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Tab.1 Algorithms involved in the benchmarking
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Splatter R 2017 DaRIER /NG i ZH WIE SCHRL13]
MFA R 2017 B e 31 . SCHRC14]
PROSSTT Python 2019 B I Hi tree XIF B 5L LI CHk[15]
Dyngen R 2021 Gillespie F AL ] E 2 &l ik[19]
Dyntoy R 2019 T K S 30 4 A CEE 2 P17 SCHk[20]
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VeloSim R 2021 B Iy A A tree X MF S5 SCHERL17]

1.2 SEHFEEMIRE

AFFE N FFIEH X zenodo Chttps://doi.org/10. 5281 /zenodo. 1443566) H 6 B 23 41 %504 VE J 45 1 2 % 50 4
£ BAEE SR XA E IR A B i DR 2 3R I L bR oAb 10 i DR 3R R R B AN R SR T R A R LA AR L N 4% AR
HER) 7 AL BB 2 R 245 B . D die B B2 O B B8 19 S 4R Re AiE o B A 5000 S8 AN 2R A AL 3L
1.3 FfhigR

Ry A TR M PE Al R R A AN S R 25 A BIESE A T 3 VP Ak 4 A B A M L AT 0 R M R T
1.3.1 HEBREITEMH

YA D 0 D BN e A0 20 BT A0 25 23 A o Sl T D s 8040 5 A LK 0 1 A A A 23 A B 4
SRR ARURE B (8 1)« 1) B X B FRRAE 20 BT o A0 58 4 T 58 TR OF- 4 2 35 (gene mean expression) & [ & ik
{E A AR UE 7% (standard deviation) .5 K F A (H 1925 F R B (coellicient of variability) . SCJE K /N (library size) LA &
R 0 40 ifL 1) 22 (B EE ] (zero proportion per gene/cell) S A 45 FLEL 25 J5L b B4 AR L5003 R 1R . Bl B 40k
I 2 2% PR EOHE (19 7 AE BA 8 Carray) p /D B RS HES SRR 3R 2 22 2B 3803 80 1 A PP 48 A5 10 A 6 A X H 5 i
BARAFIELE R 2) X F 225 B0 A VB 1) #0 Fh 45 4 LU, A58 1 e slingshot™™ XA 304003 48 17 %L
FEHEWT (trajectory inference) , K75 B 19 25 R 5 B B A M A LTI 2 47 B8 4r 5 i 4 FhdE AR,
1.3.2 AHRBEITEN

AL A 23 A (T La) o 7 DR TR DRl 5 20 M Kt — O AN 2 OR WSS TP & ) 1 000 A4S B FiF$2 K 35 & 40 i
ol L BB (L 1 000 A AR BT 000 AN 10 000 A~ 22 Ta] 9 A A B o K I 45 1 Y3z 17 14 Bisf [ TPy
TR, I I 45 S ad <7 B s 1 2 i = [ I3 4% B Cunivariate polynomial regression model)™

y=In a+a2'"txt+at+a?

VL W it 4 (i 2 R 40 (oo ) B 385 K LIz 47 ) ] (e P9 A7 T 8D U (o) i i 34 )



#1# RAEF BARETAFHR IS CBEENT E O LK 5 iF4 127

I Ah A ST I 25 B4 R T A B8 %) 200 M 3 i PR 250 5 400 1 A D00 5 90 ) e 3 U8 i 22 30 K ] I A 7Y

(bivariate polynomial regression model) :
y=Inm+m" A +m+m*+m®+1nnta tutatt+ad,

Forbrom Fon 3 50 3R A ML BRI B A K, BEJS L AW 5T R R A0 B R OB L o R b I 4 B ) X i
A7 B[] (g PN A7 T D BSR4 T T0000 580 L S 5 T (B =2 R) A9 B2 JR M OC R B (), FE XTS5 SR AT ] MLAL s
1.3.3 EAMIEN

ARSI T — B TR 0E W 0933 3 DL i AR 38 FH M (B Ta) o B AT F P (ARS8 B SRS L 7 ik 4E 4
SCEAE T AT N O FEPEH RN T 43, IR AT 53 45 RAE S aE VAR 47
1.4 FfERERIE

AR FERARPEAG AL 1b Fros . B 5E, —RANBRF MM T I MRS Z B8R T EZS 8. Ui
NS HE N A B2 7K 5 h B0Hs 455 00 28 B[R] i 6 32 AT IS )R PN A RE E AT M, B B L 5E )
slingshot 2y FEA7 B HEWT , 74 245 2R 5 275 B0t 1 v w0k 5 T A9 LU TR DAl A9 ) I, 422 B8 ofe U)X B A 8
s AT VRS . SERLLL BB R AR A I8 AT I ) I AR A B BSOS TE O Bk A R I S AR 4. KR
PE AT SR L3S SR 3 A4S O TR 3 B P B AR 2 i e A )

AWFFEFT A ARG S R R BT JRA 4. 1. DS F 5 i, BB RB B 14 CPU &b
(Intel(R) Xeon(R)W-2255 CPU@3. 70 GHz) . R R & F T EH I8 H M AT Python i 4 . A B 5% i F
reticulate B BRAS 1. 22) 1Y source_python pRECE 33 BOFHAT . py " 4% K SCAF P Y python 44 LUARIE
JI A VAT I BRI TR [R) — SRR PR T AT o I i 2H B0 A W] — B0k R A AT 10 U, DA/ HoAth PR ZR X 5
W AR, AR R B4 peak RAMUBAR 1. 0. 2) H1 ) peakRAM bR B0 32 17 45 B 4 Bisf 1] A3 H 32 HLAY
WAF TS FESEAT RGN . FE B0 A S A B R b R AE 0~ 1 YU Bl 22 P9 A9 5018 1 20 K 9 4 i B 359 O L bR 22 0
190 B P PR IE 285 %5 BE bR BSCKE B R B 31 0~ 1 Y TN . BCHiE 45 2R 4k 3R AT R Ak 32 B dplyr OMRUA
1. 0. 8) Fl ggplot2 FAFAL (A 3. 3. 5) L8,

HERPE
HRAAE MR TR i s Py A7
l g e
- N AN
SR 2 : !
Efﬂuﬁﬁé E’% %ﬂﬁ HIMIE 1000 1000 gy zimfyi) S
0 FISMEC (4352) 1000 2000 W N
= i/rgaéffﬁu . F14 (9 40) 1000 3000 AMALRIEREH
e ites T B B A e i
S 1000 10000  PVFFHEE s gy
2000 1000 i
Faxitl A Bl A 2 EHES 3000 1000 HIEHE
B F HSAH
N S A
JiEr= 2 Vs Vs R
[EX1%) jED S TBH SCRY
dy d, T d, Ty ke
X
D=d +d )+ -+d,
a TMAE
ZHES) A AL AT
SHHARLE > BH > i > B » SEE L i

l l e

i M R
b EERE
B1 #¥MhaERITEREREA

Fig.1 An overview of the benchmark criteria and pipeline
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Tab.2 The evaluation metrics for accuracy assessment

a5 4 Bk oK A 554 Bk S HTAh

5 B 46 % i 22 (median absolute deviation, MAD) %% #E454F | HIM 5 2 (Hamming-Ipsen-Mikhailov distance, HIM) M5 #

KS I & (Kolmogorov-Smirnov distance,KS) B R AE F1 438043 37) (F1 score for branches, Fljuehes ) HINGEHY

HH A (correlation, Cor) BARHFE | F1 2801 &) (F1 score for milestones s F1 iecones ) HINGE
SF-25 26 %1% 2% (mean absolute error, MAE) BAE FRAE Hh TG 5% %6 5 5 4H 5 M (correlation between A
. . < EERE
77 MR 1% 22 (root mean squared error, RMSE) BE R geodesic distances, Corg)
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5 T I AT 2 R R A VA e T R O PR S DT T I TR AN A R A 2 8T 3 R 3 R
Hi44 TR HE o AHED B4y R AR I I
1 Splatter R Tree
2 PROSSTT Python Tree
3 MFA R Bifurcation Tree
4 ESCO R Graph
5 TedSim R Tree
6 Dyntoy R Tree
7 SymSim R Network
8 Dyngen R Graph
9 VeloSim R Graph
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Fig.2 Basic characteristics of the simulation algorithms and an overview of the evaluation results

ik

fbw SRR R U T e

ST FRAR SCRE i

) Sar
D ¢ &S o '@‘\ )ﬁ A F“‘Qf@ wa}* & Wy‘ﬁ # /@%\@(‘ %‘?&&
Splatter

PROSSTT

MFA

ESCO

TedSim

Dyntoy

SymSim

Dyngen

VeloSim

S 025 05 075 1

B3 BHEZEAHUEMEAETANEASER

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 AN4HHL.5 000 AP 5 000 A1 000 AP 1 000 440,10 000 NEK 10 000 440 .1 000 4H A

ik Sy ingls] WAE I #E B AT ] P AE T #E AT IR (] AT TH #E B 4TI (] P AE T #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 8.5s 153 MB 12.1s 153 MB
MFA 1.23 s 759 MB 1.23 s 763 MB 2.26 s >1 GB 2.33s >1GB
ESCO 9.5s >1GB 7.53 s >2 GB 18.17 s >2 GB 14.03 s >5 GB
TedSim 48.86 s 928 MB 1 mind0 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 mind1l 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, Chongging 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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