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(57) Abstract: The present disclosure relates to a method for generating a synthetic promoter and/or terminator, the method comprising:
obtaining gene sequences, such as functional sequences and/or coding sequences, of genomes of multiple closely related species;
identifying activity regulating features, by calculating a correlation coefficient between parameters of the statistical model and features
scores of the FMS, and recognizing said activity regulating features as model features of which said correlation coefficient is above
a predetermined threshold, such as 0.5, optimizing, for each HMM, the starting consensus sequence, by, for each activity regulating
feature, calculating the gene statistics upon inserting/replacing the activity regulating feature into the starting consensus sequence or a
partially optimized consensus sequence, and where said insertion/replacement leads to an improvement in the gene statistics, such as
an increase by a predetermined threshold, accepting said insertion/replacement, otherwise said insertion/replacement is discarded.
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Synthetic promoters generated based on genomic DNA sequences

The present disclosure relates to methods for generation of synthetic promoters and/or

terminators, and sequences obtained by such a method.

Background of invention

Synthetic biology is an emerging interdisciplinary field that involves the application

of engineering principles to biology. It aims to use artificial biological pathways,
organisms and devices to study natural systems and to provide new solutions for
pressing medical, industrial and environmental problems. In recent years, significant
advances have been made in DNA synthesis capabilities for a wide range of biological
circuits. However, the problem of restricted scalability of the process remains and the
current challenges in the design, construction and validation of synthetic biological
systems need to be addressed in order to achieve the scalable higher-complexity
biological circuits. Present methods for the design of promoters and terminators are
typically based on testing of a large number of random sequences, or just minimizing
existing DNA sequences. These approaches rely on molecular and experimental data,
and commonly require a prior knowledge on expression and functionality, in order to

obtain a strong and useful regulatory DNA sequence.

Summary of invention

The present inventors have realized how synthetic promoters and terminators can be
generated in a highly scalable way, wherein said promoters and terminators not only
work under many different conditions but for example also have the same relative gene

expression from each other, irrespective of the scale.

Typically, the synthetic promoter and/or terminator are intended for expressing a
protein of interest in a cell. For example, wherein said synthetic promoter and/or
terminator are to be used for controlling the level of expression of said protein of

interest in the cell.

The present disclosure therefore, in a first aspect, relates to a computer-implemented
method for generating a synthetic promoter and/or terminator for expressing a protein

of interest in a cell, the method comprising:
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obtaining gene sequences, such as functional sequences and/or coding
sequences, of genomes of multiple closely related species;
identifying at least one homolog group of said genomes, each homolog group
comprising multiple gene sequences that are homologs;
identifying gene statistics for each gene sequence of the homolog groups,
wherein the gene statistics are based on performance parameters and are a
prediction of the strength of promoters or terminators of each respective gene
sequence, preferably wherein the performance parameters are selected from
the group consisting of: transcription rate, preferably based on tRNA adaptation
index and/or number of effective codons; transcription profiling, preferably
based on RNA sequencing data; and protein quantification, preferably
measured by mass spectrometry;
identifying, for each homolog group, a set of functional DNA contexts
comprising, for each gene sequence of respective homolog group:
o inthe case of generation of a synthetic promoter: an upstream DNA
sequence, said upstream DNA sequence being upstream of the start
codon of the gene sequence, in the respective genome, and having a
length greater than the expected length of the promoter in said given
genome, or
o inthe case of generation of a synthetic terminator: a downstream DNA
sequence, said downstream DNA sequence being downstream of the
stop codon of the gene sequence, in the respective genome, and having
a length greater than the expected length of the terminator in said given
genome,
building, for each homolog group, a multiple sequence alignment (MSA), each
MSA consisting of the set of functional DNA contexts of said homolog group,
iteratively fitting, for each MSA, a hidden markov model (HMM), wherein the
fitting is repeated until convergence and/or until a predetermined number of
iterations have been carried out, thereby obtaining a starting consensus
sequence for each MSA,
identifying multiple model features of the HMM, the model features being
indicative of regions of high conservation in said starting consensus sequences,
and generating a max-score matrix (FMS) comprising the maximum scores for
each model feature for each HMM,
forming a statistical model, such as PLSR, for modeling gene statistics as a
function of FMS;



10

15

20

25

30

35

WO 2023/135151 PCT/EP2023/050499

3

+ identifying activity regulating features, by calculating a correlation coefficient
between parameters of the statistical model and features scores of the FMS,
and recognizing said activity regulating features as model features of which said
correlation coefficient is above a predetermined threshold, such as 0.5,

+ optimizing, for each HMM, the starting consensus sequence, by, for each
activity regulating feature, calculating the gene statistics upon
inserting/replacing the activity regulating feature into the starting consensus
sequence or a partially optimized consensus sequence, and

o where said insertion/replacement leads to an improvement in the gene
statistics, such as an increase by a predetermined threshold, accepting
said insertion/replacement,

o otherwise said insertion/replacement is discarded;

thereby generating a synthetic promoter and/or terminator for expressing a protein of

interest in a cell.

Typically, the method of the present disclosure has an intended technical use for
expressing a protein of interest in a cell. The intended use may for example comprise:
i. providing a cell comprising a gene sequence encoding the protein of
interest,
ii. inserting a synthetic promoter, and/or a synthetic terminator, obtained by the
method according to the present disclosure, i.e. into said gene sequence,
iii.  incubating the cell in a medium,

whereby the cell expresses the protein of interest.

In a preferred embodiment of the present disclosure, the synthetic promoter is inserted
upstream of said (target) gene sequence, and/or the synthetic terminator is inserted

downstream of said (target) gene sequence.

Alternatively or additionally, the intended technical use may comprise or consist of
determining the strength of the synthetic promoter and/or terminator relative to the
strength of the native promoter or of the native terminator. This intended technical use
may comprise:
i.  synthesizing an artificial sequence comprising: the synthetic promoter and a
target gene sequence downstream of the synthetic promoter; and/or the
synthetic terminator and a target gene sequence upstream of the synthetic

terminator;
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ii. introducing said artificial sequence in a target genome;

iii. measuring transcription levels from the target gene sequence; and

iv.  comparing the transcription levels measured in step iii) with the transcription
levels obtained from the same target coding sequence with the native

promoter or with the native terminator.

The obtained gene sequences are typically measured sequences of related species
existing in the physical reality. Thus, the computer-implemented method may

favourable interact with the external physical reality.

In an embodiment of the present disclosure, the method further comprises a step
(preferably after the step of optimizing, for each HMM, the starting consensus
sequence): of synthesizing an artificial sequence comprising: the synthetic promoter
and a target gene sequence downstream of the synthetic promoter; and/or the

synthetic terminator and a target gene sequence upstream of the synthetic terminator.

In specific examples of the present disclosure, the artificial sequence is introduced in a
target genome. Thus, the present disclosure may comprise a further step of introducing

the artificial sequence in a target genome.

Preferably, the method comprises a step of measuring transcription levels from the

target gene sequence.

Preferably, the method comprises a step of comparing the measured transcription
levels with the transcription levels obtained from the same target coding sequence with
the native promoter or with the native terminator,;

thereby determining the strength of the synthetic promoter and/or terminator relative to

the strength of the native promoter or of the native terminator.

Thus, the present disclosure may further comprise one or more of the following steps
(preferably after the step of optimizing, for each HMM, the starting consensus
sequence):
i.  synthesizing an artificial sequence comprising: the synthetic promoter and a
target gene sequence downstream of the synthetic promoter; and/or the
synthetic terminator and a target gene sequence upstream of the synthetic

terminator; and/or
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ii. introducing said artificial sequence in a target genome; and/or

iii.  measuring transcription levels from the target gene sequence; and/or

iv.  comparing the transcription levels measured in step iii) with the transcription
levels obtained from the same target coding sequence with the native promoter

or with the native terminator.

In addition to being highly scalable, the method, or parts thereof, also does not rely on
molecular and experimental data, but rather automation making the method highly
cost-efficient, fast and versatile. The method may be modified according to specific
needs of a promoter and/or terminator, for example the promoter and/or terminator may
be generated to have a specific strength, for example as compared to a native

promoter and/or terminator.

The gene sequences may for example be obtained from publicly accessible online
databases, such as National Center for Biotechnology Information (NCBI) and/or joint
genome institute (JGI). Alternatively or additionally, the gene sequences may be

sequenced de novo. Typically, at least 10 closely related species are obtained.

The species may for example be selected from any of the following genera:
Aspergillus, Saccharomyces, Kluyveromyces, Komagataella, Barnettozyma,
Cyberlindnera, Phaffomyces, Physcomitrium, Starmera, Wickerhamomyces, Yarrowia
or Trichoderma. Preferably, the species are selected from the same genus, and thus

the species, and the genomes thereof, can be considered closely related.

The obtained gene sequences may for example be genome assemblies, and may be
annotated or unannotated. Thus, in specific embodiments of the present disclosure, the
method may comprise a step of annotation comprising annotation of protein encoding

genes.

The method typically comprises identifying at least one homolog group of the genomes
of multiple closely related species, e.g. species within the same genera. Each homolog
group comprises multiple gene sequences that are homologs, for example at least 2
gene sequences, more preferably at least 10 gene sequences, even more preferably at
least 30 gene sequences, yet even more preferably at least 50 gene sequences, once
yet even more preferably at least 100 gene sequences, most preferably at least 500

gene sequences.
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The method further typically comprises identification of gene statistics, for each gene
sequence of the homolog groups. The gene statistics are preferably based on
performance parameters such as transcription rate, transcription profiling and/or protein

quantification.

For each homolog group, a set of functional DNA contexts is preferably identified, said
functional DNA context being either an upstream DNA sequence or a downstream DNA
sequence with respect to the gene sequence, for the generation of a synthetic
promoter or a terminator respectively. Each set of functional DNA contexts is preferably
used to perform a multiple sequence alignment (MSA), thereby a set of MSAs is

obtained. Each of said MSAs is preferably used to fit a hidden markov model (HMM).

Each HMM typically consists of a set of symbols on top of an underlying, but
unobservable, Markov process. Each state in the process contains probabilities for
emitting each symbol when the process enters that state. The sequence of states
cannot be observed directly, only the sequence of emitted symbols. An advantage with
the HMM is that it takes into account not only point mutations but also the possibility of

insertions and deletions.

Regions of each model may contain one or more stretches of high conservation. High
conservation is typically indicated by high information content (IC) in the match states
of the model. The high IC regions are preferably used to identify, for each HMM, a
number of model features that in turn is used to model the gene statistics as a function

of the features.

The correlation between the parameters of the statistical model and the features scores
of the FMS is preferably used to determine activity regulating features of each model,
which may be considered to be features that modify the activity of the promoter and/or
terminator. The method preferably involves testing the resulting gene statistics upon
insertion of the identified activity regulating features in an iterative process that is

based on the consensus sequence.

In a further aspect, the present disclosure relates to a statistical model for generation of
synthetic promotes and/or terminators. The statistical model may for example be a

partial least square regression model, and may further have been generated as
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disclosed elsewhere herein, for example based on gene statistics of and model

features of one or more consensus sequences.

In yet a further aspect, the present disclosure relates to a data processing system for
generating synthetic promoters and/or terminators. The system preferably comprises
an input device, a central processing unit, a memory, and an output device, wherein
said data processing system has stored therein data representing sequences of
instructions which when executed cause a method for generating a synthetic promoter
and/or terminator to be performed, the memory preferably further comprises a

statistical model, such as a partial least square regression model.

In yet a further aspect, the present disclosure relates to a computer software product
containing sequences of instructions for generation of synthetic promoters and/or
terminators. The computer software product may for example comprise instructions
that, when executed, cause a method for generating a synthetic promoter and/or

terminator to be performed.

In even yet a further aspect, the present disclosure relates to an integrated circuit
product containing sequences of instructions for generation of synthetic promoters
and/or terminators. The computer software product may for example comprise
instructions that, when executed, cause a method for generating a synthetic promoter

and/or terminator to be performed.

In a further aspect, the present disclosure relates to a data processing system for
identifying synthetic promoter and/or terminator sequences. The system may for
example comprise an input device, a central processing unit, a memory, and an output
device, wherein said data processing system has stored therein data representing
sequences of instructions which when executed, cause a method for generating a
synthetic promoter and/or terminator to be performed as disclosed herein. In a further
aspect, the present disclosure relates to a method for expressing a protein of interest in
a cell using synthetic promoter. Said method comprising:
I.  providing a cell comprising a gene sequence encoding the protein of interest,
II.  inserting a synthetic promoter, and/or a synthetic terminator, such as obtained
by a method for generating a synthetic promoter and/or terminator to be
performed as disclosed elsewhere herein, such as into said gene sequence,

lll.  incubating the cell in a medium,
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whereby the cell expresses the protein of interest.

In a preferred embodiment of the present disclosure, the synthetic promoter is inserted
upstream of said (target) gene sequence, and/or the synthetic terminator is inserted
downstream of said (target) gene sequence. Preferably in such a way as to control the

expression of the (target) gene sequence.

Description of drawings

Fig. 1 shows a flow chart illustrating a method for generating a synthetic promoter
and/or terminator according to an embodiment of the present disclosure.

Fig. 2 shows results of protein production measurements of optimized promoters in
comparison with the native promoters of two separate organisms according to an
embodiment of the presently disclosed method.

Fig. 3 shows the promoter activity measurements for 14 synthetic phase 1 design
(black) and native (white) pairs with percent increases indicated for each pair.

Fig. 4 shows predicted improvements between synthetic phase 2 and phase 1 designs

for 241 selected Komagatella orthogroup promoter models.

Detailed description of the invention

As used herein, the term “promoter” or “promoter sequence” refers to a regulatory DNA
sequence which when ligated to a nucleotide sequence of interest is capable of
controlling the transcription of the nucleotide sequence of interest into RNA. A promoter
is typically, though not necessarily, located 5’ (i.e., upstream) of a nucleotide sequence
of interest and provides a site for specific binding by RNA polymerase and other

transcription factors for initiation of transcription.

As used herein, the term “terminator” or “terminator sequence* refers to a DNA
sequence at the end of a transcriptional unit which signals termination of transcription,
initiated from a promoter. Preferably, a transcription terminator sequence furthermore
comprises sequences which cause polyadenylation of the transcript. A transcription
terminator may, for example, comprise one or more polyadenylation signal sequences,
one or more polyadenylation attachment sequences, and downstream sequence of
various lengths which causes termination of transcription. It has to be understood that

also sequences downstream of sequences coding for the 3'-untranslated region of an
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expressed RNA transcript may be part of a transcription terminator although the

sequence itself is not expressed as part of the RNA transcript.

Furthermore, a transcription terminator may comprise additional sequences, which may
influence its functionality, such as 3'-untranslated sequences (i.e. sequences of a gene
following the stop-codon of the coding sequence). Transcription termination may
involve various mechanisms including but not limited to induced dissociation of RNA

polymerase Il from their DNA template.

As used herein, the term “homolog” is used to indicate polynucleotide sequences,
possessing a high degree of sequence relatedness due to shared ancestry. Such
relatedness may be quantified by determining the degree of identity and/or similarity
between the two sequences as hereinbefore defined. Falling within this generic term
are also the terms "ortholog" and “paralog”. Two segments of DNA can have shared
ancestry because of three phenomena: either a speciation event (orthologs), or a
duplication event (paralogs), or else a horizontal (or lateral) gene transfer event

(xenologs).

As used herein, the term “multiple sequence alignment” or "MSA" refers to the
sequences of multiple homologs of a starting gene that are aligned using an algorithm
(e.g., ClustalW, MUSCLE, etc.).

As used herein, the term “Hidden Markov Model” or “HMM” refers to a statistical
Markov model in which the system being modeled is assumed to be a Markov process
(i.e., a stochastic model describing a sequence of possible events in which the
probability of each event depends only on the state attained in the previous event) with
unobservable states. HMM are fit for each MSA in an iterative procedure. During each
iteration, the current HMM model is used to create a new MSA that is then used to fit a
new HMM model. In each iteration, the original set of sequences are used in the new
alignment (i.e. the sequences are not trimmed) but the model is allowed to vary in the
number of match states. Convergence is tested by extracting the consensus sequence
from each model and comparing it to consensus sequences from previous iterations. If
the same consensus sequence is observed, the model optimization process is deemed
to have converged. The most probable sequence from the HMM can be considered a

consensus sequence.
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As used herein, the term “consensus sequence” refers to the sequence formed from
the most frequently occurring amino acids (or nucleotides) in a family of related

sequences.

In a first aspect, the present disclosure relates to a method for generating a synthetic
promoter and/or terminator, involving obtaining gene sequences, building sequence
models and optimizing DNA designs based on activity regulating features and gene
statistics.

The method typically comprises obtaining gene sequences; identifying homolog groups
and gene statistics of said gene sequences; identifying, for each homolog group, a set
of functional DNA contexts; building, for each homolog group, a multiple sequence
alignment (MSA) fitted to a hidden markov model (HMM); identifying multiple model
features of the HMM and generating a max-score matrix (FMS); calculating a
correlation coefficient between parameters of the statistical model and features scores

of the FMS; and optimizing, for each HMM, the starting consensus sequence.

In one embodiment of the present disclosure, the step of obtaining the gene sequences
comprises species identification, data acquisition, data harmonization and/or genome

annotation.

The method for generating a synthetic promoter and/or terminator may target the
generation of synthetic promoters and/or terminators for a specific organism, for
example wherein the synthetic promoters and/or terminators are intended for use in a
protein production process using said organism. The identification of species may
therefore comprise identifying a number of closely related species, related to said
organism. This may comprise identification of a number of species within the same

genus or taxonomical family as said organism.

Various sources for obtaining gene sequences, e.g. assembled genomes, exist. The
sources may comprise for example the National Center for Biotechnology Information
(NCBI) and/or Joint Genome Institute (JGI) databases. Often, multiple assemblies exist
for a given species and in these cases a specific gene sequence must be selected,

which is most often identified as the “reference” genome.

Data harmonization may comprise harmonization of the format and/or at least parts of

the contents of the obtained gene sequences. The gene sequences may consist of or
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be based on genome assembly projects, which could be organized and distributed in a
number of ways. Such assemblies are available in a number of stages of completeness
and either unannotated or annotated, i.e. gene features identified and mapped to this
assembly. Genome assemblies available from public data resources, e.g. NCBI and
JGI, are typically already partly harmonized although they may require a few additional
harmonization steps. In particular, it is a preference that the file containing the genomic
DNA, referred to here as “genomic.fna”, is available as a multi Fasta file. Annotated
gene sequences, such as genomes, will typically have a number of additional files but,
in general, minimally include an annotation file in the General Feature Format (GFF),
ideally version 3 format, referred to here as “genomic.gff’. If a gene sequence, such as
a genome, is annotated, it will in general minimally include the identification of protein

coding sequences, known as CDS.

In general it is preferred that the location (e.g. path and file name) of the genomic.fna
and possible genomic.gff files is registered in a database or table that describes the
taxonomic data (Family, Genus, Species, taxon_id) and, importantly, the genetic code
(gencode) used to translate the nuclear or plastid encoded protein genes. Prokaryotes
will typically have one gencode, apart from plants and algae eukaryotes which typically
have 2 (nuclear and mitochondrial), whereas eukaryotic algae and plants will typically
have 3 (nuclear, mitochondrial and chloroplast). For this approach, it is a preference

that at least the nuclear gencode is provided.

For instances wherein the gene sequences are unannotated, an annotation tool may
be used in order to identify protein coding sequences, such as YGAP or FGENSH+.
Further, it is a preference that the annotation of the gene sequences comprises
annotation of tRNA genes. In fact, in a preferred embodiment of the present disclosure,
the step of obtaining a gene sequence comprises annotation of tRNA genes and/or

other protein encoding genes.

While some genome annotation pipelines annotate tRNA and rRNAs others do not.
Therefore, it is generally a preference that, in embodiments of the present disclosure
comprising a step of annotation, e.g. as part of a step of obtaining a gene sequence, all
tRNA genes of the obtained gene sequences e.g. of genomic.fna, are annotated, such
as by using tRNAscan-SE. The output from the program may be filtered to generate a
tRNA Gene Copy Number (GCN) table for each annotated genome. The GCN table,

which may be used for calculating a tRNA adaptation index (tAl), typically contains
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each possible anticodon and the number of tRNA genes that perfectly match this

anticodon.

In an embodiment of the present disclosure, gene sequences of preferably at least 10
closely related species are obtained, such as at least 20 or 30 or even 40 closely
related species, more preferably at least 50 closely related species, such as at least
60, 70, 80 or even 90 closely related species, even more preferably at least 100 closely

related species.

In a further embodiment of the present disclosure, the genomes and/or gene
sequences are obtained from databases, such as databases comprising genome
assemblies, and/or sequenced de novo. Examples of databases include, but are not
limited to, NCBI and JGI.

In one embodiment of the present disclosure, the gene sequences are annotated. In
some instances, the gene sequences obtained from databases are fully or partially
annotated. In some instances, gene sequences obtained from databases include a file
containing the genomic DNA as a multi Fasta file. In some instances, gene sequences
obtained from databases include a file in the General Feature Format (GFF), preferably
version 3 format. In some instances, gene sequences obtained from databases include
the identification of protein coding sequences, known as CDS. In some instances,
protein coding genes may be annotated using a number of tools including but not
limited to YGAP and FGENSH+. In some instances, tRNA genes are annotated using
tRNAscan-SE.

In an embodiment of the present disclosure, the method comprises a step of identifying
at least one homolog group, each homolog group comprising multiple gene sequences
that are homologs. Said step may comprise analyzing each gene sequence for the

presence of homologs, e.g. orthologs and/or paralogs. Each homolog group preferably

comprises at least one part of multiple gene sequences.

In an embodiment of the present disclosure, the coding sequences of each gene
sequence, e.g. of each genome, may be analyzed for homologs. This may comprise or
consist of performing an analysis of the protein sequences with tools such as KOG,
OthroMCL, OrthoFinder, etc. The output of this analysis may be a set of homolog

groups (HGs), where preferably each HG comprises or consists of a set of genes
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across the different closely related species, such as if the genomes of said species
comprises one or more homologs in this group. To avoid HGs that are only defined for
1 or very few species, a minimum threshold is preferably applied in order to generate a
list of HGs with sequences from at least n or more species. In practice, if n=5, the
number of OGs is similar to the number of coding genes in any one species, e.g.
~6000 in yeasts. Consequently, in a preferred embodiment of the present disclosure,
the homologs of the homolog groups are identified in at least n species, wherein nis 5

or higher, more preferably 7 or higher, yet more preferably 10 or higher.

In one embodiment of the present disclosure, the closely related species are of the

same genus and/or related genera within a family.

In a further embodiment of the present disclosure, the method comprises a step of
identifying gene statistics for each gene sequence of the homolog groups, for example
wherein the gene statistics are based on performance parameters and are a prediction

of the strength of promoters or terminators of each respective gene sequence.

It has been observed that the extent of codon optimization in a gene’s coding sequence
(CDS) is highly correlated to the transcription rate of the mRNA of that gene. In this
way, codon optimization may be used as a measure of promoter activity and mRNA
levels in addition to its ability to for example predict protein translation rates and

subsequent protein levels.

In a preferred embodiment of the present disclosure, the step of identifying gene
statistics may comprise or consist of calculating and/or measuring one or more
performance parameters, for example parameters that are predictors of the strength of
promoters and/or terminators of each respective gene sequence. Said performance
parameters may comprise or consist of transcription rate, transcription profiling, and/or
protein quantification. The calculation and/or measurement of said performance
parameters may therefore involve the use of measurement equipment and/or algorithm

for identifying said performance parameters.

In an embodiment of the present disclosure, the transcription rate is, or is based on,
tRNA adaptation index (tAl), for example as disclosed in dos Reis et al., Nucleic Acids
Res. 2004; 32(17): 5036-5044, and/or a number of effective codons (Nc), as disclosed
in Wright et al., Gene, Volume 87, Issue 1, 1 March 1990, Pages 23-29. The
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The determination of the tAl may comprise estimating the tRNA levels, which may for
example be approximated by the gene copy number (GCN) of tRNA genes that share a
specific anti-codon. The determination of Nc may comprise the use of the genetic code
to calculate codon homozygosities as a measure of evolutionary selection which tends

to reduce the number of possible codons used in an optimized transcript.

In a preferred embodiment of the present disclosure, the gene statistics is a
combination, such as a linear combination, of the tRNA adaptation index (tAl) and the

number of effective codons (Nc).

It is a strong preference that tAl and Nc is determined for each gene sequence, and
that they are used for estimating the gene optimization (genopf), such as by calculating
a linear combination thereof. The genopt statistics may thereafter be summarized
across species used in the analysis through their homolog group assignments, using

for example the mean or median values.

Alternatively or additionally, the gene statistics (genopf) may be based on other
performance measures, such as transcription profiling, as performed with RNA-seq, or
protein quantification as measured by mass spectrometry. If the method is directed at
generating environmentally responsive promoters and/or terminators, the gene
statistics (genopt) may be calculated from the relative expression calculated between
two or more relevant growth conditions by any or a combination of: tAl, Nc, RNA-seq

and/or mass spectrometry.

In an embodiment of the present disclosure, the present method comprises a step of
identifying, for each homolog group, a set of functional DNA contexts comprising, for
each gene sequence of respective homolog group. The functional DNA context may for
example be a DNA sequence upstream of the start codon of the gene sequence and/or
downstream of the stop codon of the gene sequence. Typically, for the generation of
synthetic promoters, the functional DNA context is preferably a DNA sequence
upstream of the start codon (e.g. ATG) of the gene sequence, while for the generation
of synthetic terminators, the functional DNA context is preferably a DNA sequence
downstream of the stop codon of the gene sequence. Alternatively or additionally to
identifying the gene translation start sites (ATG), the transcription start site may be

identified, however this is typically not required.
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In an embodiment of the present disclosure, the functional DNA context is, for each
gene sequence, an upstream DNA sequence, said upstream DNA sequence being
upstream of the start codon of the gene sequence, in the respective genome.
Preferably wherein said DNA sequence has a length greater than the expected length

of the promoter in said given genome.

In another embodiment of the present disclosure, the functional DNA context is, for
each gene sequence, a downstream DNA sequence, said downstream DNA sequence
being downstream of the stop codon of the gene sequence, in the respective genome.
Preferably wherein said DNA sequence has a length greater than the expected length

of the promoter in said given genome.

In an embodiment of the present disclosure the length of the upstream and/or
downstream DNA sequences may be, or be based on, the average intergenic distance
between divergently transcribed genes and/or represent a sequence length equal to or
larger than the expected length of the functional promoter/terminator. Additionally or
alternatively, other functional DNA contexts can also be used. For example, when
modeling gene terminators the DNA sequences downstream (3’°) of the stop codon may

be used to define the functional DNA context.

The length of the DNA sequences used in the functional DNA context typically depends
on the species. For example, around 1800 bps may preferably be used for filamentous
fungi (e.g. Aspergillus) and plant promoters while around 900 bps may preferably be
used for yeast species promoters. Consequently, it is a preference that the method of
the present disclosure is arranged to use a length of the DNA sequences used in the
functional DNA context within the range of 100-5000 bps, more preferably within the
range of 300-2000 bps, such as 500 bps or 900 bps or even 1800 bps.

The extracted DNA sequences that define the functional DNA context for
promoters/terminators are typically saved in a multi fasta file (upstream.fna) for each

gene sequence/annotated genome.

In an embodiment of the present disclosure, the method comprises a step of building,
for each homolog group, a multiple sequence alignment (MSA). Each of said MSA

preferably consist of the set of functional DNA contexts of each respective homolog
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group. For each HG, the functional DNA context of each gene sequence will be
retrieved. The functional DNA sequences for either a single ortholog or the ortholog
and paralogs may preferably be used, and may be saved from each genome in a multi

fasta file.

A multiple sequence alignment (MSA) is preferably built for each HG. This may for
example be carried out with any one, or a combination, of a number of MSA tools, such
as ClustalW or MUSCLE.

In an embodiment of the present disclosure, the method comprises a step of fitting, for
each MSA, a hidden markov model (HMM). Preferably said fitting is performed in an
iterative process. Typically, wherein the fitting is repeated until convergence and/or
until a predetermined number of iterations have been carried out. Preferably, said fitting

results in obtaining, for each MSA, a starting consensus sequence.

For the fitting of each HMM, the 5’ and 3’ ends of the model are typically allowed to
vary, typically reduced, through the use of a trimming feature (hmmalign --trim). For
each iteration, the current HMM model is typically used to create a new MSA that may
then be used to fit a new HMM model. In each iteration, the original set of sequences
may be used in the new alignment (i.e. the sequences are not trimmed) but the model

may typically be allowed to vary in the number of match states.

Convergence may for example be tested by extracting the consensus sequence from
each model (hmmemit) and comparing it to consensus sequences from a number of
previous iterations, such as at least 1 or 2 previous iterations, or preferably up to 5
previous iterations. If the same, or at least a significantly similar, consensus sequence
is observed, the model optimization process is deemed to have converged. The fitting
may be carried out until convergence or up to a maximum number of iterations, for
example up to 100 iterations, more preferably up to 300 iterations, even more
preferably up to 500 iterations, yet even more preferably up to 1000 iterations, most
preferably up to 3000 iterations. Typically, the most probable sequence of each HMM is

considered the respective consensus sequence.

In an embodiment of the present disclosure, the method comprises a step of identifying
multiple model features of the HMM. Preferably said model features are indicative of

regions of high conservation in the starting consensus sequences. The model features
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are preferably used for the generation of a max-score matrix (FMS) comprising the

maximum scores for each model feature for each HMM,

Regions of each model may contain one or more stretches of high conservation. High
conservation is typically indicated by high information content (IC) in the match states
of the model. As a practical approach to find high-IC stretches, a running mean may be
applied for a specific length of match states, such as between 6-9 states. High mean IC
windows are typically selected using a threshold, such as 1.5 bits, and the starting
positions are recorded. Each window may then be extended, where possible, by
merging with other adjacent high-IC windows, typically also allowing for a gap of 1-3
positions. These high-IC and/or merged high-IC windows may be summarized by their
consensus sequence (a k-long DNA word or “k-mer”) and registered as a model

feature. The model features may, due to the merging procedure, have differing lengths.

Each of said model features typically also have a set of scores for each k-long window
in the model, and a maximum score from each HMIM model. Scores are calculated for
each feature in each HMM model. Typically, the maximum score for each feature in
each model is identified, and used to define a matrix of maximum scores (k-mers by
HMM models), or a feature max-score (FMS) matrix, such as wherein HMM models
represent the HGs. The maximum score of a feature is defined from the log-likelihood
scores of a k-mer feature in the HMM. These scores are calculated for each possible
un-gapped alignment of a k-mer to the HMM. A score is defined by the sum of log-
likelihoods for a particular subsequence (k-mer) of consecutive HMM match states. The
maximum score, representing the best possible match of the k-mer, is stored in the
FMS matrix.

In a further embodiment of the present disclosure, the method comprises a step of
forming a statistical model, such as PLSR. Preferably wherein said statistical model

may be used for modeling gene statistics as a function of FMS.

The feature max-score matrix or matrix of feature scores (k-mers by HGs), which may
contain for example 300 features over 5800 HGs, can be used to fit a model to the
gene statistics (genopt). This feature-based model can then be used to predict
functionality, such as strength, of DNA designs, such as synthetic promoters and/or

terminators. It is a preference the statistical model comprises or consists of Partial
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Least Squares regression (PLSR), that may be used to model gene statistics (genopf)

as a function of feature scores (FMS matrix).

In a preferred embodiment of the present disclosure, the parameters (feature
coefficients) of a fitted statistical model, such as a PLSR model, are used to identify
which k-mer features relate positively (or negatively) to a model’s or DNA design’s
functionality. In the case of promoter design, the gene statistics (genopt) relates to
gene expression level or promoter activity and k-mers with large positive coefficients in

the PLSR model indicate determinants of higher activity.

In a preferred embodiment of the present disclosure, the method comprises a step of
identifying activity regulating features. Preferably by calculating a correlation
coefficient, for example the Pearson correlation coefficient, between parameters of the
statistical model and features scores of the FMS, and recognizing said activity
regulating features as model features of which said correlation coefficient, for example

the Pearson correlation coefficient, is above a predetermined threshold, such as 0.5.

To identify the features that are determinants of activity, the correlation may be
calculated between the coefficients of the statistical model, e.g. the PLSR coefficients,
and the feature scores in the FMS matrix. Features that have a Pearson correlation
coefficient above a predetermined threshold, e.g. r > 0.5, are preferably considered to
be an activity regulating feature, and may as such be considered in a subsequent step

for optimization of the starting consensus sequence.

In a preferred embodiment of the present disclosure, the method comprises a step of
optimizing, for each HMM, the starting consensus sequence, by, for each activity
regulating feature, calculating the gene statistics upon inserting/replacing said activity
regulating feature into the starting consensus sequence or a partially optimized
consensus sequence. For instances wherein said insertion/replacement leads to an
improvement in the gene statistics, such as an increase by a predetermined threshold,
the insertion/replacement is preferably accepted, and may thereafter be used for a
subsequent round of optimization. For instances wherein said insertion/replacement
does not lead to an increase, such as by a predetermined threshold, said
insertion/replacement is preferably not accepted, and the current sequence is

preferably used for a subsequent round of optimization.
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It is a preference that the step of optimization comprises sorting the activity regulating
features from highest to lowest correlation to the statistical model coefficient (e.g.
PLSR coefficients). For each activity regulating feature, the position in the design
where the maximum feature score was observed, and preferably any other positions
that score above a predetermined feature score threshold (such as a predetermined
fraction of the maximum feature score), are tested for insertion/substitution with the

feature k-mer.

Using the statistical model, e.g. the PLSR model, if the overall design improves its
predicted gene statistics genopt, by more than a defined margin, e.g. (Sopt - Sori) > 0.1,
then the feature insertion/substitution is preferably accepted. Typically, subsequent
activity regulating features are less likely to result in accepted substitutions when
starting with features with the highest correlation to the statistical model coefficient, e.qg.
PLSR coefficients.

In an embodiment of the present disclosure, the performance parameters are selected
from the group consisting of: transcription rate, preferably based on tRNA adaptation
index and/or number of effective codons; transcription profiling, preferably based on
RNA sequencing data; and protein quantification, preferably measured by mass

spectrometry.

In one embodiment of the present disclosure, the species are selected from any one of
Aspergillus, Saccharomyces, Kluyveromyces, Komagataella, Barnettozyma,
Cyberlindnera, Phaffomyces, Physcomitrium, Starmera, Wickerhamomyces, Yarrowia

and/or Trichoderma.

In one embodiment of the present disclosure, the species are fungi species, such as
belonging to Aspergillus, Kluyveromyces, Saccharomyces, Yarrowia and/or
Trichoderma. For example, the species is Aspergillus niger, Kluyveromyces lactis
Saccharomyces cerevisiae, Yarrowia lipolytica, Trichoderma nicaragua and/or

Trichoderma reesei.

In one embodiment of the present disclosure, gene sequences of genomes of at least

five species are obtained.
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In one embodiment of the present disclosure, the number of homolog groups is at least
80% of the number of coding genes or of the number of predicted coding genes in any

one of the species, such as at least 90%, such as at least 95%.

In one embodiment of the present disclosure, the gene statistics is calculated for each
gene sequence of the homolog groups. In some instances, the gene statistics is
calculated based on tRNA adaptation index (tAl) and/or the number of effective codons
(Nc). In some instances, the gene statistics is based on transcription profiling, or
protein quantification or relative expression calculated between 2 or more relevant
growth conditions. For example, the expression of a given gene sequence or gene in a
species, for example a microorganism, can be high when the cells of the species are
growing in a nutrient-rich environment, and low when the cells of the species are
growing in a nutrient-deprived environment. Some gene sequences or genes also

display a higher expression level under conditions of high osmosis or under hypoxia.

In one embodiment of the present disclosure, the gene statistics is, for each gene
sequence, a linear combination of the tRNA adaptation index and the number of

effective codons.

In one embodiment of the present disclosure, the expected length of the promoter
and/or expected length of the terminator in a given genome corresponds to the average
intergenic distance between divergently transcribed genes in said given genome. The
skilled person knows how to find the average intergenic distance between divergently

transcribed genes in a given genome.

In one embodiment of the present disclosure, the expected length of the promoter
and/or expected length of the terminator is at least 800 bps for eukaryotes, such as at
least 900 bps, such as at least 1000 bps. In some embodiments, the expected length of
the promoter and/or expected length of the terminator in a given genome is between
500 and 1000 bps, between 600 and 900 bps, or between 700 and 800 bps.

In one embodiment of the present disclosure, for each iteration of the HMM, the HMM

is used to create an updated MSA that is used to fit an updated HMM.
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In one embodiment of the present disclosure, the fitting is repeated until convergence
that is defined as no change of the consensus sequence, such as the most likely

outcome of the HMM, for a predetermined number of iterations, such as five.

In one embodiment of the present disclosure, the regions of high conservation are

defined as regions of high information content in the match states of the model.

In one embodiment of the present disclosure, the regions of high information content in
the match states of the model are identified by:
a) performing a running mean for a predetermined length in match states of
the model, such as between 6 and 9 match states, and
b) identifying regions with a value above a predetermined threshold, such as
1.5 bits.

In one embodiment of the present disclosure, merged regions of high information
content in the match states of the model are identified by merging regions of high
information content in the match states of the model that are separated by at maximum

a predetermined number of positions, such as between 1 and 3.

In one embodiment of the present disclosure, the model features are identified by
summarizing the consensus sequence of the regions of high information content and/or

the merged regions of high information content in the match states of the model.

In one embodiment of the present disclosure, the FMS is generated by identifying the

maximum score for each model feature in each HMM model.

In one embodiment of the present disclosure, the statistical model is configured to
predict performance statistics, such as functionality and/or strength, of promoters or

terminators.

In one embodiment of the present disclosure, optimization of the starting consensus
sequence is carried out from the activity regulating feature with the highest correlation
to the parameters of the statistical model to the activity regulating feature with the

lowest correlation to the parameters of the statistical model.



10

15

20

25

30

35

WO 2023/135151 PCT/EP2023/050499

22

In one embodiment of the present disclosure, the activity regulating feature is tested for

insertion/replacement at the position of the FMS and 85% of the FMS of that activity

regulating feature.

In one embodiment of the present disclosure, the statistical model is a partial least

square regression model.

In a preferred embodiment of the present disclosure, the method comprises the steps

of:

Vi,

obtaining gene sequences, such as functional sequences and/or coding
sequences, of genomes of multiple closely related species,
identifying at least one homolog group, each homolog group comprising
multiple gene sequences that are homologs,
identifying gene statistics for each gene sequence of the homolog groups,
wherein the gene statistics are based on performance parameters and are a
prediction of the strength of promoters or terminators of each respective gene
sequence,
identifying, for each homolog group, a set of functional DNA contexts
comprising, for each gene sequence of respective homolog group:
o inthe case of generation of a synthetic promoter: an upstream DNA
sequence, said upstream DNA sequence being upstream of the start
codon of the gene sequence, in the respective genome, and having a
length greater than the expected length of the promoter in said given
genome, or
o inthe case of generation of a synthetic terminator: a downstream DNA
sequence, said downstream DNA sequence being downstream of the
stop codon of the gene sequence, in the respective genome, and having
a length greater than the expected length of the terminator in said given
genome,
building, for each homolog group, a multiple sequence alignment (MSA), each
MSA consisting of the set of functional DNA contexts of said homolog group,
iteratively fitting, for each MSA, a hidden markov model (HMM), wherein the
fitting is repeated until convergence and/or until a predetermined number of
iterations have been carried out, thereby obtaining a starting consensus

sequence for each MSA,
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vii.  identifying multiple model features of the HMM, the model features being
indicative of regions of high conservation in said starting consensus sequences,
and generating a max-score matrix (FMS) comprising the maximum scores for
each model feature for each HMM,

viii.  forming a statistical model, such as PLSR, for modeling gene statistics as a
function of FMS,

ix. identifying activity regulating features, by calculating a correlation coefficient
between parameters of the statistical model and features scores of the FMS,
and recognizing said activity regulating features as model features of which said
correlation coefficient is above a predetermined threshold, such as 0.5, and

X.  optimizing, for each HMM, the starting consensus sequence, by, for each
activity regulating feature, calculating the gene statistics upon
inserting/replacing the activity regulating feature into the starting consensus
sequence or a partially optimized consensus sequence,

o where said insertion/replacement leads to an improvement in the gene
statistics, such as an increase by a predetermined threshold, accepting
said insertion/replacement,

o otherwise said insertion/replacement is discarded.

In an embodiment of the present disclosure the method further comprises any, or a
combination, such as all, of the steps of:

» synthesizing an artificial sequence comprising: the synthetic promoter and a
target gene sequence downstream of the synthetic promoter; or the synthetic
terminator and a target gene sequence upstream of the synthetic terminator;

+ introducing said artificial sequence in a target genome;

* measuring transcription levels from the target gene sequence; and/or

+ comparing the transcription levels measured previously measured with the
transcription levels obtained from the same target cording sequence with the
native promoter or with the native terminator, thereby determining the strength
of the synthetic promoter and/or terminator relative to the strength of the native
promoter or of the native terminator,

wherein the said steps of synthesizing, introducing, measuring and comparing are
preferably preferred in said order, and/or preferably wherein said steps of synthesizing,

introducing, measuring and comparing are performed after the step of optimizing.



10

15

20

25

30

WO 2023/135151 PCT/EP2023/050499

24

Thus, in an embodiment of the present disclosure, the method further comprises the
steps of:

xi.  synthesizing an artificial sequence comprising: the synthetic promoter and a
target gene sequence downstream of the synthetic promoter; or the synthetic
terminator and a target gene sequence upstream of the synthetic terminator;

xii.  introducing said artificial sequence in a target genome,

xiii.  measuring transcription levels from the target gene sequence; and/or

xiv.  comparing the transcription levels measured in step iii) with the transcription
levels obtained from the same target coding sequence with the native promoter
or with the native terminator, thereby determining the strength of the synthetic
promoter and/or terminator relative to the strength of the native promoter or of

the native terminator.

In one embodiment of the present disclosure, the strength of the synthetic promoter
and/or of the synthetic terminator is at least 100% of the strength of the native promoter
and/or of the native terminator, respectively, more preferably at least 110%, such as at
least 120%, such as at least 130%, such as at least 140%, yet more preferably at least
150%, such as at least 160%, such as at least 170%, such as at least 180%, such as
at least 190%, even yet more preferably at least 200%, such as at least 250%, once
even yet more preferably at least 300%, such as at least 350%, most preferably at

least 400%, such as at least 450%, such as at least 500%.

In the following, reference will be made to the drawings, which are exemplary and are
intended to illustrate some of the features of the presently disclosed methods for
generation of synthetic promoters and sequences obtained by such methods, and are
not to be construed as limiting to the presently disclosed invention. As shown in Fig. 1,
the method for generating a synthetic promoter and/or terminator typically comprises
obtaining gene sequences (1), such as functional sequences and/or coding sequences,
of genomes of multiple closely related species. The gene sequences may be received
from publicly available databases, typically as genome assemblies (2). The gene
sequences may be available with annotation, however this is not a requirement.
Instead, for instances wherein the gene sequences are not annotated, it is a preference

that the gene sequences are annotated through an annotation pipeline (3).
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Based on the gene sequences, at least one homolog group (4) is identified, e.g.
through a homolog/ortholog pipeline (5), wherein each homolog group comprises

multiple gene sequences that are homologs.

Further, the method comprises calculating (6) gene statistics (21) for each gene
sequence of the homolog groups, wherein the gene statistics are based on
performance parameters and are a prediction of the strength of promoters or

terminators of each respective gene sequence.

Codon optimization may be used as a measure of promoter activity and mRNA levels
in addition to its ability to for example predict protein translation rates and subsequent
protein levels. This includes extracting coding DNA sequence (7) to obtain the CDS
DNA by genome (8).

Alternatively or additionally, the gene statistics may be calculated from the tRNA
adaptation index (tAl). The determination of the tAl may comprise estimating the tRNA
levels, which may for example be approximated by the gene copy number (9, GCN) of

tRNA genes that share a specific anti-codon, resulting in GCN tables (10).

Alternatively or additionally, the calculation of the gene statistics may include the
determination of Nc, comprising the use of the genetic code to calculate codon
homozygosities as a measure of evolutionary selection which tends to reduce the

number of possible codons used in an optimized transcript.

In a preferred embodiment of the present disclosure, the gene statistics is a
combination, such as a linear combination, of the tRNA adaptation index (tAl) and the

number of effective codons (Nc).

The presently disclosed method further comprises extracting/identifying (11), for each
homolog group, a set of functional DNA contexts (12) comprising, for each gene
sequence of respective homolog group. As described elsewhere herein, the functional
DNA context may be an upstream or a downstream sequence, depending on whether a

promoter or a terminator is generated.
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The presently disclosed method further comprises building (13), for each homolog
group, a multiple sequence alignment (14, MSA), each MSA consisting of the set of

functional DNA contexts of said homolog group,

The presently disclosed method further comprises iteratively fitting (15), for each MSA,
a hidden markov model (HMM) (16), wherein the fitting is repeated until convergence
and/or until a predetermined number of iterations have been carried out, thereby
obtaining a starting consensus sequence for each MSA. The HMM may be used to
generate synthetic promoters and/or terminators sequences (17), according to steps i.
— vi. of the presently disclosed method. This may be referred to as synthetic promoters
and/or terminators having a phase 1 design (18), phase 2 designs may be generated
by also carrying out steps vii to x of the presently disclosed method. SEQ ID NO: 1to 8

have all been generated used the phase 1 of the presently disclosed method.

The presently disclosed method further comprises identifying multiple model features of
the HMM (20), the model features being indicative of regions of high conservation in
said starting consensus sequences, and generating a max-score matrix (FMS)

comprising the maximum scores for each model feature for each HMM.

The presently disclosed method further comprises forming a statistical model (22),

such as PLSR, for modeling gene statistics as a function of FMS.

The presently disclosed method preferably further comprises identifying activity
regulating features, for example as part of the statistical model (22), by calculating a
correlation coefficient between parameters of the statistical model and features scores
of the FMS, and recognizing said activity regulating features as model features of

which said correlation coefficient is above a predetermined threshold, such as 0.5.

The presently disclosed method further comprises optimizing, for each HMM, the
starting consensus sequence, by, for each activity regulating feature, calculating the
gene statistics upon inserting/replacing the activity regulating feature into the starting
consensus sequence or a partially optimized consensus sequence, and
o where said insertion/replacement leads to an improvement in the gene
statistics, such as an increase by a predetermined threshold, accepting
said insertion/replacement,

o otherwise said insertion/replacement is discarded.
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The resulting functional DNA models (23) may thereafter be used in order to build
optimized DNA designs (24). This may be referred to as synthetic promoters and/or

terminators having a phase 2 design (25).

The optimized DNA design may, as discussed elsewhere herein, either be synthetic
terminators or promoters. By the use of said optimized DNA designs a desired activity
level in for example protein production may be achieved, typically it may be desired

that the production is maximized.

Fig. 2 shows results of comparison between phase 1 synthetic promoters and/or
terminators (18 in Fig. 1), e.g. generated by carrying out steps i-vi of the presently
disclosed method) with corresponding native promoters and/or terminators. Two
separate organisms having the native promoter and a synthetic promoter, generated by
an embodiment of the presently disclosed method. As described elsewhere herein,
HMM have been generated, and the consensus sequence have been obtained
corresponding to the phase 1 design. It can be seen that the synthetic promoter
generated according to phase 1 of the presently disclosed method (steps i.-vi. of the
presently disclosed method) led to a production increase of 41% for Organism A, and
25% for Organism B (in terms of product per unit biomass). SEQ ID NO: 1to0 8
discloses multiple sequences generated by steps i.-vi. of the presently disclosed

method.

A further aspect of the present disclosure relates to a statistical model for generation of
synthetic promotes and/or terminators, the model generated according to any of the

methods disclosed herein.

Yet a further aspect of the present disclosure relates to a data processing system for
generating strong synthetic promoters and/or terminators, the system comprising an
input device, a central processing unit, a memory, and an output device, wherein said
data processing system has stored therein data representing sequences of instructions
which when executed cause a method disclosed herein to be performed for the
generation of synthetic promoters and/or terminators, the memory preferably further

comprising at least a statistical model.
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In one embodiment of the present disclosure, the statistical model is stored in a server,
and the input and output devices are a client, the client and server being connected via

data communication connection.

In one embodiment of the present disclosure, the client is selected from a personal
computer, a stationary PC, a portable PC, a hand-held computing device such as a

smart phone.

In a further aspect, the present disclosure relates to a computer software product
containing sequences of instructions which when executed cause the method disclosed
herein to be performed, such as for the generation of synthetic promoters and/or

terminators.

In yet a further aspect, the present disclosure relates to an integrated circuit product
containing sequences of instructions which when executed cause the method disclosed
herein to be performed, such as for the generation of synthetic promoters and/or

terminators.

In yet a further aspect, the present disclosure relates to a data processing system for
identifying synthetic promoter and/or terminator sequences, the system comprising an
input device, a central processing unit, a memory, and an output device, wherein said
data processing system has stored therein data representing sequences of instructions
which when executed cause the method disclosed herein to be performed, such as for

the generation of synthetic promoters and/or terminators.

In yet a further aspect, the present disclosure relates to a method for expressing a
protein of interest in a cell, the method comprising:
e providing a cell comprising a gene sequence encoding the protein of interest,
o inserting a synthetic promoter, and/or a synthetic terminator, obtained by the
method disclosed herein,
e incubating the cell in a medium,
whereby the cell expresses the protein of interest, preferably wherein said steps are

performed in the order of providing, inserting and incubating.

Thus in an embodiment of the present disclosure the method comprises:

I.  providing a cell comprising a gene sequence encoding the protein of interest,
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II. inserting a synthetic promoter, and/or a synthetic terminator, obtained by the
method disclosed herein, and
lll.  incubating the cell in a medium,

whereby the cell expresses the protein of interest.

In a preferred embodiment of the present disclosure, the synthetic promoter is inserted
upstream of said (target) gene sequence, and/or the synthetic terminator is inserted
downstream of said (target) gene sequence. Preferably in such a way as to control the
expression of the (target) gene sequence, for example in order to increase the

production/yield of the protein of interest.

Examples

The invention will in the following be described in greater detail with reference to the
accompanying drawings. The drawings are exemplary and are intended to illustrate
some of the features of the presently disclosed methods for generation of synthetic
promoters and sequences obtained by such methods, and are not to be construed as

limiting to the presently disclosed invention.
Example 1: Preparation of spore solutions and inoculation of plates:
Grow fungus on plate until sporulation

Harvest the plate with 5mL MQ 0.9% NaCl solution

Filter the spores through miracloth

PO DN =

Centrifuge: 8000g for 3 min. Decant supernatant, and resuspend in 0.5-1mL of
MQ-water
5. Create a plate-layout table containing; well number, fungal strain and specie
specifics
Make dilutions 1:10, 1:100, 1:1000 in 1 ml tube and count the spores in the counting
chamber at appropriate concentration (20-40 spores per large square). Calculate spore
concentration in the stock solution, and how much is needed to obtain 1 mL of

1x108 spores/ml.

Make a 1x108 spores/ml spore solution. Vortex.

Add 100puL of spore solution into 9.9 mL of appropriate media. Vortex.
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Add 1.5mL to each well of a deep 48-well microtiter plate (a 48-MTP “Flower plate
from m2p)

Seal plate with a breathable seal.

Start a BioLector Il run:
e 1.5 mL final volume and 1000 rpm
e Set humidistat to 85%
e Set Biomass filter gain a value of 3

e Set Fluorescent protein filter gain to 7

Run for 3 days, 85% humidity (37C for A. nidulans, 30C for other species)

Example 2: Generation of synthetic promoters and/or terminators

Synthetic promoters and/or terminators were generated by carrying out the following

steps:

i.  obtaining gene sequences, such as functional sequences and/or coding
sequences, of genomes of multiple closely related species;

i. identifying at least one homolog group, each homolog group comprising
multiple gene sequences that are homologs;

iii. identifying gene statistics for each gene sequence of the homolog groups,
wherein the gene statistics are based on performance parameters and are a
prediction of the strength of promoters or terminators of each respective
gene sequence;

iv. identifying, for each homolog group, a set of functional DNA contexts
comprising, for each gene sequence of respective homolog group:

o inthe case of generation of a synthetic promoter: an upstream DNA
sequence, said upstream DNA sequence being upstream of the start
codon of the gene sequence, in the respective genome, and having a
length greater than the expected length of the promoter in said given
genome, or

o inthe case of generation of a synthetic terminator: a downstream DNA
sequence, said downstream DNA sequence being downstream of the

stop codon of the gene sequence, in the respective genome, and having
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a length greater than the expected length of the terminator in said given
genome,

v.  building, for each homolog group, a multiple sequence alignment (MSA),
each MSA consisting of the set of functional DNA contexts of said homolog
group,

vi. iteratively fitting, for each MSA, a hidden markov model (HMM), wherein the
fitting is repeated until convergence and/or until a predetermined number of
iterations have been carried out, thereby obtaining a consensus sequence
for each MSA.

The generated synthetic promoter and/or terminator was compared to that of a native

promoter and/or terminator in order to confirm that the desired expression is achieved

Results: Generated synthetic promoters and/or terminator are given in SEQ ID NO: 1 to
8. Fig. 2 shows the comparison in protein production between a generated synthetic

promoter and the corresponding native promoter.

Conclusion: The synthetic promoters and/or terminators had a desired level of protein

production, compared to the native promoter and/or terminator.

Example 3: A screen of selected promoters in Komagataelle phaffii

Aim: To investigate whether the activity in the synthetic phase 1 designed promoters is

higher than in native promoters.

Materials and methods: A screen of selected promoters was performed in
Komagataelle phaffii to assess a representative number of promoter designs compared
to their native sequences from K. phaffii. Ortholog groups were identified from four
Komagataella species (K. phaffii, K. pastoris, K. pseudopastoris, K. populi). In total
5868 ortholog groups (OGs) were identified and assessed for the strength of their
expression by the codon statistics method described in the application. From this set of
5868, 270 OG’s were selected as the strongest expression candidates for this genus,
and phase 1 models (HMMs) were built for all 270 selected orthologous promoters.
From the 270 phase 1 models, 61 were selected for screening in K. phaffii.

For each of the 61 candidates, a phase 1 design and a native K. phaffii promoter DNA

sequence was synthesized (Twist Biosciences). The library of 122 promoters was then
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genetically engineered into K. phaffii GS115 cells by integration using plasmid-based
CRISPR/Cas9 method, including Nat resistance gene, and used to express yeGFP
integrated downstream from these promoters. Integrations were multiplexed in 6
separate transformations using electroporation where roughly 20 sequences were
combined from the library. All resulting transformants were plated on petri plates
containing YPD agar + 200ug/mL nourseothricin and incubated for 3 days at 30 °C.
285 clonal colonies were picked at random using a QPix colony picker (Molecular
Devices LLC, U.S.A) and transferred to 96-well greiner plates with liquid YPD media.
These plates were then incubated overnight at 30 °C with agitation (700 rpm). The
library of transformants was then sequenced using primers for the integration site in
order to identify which promoter sequence had been integrated in the transformation.
Based on the sequencing results, 261 transformants were identified, representing 96
distinct promoters (76%, 50 native and 43 phase 1 designs) from the original library of
122 promoters (61 pairs). 64 of the 96 promoters were recovered from independent

transformants at least twice.

The library of transformants was then replicate plated onto Q-Tray plates containing
YPD agar with a plate replication robot (ROTOR HDA Singer Instruments). After
incubation for 1 to 2 days at 30 °C, fluorescence analysis of the arrayed colonies was
performed using a SpectraMax iD3 multi-mode plate reader with excitation at 435 nm

and measured emission at 480 nm (Molecular Devices LLC, U.S.A).

Results: In total, 35 promoters were observed in both the native and synthetic phase 1
version and could be compared directly for their fluorescence. In 26 of the 35 cases the
maximum observed fluorescence was greater in the synthetic version than in the native
version (74%). Increased fluorescence was observed in 14 of the 18 cases where both
the native and synthetic versions were observed 2 or more times in the transformant
library. Of the 9 pairs where the synthetic design performed lower than the native, the
percent decrease ranged from 1-84% decrease while the 26 improved designs ranged

from 4-1086% increase in maximum performance (Figure 3).
Conclusion: The inventors of the present disclosure have realized that the activity in the
synthetic phase 1 designed promotors is in 14 of 18 cases higher than in the native

promotors.

Example 4:
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Aim: To investigate the improvement between synthetic phase 2 and phase 1 designs.

Materials and methods: Features were extracted from the phase 1 models of example
3 and were used to make improved synthetic designs for 241 orthogroups from the
selected orthologous promoters representing our predictions of the highest expressed
genes in the Komagataella genus. The PLS model scores for these phase 2 designs

were predicted.

Results: The estimated improvements of synthetic phase 2 designed promoters when
compared to synthetic phase 1 designed promotors, showed a projected improvement

of 200% based on the median percent change (Figure 4).

Conclusions: The inventors of the present disclosure have realized that the activity in
the promoters of the synthetic phase 2 design have a projected improvement of 200%

based on the median percent change.

Sequence overview

SEQ ID NO: 1 Synthetic constitutive promoter BBa_K3046001|PLEAPglaA_2|low:
CGTCCAGCTCCATAAGCTGGGTATCCCACTCCGATTGACTATGATTCATGCTAGCT
GGAAGTCAATCTCGGGTAGTGTTATACTGGACGTATCTCGGCATGACAGGCGATA
AGTGGAAGGATGCATGCACGGAATGCAAAGCATAGGATTGATCTACGGAAATGGG
ACTCCCGATTTGTCGCCAAACGATGCACCGTGGCCCACGCATGACCCCTACTTTT
GCGAGTTGCTTGATACCTAGTCGGACCCAAAAAACATCCGAGTTCACAGCCTGTG
CTTAGTCCGAAGGCCTCAGATGGCGAATGTACGTGGAGAATATGGTTGAATCTTA
AGAACGTGAGGTTAATGGTTGGACCACGTGGGCTCACCTCACGCGCAGCTGCGG
AGCCGCTAGAATCGTCGTGTTGATTGTAAACTTACATCCCGCCATTAGACTAAAGT
CGGCATTGGTAATGTCAGGGAAAACCGTGTGTCGGATAATGCCCGCGATCCTATG
CGCTTTCTACTCGGTATCGCGTGAGCTTGCACTGAACGATCAGCACACAAACCCT
GTGCACTCGCTATACACTAACAACAAAGTTTTAAAAGAGCTCGCTTTCGCAATGCG
CAGAGACACTGAGTGCAGCTGCCTCCTTCTTCAGTCTCCACCTCTCCTTTATATTA
TATTTGCGCAGTCGCCTCGC

SEQ ID NO: 2 Synthetic constitutive promoter BBa_K3046002|PLEAPsonB_1|low:
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TTTTTTGTTGTCCAATGTAGTTTGGGCTGTTCCTTCACATGACAGCAGTGTTGGGC
TAGAGAGAGAAGAGGATCTGATTGCGAGAATCCAGGATGCGTCGACGGCGACAG
GCGACAGTCCCTCATCCGTACTGTTACTCTGATACGTGCCTCGGAATCCTAAGGG
GCTTGAATCAACAGAATCAGCAGACAAGATGATCGCAGCTTCTAGGATGCAGTCA
GCTGACCGGATCTGGCTCCGTAATTCAGGCTTCGGAGGGGCATCAACGGCACGT
GACTTAATGCGGCGGTACCACACCCGGTGGTCCCTCGGAAAACCCTCCAGTACC
AGCGGTACCGTTCCAGATCTGACCTTACCGGCTGTTCCGCAGCCGTAAGCGAGG
CAGGCAGCGGTAACACTACCCGTCCTTCGCTCTCTCTCTCCCTTCTCTTCTCTTCA
TCTCTCCGCTTTTTCCCTTCACCGTCGCGCGTCCTCTTCTCTTTCCCCTCACCTCT
TCATCTTTTTCTCTCTCGCTTTCGACCCTTCCTTTCGGACTTGTTCACATCCTAGCT
TTGACGGTGACTTCCCGTCTGTAGCTGGTGTGGCCCTTTTTTTTTGCTTTTCTAGA
TCCCTTCGCAAAACAAAACACCTTTTCTCTGTTTTTCTGCGCGTCGAGATCTCTCTT
CGCGAGCCACTCTTTCGCCTCTACTTTGTGCTAGCGCACTGCGATCGATCTTTTC
GCCTACTGTTATTTCTTGATACATCAGCTTTAGTTATCGTCGTTTTACGAGCTTTCC
AACTTTTCGGTCGCCGCCCTCCTTCGAACGGATGAATCCATAATCCGCAGCAACA
ACAAACAGCAA

SEQ ID NO: 3 Synthetic constitutive promoter BBa_K3046003|PLEAPgpdA_1|high:
CACCATGGTAAGCGCGTGATCGCTCGTGTGCCTAACCGGTGACTCTTTCTGGAGT
GCGGAGAGAACGAGGGACGCCTAGAGAGAAGCCTAAGCGATCCAGCCAGTGCC
GGCAAAGAGGAGGGGCAGTGGATCATCGTTATTCCGTGCCGGGCTCACGGGCC
GAAAGCGGAAAGGCCGGAGTGCCCCTCATTTTTGGTGGGAAGCGTGGGATGGTG
GTGTTCCATTACATCATCCCTTCCTTTGGGGCAATTCCCCTCCTCCGCGGCAGTAT
GCGGGTAGGAACGTAAAAACCGGGGGATAGACCCGTCGTCCCGAGATCGCCTTC
CCAATAACCTAGGTAGAACAGCCCAATTGATTCCGAAAAGCTGGCAAAAGATTCA
CGAGATGGTAGGAGTGAGTACCCGGCGTGATGGATATGGAGCACGCTCATTGGC
CCATCCGGCAGCTGCCGAGGGGAGGCAGGAGTCCCAAATATCGTGAGTCTCCTG
CTTTGCCCGGTGTATGAAACCGGAAAGGGCTGCTGGGGAGCTGGGGAGCGGCG
CAAGCCGGGAACACAAGCTGACAATTGACCCATTTCCTGCACATTGGCAGAGCTT
GCGGTAGCTTTTGCCCCGTCTGTCCGCCCGGTGTGCGGACTGGCGCGAGGAAGA
GGTGACCTGGTCGTTGCGTCAATCCATTCTGTCGCTATCCTTTTTCTACTTCCCCT
CCCCCGCCGCTGAACTTTTCTTCTCTCTTCTTCTCTCTTTCTCTCTTCATCATCATC
TCCCTTCTATCTCCATCTTCTTTTCATCCAATTACCTTAAAGTAAGTCCTCTCCCCC
CCATCCTTCCTCTTCATCTTCTTCATCCCCTTGTACTTTCCTTCCTCTTCCCTCCCT
CACGAAGCTTTACTAACAGCTACCCCGCCCCCAACAGACACATCTAAAC
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SEQ ID NO: 4 Synthetic constitutive promoter BBa_K3046004|PLEAPgpdA_2|low:
CAACAATATAAAATCGTGATCACTCCTATGGACGGCCGGTGACTCTTTCTGGAGC
ACCGAGAGAACATGGGGGGCCAGAGGTCGTCCGCCTGGGGGACTTTCAGCGAC
ACCAACGAAGAGGAGCAGGGGATTATCATTCCTACAGACCGGTGGAACCGGCCG
AAAGCGGCAAGGCCGGGGTGCCCCTCGTTGCCTTATGCAAGTAGGGGCCGTTTG
TCTTCTGTTACATCATCCACTCCCCGACTTGCACCCCCCACTTCCGCAATAGTTAT
CGCCGCGAATTGGGAAACCCGAGGAAAGAACCTGTCTTGCCGACATGGAGATGC
TCATAACCCAGGTACATGAGGCCAAGTGATTCCGACATTCTGGCAAAAGGTTCAC
GAGTTAGTATCAGTGTGTACCCGGCGTGCTAGATGCGAGGCGCGGTTATTGGCC
CAGCCGGTAGCAGCCGAAGACAGACAGGTCTGCCAAATATCGTGAATCTCCTGCT
TTGCCCGGTGTATGAAACCGGAAGAGGCTGCTTAGGAACGGCGGGGCGGCGTAA
GTCGGGAAACTAAGCTGACATTTAACCCTTTTCCCGTACACTGGAAGCGCTTCTTG
TGGCTTTTGCCCCGTCTGTCCGCCCGGTGTGTTAACGGGCGCAAGGTGTTAGTG
ACCAGGTCGTTGCGTCAATCAATTGCCTTGCTATCCTTTTTCTTCTTCCGCTCCCC
CACCGTCGGACTTTTCTTTCCTCTTTTACTCTCTCTTCCTCTTCATCATCCTCTATC
CTCTATCTTCTTCTTTTTATCATCCTTATCACTAAAAGTGAGTCCCCCTCGGTGAAT
TGACCTTTTCGAACTCCTCCATCATAGCCGCTTCCCCTTCTCCCACTCTCCGTCAC
GTAGCTCTGCTAACAGCTACCCCGCCCTAAACAGACACATCCACAC

SEQ ID NO: 5 Synthetic constitutive promoter BBa_K3046005|PLEAPmstA_1|high:
GTTGATCAGGGTCCAAGAAGCCTATTTCGTGATCGGAAACCCAAAAGGGAGGCCC
TAACCGGATCCGGCTAGTGCTGGGACCCGAGATTGTGGGGAATCCATCCCGGGC
GAACACGTGGTAGGCTGAATTTTCCGACCCCTGTCCATTCCCGCCAATCAGGGCG
GGTCCTACTCGGGCTTGTCCGGCTATTACCAGCCTAGCCAGCCCGACTGTCAGTC
CGGCGCTGACCCGAGCCTCTGTTTGGCCAGATCCCCCTGGCTTGTCCCAACCAC
AGCGAACTAGCCAAGGACATAAGTCCGCTATGCCAAGTGGCTGGGGTTAGCTTGA
GTGTGCCCTCCTAGACTGTCGTCGCCCACTCCGGGGTTGGATACCTTATAGTCAG
CCGGAGGAAGGTAGTACAGTACACCCGCCCCTAGCCATGCCAATGTAACCTATAA
ACTGAAATCCGGCTCCTCAGCCCCATGATTGGCCGGCAATCATTTTTCTCCTGAA
GTAGGCAATCCTAATCAGGACTGGTTGTAATTTTGGCCCCTGTGCGTCCCCTCGG
CCAGCCCCCAGGACGATGGCAAATCGAGGTTCACGGCATTGGCTGGTAAATCGT
CCCATCTAGTCGGGGCAAGACGAGAAAAAAAACAGGTCAAATGAAAATGGAGTCA
TGAACTCATGGAGCCGAGTGTTAGGTGCATTCCCCGTGGGCAATTCCCCGGACC
CGGTTCTGGGCCGATTCACGCCATGGGGAAACCGCGAGTCTATGCAGCTCCGTT
TCTCCCTCAACGGATTATAAAACCCCCTGCTTCCCCCCCCCTCTTTTCTCCCCTGC
TTCTCTTTCCCTCTTCTTCTTCGATCTTCCTCCTTACCTTCACTCTCCTTCCCTTTTT
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GGTTGCCATAGCGGCTTCTCCCCCCCTCCCCAGCCCTCCCTTTCCTTCTCTCTCT
TATTCTCTTACTTTACAGAGCATCACGCAGTCTCCTCCTCGACATCAGTCAC

SEQ ID NO: 6 Synthetic constitutive promoter
BBa_K3046006|PLEAPunk_1:An07g08210|low:
ATTGATGAGGGGACGAATGCCAAGGCTGGAGCATAATTTATTTACATATTGAGATT
GATGACTATATCCTTTCTTAGAACGGACTGAATATCATTGGAGCCTATGCTGAGTT
ACACTTAAATAGTTATCCTGCATTATGGAAAAACAATGTCGATGGTTGGGTAAATA
GTTATGAGCAGGTTAGCAATCATTTCTCTGATGAACTTGTCTGCTTAGATCTGTGA
GTGGATCTTGTTATCCGTTGATCAATCGAACATACTCAGGGAATCAACCACACCGT
ACATACTATTCTACTAATCCTAGTAACTCAGCAATAACGATTATATAAATTATCTCTT
ACTCCGTAATCAGAAGTGCCATCGTGGCACCTGAGTGGATCTGTGGCTGGAATGA
TGATCGACGTCACTAGATAAGGAAGTGTGGCGCAGTCACCTGACCGCGCCCACC
ATACCCGATCGGGAGATTTGTTTTCGGGGAGGCTGGGAAACTCGCTTCCCCCTCC
GATTTACTTCCCCTCCCCCCCCCGCTTCCCTATCGCTGTCTCTCTTTCTTTCTTTTT
TTTATTGTCGTTGCAGCATCCATCTCTTTTCTCGTTTCAATCCATCTGCACGTCAAT
TTTTTTCTTTTTCTTTCTTITTTGATTTTCCCTTTCTTTTCTCCTGTTTCTGATCTCGAA
TCAGGACCTCTCCGGGACGGAGATCCTCCCGTTTCTATATCAACCCATTTTTCCC
GCCCAATTCCTCCCGTTACCATAGGGCTATGCAGCTTCTCCCTTGAATGAGCATTC
CATCCCAGTCAAAACCACACAACTACTATTGCACATCACTCGGCCGATTTACTGCT
TCGGTTGGTGAAGCAGGTATGCGGCCAATTGAAGTCGAGACTCCCCTATTTCCGT
TGGTTTTCGCATTCTTGTCCACGGAACGGCACCAGT

SEQ ID NO: 7 Synthetic constitutive promoter BBa_K3046007|PLEAPgfaA_1|medium:

TTCACACCAGAGGCAAAATCTACTGTGGGATACTACTCAAGTACAAAGAGGGGCT

CCCTCACGATTTAGAGGTCTGTATCTGCGAGATTCTATGATTAAGGGTAGCAACAT
GAATAAGACGCATAGCAACTACCGACAGGGTGCTAATAACTTTATTTGTCGCCAAT
AACTTGATTTTTTGCATTTTCCACTTGTAGATGACTACATGCGTATCTATAAATAATA
GATAGGGGGGGAGAAGTTTCTACCTAGAACTAAAAATATTATTAGAAACCTTTGGG
TGTGTTATTTTTAGAAACTTTCGCCATCGTCTATACTCGAACAAAATCCATGGAGAC
AGGGAGAAATATTGACTGGTAGCTAATAATAGTCGGTATGTTATTTTTGACCTCCC

AAGTGGGGATGATTACCTCTTTAATTCTTAGTAGATATAGTTAGCACTCTATTTTCC
ATGCCATGGGATGGTCGGTTGTCCTGAACCGAGTCACGAGTGAGACATACCAATA
GACTGTGTGAGGCGCAGAGTGGGCTTATTGGCCACTTCCTCATTGGATGAATGAT
TGCGCCCTGGCGGTGGTCCATAGCAGCTTCCCTGGTCTGTGTCAAGGTGGGCCG
ATCTCACAACATAAAACATAACAGCTCCCCCTCCTTCCAACTGTTTGTTGATCTTAA
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TCAACTTCCCCCTTTCTTTCAACTTCTCTCCTTCCTCCCCTCCTTCTCCCTCCCTCC
TCCAACTCTCTCCTTCACCAAATCTATCACATCCTCTTTCCTACTTTTTTTATGTTAT
CCTCCATAAATCTCTCATTTGTTGACATCCTATACCTTTCCTCACCCCACACTTACC
GTTTACGTTTCGTTCAGTATTCGTTCTCTTTCTTAGGCCACCTTCTCTTAGATCTCT

ACCCTTACACTTATCATAGAACTCTTAGTCTTTCCCTTCTCCTCCCTTAATCTCCTC

TTAACATTCATCAAC

SEQ ID NO: 8 Synthetic constitutive promoter BBa_K3046008|PLEAPhfbD_1|high:
ACTCTACGAGTAGGCTAGCATTCTAAGCCTCAGAGATTCAGTATCCGCGCCAGAG
CGGGACGGCCATCTGCAAGGGGTAAGACGCACCCCGCTGGGGTGGGAATGTAG
CGAACTTTTGTTATCATGTTCTCGCATAATGCCCTTGTTTAAAATGATTCGGTATGA
CTGACATAGAGCCTAGTAGTGAGGAAGTGTACTTGGCGAGACAAGGGTACTGGC
GAATCGGCAGGTAGCGATAGTTTCTGGGAATGACTATAGGTATGCAAAAGACTCG
CCAAACATGGACGTTTCCTGATTTCAGCGCATGTTATGACGCAATGCTCAAGCCG
ATTACGTTATGGAAGATGAGATGCCATGCTACATTGATTGTGATCAGTTTGGTGAA
ATCAATACCATTACAAGCAGCATGATGCGAGGCTTGATGTGGGTTCATGAAGATCT
TTGTCCTTTATCTTACGGTTCTTCAAAGGCATAATGCGGGATAGCAATGGACGGGT
CTTTGTTGGCCTGGAGTAGAGCGAGATTTGGGAGGTAGCAAAAGGTATCGTTTAC
GAATAGAGCTCTGTGGGTCATCCTGCATGAAGAACCATTCAGCTCAAGCAATTTC
GACCTAGTCCATTGTCTTAAAAGTCTCCGGGTTATCTTGAAGATGAGCCAATTGAC
AAAATACACTGTGCTAGCCGACGCAGTTCTGGGCTGCACCGAGTGACATGTTGCG
TGCTTTGTCCTCTACATAAAGCTTGCCATTGGTGAGAGGCCAGAGGGTCAATCAC
GTTACAGGATCAATATCTTGTCTCAAGTATGCAAATAGGACGAATAACTGATATAC
CAAGTCAAGTGGCTTATAAGCCCCAAATAGGACAGTCTCCATGGGCGAGAGAGCT
ATATAAACCATCAAAAACCCCTATCTTTCTACTGCATTTTTTCCTCATCACAACACA
ATTCCTGTATCTTATCATTTTCAAAAGCAATACTACACTTCTTCTCAGGCTTACAAA
GAACTCAATCTATCAC

Items

1. A method for generating a synthetic promoter and/or terminator, the method
comprising:
e obtaining gene sequences, such as functional sequences and/or coding
sequences, of genomes of multiple closely related species;
o identifying at least one homolog group, each homolog group comprising

multiple gene sequences that are homologs;
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identifying gene statistics for each gene sequence of the homolog groups,
wherein the gene statistics are based on performance parameters and are a
prediction of the strength of promoters or terminators of each respective gene
sequence;
identifying, for each homolog group, a set of functional DNA contexts
comprising, for each gene sequence of respective homolog group:
o inthe case of generation of a synthetic promoter: an upstream DNA
sequence, said upstream DNA sequence being upstream of the start
codon of the gene sequence, in the respective genome, and having a
length greater than the expected length of the promoter in said given
genome, or
o inthe case of generation of a synthetic terminator: a downstream DNA
sequence, said downstream DNA sequence being downstream of the
stop codon of the gene sequence, in the respective genome, and having
a length greater than the expected length of the terminator in said given
genome,
building, for each homolog group, a multiple sequence alignment (MSA), each
MSA consisting of the set of functional DNA contexts of said homolog group,
iteratively fitting, for each MSA, a hidden markov model (HMM), wherein the
fitting is repeated until convergence and/or until a predetermined number of
iterations have been carried out, thereby obtaining a starting consensus
sequence for each MSA,
identifying multiple model features of the HMM, the model features being
indicative of regions of high conservation in said starting consensus sequences,
and generating a max-score matrix (FMS) comprising the maximum scores for
each model feature for each HMM,
forming a statistical model, such as PLSR, for modeling gene statistics as a
function of FMS;
identifying activity regulating features, by calculating a correlation coefficient
between parameters of the statistical model and features scores of the FMS,
and recognizing said activity regulating features as model features of which said
correlation coefficient is above a predetermined threshold, such as 0.5,
optimizing, for each HMM, the starting consensus sequence, by, for each

activity regulating feature, calculating the gene statistics upon
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inserting/replacing the activity regulating feature into the starting consensus
sequence or a partially optimized consensus sequence, and
o where said insertion/replacement leads to an improvement in the gene
statistics, such as an increase by a predetermined threshold, accepting
said insertion/replacement,

o otherwise said insertion/replacement is discarded.

The method according to item 1, wherein the performance parameters are selected
from the group consisting of: transcription rate, preferably based on tRNA
adaptation index and/or number of effective codons; transcription profiling,
preferably based on RNA sequencing data; and protein quantification, preferably

measured by mass spectrometry.

The method according to any one of the preceding items, wherein the method is a

computer-implemented method.

The method according to any one of the preceding items, wherein gene sequences

of at least 10 closely related species are obtained.

The method according to any one of the preceding items, wherein the genomes are

obtained from databases, such as genome assemblies, or sequenced de novo.

The method according to any one of the preceding items, wherein the sequences

are annotated.

The method according to any one of the preceding items, wherein the closely

related species are of the same genus or related genera within a family.

The method according to any one of the preceding items, wherein the species are
selected from any one of Aspergillus, Saccharomyces, Kluyveromyces,
Komagataella, Barnettozyma, Cyberlindnera, Phaffomyces, Physcomitrium,

Starmera, Wickerhamomyces, Yarrowia and/or Trichoderma.

The method according to any one of the preceding items, wherein the species are
fungi species, such as belonging to Aspergillus, Saccharomyces, Yarrowia and/or

Trichoderma.
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The method according to any one of the preceding items, wherein the number of
homolog groups is at least 80% of the number of coding genes in any one of the

species, more preferably at least 90%, yet more preferably at least 95%.

The method according to any one of the preceding items, wherein the gene

statistics is calculated for each gene sequence of the homolog groups.

The method according to any one of the preceding items, wherein the gene
statistics is, for each gene sequence, a linear combination of the tRNA adaptation

index and the number of effective codons.

The method according to any one of the preceding items, wherein the expected
length of the promoter and/or expected length of the terminator in a given genome
corresponds to the average intergenic distance between divergently transcribed

genes in said given genome.

The method according to any one of the preceding items, wherein the expected
length of the promoter and/or expected length of the terminator is at least 800 bps

for eukaryotes.

The method according to any one of the preceding items, wherein for each iteration
of the HMM, the HMM is used to create an updated MSA that is used to fit an
updated HMM.

The method according to any one of the preceding items, wherein the fitting is
repeated until convergence that is defined as no change of the consensus
sequence, such as the most likely outcome of the HMM, for a predetermined

number of iterations, such as five.

The method according to any one of the preceding items, wherein the regions of
high conservation are defined as regions of high information content in the match

states of the model.

The method according to any one of the preceding items, wherein the regions of

high information content in the match states of the model are identified by:
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a. performing a running mean for a predetermined length in match states of
the model, such as between 6 and 9 match states,

b. identifying regions with a value above a predetermined threshold, such as
1.5 bits.

The method according to any one of the preceding items, wherein merged regions
of high information content in the match states of the model are identified by
merging regions of high information content in the match states of the model that

are separated by at maximum a predetermined number of positions, such as 3.

The method according to any one of the preceding items, wherein the model
features are identified by summarizing the consensus sequence of the regions of
high information content and/or the merged regions of high information content in

the match states of the model.

The method according to any one of the preceding items, wherein the FMS is
generated by identifying the maximum score for each model feature in each HMM

model.

The method according to any one of the preceding items, wherein the statistical
model is configured to predict performance statistics, such as functionality and/or

strength, of promoters or terminators.

The method according to any one of the preceding items, wherein optimization of

the starting consensus sequence is carried out from the activity regulating feature

with the highest correlation to the parameters of the statistical model to the activity
regulating feature with the lowest correlation to the parameters of the statistical

model.

The method according to any one of the preceding items, wherein the activity
regulating feature is tested for insertion/replacement at the position of the FMS and

85% of the FMS of that activity regulating feature.

The method according to any one of the preceding items, wherein the statistical

model is a partial least square regression model.



10

15

20

25

30

WO 2023/135151 PCT/EP2023/050499

26.

27.

28.

29.
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The method according to any one of the preceding items, further comprising the

steps of:

o synthesizing an artificial sequence comprising: the synthetic promoter and a
target gene sequence downstream of the synthetic promoter; or the

synthetic terminator and a target gene sequence upstream of the synthetic

terminator;
o introducing said artificial sequence in a target genome;
o measuring transcription levels from the target gene sequence:
o comparing the transcription levels measured in step iii) with the transcription

levels obtained from the same target coding sequence with the native
promoter or with the native terminator,
thereby determining the strength of the synthetic promoter and/or
terminator relative to the strength of the native promoter or of the native

terminator.

The method according to any one of the preceding items, wherein the strength of
the synthetic promoter or of the synthetic terminator is at least 100% of the strength
of the native promoter or of the native terminator, respectively, such as at least
110%, such as at least 120%, such as at least 130%, such as at least 140%, such
as at least 150%, such as at least 160%, such as at least 170%, such as at least
180%, such as at least 190%, such as at least 200%, such as at least 250%, such
as at least 300%, such as at least 350%, such as at least 400%, such as at least
450%, such as at least 500%.

A statistical model for generation of synthetic promoters and/or terminators, the

model generated according to the method of any one of items 1-27.

A data processing system for generating synthetic promoters and/or terminators,
the system comprising an input device, a central processing unit, a memory, and an
output device, wherein said data processing system has stored therein data
representing sequences of instructions which when executed cause the method of
any one of items 1-27 to be performed, the memory further comprising a statistical

model according to item 28.
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32.

33

34

35.

36.

37.
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The system of item 29, wherein the model is stored in a server, and the input and
output devices are a client, the client and server being connected via data

communication connection.

. The system of any of the items 29-30, wherein the client is selected from a personal

computer, a stationary PC, a portable PC, a hand-held computing device such as a

smart phone.

A computer software product containing sequences of instructions which when

executed cause the method of any one of items 1 to 27 to be performed.

. A computer program product comprising a non-transitory computer readable

medium, having thereon a computer program comprising program instructions, the
computer program being loadable into a data processing unit and configured to
cause execution of the method according to any of claims 1 to 27 when the

computer program is run by the data processing unit.

. An integrated circuit product containing sequences of instructions which when

executed cause the method of any one of items 1 to 27 to be performed.

A data processing system for identifying synthetic promoter and/or terminator
sequences, the system comprising an input device, a central processing unit, a
memory, and an output device, wherein said data processing system has stored
therein data representing sequences of instructions which when executed cause

the method of any one of items 1-27 to be performed.

A method for expressing a protein of interest in a cell, the method comprising:

e providing a cell comprising a gene sequence encoding the protein of interest,

e inserting a synthetic promoter, and/or a synthetic terminator, obtained by the
method of any one of items 1 to 27,

e incubating the cell in a medium,

whereby the cell expresses the protein of interest.

The method according to item 36, wherein the synthetic promoter is inserted
upstream of said (target) gene sequence, and/or the synthetic terminator is inserted

downstream of said (target) gene sequence.
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Claims

1.

Vi,

vii.

viii.

A computer-implemented method for generating a synthetic promoter and/or

terminator for expressing a protein of interest in a cell, the method comprising:

obtaining gene sequences, such as functional sequences and/or coding
sequences, of genomes of multiple closely related species;
identifying at least one homolog group, each homolog group comprising
multiple gene sequences that are homologs;
identifying gene statistics for each gene sequence of the homolog groups,
wherein the gene statistics are based on performance parameters and are a
prediction of the strength of promoters or terminators of each respective gene
sequence;
identifying, for each homolog group, a set of functional DNA contexts
comprising, for each gene sequence of respective homolog group:
o inthe case of generation of a synthetic promoter: an upstream DNA
sequence, said upstream DNA sequence being upstream of the start
codon of the gene sequence, in the respective genome, and having a
length greater than the average intergenic distance between divergently
transcribed genes in said given genome , or
o inthe case of generation of a synthetic terminator: a downstream DNA
sequence, said downstream DNA sequence being downstream of the
stop codon of the gene sequence, in the respective genome, and having
a length greater than the average intergenic distance between
divergently transcribed genes in said given genome,
building, for each homolog group, a multiple sequence alignment (MSA), each
MSA consisting of the set of functional DNA contexts of said homolog group,
iteratively fitting, for each MSA, a hidden markov model (HMM), wherein the
fitting is repeated until convergence and/or until a predetermined number of
iterations have been carried out, thereby obtaining a starting consensus
sequence for each MSA,
identifying multiple model features of the HMM, the model features being
indicative of regions of high conservation in said starting consensus sequences,
and generating a max-score matrix (FMS) comprising the maximum scores for
each model feature for each HMM,
forming a statistical model, such as PLSR, for modeling gene statistics as a
function of FMS;



10

15

20

25

30

35

WO 2023/135151 PCT/EP2023/050499

45

identifying activity regulating features, by calculating a correlation coefficient
between parameters of the statistical model and features scores of the FMS,
and recognizing said activity regulating features as model features of which said
correlation coefficient is above a predetermined threshold, such as 0.5,
optimizing, for each HMM, the starting consensus sequence, by, for each
activity regulating feature, calculating the gene statistics upon
inserting/replacing the activity regulating feature into the starting consensus
sequence or a partially optimized consensus sequence, and
o where said insertion/replacement leads to an improvement in the gene
statistics, such as an increase by a predetermined threshold, accepting
said insertion/replacement,
o otherwise said insertion/replacement is discarded;
thereby generating a synthetic promoter and/or terminator for expressing a protein

of interest in a cell.

The method according to claim 1, wherein the performance parameters are
selected from the group consisting of: transcription rate, preferably based on tRNA
adaptation index and/or number of effective codons; transcription profiling,
preferably based on RNA sequencing data; and protein quantification, preferably

measured by mass spectrometry.

The method according to any one of the preceding claims, wherein the promoter
and/or terminator is intended for being synthesized and/or for expressing a protein

of interest in a cell.

The method according to any one of the preceding claims, wherein gene

sequences of at least 10 closely related species are obtained.

The method according to any one of the preceding claims, wherein the genomes

are obtained from databases, such as genome assemblies, or sequenced de novo.

The method according to any one of the preceding claims, wherein the sequences

are annotated.

The method according to any one of the preceding claims, wherein the closely

related species are of the same genus or related genera within a family.
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12.

13.

14.

15.
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The method according to any one of the preceding claims, wherein the species are
selected from any one of Aspergillus, Saccharomyces, Kluyveromyces,
Komagataella, Barnettozyma, Cyberlindnera, Phaffomyces, Physcomitrium,

Starmera, Wickerhamomyces, Yarrowia or Trichoderma.

The method according to any one of the preceding claims, wherein the species are
fungal species, such as belonging to Aspergillus, Saccharomyces, Yarrowia and/or

Trichoderma.

The method according to any one of the preceding claims, wherein the number of
homolog groups is at least 80% of the number of coding genes in any one of the

species, more preferably at least 90%, yet more preferably at least 95%.

. The method according to any one of the preceding claims, wherein the gene

statistics is calculated for each gene sequence of the homolog groups.

The method according to any one of the preceding claims, wherein the gene
statistics is, for each gene sequence, a linear combination of the tRNA adaptation

index and the number of effective codons.

The method according to any one of the preceding claims, wherein the expected
length of the promoter and/or expected length of the terminator is at least 800 bps

for eukaryotes.

The method according to any one of the preceding claims, wherein for each
iteration of the HMM, the HMM is used to create an updated MSA that is used to fit
an updated HMM.

The method according to any one of the preceding claims, wherein the fitting is
repeated until convergence that is defined as no change of the consensus
sequence, such as the most likely outcome of the HMM, for a predetermined

number of iterations, such as five.
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17.

18.

19.

20.

21.

22.
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The method according to any one of the preceding claims, wherein the regions of
high conservation are defined as regions of high information content in the match

states of the model.

The method according to any one of the preceding claims, wherein the regions of
high information content in the match states of the model are identified by:
a. performing a running mean for a predetermined length in match states of
the model, such as between 6 and 9 match states,
b. identifying regions with a value above a predetermined threshold, such as
1.5 bits.

The method according to any one of the preceding claims, wherein merged regions
of high information content in the match states of the model are identified by
merging regions of high information content in the match states of the model that

are separated by at maximum a predetermined number of positions, such as 3.

The method according to any one of the preceding claims, wherein the model
features are identified by summarizing the consensus sequence of the regions of
high information content and/or the merged regions of high information content in

the match states of the model.

The method according to any one of the preceding claims, wherein the FMS is
generated by identifying the maximum score for each model feature in each HMM

model.

The method according to any one of the preceding claims, wherein the statistical
model is configured to predict performance statistics, such as functionality and/or

strength, of promoters or terminators.

The method according to any one of the preceding claims, wherein optimization of
the starting consensus sequence is carried out from the activity regulating feature
with the highest correlation to the parameters of the statistical model to the activity
regulating feature with the lowest correlation to the parameters of the statistical

model.
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23.

24.

25.

26.

27.

48

The method according to any one of the preceding claims, wherein the activity
regulating feature is tested for insertion/replacement at the position of the FMS and

85% of the FMS of that activity regulating feature.

The method according to any one of the preceding claims, wherein the statistical

model is a partial least square regression model.

The method according to any one of the preceding claims, further comprising a
step of. synthesizing an artificial sequence comprising: the synthetic promoter and
a target gene sequence downstream of the synthetic promoter; and/or the synthetic

terminator and a target gene sequence upstream of the synthetic terminator.

The method according to any one of claims 1-24, further comprising the steps of:
synthesizing an artificial sequence comprising: the synthetic promoter and a
target gene sequence downstream of the synthetic promoter; and/or the
synthetic terminator and a target gene sequence upstream of the synthetic
terminator;
introducing said artificial sequence in a target genome;
measuring transcription levels from the target gene sequence;
comparing the transcription levels measured in step iii) with the transcription
levels obtained from the same target coding sequence with the native promoter
or with the native terminator;

thereby determining the strength of the synthetic promoter and/or terminator

relative to the strength of the native promoter or of the native terminator.

The method according to any one of the preceding claims, wherein the strength of
the synthetic promoter or of the synthetic terminator is at least 100% of the strength
of the native promoter or of the native terminator, respectively, such as at least
110%, such as at least 120%, such as at least 130%, such as at least 140%, such
as at least 150%, such as at least 160%, such as at least 170%, such as at least
180%, such as at least 190%, such as at least 200%, such as at least 250%, such
as at least 300%, such as at least 350%, such as at least 400%, such as at least
450%, such as at least 500%.

28. A statistical model for generation of synthetic promoters and/or terminators, the

model generated according to the method of any one of claims 1-27.
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31.

32.

33.

34.

35
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A data processing system for generating synthetic promoters and/or terminators,
the system comprising an input device, a central processing unit, a memory, and an
output device, wherein said data processing system has stored therein data
representing sequences of instructions which when executed cause the method of
any one of claims 1-27 to be performed, the memory further comprising a statistical

model according to claim 28.

The system of claim 29, wherein the model is stored in a server, and the input and
output devices are a client, the client and server being connected via data

communication connection.

The system of any of the claims 29-30, wherein the client is selected from a
personal computer, a stationary PC, a portable PC, a hand-held computing device

such as a smart phone.

A computer software product containing sequences of instructions which when

executed cause the method of any one of claims 1 to 27 to be performed.

An integrated circuit product containing sequences of instructions which when

executed cause the method of any one of claims 1 to 27 to be performed.

A data processing system for identifying synthetic promoter and/or terminator
sequences, the system comprising an input device, a central processing unit, a
memory, and an output device, wherein said data processing system has stored
therein data representing sequences of instructions which when executed cause

the method of any one of claims 1-27 to be performed.

. A method for expressing a protein of interest in a cell, the method comprising:

i. providing a cell comprising a gene sequence encoding the protein of
interest,

ii. inserting a synthetic promoter, and/or a synthetic terminator, obtained by the
method according to any one of claims 1 to 27, such as into said gene
sequence;

iii.  incubating the cell in a medium,

whereby the cell expresses the protein of interest.
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