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Figure S1. The changes of cells from undifferentiated to differentiated. 

(A) Change of NAD(P)H of cells from undifferentiated to adipogenic or 

osteogenesis differentiated. The percentages of protein-bound 

NAD(P)H (a2) increased slightly with differentiation. (B) Change of lipid 

levels in differentiated cells. The lipid levels increased noticeably after 

28 days of induced differentiation. 

S2. Elbow rule 

Usually, the number of clusters needs to be pre-specified 

when performing K-means++ clustering. However, due to the 

strong heterogeneity of cells during the induction of stem cell 

differentiation, as well as the complexity of metabolic states and 

content distribution, it is not possible to determine the number of 

clusters directly. The elbow method, as a method for determining 

the real number of clusters, provides a way to determine the 



   
number of clusters. The core indicator is the sum of the Squared 

Errors (SSE) within each cluster. 

                        SSE = ∑ ∑ |e − mi|
2

e∈Ci
k
i=1  （S1） 

where k represents the number of pre-set clusters, e denotes the 

elements in cluster Ci, and mi stands for the centroid of cluster 

Ci. SSE indicates the quality of the clustering effect. As the 

number of clusters k increases, the sample division becomes 

finer, the degree of aggregation within each cluster gradually 

improves, and the sum of squared errors SSE gradually 

decreases. When k is less than the actual number of clusters, the 

degree of aggregation within each cluster will increase sharply 

with the increase of k, so the decrease of SSE will be significant. 

When k reaches the actual number of clusters, the degree of 

aggregation within each cluster will quickly decrease as k 

increases, so the decrease of SSE will be reduced abruptly, and 

then it will tend to flatten out with the further increase of k. The 

relationship between SSE and k is presented as an elbow shape 

in the figure, and the value of k corresponding to the elbow point 

is the actual number of clusters in the data. The process of finding 

the real number of clusters based on the elbow rule is illustrated 

in Figure S2. 

 

Figure S2. Elbow rule flow chart. 

Figure S3 shows that when the number of clusters k is less than 

three, the SSE of the input feature data decreases rapidly with the 

increase of k, and when k is greater than three, the rate of 

decrease of SSE with the increase of k becomes flat for all three 

conditions. Therefore, the real number of classification clusters is 

determined as three. After determining the number of 

classification clusters, the K-means++ method was used to cluster 

the standardized feature data. 



   

 

Figure S3. SSE changes with the increase number of clusters. (A) Three 

features of adipogenic FLIM data as input. (B) Four features of 

adipogenic SRS data as input. (C) Three features of osteogenic FLIM data 

as input. 


