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SUMMARY 

The present invention provides methods for identifying bio-molecules with 

desired properties, or which are most suitable for acquiring such properties, from 

complex bio-molecule libraries or sets of such libraries.  More specifically, some 

embodiments of the present invention provide methods for building sequence-activity 5 

models that include a product of a plurality of multiplicative terms and using the 

models to guide directed evolution. 

According to an aspect of the invention, there is provided a method of 

conducting directed evolution, the method comprising, (a) receiving sequence data of 

a plurality of polypeptide molecules or a plurality of polynucleotide molecules 10 

encoding the plurality of polypeptide molecules, wherein the sequence data comprises 

identities and positions of a plurality of amino acids for each molecule of the plurality 

of polypeptide molecules or a plurality of nucleotides for each molecule of the 

plurality of polynucleotide molecules; (b) receiving activity data of the plurality of 

polypeptide molecules; (c) fitting a sequence-activity model to the received sequence 15 

data and the received activity data, wherein: the sequence-activity model receives as 

one or more inputs one or more amino acids of a polypeptide molecule or one or more 

nucleotides of a polynucleotide molecule encoding the polypeptide molecule, the 

sequence-activity model provides as an output an activity of the polypeptide 

molecule, the sequence-activity model has a form comprising a product of a plurality 20 

of terms, and each of two or more of the plurality of terms comprises an independent 

variable representing at least one amino acid or at least one nucleotide at a sequence 

position and a coefficient representing a contribution to the activity by the at least one 

amino acid or the at least one nucleotide at the sequence position; (d) selecting one or 

more mutations for a round of directed evolution by evaluating the coefficients of the 25 

plurality of terms of the sequence-activity model to identify one or more amino acids 

or nucleotides that contribute to the activity; (e) preparing a plurality of 

oligonucleotides containing or encoding the one or more mutations; and (f) 

performing a round of directed evolution using the plurality of oligonucleotides 

prepared in (e). 30 

According to another aspect of the invention, there is provided a method of 

conducting directed evolution, the method comprising: (a) receiving sequence data of 

a plurality of polypeptide molecules or a plurality of polynucleotide molecules 

encoding the plurality of polypeptide molecules, wherein the sequence data comprises 



 2a 
 

identities and positions of a plurality of amino acids for each molecule of the 

plurality of polypeptide molecules or a plurality of nucleotides for each molecule of 

the plurality of polynucleotide molecules; (b) receiving activity data of the plurality of 

polypeptide molecules; (c) fitting a sequence-activity model to the received sequence 

data and the received activity data, wherein: the sequence-activity model  receives as 5 

one or more inputs one or more amino acids of a polypeptide molecule or one or more 

nucleotides of a polynucleotide molecule encoding the polypeptide molecule, the 

sequence-activity model provides as an output an activity of the polypeptide 

molecule, the sequence-activity model has a form comprising a product of a plurality 

of terms, and each of two or more of the plurality of terms comprises an independent 10 

variable representing at least one amino acid or at least one nucleotide at a sequence 

position and a coefficient representing a contribution to the activity by the at least one 

amino acid or the at least one nucleotide at the sequence position; (d) selecting one or 

more mutations by evaluating the coefficients of the plurality of terms of the 

sequence-activity model to identify one or more amino acids or nucleotides that 15 

contribute to the activity; (e) identifying a new protein or a new nucleic acid sequence 

comprising the one or more mutations; and (f) preparing and assaying the new protein 

or a protein encoded by the new nucleic acid sequence.  

According to another aspect of the invention, there is provided a method of 

conducting directed evolution, the method comprising, (a) receiving sequence data of 20 

a plurality of polypeptide molecules or a plurality of polynucleotide molecules 

encoding the plurality of polypeptide molecules, wherein the sequence data comprises 

identities and positions of a plurality of amino acids for each molecule of the plurality 

of polypeptide molecules or a plurality of nucleotides for each molecule of the 

plurality of polynucleotide molecules; (b) receiving activity data of the plurality of 25 

polypeptide molecules; (c) fitting a sequence-activity model to the received sequence 

data and the received activity data, wherein: the sequence-activity model  receives as 

one or more inputs one or more amino acids of a polypeptide molecule or one or more 

nucleotides of a polynucleotide molecule encoding the polypeptide molecule, the 

sequence-activity model provides as an output an activity of the polypeptide 30 

molecule, the sequence-activity model has a form comprising a product of a plurality 

of terms, and each of two or more of the plurality of terms comprises an independent 

variable representing at least one amino acid or at least one nucleotide at a sequence 

position and a coefficient representing a contribution to the activity by the at least one 
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amino acid or the at least one nucleotide at the sequence position; (d) selecting one or 

more sequence positions by evaluating the coefficients of the plurality of terms of the 

sequence-activity model to identify one or more amino acids or nucleotides at the one 

or more sequence positions that contribute to the activity; and (e) conducting 

saturation mutagenesis at the one or more sequence positions selected in (d).  5 

According to another aspect of the invention, there is provided a method of 

conducting directed evolution, the method comprising, (a) receiving sequence data of 

a plurality of polypeptide molecules or a plurality of polynucleotide molecules 

encoding the plurality of polypeptide molecules, wherein the sequence data comprises 

identities and positions of a plurality of amino acids for each molecule of the plurality 10 

of polypeptide molecules or a plurality of nucleotides for each molecule of the 

plurality of polynucleotide molecules; (b) receiving activity data of the plurality of 

polypeptide molecules; (c) fitting a sequence-activity model to the received sequence 

data and the received activity data, wherein: the sequence-activity model  receives as 

one or more inputs one or more amino acids of a polypeptide molecule or one or more 15 

nucleotides of a polynucleotide molecule encoding the polypeptide molecule, the 

sequence-activity model provides as an output an activity of the polypeptide 

molecule, the sequence-activity model has a form comprising a product of a plurality 

of terms, and each of two or more of the plurality of terms comprises an independent 

variable representing at least one amino acid or at least one nucleotide at a sequence 20 

position and a coefficient representing a contribution to the activity by the at least one 

amino acid or the at least one nucleotide at the sequence position; (d) applying 

multiple protein sequences or multiple amino acid sequences to the sequence-activity 

model and determining activity values predicted by the sequence-activity model for 

each of the multiple protein sequences or nucleic acid sequences; (e) selecting a new 25 

protein sequence or a new nucleic acid sequence from among the multiple protein 

sequences or multiple amino acid sequences applied in (d) by evaluating activity 

values predicted by the sequence-activity model for the multiple sequences; and (f) 

preparing and assaying a protein having the new protein sequence or a protein 

encoded by the new nucleic acid sequence.  30 

According to another aspect of the invention, there is provided a method of 

conducting directed evolution of biological molecules, the method comprising, (a) 

obtaining sequence and activity data for a plurality of biological molecules, each 

biological molecule comprising a sequence having subunits of various types and 
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sequence positions; (b) building a sequence-activity model from the obtained data, 

wherein the sequence-activity model predicts activity as a function of the type and 

sequence position of subunits, the sequence-activity model comprises a product of a 

plurality of base multiplicative terms, each of the base multiplicative terms 

comprising (1) a dummy variable representing the presence/absence of a defined 5 

subunit of a specific type at a specific sequence position, and (2) a coefficient 

representing the defined bution to activity; and (c) using the sequence-

activity model to identify one or more subunits of specific types at specific positions 

for variation to impact a desired activity of the biological molecules.  

According to another aspect of the invention, there is provided a computer 10 

system, comprising: one or more processors; system memory; and one or more 

computer-readable storage media having stored thereon computer-executable 

instructions that, when executed by the one or more processors, cause the computer 

system to implement a method for conducting directed evolution of biological 

molecules, the method comprising: (a) receiving sequence data of a plurality of 15 

polypeptide molecules or a plurality of polynucleotide molecules encoding the 

plurality of polypeptide molecules, wherein the sequence data comprises identities 

and positions of a plurality of amino acids for each molecule of the plurality of 

polypeptide molecules or a plurality of nucleotides for each molecule of the plurality 

of polynucleotide molecules; (b) receiving activity data of the plurality of polypeptide 20 

molecules; (c) fitting a sequence-activity model to the received sequence data and the 

received activity data, wherein: the sequence-activity model receives as one or more 

inputs one or more amino acids of a polypeptide molecule or one or more nucleotides 

of a polynucleotide molecule encoding the polypeptide molecule, the sequence-

activity model provides as an output an activity of the polypeptide molecule, the 25 

sequence-activity model has a form comprising a product of a plurality of terms, and 

each of two or more of the plurality of terms comprises an independent variable 

representing at least one amino acid or at least one nucleotide at a sequence position, 

and  a coefficient representing a contribution to the activity by the at least one amino 

acid or the at least one nucleotide at the sequence position; and (d) using the 30 

sequence-activity model to determine one or more amino acid sequences or one or 

more nucleic acid sequences. 
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FORM OF THE MODEL 

Some embodiments disclosed herein provide methods for building sequence-

activity models.  Each of the models includes a product of a plurality of multiplicative 

terms.  At least some of the multiplicative terms are non-interaction multiplicative 

terms, each of which comprises a coefficient representing a defined amino acid or 5 

is of a specific residue type at a specific position in a protein or nucleic acid sequence.  

Each of the non-interactive multiplicative terms also includes an independent variable 

(typically only one independent variable), which may take the form of a dummy 

variable.  The independent variable represents the presence or absence of the defined 10 

amino acid or nucleotide, of a specific type at a specific sequence location.  These 

multiplicative terms are termed as non-interaction terms because each of them 

represents the contribution of a single residue at single position in the protein or 

nucleic acid sequence.  The independent variables in non-interaction terms do not 

represent two or more interacting residues.  In addition, each of the sequence-activity 15 

models in some embodiments include a dependent variable representing the activity 

of a protein variant, where the model describes a relationship between the activity of 

the protein variant and the product of the plurality of multiplicative terms.  

In some embodiments of the invention, the sequence-activity models also 

include interaction terms, each of which comprises an interaction coefficient 20 

representing the contribution to activity of a defined combination of (i) a first amino 

acid or nucleotide at a first position in the protein sequence, and (ii) a second amino 

acid or nucleotide at a second position in the protein sequence.  The contribution 

represented by the interaction coefficient is independent and different from the 

contribution by each of the first residue and second residue in isolation.   25 
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The Claims defining the invention are as follows: 

  

1. A method of conducting directed evolution, the method comprising,  

(a) receiving sequence data of a plurality of polypeptide molecules or a plurality 

of polynucleotide molecules encoding the plurality of polypeptide molecules, wherein the 5 

sequence data comprises identities and positions of a plurality of amino acids for each 

molecule of the plurality of polypeptide molecules or a plurality of nucleotides for each 

molecule of the plurality of polynucleotide molecules; 

(b) receiving activity data of the plurality of polypeptide molecules; 

(c) fitting a sequence-activity model to the received sequence data and the 10 

received activity data, wherein:  

the sequence-activity model receives as one or more inputs one or more 

amino acids of a polypeptide molecule or one or more nucleotides of a 

polynucleotide molecule encoding the polypeptide molecule, 

the sequence-activity model provides as an output an activity of the 15 

polypeptide molecule, 

the sequence-activity model has a form comprising a product of a plurality 

of terms, and 

each of two or more of the plurality of terms comprises an independent 

variable representing at least one amino acid or at least one nucleotide at a 20 

sequence position and a coefficient representing a contribution to the activity by 

the at least one amino acid or the at least one nucleotide at the sequence position; 

(d) selecting one or more mutations for a round of directed evolution by 

evaluating the coefficients of the plurality of terms of the sequence-activity model to 

identify one or more amino acids or nucleotides that contribute to the activity; 25 

(e) preparing a plurality of oligonucleotides containing or encoding the one or 

more mutations; and 

(f) performing a round of directed evolution using the plurality of 

oligonucleotides prepared in (e). 

 30 
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2. The method of Claim 1, wherein selecting mutations for a round of directed evolution 

comprises identifying one or more coefficients that are determined to be larger than others of the 

coefficients, and selecting one or more amino acids or nucleotides at one or more sequence 

positions represented by the one or more coefficients so identified. 

 5 

3. The method of Claim 1 or Claim 2, wherein preparing the plurality of oligonucleotides 

containing or encoding the mutations comprises synthesizing the oligonucleotides using a 

nucleic acid synthesizer. 

 

4. The method of any one of Claims 1 to 3, wherein performing a round of directed 10 

evolution comprises fragmenting and recombining the protein sequence that is predicted by the 

model to have a desired level of activity. 

 

5. The method of any one of Claims 1 to 4, wherein performing a round of directed 

evolution comprises performing saturation mutagenesis on a protein sequence that is predicted 15 

by the model to have a desired level of activity. 

 

6. A method of conducting directed evolution, the method comprising: 

(a) receiving sequence data of a plurality of polypeptide molecules or a plurality 

of polynucleotide molecules encoding the plurality of polypeptide molecules, wherein the 20 

sequence data comprises identities and positions of a plurality of amino acids for each 

molecule of the plurality of polypeptide molecules or a plurality of nucleotides for each 

molecule of the plurality of polynucleotide molecules; 

(b) receiving activity data of the plurality of polypeptide molecules;  

(c) fitting a sequence-activity model to the received sequence data and the 25 

received activity data, wherein:  

the sequence-activity model  receives as one or more inputs one or more 

amino acids of a polypeptide molecule or one or more nucleotides of a 

polynucleotide molecule encoding the polypeptide molecule, 

the sequence-activity model provides as an output an activity of the 30 

polypeptide molecule, 
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the sequence-activity model has a form comprising a product of a plurality 

of terms, and 

each of two or more of the plurality of terms comprises an independent 

variable representing at least one amino acid or at least one nucleotide at a 

sequence position and a coefficient representing a contribution to the activity by 5 

the at least one amino acid or the at least one nucleotide at the sequence position;  

(d) selecting one or more mutations by evaluating the coefficients of the plurality 

of terms of the sequence-activity model to identify one or more amino acids or 

nucleotides that contribute to the activity; 

(e) identifying a new protein or a new nucleic acid sequence comprising the one 10 

or more mutations; and 

(f) preparing and assaying the new protein or a protein encoded by the new 

nucleic acid sequence.  

 

7. The method of Claim 6, further comprising using the new protein or new nucleic acid 15 

sequence identified in (e) as a starting point for further directed evolution. 

 

8. The method of Claim 6, further comprising conducting saturation mutagenesis at one or 

more positions of the mutations. 

 20 

9. A method of conducting directed evolution, the method comprising,  

(a) receiving sequence data of a plurality of polypeptide molecules or a plurality 

of polynucleotide molecules encoding the plurality of polypeptide molecules, wherein the 

sequence data comprises identities and positions of a plurality of amino acids for each 

molecule of the plurality of polypeptide molecules or a plurality of nucleotides for each 25 

molecule of the plurality of polynucleotide molecules; 

(b) receiving activity data of the plurality of polypeptide molecules;  

(c) fitting a sequence-activity model to the received sequence data and the 

received activity data, wherein:  
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the sequence-activity model  receives as one or more inputs one or more 

amino acids of a polypeptide molecule or one or more nucleotides of a 

polynucleotide molecule encoding the polypeptide molecule, 

the sequence-activity model provides as an output an activity of the 

polypeptide molecule, 5 

the sequence-activity model has a form comprising a product of a plurality 

of terms, and 

each of two or more of the plurality of terms comprises an independent 

variable representing at least one amino acid or at least one nucleotide at a 

sequence position and a coefficient representing a contribution to the activity by 10 

the at least one amino acid or the at least one nucleotide at the sequence position;  

(d) selecting one or more sequence positions by evaluating the coefficients 

of the plurality of terms of the sequence-activity model to identify one or more 

amino acids or nucleotides at the one or more sequence positions that contribute 

to the activity; and 15 

(e) conducting saturation mutagenesis at the one or more sequence positions 

selected in (d).  

 

10. A method of conducting directed evolution, the method comprising,  

(a) receiving sequence data of a plurality of polypeptide molecules or a plurality 20 

of polynucleotide molecules encoding the plurality of polypeptide molecules, wherein the 

sequence data comprises identities and positions of a plurality of amino acids for each 

molecule of the plurality of polypeptide molecules or a plurality of nucleotides for each 

molecule of the plurality of polynucleotide molecules; 

(b) receiving activity data of the plurality of polypeptide molecules; 25 

(c) fitting a sequence-activity model to the received sequence data and the 

received activity data, wherein:  

the sequence-activity model  receives as one or more inputs one or more 

amino acids of a polypeptide molecule or one or more nucleotides of a 

polynucleotide molecule encoding the polypeptide molecule, 30 
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the sequence-activity model provides as an output an activity of the 

polypeptide molecule, 

the sequence-activity model has a form comprising a product of a plurality 

of terms, and 

each of two or more of the plurality of terms comprises an independent 5 

variable representing at least one amino acid or at least one nucleotide at a 

sequence position and a coefficient representing a contribution to the activity by 

the at least one amino acid or the at least one nucleotide at the sequence position;  

(d) applying multiple protein sequences or multiple amino acid sequences to the 

sequence-activity model and determining activity values predicted by the sequence-10 

activity model for each of the multiple protein sequences or nucleic acid sequences; 

(e) selecting a new protein sequence or a new nucleic acid sequence from among 

the multiple protein sequences or multiple amino acid sequences applied in (d) by 

evaluating activity values predicted by the sequence-activity model for the multiple 

sequences; and 15 

(f) preparing and assaying a protein having the new protein sequence or a protein 

encoded by the new nucleic acid sequence.  

 

11. The method of Claim 10, wherein preparing the protein having the new protein sequence 

or the protein encoded by the new nucleic acid sequence comprises synthesizing the new protein 20 

or the new nucleic acid sequence. 

 

12. The method of any one of Claims 1 to 11, wherein each of the terms comprising the 

coefficients comprises a product of a coefficient and an independent variable, wherein the 

coefficient represents the contribution to activity of the defined amino acid or nucleotide at a 25 

defined position and the independent variable represents the presence or absence of the defined 

amino acid or nucleotide at the defined position for the associated coefficient. 

 

13. The method of Claim 12, wherein each of the terms comprising the coefficients are 

provided in the form of (1 + coefficient × independent variable). 30 
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14. The method of any one of Claims 1 to 13, wherein the coefficients are provided in a look-

up table. 

 

15. The method of any one of Claims 1 to 14, wherein the sequence-activity model comprises 

a relationship between the dependent variable representing the activity of the protein variants and 5 

the product of the multiple terms. 

 

16. The method of any one of Claims 1 to 8, wherein performing a round of directed 

evolution comprises shuffling a plurality of oligonucleotides containing or encoding the 

mutations.  10 

 

17. The method of any one of Claims 1 to 16, wherein performing a round of directed 

evolution comprises forming a protein variant library. 

 

18. The method of Claim 17, further comprising assaying for activity and sequencing the 15 

members of the protein variant library.   

 

19. The method of Claim 18, further comprising using activity and sequence information for 

the protein variant library to generate and use a new sequence-activity model by performing 

operations (b)-(e) on the activity and sequence information for the protein variant library. 20 

 

20. The method of any one of Claims 1 to 19, wherein at least one of the multiple terms of 

the sequence-activity model comprises an interaction coefficient representing the contribution to 

activity of a defined combination of (i) a first amino acid or nucleotide at a first position in the 

sequence, and (ii) a second amino acid or nucleotide at a second position in the sequence, and 25 

wherein the interaction coefficient represents the contribution to activity of said defined 

combination. 

 

21. The method of Claim 20, wherein generating the sequence-activity model comprises 

performing a stepwise addition or subtraction of terms comprising interaction coefficients. 30 
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22. The method of Claim 20, wherein generating the sequence-activity model comprises 

using a genetic algorithm to select one or more terms comprising interaction coefficients. 

 

23. The method of any one of Claims 1 to 22, wherein generating the sequence-activity 

model comprises using a genetic algorithm to refine the values of the coefficients. 5 

 

24. The method of Claim 22 or Claim 23, wherein generating the sequence-activity model 

comprises; 

(i) preparing a generation of models each model comprising a product of a plurality of 

terms as recited in (c); 10 

(ii) using each of the models in the generation of models to predict activity of at least 

some of the plurality of protein variants using the sequences of the protein variants; 

ability to accurately predict activity of the plurality of protein variants; 

(iv) modifying the selected one or more models to produce a next generation of models; 15 

and  

(v) repeating (ii) through (iv) with the next generation of models multiple times to 

generate the sequence-activity model of (c). 

 

25. The method of any one of Claims 1 to 24, wherein generating the sequence-activity 20 

model comprises using prior information to determine posterior probability distributions of the 

model. 

 

26. The method of any one of Claims 1 to 25, further comprising generating an ensemble of 

sequence-activity models, each having the form recited in (c). 25 

 

27. The method of Claim 26, further comprising generating an ensemble model including 

terms from the two or more sequence-activity models, wherein the terms of the ensemble model 

are weighted by the ability of the two or more models to predict activity. 

 30 
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28. The method of claim 26, further comprising using the ensemble model to select mutations 

for the round of directed evolution. 

 

29. A method of conducting directed evolution of biological molecules, the method 

comprising,  5 

(a) obtaining sequence and activity data for a plurality of biological molecules, 

each biological molecule comprising a sequence having subunits of various types and 

sequence positions;  

(b) building a sequence-activity model from the obtained data, wherein 

the sequence-activity model predicts activity as a function of the type and 10 

sequence position of subunits,  

the sequence-activity model comprises a product of a plurality of base 

multiplicative terms, each of the base multiplicative terms comprising (1) a 

dummy variable representing the presence/absence of a defined subunit of a 

specific type at a specific sequence position, and (2) a coefficient representing the 15 

defined ty; and 

(c) using the sequence-activity model to identify one or more subunits of specific 

types at specific positions for variation to impact a desired activity of the biological 

molecules. 

 20 

30. The method of claim 29, wherein the sequence is a whole genome, whole chromosome, 

chromosome segment, a collection of gene sequences for interacting genes, gene, protein, or 

polysaccharide, or any combination thereof. 

 

31. The method of claim 29, wherein the subunit is a chromosome, chromosome segment, 25 

haplotype, gene, codon, mutation, nucleotide, amino acid, monosaccharide, lipid, or any 

combination thereof. 

 

32. A computer system, comprising: 

one or more processors;  30 

system memory; and 
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one or more computer-readable storage media having stored thereon computer-

executable instructions that, when executed by the one or more processors, cause the 

computer system to implement a method for conducting directed evolution of biological 

molecules, the method comprising: 

(a) receiving sequence data of a plurality of polypeptide molecules or a 5 

plurality of polynucleotide molecules encoding the plurality of polypeptide 

molecules, wherein the sequence data comprises identities and positions of a 

plurality of amino acids for each molecule of the plurality of polypeptide 

molecules or a plurality of nucleotides for each molecule of the plurality of 

polynucleotide molecules;  10 

(b) receiving activity data of the plurality of polypeptide molecules; 

(c) fitting a sequence-activity model to the received sequence data and the 

received activity data, wherein: 

the sequence-activity model receives as one or more inputs one or more 

amino acids of a polypeptide molecule or one or more nucleotides of a 15 

polynucleotide molecule encoding the polypeptide molecule, 

the sequence-activity model provides as an output an activity of the 

polypeptide molecule, 

the sequence-activity model has a form comprising a product of a plurality 

of terms, and 20 

each of two or more of the plurality of terms comprises an independent 

variable representing at least one amino acid or at least one nucleotide at a 

sequence position, and  a coefficient representing a contribution to the activity by 

the at least one amino acid or the at least one nucleotide at the sequence position; 

and 25 

(d) using the sequence-activity model to determine one or more amino 

acid sequences or one or more nucleic acid sequences. 

 


