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[bookmark: OLE_LINK130]Parameters retrieved from MSD fitting to label-free BV, ECTV and PRV. 
	Virus
	Motion type
	Instantaneous velocity
(nm/ms)
	Diffusion coefficient
(nm2/ms)
	Fitted direct velocity
(nm/ms)
	Abnormal diffusion coefficient
(nm/ms)

	BV
(non-host cell)
	Random
	0-6
	25.75
	
	

	Unentry 
BV-SF9  
	Random
	0-5
	22.03
	
	

	ECTV
(non-host cell)
	Random
	0-6
	100.37
	
	

	BV-SF9
	Directional
	0-7
	34.18
	0.57
	

	ECTV-Vero
	Directional
	0-2
	3.75
	0.19
	

	PRV-Vero
	Directional
	0-8
	20.9
	0.19
	

	
	Confinement
	0-7
	83.04
	
	0.90
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MATLAB code of 3D trajectory reconstruction, instant velocity and MSD fitting.
clc
clear
DD='...\'; 
A = readmatrix(strcat(DD,'export.csv'));
P2L = 10000/248;  
a1=2+0;
nn = 0;
x = A(a1:end-nn,5)*P2L;   
y = A(a1:end-nn,6)*P2L;   
z = A(a1:end-nn,17);       
Im_f = A(a1:end-nn,9)+1;  
N = length(x);
MSD = zeros(N,1);
r = [x,y];
for n =1:N
   sumdr = 0;
   for i =1:N-n
       dr = norm(r(i+n,:)-r(i,:))^2;   
       sumdr = sumdr+dr;
   end
   MSD(n) = 1/(N-n)*sumdr; 
end
figure(1)
nn=9;   
plot(1:nn,MSD(1:nn)-MSD(1));
set(gcf,'color','white'); 
n1 = length(x);
t3 = (Im_f-1).*(1/16.6);
t1 = (( t3(1:n1-1)) * 1000);  
Vt1 = zeros(n1-1,1);
for i = 1 : n1-1 
    t = 1/16.6 * 10^3; 
    a = [x(i) y(i)];
    b = [x(i+1) y(i+1)];
    Vt1(i) = norm(b - a) /(t*(Im_f(i+1)-Im_f(i)));
end
figure(2)
plot(t1,Vt1);
set(gcf,'color','white'); 
z1 = -100*log(z/z(1));  
n1 = length(x);
yy = 1280;  
y = yy - y;
xx1 = (x - x(1));
yy1 = (y - y(1));
figure(3)
plot3(xx1,yy1,z1);  
colorMarker1 = linspace(0,n1,n1)*1/16.6*1000;
cla('reset')
patch([xx1;NaN],[yy1;NaN],[z1;NaN],[colorMarker1,NaN],'EdgeColor','in  terp','Marker','o','MarkerFaceColor','flat','LineWidth',2)
xlabel('X (nm)')
ylabel('Y (nm)')
zlabel('Δz (nm)')
colormap(jet) ;
colorbar;
set(gca,'linewidth',1,'FontSize',18,'FontName','Times New Roman');
set(gca,'tickdir','in');
set(gcf,'color','white'); 
view(3)
box on
 
























[bookmark: OLE_LINK24]Supplementary Movie 1: Real-time movie of the 2D trajectory of single BV in SF9 cell context shown in Figure 3(c) of the main text. The white line indicates the outline of the cell adhesion to Au substrate. The single label-free BV moves directionally and eventually disappears in the cell. The frame rate of the movie is set as 16.6 fps. 

[bookmark: OLE_LINK142][bookmark: OLE_LINK144][bookmark: OLE_LINK145]Supplementary Movie 2: Real-time movie of the 2D trajectory of single ECTV in Vero cell context shown in Figure 4(g) of the main text. The white line indicates the outline of the cell adhesion to Au substrate. The single label-free ECTV moves directionally and eventually disappears in the cell. The frame rate of the movie is set as 16.6 fps. 

[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Supplementary Movie 3: Real-time movie of the 2D trajectory of single ECTV in Vero cell context shown in Figure 4(j) of the main text. The white line indicates the outline of the cell adhesion to Au substrate. The single label-free ECTV moves directionally and eventually disappears in the cell. The frame rate of the movie is set as 16.6 fps.

[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK143][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Supplementary Movie 4: Real-time movie of the 2D trajectory of single PRV in Vero cell context shown in Figure 5(i) of the main text. The white line indicates the outline of the cell adhesion to Au substrate. The single label-free PRV moves directionally near the cell. The frame rate of the movie is set as 16.6 fps.

[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Supplementary Movie 5: Real-time movie of the 2D trajectory of single PRV in Vero cell context shown in Figure 5(k) of the main text. The white line indicates the outline of the cell adhesion to Au substrate. The single label-free PRV indicates confinement movement near the cell and eventually disappears in the cell. The frame rate of the movie is set as 16.6 fps.
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