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Bright-field cryo electron tomography of biological specimens is a specialized type of tomography data 

that uses low dose/low signal-to-noise ratio images with limited angular range to reconstruct a three-

dimensional volume representation of the vitrified specimen. While filtered back-projection has remained 

one of the primary reconstruction methods, we demonstrate the usefulness of the model-based iterative 

method to generate 3D reconstructions that are significantly more robust, contain less noise, and allow for 

direct analysis and segmentation. 

 

Previously published software [1] has been modified to accommodate low-dose, bright-field aligned tilt 

series as input and been made available through GitHub. Results and comparisons with traditional 

reconstruction methods will be demonstrated on a variety of biological specimens, such as vitrified cells 

and associated lipid structures. Figure 1 shows the difference between the filtered back-projection method 

and MBIR results. The cell imaged is E. coli expressing a construct for expression of the gvp1 cassette 

involved in the production of self-assembling, gas-filled vesicles. Due to their extreme contrast, these gas-

fillled vesicles are used as MRI contrasting agents [2]. 

 

MBIR (Model Based Iterative Reconstruction) is an approach to tomographic reconstruction that 

incorporates statistical models of the imaging system physics and the spatial characteristics of the imaging 

subject [3]. The projection image measurements are integrated with these models, and the reconstruction 

proceeds by optimizing the posterior distribution to find the most likely 3D volume given the 

measurements. 

 

The relatively high computational load of MBIR has been greatly improved by structuring the 

optimization in a manner that maps efficiently onto current processors and results in a significant speedup 

[4,5]. This is critical for the TEM application in which increased detector resolution has allowed for high-

resolution reconstructions, but at the cost of having to solve a much larger optimization problem. It has 

also been observed in the current work that extending the reconstruction volume size beyond the scan ROI 

can significantly reduce artifacts in TEM reconstruction, for which it is susceptible from having sparse 

tilts and limited tilt range. 
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Figure 1. Filtered back-projection vs. MBIR generated volumes of a Gvp-1 expressing E. coli cell. Panel 

A is a central section of 3D volume produced by filtered back-projection using Etomo (3dmod, Boulder, 

CO) software. Panel B is same data reconstructed with the MBIR package. The MBIR prior model used 

here was a Q-generalized Gaussian Markov random field, or (QGGMRF), with a 3-D 10-point 

neighborhood, and parameters (q,p,T)=(1.2,2.0,1.0)[6]. Scale bar = 200nm. 
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