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Model building traps in EM and MX
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Unknown proteins and gross errors in EM and MX

M. pneumoniae 70S ribosome at 3.5 A
refined from in situ tilt-series data
Cryo-EM and artificial intelligence visualize Tegunov et al. 2021

endogenous protein community members

Skalidis et al. Structure 2022



Protein sequence identification with findMySequence

| Main-chain tracing in EM map = b i
: a Residue-type :
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Chojnowski et al IUCrd 9.1 (2022)



Resolution, model quality, and sequence DB size

models built de-novo with ARP/WARP
and deposited coordinates

models built de-novo with ARP/WARP
with different sequence DB sizes
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findMySequence: sequence validation in EM

A tale of two dehydrogenases from Chaetomium thermophilum native cell extracts

>E2b ketoacid

MRSWFF
SRVLRQ = AF2+COOT
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omokage
search

(~20% SI)

>E20 oxo-acid

MLYRGL
RMAARA —) AF2+COOT

APKFAV

findMySequence

with Panos Kastritis
Chojnowski et al IUCrJ 2022 sssssses
Skalidis et al Structure 2022 EMBL :::




findMySequence: model building

ESX-5 hexameric pore complex at 3.4 A resolution

22aa a-helix models
built with COOT
(two alternative directions)

Beckham, Ritter, Chojnowski et al SciAdv (2021) EMBL ::::



findMySequence: model building

ESX-5 hexameric pore complex at 3.4 A resolution

22aa a-helix models
built with COOT
(two alternative directions)

p-value = 0.1 p-value = 0.99 ,
... and assigned to the target

Beckham, Ritter, Chojnowski et al SciAdv (2021) sequence with findMySequence EMBL :




Sequence re-assignment as a model validation

p-value p-value
small ~1

sequences
OK v ?
sequences
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alignment p-value
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Is the sequence assignment p-value a reliable score?

sequence OK sequences differ

p-value p-value
12 2.00 A small ~1
= test-fragments of 20aa
sequences
10 test-fragments of 40aa L7351 OK / ﬁ
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p-values for 30k protein chain fragments re-assigned to target sequence

Chojnowski ActaD 2022
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hidden errors in EM models: finding a better hypothesis

cytoplasmic domain of a cation channel at 3.8A resolution

AlphaFold2 model plddt>90

log(p-value)
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Chojnowski ActaD 2022
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checkMySequence: complete sequence assignment validation

Y chain in a model...

checkMySequence dependencies v Can the chain sequence NO
£ K| be identified?

A > YES
\_{\

A 4

& >'
- findMySequence (aa, HMM) ' 3 <.

- doubleHelix (na, CM/HMM)

Does the new sequence NO
match the model?

YES
\ 4
Do all chain fragments NO
make sense?

YES
checkMySequence (proteins, EM) Chojnowski ActaD 2022
checkMySequence (proteins, MX) Chojnowski ActaD 2023 _
findMySequence (proteins, EM and MX ) Chojnowski et al ActaD 2022 Your model seems fine! sttt

doubleHelix (NA, EM and MX) Chojnowski NAR 2023 EMBL ::::



checkMySequence: complete sequence assignment validation

%k %k %k %k %k k Xk Xk Xk %k %k % % % % % X Xk % %k % % % % X% Xk %k %k % % % % % X% Xk % % % % % % % Xk %k % % % % % % % Xk %k % % % % % % % % %k % % % % % % X % % % % % % % * X % %

%k %k %k 3k %k %k Xk Xk X %k %k % % % % % %k Xk % % % % % % % X X %k % % % % % SUMMARY %k %k 3k %k %k Xk Xk X Xk %k % % % % % Xk Xk % %k % % % % % X% X %k % % % % % % x

%k %k %k %k %k k Xk Xk Xk %k %k % % % % % X Xk %k %k % % % % % Xk %k %k % % %k % % X% Xk % % % % % % % Xk %k % % % % % % % Xk % % % % % % % % % %k % % % % % % X % % % % % % % X X % %

==> Unidentified chains; check input sequences and model-to-map fit

e/2:51
g/3:39

==> Chains with sequence mismatches; you will have to fix them first!

model KDNVVQMMNEKKSFDVSDFPKVYLTTAVEEDLDT- -

FELEEEEETT LT E e = et
refseq KDNVVQMMNEKKSFDVSDFPKVYLTTTVEEDLDTRG

==> Possible sequence assignhment issues

- Fragment N/5-24 has a chain break at N/11 and no residue indexing gap, check!

model --------- VELTEEE-LYISKKNLLFKRF----------

FEELEEE PR
refseq AAAAAAMPRVELTEEEKLYISKKNLLFKRFVEPGRLCLIE

- Fragment F/356-395 is shifted by -4 residues [-log(p-value)=1.99]
model seq 356-395

sknkkEKRVQKQIQKKELQKINHDYYKGVAKAVKKKKKREEKKAKskktangavi
new seq 360-399

sknkkekrvQKQIQKKELQKINHDYYKGVAKAVKKKKKREEKKAKSKKTangavi

Chojnowski ActaD 2022 EMBL i




checkMySequence for 6,000 cryo-EM models at 5A or better

- Fragment y/1-20 is shifted by -1 residue [-log(p-value)=2.95]
model seq 1-20
MKAKELREKSVEELNTELLN11reqfn
new seq 2-21
mMKAKELREKSVEELNTELLNL1reqgfn

70S ribosomal protein 2.9 A

EMBL &




checkMySequence for 6,000 cryo-EM models at 5A or better

- Fragment u/43-62 is shifted by -3 residues [-log(p-value)=2.40]
model seq 43-62
ekpttERKRAKASAVKRHAKKLAREnarrt
new seq 46-65
ekptterkRAKASAVKRHAKKLARENARTrt

70S ribosomal protein at 3 A

ooooo
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checkMySequence for 6,000 cryo-EM models at 5A or better

deposited model
rebuilt with findMySequence

- Fragment C/161-200 is shifted by 2 residue [-log(p-value)=3.11]
model seq 161-200
InnfypkDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLTLTkdeyer
new seq 159-198
InnfyPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLT1tkdeyer

ferroportin at 3 A
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checkMySequence for 6,000 cryo-EM models at 5A or better

- Fragment A/2367-2426 is shifted by 1 residue [-log(p-value)=3.02]
model seq 2367-2426
kgks1rVPEKVPFRMTQNIETALGVTGVEGVFRLSCEQVLHIMRRGRETLLTLLEAFVYDPLVDWTaggeag
new seq 2366-2425
kgks1RVPEKVPFRMTQNIETALGVTGVEGVFRLSCEQVLHIMRRGRETLLTLLEAFVYDPLVDWtaggeag

a kinase at 3.6 A




checkMySequence for 6,000 cryo-EM models at 5A or better

deposited model
rebuilt with findMySequence

- Fragment Cr/87-106 is shifted by 4 residue [-log(p-value)=2.95]
model seq 87-106
akntvrvdfKAGPRRSLKKLKNLLIGSKYrkdltq
new seq 83-102
akntvRVDFKAGPRRSLKKLKNLLIgskyrkdltq

50S ribosomal protein at 3 A

egesese
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checkMySequence for 6,000 cryo-EM models at 5A or better

deposited model
rebuilt with findMySequence

- Fragment C/145-204 is shifted by 10 residue [-log(p-value)=1.94]
model seq 145-204
gfaelarryahnlanARFLWRNRVGAEAVEVRINHIRQGEVARAWRFDALAIGLRDFKADAELDALAELIASGLSgsghvl
new seq 135-194
gfaelARRYAHNLANARFLWRNRVGAEAVEVRINHIRQGEVARAWRFDALAIGLRDFKADAELDAlaeliasglsgsghvl

CRISPR-associated protein at 3.8 A s,

g
04343
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recent EM use case: In situ

Metric Percentile Ranks Value
Ramachandran outliers I ] P 0.3%
Sidechain outliors I 1 S 1.7%
Worse Better
[ Percenmbe rellative 16 88 strwhures
[ Perconmbe relative 1o 58 EM srectares

7y5e/EMD-33618
You, X., Zhang, X., Cheng, J., Xiao, Y.N., Sui, S.F. Nature 2023

18MDa/153,000 residues/864 aa chains

Panagiotis Kastritis
$3Dstructure

Replying to @emeKato

PDB validation report of *only* 4691 pages! Jaw-
dropping work!

Tristan Croll
by 'y @ CrollTristan

Wow. At a rate of 1 second per residue, viewing every
residue in this monster would take...

.. checks notes...
... blinks...

.. just under 43 *hours".

Tristan Croll
. S@CrollTristan
Tristan Croll
. . SCrollTristan

Replying to @k

OK, I'm happy to stand corrected - the example you
showed me is clearly a bona fide register error.

photosystem megacomplex at 3.3A

EMBL &




recent EM use case: In situ photosystem megacomplex

% 3k %k 5k Kk ok k %k Kk >k %k 5k k ok k %k Kk >k k 5k Xk %k %k %k Kk >k k %k %k %k %k %k 5k %k k %k %k %k %k %k %k %k %k %k %k %k k %k %k %k %k % %k %k %k % % %k %k % % % %k % % %k >k % % % %k % % %k %k % %k % % % f
% %k %k %k Xk %k K %k %k %k %k 5k Xk %k %k %k X %k % %k X %k % 5k % %k % %k % % % % % % % % % % % % % X % % % % % % % % % % % % % % % X % % % % % % % X % % % % % % % % % % % % % %

==>"Unidentified chains; check input sequences and model-to-map fit N ,
AA/1:164 =

« [144 removed for the presentation clarity]
29/25:299

==> Sequence register shifts

- protein chain fragment YP/227-266 may be shifted by 2 residues [p-value=4.14e-02]

- protein chain fragment bP/227-266 may be shifted by 2 residues [p-value=4.04e-02]

- protein chain fragment xL/18-41 may be shifted by -1 residue [p-value=1.19e-02]
- protein chain fragment XL/18-37 may be shifted by -1 residue [p-value=7.30e-03]
- protein chain fragment X6/18-37 may be shifted by -1 residue [p-value=5.30e-03]

- protein chain fragment x6/18-37 may be shifted by -1 residue [p-value=5.35e-02]

Time elapsed 0:43:23




recent EM use case: In situ photosystem megacomplex

Photosystem Il reaction center X protein

Pro xL/24

: Q ‘ ) deposited model
model corrected by Tristan Croll

.
333
Cegegese®
o e



recent EM use case: In situ photosystem megacomplex

Phycobilisome linker polypeptide

Ser YP/231

AlphaFold2 model deposited model

egesese
oooooo

.....
oooooo



When you think you've seen it all...
In situ double-PBS-PSII-PSI-LHCs megacomplex at 4.3A

37MDa/305,000 residues/1,792 aa chains

7y5e/EMD-33618
You, X., Zhang, X., Cheng, J., Xiao, Y.N., Sui, S.F. Nature 2023




When you think you've seen it all...
In situ double-PBS-PSII-PSI-LHCs megacomplex at 4.3A

model

refseq

model

refseq

model

37MDa/305,000 residues/1,792 aa chains

refseq

model

refseq

- Protein chain Y5/62:298 - sequence identity to reference 65.22% [E-value=4.00e-10]

12345678901234567890123456789012345678901234567890123456789012345678901234567890

-------------------------------- RRTVSFNARVA- - - - - - - - - - - - -RN-KSQAKKI LEKADEF FARSVTM

|| I | L1 I
AAAAAAAAAAMAAFVGSAASAFTGASAVKANEKRSVCSLQMVAMPQTGLVNSKF SARMAKKTAKQTKNKVDEYMARSVQR

QYKAFACPNGVYDIQCTEGTVKGAAYEKRAMAVSAAFRAKQASPAAKARALFENRRHAITASHECQHEEDLFVRFPKLSA

O S L o o e O N O e A e A e e R R N e LETEL
QYKQAAVATGVYGTQCTEGTVKGAAEASRSAAL SRQFRIKQRSAFSKAHDLFEFRKHAITAAAGCSYEEKMVTRFPKLAA

AYMMGKTEAMRTCSRYVVPDSLEEEYMAASVDRQMKERACPGGVYASSCVEGNAKGQAEQARVAALATAFRSAQKSASKT

N N N e e N e e A N A A A O R R R AR N
AMVLGQTEMMRTCSRYVVPESVEEEYMAASVDKQMKRRGAPGGVYSLSCAEGVAKGQAE TARVSALGAAYRAASKSASAV

TAERYSSAAYGRDHFAHGCSYEESVFNTYPATAAAMRSKSYNY ----------

A e e
TAERYNSMAYGRVHFAHGCSYEEQQFNKYPAAAAAMRSDSYGYAAAAAAAAAA

Time elapsed 1:46:54

7y5e/EMD-33618
You, X., Zhang, X., Cheng, J., Xiao, Y.N., Sui, S.F. Nature 2023

EMBL




When you think you've seen it all...

two R-phycoerythrin gamma chain sequences

N AlphaFold2 prediction for AlphaFold2 model for
7 deposited model sequence alternative sequence
W (AOA5J4YX19) (AOASJ4YZMT)
deposited model 1 1

(7y7alY5) . .
65% sequence identity

0.5A CARMSD

egesese
ooooooo



Nucleic acid MX/EM model building is challenging
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indistinguishable in MX or EM maps

Chojnowski NAR, 2023




Base-pairs from backbone geometry

\Z3

input RNA model backbone is “covered”
with motifs with known secondary structure

f ilico.pl/rnabricks2
\k (from genesilico.pl/rnabricks2)

Chojnowski et al. NAR 42 D123-D131 2014 sssiites.

Chojnowski at al. ActaD 71 697-705 2015 EMBL



Base-pairs from backbone geometry
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Chojnowski NAR, 2023

Watson-Crick (canonical) base-pairs
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Secondary structure restraints from doubleHelix

nucleic acid sequence identification and assignment tool

Standard tools

phenix.secondary_structure_restraints
LibG
ISOLDE

are very reliable if a model is good,
but cannot restrain base-pairs if

* geometry is very bad

e sequence is wrong

TR SN
ARP/WARP model of 23S fragment in
cryo-EM map @ 3.2A resolution

o
oSe,
o202
oooooo

Chojnowski NAR, 2023



Secondary structure restraints from doubleHelix

nucleic acid sequence identification and assignment tool

RNA polymerase deposited EM model deposited EM model refined EM model
@2.5A (7bv2/30210) (dashed line - auto-generated with doubleHelix restraints with doubleHelix restraints
H-bond restrain) (violated - dark solid bars) (satisfied - green solid bars)

EMBL i

Chojnowski NAR, 2023



Nucleic acid sequence identification with INFERNAL
Fragment of 28S rRNA EM model at 3.2A resolution

Consensgs

&
GGGGEGUUGGGGGGGGEUG
<

<<, L W <<<<K<K<K L L

Secondary Structure p—

Chojnowski NAR, 2023

EMBL &




doubleHelix - NA sequence assignment and validation in EM/MX

— ol IR Ry Lo RRYs

4

ccpd/mtz | nucleobase-type probability estimates with Neural-Networks ‘
/
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1
model - : : - p
PDB/mmCIF |~ ! \ N
~—//'—_ L —> moﬁ base-pair | ' oo BePOFErAIee
: restraints 1
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! 1

@ .;‘:“-"f'".. e € <
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v 1
AACOGUAUAUAAAUACAGUY 1 00000 ©
>sequence B
UADRCGCUGUUUAUACAGUA 1 o
>sequende_C
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sequence database query \
Infernal/cmsearch building Covariance Model (CM) Infernal/cmbuild I
I

pipiutistutiutostutestutstutiututttt ittt /
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<
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|
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Chojnowski NAR, 2023 EMBL 3



Nucleic acid sequence identification in EM structures
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Sequence identification of short RNA fragments from
17 EM structures of ribosomes at 3.5A or better

Chojnowski NAR, 2023



checkMySequence and RNA/DNA sequence validation

. 7 p-value p-value
"‘ . 3 H small ~1
W/ p
- g " P : ‘ sequences
‘ SN~ Sl
- ‘f ~ st e sequences
L. D Lo’ differ zls S
< / ./\
Z Y’
m
target sequence alignment p-value
EMBL i

Chojnowski NAR, 2023
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checkMySequence and RNA/DNA sequence validation in EM

sequences OK sequences differ
p-value p-value
small ~1
3.5 ‘ w20 na fragments 1.751
W —_— sequences
3.0 4 g 40 na fragments Lso. OK / @
g2 g 125 Sl AN | ®
'>° 2.0 '§ 1.00
I I
Q 1 e Q
r 1.5 5 0.75
o °
| 1.0 I
0.5
0.0
3 4 5 3 4 5 6
mean local resolution [A] mean local resolution [A]

p-values for 20k RNA chain fragments re-assigned to target sequence

Chojnowski NAR, 2023



#1 Sequence assignment issues in rRNA

expansion segment in an EM model of mammalian ribosome @3.4A (deposited 2014)

Metric Percentile Ranks Value
Ramachandran cutlicrs .
Sidechain cutliers E R
RNA backbone W ()25

W A
[} Porvonsie netutee 4o o srmosnes

[ Pervemsie ebare oo o8 130 srmee

Chojnowski NAR, 2023 EMBL :::




#1 Sequence assignment issues in rRNA

expansion segment in an EM model of mammalian ribosome @3.4A (deposited 2014)

Metric Percentile Ranks

Ramachandran cutlion
Sudechain cuthiers
RNA backbone

~

D Prrvrmaie tanve oo 8 armosnes

[ Prrvrmsite srtatve e o 131 srmomees

Chojnowski NAR, 2023

Value
T
P 20 9%
P ()23

%k 3k %k %k Xk Xk Xk %k %k %k %k %k Xk Xk Xk Xk %k %k % % % X% Xk Xk %k %k % % % % % %k Xk % %k % % % % % X Xk %k % % % % % %k Xk %k % % % % % % X% % %k % % % % % % % Xk % %k % % % % % X % % % %
%k 3k %k %k Xk Xk Xk %k %k %k %k %k Xk Xk Xk Xk %k %k % % % %) Xk Xk %k % % % % % % Xk Xk % % % % % % % Xk Xk %k % % % % % %k Xk %k % % % % % % X% % %k % % % % % % X% %k % %k % % % % % X % % % %

==> Unidentified chains; check input sequences and model-to-map fit
2/7:68
==> Possible sequence assignment issues

- Nucleic-acid chain fragment 5/442-491 may be shifted by 1 residue [-log(p-value)=0.72]
model seq 442-491
cgggugGGGUCCGCGCAGUCCGCCCGGAGGAUUCAACCCGGCGGCGGGUCCGGCCGugucgg
new seq 441-490
cggguGGGGUCCGCGCAGUCCGCCCGGAGGAUUCAACCCGGCGGCGGGUCCGGLCgugucgg

- Nucleic-acid chain fragment 5/657-706 may be shifted by -1 residue [-log(p-value)=1.04]
model seq 657-706
gucccCCGACCGGCGACCGGCCGCCGCCGGGCGCAUUUCCACCGCGGCGGUGLCGLegegacc

new seq 658-707
guccccCGACCGGCGACCGGCCGCCGCCGGGCGCAUUUCCACCGLCGGLGGUGLCGLCgegacc

[..]

Time elapsed 0:05:53

EMBL i




#1 Sequence assignment issues in rRNA 7

expansion segment in an EM model of mammalian ribosome @3.4A (deposited 2014)

Metric Percentile Ranks
Ramachandran cutlion
Sidechain cutliers
RNA backbone

W
[} Porvonsie netutee 4o o srmosnes

[ Pervemsie ebare oo o8 130 srmee

Chojnowski NAR, 2023

corrected
reference

conservation i}
covariation Il

Value R
S v invalid IR
S 0 9% unpaired IR
. (.23

@

UCCGCCCGGAGGAUUCAACCCGGCGGCGH=seCGCCGLCCGGGCGC
UCCGCCCGGAGGAVUCAACCCGOCCGGCG»==CGCCGCCGGGC UV LY el el e porcine corrected
GUCCGCCCGGAGGAUUCAACCCGGCGGCESSSGCCGCLCGGGEGCAVUUUCCACCGEGGC GG U al - ooyl =l )

2
Sy G %

VUUCCACCGCGGCGGcllls




#1 Sequence assignment issues in rRNA

expansion segment in an EM model of mammalian ribosome @3.4A (deposited 2014)

Assemble
RNAfold
COOT

human 28S EM @ 5A

80S MX@4A

Chojnowski NAR, 2023 s



#2 Sequence assignment issues in rRNA

EM structure model of eukaryotic ribosome @3.5A (deposited 2017)

Metric Percentile Ranks
Ramachandran cutlicr. I '
Sudechain cutliers I 0
RNA bacibon: I

Worw
[ [ OSSR e —

|| [ SR Y prens—

Chojnowski NAR, 2023

Value
O )
R -
.

[

model/1-453

model/1-453

model/1-453

model/1-453

model/1-453

model/1-453

model/1-453

model/1-453

1 GGGAUGAACCAAACGUAAUGUUA QCCAAAUUAACAACUCAUGCAGAUACCAUGAAA
1 GGGAUGAACCAAACGUAAUGUUA JCCAAAUUAACAACUCAUGCAGAUACCAUGAAA

61 GGCGUUGGUUGCUVAAAACAGCAGGACGGUGAUCAUGGAAGUCGAAAUCCGCUAAGGAGUG
62 GGCGUUGGUUGCUUAAAACAGCAGGACGGUGAUCAUGGAAGUCGAAAUCCGCUAAGGAGUG

122 UGUAACAACUCACCUGCCGAAGCAACUAGCCCUUAAAAUGGAUGGCGCUUAAGUUGUAUAC
123 UGUAACAACUCACCUGCCGAAGCAACUAGCCCUUAAAAUGGAUGGCGCUVUAAGUUGUAUAC

183 CUAVACAVVACCGCUAAAGUAGAUGAUUUAUAUUACUUGUGAVAUVAAAVUUVUUGAAACUUUA
184 CUAUACAVVACCGCUAAAGUAGAUGAUUUAUAUUACUUGUGAVAUAAAVUVUUUGAAACUUUA

244 GUGAGUAGGAAGGUACAAUGGUAUGCGUAGAAGUGUUUGGCGUAAGCCUGCAUGGAGCUGC
245 GUGAGUAGGAAGGUACAAUGGUAUGCGUAGAAGUGUUUGGCGUAAGCCUGCAUGGAGCUGC

305 CAUUGGUACAGAUCUUGGUGGAUAGUAGCAAAUAAUCGAAUGAGAGCCUUGGAGGACUGAA
306 CAUUGGUACAGAVUCUUGGUGGAUAGUAGCAAAUAAUCGAAUGAGAGCCUUGGAGGACUGAA

366 GUGGAGAAGGGUUUCGUGUGAACAGUGGUUGAUCACGAGUUAGUCGGUCCUAAGUUCAAGG
367 GUGGAGAAGGGUUUCGUGUGAACAGUGGUUGAUCACGAGUUAGUCGGUCCUAAGUUCAAGG

427 CGAA AAUUUUCAAGUAAAACA- === = =sseemmeemmeeeeenn

| 428 CGAAA JAAUUUUCAAGUAAAACAAAAAUGCCUAACUAVAUVAAACAAAG

EMBL

model-reference alignment of a 28S rRNA fragment
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#2 Sequence assignment issues in rRNA

EM structure model of eukaryotic ribosome @3.5A (deposited 2017)

deposited
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[ et sctutine o ot

fragment of 28S rRNA

Chojnowski NAR, 2023 EMBL 3




#3 Sequence assignment issues in DNA
EM model of nucleosome at @3.4A (deposited 2022)
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Kok ok ok oK oK K K K K K K K K K K K K ok oK ok oK oK K K K K K K K K K K K K K ok oK oK oK oK K K K K K K K K K K K Kk ok ok K

==> Unidentified chains; check input sequences and model-to-map fit
1/2:144

==>"Sequence register shifts

- nucleic-acid chain fragment J/182-211 may be shifted by -1 residue [p-value=9.28e-02]
model seq 182-211
actagGGAGTAATCCCCTTGGCGGTTAAAACGCGGgggacag
new seq 183-212
actaggGAGTAATCCCCTTGGCGGTTAAAACGCGGGggacag

Time elapsed 0:00:19 EMBL
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EM model of nucleosome at @3.4A (deposited 2022)
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==> Sequence register shifts

- nucleic-acid chain fragment J/182-211 may be shifted by -1 residue [p-value=9.28e-02]
model seq 182-211
actagGGAGTAATCCCCTTGGCGGTTAAAACGCGGgggacag
new seq 183-212
actaggGAGTAATCCCCTTGGCGGTTAAAACGCGGGggacag

Time elapsed 0:00:19 EMBL
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Predicted inter-residue distances for model validation

g
Vs

Filomeno Sanchez
Ronan Keegan
Daniel Rigden

FEATURES

RMSD | 0.

FN RATE

FP RATE

SENSITIVITY | 0,

ACCURACY

RESIDUE NUMBER

SVM
CLASSIFIER

www.conKit.org

Filomeno Sanchez Rodriquez et al Acta Cryst. (2022). D78
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Assembline
Assembly line of macromolecular complexes

Type VI secretion system Elongator complex
(Science Advances, 2021) (EMBO Reports, 2017)

AP,
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Human pore complex
(Science, 2016)

Human pore complex (Science, 2022)

Complexes modelled using Assembline

Jan Kosinski group at EMBL Hamburg Nature Protocols, 2022
https://www.embl-hamburg.de/Assembline/
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Acknowledgements

University of Liverpool
Daniel Rigden

Adam Simpkin

Filomeno Sanchez Rodriguez

CCP4 Core Team
Ronan Keegan
Charles Ballard
Eugene Krissinel
Kyle Stevenson
Maria Fando

CCPEM team
Agnel Joseph
Tom Burnley
Colin Palmer
Matt ladanza

Martin Luther University

# 7 Panos Kastritis
Q g loannis Skalidis

EMBL:::::

Hamburg °<z-°

Matthias Wilmanns
Kate Beckham

Jan Kosinski
Christina Ritter
Edukondalu Mullapudi
Isabel Bento

Alice Bochel

findMySequence

protein sequence identification

plire Sl

checkMySequence

sequence validation ‘7
A'A <>
<>

CCP-EM+~

doubleHelix
NA sequence identification

Ay GitLab 9 (0P4
TN NAR@ccp-Em



