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Abstract Validating whole-frame trajectories g Robust whole-frame alighment A
CryoEM has made.a dramatic leap forward over the last dgcayde, thanks Iargely to the | Individual nanogold particles were measured 6 | | | | | . | ‘ S
development of direct electron detection devices. Transmission electron microscopesimage locally across multiple micrographs using standard w ,
an entire field at once, meaning they are subject to any motion of the specimen during 2D Gaussian fitting. Calculated gold trajectories - | b | ?Z\r/rllz
|mag.|ng. Even motions as smaI.I ?S fractions ?f a'nrr? (Ean degrade image quallty'and hence were then averaged and compared against whole- ‘ ‘ k ‘
the final 3-D structures. In addition to counting individual electrons, the new direct detectors frame, cross correlation alignments. In both high High-SNR | os} Low-SNR 1
can provide uncompressed 8k x 8k image data at a rate as high as 30 frames per second. This and Io’w SNR cases. individual nanoéold |
permits corrections for specimen motion to be made, dramatically improving high resolution trajectories were c'onsistent with measured whole oo f : -
structures. However the motions occurring within the specimen are still poorly understood, frame motion. Therefore, in cases where gold- o Low SNR
and the existing algorithms to compensate for this motion do not provide identical answers erased frame :crajectories: agree with unprocessed ~
when.characterlzmg these motions. We are developmg an ap.proach for use of high-contrast frame trajectories, we can use measured gold o — Lol o . (I::’s(;rrv(\jniiztce;SCF peak
gold fiducials to establish the ground-truth for specimen motion, and better understand the motion as ground truth for specimen motion. _ Tracked gold (avg) _ Tracked gold (avg) T 128 Yy
strengths and weaknesses of each algorithm as well as develop new insights into the motion ) Disiance:1.22¢ | | N Distance: 2 178 | | . 126 . ..ﬁ
itself. In turn these insights may lead to improved corrections, and improved structures, or at T ° 2 ’ ST N B N ° 2 . 124 - ',q;;...;‘:
K the very least more productive use of collected image data. / Premise: Above: Comparison of tracked nanogold trajectories and computed - 2 e ug,{:,o“""‘
whole-frame alignments. Results indicate strong similarity, differing \ op 0 Sh.
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thle-frame mOtIOn CcCO rrECthn SNR case. As shown in the upper right corners, as SNR decreases, X
o the variance of the measured trajectories increase proportionate to . Trajectory
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o . e";ﬁggic(’j » & P el @ & ’ Right: Mean distance between trajectories of Green: Ridge ,4:
3 kel ® & P & o & v @ @ ¢ original data and frames with gold erased as a | 7t I 2 ’
. function of cross correlation window size. | °f B | ,£’
" frame Window sizes larger than 500 generally produce I j | -af ,:’.}” odel
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@ : information from locations where there are no CCF window size (pixels) CCF window size (pixels) alignment is required to recover it. Because individual DDD movie frames are incredibly noisy,
. whole-frame alignment gold particles. (See Optimal CCF Window) we rely on image tiling to obtain improved sampling of the power spectrum. Using the average
. _ . _ . . _ - | ofthese tiles, we can compute the pairwise cross correlation (CCF) between movie frames.
DDD mowe.s consistof a stéck of electron mlcrographs reco-rded in rapid succession with short e . . ] _ _ N Because these CCF lack strong signal and possess a strong “false” peak corresponding to a fixed
exposure times. Thg resulting frames are a!lgned computationally to comper\sate for st-age ar.1d AnaIyZ| ng Varlatlons in Iocal mOtlon background, we have opted to model each CCF image as a mixture of two Gaussians, which
beam |r1du.ced mOtIf)nS.Of the imaged specimen. In the absence of such motion correction, high S | | | o - | | simultaneously improves peak finding and prevents mistaking the fixed background peak for
resolution information is blurred. ngmceasuret(?l the s:jmllarlty. of ’ilae 3 rTealfestdhatnogolg ctluster ’il;]ajectorl.e;galll.ng \:nthmta §pecn‘|ed t;:d'lustf p.om.;cs (?tn a the true CCF peak. Once all pairwise peaks are obtained, an ordinary or robust least squares
i _ grid. Computing and summing the pairwise distance between these neighboring trajectories, we obtained a similarity score algorithm can be used to calculate the frame trajectory assuming a simple linear model.
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Recent publications have observed locally correlated and S ppmt In the grld..ljhg ->NR r.esu ts.comp}Jted w erg gold is positioned largely on an amorphous carbon SUb_Strf?'Fe >NOWS further processing. Future work will extend this approach to perform local frame alignment.
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motion correction approaches; however, while they are understand the extent of local variability and the influence of noise on its observed magnitude. 0ptlma| CCF WlndOW
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algorithms seek to find peaks in cross correlation images frame. CCE beak detection improves. but local 20 — variance
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Our approach to validate whole-frame motion is to erase fiducials from frames and compare P - R o Y S . TR kcomputed patch-wise across all frames. Y
alignments between the processed and unprocessed frames. The quality of a whole frame |
alignment can then be measured by the similarity between computed whole frame motion EFRR L AEE - _ N
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