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Algorithm for Measuring Morphology of Myotube in Space Experiments

CHEN Yifan'**, LI Huawang'*, ZHANG Yonghe'?, WANG Xinyu'?, DING Guopeng'*
(‘Innovation Academy for Microsatellites, Chinese Academy of Sciences, Shanghai 201203, China; *Key Laboratory of Microsatellites,
Chinese Academy of Sciences, Shanghai 201203, China; *School of Information Science and Technology, ShanghaiTech University,
Shanghai 201210, China; *University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract In order to meet the autonomous needs of space missions, explore the effects of space environmen-
tal factors on astronaut muscle atrophy and the role of drug molecules on myotube differentiation, researchers deter-
mine the effect of drug molecules on myotube by observing the growth status of myotube. At this stage, researchers
measured the width of myotube manually and analyzed the growth status of myotube by measuring the cell width. In
order to achieve the automatic measurement of morphological parameters of myotube, an algorithm based on curva-
ture and spline fitting was proposed to automatically measure the morphological parameters of myotube. Firstly, the
cell image was preprocessed to separate the cells from the background, and then the cell boundary was fitted by spline
interpolation which helped to calculate the normal vector and curvature of the boundary points. Secondly, the match-
ing points were found by the normal vector to compute the cell width. What’s more, the cell endpoints were found by
curvature and thus the cytoskeleton was fitted to measure the cell length. The experimental results showed that the
morphological parameters obtained by the algorithm were consistent with the manual measurement distribution. The

algorithm achieves the morphological measurement of myotube, and the average time of cell measurement is short-
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ened by 85.2%, which greatly improves the research and development efficiency of scientific researchers.
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and calculate the curvature

Find endpoints, fit

cytoskeleton, calculate cell
length

Binarization

Find matching points along

Traverse the cell outline
and calculate the normal
vector

the normal vector and
calculate cell width
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Fig.1 Flowchart of myotube measurement
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Green character indicates the length serial number of the cell.
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Fig.2 Manual measurement of myotube
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Fig.3 Definition of curvature
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Fig.4 Curves with different curvatures
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Fig.5 Spline interpolation curve fitting
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Ele HEMEIHRITAS
Fig.6 Find matching points along the normal vector
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The blue line is the width corresponding to each point of the cell. The thickest two black dots at both ends of the cell are the cell endpoints found by the

algorithm. The orange line between the cell endpoints is the estimated cytoskeleton. The length of the cell is calculated from the skeleton.
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Fig.7 Results graph of length and width measurement
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A: width measurement results of cells treated with 4 nmol/L final concentration of bovine serum albumin; B: width measurement results of cells treated

with 0.25 nmol/L final concentration of bovine serum albumin.
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Fig.8 Width measurement distribution chart
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Table 1 Variance and standard deviation of width distribution

4H: BSA0.25 M /pm J7 % /um? FREZE /um

Group: BSA0.25 Mean /um Variance /pm> Standard deviation /um
Centerline!" 41.99 1094.06 33.08

Manual measurement 35.16 216.77 14.72

This paper 34.76 63.84 7.99

PEBRATT FRIIE DL, AH EL B A ULET 4 40 B 52
FE, BHIFN G35 G LT 4 40 B 55 i B AR 1K) 40 A 1
Bl o JE I LA S 20 B 1Y B8 B AT, BHIE N AT LAY
Mt BTN 2590 /5y F IR o BRI, S 7 22
Xof [ — I [B] B (1% 22 L4 i %) 9 P JEAT it o0, A
[ 1) 53 AT X REAS [ PRI 40 FRDIR A5 o A SC S B AR 41 24
VIR BE AT 4y 40, K R — 29 IR EEAE R 1) 79 A
] B LT 2 PS4y — 4L, 3% 50 dL.801 o Hr 4 B o
FERI AT . EI8A. B 8BJE R T H i 240 14 i o
JE 934 o BSA4F A% 4 nmol/L I 2F 137 & H (bo-
vine serum albumin, BSA)Z& ik & A0 #4346 55 DU K 1)
C2CI12/J1% 24 hz J5 47 HEI & 1 4 i B . o 7
B AT 21 BT 240 i 56 FE AL [10,80] pm A 10 pm Ay 1
AN, MR AN X S . X
VU 30 5 ik 1 4 SR, AR SCEE S o A 5 TFB)
I 25 BT I — 8, UL A SR D 2R R
TnHER .

HAMNFR VTR, RSCEIEMAN T HOEE
%, B EORE B DA R BE A AH BE s T 3l &

SE, BT e — N KA,
4 Hf AR KR ZS R A R, By DA BE R 00 B 4
oS, WA CE L Fahl &g R E NG
P LT -

DR 44 i T 25 25l B AS 1000 6 92 T 30 o
B, MITCIE A LA AR . X T O &%,
ARSE R BEAGATAE ' RS 250 R0 240 i 286 2 110 1) R, 45 381
(RO LR B SRV 2 A A 70 X, BAIESE, i)
HLO R TEE B . R, FEARSCH 4
KB B AR AR B o (B BE S 00T DAAE %
BT A KRS . 20 T 620 5256 T (1 41 i
K, W LLE 4 BSA0. 2540 i i 7 9 K BE kL
H BSA4AIR KT K, 5EI8A. K 8BH
R 2H S B T A A L — B, B AR SCEVE B A AT
Tt

FAh, WRIEEK S, BHE A T3l 30240
AN E /D FEE6 min, BRI FHEEEL0 so AL
LTSI — A0 B I B FE A BEAN R 22 1.48 s,
I T4 T 85.2%, R TR S IR AR



WRZE AL S5 T ) 2 (8] SR 50 PR LT A 20 R 25 2 S 8000 & B vk

1025

4

F2 BSAMER TG HMAKE
Table 2 Myotube length under BSA

BSAZ K& /mmol-L™!
Final concentration of BSA /nmol-L™!

ISP 45K 5 /um
Average cell length /um

4.00
2.00
1.00
0.50
0.25
0

494.483
591.916
633.129
519.819
527.444
566.538
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