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Tab.1 Algorithms involved in the benchmarking

E N GRS KB BRI L PN e LA AT R SR
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PROSSTT Python 2019 B I 5 A tree LHF .28 (A SRk 15]
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SymSim R 2019 BIPIEL % tree CIF B HL eSS SCHk[16]
TedSim R 2021 B 1 2R tree XM BB W SCHkL21]
ESCO R 2021 7-IARA 53 A tree U1 B8 l k[ 22]
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Fig. 1 An overview of the benchmark criteria and pipeline
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Tab.2 The evaluation metrics for accuracy assessment
5 bR 48 Bk oy FEhR 44 FR o b A
o 3 048 5 i 2% (median absolute deviation, MAD) (HE454F | HIM % (Hamming-Ipsen-Mikhailov distance, HIM)  #i#h 25 #4
KS FE 2 (Kolmogorov-Smirnov distance, KS) By FEAE F1 4350 (43 %) (F1 score for branchess F1,,,ue) L)
A Ccorrelation, Cor) AR | F1 AW 2D (F1 score for milestones, Fl o) HifhE5H
-4 46 % ¥R 2% (mean absolute error, MAE) BHE R AE JU T8 2 %6 M 85 # 56 HE (correlation between I
41957 #3522 (root mean squared error, RMSE)  H¥a #5 i geodesic distances, Cory,)
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Fig. 2 Basic characteristics of the simulation algorithms and an overview of the evaluation results
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Fig. 3

Detailed results of simulation algorithms in terms of accuracy and usability
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Tab.3 Detailed results of simulation algorithms in scalability

1 000 4.5 000 AFH 5000 A1 000 AP 1000 4~40M0.10 000 ANFEE 10 000 440 .1 000 ASHEA

e B 4TI (] A T #E B 47 (A W AE B #E Sy pyinglE]| W AE T #E B 47 (] W AE B #E
Splatter 3.64 s 625 MB 5.72 s 363 MB 6.8 s 840 MB 7.09 s >1GB
PROSSTT 2.73 s 76 MB 9.31 s 76 MB 8.5 s 153 MB 12.1s 153 MB
MFA 1.23 s 759 MB 1.23 s 763 MB 2.26 s >1GB 2.33 s >1GB
ESCO 9.5 s >1 GB 7.53 s >2 GB 18.17 s >2 GB 14.03 s >5GB
TedSim 48. 86 s 928 MB 1 min40 s >2 GB
Dyntoy 1 minl6 s 625 MB 5 min6 s >1GB 2 min28 s 797 MB 22 min38 s >6 GB
SymSim 44.05 s >5 GB 46.03 s >4 GB 1 min35 s >8 GB 1 min37 s >4 GB
Dyngen 12 minl s >50 GB 3 mind8 s >8 GB 22 mindl s >84 GB 3 min54 s >9 GB
VeloSim 12 min52 s >10 GB 22 minll s >9 GB 25 min33 s >16 GB >1h >23 GB
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Fig. 6 A reference guideline for selecting algorithms
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A Comparison and Benchmarking for Data Simulation Algorithms of

Cellular Dynamic Differentiation in Single-Cell Transcriptomics

DUO Hongrui', LI Yinghong”, LI Bo'
(1. College of Life Sciences, Chongqing Normal University, Chongqing 401331;

2. School of Biological Information, Chongqing University of Posts and Telecommunications, Chongqging 400065, China)
Abstract: A systematic comparison and benchmark for 9 simulation algorithms of cellular dynamic differentiation in single-cell
transcriptomics was conducted, and reliable guideline and reference for developers and users were provided. Various metrics were
used for the comprehensive evaluation of 9 algorithms in terms of accuracy, scalability and usability, and a model was established for
predicting the time consuming and memory usage. Results showed that 9 evaluated algorithms are not capable of performing well
both in data property and cellular differentiation trajectory simulation. Dyngen can simulate data which is more similar to the
reference data in topology and cellular differentiation trajectory, but it consumed more time and used more memory. Almost half of
the algorithms needed updating versions and maintaining relevant functions. When using simulation methods designed for cellular
dynamic differentiation, users are supposed to take different applying situations and features of the tasks into consideration in order
to select the most suitable simulation algorithm.

Keywords: single-cell transcriptomics; dynamic differentiation; data simulation; algorithm evaluation
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