LBMS cryo-EM lecture:
Tomographic Data Segmentation

Raphael Park

Yale University, Liu Lab



mensiona

4 Wy ..

& ..V...h .sv - 7~
\m ot
- -D’Pw.-‘.-l

e S

Tomogram is 3-d

v

) e L0 Y5
t-n:‘(&b\t.ukb ——

NS




.y
-
.

I.Q-. ‘.- . ... . .“.Ofcrr’l‘(
P .. !’t.o\
~b’

s hebh

- .
‘-?0’{"" : o ._- “.‘




R . % »
.s.)'-». . ' Ja ... L . -
) .
- : “ .
- .\. .
. o« !
; 4 -
:
. . ‘
. o ¢ ’
. » -
-
'o ‘ ' .
/“ . < . |
/ L
~ .
y i a’
. . E
.
.
. B » "b
+ -
» - . . - i Aa "
O.., J‘ . ‘
~
. 4
- A ’b .oﬂ.
-ﬂ.
R X A
.
., 9
a .




- Bacterial membranes
- Ribosomes

- Nucleoid

- Secretion machines




Cryo-ET segmentation examples



Malaria parasite
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SARS-CoV-2 Virus

Yao et al., Cell (2020)



Degradation microcompartments at the ER membrane
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Ribosomes

Free ER-bound
Proteasome

Albert et al., PNAS (2019)



Segmentation tools



Manual segmentation (IMOD)

Bacteria

Zhang, K. et al., Mol Micro. (2019)



Manual segmentation (IMOD)

< Vesicle How vesicles appear in tomogram (Missing-wedge)



Manual segmentation (IMOD)

Synaptic vesicles
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Radhakrishnan et al., PNAS (2021)



PC12 cell

e Ol U RN

- 44 .__‘__-.J,T_.._ oy X ! !

# -alhro\..ﬂ{'ﬁ.'. Ly
, . A 4 rﬁv.).‘.&-..‘.f #\..rr
ROy T ST BT Ry

. ..ﬂ..o_r__kvcﬁ-.:f-.vixnt Y v A0 T
e d 1 L ,

¥ »
.-A..d‘v g
..-u-.felw _\.

1 |

b L7 ;

N LA Y * A, .

‘N(-‘.‘i,\&va}”w. ¥’ .
!.t-ls.:.j P> P
[ - o R

Al ?.:..‘,.F,.._..*.,vh.

..,..r 4. ,J.,..IF"”.JWRFH-.%.JW i \F.. - .

' e e ol VN s

A i P Y o8 W

e |n.um..u.w., : > :

154

.A : s
AR Y 4 e .,._)., .
-MM”.-L?%’MMI‘E... \ h.ﬁh.ﬂ... 1
ikt S S SR T A T
.ﬁwwand.‘&.hlc A.../).ﬂl.&n ..-&...f«.l J.-.,.L_..-n\ ,.._

- [ T .s..v- ol |

R \
W x .Irf.\_. £ -i_b-.,r’-t
PN o e e
BT A gk

)
<
<
=
]
-
O
e
©
-
-
D
-
o)
D
p
O
e
©
-
O
e
-
n_a
-
O
P,

B

Li, X. et al., Prog Biophys Mol Biol (2020)




Salmonella - Host
B8 Bacterial ribosomes
Host ribosomes

Actin filaments
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Semi-automatic segmentation (EMANZ2)

Park, D. et al., elife (2018)



Thylakoid membranes

Automatic segmentation (TomoSegMemTV)
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Wietrzynski, W. et al., elife (2020)




Comparison

Tomogram
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IMOD

(manual segmentation)

TomoSegMemTV

(automatic)

EMANZ2

(semi-automatic)




Golgi stack

lentific

Amira by Thermo Sc
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Bykov et al., elife (2017)



Amira by Thermo Scientific

Coronavirus replication organelles

DMV outer membrane
DMV inner membrane
ER HMERGIC

B DMV luminal filaments
B virus particle envelope
M spike protein

B RNP M ribosomes
B molecular pore

Wolff, G. et al., Science (2020)



Combination of segmentation tools



Example 1

EMANZ - Segment ER and Microtubules

EMANZ - Segment ribosomes, particle search, Chimerax - Combine all segmentations and
subtomogram averaging, and map-back assign colors and chose graphical style

- Segment mitochondria




Example 1

- ER segmentation

TomoSegMemTV
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- Subtomogram averaging

- Template matching to pick ER bound ribosomes

Averaged ribosomes are mapped back
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Pfeffer, S. et al.. Nature Comm (2017)



EMANZ2 Segmentation Demo



Chen et al., Nature Method (2017)



