
Quantification of Variation in Manual Annotations of CryoET Data. 
 
Corey W. Hecksel1,4*, Michele C. Darrow2,4*, Wei Dai4, Jessica A. Chin4, Patrick G. Mitchell3, Shurui 
Chen4, Jemba Jakana4, Michael F. Schmid2,4, and Wah Chiu1,2,3,4.  

 
1. Molecular Virology and Microbiology Department, 2. Biochemistry and Molecular Biology 
Department, 3. Integrative Molecular and Biomedical Sciences Program, 4. National Center for 
Macromolecular Imaging, Baylor College of Medicine, Houston, USA 
* These authors contributed equally to this work. 
 
It has been estimated by Volkmann (1), that the time to manually segment an entire pancreatic beta cell 
would exceed 75 man-years, and therefore the comparison between a disease and non-disease state 
would take hundreds of years, effectively making this kind of analysis impossible. In addition to being 
time-consuming, it is generally well accepted in the cryoET field that manual segmentation is error-
prone, subjective and variable (1–4). 
 
Even with these limitations, manual segmentation is still commonly used in the cryoET field to visualize 
biological datasets, to quantify cellular features, and as a “ground truth” for comparison to automatic 
segmentation. It is critical to understand the variability inherent in manual segmentation in order to 
determine the role it should play in structural biology research. Because of the various non-comparable 
methods employed in the literature, small number of annotations in each method, and the use of a single 
representative cellular feature in each study, it is necessary to conduct a more comprehensive analysis of 
the variation present in manual annotations. Here, we quantify variation in manual segmentations across 
samples of varying difficulty (microtubule, mitochondria, and actin) with four to seven annotations per 
sample. Additionally, we measure the variability of manual segmentation performed a second time by 
the same annotator after one year. Using these datasets, we identify common types of discrepancy 
between annotations and discuss their implications in the cryoET field. We also compare a recently 
published semi-automated actin segmentation algorithm to our manual segmentations. Lastly, we 
demonstrate a significant improvement in variability by implementing a new manual annotation merging 
method. 
 
For our analysis we use the voxel-based dice coefficient method, as opposed to a line-based method, due 
to its high level of rigor, however this causes the similarity scores presented in this work to be generally 
lower than other studies that have used line-based methods for calculating similarity. Microtubules 
showed the most agreement between annotations with an average voxel-based similarity of 69 ±5%, 
while mitochondria has an average similarity of 43 ±9% and actin of only 27 ±6% (Figure 1). When the 
same annotator segmented the same actin dataset after one year, they were more consistent in the voxels 
they chose than two different annotators (29 – 54%). 
 
In order to relate our results to previously published results, we have processed the actin dataset using 
the semi-automated actin annotation software in ZIBAmira, and also the expert, manual merging method 
of (5). In both cases, we find these methods work in our hands, on our data, similarly to published 
results. It is important to note that we present lower scores due to the use of voxel-based metrics as 
opposed to line-based metrics. On average, the semi-automated annotation displayed 30 ±5% agreement 
with the manual annotations, in range with manual-to-manual comparisons. Additionally, we find the 
individual, expert annotations agree with the merged dataset from 38% to 57%, a similar, but 



consistently lower, range as previously published. 
 
Lastly, to identify a more robust ground truth, the seven manual actin annotations were categorized into 
all possible pair, triplet, quartet, quintet and sextet sets. These were assessed for agreement using a 
modified similarity score that essentially adds up all voxels that are agreed upon by two or more 
annotations (up to 6 in the sextets) and divides by the total number of voxels in all included annotations. 
Using this measure, it is clear that agreement increases with the number of annotations included, before 
plateauing (Figure 2). In summary, manual annotations will never be perfect representations of the data, 
but combining multiple manual annotations can better approximate the data, yielding more accurate 
results. Depending on the purpose, more or fewer of these manual annotations should be used, with a 
general guideline of at least three for biological questions, and ideally more, especially for algorithm 
development (7). 
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 Figure 2. Including more annotations 
 improves variability, to a point. Using 7 
 manual actin annotations, every unique 
 combination of pairs through sextets was 
 created and sampled to determine the 
 number of voxels in agreement with at 
 least one other annotation. * is p < 
 0.05. ** is p < 0.0001. 
 
 
 
 
 

Figure 1. Summation of annotations demonstrates 
inherent variability between annotations. Projection 
images through ~180 nm thick slabs from a 
tomogram of intact mammalian cells (top) and 
merged annotations of each feature of interest 
(bottom). A. microtubule, B. mitochondria, C. actin. 
Red indicates voxels that were selected by all 
annotators, while purple represents voxels from 
multiple individuals’ annotations, which have no 
agreement with anyone else’s annotation. 


