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Cryo-EM reconstruction
problem
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1'2 ~ Micrographs

! CryoEM
i Measurements

Picked

particles
"

>

i- Unknown conformations

e Unknown orientations

‘e Unknown shifts

i- Loss of information (optics) !
1* High noise level (-20 dB SNR) !

3D Biomolecule
(Continuous
Conformations)

Reconstruction
Task

e 2D Measurements
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Current Methods

- Use complicated routines to estimate pose (or distribution) for each

projection.
Dataset
~

W e B
Pose | / Pose
. (Distribution) | i (Distribution) !
i Estimation . Estimation

- Number of variables to estimate grow with the data size.



Standard reconstruction

method in Cryo-EM

Standard techniques
(Likelihood-based)

Measurement )

Pose
(Distribution)
Estimation

Dataset

R

Pose ‘
(Distribution) :
Estimation |

Iterative
Refinement

3D Single
Conformation

Single Conformation

N
Xreo = argmax ) _ 10gp(yiagalx)

n=1

Pose (distribution) estimation
for each projection

RE L@

@ ”Fgg cryoSPARC

Multiple Conformation

Pose (distribution) estimation
for each projection

Conformation estimation
for each projection

[Dashti et al., 2014,
Anden et al. 2015
Moscovich et al., 2020,
Lederman et al. 2020,
Seitz et al. 2019,
Sorzano et al. 2020,
Zhong et a. 2020]

How about no pose or conformation estimation routine?



CryoGAN
for single
conformation




Intuition

Reconstruct the structure whose
“set of projections from random poses”
looks similar to
“acquired data”
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Classical GAN

a. Classical GAN

Sampled Y data
image
Random
Generated Ygen
Generator image =
Gw g =
Vo Gy

Update G, so that the generated image Ygen minimises the score of Dy

D : neural network

T : random alternating selection

Update D4 to maximise its score

Real/Fake

» Discriminator Learns to discriminate between real and fake (=synthetic) faces

» Generator

Learns to generate fake (=synthetic) faces that fool the discriminator

> Adversarial Captures the distribution of the real dataset nips:/hispersondoesnotexist.com/



CryoGAN

H(p : cryo-EM forward operator @ : Euler angles p(¢) : probability distribution of ¥
% :imaging parameters t : projection shifts  p(n) : probability distribution of n
n : noise ¢ : CTF parameters ¢ : parameters of discriminator

b. CryoGAN

Real projection dataset Update D4 to maximise its score

Sampled ~ Ydata

projection
Real/Fake
Cryo-EM Physics Simulator || Simulated Ysim v
projection
Ysim = Hcp (x) +n Simulated
p=1[0,t,c] ~plp) projection
n ~ p(n)
T Vx Update x so that its simulated projections Ysim minimise the score of Dy

» Discriminator Learns to discriminate between real and fake (=synthetic) projections
» Cryo-EM Simulator Generate fake (=synthetic) projections from a given 3D volume
> Adversarial Learns a volume whose fake projections fool the Discriminator

12m
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Distribution Matching

p(ylxar) P(¥Y|Xrec)

XGT

Xrec
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Distribution Matching

m \Why?
m \Vith some assumptions on forward model.

Theorem 1. p(y[x1) = p(y|x2) < x1 = G(x2),

where GG is some rotation-reflection operation.

[G., 2020]
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Distribution Matching
AN

Distributional

/« Matching \ e Learn a 3D volume whose simulated
projection distribution matches

Measurement Simulated . . .
Distribution Distribution data distribution
e Use GAN
. * No pose estimation
Physics T l . . ey
Simulator * No required good initial volume

e End-to-end
3D Single
Conformation
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" Distances

B \Vasserstein Distance

WD<p17p2) = inf E(y1,y2)'\"}’[HY1 — Y2H]
’Yen(pl)pQ)
Xrec = argmin inf E(Y1,YQ)N’Y[Hy1 — yoll]

X  ~€ll(px,pdata)
B Dual form

Xrec = argmin max (Eprdata [S(y)] o Eprx [S(y)])

X s:s]lp<1

m Using Neural Network : universal approximation property

Xrec = argmin max Fy~pD — By=D >
o D¢:||D¢||L<1( ypand] Do (¥)] = By=p Do (¥)]

|

Acquired Simulated
Measurements measurements



Optimization

® Min max loss

Xro0 = argmin max (Ey .., [Ds(¥)] = By [Do(3)] + A+ Eynpe, [(1V, D5 (3)]| - 1)%])

x D¢

B Sample a batch

b b
ydata ~ pdata y51m ~ px

m Empirical

W

X D¢ ZD¢ ydata Z

b
yint ~ pint

B
Dy (y5m) + A _(IVyDo(yh)ll —

b=1

1)?)
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- Sampler/Simulator/Generator/

m CryoEM physics simulator

ysim ~ p(y‘x)

CryoEM-Physics Simulator/Generator — s :

Add noise n ~ py
Rotate by 8 ~ pg

Convolve by C. ~ pe
Take Projection

Shift by t ~ pt

_ >
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Simulator/Generator

B Sample  y.. . ~p(ylx)

ysim ~ p(y‘x)

Add noise n ~ py

Convolve by C. ~ pe
Take Projection

Shift by t ~ pt

_ >
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Simulator/Generator

B Backpropagable

Vx <_ Z qu(ygim))

¥Ysim ™ p(Y|x)

Ysim ™ p(

ylx

) 1
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- CryoGAN

B Discriminator

Real Picked
Particles

Sampled
projection

Cryo-EM Physics Simulator

Ysim = Hga (X) +n
Y= [O,t,c] ~ p(so)
n ~ p(n)

Train D, to output high value
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- CryoGAN

B Discriminator

Real Picked
Particles

Sampled
projection

Cryo-EM Physics Simulator

Ysim = Hcp(x) +n
o =10,t,c] ~ p(p)
n ~ p(n)

Ydata

24

Train Dy to output low value



" CryoGAN “

m Generator

Real Picked
Particles

Sampled Ydata
projection

v

—E

Cryo-EM Physics Simulator

Ysim = H(p (X) +n
p=1[0,t,c]~p(p)
n ~ p(n)

Change x to output high value
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Synthetic Experiment (-20 dB Noise)

m Synthetic beta-gal. volume

m Density map fitted on atomic model (2.5 A)
m 41,000 projections, uniformly distributed
|
|

Realistic CTF and noise conditions
Noise extracted from experimental micrographs

41000 projections




10 mins
28.9 A

Results (Structure)

100 mins
12.65

400 mions
8.64 A

Ground :I'ruth
2.5 A




