Supplementary Figures

Figure S1. Representative IncRNA/ncRNA expression distributions illustrating similar group means but
distinct distribution shapes from case study examples. Panels (a)-(b): Case study 2 organ IncRNAs (Brain,
Cerebellum); panels (c)-(d): Case study 1 scRNAseq ncRNAs (HEK293T vs. MCF7).

ncRNA expression distributions: similar means, different shapes
Dashed lines show group means. AX = mean(late) — mean(early) in raw counts; dip = Hartigan dip statistic (> 0.05 indicates non-unimodality).

a b
HSALNGO0092274 HSALNG0060113
AX=-0.023 dip =0.200 AX =-0.028 dip=0.192
0.5 0.5
0.4 0.4
Z 03 2031
2 2
& 0.2 3 02
0.1 0.1
0.01 T T T T T 0.01 T
[ 1 2 3 4 o 1 2 3
Raw count Raw count
[] Early [] Late [] Early [] Late
Organ - Brain Organ - Cerebellum
c d
RN7SKP112 RN7SKP123
AX=+0.090 dip=0.170 AX =-0.0839 dip=0.170
0.8 0.8
0.6
= 0.6 =
% 0.4 4 g 04
a a
0.29 0.2 1
0.0 1 0.0
[ 1 2 3 4 5 4 6
Raw count Raw count
[] HEK293T [] MCF7 [] HEK293T [] MCF7
scRNA - HEK vs MCF7 scRNA - HEK vs MCF7



Figure S2. Model-based simulation: proportion of all true DEG recovered among the top-ranked genes
for nine methods. Bimodal DE=75%, Multi-modal DE=25%. (a)-(c): moderate-count regime at the
weakest, median and strongest signal levels. (d)-(f): low-count regime, same three levels.
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Figure S3. Model-based simulation: empirical against nominal FDR for nine methods. Bimodal

DE=75%, Multi-modal DE=25%. (a)-(c): moderate-count regime at the weakest, median and strongest
signal levels. (d)-(f): low-count regime, same three levels.
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Figure S4. (a) Empirical FDR of all methods at nominal FDR=0.05 against zero inflation fraction; (b)

The proportion of true DE genes among the top 400 genes detected by all methods against zero
inflation fraction.
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Figure S5. Performance of CQRM over different quantile choices (left: power; right: FDR control).
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Figure S6. The impact of sample size on the performance of CQRM and other methods (left: power;
right: FDR control)
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Figure S7. Computational benchmark. (a,b) Runtime and peak session memory at G=2,000 genes, n=50
per group, B=1,000, M=50. (c) Runtime against sample size at G=2,000 with varying sample sizes.
Entries marked * were timed on 20 genes and scaled linearly: those methods test each gene
independently, whereas the mean-based methods share information across genes and were run at the full
G. All methods in (a) and (b) were measured in a single R session with every package attached before
timing, since peak session memory depends on what is loaded. DESeq2 uses poscounts size factors. Panel
(c) covers the seven methods run along the sample-size axis.
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Figure S8. Case study 1, overlap of differentially expressed ncRNAs for the two RNA classes: snoRNA
(a—c) and snRNA (d-f).
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