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There are a number of software packages currently available for automated data collection in cryo-

electron microscopy. Some of these programs enable the efficient collection of projection images from 

specimens prepared using holey carbon grids for single particle cryo-electron microscopy [1]. Programs 

for collection of an entire batch of tilt series (typically > 60 images spanning a tilt range from -70° to 

+70°) for tomographic reconstruction are also available from academic [2] and commercial (FEI 

Company, OR) software packages. There is, however, an increasing need for collecting a small number 

of tilted images at each of a series of locations using a scheme akin to that employed for single particle 

cryo-electron microscopy. Tilted images of this type can be useful in a range of applications. These 

include 3D map validation by determination of the accuracy of particle orientation assignment [3], 

random conical tilt reconstruction (RCT) [4], orthogonal tilt reconstruction (OTR) [5], and for resolution 

improvement using constrained single-particle cryo-electron tomography (CSPT) [6]. Here, we report a 

prototype implementation of such a data collection scheme, built into a pre-development version of the 

EPU software (FEI). Using this scheme, we have been able to carry out automated single particle data 

collection that is coupled with collection of a user-defined number of tilted images at each position, fully 

integrated with the Falcon direct electron detector (FEI). Further, we show that the images can be 

recorded in a movie mode, which includes seven consecutive integrated frames, a feature that is 

especially useful for correcting drift in tilted images.    

 

In order to record multiple tilted images at each position, we used the circular shape of foil holes at zero 

tilt (elliptical in tilted images) as the tracking feature. Instead of using a cross-correlation based tracking 

approach, which can be computationally intensive and susceptible to failure in the context of a repetitive 

hole pattern, we used an edge-detection based tracking algorithm that follows geometry of the feature 

rather than local intensity. The center of a hole is determined from the edge-detection algorithm and 

used as our tracking position when the stage is tilted. In the new tilt acquisition scheme, the system first 

navigates to the selected hole, next finds the center of the hole, centers the hole if necessary and finally 

navigates to the desired data acquisition areas for imaging, followed by stage tilt. Following acquisition 

of the tilted image, the same hole center is located, and an “image beam shift” is used to compensate and 

navigate to the data acquisition area for imaging. Positioning of the specimen at the eucentric height, 

which is important for ensuring that the same region stays in the field of view in untilted and tilted 

images, is achieved using routines already implemented within EPU.   

 

To illustrate the utility of the scheme presented above, we demonstrate the feasibility of collecting tilt-

pair images of β-galactosidase in this prototype system. 17 tilt pairs (0°, 10°) with movie mode 

recording were collected in a process that was completed in < 40 minutes (Figure 1). A tilt pair 

parameter plot [3] shows a cluster of points within a circle centered at ~10 degrees (Figure 2). The 

compactness of the cluster indicates that the initial model used for reconstruction of the structure is valid 

and that the initial assignment of the angular parameters for image orientation is accurate. We are 



evaluating the extension of this prototype implementation to other applications of tilt-based data 

collection schemes such as RCT [4], OTR [5] and CSPT [6].  
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Figure 1. A) Users define an 

image collection pattern for 

data acquisition and auto 

function (focus/drift) areas. 

B) Tilt pair acquisition user 

interface within EPU C) 

Tracking images obtained 

using the hole centering 

algorithm. D) Tilt pair 

images of β-galactosidase 

collected at 0 and 10 degrees. 

 

 

 

 

Figure 2.  Examples of 

particles used for the 

Henderson tilt pair plot [3]. 

On the right, tilt pair plot 

generated from the β-

galactosidase tilt pairs using 

EPU automated tilt pair 

collection function. 
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