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Sequence and Structure
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Example: Regnase-1



Multiple Sequence Alignment (MSA)

Sequences were aligned using MAFFT

The Novel Coronavirus Epidemic in China: How to
Help Researchers Using Sequence Alignment on
2019-nCoV with MAFFT

by Shen Huang
2020-01-27

THE LANCET

Genomic characterisation and epidemiology of 2019 novel
coronavirus: implications for virus origins and receptor
binding

Roujian Zhao*, Juan Li*, Peibua Niv®, Bo Yang®,
Ma, Faxian Zhan, Liang Wang, Tac Hu, Hong Z imin Zhou, Li Zhao, Ji

Xie, Jinmin Ma, William | Liu, Dayan Wang, Wenbo Xu, Edward C Holmes, George F Gag, Guizhen Wutl, Wejjun Chend],



Importance of MSAs

Sequence identity between the consensus of 2019-nCoV and representative betacoronavirus genomes
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Structural Alignment
DASH-Web-Service———

€ 3D structures can
also be aligned in
3D space

¢ Corresponding
residues can be
scored/calculated

3V33_A_01vs 4G26_A_03

ASH Score: 62

Normalized ASH NER: 0.47

RMSD: 2.20

Sequence Identity: 20.59%

Aligned Residues: 124

Domain Alignment
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DASH:

Database of
Alignec
Structural
Homologs

Rozewicki, et. al.
Nucleic Acids Research
2019

€ ASH structure alignment database
¢ Tracking:
4 ~60 million chain alignments
4 ~100 million domain alignments
¢ Integrated with MAFFT through public
REST interface

4 Concelived in 2003 at IPR
4 Development started in 2008
4 Released to public in 2019



Why structural alighments?

Most common use: Protein Function Prediction
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Why multiple alighments?

MAFFT and
MAFFT-DASH
MSAs of Regnase,
Taq polymerase
and 2QIP

MAFFT
Alignment

MAFFT-DASH

Alignment
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PDB & PDBj in 2003

4 Only 24,000 entries in the PDB

¢ Structural Genomics was starting to take off

¢ National goal for Japanese labs to solve 3000
protein structures in 3 years

4 Good structural alignment tools were becoming

more and more necessary PD B 0

Protein Data Bank Japan



Structure Resources

Annotation DB's Structure Aligners
4 Domain parsing 4 Structural comparison
4 Biological hierarchies 4 Superimposing

4 Structure neighbors 4 Scoring

Examples: CATH, SCOP Examples: Dali, GDT



GDT: Global Distance Test

¢ Used for CASP e

4 Local alignments generated
with LGA

¢ Weighted sum of the number
of aligned residues within 20
different distance cutoffs
(0.5, 1 1.5..10 A) Percent of Residues (CA)
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ASH:

Alignment of
Structural
Homologs

Standley, Toh, Nakamura
Proteins 57, 2004

¢ Double Dynamic Programming
combines local sampling with global
scoring

¢ NER score replaces GDT discrete
distance cutoffs with smooth Gaussian

¢ Allows direct optimization of
superposition gradient methods

NER =X e@w)’



& Genetic ASH (GASH)

¢ Standley, Toh, Nakamura; BMC Bioinformatics
ASH: 2005

4 Rapid ASH (RASH)

Allgnment Of € Standley, Toh, Nakamura; BMC Bioinformatics
Structural 2007

Homologs & SeSAW
¢ Standley, Yamashita, Kinjo, Toh, Nakamura;

Bioinformatics 2010



Can we make a database?

Workflow

1) Choose representative structures from the PDB
2) Slice representatives into domains

3) Align all domains against all domains

4) Build composite chain-level alignments

Seems simple!



Database Workflow

1) Choose representative structures from the PDB
2) Slice representatives into domains

3) Align all domains against all domains

4) Build chain-level alignments

5) Add, remove, and modify as the PDB is updated

Oh, all of these steps are somewhat hard...



PDB
Issues

¢ Entries added every week...
¢ ... and also removed
¢ Chain ID's sometimes change
4 Parsing data is non-trivial
4 Alternate Locations
4 Insertion Codes
¢ Sequence/structure mismatch

Very difficult to build
something on top of the PDB.



Structure Navigator

tructure Navigator was an early prototype
of DASH at PDB]

Structure navigator results for query 1uanA

Back to Job Manager

Template NER(4) %NER(4) Score  Domain Details
33 19 Alignment

Alignment

o 9 9 Alignment
/{pdbj.org/strucNavi

If the result is not ready, the page to inform the result is under calculating
Structu re navigator Each item of the result page means as described below:

Templ

In such case, reload the page after for a while till the result is diplayed,

. Each item links to the PDBj_Mine summary page.
PDB ID

Domain
PDB File: Each item links to the SCOP page.

Details
Chain 1D

Each item links the page included its details as following.

Alignment between 1uanA (Query) and 1uanB (Template)

Template 1uang

NER(4) 216

9%NER(4) 99

%Seq ID 100

CA-RMSD 0.448

Superposition IPDBFilel & VieW with v

Email (optional):

Search Reset

1uanA
1uanA
1uanB
1uang
Equivalence




Issues with Structure Navigator

4 Complicated front-end and back-end code
¢ Slow to update

¢ Difficult to maintain

4 Not widely used

4 No clear sense of quality (completeness or accuracy)
of the results



ty?

gnment might work
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€ ASH residue-wise similarity used as
MAF FT restraints
4 MSA benchmark sets can be used to
evaluate the quality of the alignments
AS H & PDP-ASH step to map domain
alignments back to chain level

& MAFFTash web service released in
2009
& Tested, but not published



MAFFTash Issues

4 Required user to manually select PDB templates
4 Slow performance If data wasn't cached
4 Cache problems:
€ Missing data could have multiple meanings
4 Cached output sometimes contained errors
¢ Difficult to remove things from cache
4 Many points of failure:
¢ Shell scripts (BASH/TCSH), Perl scripts, C code...



2017 ¢ Hired at RIMD to do computer
Infrastructure
4 DASH update failing

Can we fix DASH?

DASH stores ASH alignments of all known structurally homologous protein
domains in a relational database. Every month the latest PDB entries are
processed. The processing involves (a) clustering the entire PDB by sequence
using cd-hit at 90% sequence identity; (b) decomposing the sequence
representatives into domains using Protein Domain Parser (Alexandrov N,
Shindyalov |. Bioinformatics 2003); (c) aligning all domains against all domains
using RASH (Standley, D. M., Toh, H. & Nakamura, H. BMC Bioinformatics
2007) for those domain pairs that have not been previously processed; (d)
storing the significant matches in DASH

587,347 66,296,266 Oct 17 2016

pdp domains stored in DASH domain-domain alignm was DASH'
H




Discoveries

€ DASH is split between 2 different databases
4 Cache for MAFFTash
4 Generic domain alignment DB
& Weekly update crashes
¢ Intertwined with many other databases
¢ Empty REST interfaces (cannot be called by other software)

Let's start over!



Database Workflow

1) Choose representative structures from the PDB
2) Slice representatives into domains

3) Align all domains against all domains

4) Build chain-level alignments

5) Add, remove, and modify as the PDB is updated

Oh, all of these steps are somewhat hard...



PDB
Growth
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Entry size is also increasing!




2013
Re b U | ld ¢ Use Google Cloud for scaling

Pl 4 Keep ASH as the core
al 4 Update software
¢ Rewrite old workflow code in Go language
4 Version control everything



Whatis “Go?”

4 Static Binaries
4 Informative crashes
¢ Large standard library
¢ SOL, HTTP requests, Zip, etc.
¢ Built-in support for multi-threading
¢ Faster than Python/Perl
¢ SaferthanC




2018

€ January
4 Google Cloud begins
4 March
4 5.5B domain
comparisons calculated
on ~2500 CPU cores
€ June
4 New PDP-ASH is written

¢ July

¢ First MSA benchmark
& August

¢ Alpha version opened
4 October

¢ First comparison with

Promals3D

4 December

4 Public beta started



MAFFT-
DASH

MAFFT and
DASH can talk OUTPUT
to each other AMINO ACID ’ MULTIPLE

SEQUENCES ALIGNMENT

= cocre e S
e =




MAFFT-DASH Benchmarks

¢ 10% overall MAFFT Improvement
Improvement |

® >20% i
Improvement |«
on hardest ;
cases /

& Much faster 1 N BR B il BN BB B
than other T T OTMAI::' IB:;IAFF:IO)ASHM .

tested methods Rozewicki, et. al.: NAR 2019



2019 Improvements

4 ASH Rewritten in Go
€ Many bug fixes
€ Multi-core support
€ JSON output

& Rotation Matrices &
Translation Vectors
€ Search by Structure

Rozewicki, et. al.; MIMB 2020



Search hy structure

Where does my
structural model
Fit in the proteit
uhiverse?

\' / ’
. L "
‘ \ = 1P

<\
08
(U™ O
N
| Rozewicki, et. al.; MIMB 2020




