ML oONE OHEE

Fm S H Automatic Quantitative Segmentation of Myotubes
Reveals Single—cell Dynamics of S6 Kinase Activation
(Myotube DERHIBEE /A T — a3 FS6FF—F
TEMEAL O 1 Milddynamics &2 B 520N 3 %)

K 4 LR O

HEIMAE 7 A T —a Uik
MRS 7T AR D F A T X 7 A
T RFZE I E & D9 172 71ET
b5, INETOME 7 AT —
a R, BEICAWER THEZ ORI
WXk L TR M T TE 7, LA L,
HOEHRIZ BV THSME C2C12 e
(LLF. myotube &Fit) D%
ECHE VRIS 287 AT
— ¥ a VIRIIRIZBRE S TR,
S 512 myotube (X reserve Alifid & ' 1 Eevee-S6K % ZEFEL L -5k C2C12 Mk
EN DKoM ENTED |
B LMo e 2l EBZHEL LTWD, £ZZTAUIZE TR, 7o+
S6 kinase (S6K) DIEMEIKEEZ E = # % fluorescence resonance energy transfer (FRET)
NA T P —m LERB LT EFE T B H O C2C12 #ildz VT T A 7 /L0t A A
— VT EATV, HOEEE S BHEIIZ myotube D7 A T — 2 3 B X OV IEE &
ERT DB 7 L— AU — 7 2R Lo, 61, BB LEEGMET 7 L—LAY
— 7 HNT, A A CHIEEEOER] myotube O S6K IEVERERYIZ ER LT-, TR L
S6K {EMERERSN O R E A L, A4 > 2 U U filIC %3 DR & D dose response 73
AR & ER & TR LMWEEZFFOZ L 2R LT,

Myotube Undifferentiated cell
(reserve cells)




Measurements
WA L7 R 8O CmifgI 3 5 73 fHbE 650 43 (42 131 frames) T, #RBilatk 50 77 HF
RUZHI 21T > T2, SGHIE CFP & FRET-YFP @ 2 fif8 T, ZiuH 0kt FRET ratio

(FRET-YFP/CFP) % S6KiGttEE L CEEL TV,

Step |: smoothing of images.

ik C2C12 MfIZZEL CHIRWIR L stepriandbi

%, DO, BG LI dEEE G o e e e e

myotube FHIKN TH R I NT D& N i & >

H 5, £TH)DIC median filter THEE T D

7 7 A T7ErZE L. white top-hat filter

Ze AV CHOEHEEE D ST 723 7 D & 1%

L7z, T2k v, EM7 myotube ‘

segmentation #1795 Z L N TE 5, 2 BER BN E D BT

Step II: Segmentation of differentiated C2C12 myotubes.
B AT = a AT TR, L (A steplixi (®)
e LRSI A Lab | =
% Z & T myotube fHIK & reserve
MEERE oSS R 2 AL, NS R
myotube K & myotube O H.LEHIE \ N i &
DIFIE % FEEIC L7, Myotube DH waters"edsf meneer
DB EEORD Y I~ —— L L
T H W 5 Z & T watershed
segmentation % T H B)aYIZ {5 D
myotube FEIKD[FE 21T > 7=,

WIZ, DO E & A HEE A O 20 K % myotube FEIK[EIE DOMERER . BT F
B, REE, FIA 7 7WVIERTHE L, REHEE T A 7’/7}1//£ THOGHGIC
DM EE O FE T—RAICHN OGN TS HETH D, I~ =2T7 VT EW
B L CA Rk L7z Ground truth (Z2xf9 % Jaccard index %‘:?Eﬁ“f& L {77z, Jaccard
index 1X[0,1] D% &V | 1ITEWIE EEIROBLER @V 2 & 2Rd, BREFIETmEL
DT 12%LL T T, ZOMDOFE L U AEIZ Jaccard index 23> 7-, Ziuik, BAFE
FIENPERIE XV b D2 IZx L THEIETH D Z L Z2Rm LTV 5, B ORI B
LTIT N TOFEMTHEER -T2, ZhuE, SEHEEBEROBA I LT, %
FIEITIERIEIZEHST 2 2 L 277, S5, BAFETFIETIE myotube HUOHEE A [FE LT
W5H 728, watershed segmentation (2 & Y 82 L7- myotube [F] L2 0HfCE 2 88 A Y
v FThHD,

VO 2005

Segmentation and thresholding by size

3 A% myotube D& A LT — g



1.0 1.0
NS = = NS. NS. NS. NS,

0.8 e = = = 0.8 NS Ns. NS NS
x x
@ Q
2os 206 @ Otsu
° ] I Triangle
§ 04 % 04 3 Developed method
8

02 ~ 02

0.0 0.0

25% 12% 6%

Transmittance of excitation light

3%

Full

Every 2 Every 5

Every 10

(131 frames) (66 frames) (27 frames) (14 frames)

Down sampling

X 4 BFFHE (Developed method) &fE#EAIZRFiE (Otsu, Triangle) £ D& A U F— 3 UiEEE
Er#8%, N. S. (Not significant), p> 0.05 (Welch’s t-test), pfHIZR > 7 = u = THIE,

Step Ill: Background correction.

/N = T =@ IR - S R
Maximum intensity projection [H|
BrtL, k32T
myotube 73 1 BT HAFE L7 5K
RIS U 7o, Al U 7= BEIR & RER S
B> NAND operation (211
reserve il il & Wm0 H R D
myotube LIFh DRI 2 75 IRf i 0D
G TE -, FHEGOECHEE E X k
7 Z KX LT,
Gaussian mixture model (GMM)
BEEE 3 An OHEE I L OV 3
RO IEZIT o 7o, 15 SO A IE
ZAT o121, {E%5] myotube DHL
BREEDE BT -T2,
Two-component GMM (Z X 515
BOREFEAf IE OMERELLER 21T 9 728
HOUE M A E T S ks L
T two-component GMM & | JERE
EA NI AEEEMNNDGE
(RAW) |, 77—k VI FEHETE 2 FU
%715 (KDE) T, FRET ratio ®
—BE 725y BN O cHE O #h#R T
5 (AUC) ##tH L CTHEZEMRE L
1Tolm& 2 A,

two-component

;HﬁE
THX

y
(FRET-YFP/CFP)

Time-lapse images

llIl-iii NAND
operation

lll-i Maximum Intensity
Prolectlon (MIP)

lll-ii Binarization

lll-iv Two-component
Gaussian Mixture Model (GMM)

lll-v Signal intensity
quantification

Background

Undifferentiated
cells
Dead cells

X7

FRET-YFP/CFP (A.U.)
Qs

°
®

0 20 40 6 8 100 120
Frame index

di = lyi — yi1l.
N-1

At

AUC = —

2

ie{l,2,...,N},

(dz + (]'-H—l) s

40 60 80 100 120
Frame index

20

AUC (AU)

‘p<0.05
"p=<0.05 *p<0.05

e N & o @

o

o
o

a® 3

N = Number of frames

-

w

AUC (ALY

%
\ 6>
-

N
<&
‘G,a‘>‘°«”€?‘“\ ‘cgﬂ‘i AD
2e” oo T &
e o

W EMIEDMRELE, * p<0.05 (Steel-Dwass test)

two-component GMM 73

Bl Ehotz,

RIS, v~ =a T VER

A



(Manual), ¥~ == 7 /L& L 7= 5H1K 2 f# > T two-component GMM (Manual +
two-component GMM) . two-component GMM F"ﬂ“(“ LI AT T2, D ORICHEZE
W72 o7-, LLEX Y two-component GMM (Z L %15 BB E M IE1X RAW, KDE kv %
BN TBYv=a 7V ERIBEORBENH L Z & ﬁlméﬂf:o

The different characteristics between cell population and individuals in C2C12

myotubes.
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