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phase contrast image of a cell shows striking contrast and sharp features. FFT of the 

image has no CTF rings since the image is taken in-focus. (b) An image of a cell taken 

with a moderately charging phase plate. Edge of the cell is blurry. FFT shows 

asymmetric pattern at low spatial frequency. (c) An image of a cell taken with a severely 

charging phase plate. Some structural features of the cell show inverted contrast. FFT 

shows aberrant rings. FFT panels in (a) – (c) are shown out to ½ Nyquist frequency. (d) 

ZPC image of a 1.5-µm Quantifoil grid hole from a phase plate that is properly aligned 

and centered (left) and from an off-center phase plate (right). Scale bars: 200 nm. 

 

Figure 6. ZPC cryoET of a Syn5-infected WH8109 cell. (a) A tilt series of a Syn5-

infected WH8109 cell. Five of the image frames at –60°, –30°, 0°, 30° and 60° are 

shown. (b) A 50-nm slab taken from center of the tomogram reconstructed from the tilt 

series shown in (a). (c) Annotated view of the tomogram. The infecting phage, phage 

progeny and cellular components are labeled on the right. Scale bars: 250 nm. 

  

Figure 7. Flowchart of subtomogram classification and alignment. Visual 

inspection, symmetry axis determination and a model-free all-vs-all alignment procedure 

are applied to the extracted intracellular phage progeny subtomograms to classify them 

into three classes and to align particles in each class to obtain averaged maps. The 

central slices and the averaged maps are adapted from Nature, 502, 707-710. Scale bar 

denotes 25 nm for the averaged maps.  

 

Supplementary Figure Legends 

Supplementary Figure 1. ZPC cryoEM images of a Syn5-infected WH8109 cell 
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taken from good and charging phase plates. All four images are taken under the 

same conditions at 25,000x magnification and 1.3 e-/Å2 exposure. (a) Image from a 

good phase plate. (b–d) Images from phase plates suffering from various 

amounts of charging. Scale bar: 200 nm.  

 

Supplementary Figure 2. Screenshot of PPCont program for phase plate mapping 

and evaluation. The good phase plates are reported in green, the possibly usable ones 

in orange, and the charging or otherwise unusable ones in pink. 

 

Supplementary Figure 3. Diagram of low-dose setup for ZPC cryoET and the 

relative positions of the phase plate, Photo mode, and Focus mode in Search 

view.  

 

Supplementary Figure 4. Flowchart of symmetry axis search procedure. A 

symmetry axis search algorithm is used to determine if individual phage progeny 

particles have icosahedral symmetry and to align the particles to their icosahedral 

symmetry axes if symmetry is identified (Step 45). 
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ZPC cryoEM images of a Syn5-infected WH8109 cell taken from good and charging 
phase plates. All four images are taken under the same conditions at 25,000x magni�cation and 
1.3 e-/Å2 exposure. (a) Image from a good phase plate. (b–d) Images from phase plates su�ering 
from various amounts of charging. Scale bar: 200 nm. 



Screenshot of PPCont program for phase plate mapping and evaluation. The good 
phase plates are reported in green, the possibly usable ones in orange, and the charging 
or otherwise unusable ones in pink.



Diagram of low-dose setup for ZPC cryoET and the relative positions of the 
phase plate, Photo mode, and Focus mode in Search view. 



Flowchart of symmetry axis search procedure. A symmetry axis search algorithm is 
used to determine if individual phage progeny particles have icosahedral symmetry and to 
align the particles to their icosahedral symmetry axes if symmetry is identified (Step 45).




