration, H) bout length, I) bout number, J) P(wake), and K) P(doze) in non-

deprived juvenile (orange, n = 92) and rebounding juvenile flies (light orange, n = 93). 

Proportion of time spent in L) deep sleep, light sleep, light wake, and full wake for all 

groups (Mann-Whitney tests for G-L). 





Figure S7: Sleep architecture metrics for R23E10-GAL4>UAS-DEG RNAi screen. Related 

to Figure 3.  A) Sleep duration, B) sleep bout duration, C) sleep bout number, D) P(wake), E)

P(doze), proportion of time spent in F) deep sleep, G) light sleep, H) light wake, and I) full 

wake in screened lines (R23E10-GAL4>UAS-RNAi, purple; R23E10-GAL4>UAS-ringer RNAi, 

red) vs R23E10-GAL4>UAS-mCherry RNAi (black) and +; UAS-RNAi 

(gray) controls. For all groups, n ≥ 30 (Kruskall-Wallis with post-hoc Dunn’s multiple 

comparison test). See Table S3 for specific RNAi lines used. Related to Figure 7 



A

State Deep sleep Light sleep Light wake Full wake Inactivity Activity

Deep sleep 0.96 0.00 0.04 0.00 Deep sleep 1.00 0.00
Light sleep 0.07 0.72 0.21 0.00 Light sleep 1.00 0.00
Light wake 0.00 0.43 0.24 0.32 Light wake 0.01 0.99
Full wake 0.00 0.07 0.00 0.93 Full wake 0.04 0.96

B

State Deep sleep Light sleep Light wake Full wake Inactivity Activity

Deep sleep 0.99 0.00 0.01 0.00 Deep sleep 1.00 0.00
Light sleep 0.31 0.51 0.18 0.00 Light sleep 1.00 0.00
Light wake 0.00 0.28 0.18 0.54 Light wake 0.00 1.00
Full wake 0.00 0.03 0.00 0.97 Full wake 0.02 0.98

C

State Deep sleep Light sleep Light wake Full wake Inactivity Activity

Deep sleep 0.98 0.00 0.02 0.00 Deep sleep 1.00 0.00
Light sleep 0.04 0.73 0.23 0.00 Light sleep 1.00 0.00
Light wake 0.00 0.21 0.77 0.02 Light wake 0.17 0.83
Full wake 0.00 0.01 0.00 0.99 Full wake 0.04 0.96

D

State Deep sleep Light sleep Light wake Full wake Inactivity Activity

Deep sleep 0.99 0.00 0.01 0.00 Deep sleep 1.00 0.00
Light sleep 0.31 0.51 0.18 0.00 Light sleep 1.00 0.00
Light wake 0.00 0.28 0.18 0.54 Light wake 0.00 1.00
Full wake 0.00 0.03 0.00 0.97 Full wake 0.02 0.98

E

State Deep sleep Light sleep Light wake Full wake Inactivity Activity

Deep sleep 0.96 0.00 0.04 0.00 Deep sleep 1.00 0.00
Light sleep 0.07 0.72 0.21 0.00 Light sleep 1.00 0.00
Light wake 0.00 0.43 0.24 0.32 Light wake 0.01 0.99
Full wake 0.00 0.07 0.00 0.93 Full wake 0.04 0.96

F

State Deep sleep Light sleep Light wake Full wake Inactivity Activity

Deep sleep 0.98 0.00 0.02 0.00 Deep sleep 1.00 0.00
Light sleep 0.08 0.67 0.25 0.00 Light sleep 1.00 0.00
Light wake 0.00 0.17 0.80 0.03 Light wake 0.29 0.71
Full wake 0.00 0.02 0.00 0.98 Full wake 0.16 0.84

G

State Deep sleep Light sleep Light wake Full wake Inactivity Activity

Deep sleep 0.98 0.00 0.02 0.00 Deep sleep 1.00 0.00
Light sleep 0.06 0.78 0.16 0.00 Light sleep 1.00 0.00
Light wake 0.00 0.17 0.80 0.02 Light wake 0.13 0.87
Full wake 0.00 0.01 0.00 0.99 Full wake 0.03 0.97Tr
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Table S1. All HMM parameters: Related to Figures 1-7. HMM parameters used in 

this paper, described as transition probabilities between hidden states and emission 

probabilities from each hidden state to observed states for HMMs trained on locomotor 

data from A) mature iso31 flies (n = 87 flies), B) juvenile iso31 flies (n = 82 flies), C) 

mature Canton-S flies (n = 95 flies), and D) mature w1118 flies (n = 96 flies) collected 

using the DAM5H multibeam system. HMMs trained on locomotor data from E) mature 

iso31 flies (n = 90 flies) and F) mature elav-GAL4;+ (attP40) flies (n = 46 flies) collected 

using the single beam DAM system. G) HMM trained on locomotor data from mature 

R23E10-GAL4 > UAS-mCherry RNAi flies (n = 31 flies) collected using the multibeam 

DAM system. A total of 1439 transitions per fly per 24 hours were used to train each 

model. 



Table S2. GSEA and related GO terms for genes with differential expression in 

juvenile vs mature flies: Related to Figure 7.  A) GSEA results for DEGs with 

increased expression in mature compared to juvenile dFB cells. B) Associated GO 

terms for DEGs with increased expression in juvenile fly dFB cells. Blue boxes indicate 

a given gene is associated with the listed GO term, while gray indicates the gene is not 

associated with a GO term. 



Table S3, all RNAi lines used for screen: Related to Figure 7.  Screened RNAi 

lines for DEGs with higher expression in juvenile dFB cells. 

Gene TRiP hairpin BDSC #
JF02962 28327
HM04002 31498
GL01310 41878

ATPsynC GL00390 35464
CG32700 HMC04908 57719
CG3662 HMC05026 60033
CG7582 HMJ21718 53002
jdp HMC06433 67329

JF03251 29572
HMS05687 67873

ringer HMS01740 38287
JF01867 25846
HMC04701 57397

Vha13 CG6213 38233
Vha16-1 HMS02171 40923
Vha55 CG17369 40884

14-3-3zeta

porin

twz


