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Figure 3. Dorsal branch phenotypes found in the YRab-YFPi screen. 930 

YRab-homozygous virgins with either GFP-IR-1, or btl-Gal4 and UAS-DsRed were crossed 931 

to YRab males with the respective complementary construct(s) to obtain YRab-homozygous 932 

larvae expressing the GFP-knockdown transgene and DsRed in tracheal cells. Examples of 933 

the "Excess TC" and "Unfused DB" phenotypes can be found in Fig. 2. TC, terminal cell. 934 

DB, dorsal branch. Anterior is up in all micrographs. 935 

 936 

(A) Example of the "Misguided TC" phenotype in a YRab19-YFPi larva. One excess TC 937 

(S2-3) on segment 2 (S2) of this larva grew posterior and ramified on a dorsal muscle in 938 

segment 3. White dashed lines: outlines of the three TCs of segment 2.  939 

 940 

(B) Example of the "Misfused DB" phenotype in a YRab19-YFPi larva. The DBs of segment 941 

5 did not fuse in this larva (plus sign). Instead, the left DB of segment 5 (S5-L) formed an 942 

anastomosis with a cell of the left DB of segment 4 (S4-L, asterisk). White dotted lines: 943 

outlines of the dorsal branches 944 

 945 

(C) Example of the "Missing TC" phenotype in a YRab9-YFPi larva. The left TC of this 946 

larva's segment 3 is missing (asterisk), though the DBs are fused as normal. 947 

 948 

(D) Diagram showing the dorsal tracheal anatomy of L3 wandering larvae and the 949 

phenotypes observed in the screen. Anterior is to the top. Stereotypically, all DB pairs form 950 

a constellation as shown in the first two metameres here.  951 

 952 

(E) Mean frequencies per larva of each phenotype in YRab-YFPi larvae depleted for the 953 

respective Rab. Black squares indicate significant effects (95% confidence interval of 954 

difference to control >0).  955 
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Figure 4. Description of terminal cell phenotypes found in the YRab-959 

YFPi screen. 960 

For each case, the first micrograph shows autofluorescence of the apical extracellular 961 

matrix (aECM), emitted when illuminated with a 405nm laser. This reveals the morphology 962 

of the subcellular tube's lumen. The second micrograph shows an overlay of 963 

autofluorescence (cyan) and cytoplasmic DsRed (red). In some cases, the transmitted light 964 

is also shown, which reveals the contrast between the tissue and the gas-filled lumen of the 965 

tubes. Scale bars in (A-A'), 50µm; in (B-H''), 10 µm. 966 

 967 

(A-A') Control dorsal TC in a larva with btl-Gal4, GFP-IR-1 and UAS-DsRed. 968 

 969 

(B-B') Example of the "Hairy branch" phenotype in a YRab8-YFPi larva. The 970 

autofluorescence reveals numerous small tubules and strongly fluorescent puncta 971 

surrounding the main subcellular tube. Some of the tubules are connected to the main tube 972 

and transmitted light shows that some are gas-filled (not shown). 973 

(C-C') Example of the "Postjunctional curl" phenotype in a YRab8-YFPi larva. The tube is 974 

folded up on itself immediately after branching off the parent branch. 975 

(D-D') Example of the "Curled tip" phenotype in a YRab8-YFPi larva. Rather than forming a 976 

blunt end, the tube curls back at the branch tip. 977 

(E-E'') Example of the "Lumen gap" phenotype in a YRab6-YFPi larva. A stretch of the 978 

branch shows no autofluorescence, indicating that no fully mature aECM is present. An 979 

aECM-containing tube can be seen distal to the gap. Light transmission (E'') shows that the 980 

tube is not gas-filled at or distal to the gap (arrowhead). 981 

(F-F') Example of the "Retracted junction" phenotype in a negative control larva. The points 982 

at which the cytoplasm and the tube branch are usually in close proximity. In this 983 

phenotype, the point where the tube branches is shifted far away from the point where the 984 

cytoplasm branches. 985 

(G-G'') Example of the  "Autofluorescent plug" phenotype in a YRab6-YFPi larva. A strongly 986 

fluorescent "plug" fills the entire diameter of the subcellular tube, with no lumen visible. Gas-987 

filling is also absent in the region of the plug (G''). However, some tubes distal to the plug 988 

are gas-filled (see tube at the top in G''). 989 

(H-H'') Example of the "Autofluorescent fibre" phenotype in a YRab6-YFPi larva. A strongly 990 

fluorescent "fibre" runs along a stretch of the tube (inset in H). (H'') Gas can be seen inside 991 

the tube despite the abnormal autofluorescence, although irregularities in the contrast 992 

suggest that the autofluorescent fibre protrudes into the lumen (inset in H'').  993 
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Figure 5. Number of branches and frequency of phenotypes in YRab-996 

YFPi terminal cells. 997 

For the initial categorisation of phenotypes, we observed at least 50 dorsal terminal cells 998 

(TCs) depleted for each Rab. Once the range of phenotypes had been established, a 999 

subset of cells were quantitatively analysed (N for each Rab see panel A). 1000 

 1001 

(A) We counted the number of branches per TC depleted for each Rab via YRab-YFPi. This 1002 

reflects overall cell health (Best, 2019). Left: Dotplots with one dot for each TC and bars 1003 

showing mean ± standard deviation. Right: Estimation of effect size relative to negative 1004 

control. Black dot indicates the mean difference to control, black bars indicate the 95% 1005 

confidence interval, distribution of bootstrapped mean differences in grey. Detailed statistics 1006 

can be found in Table 1. 1007 

 1008 

(B) Mean frequency of phenotypes described in Fig. 4 per branch in the same TCs scored 1009 

for (A). Asterisks indicate "significant" phenotypes, i.e. those where the autofluorescent 1010 

aECM reveals differences from control TCs.  1011 
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Table 1. Branch counts and statistics estimating impact of YRab-YFPi 1012 

on terminal cell branch number. 1013 

Tagged gene 

Mean TC 
branch 
count 

Branch 
count 
std dev 

Mean 
difference 
to control 

95% CI 
lower 

bound 

95% CI 
upper 
bound CI threshold p-value Sign. 

Negative 23.9 5.6 
      Rab1 20.9 5.0 -2.9 -5.9 0.3 

 
0.06 

 Rab2 28.7 8.8 4.8 0.2 9.1 increase 0.017 * 

Rab3 23.8 5.8 -0.1 -3.9 4.1 
 

0.94 
 Rab4 25.5 5.7 1.6 -2.1 6.5 

 
0.58 

 Rab6 8.5 2.6 -15.4 -17.7 -12.9 decrease 2.90E-08 *** 

Rab7 20.0 5.7 -3.9 -8.4 -0.1 decrease 0.07 
 Rab8 16.4 6.5 -7.5 -11.0 -4.1 decrease 2.55E-04 *** 

Rab9 26.3 5.6 2.4 -1.7 9.0 
 

0.65 
 Rab10 24.5 9.6 0.6 -4.6 7.9 

 
0.83 

 Rab11 24.0 9.2 0.1 -4.6 8.3 
 

0.61 
 Rab14 21.7 7.7 -2.2 -7.6 3.4 

 
0.63 

 Rab18 38.9 16.9 15.0 2.4 26.1 increase 0.0117 * 

Rab19 29.9 5.9 6.0 2.1 10.8 increase 0.025 * 

Rab21 23.1 5.8 -0.8 -4.2 4.4 
 

0.53 
 Rab23 26.2 5.0 2.3 -1.6 7.0 

 
0.44 

 Rab26 23.7 5.3 -0.2 -3.4 6.5 
 

0.68 
 Rab27 23.3 4.7 -0.6 -3.7 4.8 

 
0.81 

 Rab30 24.4 7.1 0.5 -5.8 6.1 
 

0.73 
 Rab32 28.4 11.4 4.5 -4.5 13.9 

 
0.55 

 Rab35 33.8 5.4 9.9 4.0 13.6 increase 0.006 ** 

Rab39 33.8 8.3 9.9 3.6 16.3 increase 0.012 * 

Rab40 25.4 8.6 1.5 -5.2 8.9 
 

0.77 
 RabX1 31.0 4.7 7.1 3.4 11.9 increase 0.013 * 

RabX4 23.0 2.0 -0.9 -3.0 2.7 
 

0.54 
 RabX5 23.6 2.2 -0.3 -2.6 3.0 

 
0.63 

 RabX6 28.6 9.9 4.7 -1.6 15.6 
 

0.43 
  1014 

P-values according to Mann-Whitney U test. CI, 95% confidence interval of the 1015 

bootstrapped distribution of mean differences. Std dev, standard deviation. Sign., 1016 

significance. 1017 

  1018 
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Supplemental data 1019 

 1020 

Figure S1. Comparison of YRab1 knockdown efficiency using four 1021 

different knockdown constructs. 1022 

We used the engrailed-gal4 driver to express each knockdown construct in a striped pattern 1023 

in the epidermis of YRab1 larvae and imaged the endogenous YFP signal in heat-fixed 1024 

third-instar wandering larvae. UAS-mCherry was used to label engrailed-gal4 expressing 1025 

cells. 1026 

(A-D') Micrographs of epidermis in third-instar larvae showing a portion of epidermal cells 1027 

not expressing engrailed-gal4 next to cells that express it (labelled by mCherry). (A-D) YFP 1028 

signal from YRab1 (green), (A'-D') Overlays of YRab1 with mCherry (red). 1029 

(E) Quantification of knockdown efficiency. Bars show the difference in mean YRab1 pixel 1030 

intensity in an area showing mCherry signal compared to YRab1 signal in an area showing 1031 

no mCherry signal. 1032 
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