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» Designing biomolecules throughout the central dogma

JOE—% DNA OE%ET :
SEEEE LI
[Saito et al. in prep]

MRNA DE%ET :
HERE7Z £IT IV (AR ERIEAL)
[Saito et al. Sci Rep. 2019]
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Sequence space exploration

» Machine learning (ML) is a guide in sequence space;
It learns the fithess landscape to lead directed evolution

Fitness /\
(Function of interest)
| ML-guided

| directed evolution

Sequence space
(207L for proteins, 4L for nucleic acids)

[MBE5. YR, 2021]
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FOINDEEFETETIVOIREOFEZ 1T
> AUINDED R D iE&EZE BUIikGE

s [ ] s - 1 ZEBARXAY

|I|n|

EHIFE(CLD pLM DRz CNE

LERR e — [d — = )
REOJRER e
R XA VRER = — @ — e
Ac5lDB
X
%E$§ - - - — s @ : ® :
l:'y I\mgu& -I_gram ?g [ =" [ = = S o e ®
RAWiEE 2-gram F& - e ee eve — Y, Vs
3-gram F& ——— - — ¢4
« BERT
1.24
SREDAY e — 00— |01
oA e e e e e ]
(X2 MILERR) PN [ 221 ]
N XA 18 8HIA = — WV Vi —_— 56?082

[Yamaguchi and Saito. Brief Bioinform. 2021]



Oz avhH

> Transformer DRYRNI—ItgsEz/ I UEZRZ 3L,

ANBEHIOLE (92N\IESLL) =Ml TEdLI(CD

> EERCRIEUAEEBEOT —IN VAR TETAIZ1T

FONDBEZBETI
(5. Transformer)

AD

HEAEIE =

ZEAROLE

HEROLE

SVl D B AE (9/0EBL)

...KFTLDFST...

N memnL s

@ pre-training : Pfam&4AiE
@ fine-tuning : R HRA>)I\VEONEDS




In silico saturation mutagenesis
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Iterative stochastic masking and restoration via
MSA Transformer to generate sequences

[Yamaguchi et al.
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» Designing biomolecules throughout the central dogma
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oNA - (OO ssEE bR

[Saito et al. in prep]
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