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(57) Abstract: The present strains and methods of the disclosure relate to genetic modifications in filamentous fungi that give rise to
variant strains of filamentous fungi comprising enhanced protein productivity phenotypes. More specifically, as presented, described
and exemplified herein, such variant strains of filamentous fungi comprising enhanced protein productivity phenotypes are well-suited
for growth in submerged cultures, such as in large-scale production of proteins of interest for commercial applications.
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MUTANT AND GENETICALLY MODIFIED FILAMENTOUS FUNGAL STRAINS COMPRISING
ENHANCED PROTEIN PRODUCTIVITY PHENOTYPES AND METHODS THEREOF

TECHNICAL FIELD
[0001] The present disclosure is generally related to the fields of biology, genetics, molecular biology,
filamentous fungi, industrial protein production and the like. More particularly, the present strains and
methods of the disclosure relate to genetic modifications in filamentous fungi that give rise to variant strains
of filamentous fungi comprising enhanced protein productivity phenotypes. More specifically, as
presented, described and exemplified herein, such variant strains of filamentous fungi comprising enhanced
protein productivity phenotypes are well-suited for growth in submerged cultures, such as in large-scale

production of proteins of interest for commercial applications.

CROSS-REFERENCE TO RELATED APPLICATIONS
[0002] The present application claims priority to U.S. Provisional Patent Application Serial No.
62/711,846, filed July 30, 2018, which is hereby incorporated by reference in its entirety.

REFERENCE TO A SEQUENCE LISTING
[0003] The contents of the electronic submission of the text file Sequence Listing, named “NB41504-
WO-PCT SequenceListing.txt” was created on July 24, 2019 and is 160 KB in size, which is hereby

incorporated by reference in its entirety.

BACKGROUND

[0004] Filamentous fungi (e.g., Aspergillus sp., Penicillium sp., Talaromyces sp., Fusarium sp.,
Myceliophthora sp., Neurospora sp., Trichoderma sp. and the like) are capable of expressing native
(endogenous) and heterologous proteins to high levels, making them well-suited for the large-scale
production of proteins (e.g., enzymes) and/or metabolites for industrial and/or commercial applications
such as pharmaceutical applications, animal health applications, food applications, beverage applications
and the like. Filamentous fungi are typically grown in mycelial submerged cultures in bioreactors
(fermentors), which bioreactors are adapted to introduce and distribute oxygen and nutrients into the culture
medium (i.e., culture broth). For example, the filamentous fungus 7richoderma reesei (1. reesei;, an
anamorph of the fungus Hypocrea jecorina) is known to be an efficient producer of cellulase enzymes
(e.g., see PCT International Publication Nos. W01998/15619, W(02005/028636, W02006/074005, WO
1992/06221, WO 1992/06209, WO 1992/06183 and W02002/12465).

[0005] As such, filamentous fungi have been utilized for their ability to produce proteins which are
valuable in the production of commodities such as cellulosic (derived) ethanol, textile processing, grain
processing, detergents, fibers, food additives, feed additives and the like. For example, recombinant gene
expression in such fungal host strains is a common method for the production of proteins (i.e., for industrial

and commercial purposes) and as such, protein productivity improvements of a fungal host strain are an
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important economic factor of protein production costs. Thus, as appreciated by one of skill in the art, such
compositions and methods for enhancing protein production in filamentous fungal strains are of significant
commercial interest.

[0006] As described herein, the instant disclosure, which is generally related to genetically modified
filamentous fungal strains comprising enhanced/increased protein productivity phenotypes, addresses such

ongoing and unmet needs in the art.

SUMMARY
[0007]  Described herein are strains, cells, methods, constructs and the like relating to filamentous fungi
having increased protein productivity phenotypes. Thus, certain embodiments of the disclosure are related
to modified Ascomycota cells derived from parental cells, wherein the modified cells comprise a
polynucleotide sequence encoding a variant LOV protein comprising at least 50% sequence identity to SEQ
IDNO: 2, SEQID NO: 4, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO:
15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 and comprising a lysine (K) residue at an amino acid
sequence position corresponding to position 813 of SEQ ID NO: 4, wherein the modified cells comprises an
enhanced protein productivity phenotype relative to the parental cells, for example, when fermented/cultivated
under the same conditions. In certain embodiments, the parental cells comprise a wild-type polynucleotide
sequence encoding a native LOV protein comprising at least 50% sequence identity to SEQ 1D NO: 2, SEQ
IDNO: 4, SEQIDNO: 11, SEQID NO: 12, SEQID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO:
16, SEQID NO: 17 or SEQ ID NO: 18 and comprise a threonine (T) residue at an amino acid sequence position
corresponding to position 813 of SEQ ID NO: 2.
[0008] In related embodiments, the fungal cells further comprise a heterologous polynucleotide encoding
a protein of interest (POI). In other embodiments, the cells further comprising a polynucleotide encoding a
NIK1(M743T) protein of SEQ ID NO: 19. In certain other embodiments, the modified cells further
comprising at least one genetic modification which deletes, disrupts or reduces the expression/production of a
protein selected from the group consisting of MPG1 SFB3, SEB1, CRZ1, TSP2, SSB7 and GASI.
[0009] In other embodiments, the Ascomycota cell is selected from a Trichoderma sp., Aspergillus sp.,
Fusarium sp., Penicillium sp., a Candida sp., Chrysosporium sp., Cephalosporium sp., Talaromyces sp.,
Neurospora sp. and Myceliophthora sp.
[0010]  Thus, in certain embodiments, a parental Aspergillus sp. cell comprises a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 11 or SEQ
ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 2.
[0011] In another embodiment a parental Penicillium sp. cell comprises a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 12 or SEQ
ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence position corresponding to position

813 of SEQ ID NO: 2. In other embodiments, a parental 7alaromyces sp. cell comprises a polynucleotide
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sequence encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO:
13 or SEQ ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence position corresponding
to position 813 of SEQ ID NO: 2.

[0012] In yet another embodiment, a parental Fusarium sp. cell comprises a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 14 or SEQ
ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 2.

[0013] In certain other embodiments, a parental Myceliophthora sp. cell comprises a polynucleotide
sequence encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO:
15 or SEQ ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence position corresponding
to position 813 of SEQ ID NO: 2.

[0014] In other embodiments, a parental Neurospora sp. cell comprises a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 16 or SEQ
ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 2.

[0015]  In another embodiment, a parental Candida sp. cell comprises a polynucleotide sequence encoding
a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 17 or SEQ 1D NO:
18 and comprises a threonine (T) residue at an amino acid sequence position corresponding to position 813 of
SEQ ID NO: 2.

[0016] In certain other embodiments, a parental 7¥ichoderma sp. cell comprises a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 2 or SEQ
ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 2.

[0017] In other embodiments, a protein of interest is produced by a modified cell of the disclosure and
purified therefrom.

[0018] In yet other embodiments, the disclosure is related to modified Ascomycota cells derived from
parental cells comprising a wild-type polynucleotide sequence which hybridizes under stringent hybridization
conditions with a nucleic acid sequence encoding a native LOV protein of SEQ ID NO: 2, SEQ ID NO: 11,
SEQIDNO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ
ID NO: 18 and comprising a threonine (T) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 2, wherein the modified cells comprise a modified polynucleotide sequence which
hybridizes under stringent hybridization conditions with a nucleic acid sequence encoding a LOV protein of
SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ
ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 and comprising a lysine (K) residue at an amino acid sequence
corresponding to position 813 of SEQ ID NO: 4. In certain embodiments, the cells further comprise a
heterologous polynucleotide encoding a protein of interest. In another embodiment, the cells further comprise

a polynucleotide construct encoding a NIK1(M743T) protein of SEQ ID NO: 19. In other embodiments, the
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cells further comprise at least one genetic modification which deletes, disrupts or reduces the
expression/production of a protein selected from the group consisting of MPG1 SFB3, SEB1, CRZ1, TSP2,
SSB7 and GASI1.

[0019] In certain other embodiments, the Ascomycota cell is selected from a Trichoderma sp., Aspergillus
sp., Fusarium sp., Penicillium sp., Candida sp., Chrysosporium sp., Cephalosporium sp., Talaromyces sp.,
Neurospora sp. and Myceliophthora sp.

[0020] In certain embodiments, the parental Aspergillus sp. cells comprise a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 11 or SEQ
ID NO: 18 and comprise a threonine (T) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 2.

[0021] In other embodiments, the parental Penicillium sp. cells comprise a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 12 or SEQ
ID NO: 18 and comprise a threonine (T) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 2.

[0022] In another embodiment, the parental 7alaromyces sp. cells comprise a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 13 or SEQ
ID NO: 18 and comprise a threonine (T) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 2.

[0023] In certain other embodiments, the parental Fusarium sp. cells comprise a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprise SEQ ID NO: 14 or SEQ
ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 2.

[0024]  In another embodiment, the parental Myceliophthora sp. cells comprise a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 15 or SEQ
ID NO: 18 and comprise a threonine (T) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 2.

[0025] In yet other embodiments, the parental Neurospora sp. cells comprise a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 16 or SEQ
ID NO: 18 and comprise a threonine (T) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 2.

[0026] In certain other embodiments, the parental Candida sp. cells comprise a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 17 or SEQ
ID NO: 18 and comprise a threonine (T) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 2.

[0027] In other embodiments, the parental 7richoderma sp. cells comprise a polynucleotide sequence
encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ ID NO: 2 or SEQ

ID NO: 18 and comprise a threonine (T) residue at an amino acid sequence position corresponding to position
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813 of SEQ ID NO: 2. Other embodiments are related to a protein of interest produced by a modified cell of
the disclosure.

[0028]  Certain other embodiments of the disclosure are related to a vector comprising a polynucleotide
encoding a variant LOV protein comprising at least 50% sequence identity to SEQ ID NO: 2, SEQ ID NO: 11,
SEQIDNO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ
ID NO: 18 and comprising a lysine (K) residue at an amino acid sequence position corresponding to position
813 of SEQ ID NO: 4.

[0029]  Inother embodiments, the disclosure is directed to a polynucleotide encoding a variant LOV protein
comprising at least 50% sequence identity to SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:
13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 and comprising a
lysine (K) residue at an amino acid sequence position corresponding to position 813 of SEQ ID NO: 4.

[0030] Inanother embodiment, the disclosure is related to a polynucleotide encoding a variant LOV protein,
wherein the polynucleotide encoding the variant protein hybridizes under stringent hybridization conditions
with a nucleic acid sequence encoding a LOV protein of SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12,
SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 and
comprising a lysine (K) residue at an amino acid sequence position corresponding to position 8§13 of SEQ ID
NO: 4.

[0031] In other embodiments, the disclosure is directed to a mutant Trichoderma strain derived from a
parental strain, wherein the mutant strain comprises a gene encoding a LOV variant protein comprising at least
50% sequence identity to SEQ ID NO: 4 or SEQ ID NO: 18 and comprising a lysine (K) residue at a sequence
position corresponding to position 813 of SEQ ID NO: 4. In certain embodiments, the mutant strain comprises
an enhanced protein productivity phenotype relative to the parental strain. In other embodiments, the mutant
strain further comprising a polynucleotide construct encoding a NIK1(M743T) protein of SEQ ID NO: 19. In
other embodiments, the mutant strain further comprises a genetic modification which deletes, disrupts or
reduces the expression/production of a gene encoding at least one protein selected from the group consisting
of MPG1 SFB3, SEB1, CRZ1, TSP2, SSB7 and GAS1. Thus, certain related embodiments are directed to a
protein of interest produced by the mutant strain.

[0032]  Other embodiments of the disclosure are related to methods for constructing modified Ascomycota
cells comprising enhanced protein productivity phenotypes, the method comprising (i) obtaining a parental
cell comprising a wild-type /ov gene which hybridizes under stringent hybridizations conditions with a nucleic
acid sequence encoding a LOV protein of SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18, (i1)) modifying the
parental cell of step (i) to produce a modified cell comprising a gene encoding a LOV (variant) protein
comprising a lysine (K) residue at a sequence position corresponding to position 813 of SEQ ID NO: 2, and
(i) isolating the modified cell of step (i1), wherein the modified cell comprises an enhanced protein

productivity phenotype relative to the parental cell.
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[0033] In other embodiments, the disclosure is directed to a method for constructing modified Ascomycota
cells comprising an enhanced protein productivity phenotype, the method comprising: (i) obtaining a parental
Ascomycota cell and introducing into the cell a polynucleotide construct encoding a LOV variant protein
comprising a lysine (K) residue at a sequence position corresponding to position 813 of SEQ ID NO: 4 and (i1)
isolating the modified cell of step (1), wherein the modified cell comprises an enhanced protein productivity
phenotype relative to the parental cell.

[0034] Thus, as set forth and described herein, the various embodiments of present disclosure are generally
related to variant strains of filamentous fungi comprising enhanced protein productivity phenotypes which
variant strains are well-suited for growth in submerged cultures, such as in large-scale production of proteins

of interest for commercial applications.

BRIEF DESCRIPTION OF THE BIOLOGICAL SEQUENCES
[0035] SEQ ID NO: 1 is anucleic acid sequence of a wild-type Trichoderma sp. lov gene encoding a (native)
LOV protein of SEQ ID NO: 2.
[0036] SEQ ID NO: 2 is the amino acid sequence of the (native) LOV protein encoded by SEQ ID NO: 1.
[0037] SEQ ID NO: 3 is a nucleic acid sequence of a Trichoderma sp. mutant allele named “/ov(T813K)”
encoding a (variant) T813K (substituted) LOV protein of SEQ ID NO: 4.
[0038] SEQ ID NO: 4 is the amino acid sequence of the (variant) T8 13K (substituted) LOV protein encoded
by SEQ ID NO: 3.
[0039] SEQ ID NO: 5 is the amino acid sequence of a Trichoderma sp. MPGI1 protein.
[0040] SEQ ID NO: 6 is the amino acid sequence of a Trichoderma sp. SEB1 protein.
[0041] SEQ ID NO: 7 is the amino acid sequence of a Trichoderma sp. SFB3 protein.
[0042] SEQ ID NO: 8 is the amino acid sequence of a 7Trichoderma sp. CRZ1 protein.
[0043] SEQ ID NO: 9 is the amino acid sequence of a Trichoderma sp. GAS1 protein.
[0044] SEQ ID NO: 10 is the amino acid sequence of a Trichoderma sp. TPS2 protein.
[0045] SEQ ID NO: 11 is the amino acid sequence of an Aspergillus sp. LOV protein orthologue.
[0046] SEQ ID NO: 12 is the amino acid sequence of a Pernicillium sp. LOV protein orthologue.
[0047] SEQ ID NO: 13 is the amino acid sequence of a Talaromyces sp. LOV protein orthologue.
[0048] SEQ ID NO: 14 is the amino acid sequence of a Fusarium sp. LOV protein orthologue.
[0049] SEQ ID NO: 15 is the amino acid sequence of a Myceliophthora sp. LOV protein orthologue.
[0050] SEQ ID NO: 16 is the amino acid sequence of a Neurospora sp. LOV protein orthologue.
[0051] SEQ ID NO: 17 is the amino acid sequence of a Candida sp. LOV protein orthologue.
[0052] SEQ ID NO: 18 comprises the C-terminal amino acid residue positions 500-894 of the Trichoderma
sp. (native) LOV protein (SEQ ID NO: 2).
[0053] SEQ ID NO: 19 is the amino acid sequence of a variant 7richoderma histidine kinase (NIK1)

comprising a methionine (M) to threonine (T) substitution at amino acid (residue) position 743 of SEQ ID
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NO:19. The gene encoding the variant NIK1 histidine kinase of SEQ ID NO: 19 has been named
“nikl(M743T)”.

[0054] SEQ ID NO: 20 is the nucleic acid sequence of a wild-type 7. reesei ssb7 gene encoding a native
SSB7 protein of SEQ ID NO: 21.

[0055] SEQ ID NO: 21 is the amino acid sequence of the native 7. reesei SSB7 protein encoded by SEQ ID
NO: 20.

[0056] SEQ ID NO: 22 is the nucleic acid sequence of allele ssb7(fs), comprising a deletion of G (AG) in
exon 2, resulting in a frame-shift (/) mutation, and a premature stop codon prior to the last intron of the ssh7
gene.

[0057] SEQ ID NO: 23 is the amino acid sequence of the variant SSB7 protein encoded by allele ssb7(fs) of
SEQ ID NO: 22.

[0058] SEQ ID NO: 23 is the amino acid sequence of a Trichoderma harzianum LOV protein orthologue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] Figure 1 shows a comparison of total protein yield on fed sugars for the glucoamylase expressing
B7msl (parental) strain (FIG. 1, grey data points/grey line) and mutant derived (daughter) B7ms1-SF12
strain (FIG. 1, black data points/black line). Thus, these glucoamylase (GA) expressing strains
(comprising the viscosity reducing mutations in the mpg/ and seb! genes) were evaluated for protein
productivity in fermentors. The figure legend shows the strain name (see TABLE 1 for genotypes)
followed by the /ov allele in that strain in parenthesis for each line type. As shown in FIG. 1, the B7ms1-
SF12 (daughter) strain (FIG. 1, black line; i.e., comprising the mutant /ov(T813K) allele)) has an enhanced
protein productivity phenotype relative to the B7msl1 (parental) strain (FIG. 1, grey line; i.e., comprising
the wild-type lov gene). For example, as presented in FIG. 1, protein vield on fed sugars increased 44%
when the /ov(T813K) mutation was present.

[0060] Figure 2 is a graphical representation illustrating amino acid conservation of the LOV protein.
More specifically, FIG. 2 is a graphical representation of a Geneious multiple sequence alignment of six-
hundred and ninety-one (691) Pezizomycotina homologs. At the bottom of FIG. 2 are boxes representing
the amino acid sequence of the Trichoderma LOV protein, wherein amino acid (residues) are presented in
black shaded boxes if conserved in greater than 99% of the aligned sequences (or are grey otherwise).
LOV residue numbers (SEQ ID NO: 2) are presented above the sequence representation. As presented in
FIG. 2, amino acid sequence gaps present in Trichoderma LOV or otherwise in >2% of sequences in the
multiple sequence alignment, are presented as grey shaded lines. Annotations in the public GenBank
sequence for LOV (XP_006967324.1), are shown below the sequence representation as grey boxes.
Putative active site residues, as annotated in the GenBank entry for LOV, are shown below the sequence
representation as black boxes. The threonine (T) 813 residue substituted for a lysine (K) in strain B7ms1-
SF12 is annotated with a light grey box. The mean hydrophobicity and isoelectric point (pl) are also plotted

and presented in FIG. 2. The amino acid identity in the alignment is plotted just above the sequence. The
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lighter grey bars represent residues identical in at least 30% of sequences in the alignment and darker grey
bars less than 30%.

[0061] Figure 3 presents a comparison of total protein yield on fed sugars in fermentors for the whole
cellulase producing T4ms strain (grey lines) and mutant derivative T4mls comprising an engineered
lov(T813K) allele (black lines). More particularly, FIG. 3 presents total protein yield on fed sugars for
these strains under both lower cell density (LCD, dashed lines, circles) and higher cell density (HCD, solid
lines, squares) fermentation conditions. The figure legend shows the fermentation condition (LCD vs.
HCD) followed by strain name (see TABLE 1 for genotypes) and the /ov allele present is shown in
parenthesis. Thus, as presented in FIG. 3, the T4mls strain (FIG. 3, black lines; i.e., comprising the mutant
lov(T813K) allele)) has an enhanced protein productivity phenotype relative to the T4ms strain (FIG. 3,
grey lines; i.e., comprising the wild-type /ov gene) under both LCD (dashed lines, circles) and HCD (solid
lines, squares) fermentation conditions. For example, as presented in FIG. 3, protein yield on fed sugars
increased 42% (LCD) and 32% (HCD) when the /ov(T813K) mutation was present.

[0062] Figure 4 presents a comparison of total protein yield on fed sugars in fermentors for the whole
cellulase producing strains T4m (solid lines, squares) and T4s (dashed lines, circles) with the wild-type lov
allele (grey lines) and their mutant derivatives T4ml+ (solid lines, squares) and T4sl+ (dashed lines,
circles), respectively, comprising an engineered /ov(dis) allele (black lines). The figure legend shows the
strain name (see TABLE 1 for genotypes) followed by the /ov allele in that strain shown in parenthesis for
cach line type. As presented in FIG. 4, the T4ml+ and T4sl+ (daughter) strains (FIG. 4, black lines; i.e.,
comprising the mutant /ov(dis) allele)) do not have an enhanced protein productivity phenotype relative to
their T4m and T4s (parental) strains (FIG. 4, grey lines; i.e., comprising the wild-type lov gene).

[0063] Figure 5 presents a comparison of relative total protein titer in shake flask fermentations of strains
with various marker insertion sites with ¢ither the /ov(T813K) allele, the lov(dis) allele, or the wild-type lov(+)
allele. More particularly, whole cellulase producing strains were evaluated in shake flasks for total protein
titer relative to T4 strains and T4m strains run in parallel.  Strains of various marker insertion sites were
compared in the fermentations with either the wild-type /ov(+) allele (FIG. 5, lightest grey bars), the mutant
lov(T813K) allele (FIG. 5, medium grey bars), or the /ov(dis) allele (FIG. 5, darkest grey bars). Thus, in all
marker insertion sites evaluated, the total protein titers increased when the lov(T813K) allele was present.
However, insertion of either the pyr4 (FIG. 5, strain “41G”) or pyr2 marker (strains T4 and T4m) in the /ov
gene itself (the /ov(dis) allele) showed no significant improvement in relative titers.

[0064] Figure 6 shows a comparison of total protein yield on fed sugars for the whole cellulase producing
T4mp strain (FIG. 6, grey data points/grey line) and /ov(T813K) mutant T4mlp strain (FIG. 6, black data
points/black line). Thus, these whole cellulase expressing strains were evaluated for protein productivity
in fermentors. The figure legend shows the strain name (see TABLE 1 for genotypes) followed by the lov
allele in that strain in parenthesis for each line type. As shown in FIG. 6, the T4mlp strain (FIG. 6, black
line; i.e., comprising the mutant /ov(T813K) allele)) has an enhanced protein productivity phenotype
relative to the T4mp (parental) strain (FIG. 6, grey line; i.e., comprising the wild-type /ov gene). For
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example, as presented in FIG. 6, protein yield on fed sugars increased 28% when the /ov(T813K) mutation
was present.

[0065] Figure 7 presents a Clustal W (1.83) multiple sequence alignment of the 7Trichoderma sp. (native)
LOV protein (SEQ ID NO: 2), aligned with seven (7) different Ascomycota LOV orthologues. For
example, the eight (8) protein sequences used in the Clustal alignment are shown in FIG. 7A-7B (SEQ ID
NO: 2 and SEQ ID NOs: 11-17) and the Clustal alignment of the same is shown in FIG. 7C-7F. More
particularly, as presented in FIG. 7C-7F, the Trichoderma sp. (native) LOV protein (SEQ ID NO: 2;
labeled “2”, shown in bold CAPITAL residues) is aligned with an Aspergillus sp. LOV protein orthologue
(SEQ ID NO:11, labeled “117), a Penicillium sp. LOV protein orthologue (SEQ ID NO:12, labeled “127), a
Talaromyces sp. LOV protein orthologue (SEQ ID NO:13, labeled “137), a Fusarium sp. LOV protein
orthologue (SEQ ID NO:14, labeled “147), a Myceliophthora sp. LOV protein orthologue (SEQ ID NO:15,
labeled “157), a Neurospora sp. LOV protein orthologue (SEQ ID NO:16, labeled “167) and a Candida sp.
LOV protein orthologue (SEQ ID NO:17, labeled “177). As shown in FIG. 7C-7F (i.e., below the aligned

(3375 4]

amino residues), an asterisk indicates positions which have a single, fully conserved residue; a colon

“” indicates conservation between groups of strongly similar properties (i.e., scoring > 0.5 in the Gonnet
PAM 250 matrix) and a period “.” indicates conservation between groups of weakly similar properties (i.e.,
scoring < 0.5 in the Gonnet PAM 250 matrix). The highly conserved threonine (T) amino acid is indicated
in FIG. 7F, as a bold underlined T residue.

[0066] Figure 8 presents amino acid sequence alignments performed via BLAST protein alignment
(NCBI; Blastp suite), using the C-terminal residue positions 500-894 (SEQ ID NO: 18) of the (native)
Trichoderma sp. LOV protein sequence (SEQ ID NO: 2). For example, as presented in FIG. 8A-8G, SEQ
ID NO: 18 comprises a C-terminal amino acid sequence of the Trichoderma sp. (native) LOV protein (i.e.,
comprising 394 amino acid residue positions, which correspond to amino acid residue positions 500-894
of SEQ ID NO: 2), wherein the highly conserved threonine (T) amino acid at residue at position 813 (Tsi3)
is indicated with a bold, underlined T. Thus, this 394 residue C-terminal amino acid sequence (SEQ ID
NO: 18) was aligned with Ascomycota LOV protein orthologues (e.g., SEQ ID NOs: 11-17; FIG. 8A-8G).
As shown in FIG. 8A, the Aspergillus sp. LOV protein orthologue (SEQ ID NO: 11) comprises about 50%
amino acid sequence identity to SEQ ID NO: 18, wherein the highly conserved threonine (T) amino acid
at a sequence position corresponding to position 813 of SEQ ID NO: 2 is bold and underlined (FIG. 8A),
the Penicillium sp. LOV protein orthologue (SEQ ID NO: 12) comprises about 50% amino acid sequence
identity to SEQ ID NO: 18, wherein the highly conserved threonine (T) amino acid at a sequence position
corresponding to position 813 of SEQ ID NO: 2 is bold and underlined (FIG. 8B), the 7alaromyces sp.
LOV protein orthologue (SEQ ID NO: 13) comprises about 60% amino acid sequence identity to SEQ ID
NO: 18, wherein the highly conserved threonine (T) amino acid at a sequence position corresponding to
position 813 of SEQ ID NO: 2 is bold and underlined (FIG. 8C), the Fusarium sp. LOV protein orthologue
(SEQ ID NO: 14) comprises about 88% amino acid sequence identity to SEQ ID NO: 18, wherein the

highly conserved threonine (T) amino acid at a sequence position corresponding to position 8§13 of SEQ
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ID NO: 2 is bold and underlined (FIG. 8D), the Myceliophthora sp. LOV protein orthologue (SEQ ID
NO: 15) comprises about 90% amino acid sequence identity to SEQ ID NO: 18, wherein the highly
conserved threonine (T) amino acid at a sequence position corresponding to position 813 of SEQ ID NO: 2
is bold and underlined (FIG. 8E), the Neurospora sp. LOV protein orthologue (SEQ ID NQO: 16) comprises
about 90% amino acid sequence identity to SEQ ID NO: 18, wherein the highly conserved threonine (T)
amino acid at a sequence position corresponding to position 813 of SEQ ID NO: 2 is bold and underlined
(FIG. 8F) and the Candida sp. LOV protein orthologue (SEQ ID NO: 17) comprises about 50% amino acid
sequence identity to SEQ ID NO: 18, wherein the highly conserved threonine (T) amino acid at a sequence

position corresponding to position 813 of SEQ ID NO: 2 is bold and underlined (FIG. 8G).

DETAILED DESCRIPTION
[0067] As set forth and described herein, the present disclosure addresses certain ongoing and unmet needs
in the art of filamentous fungi protein production and methods thereof, including but not limited to genetic
modifications in filamentous fungi that give rise to variant strains of filamentous fungi comprising enhanced
protein productivity phenotypes. More specifically, as presented, described and exemplified herein, such
variant strains of filamentous fungi comprising enhanced protein productivity phenotypes are well-suited for
growth in submerged cultures, such as in large-scale production of proteins of interest for commercial

applications.

| DEFINITIONS

[0068] Prior to describing the present strains and methods in detail, the following terms are defined for
clarity. Terms not defined should be accorded their ordinary meanings as used in the relevant art. Unless
defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the present compositions and methods apply.
[0069] Filamentous fungus cells for manipulation, construction and use as described herein are generally
from the phylum Ascomycota, subphylum Pezizomycotina, particularly fungi that have a vegetative hyphae
state. Such organisms include filamentous fungus cells used for the production of commercially important
industrial and pharmaceutical proteins, including, but not limited to 7richoderma sp., Aspergillus sp.,
Fusarium sp., Penicillium sp., Chrysosporium sp., Cephalosporium sp., Talaromyces sp., Geosmithia sp.,
Neurospora sp., Myceliophthora sp. and the like. For example, in certain embodiments, filamentous fungus
cells and strains thereof include, but are not limited to 7richoderma reesei (previously classified as
Trichoderma longibrachiatum and Hypocrea jecorina), Aspergillus niger, Aspergillus fumigatus,
Aspergillus itaconicus, Aspergillus oryzae, Aspergillus nidulans, Aspergillus terreus, Aspergillus sojae,
Aspergillus  japonicus, Neurospora crassa, Penicillium funiculosum, Penicillium chrysogenum,
Talaromyces (Geosmithia) emersonii, Fusarium venenatum, Myceliophthora thermophila, Chrysosporium
lucknowense (C1) and the like.

[0070] As used herein, terms and phrases such as “filamentous fungus strain(s)”, “filamentous fungal

EE IS

strain(s)”, “fungus strain(s)”, “fungal strains(s)”, “filamentous fungus cell(s)”, “filamentous fungal cell(s)”,
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“fungus cell(s)”, “fungal cell(s)” and the like may be used interchangeably for convenience of description, and
are not intend to limit the scope of the disclosure.

[0071] In certain embodiments, filamentous fungus cells for manipulation, construction and use as
described herein are generally from the phylum Ascomycota, subphylum Pezizomycotina, particularly
fungi that have a vegetative hyphae state and comprising a /ov gene (or lov gene homologue(s)).

[0072] As used herein, phrases such as a “parental cell”, a “parental fungal cell”, a “parental strain”, a
“parental fungal strain”, a “parental strain of filamentous fungus cells”, “reference strain™ and the like may
be used interchangeably, and refer to “unmodified” parental filamentous fungal cells. For example, a
“parental strain of filamentous fungus cells” refers to any cell or strain of filamentous fungi in which the
genome of the “parental” cell is modified or modifiable (e.g., via only one genetic modification introduced
into the parental cell) to generate a variant (daughter) strain of filamentous fungus cells such that “parental”
and “daughter” cells differ by only one genetic modification.

[0073] As used herein, phrases such as a “variant cell”, a “daughter cell”, a “variant strain”, a “daughter
strain”, a “variant or daughter fungal strain”, a “variant or daughter strain of filamentous fungus cells” and
the like may be used interchangeably, and refer to variant strains of filamentous fungus cells that are
derived (i.e., obtained from or obtainable from) from a parental (or reference) strain of filamentous fungus
cells, wherein the variant strain comprises only one genetic modification which is not present in the parental
strain, such that, by comparison, phenotypic differences between the “parental” and “variant” strains can
be attributed to the one genetic modification. In other terms, parental and variant strains are otherwise
isogenic except for the single genetic modification “introduced” to the variant strain. Thus, in the present
disclosure, parental and variant strains can be described as having certain characteristics, such as genetic
modifications, expression phenotypes, morphology phenotypes and the like; however, the skilled person
will appreciate that it is technically the cells of the parental or variant strain that have such characteristics,
and the “strains” are referred to for convenience.

[0074] In certain embodiments, unmodified (parental) cells may be referred to as “control cells™ or “reference
cells”, particularly when being compared (vis-a-vis) with genetically modified (variant/daughter) cells derived
therefrom.

[0075] As used herein, the terms “wild-type” and “native” are used interchangeably and refer to genes,
proteins, protein mixes or strains, as found in nature.

[0076] As used herein, certain 7richoderma reesei strains/cells of the disclosure have been

named/abbreviated as set forth below in Table 1.
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TABLE 1

T. reesei Strains and Genetic Modifications

Strain Name Genetic Modification(s) Marker Integration Site
B7msl1 Ampgl, Asebl; GA construct; lov(+) sebl
B7ms1-SF12 Ampgl, Asebl; GA construct; /ov(T813K) sebl
T4 niklI(M743T); lov(+) pyr2
T4 pyr2 nikl(M743T), lov(+); pyr2 None
T4m nikl(M743T), AmpgI; lov(+) mpgl
T4m_pyr2 nikI(M743T), Ampgl; lov(+); pyr2 None
T4ml+ nikI(M743T), Ampgl; lov(dis) lov
T4ml nikl(M743T), Ampgl; lov(T813K), pyr2 None
T4mls nikI(M743T), Ampgl; Asebl; lov(T813K) sebl
T4ms niklI(M743T), Ampgl; Asebl; lov(+) sebl
T4s nikI(M743T), Aseb 1, lov(+) sebl
T4s pyr2 nikl(M743T), Aseb1; lov(+); pyr2 None
T4sl+ nikI(M743T), Aseb1; lov(dis) lov
T4sl niklI(M743T), Asebl; lov(T813K); pyr2 None
T41+ nik1(M743T), lov(dis) lov
41G niklI(M743T); lov(+) pyr4
41G pyr4d nikI(M743T), lov(+);, pyrd None
41Gl+ nik1(M743T), lov(dis) lov
T4mc niklI(M743T), Ampgl; lov(+) site C
T4mlc nikI(M743T), Ampgl; lov(T813K) site C
T4md niklI(M743T), Ampgl; lov(+) site B
T4mld nikI(M743T), Ampgl; lov(T813K) site B
T4mp niklI(M743T), Ampgl; lov(+) site 4
T4mlp nikI(M743T), Ampgl; lov(T813K) site A
T4sp nik1(M743T), Asebl; lov(+) site A
T4slp nikI(M743T), Asebl; lov(T813K) site 4

[0077] As used herein, a reduced viscosity Trichoderma strain “B7ms1” is a glucoamylase expressing strain
referred to as “Morph TrGA 77B7AmpglAseb!” in Intemational PCT Publication No. W02012/145584
(incorporated herein by reference in its entirety).

[0078] As used herein, genomic coordinates (e.g., 425393 on Scaffold 16) and Protein Identification
numbers (PID, e.g., PID 50212) reference Version 2 of the Trichoderma reesei QM6a genome sequence
assembly generated by the Department of Energy Joint Genome Institute (JGI). (The Genome Portal of the
Department of Energy Joint Genome Institute, Grigoriev ef al., Nucleic Acids Res 2012 Jan;40(Database
issue):D26-32. doi: 10.1093/nar/gkr947). The JGI assembled Scaffold sequences have also been deposited
in GenBank (The National Center for Biotechnology) under the nucleotide accession numbers GL985056.1
through GL985132.1.

[0079] As used herein, a mutant (variant) Trichoderma strain named “B7ms1-SF12” (derived from the
B7msl parental strain) comprises an increased protein productivity phenotype (i.e., relative to B7msl
(parental) strain).
coding sequence of a protein named LOV (i.e., predicted protein PID 50212; SEQ ID NO: 2), wherein a highly-
conserved threonine (T) amino acid at residue position 813 (T813) of the (native) LOV protein (SEQ ID NO:

More particularly, the identified mutation in Trichoderma B7ms1-SF12 strain alters the
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2) was substituted with a lysine (T->K813) in the (mutant) B7ms1-SF12 strain (i.e., a T8 13K substitution, e.g.,
compare SEQ ID NO: 2 position 813 vis-a-vis SEQ ID NO: 4 position 813). For example, as described in the
Examples section below, the /ov mutant allele in strain B7ms1-SF12 comprises a single nucleotide change of
G (guanine) to T (thymine) at 425393 on Scaffold 16, thereby resulting in the “T813K” substitution in the
encoded LOV (variant) protein (SEQ ID NO: 4), comprising a lysine (K) at amino acid position 813 of SEQ
ID NO: 4 (in contrast to the native LOV protein of SEQ ID NO: 2, comprising a threonine (T) at amino acid
position 813; SEQ ID NO: 2).

[0080] As used herein, a Trichoderma strain named “T4” was derived from Trichoderma strain RL-P37 by
incorporation of the nik/{*743Fs mutation and chemical mutagenesis, as described in Intemational PCT
Publication No. W02016/130523 (incorporated herein by reference in its entirety).

[0081] As used herein, a gene allele named “nik/(M743T)”, comprises a mutant histidine kinase gene (nik/)
encoding a variant histidine kinase (NIK1; SEQ ID NO: 19) comprising a methionine (M) to threonine (T)
substitution at amino acid (residue) position 743 of SEQ ID NO: 19.

[0082] As used herein, a Trichoderma strain named “T4 pyr2” was derived from Trichoderma strain T4 by
mutation and loss of function of the pyr2 gene so that it may be used as a transformation selection marker.
[0083] As used herein, a Trichoderma strain named “T4m” was derived from strain T4, wherein strain T4m
comprises a mutation of the mpg/ gene (Ampgl) and a nikl(M743T) gene. Strain T4m therefore comprises
the wild-type lov allele (i.e., allele lov(+)) encoding the native lov protein (SEQ ID NO: 2).

[0084] Asused herein, a Trichoderma strain named “T4m_pyr2” was derived from strain T4m, wherein strain
T4m_pyr2 comprises a mutation of the mpg! gene (Ampgl), anikl (M743T) gene and no functional pyr2 gene.
[0085] As used herein, a Trichoderma strain named “T4ml+” was derived from strain T4m_ pyr2, wherein
strain T4ml+ comprises a mutation of the mpg/ gene (Ampg/) and allele lov(dis).

[0086] As used herein, a Trichoderma strain named “T4ml” was derived from strain T4ml+, wherein strain
T4ml comprises nik/(M743T), a mutation of the mpg/ gene (Ampgl), allele lov(T813K), and no functional
pyr2 gene.

[0087] As used herein, a Trichoderma strain named ““T4mls™ was derived from strain T4ml, wherein strain
T4mls comprises nik/(M743T), a double mutation of the mpg/ and sebl genes (Ampgl; Asebl) and allele
lov(T813K).

[0088] As used herein, a Trichoderma strain named “T4ms™ was derived from strain T4m, wherein strain
T4ms comprises nik/(M743T) and a double mutation of the mpg/ and seb/ genes (Ampgl; Asebl).

[0089] As used herein, a Trichoderma strain named “T4s” was derived from strain T4, wherein strain T4s
comprises nik/(M743T) and a mutation of the seb/ gene (Aseb ).

[0090] As used herein, a Trichoderma strain named “T4s pyr2” was derived from strain T4s, wherein strain
T4s pyr2 comprises nik/(M743T), a mutation of the seb/ gene (Aseb!) and no functional pyr2 gene.

[0091] Asused herein, a Trichoderma strain named “T4sl+” was derived from strain T4s_pyr2, wherein strain

T4sl+ comprises nik!/(M743T), a mutation of the seb / gene (Aseb /) and allele lov(dis).
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[0092] As used herein, a Trichoderma strain named “T4sl” was derived from strain T4sl+, wherein strain
T4sl comprises nik/(M743T), a mutation of the seb/ gene (Asebl), allele lov(T813K) and no functional pyr2
gene.

[0093] As used herein, a Trichoderma strain named “T41+” was derived from strain T4 pyr2, wherein strain
T4l+ comprises nik!/(M743T) and allele /ov(dis).

[0094] As used herein, a Trichoderma strain named “41G” was a mutagenized derived from strain T4,
wherein strain 41G comprises nik/(M743T) and the (wild-type) lov(+) allele.

[0095] Asused herein, a Trichoderma strain named “41G_pyrd” was derived from strain 41G, wherein strain
4G _pyrd comprises nikl(M743T), the (wild-type) lov(+) allele and deletion of the pyr4 gene.

[0096] As used herein, a Trichoderma strain named “41Gl+” was derived from strain 41G_pyr4, wherein
strain 41Gl+ comprises nik/(M743T) and allele /ov(dis).

[0097] As used herein, a Trichoderma strain named “T4mc” was derived from strain T4m_pyr2, wherein
strain T4mc comprises nikl(M743T), Ampgl, pyr2+ insertion at site C and a wild-type lov(+) allele.

[0098] As used herein, a Trichoderma strain named “T4mlc” was derived from strain T4ml, wherein strain
T4mlc comprises nik! (M743T), Ampg!, pyr2+ insertion at site C and allele /ov(T813K).

[0099] As used herein, a Trichoderma strain named “T4md” was derived from strain T4m_pyr2, wherein
strain T4md comprises nikl(M743T), Ampgl, pyr2-+ insertion at site B and a wild-type lov(+) allele.

[0100] As used herein, a Trichoderma strain named “T4mld” was derived from strain T4ml, wherein strain
T4mld comprises nikl(M743T), Ampgl, pyr2+ insertion at site B and allele /ov(T813K).

[0101] As used herein, a Trichoderma strain named “T4mp” was derived from strain T4m_pyr2, wherein
strain T4mp comprises nikl(M743T), Ampgl, pyr2-+ insertion at site A and a wild-type lov(+) allele.

[0102] As used herein, a Trichoderma strain named “T4mlp” was derived from strain T4ml, wherein strain
T4mlp comprises nikl/(M743T), Ampgl, pyr2+ insertion at site A and allele /ov(T813K).

[0103] Asused herein, a Trichoderma strain named “T4sp” was derived from strain T4s pyr2, wherein strain
T4sp comprises nikl(M743T), Asebl, pyr2+ insertion at site A and a wild-type lov(+) allele.

[0104] As used herein, a Trichoderma strain named “T4slp” was derived from strain T4sl, wherein strain
T4slp comprises nikl (M743T), Aseb 1, pyr2-+ insertion at site A and allele lov(T813K).

[0105] As used herein, a “glucoamylase (GA) construct” or “GA construct” encodes a glucoamylase
described in PCT Publication No. W02012/145584 (specifically incorporated herein by reference in its
entirety).

[0106] As used herein, “allele /ov(+)” comprises a wild-type lov DNA sequence encoding a native LOV
protein (e.g., SEQ ID NO: 2).

[0107] As used herein, “allele /ov(T813K)” comprises a mutated (lov) DNA sequence (identified in strain
B7ms1-SF12, described above) encoding a variant LOV protein comprising the “T813K” substitution (SEQ
ID NO: 4, described above).

[0108] As used herein, “allele /ov(dis)” comprises a disruption of the /ov gene in which a selectable marker,

either pyr2 or pyr4, was integrated into the /ov coding sequence, as further described in Example 3 below.
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[0109] As used herein, a “whole cellulase strain™ refers to a Trichoderma strain where the natural secretome
has not been altered by genetic engineering of the major cellulase genes.

[0110] As used herein, an “endogenous (or native) filamentous fungal gene” encoding a protein of interest
includes, but is not limited to, endogenous (filamentous fungal) genes encoding glycoside hydrolase (GH)
family enzymes (e.g., such as EC Nos. 3.2.1.1 — 3.2.1.206), endogenous genes encoding proteases, esterases,
lipases and the like, as known and understood by one skilled in the art.

[0111] Thus, as generally described herein, a substitution of a threonine (T) amino acid for a lysine (K) amino
acid (T->K substitution) at an amino acid (residue) position equivalent to position 813 of the (variant) LOV
protein of SEQ ID NO: 4, has been identified herein as being responsible for the observed (increased) protein
productivity phenotypes. For example, filamentous fungal cells disclosed herein, comprising an introduced
allele encoding the (mutant) B7ms1-SF12 strain Tsi3—=> 513K substitution (e.g., allele lov(T813K)) demonstrate
enhanced protein productivity phenotypes relative to isogenic cells lacking this mutation (i.e., comprising a
wild-type lov gene, allele lov(+), encoding a native LOV protein) when fermented/cultivated under the same
conditions. More particularly as presented in the Examples section below, filamentous fungal cells of the
disclosure (comprising such enhanced protein productivity phenotypes) are particularly well-suited for growth
in (acrobic) submerged cultures (e.g., such as in large-scale production of proteins of interest for commercial
applications).

[0112] As used herein, the “position” of an amino acid residue in a “given amino acid sequence” is numbered
herein using the amino acid residue numbering (positions) of the native 7richoderma sp. LOV protein of SEQ
ID NO: 2. For example, phrases such as “comprises a threonine (T) residue at a sequence position
corresponding to position 813 of SEQ ID NO: 27 and “comprises a lysine (K) residue at a sequence position
corresponding to position 813 of SEQ ID NO: 27, the native (7richoderma sp.) LOV protein’s amino acid
sequence (SEQ ID NO: 2) serves as a reference (parent) protein sequence.

[0113] For example, as shown in FIG. 7C-7F, a given amino acid sequence described herein can be aligned
with the native 7richoderma sp. LOV protein amino acid sequence (SEQ ID NO: 2), using alignment
algorithms described herein (and/or alignment algorithms known in the art,) and an amino acid residue in the
given amino acid sequence that aligns (preferably, optimally aligns) with an amino acid residue in the native
sequence can be conveniently numbered by reference to the corresponding amino acid residue in the LOV
sequence. Thus, FIG. 7 presents a multiple sequence alignment of the native 7richoderma sp. LOV protein
(SEQ ID NO: 2) labeled sequence “27, aligned with LOV protein orthologues from various (Ascomycota)
filamentous fungi, such as Aspergilius sp. (SEQ ID NO: 12) labeled sequence “12”, Penicillium sp. (SEQ ID
NO: 13) labeled sequence “13”, Talaromyces sp. (SEQ ID NO: 14) labeled sequence “14”, Fusarium sp. (SEQ
ID NO: 15) labeled sequence “157, Myceliophthora sp. (SEQ ID NO: 16) labeled sequence “16”, Neurospora
sp. (SEQ ID NO: 17) labeled sequence “17” and Candida sp. (SEQ ID NO: 18) labeled sequence “18”.
[0114] Likewise, to establish sequence homology or sequence identity to the primary (1°) sequence of the
Trichoderma sp. LOV protein (SEQ ID NO: 2), one skilled in the art may readily compare the primary

sequence of SEQ ID NO: 2 with one or more candidate LOV protein (orthologue) sequences using sequence
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alignment algorithms, software and methods thereof know to one skilled in the art. Thus, after aligning the
conserved residues, allowing for necessary insertions and deletions in order to maintain alignment (i.e.,
avoiding the elimination of conserved residues through arbitrary deletion and insertion), the residues equivalent
to particular amino acids in the primary sequence of Ascomycota LOV protein are defined. Alignment of
conserved residues preferably should conserve 100% of such residues. However, alignment of greater than
98%, 95%, 90%, 85%, 80%, 75% 70%, 50% or at least 45% of conserved residues is also adequate to define
equivalent residues.

[0115] Thus, as used herein, a substitution of a threonine (T) amino acid for a lysine (K) amino acid
(Tsi3—>313K substitution) at an amino acid (residue) position corresponding (or equivalent) to position 813 of
SEQ ID NO: 2, includes any Tsi3—=2313K substitution at an amino acid (residue) position corresponding to
position 813 of SEQ ID NO: 2 in any Ascomycota filamentous fungal cell.

[0116] As used herein, the term “gene” is synonymous with the term “allele” in referring to a nucleic acid
that encodes and directs the expression of a protein or RNA. Vegetative forms of filamentous fungi are
generally haploid, therefore a single copy of a specified gene (i.e., a single allele) is sufficient to confer a
specified phenotype.

[0117] As used herein, the terms “polypeptide” and “protein™ (and/or their respective plural forms) are
used interchangeably to refer to polymers of any length comprising amino acid residues linked by peptide
bonds. The conventional one-letter or three-letter codes for amino acid residues are used herein. The
polymer can be linear or branched, it can comprise modified amino acids, and it can be interrupted by non-
amino acids. The terms also encompass an amino acid polymer that has been modified naturally or by
intervention; for example, disulfide bond formation, glycosylation, lipidation, acetylation,
phosphorylation, or any other manipulation or modification, such as conjugation with a labeling
component. Also included within the definition are, for example, polypeptides containing one or more
analogs of an amino acid (including, for example, unnatural amino acids, etc.), as well as other
modifications known in the art.

[0118] As used herein, the term “derivative polypeptide/protein” refers to a protein which is derived or
derivable from a protein by addition of one or more amino acids to either or both the N- and C-terminal
end(s), substitution of one or more amino acids at one or a number of different sites in the amino acid
sequence, deletion of one or more amino acids at either or both ends of the protein or at one or more sites
in the amino acid sequence, and/or insertion of one or more amino acids at one or more sites in the amino
acid sequence. The preparation of a protein derivative can be achieved by modifying a DNA sequence
which encodes for the native protein, transformation of that DNA sequence into a suitable host, and
expression of the modified DNA sequence to form the derivative protein.

[0119] Related (and derivative) proteins include “variant proteins”. Variant proteins differ from a
reference/parental protein (e.g., a wild-type protein) by substitutions, deletions, and/or insertions at a small
number of amino acid residues. The number of differing amino acid residues between the variant and

parental protein can be one or more, for example, 1, 2, 3,4, 5, 6,7, 8,9, 10, 15, 20, 30, 40, 50, or more
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amino acid residues. Variant proteins can share at least about 50%, at least about 60%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at lecast about 96%, at lecast about 97%, at lecast about
98%, or even at least about 99%, or more, amino acid sequence identity with a reference protein. A variant
protein can also differ from a reference protein in selected motifs, domains, epitopes, conserved regions,
and the like.

[0120] As used herein, the term “analogous sequence” refers to a sequence within a protein that provides
similar function, tertiary structure, and/or conserved residues as the protein of interest (i.e., typically the
original protein of interest). For example, in epitope regions that contain an a-helix or a B-sheet structure,
the replacement amino acids in the analogous sequence preferably maintain the same specific structure.
The term also refers to nucleotide sequences, as well as amino acid sequences. In some embodiments,
analogous sequences are developed such that the replacement of amino acids result in a variant enzyme
showing a similar or improved function. In some embodiments, the tertiary structure and/or conserved
residues of the amino acids in the protein of interest are located at or near the segment or fragment of
interest. Thus, where the segment or fragment of interest contains, for example, an a-helix or a B-sheet
structure, the replacement amino acids preferably maintain that specific structure.

[0121] As used herein, the term “homologous protein™ refers to a protein that has similar activity and/or
structure to a reference protein. It is not intended that homologues necessarily be evolutionarily related.
Thus, it is intended that the term encompass the same, similar, or corresponding protein(s) (i.e., in terms
of structure and function) obtained from different organisms. In some embodiments, it is desirable to
identify a homologue that has a quaternary, tertiary and/or primary structure similar to the reference
protein.

[0122] The degree of homology between sequences can be determined using any suitable method known
in the art (see, e.g., Smith and Waterman, 1981; Needleman and Wunsch, 1970; Pearson and Lipman, 1988;
programs such as GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package
(Genetics Computer Group, Madison, WI); and Devercux ef al., 1984).

[0123] For example, PILEUP is a useful program to determine sequence homology levels. PILEUP
creates a multiple sequence alignment from a group of related sequences using progressive, pair-wise
alignments. It can also plot a tree showing the clustering relationships used to create the alignment.
PILEUP uses a simplification of the progressive alignment method of Feng and Doolittle (1987). The
method is similar to that described by Higgins and Sharp (1989). Useful PILEUP parameters including a
default gap weight of 3.00, a default gap length weight of 0.10, and weighted end gaps. Another example
of a useful algorithm is the BLAST algorithm, described by Altschul ef a/l., 1990 and Karlin ef al., 1993.
One particularly useful BLAST program is the WU-BLAST-2 program (see, e.g., Altschul ef al., 1996).
Parameters “W.,” “T,” and “X” determine the sensitivity and speed of the alignment. The BLAST program
uses as defaults a word-length (W) of 11, the BLOSUMS62 scoring matrix (see, e.g., Henikoff and Henikoff,
1989) alignments (B) of 50, expectation (E) of 10, M'5, N'-4, and a comparison of both strands.

17



WO 2020/028126 PCT/US2019/043348

[0124] As used herein, the phrases “substantially similar” and “substantially identical”, in the context of
at least two nucleic acids or polypeptides, typically means that a polynucleotide or polypeptide comprises
a sequence that has at least about 70% identity, at least about 75% identity, at least about 80% identity, at
least about 85% identity, at least about 90% identity, at least about 91% identity, at least about 92% identity,
at least about 93% identity, at least about 94% identity, at least about 95% identity, at least about 96%
identity, at least about 97% identity, at least about 98% identity, or even at least about 99% identity, or
more, compared to the reference (i.e., wild-type) sequence. Sequence identity can be determined using
known programs such as BLAST, ALIGN, and CLUSTAL using standard parameters. (See, e.g., Altschul,
et al.,1990; Henikoff ef al., 1989; Karlin ef al., 1993; and Higgins ef al., 1988). Software for performing
BLAST analyses is publicly available through the National Center for Biotechnology Information. Also,
databases can be searched using FASTA (Pearson ef al., 1988). One indication that two polypeptides are
substantially identical is that the first polypeptide is immunologically cross-reactive with the second
polypeptide.  Typically, polypeptides that differ by conservative amino acid substitutions are
immunologically cross-reactive. Thus, a polypeptide is substantially identical to a second polypeptide, for
example, where the two peptides differ only by a conservative substitution. Another indication that two
nucleic acid sequences are substantially identical is that the two molecules hybridize to each other under
stringent conditions (e.g., within a range of medium to high stringency).

[0125] As used herein, “nucleic acid™ refers to a nucleotide or polynucleotide sequence, and fragments or
portions thereof, as well as to DNA, cDNA, and RNA of genomic or synthetic origin, which may be double-
stranded or single-stranded, whether representing the sense or antisense strand.

[0126] As used herein, the term “expression” refers to the transcription and stable accumulation of sense
(mRNA) or anti-sense RNA, derived from a nucleic acid molecule of the disclosure. Expression may also
refer to translation of mRNA into a polypeptide. Thus, the term “expression” includes any step involved
in the production of the polypeptide including, but not limited to transcription, post-transcriptional
modification, translation, post-translational modification, secretion and the like.

[0127] As used herein, the combined term “expresses/produces™, as used in phrases such as a “variant
strain of filamentous fungus cells expresses/produces an ‘increased” amount of a protein of interest (POI)”
(i.e., relative to the parental cell), the term “expresses/produces” is meant to include any steps involved in
the expression and production of a protein in such variant filamentous fungus strains of the disclosure.
[0128] In certain embodiments, a gene, polynucleotide or nucleic acid sequence encoding a LOV protein
comprising “sequence homology™ refers to DNA or RNA (nucleic acid) sequences that have de minimus
sequence variations from the corresponding nucleic acid sequences (to which comparison is made) and
retain substantially the same biological functions as the corresponding nucleic acid sequences (to which
comparison is made). Forexample, in certain embodiments, a nucleic acid sequence comprising substantial
sequence homology to a gene, polynucleotide, or nucleic acid encoding a LOV protein is assessed by

identifying the encoded gene product (LOV protein), as described herein.
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[0129] In certain other embodiments, a gene, polynucleotide, or nucleic acid sequence comprising
sequence homology to a gene, polynucleotide, or nucleic acid encoding a LOV protein is
determined/identified using nucleic acid hybridization methods. For example, in certain embodiments, a
DNA/RNA sequence comprising substantial sequence homology to a gene encoding a LOV protein (e.g.,
SEQ ID NO: 2) is identified by the ability of such DNA/RNA sequence to hybridize with a specified nucleic
acid sequence of the disclosure, under stringent conditions.

[0130] As used herein, “hybridizes under stringent conditions™ is intended to describe conditions for
hybridization and washing under which nucleotide sequences that are significantly identical or homologous
to each other remain hybridized to each other. Such stringent conditions are well known to those skilled
in the art (see, e.g., Ausubel ef al., 1995; Sambrook ef al., 1989). For example, in certain embodiments, a
non-limiting example of stringent hybridization conditions includes hybridization in 4X sodium
chlorine/sodium citrate (SSC), at about 65-70°C (or hybridization in 4xSSC plus 50% formamide at about
42-50°C), followed by one or more washes in 1xSSC, at about 65-70°C. Likewise, a non-limiting example
of highly stringent hybridization conditions includes hybridization in 1xSSC, at about 65-70°C (or
hybridization in 4xSSC plus 50% formamide at about 42-50°C), followed by one or more washes in
0.3xSSC, at about 65-70°C. Thud, highly stringent hybridization conditions include hybridization in
4xSSC, at about 50-60°C (or alternatively hybridization in 6xSSC plus 50% formamide at about 40-45°C),
followed by one or more washes in 2xSSC, at about 50-60°C. Ranges intermediate to the above-recited
values, e.g., at 65-70°C or at 42-50°C are also intended to be encompassed by the present disclosure. In
certain embodiments, SSPE (1xSSPE is 0.15 M NaCl, 10 mM NaH2PO4, and 1.25 mM EDTA, pH 7.4)
can be substituted for SSC (1xSSPE is 0.15 M NaCl and 15 mM sodium citrate) in the hybridization and
wash buffers; washes are performed for 15 minutes each after hybridization is complete. The hybridization
temperature for hybrids anticipated to be less than 50 base pairs in length should be 5-10°C less than the
melting temperature (Tw) of the hybrid, where Tr, is determined according to the following equations. For
hybrids less than 18 base pairs in length, T (°C) = 2(# of A+T bases) + 4(# of G+C bases). For hybrids
between 18 and 49 base pairs in length, Tr, (°C) = 81.5+16.6(log10[Na+]) + 0.41(% G+C) — (600/N), where
N is the number of bases in the hybrid, and [Na+] is the concentration of sodium ions in the hybridization
buffer ([Nat] for 1xSSC=0.165 M). It will also be recognized by the skilled practitioner that additional
reagents may be added to the hybridization and/or wash buffers to decrease non-specific hybridization of
nucleic acid molecules to membranes, for example, nitrocellulose or nylon membranes, including but not
limited to blocking agents (e.g., BSA or salmon or herring sperm carrier DNA), detergents (e.g., SDS)
chelating agents (e.g., EDTA), Ficoll, PVP and the like. When using nylon membranes, in particular, an
additional, non-limiting example of stringent hybridization conditions is hybridization in 0.25-0.5M
NaH2PO4, 7% SDS at about 65°C, followed by one or more washes at 0.02M NaH2P04, 1% SDS at 65°C
or alternatively 0.2xSSC, 1% SDS (see, e.g., Church and Gilbert, 1984).

[0131] Thus, as generally set forth above, certain embodiments of the disclosure are related to variant strains

of filamentous fungus cells comprise a genetic modification of a gene encoding a LOV protein.  As used
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herein, the terms “modification” and “genetic modification™ are used interchangeably and include, but are
not limited to: (a) the introduction, substitution, or removal of one or more nucleotides in a gene, or the
introduction, substitution, or removal of one or more nucleotides in a regulatory element required for the
transcription or translation of the gene, (b) gene disruption, (c) gene conversion, (d) gene deletion, (¢) the
down-regulation of a gene (e.g., antisense RNA, siRNA, miRNA, and the like), (f) specific mutagenesis
(including, but not limited to, CRISPR/Cas9 based mutagenesis) and/or (g) random mutagenesis of any
ong or more the genes disclosed herein.

[0132] As used herein, a variant strain of filamentous fungus comprising a genetic modification includes,
but is not limited to a genetic modification of a gene encoding a LOV protein disclosed herein. Thus, as
described in further detail below, various molecular biological methods are well known and available to
ong skilled in the art for generating/constructing such variant strains of filamentous fungus cells.

[0133] As used herein, “the introduction, substitution, or removal of one or more nucleotides in a gene
encoding a protein”, such genetic modifications include the gene’s coding sequence (i.e., exons) and non-
coding intervening (introns) sequences.

[0134] As used herein, “disruption of a gene”, “gene disruption”, “inactivation of a gene” and “gene
inactivation™ are used interchangeably and refer broadly to any genetic modification that substantially
disrupts/inactivates a target gene. Exemplary methods of gene disruptions include, but are not limited to,
the complete or partial deletion of any portion of a gene, including a polypeptide coding sequence (CDS),
a promoter, an enhancer, or another regulatory element, or mutagenesis of the same, where mutagenesis
encompasses substitutions, insertions, deletions, inversions, and any combinations and variations thercof
which disrupt/inactivate the target gene(s) and substantially reduce or prevent the expression/production
of the functional gene product. In certain embodiments of the disclosure, such gene disruptions prevent a
host cell from expressing/producing the encoded /ov gene product.

[0135] In certain embodiments, a gene, polynucleotide or nucleic acid sequence encoding a LOV protein
is genetically modified using an established gene editing technique, such as CRISPR/Cas9 gene editing,
zinc-finger nuclease (ZFN) gene editing, transcription activator-like effector nuclease editing (TALEN),
homing (mega) nuclease editing, and the like.

[0136] In other embodiments, a variant strain of filamentous fungus is constructed (i.e., genetically
modified) by the process of gene conversion (e.g., see Iglesias and Trautner, 1983).

[0137] In other embodiments, a protein of interest (e.g., an endogenous POI or a heterologous POI)
expressed/produced by the Ascomycota cells of the disclosure is detected, measured, assayed and the like,
by protein quantification methods, gene transcription methods, mRNA translation methods and the like,
including, but not limited to protein migration/mobility (SDS-PAGE), mass spectrometry, HPLC, size
exclusion, ultracentrifugation sedimentation velocity analysis, transcriptomics, proteomics, fluorescent
tags, epitope tags, fluorescent protein (GFP, RFP, efc.) chimeras/hybrids and the like.

[0138] As used herein, functionally and/or structurally similar proteins are considered to be “related

proteins”. Such related proteins can be derived from organisms of different genera and/or species, or even
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different classes of organisms (e.g., bacteria and fungi). Related proteins also encompass homologues
and/or orthologues determined by primary sequence analysis, determined by secondary or tertiary structure
analysis, or determined by immunological cross-reactivity.

[0139] The term “promoter” as used herein refers to a nucleic acid sequence capable of controlling the
expression of a coding sequence or functional RNA. In general, a coding sequence is located 3'
(downstream) to a promoter sequence. Promoters may be derived in their entirety from a native gene, or
be composed of different elements derived from different promoters found in nature, or even comprise
synthetic nucleic acid segments. It is understood by those skilled in the art that different promoters may
direct the expression of a gene in different cell types, or at different stages of development, or in response
to different environmental or physiological conditions. Promoters which cause a gene to be expressed in
most cell types at most times are commonly referred to as “constitutive promoters™. It is further recognized
that since in most cases the exact boundaries of regulatory sequences have not been completely defined,
DNA fragments of different lengths may have identical promoter activity.

[0140] The term “operably linked” as used herein refers to the association of nucleic acid sequences on a
single nucleic acid fragment so that the function of one is affected by the other. For example, a promoter
is operably linked with a coding sequence (e.g., an ORF) when it is capable of affecting the expression of
that coding sequence (i.e., that the coding sequence is under the transcriptional control of the promoter).
Coding sequences can be operably linked to regulatory sequences in sense or antisense orientation. A
nucleic acid is “operably linked” when it is placed into a functional relationship with another nucleic acid
sequence. For example, DNA encoding a secretory leader (i.e., a signal peptide), is operably linked to
DNA for a polypeptide if it is expressed as a pre-protein that participates in the secretion of the polypeptide;
apromoter or enhancer is operably linked to a coding sequence if it affects the transcription of the sequence;
or a ribosome binding site is operably linked to a coding sequence if it is positioned so as to facilitate
translation. Generally, “operably linked” means that the DNA sequences being linked are contiguous, and,
in the case of a secretory leader, contiguous and in reading phase. However, enhancers do not have to be
contiguous. Linking is accomplished by ligation at convenient restriction sites. If such sites do not exist,
the synthetic oligonucleotide adaptors or linkers are used in accordance with conventional practice.
[0141] As defined herein, “suitable regulatory sequences” refer to nucleotide sequences located upstream
(5' non-coding sequences), within, or downstream (3' non-coding sequences) of a coding sequence, and
which influence the transcription, RNA processing or stability, or translation of the associated coding
sequence. Regulatory sequences may include promoters, translation leader sequences, RNA processing
site, effector binding site and stem-loop structure.

[0142] As defined herein, the term “introducing”, as used in phrases such as “introducing into a fungal
cell” at least one polynucleotide open reading frame (ORF), or a gene thereof, or a vector thereof, includes
methods known in the art for introducing polynucleotides into a cell, including, but not limited to protoplast
fusion, natural or artificial transformation (e.g., calcium chloride, electroporation), transduction,

transfection and the like.
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[0143] As used herein, “transformed” or “transformation” mean a cell has been transformed by use of
recombinant DNA techniques. Transformation typically occurs by insertion of one or more nucleotide
sequences (e.g., a polynucleotide, an ORF or gene) into a cell. The inserted nucleotide sequence may be a
heterologous nucleotide sequence (i.e., a sequence that is not naturally occurring in the cell that is to be
transformed).

[0144] As used herein, “transformation” refers to introducing an exogenous DNA into a host cell so that
the DNA is maintained as a chromosomal integrant or a self-replicating extra-chromosomal vector. As
used herein, “transforming DNA”, “transforming sequence”, and “DNA construct” refer to DNA that is
used to introduce sequences into a host cell. The DNA may be generated in vitro by PCR or any other
suitable techniques. In some embodiments, the transforming DNA comprises an incoming sequence, while
in other embodiments it further comprises an incoming sequence flanked by homology boxes. In yet a
further embodiment, the transforming DNA comprises other non-homologous sequences, added to the ends
(i.e., stuffer sequences or flanks). The ends can be closed such that the transforming DNA forms a closed
circle, such as, for example, insertion into a vector.

[0145] As used herein “an incoming sequence” refers to a DNA sequence that is introduced into the fungal
cell chromosome. In some embodiments, the incoming sequence is part of a DNA construct. In other
embodiments, the incoming sequence encodes one or more proteins of interest. In some embodiments, the
incoming sequence comprises a sequence that may or may not already be present in the genome of the cell
to be transformed (i.e., it may be either a homologous or heterologous sequence). In some embodiments,
the incoming sequence encodes one or more proteins of interest, a gene, and/or a mutated or modified gene.
In alternative embodiments, the incoming sequence encodes a functional wild-type gene or operon, a
functional mutant gene or operon, or a nonfunctional gene or operon. In some embodiments, an incoming
sequence is a non-functional sequence inserted into a gene to disrupt function of the gene. In another
embodiment, the incoming sequence includes a selective marker. In a further embodiment the incoming
sequence includes two homology boxes.

[0146] As used herein, “homology box™ refers to a nucleic acid sequence, which is homologous to a
sequence in the fungal cell chromosome. More specifically, a homology box is an upstream or downstream
region having between about 80 and 100% sequence identity, between about 90 and 100% sequence
identity, or between about 95 and 100% sequence identity with the immediate flanking coding region of a
gene or part of a gene to be deleted, disrupted, inactivated, down-regulated and the like, according to the
invention. These sequences direct where in the fungal cell chromosome a DNA construct is integrated and
directs what part of the fungal cell chromosome is replaced by the incoming sequence. While not meant
to limit the present disclosure, a homology box may include about between 1 base pair (bp) to 200 kilobases
(kb). Preferably, a homology box includes about between 1 bp and 10.0 kb; between 1 bp and 5.0 kb;
between 1 bp and 2.5 kb; between 1 bp and 1.0 kb, and between 0.25 kb and 2.5 kb. A homology box may
also include about 10.0 kb, 5.0 kb, 2.5 kb, 2.0 kb, 1.5 kb, 1.0 kb, 0.5 kb, 0.25 kb and 0.1 kb. In some
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embodiments, the 5' and 3' ends of a selective marker are flanked by a homology box wherein the homology
box comprises nucleic acid sequences immediately flanking the coding region of the gene.

[0147] As used herein, the term “selectable marker-encoding nucleotide sequence” refers to a nucleotide
sequence which is capable of expression in the host cells and where expression of the selectable marker
confers to cells containing the expressed gene the ability to grow in the presence of a corresponding
selective agent or lack of an essential nutrient.

[0148] As used herein, the terms “selectable marker” and “selective marker” refer to a nucleic acid (e.g.,
a gene) capable of expression in host cell which allows for ease of selection of those hosts containing the
vector. Examples of such selectable markers include, but are not limited to, antimicrobials. Thus, the term
“selectable marker” refers to genes that provide an indication that a host cell has taken up an incoming
DNA of interest or some other reaction has occurred. Typically, selectable markers are genes that confer
antimicrobial resistance or a metabolic advantage on the host cell to allow cells containing the exogenous
DNA to be distinguished from cells that have not received any exogenous sequence during the
transformation.

[0149] As defined herein, a host cell “genome™, a fungal cell “genome”, or a filamentous fungus cell
“genome” includes chromosomal and extrachromosomal genes.

[0150] As used herein, the terms “plasmid”, “vector” and “cassette” refer to extrachromosomal elements,
often carrying genes which are typically not part of the central metabolism of the cell, and usually in the
form of circular double-stranded DNA molecules. Such clements may be autonomously replicating
sequences, genome integrating sequences, phage or nucleotide sequences, linear or circular, of a single-
stranded or double-stranded DNA or RNA, derived from any source, in which a number of nucleotide
sequences have been joined or recombined into a unique construction which is capable of introducing a
promoter fragment and DNA sequence for a selected gene product along with appropriate 3' untranslated
sequence into a cell.

[0151] As used herein, the term “vector” refers to any nucleic acid that can be replicated (propagated) in
cells and can carry new genes or DNA segments (e.g., an “incoming sequence”) into cells.  Thus, the term
refers to a nucleic acid construct designed for transfer between different host cells. Vectors include viruses,
bacteriophage, pro-viruses, plasmids, phagemids, transposons, and artificial chromosomes such as YACs
(veast artificial chromosomes), BACs (bacterial artificial chromosomes), PLACs (plant artificial
chromosomes), and the like, that are “episomes” (i.e., replicate autonomously) or can integrate into the
chromosome of a host cell.

[0152] A used herein, a “transformation cassette” refers to a specific vector comprising a gene (or ORF
thereof), and having elements in addition to the gene that facilitate transformation of a particular host cell.
[0153] An “expression vector” refers to a vector that has the ability to incorporate and express
heterologous DNA in a cell. Many prokaryotic and eukaryotic expression vectors are commercially
available and know to one skilled in the art. Selection of appropriate expression vectors is within the

knowledge of one skilled in the art.
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[0154] As used herein, the terms “expression cassette™ and “expression vector” refer to a nucleic acid
construct generated recombinantly or synthetically, with a series of specified nucleic acid elements that
permit transcription of a particular nucleic acid in a target cell (7.e., these are vectors or vector elements, as
described above). The recombinant expression cassette can be incorporated into a plasmid, chromosome,
mitochondrial DNA, plastid DNA, virus, or nucleic acid fragment. Typically, the recombinant expression
cassette portion of an expression vector includes, among other sequences, a nucleic acid sequence to be
transcribed and a promoter. In some embodiments, DNA constructs also include a series of specified
nucleic acid elements that permit transcription of a particular nucleic acid in a target cell. In certain
embodiments, a DNA construct of the disclosure comprises a selective marker and an inactivating
chromosomal or gene or DNA segment as defined herein.

[0155] As used herein, a “targeting vector” is a vector that includes polynucleotide sequences that are
homologous to a region in the chromosome of a host cell into which the targeting vector is transformed
and that can drive homologous recombination at that region. For example, targeting vectors find use in
introducing genetic modifications into the chromosome of a host cell through homologous recombination.
In some embodiments, a targeting vector comprises other non-homologous sequences, e.g., added to the
ends (i.e., stuffer sequences or flanking sequences). The ends can be closed such that the targeting vector
forms a closed circle, such as, for example, insertion into a vector.

[0156] As used herein, a variant cell (or strain) comprising an “enhanced protein productivity phenotype™
includes, but is not limited to, a variant cell (or strain) comprising an enhanced/increased volumetric
productivity, a variant cell (or strain) comprising an enhanced/increased carbon conversion efficiency, a
variant cell (or strain) comprising an enhanced/increased protein yield, a variant cell (or strain) comprising an
enhanced/increased specific protein productivity and the like. For example, in certain embodiments, a variant
cell or strain comprising an enhanced protein productivity phenotype expresses/produces at least 0.1% or more
total protein (g) per g of fed sugars (relative to parental strain), wherein fed sugars can be expressed in terms
of mass of sugar added to the fermentor during production phase (i.e., following feed-start).

[0157] As defined herein, the phrases “enhanced protein productivity phenotype™ and “increased protein
productivity phenotype”, may be used interchangeably.

[0158] As used herein, when describing an “enhanced/increased protein productivity phenotype” in an
unmodified (parental) cell vis-a-vis the modified (variant/daughter), it will be understood that the “parental”
and “variant” cells are grown/cultivated/fermented under the same conditions (e.g., the same conditions such
as media, temperature, pH and the like). Similarly, when describing the “expression/production” of a protein
of interest (POI) in an unmodified (parental) cell vis-a-vis the “expression/production” of the same POl in a
modified (variant/daughter) cell, it will be understood that the “parental” and “variant” cells are
grown/cultivated/fermented under essentially the same conditions (e.g., the same conditions such as media,
temperature, pH and the like).

[0159] As used herein, “acrobic fermentation™ refers to growth in the presence of oxygen.
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[0160] As used herein, the terms “broth™, “cell broth”, “fermentation broth™ and/or “culture broth™ are
used interchangeably, and refer collectively to (i) the fermentation (culture) medium and (ii) the cells, in a
liquid (submerged) culture.

[0161] As used herein, the term “cell mass™ refers to the cell component (including intact and lysed cells)
present in a liquid (submerged) culture. Cell mass can be expressed in dry cell weight (DCW) or wet cell
weight (WCW).

[0162] As used herein, a “reduced viscosity” strain of filamentous fungus cells refers to a modified
(daughter) strain that produces a cell broth that has a reduced viscosity (i.e., reduced resistance to shear or
tensile stress) compared to an equivalent cell broth produced by a parental strain. For example, equivalent
cell broths generally have comparable cell masses.  Methods for constructing reduced viscosity
filamentous fungal strains, and methods for comparing the viscosities thereof, are described in detail in
International PCT Publication Nos. WO02012/027580, W02012/145596, W02012/145596 and
WO02012/145592, and International PCT Application Serial No. PCT/US2019/27590 (each specifically
incorporated herein by reference in its entirety).

[0163] Thus, in certain embodiments, a variant strain of the disclosure (e.g., a variant strain comprising a
genetic modification encoding allele /ov(T813K) comprising an enhanced/increased protein productivity
phenotype, the variant strain further comprises a genetic modification of a gene encoding a MPG1, SFB3,
SEBI1, CRZ1, GASI, TPS2 and/or SSB7 protein.

[0164] As used herein, a Trichoderma sp. “MPG]1 protein” comprises an amino acid sequence of SEQ ID
NO: 5 (described in International PCT Publication No. W02012/145584, incorporated herein by reference in
its entirety).

[0165] As used herein, a Trichoderma sp. “SEBI1 protein” comprises an amino acid sequence of SEQ ID
NO: 6 (described in International PCT Publication No. W02012/145593, incorporated herein by reference in
its entirety).

[0166] As used herein, a Trichoderma sp. “SFB3 protein” comprises an amino acid sequence of SEQ ID
NO: 7, (described in International PCT Publication No. W(02012/027580, incorporated herein by reference in
its entirety).

[0167] As used herein, a Trichoderma sp. “CRZ1 protein” comprises an amino acid sequence of SEQ ID
NO: 8 (as described in International PCT Publication No. W(02012/145596, incorporated herein by reference
in its entirety).

[0168] As used herein, a 7richoderma sp. “GAS] protein” comprises an amino acid sequence of SEQ ID
NO: 9 (as described in International PCT Publication Nos. W02012/145596 and W02012/145592, each
incorporated herein by reference in their entirety).

[0169] As used herein, a Trichoderma sp. “TSP2 protein” comprises an amino acid sequence of SEQ ID
NO: 10 (as described in International PCT Publication No. W02012/145598, incorporated herein by reference

in its entirety).
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[0170] As used herein, a wild-type “ssh7 gene” encodes a native “SSB7 protein”, described in Interational
PCT Application Serial No. PCT/US2019/27590, filed April 16, 2019. For example, a wild-type 7. reesei
“ssb7 gene” (SEQ ID NO: 20) encodes a native “SSB7 protein” of SEQ ID NO: 21.

[0171] Asused herein, “allele ssh7(f5)” (SEQ ID NO: 22) encodes a variant SSB7 protein of SEQ ID NO: 23,
as described in International PCT Application Serial No. PCT/US2019/27590 (specifically incorporated herein

by reference in its entirety).

I1. FILAMENTOUS FUNGAL STRAINS COMPRISING ENHANCED PROTEIN PRODUCTIVITY
PHENOTYPES
[0172] As generally set forth above, and further described in the Examples section below, certain
embodiments of the disclosure are related to mutant and genetically modified (variant) strains of
filamentous fungus derived from parental strains. More particularly, certain embodiments are related to
mutant and genetically modified (variant) strains of filamentous fungus (and methods thereof), wherein
such strains comprise enhanced protein productivity phenotypes, such as improved volumetric efficiencies,
higher specific productivities, improved yield on carbon sources, reduced bioreactor (fermentor) operating
costs and the like.
[0173] More particularly, as further described below in Example 1, a mutant (daughter) Trichoderma
strain was identified, isolated and named “B7ms1-SF12”, which (mutant) strain had a 40% higher protein
yield on fed sugars in fermentors relative to the parental strain (B7msl) from which it was derived (e.g.,
see, FIG. 1). Genome sequence analysis and genetic analysis were subsequently performed on the mutant
B7ms1-SF12 strain to identify one or more mutation(s) in a gene (or genes) therein, as being responsible
for the observed (increased productivity) phenotype of the B7msl1-SF12 (mutant) strain.  More
specifically, the identified mutation was determined to alter the coding sequence of the (native) LOV
protein of SEQ ID NO: 2, wherein a highly-conserved threonine (T) at amino acid (residue) position 813
(T813) of the (native) LOV protein (SEQ ID NO: 2) was mutated (substituted) to a lysine at position 813
(813K) of the (variant) LOV protein of SEQ ID NO: 4 (i.e., a T813K substitution; e.g., see FIG. 2).
[0174] A review of the scientific literature and related art indicate that the functional characterization of
the LOV protein (SEQ ID NO: 2) and/or related LOV protein orthologues (e.g., SEQ ID NOs: 11-17) have
not been described in the literature for any organism. However, as generally set forth in Example 1 of the
disclosure, a conserved domain analysis (NCBI) identified a (conserved) region distantly related to a
glycosyl transferase family group 2 (pfam13632, E-value of 3.25x10-44, e.g., see “Glyco trans 2 3” in FIG.
2). For example, members of this (glycosyl transferase) family of prokaryotic proteins include putative
glucosyltransferases, which are involved in bacterial capsule biosynthesis (PFAM). More particularly, a
fungal protein with the (glycosyl transferase) family group 2 domain, “ZtGT2”, orthologous to
Trichoderma PID 79396 (i.e., which is not LOV, PID 50212), is important for hyphal growth on solid
surfaces (King er al., 2017).
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[0175] Most surprisingly, the LOV protein is widely conserved among filamentous fungi of
Basidiomycetes and Ascomycete phyla. For example, the threonine (T) at position 813 of the (native)
LOV protein (i.e., which mutation to lysine (K) is beneficial as disclosed herein) is highly conserved
(691/691; 100%) among the top BLASTp search results of the NCBI non-redundant database, within the
Pezizomycotina subphylum, to which Trichoderma and most industrially relevant filamentous fungi
belong. For example, a graphical representation from a Geneious multiple sequence alignment
(www.geneious.com, Geneious 11.0, Biomatters Ltd.) of these 691 Pezizomycotina homologs is presented
in FIG. 2. Likewise, among the top 1,000 BLASTp hits, amino acid residue position 813 was identical in
975/1000 (97.5%) hits (i.e., residue T813) in a MUSCLE multiple sequence alignment (Geneious software
package), wherein residue position 813 never occurs as a lysine (K) (i.e., the substitution described herein
resulting in enhanced protein productivity was not found in the top 1000 orthologs identified by BLASTp).
[0176] Thus, to further validate that the /ov(T813K) allele was causative for the observed enhanced protein
productivity phenotypes, the /ov(T813K) mutation was introduced into a different 7. reesei strain lineage
named “T4” (e.g., sce TABLE 1), wherein the B7msl and T4 parental lincages are both mutagenized
derivatives from different strain improvement programs of 7richoderma strain RL-P37 (Sheir-Neiss ef al.,
1984; Montenecourt, 1987). For example, the T4 strain notably differs from the B7ms] strain in that the
T4 strain expresses its (endogenous) native cocktail of cellulases and comprises a nik/(M743T) mutation
which increases total protein production (e.g., see International PCT Publication No. W02016/130523).
Likewise, similar to the observed results of B7ms]1 lincage set forth in Example 1, the T4 lincage (strains)
comprising the /ov(T813K) allele (e.g., see Example 2 and Example 4), had on average a 34% higher total
protein yield on fed sugars relative to otherwise isogenic strains comprising the wild-type /ov(+) allele.

[0177] In addition, to further demonstrate utility of the /ov(T813K) allele for improvement of fungal strain
protein productivity phenotypes, Applicant integrated a pyr2 marker at three other convenient genomic
locations (i.e., named sites A-C; also see Example 4, TABLE 1 and TABLE 2). For example, protein
production by these different strains was evaluated in shake flasks, where in all such cases, the presence of
the lov(T813K) mutation improved total protein production relative to the otherwise isogenic (parental)

strains comprising the wild-type lov(+) allele.

I11. MOLECULAR BIOLOGY

[0178] As generally described above, certain embodiments of the disclosure are related to mutant and
genetically modified (variant) strains of filamentous fungus derived from parental strains.  More
particularly, certain embodiments are related to mutant and genetically modified (variant) strains of
filamentous fungus (and methods thereof), wherein such strains comprise enhanced protein productivity
phenotypes, such as improved volumetric efficiencies, higher specific productivities, improved yield on
carbon sources, reduced bioreactor (fermentor) operating costs and the like.

[0179] Thus, certain embodiments of the disclosure are related to mutant (daughter) Trichoderma strains

(e.g., mutant B7ms1-SF12) derived from parental Trichoderma strains (e.g., parent B7ms1), wherein the
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mutant (daughter) Trichoderma strains comprise a mutant /ov gene encoding a variant LOV protein
comprising a lysine (K) residue at an amino acid position corresponding to amino acid residue position 813
of SEQ ID NO: 4,

[0180] Certain other embodiments of the disclosure are therefore related to genetically modified strains
(hereinafter, “variant” strains) of filamentous fungus derived from parental strains described herein.  For
example, in certain embodiments, variant strains of filamentous fungus comprise a modified /ov gene (or
a modified polynucleotide sequence thercof) encoding a variant LOV protein comprising sequence
homology to SEQ ID NO: 2 (i.e., the native LOV protein sequence) and comprise a lysine (K) residue at
an amino acid sequence position corresponding to amino acid position 813 of SEQ ID NO: 4.

[0181] Thus, in certain embodiments, variants strains of the disclosure comprise a modified /ov gene (or
a modified polynucleotide sequence thereof) encoding a LOV protein comprising at least about 50% to
about 100% sequence homology to a LOV protein of SEQ ID NO: 2 (or SEQ ID NO: 4), and comprising
a lysine (K) residue at an amino acid sequence position corresponding to amino acid position 813 of SEQ
ID NO: 4. In certain embodiments, variants strains of the disclosure comprise a modified /ov gene (or a
modified polynucleotide sequence thereof) encoding a LOV protein comprising at least about 50% to about
100% sequence identity to a LOV protein of SEQ ID NO: 2 (or SEQ ID NO: 4), and comprising a lysine
(K) residue at an amino acid sequence position corresponding to amino acid position 813 of SEQ ID NO: 4.
[0182] Thus, in other embodiments, variants strains of the disclosure comprise a modified /ov gene (or a
modified polynucleotide sequence thercof) encoding a LOV protein comprising at least about 50%
sequence homology or identity to SEQ ID NO: 2 or SEQ ID NO: 4, at least 55% sequence homology or
identity to SEQ ID NO: 2 or SEQ ID NO: 4, at least 60% sequence homology or identity to SEQ ID NO:
2 or SEQ ID NO: 4, at least 65% sequence homology or identity to SEQ ID NO: 2 or SEQ ID NO: 4, at
least 70% sequence homology or identity to SEQ ID NO: 2 or SEQ ID NO: 4, at least 75% sequence
homology or identity to SEQ ID NO: 2 or SEQ ID NO: 4, at least 80% sequence homology or identity to
SEQ ID NO: 2 or SEQ ID NO: 4, at least 85% sequence homology or identity to SEQ ID NO: 2 or SEQ
ID NO: 4, at least 90% sequence homology or identity to SEQ ID NO: 2 or SEQ ID NO: 4, at least 95%
sequence homology or identity to SEQ ID NO: 2 or SEQ ID NO: 4, or up to and about 100% sequence
homology or identity to SEQ ID NO: 2 or SEQ ID NO: 4, and comprising a lysine (K) residue at an amino
acid sequence position corresponding to amino acid position 8§13 of SEQ ID NO: 4.

[0183] Thus, in certain embodiments, variant strains of filamentous fungus comprise at least a genetic
modification which introduces allele /ov(T813K) into the strain. For example, in certain embodiments, variant
strains of filamentous fungus may comprise genetic modifications including, but is not limited to: (a) the
introduction, substitution, or removal of one or more nucleotides in a gene (or ORF or polynucleotide thereof),
or the introduction, substitution, or removal of one or more nucleotides in a regulatory element required for
the transcription or translation of the gene, (b) a gene disruption, (¢) a gene conversion, (d) a gene deletion, (¢)
a gene down-regulation, (f) specific mutagenesis and/or (g) random mutagenesis. In other embodiments,

variant strains of filamentous fungus comprising allele /ov(T813K) further comprises one or more genetic
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modifications of a gene encoding NIK1 protein, an SSB7 protein, a MPG1 protein, SFB3 protein, SEB1
protein, CRZ1 protein, a TSP2 protein and/or GAS1 protein, as described herein.

[0184] Thus, in certain embodiments, variant strains of filamentous fungus comprising a genetic
modification may be constructed by gene deletion to eliminate the expression/production of given gene
product (e.g., LOV(+), NIK1, SSB7, MPG1 SFB3, SEBI1, CRZ1, TSP2, GASI, endogenous (background)
proteases, cellulases and the like). In other embodiments, variant strains of filamentous fungus comprising
a genetic modification may be constructed by partial gene deletion to eliminate (or reduce) the
expression/production of a given gene product. For example, in certain embodiments, modified
filamentous fungal strains may comprise a partial deletion of a gene, wherein a partial deletion includes
the partial deletion of any portion of the gene’s coding sequence. For example, in certain embodiments,
such variant strains do not express/produce the encoded protein, or such variant strains express/produce a
reduced amount of the encoded protein (relative to the parental strain), wherein a “reduced” amount of the
encoded protein can be measured, detected, assayed and the like as described herein.

[0185] Thus, as generally set forth and described in the Examples section, one skilled in the art may
perform the following genetic modifications (and molecular biology methods thereof described in this section)
and construct such (variant) filamentous fungus strains thereof, by reference to one or more amino acid
sequences (SEQ ID NOs: 2, 4, 11-19) and/or nucleic acid sequences (SEQ ID NOs: 1 and 2) of the instant
disclosure.

[0186] For example, gene deletion techniques enable the partial or complete removal of the gene, thereby
climinating or reducing expression/production of the protein, and/or thereby eliminating or reducing
expression/production the encoded protein. In such methods, the deletion of the gene may be accomplished
by homologous recombination using an integration plasmid/vector that has been constructed to
contiguously contain the 5’ and 3’ regions flanking the gene. The contiguous 5’ and 3’ regions may be
introduced into a filamentous fungal cell, for example, on an integrative plasmid/vector in association with
a selectable marker to allow the plasmid to become integrated in the cell.

[0187] In other embodiments, a variant strain of filamentous fungus comprises genetic modification which
disrupts or inactivates a gene encoding a protein of the disclosure. Exemplary methods of gene
disruption/inactivation include disrupting any portion of a gene, including the polypeptide coding sequence
(CDS), promoter, enhancer, or another regulatory element, which disruption includes substitutions,
insertions, deletions, inversions, and combinations thereof and variations thereof.  Thus, in certain
embodiments, a variant strain of filamentous fungus is constructed by a gene disruption technique. A non-
limiting example of a gene disruption technique includes inserting (integrating) into one or more of the
genes of the disclosure an integrative plasmid containing a nucleic acid fragment homologous to the gene,
which will create a duplication of the region of homology and incorporate (insert) vector DNA between
the duplicated regions.

[0188] Thus, in certain other non-limiting examples, a gene disruption technique includes inserting into a

gene an integrative plasmid containing a nucleic acid fragment homologous to the gene, which will create
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a duplication of the region of homology and incorporate (insert) vector DNA between the duplicated
regions, wherein the vector DNA inserted separates, e.g., the promoter of the gene from the protein coding
region, or interrupts (disrupts) the coding, or non-coding, sequence of the gene. Thus, a disrupting
construct may be a selectable marker gene (e.g., pyr2; see Examples) accompanied by 5' and 3’ regions
homologous to the gene. The selectable marker enables identification of transformants containing the
disrupted gene. Thus, in certain embodiments, gene disruption includes modification of control elements
of the gene, such as the promoter, ribosomal binding site (RBS), untranslated regions (UTRs), codon
changes, and the like.

[0189] In other embodiments, a variant strain of filamentous fungus is constructed (i.e., genetically
modified) by introducing, substituting, or removing one or more nucleotides in the gene, or a regulatory
clement required for the transcription or translation thereof. For example, nucleotides may be inserted or
removed so as to result in the introduction of a stop codon, the removal of the start codon, or a frame-shift
of the open reading frame (ORF). Such a modification may be accomplished by site-directed mutagenesis
or PCR generated mutagenesis in accordance with methods known in the art (e.g., see, Botstein and Shortle,
1985; Lo et al., 1985; Higuchi et al., 1988; Shimada, 1996; Ho er al., 1989; Horton ef al., 1989 and Sarkar
and Sommer, 1990). Likewise, allele /ov(T813K) comprising the T813K substitution described herein may
be constructed by substituting nucleotides encoding the position 813 threonine of the wild-type /ov(+) gene for
nucleotides encoding the position 813 lysine of allele /ov(T813K).

[0190] In other embodiments, a variant strain of filamentous fungus is constructed (i.e., genetically
modified) by the process of gene conversion (e.g., see Iglesias and Trautner, 1983). For example, in the
gene conversion method, a nucleic acid sequence corresponding to the target gene is mutagenized in vitro
to produce a defective nucleic acid sequence, which is then transformed into the parental cell to produce a
variant cell comprising a defective gene. By homologous recombination, the defective nucleic acid
sequence replaces the endogenous gene. It may be desirable that the defective gene or gene fragment also
encodes a marker which may be used for selection of transformants containing the defective gene. For
example, the defective gene may be introduced on a non-replicating or temperature-sensitive plasmid in
association with a selectable marker. Selection for integration of the plasmid is effected by selection for
the marker under conditions not permitting plasmid replication. Selection for a second recombination event
leading to gene replacement is effected by examination of colonies for loss of the selectable marker and
acquisition of the mutated gene (Perego, 1993).

[0191] In other embodiments, a variant strain of filamentous fungus is constructed by established anti-
sense (gene-silencing) techniques, using a nucleotide sequence complementary to the nucleic acid sequence
of the gene (Parish and Stoker, 1997). More specifically, expression of a gene by a filamentous fungus
strain may be reduced (down-regulated) or eliminated by introducing a nucleotide sequence
complementary to the nucleic acid sequence of the gene, which is transcribed in the cell and is capable of
hybridizing to the mRNA produced in the cell. Under conditions allowing the complementary anti-sense

nucleotide sequence to hybridize to the mRNA, the amount of protein translated is thus reduced or
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eliminated. Such anti-sense methods include, but are not limited to RNA interference (RNA1), small
interfering RNA (siRNA), microRNA (miRNA), antisense oligonucleotides, and the like, all of which are
well known to the skilled artisan.

[0192] In other embodiments, a variant strain of filamentous fungus is constructed (i.e., genetically
modified) by random or specific mutagenesis using methods well known in the art, including, but not
limited to, chemical mutagenesis (see, e.g., Hopwood, 1970) and transposition (see, e.g., Youngman ef a/.,
1983). Modification of the gene may be performed by subjecting the parental cell to mutagenesis and
screening for mutant cells in which expression of the gene has been reduced or eliminated. For example,
one of skill in the art may readily adapt and/or modify the screening methods set forth in the Example
section herewith to identify such (mutagenized) variant strains of filamentous fungus cells comprising a
reduced viscosity phenotype.

[0193] The mutagenesis, which may be specific or random, may be performed, for example, by use of a
suitable physical or chemical mutagenizing agent, use of a suitable oligonucleotide, or subjecting the DNA
sequence to PCR generated mutagenesis. Furthermore, the mutagenesis may be performed by use of any
combination of these mutagenizing methods.  Examples of a physical or chemical mutagenizing agent
suitable for the present purpose include ultraviolet (UV) irradiation, hydroxylamine, N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG), N-methyl-N'-nitrosoguanidine (NTG), O-methyl hydroxylamine, nitrous acid,
ethyl methane sulphonate (EMS), sodium bisulphite, formic acid, and nucleotide analogues. When such
agents are used, the mutagenesis is typically performed by incubating the parental cell to be mutagenized
in the presence of the mutagenizing agent of choice under suitable conditions, and selecting for mutant
cells exhibiting reduced or no expression of the gene.

[0194] For example, such genetic modifications in the one or more of the genes disclosed herein can reduce
the efficiency of the gene’s promoter, reduce the efficiency of an enhancer, interfere with the splicing or
editing of the gene’s mRNA, interfere with the translation of the gene’s mRNA, introduce a stop codon
into the gene’s-coding sequence to prevent the translation of full-length protein, change the coding
sequence of the protein to produce a less active or inactive protein, reduce the protein interaction with other
nuclear protein components, change the coding sequence of the protein to produce a less stable protein, or
target the protein for destruction, or cause the protein to misfold or be incorrectly modified (e.g., by
glycosylation), or interfere with cellular trafficking of the protein.

[0195] In certain other embodiments, a variant strain of filamentous fungus is constructed (i.e ., genetically
modified) by means of site specific gene editing techniques. For example, in certain embodiments, a
variant strain of filamentous fungus is constructed (7.e., genetically modified) by use of transcriptional
activator like endonucleases (TALENS), zinc-finger endonucleases (ZFNs), homing (mega) endonuclease
and the like. More particularly, the portion of the gene to be modified (e.g., a coding region, a non-coding
region, a leader sequence, a pro-peptide sequence, a signal sequence, a transcription terminator, a
transcriptional activator, or other regulatory elements required for expression of the coding region) is

subjected genetic modification by means of ZFN gene editing, TALEN gene editing, homing (mega)
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endonuclease and the like, which modification methods are well known and available to one skilled in the
art.

[0196] Thus, in certain embodiments, a variant strain of filamentous fungus is constructed (i.e., genetically
modified) by means of CRISPR/Cas9 editing. More specifically, compositions and methods for fungal
genome modification by CRISPR/Cas9 systems are described and well known in the art (e.g., see,
International PCT  Publication Nos: WO02016/100571, W02016/100568, WO02016/100272,
WO02016/100562 and the like). For example, a gene encoding a native LOV protein can be genetically
modified by means of nucleic acid guided endonucleases, that find their target DNA by binding either a
guide RNA (e.g., Cas9) or a guide DNA (e.g., NgAgo), which recruits the endonuclease to the target
sequence on the DNA, wherein the endonuclease can generate a single or double stranded break in the
DNA. This targeted DNA break becomes a substrate for DNA repair, and can recombine with a provided
editing template to disrupt or delete the gene. For example, the gene encoding the nucleic acid guided
endonuclease (e.g., a Cas9 from S. pyogenes, or a codon optimized gene encoding the Cas9 nuclease) is
operably linked to a promoter active in the filamentous fungal cell and a terminator active in filamentous
fungal cell, thereby creating a filamentous fungal Cas9 expression cassette. Likewise, one or more target
sites unique to the gene of interest are readily identified by a person skilled in the art.

[0197] For example, to build a DNA construct encoding a gRNA-directed to a target site within the gene
of interest, the variable targeting domain (VT) will comprise nucleotides of the target site which are 5’ of
the (PAM) proto-spacer adjacent motif (TGG), which nucleotides are fused to DNA encoding the Cas9
endonuclease recognition domain for S. pyogenes Cas9 (CER). The combination of the DNA encoding a
VT domain and the DNA encoding the CER domain thereby generate a DNA encoding a gRNA. Thus, a
filamentous fungal expression cassette for the gRNA is created by operably linking the DNA encoding the
gRNA to a promoter active in filamentous fungal cells and a terminator active in filamentous fungal cells.
[0198] In certain embodiments, the DNA break induced by the endonuclease is repaired/replaced with an
incoming sequence. For example, to precisely repair the DNA break generated by the Cas9 expression
cassette and the gRNA expression cassette described above, a nucleotide editing template is provided, such
that the DNA repair machinery of the cell can utilize the editing template. For example, about 500bp 5 of
targeted gene can be fused to about 500bp 3 of the targeted gene to generate an editing template, which
template is used by the filamentous fungal host’s machinery to repair the DNA break generated by the
RGEN (RNA-guided endonuclease).

[0199] The Cas9 expression cassette, the gRNA expression cassette and the editing template can be co-
delivered to filamentous fungal cells using many different methods (e. g., protoplast fusion, electroporation,
natural competence, or induced competence). The transformed cells are screened by PCR, by amplifying
the target locus with a forward and reverse primer. These primers can amplify the wild-type locus or the
modified locus that has been edited by the RGEN. These fragments are then sequenced using a sequencing

primer to identify edited colonies.
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Iv. PROTEINS OF INTEREST
[0200] As briefly stated in the preceding section, the present strains and methods find use in the production
of commercially important proteins in submerged cultures of filamentous fungi. A protein of interest (POI)
of the instant disclosure can be any endogenous or heterologous protein, and it may be a variant of such a
POI. The protein can contain one or more disulfide bridges or is a protein whose functional form is a
monomer or a multimer, i.e., the protein has a quaternary structure and is composed of a plurality of
identical (homologous) or non-identical (heterologous) subunits, wherein the POI or a variant POI thereof
is preferably one with properties of interest.
[0201] In certain embodiments, a variant strain of filamentous fungus exhibits an increased protein titer
relative to the (unmodified) parental strain, wherein protein titer is defined as the amount of protein per
volume (g/L). For example, titers can be measured by methods known in the art (e.g., ELISA, HPLC,
Bradford assay, LC/MS and the like). Thus, in certain embodiments, a variant strain of filamentous fungus
comprises a protein titer increase of at least about 0.1 %, at least about 1%, at least about 5%, at least about
6%, at least about 7%, at least about 8%, at least about 9%, or at least about 10% or more as compared to
the unmodified (parental) cell.
[0202] In certain embodiments, a variant strain of filamentous fungus exhibits an increased volumetric
productivity relative to the (unmodified) parental strain, wherein volumetric productivity is defined as the
amount of protein produced (g) during the fermentation per nominal volume (L) of the bioreactor per total
fermentation time (h). For example, volumetric productivities can be measured by methods know in the
art (e.g., ELISA, HPLC, Bradford assay, LC/MS and the like). Thus, in certain embodiments, a variant
strain of filamentous fungus comprises a volumetric productivity increase of at least about 0.1 %, at least
about 1%, at least about 5%, at least about 6%, at lecast about 7%, at least about 8%, at least about 9%, or
at least about 10% or more as compared to the unmodified (parental) cell.
[0203] In certain other embodiments, a variant strain of filamentous fungus exhibits an increased total protein
vield, wherein total protein yield is defined as the amount of protein produced (g) per gram of carbohydrate
fed, relative to the (unmodified) parental strain. Thus, as used herein, total protein yield (g/g) may be
calculated using the following equation:

Yi=Ty/Tc
[0204] wherein “Y;” is total protein yield (g/g), “T,” is the total protein produced during the fermentation (g)
and “T;” is the total carbohydrate (g) fed during the fermentation (bioreactor) run. In certain embodiments,
the increase in total protein yield of the modified strain (i.e., relative to the parental strain) is an increase of at
least about 0.1 %, at least about 1%, at least about 5%, at lcast about 6%, at least about 7%, at least about 8%,
at least about 9%, or at least about 10% or more as compared to the unmodified (parental) cell.
[0205] Total protein yield may also be described as carbon conversion efficiency/carbon yield, for example,
as in the percentage (%) of carbon fed that is incorporated into total protein. Thus, in certain embodiments, a
variant strain of filamentous fungus comprises an increased carbon conversion efficiency (e.g., an increase in

the percentage (%) of carbon fed that is incorporated into total protein), relative to the (unmodified) parental
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strain. In certain embodiments, the increase in carbon conversion efficiency of the modified strain (i.e., relative
to the parental strain) is an increase of at least about 0.1 %, at least about 1%, at least about 5%, at least about
6%, at least about 7%, at least about 8%, at least about 9%, or at least about 10% or more as compared to the
unmodified (parental) cell.
[0206] In certain embodiments, a variant strain of filamentous fungus exhibits an increased specific
productivity (Qp) of a POI relative the (unmodified) parental strain. For example, the detection of specific
productivity (Qp) is a suitable method for evaluating rate of protein production. The specific productivity
(Qp) can be determined using the following equation:

“Qp = gP/gDCWehr”
wherein, “gP” is grams of protein produced in the tank; “gDCW?™ is grams of dry cell weight (DCW) in the
tank and “hr” is fermentation time in hours from the time of inoculation, which includes the time of
production as well as growth time. Thus, in certain embodiments, a variant strain of filamentous fungus
comprises a specific productivity (Qp) increase of at least about 0.1 %, at least about 1%, at least about
5%, at least about 6%, at least about 7%, at least about 8%, at least about 9%, or at least about 10% or more
as compared to the unmodified (parental) cell.
[0207] In certain embodiments, a POI or a variant POI thereof is selected from the group consisting of
acetyl esterases, aminopeptidases, amylases, arabinases, arabinofuranosidases, carbonic anhydrases,
carboxypeptidases, catalases, cellulases, chitinases, chymosins, cutinases, deoxyribonucleases,
epimerases, esterases, a-galactosidases, f-galactosidases, a-glucanases, glucan lyases, endo-p-glucanases,
glucoamylases, glucose oxidases, a-glucosidases, B-glucosidases, glucuronidases, glycosyl hydrolases,
hemicellulases, hexose oxidases, hydrolases, invertases, isomerases, laccases, ligases, lipases, lyases,
mannanases, mannosidases, oxidases, oxidoreductases, pectate lyases, pectin acetyl esterases, pectin
depolymerases, pectin methyl esterases, pectinolytic enzymes, perhydrolases, polyol oxidases,
peroxidases, phenoloxidases, phytases, polygalacturonases, proteases, peptidases, rhamno-galacturonases,
ribonucleases, transferases, transport proteins, transglutaminases, xylanases, hexose oxidases, and
combinations thereof.
[0208] In certain embodiments, a POI or a variant POI thereof is selected from an Enzyme Commission
(EC) Number selected from the group consisting of EC 1, EC 2, EC 3, EC 4, EC 5 or EC 6.
[0209] Forexample, in certain embodiments a POl is an oxidoreductase enzyme, including, but not limited
to, an EC1 (oxidoreductase) enzyme selected from EC 1.103.2 (e.g., a laccase), EC 1.10.3.3 (e.g., L-
ascorbate oxidase), EC 1.1.1.1 (e.g., alcohol dehydrogenase), EC 1.11.1.10 (e.g., chloride peroxidase), EC
1.11.1.17 (e.g., peroxidase), EC 1.1.1.27 (e.g., L-lactate dehydrogenase), EC 1.1.1.47 (e.g., glucose 1-
dehydrogenase), EC 1.1.3.X (e.g., glucose oxidase), EC 1.1.3.10 (e.g., pyranose oxidase), EC 1.13.11.X
(e.g., dioxygenase), EC 1.13.11.12 (e.g., lincolate 13S-lipozygenase), EC 1.1.3.13 (e.g., alcohol oxidase),
EC 1.14.14.1 (e.g., monooxygenase), EC 1.14.18.1 (e.g., monophenol monooxigenase), EC 1.15.1.1 (e.g.,
superoxide dismutase), EC 1.1.5.9 (formerly EC 1.1.99.10, e.g., glucose dehydrogenase), EC 1.1.99.18
(e.g., cellobiose dehydrogenase), EC 1.1.99.29 (e.g., pyranose dehydrogenase), EC 1.2.1.X (e.g., fatty acid
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reductase), EC 1.2.1.10 (e.g., acctaldehyde dehydrogenase), EC 1.5.3.X (e.g., fructosyl amine reductase),
EC 1.8.1.X (e.g., disulfide reductase) and EC 1.8.3.2 (e.g., thiol oxidase).

[0210] In certain embodiments a POI is a transferase enzyme, including, but not limited to, an EC 2
(transferase) enzyme selected from EC 2.3.2.13 (e.g, transglutaminase), EC 241X (eg.,
hexosyltransferase), EC 2.4.1.40 (e.g., altemasucrase), EC 2.4.1.18 (e.g., 1,4 alpha-glucan branching
enzyme), EC 2.4.1.19 (e.g., cyclomaltodextrin glucanotransferase), EC 2.4.1.2 (e.g., dextrin dextranase),
EC 2.4.1.20 (e.g., cellobiose phosphorylase), EC 2.4.1.25 (e.g., 4-alpha-glucanotransferase), EC 2.4.1.333
(e.g., 1,2-beta-oligoglucan phosphor transferase), EC 2.4.14 (e.g., amylosucrase), EC 24.1.5 (e.g.,
dextransucrase), EC 2.4.1.69 (e.g, galactoside 2-alpha-L-fucosyl transferase), EC 2.4.19 (e.g,
inulosucrase), EC 2.7.1.17 (e.g., xylulokinase), EC 2.7.7.89 (formerly EC 3.1.4.15, e.g, [glutamine
synthetase|-adenylyl-L-tyrosine phosphorylase), EC 2.7.9.4 (e.g., alpha glucan kinase) and EC 2.7.9.5
(e.g., phosphoglucan kinase).

[0211] In other embodiments a POI is a hydrolase enzyme, including, but not limited to, an EC 3
(hydrolase) enzyme selected from EC 3.1 X.X (e.g., an esterase), EC 3.1.1.1 (e.g., pectinase), EC 3.1.1.14
(e.g., chlorophyllase), EC 3.1.1.20 (e.g., tannase), EC 3.1.1.23 (e.g., glycerol-ester acylhydrolase), EC
3.1.1.26 (e.g., galactolipase), EC 3.1.1.32 (e.g., phospholipase Al), EC 3.1.1.4 (e.g., phospholipase A2),
EC 3.1.1.6 (e.g., acetylesterase), EC 3.1.1.72 (e.g., acetylxylan esterase), EC 3.1.1.73 (e.g., feruloyl
esterase), EC 3.1.1.74 (e.g., cutinase), EC 3.1.1.86 (e.g., rhamnogalacturonan acetylesterase), EC 3.1.1.87
(e.g., fumosin B1 esterase), EC 3.1.26.5 (e.g., ribonuclease P), EC 3.1.3.X (e.g., phosphoric monoester
hydrolase), EC 3.1.30.1 (e.g., Aspergillus nuclease S1), EC 3.1.30.2 (e.g., Serratia marcescens nuclease),
EC 3.1.3.1 (e.g., alkaline phosphatase), EC 3.1.3.2 (e.g., acid phosphatase), EC 3.1.3.8 (e.g., 3-phytase),
EC 3.1.4.1 (e.g., phosphodiesterase I), EC 3.1.4.11 (e.g., phosphoinositide phospholipase C), EC 3.1.4.3
(e.g., phospholipase C), EC 3.1.4.4 (e.g., phospholipase D), EC 3.1.6.1 (e.g., arylsufatase), EC3.1.8.2 (e.g.,
diisopropyl-fluorophosphatase), EC 3.2.1.10 (e.g., oligo-1,6-glucosidase), EC 3.2.1.101 (e.g., mannan
endo-1,6-alpha-mannosidase), EC 3.2.1.11 (e.g., alpha-1,6-glucan-6-glucanohydrolase), EC 3.2.1.131
(e.g., xylan alpha-1,2-glucuronosidase), EC 3.2.1.132 (e.g., chitosan N-acetylglucosaminohydrolase), EC
3.2.1.139 (e.g., alpha-glucuronidase), EC 3.2.1.14 (e.g., chitinase), EC 3.2.1.151 (e.g., xyloglucan-specific
endo-beta-1,4-glucanase), EC 3.2.1.155 (e.g., xyloglucan-specific exo-beta-1,4-glucanase), EC 3.2.1.164
(e.g., galactan endo-1,6-beta-galactosidase), EC 3.2.1.17 (e.g, lysozyme), EC 3.2.1.171 (e.g,
rhamnogalacturonan hydrolase), EC 3.2.1.174 (e.g., thamnogalacturonan rhamnohydrolase), EC 3.2.1.2
(e.g., beta-amylase), EC 3.2.1.20 (e.g., alpha-glucosidase), EC 3.2.1.22 (e.g., alpha-galactosidase), EC
3.2.1.25 (e.g., beta-mannosidase), EC 3.2.1.26 (e.g., beta-fructofuranosidase), EC 3.2.1.37 (e.g., xylan 1,4-
beta-xylosidase), EC 3.2.1.39 (e.g., glucan endo-1,3-beta-D-glucosidase), EC 3.2.1.40 (e.g., alpha-L-
rhamnosidase), EC 3.2.1.51 (e.g., alpha-L-fucosidase), EC 3.2.1.52 (e.g., beta-N-Acetylhexosaminidase),
EC 3.2.1.55 (e.g., alpha-N-arabinofuranosidase), EC 3.2.1.58 (e.g., glucan 1,3-beta-glucosidase), EC
32.1.59 (e.g, glucan endo-1,3-alpha-glucosidase), EC 3.2.1.67 (e.g, galacturan 1,4-alpha-
galacturonidase), EC 3.2.1.68 (e.g., isoamylase), EC 3.2.1.7 (e.g., 1-beta-D-fructan fructanohydrolase), EC
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3.2.1.74 (e.g., glucan 1,4-B-glucosidase), EC 3.2.1.75 (e.g., glucan endo-1,6-beta-glucosidase), EC 3.2.1.77
(e.g., mannan 1,2-(1,3)-alpha-mannosidase), EC 3.2.1.80 (e.g., fructan beta-fructosidase), EC 3.2.1.82
(e.g., exo-poly-alpha-galacturonosidase), EC 3.2.1.83 (e.g., kappa-carrageenase), EC 3.2.1.89 (e.g,
arabinogalactan endo-1,4-beta-galactosidase), EC 3.2.1.91 (e.g., cellulose 1.,4-beta-cellobiosidase), EC
3.2.1.96 (e.g, mannosyl-glycoprotein endo-beta-N-acetylglucosaminidase), EC 3.2.1.99 (e.g., arabinan
endo-1,5-alpha-L-arabinanase), EC 3.4 X.X (e.g., peptidase), EC 3.4.11.X (e.g., aminopeptidase), EC
3.4.11.1 (e.g, leucyl aminopeptidase), EC 3.4.11.18 (e.g., methionyl aminopeptidase), EC 3.4.13.9 (e.g.,
Xaa-Pro dipeptidase), EC 3.4.14.5 (e.g, dipeptidyl-peptidase 1V), EC 34.16. X (e.g, serine-type
carboxypeptidase), EC 3.4.16.5 (e.g., carboxypeptidase C), EC 3.4.19.3 (e.g., pyroglutamyl-peptidase 1),
EC 34.21 X (e.g., serine endopeptidase), EC 3.4.21.1 (e.g., chymotrypsin), EC 3.4.21.19 (e.g., glutamyl
endopeptidase), EC 3.4.21.26 (e.g., prolyl oligopeptidase), EC 3.4.21.4 (e.g., trypsin), EC 34215 (e.g,
thrombin), EC 342163 (e.g, oryzin), EC 342165 (e.g, thermomycolin), EC 342180 (e.g,
streptogrisin A), EC 3.4.22.X (e.g., cysteine endopeptidase), EC 3.4.22.14 (e.g., actinidain), EC 3.4.22 2
(e.g., papain), EC 3.4.22.3 (e.g., ficain), EC 3.4.22.32 (e.g., stem bromelain), EC 3.4.22.33 (e.g., fruit
bromelain), EC 3.4.22.6 (e.g., chymopapain), EC 3.4.23.1 (e.g, pepsin A), EC 3.4.23.2 (e.g., pepsin B),
EC 3.4.23.22 (e.g., endothiapepsin), EC 3.4.23.23 (e.g., mucorpepsin), EC 3.4.23.3 (e.g., gastricsin), EC
3.4.24 X (e.g., metalloendopeptidase), EC 3.4.24.39 (e.g., deuterolysin), EC 3.4.24.40 (e.g., serralysin),
EC3.5.1.1 (e.g, asparaginase), EC 3.5.1.11 (e.g., penicillin amidase), EC 3.5.1.14 (e.g., N-acyl-aliphatic-
L-amino acid amidohydrolase), EC 3.5.1.2 (e.g., L-glutamine amidohydrolase), EC 3.5.1.28 (e.g., N-
acetylmuramoyl-L-alanine amidase), EC 3.5.1.4 (e.g., amidase), EC 3.5.1.44 (e.g., protein-L-glutamine
amidohydrolase), EC 35.15 (eg, urease), EC 35152 (eg, peptide-N(4)-(N-acetyl-beta-
glucosaminyl)asparagine amidase), EC 3.5.1.81 (e.g., N-Acyl-D-amino-acid deacylase), EC 3.5.4.6 (e.g.,
AMP deaminase) and EC 3.5.5.1 (e.g, nitrilase).

[0212] In other embodiments a POl is a lyase enzyme, including, but not limited to, an EC 4 (lyase)
enzyme selected from EC 4.1.2.10 (e.g., mandelonitrile lyase), EC 4.1.3.3 (e.g., N-acetylneuraminate
lyase), EC 4.2.1.1 (e.g., carbonate dehydratase), EC 4.2 2 .- (e.g., rhamnogalacturonan lyase), EC 4.2.2.10
(e.g., pectin lyase), EC 4.2.2.22 (e.g., pectate trisaccharide-lyase), EC 4.2.2.23 (e.g., rhamnogalacturonan
endolyase) and EC 4.2.2 3 (e.g., mannuronate-specific alginate lyase).

[0213] In certain other embodiments a POI is an isomerase enzyme, including, but not limited to, an EC
5 (isomerase) enzyme selected from EC 5.1.3.3 (e.g, aldose 1-epimerase), EC 5.1.3.30 (e.g., D-psicose 3-
epimerase), EC 5.4.99.11 (e.g., isomaltulose synthase) and EC 5.4.99.15 (e.g., (1—4)-a-D-glucan 1-a-D-
glucosylmutase).

[0214] In yet other embodiments, a POl is a ligase enzyme, including, but not limited to, an EC 6 (ligase)
enzyme selected from EC 6.2.1.12 (e.g., 4-coumarate: coenzyme A ligase) and EC 6.3.2.28 (e.g., L-amino-
acid alpha-ligase).

[0215] These and other aspects and embodiments of the present strains and methods will be apparent to

the skilled person in view of the present description and the following Examples.
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EXAMPLES
[0216] Certain aspects of the present disclosure may be further understood in light of the following
examples, which should not be construed as limiting. Modifications to materials and methods will be

apparent to those skilled in the art.

EXAMPLE 1
IDENTIFICATION OF THE /ov GENE AS BEING RESPONSIBLE FOR PROTEIN
PRODUCTION INCREASES IN FILAMENTOUS FUNGI

A. OVERVIEW

[0217] In the present example, a reduced viscosity Trichoderma strain named “B7ms1”, expressing a
glucoamylase (GA) construct, was specifically evolved towards reducing the propensity to pellet under
shake flask conditions. More particularly, a mutant (strain) of B7ms1 was identified, isolated and named
“B7ms1-SF12”. The (mutant) B7ms1-SF12 strain had a 40% higher protein vield on fed sugars in
fermentors relative to the B7ms1 (parental) strain (e.g., see, FIG. 1).

[0218] Thus, as described herein, genome sequence analysis and genetic analysis were performed on the
B7ms1-SF12 (mutant) strain, to identify one or more mutation(s) in a gene (or genes) therein, as being
responsible for the observed (increased productivity) phenotype of the B7ms1-SF12 (mutant) strain. As
disclosed herein, the identified mutation was determined to alter the coding sequence of the (native) LOV
protein, wherein a highly-conserved threonine (T) at amino acid (residue) position 813 (T813) of the
(native) LOV protein (SEQ ID NO: 2) was changed (substituted) to a lysine at position 813 (813K) of the
(variant) LOV protein (SEQ ID NO: 4, i.e., a T813K substitution) (see FIG. 2).

B. EVOLUTION STRATEGY

[0219] Filamentous fungal species (e.g., Trichoderma sp., Aspergillus sp., Fusarium sp., Penicillium sp.,
Chrysosporium sp., Cephalosporium sp., Talaromyces sp., Geosmithia sp., Neurospora sp.,
Myceliophthora sp. and the like) are aerobic fungi that generally produce a thick, viscous fermentation
broth when used in commercial/industrial fermentations. The high fermentation (broth) viscosity typically
reduces dissolved oxygen (DO) transfer, thereby limiting the amount of cell mass and reducing the
volumetric productivity that can be achieved in such aerobic filamentous fungus fermentations. For
example, isolation of reduced viscosity filamentous fungal mutants has resulted in mutant strains/cells that
produce lower viscosity fermentation broths, wherein fermentations using such reduced viscosity
strains/cells can utilize more cell mass leading to increases in protein productivity (e.g., see Applicant’s
International PCT  Publication Nos. WO02012/145584, WO02012/027580, WO02012/145595,
WO02012/145596 and WO0O2012/145592). More particularly, as Applicant began to combine certain
reduced viscosity mutations to generate further reduced viscosity strains thercof, it was surprisingly
observed that certain viscosity (reducing) combinations (i.e, mutations) thercof seemed to have a greater

propensity to form mycelial pellets in shake flask assays.
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[0220] More particularly, as contemplated herein, in the event that the observed increased propensity to
form mycelial pellets in shake flasks may scale to fermentors, Applicant sought to mitigate the
aforementioned pelting phenotype by means of directed evolution experimentation. For example, without
wishing to be bound by any particular theory, mechanism or mode of action, it is contemplated herein that
such propensity to form mycelial pellets may negatively interfere with protein production and/or the
downstream processing of such proteins. Applicant therefore rationalized that “evolved” mutants of these
strains could be generated, screened and isolated, wherein such evolved strains comprise a reduced
propensity for mycelial pelleting in shake flasks, fermentors, bioreactors and the like.

[0221] For example, cultures of Trichoderma strain B7ms1 were grown for 12-24 hours in shake flasks
containing complete complex media, then passed through a 70 micrometer (um) sieve. The flow through,
depending on the cell density, was used to inoculate fresh culture media, or the whole of the flow through
was transferred to a fresh shake flask. After incubation, the process was repeated serially for weeks,
occasionally taking samples that were then plated to isolate possible mutants. Isolates were (individually)
visually screened for gross changes in shake flask morphology (e.g., changes in shake flask morphology
including, but not limited to, pelleting or mycelia chunkiness). Those isolates with more homogeneous
growth in shake flasks were additionally tested for protein production in shake flasks, and then in

fermentors.

C. ISOLATION AND CHARACTERIZATION OF TRICHODERMA MUTANT STRAIN B7MS1-SF12
[0222] In such an evolution scheme set forth above, Applicant isolated a mutant strain named “B7ms1-
SF12”, wherein the (mutant) B7ms1-SF12 strain demonstrated higher protein production in shake flasks,
relative to the (parental) B7ms] strain (data not shown). Thus, independent of any influence on the
aforementioned pelleting phenotype, any mutation(s) enhancing the protein production phenotype of the
host strain is of particular value in its potential to reduce fermentation/protein production costs.

[0223] Thus, the (parental) B7ms] strain and the spontaneous mutant (daughter) strain B7ms1-SF12 were
assayed for total protein production in fermentors. These strains were grown under identical conditions in
submerged (liquid culture), and their total protein yield on fed sugars compared in 14 L fermentors. As
presented in FIG. 1, the mutant B7ms1-SF12 strain (FIG. 1; black line/black squares) showed a 44%
increased improvement in yield on fed sugars vis-a-vis the (parental) B7ms]1 strain (FIG. 1; grey line/grey
squares).

[0224] Briefly, spores of each strain were added separately to 500 mL of medium in a 3 L flask with both
side and bottom baffles. The cultures were grown in a minimal medium for 48 hours at 34°C in a shaking
incubator. After 48 hours, the contents of each flask were added separately to 14 L fermentors containing
9.5 L of medium containing 4.7 g/L. KHPO, 1.0 g/LL MgSO-HO, 4.3 g/L. (NH)SO and 2.5 mL/L of 400X
T. reesei trace elements solution (citric Acid (anhydrous), 175 g/L; FeSO4 - 7 H,0, 200 g/L, ZnSOQ4 - 7
H;0, 16 g/L., CuSO, - 5 H,0, 3.2 g/L.; MnSO4H,O0, 1.4 g/L; H;BO;, 0.8 g/L.). These components were heat
sterilized together at 121°C for 30 minutes. A solution of 60% glucose and 0.48% CaCl; - 2 H,O was
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separately autoclaved, cooled, and added to the fermentor to a final concentration of 75 g/L. glucose and
0.6 g/l CaCl, - 2 H,O. The medium was adjusted to pH 3.5 with 28% NH and the temperature was
maintained at 34°C during the growth period. Once glucose was exhausted, the temperature was dropped
to 28°C, and the cultures were fed glucose-sophorose.  The dry cell weight (DCW), total protein
concentrations and other parameters were measured, and specific total protein production rates and yield

on fed sugars were calculated.

D. IDENTIFICATION OF THE CAUSATIVE /ov(T813K) MUTATION IN TRICHODERMA MUTANT
STRAIN B7MS1-SF12

[0225] Applicant sequenced the genomes of the (parental) B7ms1 strain and the (mutant) B7ms1-SF12
(daughter) strain, leading to the identification of two (2) new mutations predicted to alter a coding sequence
in the B7ms1-SF12 genome, cither of which mutations alone (or in combination), could have been
necessary for the observed protein productivity (improvement) phenotypes. More particularly, to
determine/identify which of these mutations were of importance, complementation analysis was used by
transforming the (mutant) B7ms1-SF12 strain with DNA encoding each of the wild-type loci. For example,
only one locus when transformed complemented the mutant phenotype, which locus was called /ov. The
lov gene encodes the predicted protein PID 50212 (SEQ ID NO: 2), wherein in the (mutant) B7ms1-SF12
strain the /ov mutant (allele) comprises a single nucleotide change of G (guanine) to T (thymine) at 425393
on Scaffold 16, resulting in amino acid substitution T813K in the encoded LOV (variant) protein (SEQ ID
NO: 4), which mutant allele is referred to herein as allele “/ov(T813K)™ and the native (wild-type) allele is
referred to herein as “/ov(+)”.

[0226] Functional characterization of the LOV protein or LOV protein orthologues, has not been described
in the literature for any organism. As described herein, a conserved domain analysis (NCBI) identified a
region distantly related to a glycosyl transferase family group 2 (pfam13632, E-value of 3.25x10-44, ¢.g.,
see “Glyco trans 2 3” in FIG. 2). For example, members of this (glycosyl transferase) family of prokaryotic
proteins include putative glucosyltransferases, which are involved in bacterial capsule biosynthesis
(PFAM). More particularly, a fungal protein with the (glycosyl transferase) family group 2 domain,
“ZtGT27, orthologous to Trichoderma PID 79396 (i.e., which is not LOV, PID 50212), is important for
hyphal growth on solid surfaces (King ez al., 2017).

[0227] Most surprisingly, the LOV protein is widely conserved among filamentous fungi of
Basidiomycetes and Ascomycete phyla. For example, the threonine (T) at position 813 of the (native)
LOV protein (i.e., which mutation to lysine (K) is beneficial as disclosed herein) is highly conserved
(691/691; 100%) among the top BLASTp search results of the NCBI non-redundant database, within the
Pezizomycotina subphylum, to which Trichoderma and most industrially relevant filamentous fungi
belong. A graphical representation from a Geneious multiple sequence alignment (www .geneious.com,
Geneious 11.0, Biomatters Ltd.) of these 691 Pezizomycotina homologs is presented in FIG. 2. Likewise,

among the top 1,000 BLASTYp hits, residue position 813 was identical in 975/1000 (97.5%) hits (i.e., T813)
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in a MUSCLE multiple sequence alignment (Geneious software package), wherein residue 813 never
occurs as a lysine (K) (i.¢., the substitution described herein resulting in enhanced protein productivity was
not found in the top 1000 orthologs identified by BLASTp). While a conserved position and mutation is
useful for improving fungal protein production, the T813 residue is not within any of the regions previously
annotated in Genebank (FIG. 2). The LOV protein is the only predicted member of this class of proteins

in the Trichoderma genome, whereas many genomes have more than one.

EXAMPLE 2
TARGETED INTRODUCTION OF THE /ov(T813K) ALLELE IN REDUCED VISCOSITY
STRAINS INCREASES PROTEIN PRODUCTIVITY IN FERMENTORS

A. OVERVIEW

[0228] To further validate that the /ov(T813K) allele was causative for the observed protein productivity
improvements, the /ov(T813K) mutation was introduced into a different 7. reesei strain lincage (herein
named “T47). B7Tms1 (Example 1) and T4 lincages are both mutagenized derivatives from different strain
improvement programs of 7richoderma strain RL-P37 (Sheir-Neiss ef al., 1984, Montenecourt, 1987). The
T4 strain notably differs from B7ms]1 in that the T4 strain expresses the native cocktail of cellulases and
contains a nik/(M743T) mutation that increases total protein production (US20180037919). As before
with the B7ms]1 linage (Example 1), reduced viscosity double mutants (Ampg!; Asebl) were developed in
the T4 lineage both with or without the presence of the lov(T813K) allele. For example, in fermentors, the
T4 Ampgl; Asebl strains comprising the /ov(T813K) allele had on average, a 37% higher total protein

vield on fed sugars.

B. CONSTRUCTION OF PLASMIDS COMPRISING Jov DISRUPTION CASSETTES WITH EITHER pyr4
OR pyr2 SELECTION MARKERS
[0229] The Trichoderma /ov disruption cassette plasmids were prepared using standard molecular biology
procedures, wherein one of skill in the relevant art may readily recreate this plasmid from the information
disclosed herein. The plasmid included a DNA sequence having a 1.6 Kb homology box identical to the
DNA sequence corresponding to Scaffold 16, 426947 to 425393 (Left Flank). The last nucleotide of the
Left Flank introduced a single nucleotide G to T mutation, corresponding to the mutation identified in the
(mutant) B7ms1-SF12 strain (Example 1). Also included within the plasmid was a DNA sequence having
a 1.5 Kb homology box corresponding to the DNA sequence identical to Scaffold 16, 425392 to 423880
(Right Flank). These sequences were designed to target the /ov gene and replace the nucleotide of the
genome between the Left and Right Flanks (Scaffold 16, 425393) with the intervening cassette sequences.
[0230] These intervening (cassette) sequences included either a pyr4 selection marker from 7richoderma
reesei (pRATT308) or a pyr2 selection marker from 7richoderma atroviride (pRATT312). Immediately
downstream of the selection marker was a DNA sequence having a 0.5 Kb region homologous to the 3'-

most 0.5 Kb region of the Left Flank (Repeat). These repeated sequences were intended to facilitate the
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subsequent loss of the selection marker, enabling subsequent use of this marker in future strain
development, and leaving the single nucleotide G to T mutation (Scaffold 16, 425393) in the /ov gene,
encoding the LOV(T813K) protein (SEQ ID NO: 4), as the only new targeted genome modification.

C. DEVELOPMENT OF T4 DERIVED STRAINS WITH THE /ov(T813K) ALLELE

[0231] Derivatives of the T4 strain, herein named strain “T4m” and “T4m_pyr2”, comprising a viscosity
reducing disruption of gene mpgl (Ampgl), were developed essentially as described in U.S. Patent No.
9,725,727 (incorporated herein by referenced in its entirety). Thus, the T4m_pyr2 strain (Ampgl; pyr2)
was transformed with a /ov disruption cassette from pRATT312 (pyr2 selection marker), using PEG-
mediated transformation and plated on Vogel’s minimal medium (Vogel, /956) containing 1.2 M sorbitol
to select for candidates based on uridine prototrophy acquired by the pyr2 marker. Trichoderma
transformations are well known and described in the art (e.g., see U.S. Patent No. 5,246,853). Individual
transformants were isolated and propagated by transfer to Vogel’s minimal medium. PCR analysis was
used to identify transformants in which the /ov disruption cassette integrated at the /ov locus by homologous
recombination, using methods known to one skilled in the art per guidance below.

[0232] Only a subset of recombinant cells may successfully utilize the homologous flanks to correctly
target the disruption of the gene of interest, so many transformants may need to be screened to identify one
with the desired event. PCR can be used to test which recombinant cells have the desired targeted
disruption. Primers must be designed that amplify across each of the homology box regions, where one
primer primes at a location within the selectable marker greater than 100 bp from the closest end and the
other primes at a location greater than 100 bp beyond the end of a homology box region within the adjacent
genomic sequence. Cells likely containing the correct targeted disruption will successfully create PCR
products spanning the Left Flank and Right Flank of the disruption cassette, whereas unsuccessful
transformation events will not generate a product of the expected size. At this stage the culture may be a
mix of transformed and untransformed cells, so a step of purification may be needed. Purification of the
culture can be tested by PCR for loss of a short PCR product spanning the disruption site.

[0233] More particularly, one such T4m derived strain comprising a pyr2 disruption of the /lov gene was
identified, isolated and named “T4ml+” (i.e., comprising allele /ov(dis) in contrast to allele /ov(T813K)
encoding the specific T813K substitution). Thus, to generate strains comprising the specific /ov(T813K)
allele, spore suspensions of strain T4ml+ (comprising the /ov(dis) allele) were plated on media containing
5-fluoro-orotic acid (FOA) to select for derivative strains in which there was a spontaneous recombination
between the repeated regions flanking the inserted selection marker and concomitant loss of the selection
marker from the genome. The uridine auxotrophs were isolated and analyzed by PCR to test for loss of
the selection marker and sequencing of PCR products to confirm presence of the /ov(T813K) allele. One
strain comprising the /ov(T813K) allele was generated in this manner and is referred to herein as “T4ml”.
To restore the pyrimidine prototrophy for fermentor evaluation, both the T4ml and T4m_pyr2 strains had

the pyr2 marker targeted to the viscosity reducing locus seb/, as essentially described in U.S. Patent No.
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9,725,727, resulting in strains herein referred to as “T4mls” (comprising the /ov(T813K) allele) and

“T4ms” (comprising the /ov(+) allele).

D. FERMENTOR EVALUATION OF T4 DERIVED STRAINS COMPRISING THE /ov(T813K) ALLELE

[0234] Thus, strains T4mls (comprising the /ov(T813K) allele) and T4ms (comprising the /ov(+) allele)
were evaluated in fermentors as described in Example 1. In addition, the T4mls and T4ms strains were
evaluated at a lower cell density fermentation relative to Example 1, by adjusting the amount of glucose
provided before feed start, to ensure that the protein production phenotypes observed with the /ov(T813K)
allele were not limited to higher cell density fermentations. As shown in FIG. 3, under both lower cell
density (LCD; FIG. 3, T4mls, black circles/black dashed lines; T4ms, grey circles/grey dashed lines)
fermentation conditions and higher cell density (HCD; FIG. 3, T4mls, black squares/black solid lines;
T4ms, grey squares/grey solid lines) fermentation conditions, the protein yield on fed sugars increased 42%

and 32%, respectively, when the /ov(T813K) allele was present.

EXAMPLE 3
TARGETED DISRUPTION OF THE /ov GENE BY INSERTION OF pyr2 SELECTION
MARKER FAILED TO IMPROVE PRODUCTIVITY IN FERMENTORS

A. OVERVIEW

[0235] Given the high conservation of the threonine (T) amino acid at residue 813 position of (native)
LOV protein (SEQ ID NO: 2), it seemed probable that disruption of the locus in any way that would block
the expression/production of the LOV protein, would also improve strain productivity as well. To test this
hypothesis, fungal strains with and without the /ov(dis) allele were compared in fermentors, wherein a pyr2
selection marker was inserted into the /ov gene to disrupt LOV protein expression. Surprisingly, the /ov(dis)

allele did not improve production in fermentors.

B. FERMENTOR EVALUATION OF STRAINS WITH THE /ov(dis) ALLELE

[0236] Development of the T4m and T4ml+ strains are described above in Example 2. Strain T4ml+ is a
derivative of T4m in which the pyr2 marker was inserted into the /ov coding sequence of stain T4m_pyr2.
The T4m and T4ml+ strains were evaluated under identical conditions in 14L fermentors that were
essentially the same as described in Example 1, except at a lower cell density fermentation, by adjusting
the amount of glucose provided before feed start.

[0237] Derivatives of T4, named “T4s” and “T4s pyr2” (comprising a viscosity reducing disruption of
gene seb /), were developed essentially as described in U.S. Patent No. 9,725,727, The lov(dis) allele was
introduced into T4s pyr2 analogously as described for strain T4m_pyr2 in Example 2, to generate strain
T4sl+. Thus, the T4s and T4sl+ strains were evaluated under identical conditions in 2 L bioreactors.
Specifically, for 2 L bioreactors, to create a seed culture, the spores of each strain were added separately

to 50 mL of citrate minimal medium in a 250 mL flask. The cultures were grown for 48 h at 30°C and 170
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rpm in a shaking incubator. After 48 hours, 145.6 mL of 50% glucose, and 0.6 g/kg of CaCl,, adjusted to
pH 3.5, was inoculated with the seed culture. Thereafter, the temperature was maintained at 34°C, and pH
at 3.5. Following exhaustion of batched glucose, a glucose-sophorose feed was thereafter introduced, and
the temperature was dropped to 25°C, and pH increased to 4.8. The dry cell weight (DCW), total protein
concentrations, and other parameters were measured, and specific total protein production rates and yield
on fed sugars were calculated. As shown in FIG. 4, protein yield on fed sugars decreased 17% when the
lov(dis) mutation was present in the T4m background and was unchanged when present in the T4s

background.

EXAMPLE 4
TARGETED INTRODUCTION OF THE /ov(T813K) ALLELE IN OTHER FUNGAL STRAINS
IMPROVES PROTEIN PRODUCTIVITY

A. OVERVIEW

[0238] In Example 2, the pyr2 auxotrophy generated concomitant with allele /ov(T813K) generation and
marker loss had been restored by integration of the pyr2 marker at the seb/ locus. Therefore, the
improvement in protein production observed with the /ov(T813K) allele has thus far been exemplified, in
Example 1 and Example 2, in strains always containing both the mpg/ and seb!/ viscosity mutations. To
demonstrate the more general application of the /ov(T813K) allele for improvement of strain productivity,
the pyr2 marker was integrated at three other convenient genomic locations: site A, site B and site C.
Protein production by these different strains was evaluated in shake flasks, where in all cases, presence of
the lov(T813K) mutation improved total protein production relative to the isogenic strains with a wild-type
lov(+) allele. On the contrary, strains comprising a /ov(dis) mutation did not show significant improvement

in protein production in shake flasks.

B. RESTORED PYRIMIDINE AUXOTROPHY IN T4ml AND T4sl BY TARGETED INTEGRATION OF A
pyr2 SELECTION MARKER AT DIFFERENT GENOMIC LOCATIONS
[0239] Strains cither with or without the /ov(T318K) allele were transformed independently with
cassettes targeting integration of pyr2 to three convenient genomic locations named sites A-C, using
methods known to one skilled in the art. Briefly, following PEG-mediated transformation with the pyr2
cassettes, protoplasts were plated on Vogel’s minimal medium containing 1.2 M sorbitol to select for
candidates based on uridine prototrophy acquired by the pyr2 marker. Individual transformants were
isolated and propagated by transfer to Vogel’s minimal medium. PCR analysis was used to identify
transformants in which the pyr2 cassette integrated at the intended genomic location. Following spore
purification, further PCR analysis was done to ensure integration occurred correctly and that the

transformants were homokaryotic.
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[0240] Thus, the pyr2 marker was integrated at site A, site B and site C in pyr2 mutant strains T4m_pyr2
(lov(+)) and T4ml (Ampgl; lov(T318K)) which were described in Example 2 (see, Table 1). Likewise, the
pyr2 marker was integrated at site A in mutants strain T4s pyr2 (Asebl; lov(+)) and T4sl (Asebl,
lov(T318K)) described in Example 3. In addition, disruption allele /ov(dis) was added to whole cellulase
strains T4 pyr2 (pyr2; lov(+)) and 41G_pyr4 (pyr4; lov(+)) using plasmids pRATT312 and pRATT308

respectively as described in Example 2.

C. SHAKE FLASK EVALUATION OF STRAINS WITH AND WITHOUT EITHER THE /ov(T813K) OR
lov(dis) ALLELES

[0241] Strains were evaluated in shake flask fermentations for their protein production. The strains
evaluated are listed in TABLE 1. In all genetic backgrounds tested, the total protein titers increased when
the /ov(T813K) allele was present. However, disruption of the /ov gene, the lov(dis) allele, with either the
pyr4 (41G) or pyr2 marker (T4 and T4m) showed no significant improvement in relative titers.

[0242] Liquid defined (LD) culture medium (e.g., see, US Patent No. 8,455,631), contained the following
components. Casamino acids, 9 g/L; (NH4)2SO4, 5 g/L; MgSO4+7H,0, 1 g/L; KH,PO4, 4.5 g/L;
CaCl,-2H20, 1 g/L, PIPPS, 33 g/L., 400x T’ reesei trace elements, 2.5 ml/L; pH adjusted to 5.5 with NaOH.
After sterilization, lactose or a glucose/sophorose mixture was added to a final concentration of 1.6% w/v.
[0243] To create a seed culture, the spores of each strain were added separately to 50 mL of YEG (5 g/L
yeast extract, 22 g/L glucose, H,0) in a 250 mL flask. The cultures were grown for 36-48 hours at 28°C
and 200 rpm in a shaking incubator. After incubation, 0.3 mL of seed culture were added to 50 mL of LD
medium in a baffled shake flask. This production culture was grown for 5 days at 28°C and 180 rpm.
Secreted protein was harvested by centrifugation to pellet cells, and then collecting the supernatant.
Proteins were precipitated from the supernatant with an equal volume of trichloroacetic acid (TCA),
followed by dissolution in 0.1 N sodium hydroxide (NaOH). Total protein was then measured with a BCA
protein assay (ThermoFisher Scientific, Grand Island, N.Y ., USA) per manufacturer protocol. In all shake
flask experiments, prototrophic T4 and T4m strains were included in duplicate. BCA assay numbers were
normalized to the average of these controls which were run in parallel to minimize the influence of any
week-to-week variation in total protein production efficiency.

[0244] Asshown in FIG. 5, protein titer increased when the /ov(T813K) mutation was present in the T4mc
(site C), T4md (site B), T4mp (site A) and T4sp (site A) backgrounds in addition to the T4ms background
which was exemplified above in bioreactors (Example 2). On the contrary, genetic backgrounds 41G, T4
and T4m comprising an insertion of the pyr2 marker or pyr4 marker disrupting the /ov gene, i.e., allele

lov(dis), did not show significant improvement in protein production in shake flasks.

D. FERMENTOR EVALUATION OF STRAIN T4mp WITH AND WITHOUT THE /ov(T813K) ALLELE
[0245] One pair of these strains, T4mp and T4mlp (insertion of pyr2 at site A), was further evaluated in

14L fermentors as generally described in Example 1, but at lower cell density. As shown in FIG. 6, in the
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presence of the /ov(T813K) allele, this genetic background showed a 28% increase in total protein yield on

fed sugars.
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CLAIMS

A modified Ascomycota cell derived from a parental cell, the modified cell comprising a
polynucleotide sequence encoding a variant LOV protein comprising at least 50% sequence identity
to SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID
NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 and comprising a
lysine (K) residue at an amino acid sequence position corresponding to position 813 of SEQ ID
NO: 4, wherein the modified cell comprises an enhanced protein productivity phenotype relative

to the parental cell when fermented under the same conditions.

The modified cell of claim 1 comprising a polynucleotide encoding a protein of interest (POI).

The modified cell of claim 1, comprising a polynucleotide construct encoding a NIK1(M743T)
protein of SEQ ID NO: 19.

The modified cell of any one of claims 1-3, comprising at least one genetic modification which
deletes, disrupts or reduces the expression/production of a protein selected from the group

consisting of SSB7, MPG1 SFB3, SEB1, CRZ1, TSP2 and/or GAS1.

The modified cell of any one of claims 1-4, wherein the Ascomycota cell is selected from a
Trichoderma sp., Aspergillus sp., Fusarium sp., Penicillium sp., a Candida sp., Chrysosporium
sp., Cephalosporium sp., Talaromyces sp., Neurospora sp. and Myceliophthora sp.

The modified cell of claim 5, wherein the parental Aspergillus sp. cell comprises a polynucleotide
sequence encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ
ID NO: 11 or SEQ ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence
position corresponding to position 813 of SEQ ID NO: 2.

The modified cell of claim 5, wherein the parental Penicillium sp. cell comprises a polynucleotide
sequence encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ
ID NO: 12 or SEQ ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence
position corresponding to position 813 of SEQ ID NO: 2.

The modified cell of claim 5, wherein the parental 7alaromyces sp. cell comprises a polynucleotide
sequence encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ
ID NO: 13 or SEQ ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence
position corresponding to position 813 of SEQ ID NO: 2.

The modified cell of claim 5, wherein the parental Fusarium sp. cell comprises a polynucleotide

sequence encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ
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ID NO: 14 or SEQ ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence
position corresponding to position 813 of SEQ ID NO: 2.

The modified cell of claim 5, wherein the parental Myceliophthora sp. cell comprises a
polynucleotide sequence encoding a native LOV protein comprising at least 50% sequence identity
comprises SEQ ID NO: 15 or SEQ ID NO: 18 and comprises a threonine (T) residue at an amino
acid sequence position corresponding to position 813 of SEQ ID NO: 2.

The modified cell of claim 5, wherein the parental Neurospora sp. cell comprises a polynucleotide
sequence encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ
ID NO: 16 or SEQ ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence
position corresponding to position 813 of SEQ ID NO: 2.

The modified cell of claim 5, wherein the parental Candida sp. cell comprises a polynucleotide
sequence encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ
ID NO: 17 or SEQ ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence
position corresponding to position 813 of SEQ ID NO: 2.

The modified cell of claim 5, wherein the parental 7richoderma sp. cell comprises a polynucleotide
sequence encoding a native LOV protein comprising at least 50% sequence identity comprises SEQ
ID NO: 2 or SEQ ID NO: 18 and comprises a threonine (T) residue at an amino acid sequence
position corresponding to position 813 of SEQ ID NO: 2.

A POI produced by the modified cell of any one of claims 1-13.

A modified Ascomycota cell derived from a parental cell comprising a wild-type polynucleotide
sequence which hybridizes under stringent hybridization conditions with a nucleic acid sequence
encoding a native LOV protein of SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:
13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 and
comprising a threonine (T) residue at an amino acid sequence position corresponding to position 813
of SEQ ID NO: 2, wherein the modified cell comprises a modified polynucleotide sequence which
hybridizes under stringent hybridization conditions with a nucleic acid sequence encoding a LOV
protein of SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 and comprising a lysine
(K) residue at an amino acid sequence corresponding to position 813 of SEQ ID NO: 4.

A vector comprising a polynucleotide encoding a variant LOV protein comprising at least 50%
sequence identity to SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID
NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 and comprising a
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lysine (K) residue at an amino acid sequence position corresponding to position 813 of SEQ ID

NO: 4.

A polynucleotide encoding a variant LOV protein comprising at least 50% sequence identity to
SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO:
15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 and comprising a lysine (K) residue at an

amino acid sequence position corresponding to position 813 of SEQ ID NO: 4.

A polynucleotide encoding a variant LOV protein, wherein the polynucleotide encoding the variant
protein hybridizes under stringent hybridization conditions with a nucleic acid sequence encoding
a LOV protein of SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID
NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 and comprising a
lysine (K) residue at an amino acid sequence position corresponding to position 813 of SEQ ID

NO: 4.

A mutant Trichoderma strain derived from a parental strain, wherein the mutant strain comprises
a gene encoding a LOV variant protein comprising at least 75% sequence identity to SEQ ID NO: 4
or SEQ ID NO: 18 and comprises a lysine (K) residue at a sequence position corresponding to

position 813 of SEQ ID NO: 4.

The mutant strain of claim 18, wherein the mutant strain comprises an enhanced protein

productivity phenotype relative to the parental strain.

The mutant strain of claim 18 or claim 19, comprising a polynucleotide construct encoding a

NIK1(M743T) protein of SEQ ID NO: 19.

The mutant strain of any one of claims 18-20, comprising a genetic modification which deletes,
disrupts or reduced the expression/production of a gene encoding at least one protein selected from

the group consisting of SSB7, MPG1 SFB3, SEB1, CRZ1, TSP2 and GASI.
A POI produced by the mutant strain of any one of claims 18-21.

A method for constructing a modified Ascomycota cell comprising an enhanced protein productivity

phenotype, the method comprising:

(a) obtaining a parental Ascomycota cell and introducing into the cell a polynucleotide construct
encoding a LOV variant protein comprising a lysine (K) residue at a sequence position
corresponding to position 813 of SEQ ID NO: 4, and

(b) isolating the modified cell of step (a),

wherein the modified cell comprises an enhanced protein productivity phenotype relative to the

parental cell.
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A method for constructing a modified Ascomycota cell comprising an enhanced protein productivity

phenotype, the method comprising:

(a) obtaining a parental cell comprising a wild-type /ov gene which hybridizes under stringent
hybridizations conditions with a nucleic acid sequence encoding a LOV protein of SEQ
ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID
NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18,

(b) modifying the parental cell of step (a) to produce a modified cell comprising a gene encoding
a LOV (variant) protein comprising a lysine (K) residue at a sequence position
corresponding to position 813 of SEQ ID NO: 2, and

() isolating the modified cell of step (b),

wherein the modified cell comprises an enhanced protein productivity phenotype relative to the

parental cell.
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SEQ ID NO: 2 (Trichoderma sp.)
MGIGSYFKASTKNAEQAPPAPPPAKLAPPPRLOLEGROSVMSEKPPSSTSGNDVDLOPPTPRFHSRPQOSSSGRSTPSTQOSSMELDD
IKHEVMVNYLYQQQCSQLWVSDGSGEIEGVLLRKARGHYMACPPQLASSPFALACAALNVQCAMTVNSRVIKTFLOWSPDAVDVPL
MNGLRVQILPTIDDLPRARKYQFAAFVASEGLLVVWDDDALHLVARAKAIESELMELVWKAGNVDEEGGDEKGGQPVTEVEIDEES
GEIKPEKRPIHLONTVLVSLTLALVTVSLGAAWRQLAIEVSVDSNYIRLALVALAPVOVEFFTLFFAQVIIGCLAQIFGPIRQLTIN
SKFYSARPPPRLOSAVLPHVTIQCPVYKEGLOGVIMPTVKSIKOAMSTYELOQGGSANMFINDDGLOLI SEEDRLARIEFYADNSIG
WVARPKHGENGFTRKGKFKKASNMNFALMI SCKVEEKLOAIERHPGWSONDEALAYEEALKEVLEADGRAWADGNIRMGDYILLID
SDTRVPADCLLDAVSEMEQSPDVGIMQFSSGVMOVVHTYFENGITFFTNLIYSAIRYTVSNGDVAPFVGHNAILRWSAIQQVAYQD
EDGYDKFWSESHVSEDFDMSLRLOCNGYIIRLAAWAGEGFKEGVSLTVYDELARWEKYAYGCNELLFHPIRTWLWRGPFTPLEFRRFEF
LESNIRFTSKVIVISYIGTYYAIGAAWILTAVNYFVMGWENGYLDKYYVDSWOQVWESIIIVENGLGNIALAVMRYRVGERGLLYAL
FENFMWTLMLAIFLGGLSLHVSQALLAHMFEINMTWGATSKEAEFSNFFIEVPKVLKKFKFSMLESLIFIAGMIILAQAPEFVPEFDW
RIKDFVAILPMATVAASHFLLPLALNPALMTFESW

SEQ ID NO: 11 (Aspergillus sp.)
MTMLSPTSDHPQGASMKDIENPGNDSPALEGSTQAEKTVDNPSRSPTPOQLOTAELAQVLSPLAVROQTOSISTRSQHNRLEYLCLPN
ATNRGKLSRSLARRATLLGWFDQAATQSGQOESQOSSVCVAVKLPDDGYSEFSPSNITPALSKAITRLNEMAVVALSSRVVDKGLSGIL
PGOKSFLVESTSTRIPIVATLDDVEPTLAHYSRACIVMEQKIVLVWSHDTAGILNVAYDVETQLGGQSPKISNATTPRISGRSTPM
DPYRTDDLOQKPANVLOPVRGALDEKQAIYSKAVALEEGEDNEVPDLERNAAPRPVLLVHTVKISLAIMLVIVTQSLGVARLLNEFQ
WDGQYTRFALVVTIPPLALFSLEFFFIVLVTSVEFQLFLPASFCLKNSKFHSGDTEDS SAVKPNPKAHGEYELPHITIOMPVYKEGLK
GVIVPTMISVLAAVQYYEEQGGTASVEVNDDGMOVIQSDLAEARKOQYYRENGIGFTARPPNKKSPVOKGGWGSWEFRKSKPATTEPA
DSEEPEGPYTPQALANKIGFERKGKFKKASNMNYGLAFSLRVEDELARLTQIETERRGCTVDDLTAEDDDRLYQQALDNMLAADEE
RTWAEGNIRIGELILLIDCDTRVPVDCLLYGALEMHESPEVAILQHGSGVMOVVHNVEFENGITYFTNVVYTAIKYGVGSGDVSPEV
GHNAFLRWRALQSIEFVDPSDGOTKWWSDTHVSEDFDI SLRLOMOGMVVRLATYHNGEFKEGVSLTLYDELTRWEKYAYGCNELVE
HPFYOWVYKGPVTRLFLRFLWSNMPVTSKVTIIAYIFTYYAIGSGMLLATVNYVILGLEFDSDIDHLYLPSWGIWCSLVVVENGESS
IAFSMVRHQLKEETFWRALLDATIKWLPFLIIYFGGISLNCAKAILCHAFSINLEWASTAKEMGPTGEFYIGMDKMVRREKWTWAICL
VLAGVMIYFAVGAPWGWTITPGPYSTANVAIAPLAIQICSASFLPFFLGLN

SEQ ID NO: 12 (Penicillium sp.)
MEEWPRNADEPYGSQRYQEDVQODLVSLPSRSSTPHLDRAEIGRVLSPSVOPGRNSRSRRSNPSIAHSFTSPSISESGEGEDPSSTA
RYLARRATLLGWFDEVDVEDGRNSWSSTCISLRRADNEYTFFPYNVNPSLIDAITRLGETAAMAMS SREFTSMLIDSILPGQOKSLVV
ESTSARIPVVHSLNDVSSNLVHFARACIVVQEKLVLIWSHNAGTILHVAHDVERQLGKKSPRISTATTPRASGRSSPFDVDADVAP
STOQISIKAKIDSFPVRGALDEKHEVYSKAVALEEGTVEDDTPVDLEGNLPPRPAHRIHAVKISLAIMLVILTQSLGVSRLVNEFAW
DGSFTRFALVVTIPPLALFSLFFFIVLVTSAFQLFLPASFCLKNSKFHSAIKPNPRFHRDYELPHITVOMPVYKEGLKGVIVPTMM
SVLAAVQYYEEQGGTASVFINDDGMQOCIQPELAEARKQYYRENGIGYTARLPNRKTASKKKRGFGWFRKAKSAEGDAETEAEEDTS
SPOAIANKIGFERKGKFKKASNMNYGLAFSNRVEDELARLADLECQQRGCSNDDLTFEDDDRLYQQALSNMLAEDEGRTWAEGNVR
IGEIILIIDCDTRVPVDCLLYGALEMHESPEVAIVOHGSGVMQVVHNMFENGITYFTDVVYTAIKYGVGSGDVSPEFVGHNAFLRWK
ALQOSIQFVDPADGOTKWWSDAHVSEDFDISLRLOMOGMTVRLATYHNGGFKEGVSLTLYDELTRWEKYAYGCNELVENPEYQWPYK
GPVTRLFLREFLWSNMPVTSKVTIIAYIFTYYAIASGMMLSVVNYVIVGLENSEVDHIYLRSWGIWISLVVVENGVASVAFSMARHQ
LKEMVFWKALLKSALWLPFLVVFFGGISLNCAKAILCHAFSINIEWASTAKEPGPSGFFIGLDKMVKOFKYTWAICLFLAAVMIFM
ALGTPWGWQIKPGEYSTASIAIGPLAIQICNAAILPLILGLN

SEQ ID NO: 13 (Talaromyces sp.)
MSSLFPTRWSFRGHKTPKGDGTPTETASQRDSLPVSESGRSSRGOGYFDRRHVNNSIDDASKYKAMIKFFHVRLTAYOWLPPPTHP
QHSSTGVFLRRSRGIYMSEPEDINPLLLAAIQRINATIAFTMMTETTSIITSQLAPGOQTELILPNGYQVQITIESYADIVGSHSNMV
KKYQYAALIREEQLLLVWNDDLNAILNHAADVEGKLLSLIWGSPIPTEFNLQAVPMMTPGESVVASPNDSLYHLALEPRESPAAAED
SGTSRDASPRRMINEEVKRPKESLERPLAVTSAIFVGMAGMLLVILLLGFGISNLLLEYSVDGGAMRFALTATIPFFLLESIFFMI
VIFTDIFQAVGPVKTLKSNSREFYSPIAPDLKTAYSLGFTPPRVTIOMPIYTESLEGVIKPTISSLKTAISHYESHGGTANIFINDD
GFALLSEEQQHERINFYHDNNIGWVARPKNNEDGYIRKGKFKKASNMNFALNVSNKVEMELIQRMAPTLEKSDMVDPMEEELVYRE
AFDHVIQSDPRIRGAGGDIRVGEFILIVDSDTRIPADCLLYGAAEMFLSPEVAITIQHSTSVMQVSQODYFENGITYFTNLIYSAIRFE
AVGSGETAPFVGHNAFLRWOAVQOSVGRPDDGYVSEFWSESHVSEDFDIALRLQIQGNIIRLASYHNDEFKEGVSLTIYDELSRWEKY
AYGCNELVENPVHTWEYRGPLTKLEMTFLWSNLQLSSKITILGYISSYYALASGFPLTVLNYFLVGWFEGYLDKEYMESWKVELSL
LVVEFSAAGNVCLAITRYRLGEKPLLASLVENFMWMPMFAI FFGGLSFHLSLAILSHMFGINMSWGTTAKEKDDSNFFKEIPKIFKS
FKWMYAVVLPFFPAMIYLACFAPNGWTITEVGAIVPMSVTLASHALLPLLLNPSLMVENY

FIG. 7A
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SEQ ID NO: 14 (Fusarium sp.)
MGIGSYFKADIPPQTPIGPPPRRPSHRPSMSLHAPIIEEKIPPAAVVELHSAAGPKFTAGPPSIAPSSKSGNSNLLDDIKHEVMVN
YLYQQQCSQLWVGDGSGEIEGVLLRKSRGOYMACPPQLGOSPFATACTALNVOCAMTVNSRVIKTFLOWSPDAVDVPLMNGLRVQI
LPTVNDLPRARKHQFAAFIASDGLLVVWDDDALNLMARAKITESELMELVWNSGQSVDEDERDSTIAAEYEIDEESGEIKPEARPV
HLONAVLVSLTLLLVMASLGAAWRQLAVEIAIDGDYKRLGLVALFPIQIFFSLFFAQVIVGCLAQIFGPIRQLTINSKEFYSARPPR
RLOGATLPHITIQCPVYKEGLNAVILPTVKSIKQAMSTYELQGGSANMFINDDGLOQLLSEEERDARIDEFYADNSIGWVARPKHGED
GFIRKGKFKKASNMNFGLMI SCKVEERLQLIKRPADWSQSDEALAYEQALKDVLEENGRAWADGNIRVGDYILLIDSDTRVPTDCL
LDSVSEMEQSPDVGIMQOEFSSGVMOVVHTYFENGITFFTDLIYTAIRFTVSNGDVAPEVGHNAILRWSAIQOVAYQDEDGYDKEWSE
SHVSEDEFDMSLRLOCNGYITIRLAAWAGDGFKEGVSLTVYDELARWEKYAFGCNELLENPIRTWLWRGPFTPLFRREFCESNIREFTSK
ITVVSYIGTYYAIGAAWIMT TANY FLMGWENGYLDKYYLDSWQVWESIILVENGLGNLALAIMRYRSGERTLGYAIYENFKWT LML
AVFLGGLSLHVSQALLAHMFEIDMSWGSTSKEAEFSNFFIEVPKVLKKFRVSMTLSLLAIVALIIMATADFIPHYWRINDFVAILP
MATVAGSHLLLPLALNPALMTFESW

SEQ ID NO: 15 (Myceliophthora sp.)
MGIGDYFKAEKLGSKPTPTPASPPREHGRHQQQOPSASEDHPAPSVQPASELQPPTPRESSRPQOSISGRSVRSTGSSVLDEIKHEVM
VNYLYQQQOCSHLWISDGSGEIEGVLLRKARGOYMACPPQLVNSPLAAACTALNVOCAMTVNSRVIKTFLOWS PDAVDVPLMNGMRV
QILATIDDLPRARKHQFAAFVASEGLLIVWDDDALHLVOQRAKAIESELMELVWKVGAEDNEDEKGVAAVEEPEVDEESGELKPEKR
PVHLLNAYLVSLSLILVTVSLGAAFRQLATEVSVDGNYVRLALVALFPVOMFFTLFFAQVIVGCLAQIFGPIRQLTVNSKEYSARP
PPRLRSSVLPHVTVQCPVYKEGLNAVIAPTVKSIKQAMSTYELQGGSANMFINDDGLQLI SEEDRRARIEFYADNS IGWVARPKHG
ENGFQRRGKFKKASNMNFALMI SCKVEDKLAAIQRTPDWTQHDEALAYERALKEVLEEDGRAWADGNIRIGDYILLVDSDTRVPAD
CLLDAVSEMELSPDVGIMQFSSGVMOVVHTYFENGITFFTNLIYSAIRYTVSNGDVAPEFVGHNAILRWSAIQQVSYEDEDGYEKEFW
SESHVSEDFDMSLRLQOCAGYIIRLAAWAGDGFKEGVSLTVYDELARWEKYAYGCNELLFHPIRKWIYKGPFTPLFRRELESNIRET
SKVTVISYIGTYYAIAAAWIMTSINYFIMGWENGYLDKYYVDSWOVWESTIILVENGLGNIALAVMRYRVGERSILYALYENFKWTE
LLAVFLGGLSLHLSQALLAHMFEIDMTWGATAKEAEFSNFFIEVPKVLKKFKISMLFATIFIAGMI ILAVAPFIPYSWHIKDEVAT
LPMATVAASHLLLPLVLNPALMTFES

SEQ ID NO: 16 (Neurospora sp.)
MGIGSYFKAKKPEPAGQQOHAASTPSRGRQOPSMGNTKAGODDGDILAPPOIRYGSRSRSATRSMMSSTSSVILEDIKHEVMVNYLYQ
QQCSYLWVANGSGEIEGVLLRKSRGQYMACPPALGNSPFAMACAALNVQCAMTVNSRVIKTFLOWSPDAVDVPLLNGLRVQILPTI
EDLPRARKHQFAAFTASEGLLVVWDDDALHLI PRAKEIESELMOLVWKTGEPGEMDEKANPIVGATEIDEESGEPRPEARPVHLLN
TYLVSITMAVVTVSLGAAWRQLAIEVMVDGDYVRLALVALAPVQIFFTLFFAQVIIGCLAQIFGPIKQLSVNSREYSAKPPPRLQOT
AVLPHVIVQCPVYKEGLSGVIAPTVKSIKHAMSTYELQGGSANMFINDDGLQLLSEEDRQARIDFYADHSIGWVARPRHGENGEQR
RGKFKKASNMNYALMI SCKVEEKLAQVPRHSEWSQHDEAQAYERALKDVLEENGRAWADGNIRMGDYILLIDSDTRVPSDCLLDAV
SEMEQSPDVGIMQFSSGVMOVVHTYFENGITFFTNLIYTAIRYTVSNGDVAPFVGHNAILRWSAIQQVSYEDEDGYEKFWSESHVS
EDFDMSLRLQCNDYIIRLAAWAGDGFKEGVSLTVYDELARWEKYAYGCNELLEYPIRKWIWKGPFTPLFRRFLESNIRFTSKITIT
SYIGTYYAIGAAWILTSVNYFLMGWYNGFLDKYYVDSWQVWESIILVENGLGNVALAVMRYRVGERSILGSILENFKWTLMLAIFL
GGLSLHVSQALLAHMFEIDMTWGATSKEAEFSNFFIEVPKVLKKFKESMLESIGFIIGMVILATAPFIPHSWHITDEVAILPMATV
AASHLLLPLALNPALMTESW

SEQ ID NO: 17 (Candida sp.)
MGITDYFVSKGATEAKQGKNSTDIQONETLTFPEMLAGPTGASPRAQFTIGETHLSSDIRTLOGHNEMISAGKSDFKDPQFIVVNY
LHDICLGNGWLKLVDPLEPCVVKMNSKKGNEIGYRYLPACDEIAPYSEFVDCAARFLRSDVCVRVSFPVIHAILDILSSKGTVSLDA
DHNIQIIETVADLOWVRKSONCAFIRNEKSLVCWADSVQEVTGEFVRNLENKMVDYVWKKGNAVDVKGEDYVPRVTFASVEFQSSSES
DVGSEGAVEIIGONAVSQVSISEKSSDSSTHSDGNLNEKKNLDLEQQSSERPVIYIHATVSAFAITLVLAWAGLQFAQVTKEIRAE
GNYLILLSLLMVLPYFLFTSFFASSVMSTLLYVFGPISQOMNKNSYSYSVHKAPRLKAAHGSLPHVTIQCPVYKEKLESVIKPTIKS
LOAATRTYELQGGSANIFINDDGLQLIDRKEALERIEYYEECGLGYVARPGHGVNGFIRKGRFKKASNMNYCLHISKLVDTRFHER
LELIENPTPKEESGLYLKVLEEVVREEGKCWAGGDILLGDIILIIDSDTRVPEDCFVDSVSEMEQSPEVAITIQHASGVMMVVGNYW
EKMIAWEFTNMIYFSISCVSGNGLTMAAFVGHNAFLRWSAIQELAYIDEDDGRTKYWSESHVSEDFEMTLKLASLGYTIRIATYHDG
GFKEGVSLTVYDEITRWSKYAFGCAEIMEFSPFKDWWKGKIFARLFFVEFLNSHISLPCKEFSILGYMGTYYAIATSLIMLVANYFIVG
YYDWGYSRVYIDAMKVEVSVMVVEGCATQVAYIIGRYRIYKHSIYTMVLEFRYSILFSVFLGGLSWHMIVSIGSYFFSLNLOWGAT
AKDIDDSNFFKELPKAIKNYKFMYILCIFLIAGMIVLAFFVPYAFQIRLLTCALPLGWSVASHFLSPIVLNPQLMT FAW
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CLUSTAL W (1.83) Multiple Sequence Alignment
SEQ ID NO: 2, residues 1-894 (bold single letter AA residues)

MGIGSYFKA-———————— KKPEPAGQQHAASTPSRGROQPSMGNTKAGODDGD--ILAPPQ

(1)MGIGSYFKASTKNAEQAPPAPPPAKLAPPPRLQLEGRQSVMSEKPPSSTSGNDVDLQPPT

MGIGSYFKADIP--PQTPIGPPPRRPSHRPSMSLH--APIIEEKIPPAAVVELHSAAGPK
MGITDYEVSKGATEAKQGKNSTDIQONETLTFPEMLAGPTGASPRAQFTIGETHLSSDIR

IRYGSRSRSAT-RSMMSSTSSVILEDIKHEVMVN--YLYQQOCSYLWVANGSGEIEGVLL
PRFHSRPQSSSGRSTPSTQSSMFLDDIKHEVMVN--YLYQQQCSQLWVSDGSGEIEGVLL
FTAGPPSIAPSSKSGNSN-—--LLDDIKHEVMVN--YLYQQOCSQLWVGDGSGEIEGVLL
TLOGHNEMISAGKSDEFKDPOQFIVVNYLHDICLGNGWLKLVDPLEPCVVKMNSKKGNEIGY

RKSRGQYMACPPALGNSPFAMACAALNVQCAMTVNSRVIKTFLOWSPDAVDVPLLN--GL
RKARGHYMACPPQLASSPFALACAALNVQCAMTVNSRVIKTFLQOQWSPDAVDVPLMN--GL
RKSRGOQYMACPPOQLGOSPFATACTALNVQCAMTVNSRVIKTFLOWSPDAVDVPLMN--GL
RYLPACDEIAPYSEFVDCAARFLRSDVCVRVSFPVIHAILDILSSKGTVSLDA-————— DH

RVOILPTIEDLPR-ARKHOQFAAFTASEGLLVVWDDDALHLIPRAKEIESELMOLVWKTGE
RVQILPTIDDLPR-ARKYQFAAFVASEGLLVVWDDDALHLVARAKAIESELMELVWKAGN
RVOILPTVNDLPR-ARKHOQFAAFTASDGLLVVWDDDALNLMARAKITIESELMELVWNSGQ
NIQITETVADLOW-VRKSONCAFIRNEKSLVCWADSVQEVTGEFVRNLENKMVDYVWKKGN

PGEM--DEKANPIVGATEI DE-——————————————————m oo
VDEEGGDEKGGQPVTEVEIDE ——————————————————————— -
SVDE--DERDSTIAAEYEIDE-———————————————m——m o
AVDVKGEDYVPRVTFASVFQSSSESDVGSEGAVEI IGONAVSQVSISEKSSDSSTHSDGN
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CLUSTAL W (1.83) Multiple Sequence Alignment

SEQ ID NO: 2, residues 1-894 (bold single letter AA residues)—Continued

—————— ESGEPRPEARPVHLLNTYLVSITMAVVTVSLGAAWRQLATEVMVDGDYVRLALV
—————— ESGEIKPEKRPIHLONTVLVSLTLALVTVSLGAAWRQLAIEVSVDSNYIRLALV
—————— ESGETIKPEARPVHLONAVLVSLTLLLVMASLGAAWRQLAVETIATIDGDYKRLGLV
LNEKKNLDLEQOSSERPVIYIHATVSAFATTLVLAWAGLOFAQVTKEIRAEGNYLILLSL

ALAPVOIFFTLEFFAQVIIGCLAQIFGPIKQLSVNSREYSAKPPPRLOT--AVLPHVTVQC
ALAPVQVFFTLFFAQVIIGCLAQIFGPIRQLTINSKFYSARPPPRLQS--AVLPHVTIQC
ALFPIQIFFSLEFAQVIVGCLAQIFGPIRQLTINSKEFYSARPPRRLOG--ATLPHITIQC
IMVLPYFLEFTSFFASSVMSTLLYVEGPISOMNKNSYSYSVHKAPRLKAAHGSLPHVTIQC

PVYKEGLSGVIAPTVKSIKHAMSTYELQGGSANMFINDDGLOLLSEEDRQARIDEYADHS
PVYKEGLQGVIMPTVKSIKQAMSTYELQGGSANMFINDDGLQLISEEDRLARIEFYADNS
PVYKEGLNAVILPTVKSIKOAMSTYELQGGSANMFINDDGLOLLSEEERDARIDEYADNS
PVYKEKLESVIKPTIKSLOAATRTYELQGGSANIFINDDGLOLIDRKEALERIEYYEECG

—————————— KPATTEP-———-—-—-—-———-—————-ADSEEPEGPYTPOQALANKIGFERKGKFK
IGYTARLPNRKTASKKKRGEGWEFRKAKSAEGDAETEAEEDTSSPOATANKIGFERKGKEK

TG —m—m o WVARPRHGENGFORRGKFK
TG ——m e WVARPKHGENGFTRKGKFK
TG —m—m o WVARPKHGEDGFIRKGKFK
LG m——m YVARPGHGVNGFIRKGRFK

KASNMNYGLAFSLRVEDELARLTQIETERRGCTVDDLTAEDDDRLYQOALDNMLAADEER
KASNMNYGLAFSNRVEDELARLADLECQQRGCSNDDLTFEDDDRLYQOALSNMLAEDEGR

———————————————————————————————————————— EEELVYREAFDHVIQSDPRI
KASNMNYALMI SCKVEEKLAQVPRHS-—————-—- EWSQHDEAQAYERALKDVLEEN-GR
KASNMNFALMI SCKVEEKLQATERHP-———-——-—- GWSQNDEALAYEEALKEVLEAD-GR
KASNMNFGLMISCKVEERLQLIKRPA-—————-—- DWSQSDEALAYEQALKDVLEEN-GR
KASNMNYCLHISKLVDTRFHERLELIEN—--——-——— PTPKEESGLYLKVLEEVVREE-GK

FIG. 7D
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CLUSTAL W (1.83) Multiple Sequence Alignment

SEQ ID NO: 2, residues 1-894 (bold single letter AA residues)—Continued

TWAEGNIRIGELILLIDCDTRVPVDCLLYGALEMHESPEVATILOHGSGVMQVVHNVEENG
TWAEGNVRIGEITLITIDCDTRVPVDCLLYGALEMHESPEVATVQHGSGVMQVVHNMEFENG
RGAGGDIRVGEFILIVDSDTRIPADCLLYGAAEMFLSPEVATITQHSTSVMQOVSQDYFENG
————————————————— SDTRVPADCLLDAVSEMELSPDVGIMQFSSGVMQVVHTYFENG
AWADGNIRMGDYILLIDSDTRVPSDCLLDAVSEMEQSPDVGIMOEFSSGVMOVVHTYFENG
AWADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMQFSSGVMQVVHTYFENG
AWADGNIRVGDYILLIDSDTRVPTDCLLDSVSEMEQSPDVGIMOEFSSGVMOVVHTYFENG
CWAGGDILLGDIILIIDSDTRVPEDCEFVDSVSEMEQSPEVATITQHASGVMMVVGNYWEKM

*hkk ok khkoo oo * *k ek Kk oeKk . kk Kk o« k.

ITYFTNVVYTATKYGVGSG-DVSPFVGHNAFLRWRALOSTEEFVDPSDGOTKWWSDTHVSE
ITYFTDVVYTATIKYGVGSG-DVSPFVGHNAFLRWKALOSTIQFVDPADGOTKWWSDAHVSE
ITYFTNLIYSATRFAVGSG-ETAPFVGHNAFLRWOAVQOSVG--RPDDGYVSEWSESHVSE
ITFFTNLIYSATRYTVSNG-DVAPFVGHNATLRWSATQOVSY-EDEDGYEKFWSESHVSE
ITFFTNLIYTATRYTVSNG-DVAPFVGHNATLRWSATQOVSY-EDEDGYEKFWSESHVSE
ITFFTNLIYSAIRYTVSNG-DVAPFVGHNAILRWSAIQQVAY-QDEDGYDKFWSESHVSE
ITFFTDLIYTATRFTVSNG-DVAPFVGHNATLRWSATQOVAY-QDEDGYDKEWSESHVSE
IAWFTNMIYEFSISCVSGNGLTMAAFVGHNAFLRWSATQELAYTIDEDDGRTKYWSESHVSE

ke okk oo ok ok * s kkkhkkkoekkk kek o * ek koo ook kk Kk

DFDISLRLOMOGMVVRLATYHNGEFKEGVSLTLYDELTRWEKYAYGCNELVFHPEYQWVY
DFDISLRLOMOGMTVRLATYHNGGFKEGVSLTLYDELTRWEKYAYGCNELVENPEFYQWPY
DFDIALRLOIQGNIIRLASYHNDEFKEGVSLTIYDELSRWEKYAYGCNELVENPVHTWEY
DFDMSLRLOQCAGYIIRLAAWAGDGEFKEGVSLTVYDELARWEKYAYGCNELLFHPIRKWIY
DFDMSLRLOCNDYIIRLAAWAGDGEFKEGVSLTVYDELARWEKYAYGCNELLEFYPIRKWIW
DFDMSLRLQCNGYIIRLAAWAGEGFKEGVSLTVYDELARWEKYAYGCNELLFHPIRTWLW
DFDMSLRLOCNGYIIRLAAWAGDGEFKEGVSLTVYDELARWEKYAFGCNELLEFNPIRTWLW
DFEMTLKLASLGYTIRIATYHDGGFKEGVSLTVYDEITRWSKYAFGCAEIMESPEFKDWWK

khk e o ook ook ek ok e khkhkhkhhhkokhhkhookdh khkkokdh *eo ok * *

KGPVTRLFLRFLWSNMPVTSKVTIIAYIFTYYAIGSGMLLATVNYVILGLFDSDIDHLYL
KGPVTRLFLRFLWSNMPVTSKVTIIAYIFTYYATASGMMLSVVNYVIVGLFNSEVDHIYL
RGPLTKLFMTFLWSNLQLSSKITILGYISSYYALASGFPLTVLNYFLVGWFEGYLDKFYM
KGPFTPLFRRFLESNIRFTSKVIVISYIGTYYATIAAAWIMTSINYFIMGWEFNGYLDKYYV
KGPFTPLFRRFLESNIRFTSKITIISYIGTYYAIGAAWILTSVNYFLMGWYNGFEFLDKYYV
RGPFTPLFRRFLFSNIRFTSKVITVISYIGTYYAIGAAWILTAVNYFVMGWEFNGYLDKYYV
RGPFTPLFRRFCESNIRFTSKITVVSYIGTYYAIGAAWIMTTANYFLMGWEFNGYLDKYYL
GKIFARLFFVFLNSHISLPCKESILGYMGTYYATIATSLIMLVANYFIVGYYDWGYSRVYI

FAk ke L FL o R aRRR L 0, : R iR oo IO
PSWGIWCSLVVVENGFESSIAFSMVRHOQLKEETFWRALLDATIKWLPFLIIYFGGISLNCAK
RSWGIWISLVVVENGVASVAFSMARHQLKEMVEWKALLKSAIWLPFLVVFFGGISLNCAK
ESWKVFLSLLVVESAAGNVCLAIIRYRLGEKPLLASLVENFMWMPMFATIFFGGLSFHLSL
DSWOVWFSIILVENGLGNIALAVMRYRVGERSILYALYENFKWTFLLAVFLGGLSLHLSQ
DSWOVWFSIILVENGLGNVALAVMRYRVGERSILGSILENFKWTLMLATIFLGGLSLHVSQ
DSWQVWFSIIIVEFNGLGNIALAVMRYRVGERGLLYALFENFMWTLMLAIFLGGLSLHVSQ
DSWOVWFSIILVENGLGNLALAIMRYRSGERTLGYAIYENFKWTLMLAVFLGGLSLHVSQ
DAMKVEFVSVMVVFEGCATQVAYIIGRYRIYKHSIYTMVLE-FRYSILFSVFLGGLSWHMIV

ke o 0 kk e ke . . o o0 kk ook
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CLUSTAL W (1.83) Multiple Sequence Alignment
SEQ ID NO: 2, residues 1-894 (bold single letter AA residues)—Continued

AILCHAFSINLEWASTAKEMGPTGEFYIGMDKMVRRFKWTWAICLVLAGVMIYFAVG--AP
AILCHAFSINIEWASTAKEPGPSGFFIGLDKMVKQFKYTWAICLFLAAVMIFMALG--TP
AILSHMFGINMSWGTTAKEKDDSNFFKEIPKIFKSFKWMYAVVLPFFPAMIYLACF--AP
ALLAHMFEIDMTWGATAKEAEFSNFFIEVPKVLKKFKISMLFATIFIAGMITILAVAPFIP
ALLAHMFEIDMTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSIGFITIGMVILATAPFIP
ALLAHMFEINMTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSLIFIAGMIILAQAPFVP
ALLAHMFEIDMSWGSTSKEAEFSNFFIEVPKVLKKFRVSMTLSLLAIVALIIMATADFETIP
SIGSYFFSLNLOWGATAKDIDDSNFFKELPKATKNYKFMYILCIFLIAGMIVLAFF--VP

* ee e Kk ekoekoe o ke . K . .. .. .k *

WGWTITPGPYSTANVAIAPLAIQICSASFLPFFLGLN-—————-
WGWOIKPGEYSTASTATIGPLAIQICNAAILPLILGLN-——————

NGWTIT-————- EVGATVPMSVTLASHALLPLLLNPSLMVENY
YSWHIK-————- DFVATLPMATVAASHLLLPLVLNPALMTES—
HSWHIT-———-—- DFVATLPMATVAASHLLLPLALNPALMTFESW
FDWRIK------ DFVAILPMATVAASHFLLPLALNPALMTFSW (894)
HYWRIN-————- DFVATLPMATVAGSHLLLPLALNPALMTFEFSW
YAFQIR-————— LLTCALPLGWSVASHFLSPIVLNPQLMT FAW

FIG. 7F
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SEQ ID NO: 18 (Trichoderma sp. LOV protein C-terminal residue positions 500-894)
AWADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMOFSSGVMQVVHTYFENGITFETNLIYSATIRYTVS
NGDVAPEVGHNAILRWSAIQOVAYQDEDGYDKEWSESHVSEDEDMSLRLOCNGY I TRLAAWAGEGFKEGVSLTVYDE
LARWEKYAYGCNELLFHPTIRTWLWRGPEFTPLFRRELESNIREFTSKVIVISYIGTYYAIGAAWILTAVNYEFVMGWENG
YLDKYYVDSWQVWESITIIVENGLGNIALAVMRYRVGERGLLYALFENFMWTLMLAIFLGGLSLHVSQALLAHMFEIN
MTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSLIFIAGMI ILAQAPFVPFDWRIKDFVAILPMATVAASHEFLLPLA
LNPALMTESW

SEQ ID NO: 11 (dspergillus sp. LOV protein orthologue)

MTMLSPTSDHPQGASMKDI ENPGNDSPALEGSTQAEKTVDNPSRSPTPQLOTAELAQVLS PLAVRQTQST STRSQHN
RLEYLCLPNATNRGKLSRSLARRATLLGWFDQAATQSGQESQSSVCVAVKLPDDGYSFSPSNITPALSKAT TRLNEM
AVVALSSRVVDKGLSGILPGQKSFLVESTSTRIPIVATLDDVEPTLAHYSRACIVMEQKIVLVWSHDTAGI LNVAYD
VETQLGGQSPKISNATTPRI SGRSTPMDPYRTDDLQKPANVLQPVRGALDEKQATYSKAVALEEGEDNEVPDLERNA
APRPVLLVHTVKISLATIMLVIVTQSLGVARLLNEFQWDGQYTRFALVVTIPPLALFSLFFFIVLVTSVFQLFLPASF
CLKNSKFHSGDTEDSSAVKPNPKAHGEYELPHITIQMPVYKEGLKGVIVPTMI SVLAAVQYYEEQGGTASVFVNDDG
MQVIQSDLAEARKQYYRENGIGFTARPPNKKSPVQKGGWGSWFRKSKPATTEPADSEEPEGPYTPQALANKI GFERK
GKFKKASNMNYGLAFSLRVEDELARLTQI ETERRGCTVDDLTAEDDDRLYQQALDNMLAADEERTWAEGNIRIGELT
LLIDCDTRVPVDCLLYGALEMHESPEVAT LQHGSGVMQVVHNVFENGITYFTNVVYTATKYGVGSGDVSPFVGHNAF
LRWRALQSIEFVDPSDGQTKWWSDTHVSEDFDI SLRLOMQOGMVVRLATYHNGEFKEGVSLTLYDELTRWEKYAYGCN
ELVFHPFYQWVYKGPVTRLFLRFLWSNMPVTSKVTITAYIFTYYATGSGMLLATVNYVILGLFDSDIDHLYLPSWGT
WCSLVVVFNGFSSIAFSMVRHQLKEET FWRALLDATI KWLPFLIIYFGGI SLNCAKATLCHAFSINLEWASTAKEMGP
TGFYIGMDKMVRRFKWTWATCLVLAGVMI YFAVGAPWGWT ITPGPYSTANVATAPLATQICSASFLPFFLGLN

Expect Method Identities Positives Gaps
Score
409 bits(1052) 9e-139 i;?iiiltlonal 201/395(51%) 273/395(69%) 11/395(29%)

Query 501 WADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMQFSSGVMQVVHTYFENGI 560
WA+GNIR+G+ ILLID DTRVP DCLL EM +SP+V I+Q SGVMQOVVH FENGI
Sbjct 605 WAEGNIRIGELILLIDCDTRVPVDCLLYGALEMHESPEVAILQHGSGVMQVVHNVFENGI 664

Query 561 TFFTNLIYSAIRYTVSNGDVAPEFVGHNAILRWSAIQQVAYQD-EDGYDKFWSESHVSEDE 619
T+FTN++Y+AI+Y V +GDV+PEFVGHNA LRW A+Q + + D DG K+WS++HVSEDF
Sbjct 665 TYFTNVVYTAIKYGVGSGDVSPEVGHNAFLRWRALQSIEFVDPSDGOTKWWSDTHVSEDE 724

Query 620 DMSLRLOCNGYIIRLAAWAGEGFKEGVSLTVYDELARWEKYAYGCNELLFHPIRTWLWRG 679
D+SLRLO G ++RLA + FKEGVSLT+YDEL RWEKYAYGCNEL+FHP WH+++G
Sbjct 725 DISLRLOMOGMVVRLATYHNGEFKEGVSLTLYDELTRWEKYAYGCNELVEFHPEYOWVYKG 784

Query 680 PFTPLFRRFLESNIRFTSKVIVISYIGTYYAIGAAWILTAVNYFVMGWENGYLDKYYVDS 739
P T LF RFL+SN+ TSKVT+I+YI TYYAIG+ +L VNY ++G F+ +D Y+ S
Sbjct 785 PVTRLFLRFLWSNMPVTSKVTIIAYIFTYYAIGSGMLLATVNYVILGLEFDSDIDHLYLPS 644

Query 740 WQOVWEFSIIIVENGLGNIALAVMRYRVGERGLLYALFENFMWTLIMLAIFLGGLSLHVSQAL 799
W +W S+++VENG +IA +++R+++ E AL + W L T+ GG+SL+ ++A+
Sbjct 845 WGIWCSLVVVENGESSIAFSMVRHOQLKEETFWRALLDAIKWLPFLIIYFGGISLNCAKAI 904

Query 800 LAHMFEINMTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSLIFIAGMIILAQAPFVPEFD 859
L HF IN+ W +T+KE + F+I + K++++FK++ L+ MI A P+
Sbjct 905 LCHAFSINLEWASTAKEMGPTGEFYIGMDKMVRRFKWTWAICLVLAGVMIYFAVG--APWG 962

Query 860 WRIKD------ FVAILPMATVAASHFLLP--LALN 886

W I VAI P+A S LP L LN
Sbjct 963 WTITPGPYSTANVAIAPLAIQICSASFLPFFLGLN 997
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SEQ ID NO: 18 (Trichoderma sp. LOV protein C-terminal residue positions 500-894)

AWADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMOFSSGVMQVVHTYFENGITFETNLIYSATIRYTVS
NGDVAPEVGHNAILRWSAIQOVAYQDEDGYDKEWSESHVSEDEDMSLRLOCNGY I TRLAAWAGEGFKEGVSLTVYDE
LARWEKYAYGCNELLFHPTIRTWLWRGPEFTPLFRRELESNIREFTSKVIVISYIGTYYAIGAAWILTAVNYEFVMGWENG
YLDKYYVDSWQVWESITIIVENGLGNIALAVMRYRVGERGLLYALFENFMWTLMLAIFLGGLSLHVSQALLAHMFEIN
MTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSLIFIAGMI ILAQAPFVPFDWRIKDFVAILPMATVAASHEFLLPLA

LNPALMTFESW

SEQ ID NO: 12 (Penicillium sp. LOV protein orthologue)

MEEWPRNADEPYGSQRYQEDVODLVSLPSRSSTPHLDRAEIGRVLSPSVQPGRNSRSRRSNPSTAHSEFTSPSISESG
EGEDPSSTARYLARRATLLGWEDEVDVEDGRNSWSSTCISLRRADNEYTFFPYNVNPSLIDAITRLGETAAMAMSSR
FTSMLIDSILPGOKSLVVESTSARTIPVVHSLNDVSSNLVHFARACIVVQEKLVLIWSHNAGTILHVAHDVERQLGKK
SPRISTATTPRASGRSSPFDVDADVAPSTQISIKAKIDSFPVRGALDEKHEVYSKAVALEEGTVEDDTPVDLEGNLP
PRPAHRIHAVKISLAIMLVILTOSLGVSRLVNEFAWDGSFTRFALVVTIPPLALFSLEFFIVLVTSAFQLFLPASEC
LRKNSKFHSAIKPNPREFHRDYELPHITVOMPVYKEGLKGVIVPTMMSVLAAVQYYEEQGGTASVEFINDDGMQCIQPEL
AFEARKOQYYRENGIGYTARLPNRKTASKKKRGFGWEFRKAKSAEGDAETEAEEDTSSPOATIANKIGFERKGKEFKKASNM
NYGLAFSNRVEDELARLADLECQQRGCSNDDLTFEDDDRLYQOALSNMLAEDEGRTWAEGNVRIGEITILIIDCDTRV
PVDCLLYGALEMHESPEVAIVQOHGSGVMOQVVHNMFENGITYFTDVVYTATKYGVGSGDVSPEFVGHNAFLRWKALOST
QFVDPADGOTKWWSDAHVSEDFDI SLRLOMOGMTVRLATYHNGGFKEGVSLTLYDELTRWEKYAYGCNELVENPEYQ
WPYKGPVTRLEFLRFLWSNMPVTSKVTITAYIFTYYATASGMMLSVVNYVIVGLENSEVDHIYLRSWGIWISLVVVEN
GVASVAFSMARHOLKEMVEWKALLKSAIWLPFLVVEFGGISLNCAKATILCHAFSINIEWASTAKEPGPSGEFFIGLDK
MVKOFKYTWAICLFLAAVMIFMALGTPWGWQIKPGEYSTASIATGPLATQICNAATLPLILGLN

Score Expect Method Identities Positives Gaps

411 bits (1057) le-139 Compositional 199/392(51%) 277/392(70%) 9/392(2%)

Cuery 501 WADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMOFSSE 4”VVUTYFENGI 560
WAHFGN+R+G+ IL+ID RVP DCLL 3 PV I+Q FENGI

Shict 596 WABEGNVRIGEIILIID VEVDCLLYGALEMHESPEVATVOHGSGYVMOVVHNMEENGT €55

Query 561 TEFTNLIYSAIRYTV ”"-VAPFVWHNAIL"WSAIQQVAYQDE &19

THET+++Y +Y vV
Shict €56 TYFTDVVYTAIKYGVG

Query ©z0 YIIRLAAWAGEGFKEGVSLTVYDELARWEKY IRTWLWRG &79
+RLA + GEFREGV3LT+ VD W ++G

Sibict 716 OMOGMTVRLIATYHNGGVREGVS LT NPFYQWPYKG 775

Cuery &30 PETPLERRELESNIRFTSKVIVISYIGTYYAILGAAWILTAVNYEVE \’IGWFN"YLD*\ YYVDs 739
P T LEF RFLASN+ ’ TYYAL + L+ VNY ++ Y+ 8

Sbict 776 PVTRLE’LRFL"’J SNMEPVTSKVTILIAYIFTYYATASGMMLSVVNY T/JL\/(:J_E'I\IbE\’LKIYLP“ 835

Query 740 WOVWFSIIIVENGL
WO+ S+

Shict 536 WELIWISLVVVE

NIALAVMRYRVGERGLLYAL
4R b4 Bt E
NGVASVAFSMARHOLKEMVFWRKALLESAL

i
+W
I
0y

L H i 1’\[* W +T+FF
Sbijct 8396 LCHAFSINIEWASTAKEP

Query 540 Wr VAT LPMATVAASE 885
W+It +AT P+A +
Shict 954 WOIKPGEYSTASIALG PLAIQIC’\IL\AJ 955

FIG. 8B
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SEQ ID NO: 18 (Trichoderma sp. LOV protein C-terminal residue positions 500-894)
AWADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMOFSSGVMQVVHTYFENGITFETNLIYSATIRYTVS
NGDVAPEVGHNAILRWSAIQOVAYQDEDGYDKEWSESHVSEDEDMSLRLOCNGY I TRLAAWAGEGFKEGVSLTVYDE
LARWEKYAYGCNELLFHPTIRTWLWRGPEFTPLFRRELESNIREFTSKVIVISYIGTYYAIGAAWILTAVNYEFVMGWENG
YLDKYYVDSWQVWESITIIVENGLGNIALAVMRYRVGERGLLYALFENFMWTLMLAIFLGGLSLHVSQALLAHMFEIN
MTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSLIFIAGMI ILAQAPFVPFDWRIKDFVAILPMATVAASHEFLLPLA
LNPALMTESW

SEQ ID NO: 13 (Talaromyces sp. LOV protein orthologue)

MSSLEPTRWS FRGHKT PKGDGTPTETASQRDSLPVSESGRSSRGQGYFDRRHVNN ST DDASKYKAMI KFFHVRLTAY
QWLPPPTHPQHSSTGVFLRRSRGI YMSEPEDINPLLLAATQRINATIAFTMMTET TSI ITSQLAPGQTELILPNGYQ
VQITESYADIVGSHSNMVKKYQYAALTREEQLLLVWNDDLNAT LNHAADVEGKLLSLIWGSPTPTFNLQAVPMMT PG
ESVVASPNDSLYHLALEPRESPAAAEDSGTSRDASPRRMINEEVKRPKESLERPLAVTSAT FVGMAGMLLVILLLGF
GISNLLLEYSVDGGAMRFALTATIPFFLLFSIFFMIVIFTDIFQAVGPVKTLKSNSRFYSPIAPDLKTAYSLGFTPP
RVTIQMPIYTESLEGVIKPTISSLKTATI SHYESHGGTANI FINDDGFALLSEEQQHERINFYHDNNIGWVARPKNNE
DGYIRKGKFKKASNMNFALNVSNKVEMELTQRMAPTLEKSDMVDPMEEELVYREAFDHVIQSDPRIRGAGGDIRVGE
FILIVDSDTRIPADCLLYGAAEMFLSPEVATIQHSTSVMQVSQDYFENGITYFTNLI YSATRFAVGSGETAPFVGHN
AFLRWQAVQSVGRPDDGYVSFWSESHVSEDFDIALRLQIQGNT IRLASYHNDEFKEGVSLTI YDELSRWEKYAYGCN
ELVFNPVHTWFYRGPLTKLFMTFLWSNLQLSSKITILGYISSYYALASGFPLTVLNYFLVGWFEGYLDKFYMESWKV
FLSLLVVFSAAGNVCLAIIRYRLGEKPLLASLVENFMWMPMFAT FFGGLSFHLSLAT LSHMFGINMSWGTTAKEKDD
SNFFKEIPKIFKSFKWMYAVVLPFFPAMIYLACFAPNGWTITEVGAIVPMSVTLASHALLPLLLNPSLMVFNY

Score Expect Method Identities Positives Gaps
477 bits (1227) 9e-166 Compositional 222/377(59%) 290/377(76%) 3/377(0%)

Query 502 ADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMQOFSSGVMOVVHTYFENGIT 561
A G+IR+G++IL++DSDTR+PADCLL +EM SP+V I+Q S+ VMQV YFENGIT
Sbjct 531 AGGDIRVGEFILIVDSDTRIPADCLLYGAAEMFLSPEVAIIQHSTSVMQOVSQDYFENGIT 590

Query 562 FFTNLIYSAIRYTVSNGDVAPFVGHNAILRWSAIQQVAYQDEDGYDKFWSESHVSEDEDM 621
+FTNLIYSAIR+ V +G+ APFVGHNA LRW A+Q V D DGY FWSESHVSEDFD+
Sbjct 591 YFTNLIYSAIRFAVGSGETAPFVGHNAFLRWQOAVQOSVGRPD-DGYVSFWSESHVSEDFDI 649

Query 622 SLRLOCNGYIIRLAAWAGEGFKEGVSLTVYDELARWEKYAYGCNELLFHPIRTWLWRGPE 681
+LRLQ G IIRLA++ + FKEGVSLT+YDEL+RWEKYAYGCNEL+EF+P+ TW +RGP
Sbjct 650 ALRLQIQGNIIRLASYHNDEFKEGVSLTIYDELSRWEKYAYGCNELVENPVHTWEYRGPL 709

Query 682 TPLFRREFLESNIRFTSKVIVISYIGTYYAIGAAWILTAVNYFVMGWENGYLDKYYVDSWQ 741
T LF FL+SN++ +SK+T++ YI +YYA+ + + LT +NYF++GWE GYLDK+Y++SW+
Sbjct 710 TKLFMTFLWSNLOLSSKITILGYISSYYALASGFPLTVINYFLVGWFEGYLDKFYMESWK 769

Query 742 VWFSIIIVENGLGNIALAVMRYRVGERGLLYALFENFMWTLMLAIFLGGLSLHVSQCALLA 801
v+ S+++VF+ GN+ LA++RYR+GE+ LL +L ENFMW M AIF GGLS H+S A+L+
Sbjct 770 VFLSLLVVFSAAGNVCLAIIRYRLGEKPLLASLVENFMWMPMFAIFFGGLSFHLSLAILS 829

Query 802 HMFEINMTWGATSKEAEFSNFFIEVPKVLKKFKFSMLEFSLIFIAGMIILAQAPFVPFDWR 861
HMF INM+WG T+KE + SNFF E+PK+ K FK+ L F MI LA FP W
Sbjct 830 HMFGINMSWGTTAKEKDDSNFFKEIPKIFKSFKWMYAVVLPFFPAMIYLAC--FAPNGWT 887

Query 862 IKDFVAILPMATVAASH 878

I + AI+PM+ ASH
Sbjct 888 ITEVGAIVPMSVTLASH 904

FIG. 8C
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SEQ ID NO: 18 (Trichoderma sp. LOV protein C-terminal residue positions 500-894)
AWADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMOFSSGVMQVVHTYFENGITFETNLIYSATIRYTVS
NGDVAPEVGHNAILRWSAIQOVAYQDEDGYDKEWSESHVSEDEDMSLRLOCNGY I TRLAAWAGEGFKEGVSLTVYDE
LARWEKYAYGCNELLFHPTIRTWLWRGPEFTPLFRRELESNIREFTSKVIVISYIGTYYAIGAAWILTAVNYEFVMGWENG
YLDKYYVDSWQVWESITIIVENGLGNIALAVMRYRVGERGLLYALFENFMWTLMLAIFLGGLSLHVSQALLAHMFEIN
MTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSLIFIAGMI ILAQAPFVPFDWRIKDFVAILPMATVAASHEFLLPLA
LNPALMTESW

SEQ ID NO: 14 (Fusarium sp. LOV protein orthologue)
MGIGSYFKADIPPQTPIGPPPRRPSHRPSMSLHAPIITEEKI PPAAVVELHSAAGPKFTAGPPSIAPSSKSGNSNLLD
DIKHEVMVNYLYQQQCSQLWVGDGSGEI EGVLLRKSRGQYMACPPQLGQS PFATACTALNVQCAMTVN SRVIKTFLQ
WSPDAVDVPLMNGLRVQILPTVNDLPRARKHQFAAFTASDGLLVVWDDDALNLMARAKI IESELMELVWNSGQSVDE
DERDSTIAAEYEIDEESGEIKPEARPVHLONAVLVSLTLLLVMASLGAAWRQLAVETIATDGDYKRLGLVALFPIQIF
FSLFFAQVIVGCLAQI FGPTRQLTINSKFYSARPPRRLQGATLPHITIQCPVYKEGLNAVILPTVKSTKQAMSTYEL
QGGSANMFINDDGLQLLSEEERDARI DFYADNSIGWVARPKHGEDGFI RKGKFKKASNMNFGLMI SCKVEERLQLIK
RPADWSQSDEALAYEQALKDVLEENGRAWADGNTIRVGDYILLIDSDTRVPTDCLLDSVSEMEQSPDVGIMQFSSGVM
QVVHTYFENGITFFTDLIYTAIRFTVSNGDVAPFVGHNAT LRWSATQQVAYQDEDGYDKFWSESHVSEDFDMS LRLQ
CNGYIIRLAAWAGDGFKEGVSLTVYDELARWEKYAFGCNELLFNPIRTWLWRGPFTPLFRRFCFSNIRFTSKITVVS
YIGTYYATIGAAWIMTTANYFLMGWFNGYLDKYYLDSWQVWFSIILVFNGLGNLALATMRYRSGERTLGYAT YENFKW
TLMLAVFLGGLSLHVSQALLAHMFEI DMSWGSTSKEAEFSNFFIEVPKVLKKFRVSMTLSLLATVALI IMATADFIP
HYWRINDFVAILPMATVAGSHLLLPLALNPALMTFSW

Score Expect Method Identities Positives Gaps
717 bits(1852) 0.0 Compositional 347/395(88%) 374/395(94%) 0/395(0%)

Query 500 AWADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMQFSSGVMQOVVHTYFENG 559
AWADGNIR+GDYILLIDSDTRVP DCLLD+VSEMEQSPDVGIMQEFSSGVMQVVHTYFENG
Sbjct 490 AWADGNIRVGDYILLIDSDTRVPTDCLLDSVSEMEQSPDVGIMQFSSGVMQOVVHTYFENG 549

Query 560 ITFFTNLIYSAIRYTVSNGDVAPFVGHNAILRWSAIQQVAYQODEDGYDKFWSESHVSEDE 619
ITFFT+LIY+AIR+TVSNGDVAPFVGHNAI LRWSATQQOVAYQDEDGYDKFWSESHVSEDE
Sbjct 550 ITFFTDLIYTAIRFTVSNGDVAPEVGHNAILRWSAIQQVAYQDEDGYDKEFWSESHVSEDE 609

Query 620 DMSLRLOCNGYIIRLAAWAGEGFKEGVSLTVYDELARWEKYAYGCNELLFHPIRTWLWRG 679
DMSLRLOCNGYIIRLAAWAG+GFKEGVSLTVYDELARWEKYA+GCNELLF+PIRTWLWRG
Sbjct 610 DMSLRLOCNGYIIRLAAWAGDGFKEGVSLTVYDELARWEKYAFGCNELLENPIRTWLWRG 669

Query 680 PFTPLFRRFLESNIRFTSKVIVISYIGTYYAIGAAWILTAVNYFVMGWENGYLDKYYVDS 739
PFTPLFRRE FSNIRFTSK+TV+SYIGTYYAIGAAWI+T NYF+MGWENGYLDKYY+DS
Sbjct 670 PFTPLFRRFCEFSNIRFTSKITVVSYIGTYYAIGAAWIMTTANYFLMGWENGYLDKYYLDS 729

Query 740 WQOVWEFSIIIVENGLGNIALAVMRYRVGERGLLYALFENFMWTLIMLAIFLGGLSLHVSQAL 799
WOVWFSII+VENGLGN+ALA+MRYR GER L YA++ENF WTLMLA+FLGGLSLHVSQAL
Sbjct 730 WQVWFSIILVENGLGNLALAIMRYRSGERTLGYAIYENFKWTLMLAVFLGGLSLHVSQAL 789

Query 800 LAHMFEINMTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSLIFIAGMIILAQAPFVPEFD 859
LAHMFEI+M+WG+TSKEAEFSNFFIEVPKVLKKF+ SM SL+ I +II+A A F+P
Sbjct 790 LAHMFEIDMSWGSTSKEAEFSNFFIEVPRKVLKKFRVSMTLSLLAIVALIIMATADFIPHY 849

Query 860 WRIKDFVAILPMATVAASHFLLPLALNPALMTESW 894

WRI DFVAILPMATVA SH LLPLALNPALMTESW
Sbjct 850 WRINDFVAILPMATVAGSHLLLPLALNPALMTEFSW 884

FIG. 8D
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SEQ ID NO: 18 (Trichoderma sp. LOV protein C-terminal residue positions 500-894)
AWADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMOFSSGVMQVVHTYFENGITFETNLIYSATIRYTVS
NGDVAPEVGHNAILRWSAIQOVAYQDEDGYDKEWSESHVSEDEDMSLRLOCNGY I TRLAAWAGEGFKEGVSLTVYDE
LARWEKYAYGCNELLFHPTIRTWLWRGPEFTPLFRRELESNIREFTSKVIVISYIGTYYAIGAAWILTAVNYEFVMGWENG
YLDKYYVDSWQVWESITIIVENGLGNIALAVMRYRVGERGLLYALFENFMWTLMLAIFLGGLSLHVSQALLAHMFEIN
MTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSLIFIAGMI ILAQAPFVPFDWRIKDFVAILPMATVAASHEFLLPLA
LNPALMTESW

SEQ ID NO: 15 (Myceliophthora sp. LOV protein orthologue)
MGIGDYFKAEKLGSKPTPTPASPPREHGRHQQQPSASEDHPAPSVQPASELQPPTPRFSSRPQSISGRSVRSTGSSV
LDETIKHEVMVNYLYQQQCSHLWISDGSGETI EGVLLRKARGQYMACPPQLVNSPLAAACTALNVQCAMTVNSRVIKTF
LQWS PDAVDVPLMNGMRVQI LATI DDLPRARKHQFAAFVASEGLLIVWDDDALHLVQRAKAT ESELMELVWKVGAED
NEDEKGVAAVEEPEVDEESGELKPEKRPVHLLNAYLVSLSLILVTVSLGAAFRQLATEVSVDGNYVRLALVALFPVQ
MFFTLFFAQVIVGCLAQIFGPIRQLTVNSKFYSARPPPRLRSSVLPHVTVQCPVYKEGLNAVIAPTVKSTKQAMSTY
ELQGGSANMFINDDGLQLI SEEDRRARIEFYADNSIGWVARPKHGENGFQRRGKFKKASNMNFAIMI SCKVEDKLAA
TQRTPDWTQHDEALAYERALKEVLEEDGRAWADGNIRIGDYILLVDSDTRVPADCLLDAVSEMELSPDVGIMQFSSG
VMQVVHTYFENGITFFTNLIYSATRYTVSNGDVAPFVGHNAT LRWSATQQVSYEDEDGYEKFWSESHVSEDFDMSLR
LOCAGYIIRLAAWAGDGFKEGVSLTVYDELARWEKYAYGCNELLFHPIRKWIYKGPFTPLFRRFLFSNIRFTSKVTV
ISYIGTYYATAAAWIMTSINYFIMGWENGYLDKYYVDSWQVWFSIILVFNGLGNIALAVMRYRVGERSILYALYENF
KWTFLLAVFLGGLSLHLSQALLAHMFEI DMTWGATAKEAEFSNFFIEVPKVLKKFKI SMLFATIFIAGMIILAVAPF
IPYSWHIKDFVAILPMATVAASHLLLPLVLNPALMTFS

Score Expect Method Identities Positives Gaps
759 bits(1961) 0.0 Compositional 356/394(90%) 380/394(96%) 0/394(0%)

Query 500 AWADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMQFSSGVMQOVVHTYFENG 559
AWADGNIR+GDYILL+DSDTRVPADCLLDAVSEME SPDVGIMQEFSSGVMQVVHTYFENG
Sbjct 492 AWADGNIRIGDYILLVDSDTRVPADCLLDAVSEMELSPDVGIMQFSSGVMQOVVHTYFENG 551

Query 560 ITFFTNLIYSAIRYTVSNGDVAPFVGHNAILRWSAIQQVAYQODEDGYDKFWSESHVSEDE 619
ITFFTNLIYSAIRYTVSNGDVAPEFVGHNAILRWSATIQQV+Y+DEDGY+KFWSESHVSEDE
Sbjct 552 ITFFTNLIYSAIRYTVSNGDVAPEVGHNAILRWSAIQQVSYEDEDGYEKFWSESHVSEDE 611

Query 620 DMSLRLOCNGYIIRLAAWAGEGFKEGVSLTVYDELARWEKYAYGCNELLFHPIRTWLWRG 679
DMSLRLQC GYITIRLAAWAG+GFKEGVSLTVYDELARWEKYAYGCNELLFHPIR W+++G
Sbjct 612 DMSLRLQOCAGYIIRLAAWAGDGFKEGVSLTVYDELARWEKYAYGCNELLFHPIRKWIYKG 671

Query 680 PFTPLFRRFLESNIRFTSKVIVISYIGTYYAIGAAWILTAVNYFVMGWENGYLDKYYVDS 739
PFTPLFRRFLESNIRFTSKVTVISYIGTYYAI AAWI+T++NYF+MGWENGYLDKYYVDS
Sbjct 672 PFTPLFRRFLESNIRFTSKVIVISYIGTYYATIAAAWIMTSINYFIMGWENGYLDKYYVDS 731

Query 740 WQOVWEFSIIIVENGLGNIALAVMRYRVGERGLLYALFENFMWTLIMLAIFLGGLSLHVSQAL 799
WOVWFSII+VENGLGNIALAVMRYRVGER +LYAL+ENEF WT +LA+FLGGLSLH+SQAL
Sbjct 732 WQVWFSIILVENGLGNIALAVMRYRVGERSILYALYENFKWTFLLAVFLGGLSLHLSQAL 791

Query 800 LAHMFEINMTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSLIFIAGMIILAQAPFVPEFD 859
LAHMFEI+MTWGAT+KEAEFSNFFIEVPKVLKKFK SMLEF+ IFIAGMIILA APF+P+
Sbjct 792 LAHMFEIDMTWGATAKEAEFSNFFIEVPKVLKKFKISMLFATIFIAGMIILAVAPFIPYS 851

Query 860 WRIKDEVAILPMATVAASHFLLPLALNPALMTFEFS 893

W IKDFVAILPMATVAASH LLPL LNPALMTFS
Sbjct 852 WHIKDFVAILPMATVAASHLLLPLVLNPALMTES 885
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SEQ ID NO: 18 (Trichoderma sp. LOV protein C-terminal residue positions 500-894)
AWADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMOFSSGVMQVVHTYFENGITFETNLIYSATIRYTVS
NGDVAPEVGHNAILRWSAIQOVAYQDEDGYDKEWSESHVSEDEDMSLRLOCNGY I TRLAAWAGEGFKEGVSLTVYDE
LARWEKYAYGCNELLFHPTIRTWLWRGPEFTPLFRRELESNIREFTSKVIVISYIGTYYAIGAAWILTAVNYEFVMGWENG
YLDKYYVDSWQVWESITIIVENGLGNIALAVMRYRVGERGLLYALFENFMWTLMLAIFLGGLSLHVSQALLAHMFEIN
MTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSLIFIAGMI ILAQAPFVPFDWRIKDFVAILPMATVAASHEFLLPLA
LNPALMTESW

SEQ ID NO: 16 (Neurospora sp. LOV protein orthologue)
MGIGSYFKAKKPEPAGQQHAASTPSRGRQPSMGNTKAGODDGDILAPPQIRYGSRSRSATRSMMSSTSSVILEDIKH
EVMVNYLYQQQCSYLWVANGSGEIEGVLLRKSRGOYMACPPALGNSPFAMACAALNVQCAMTVN SRVIKTFLOWSPD
AVDVPLLNGLRVQILPTIEDLPRARKHQFAAFTIASEGLLVVWDDDALHLI PRAKEIESELMQLVWKTGEPGEMDEKA
NPIVGATEIDEESGEPRPEARPVHLLNTYLVSITMAVVTVSLGAAWRQLAIEVMVDGDYVRLALVALAPVQIFFTLF
FAQVIIGCLAQIFGPIKQLSVNSRFYSAKPPPRLQTAVLPHVIVQCPVYKEGLSGVIAPTVKSIKHAMSTYELQGGS
ANMFINDDGLQLLSEEDRQARIDFYADHSIGWVARPRHGENGFORRGKFKKASNMNYALMI SCKVEEKLAQVPRHSE
WSQHDEAQAYERALKDVLEENGRAWADGNIRMGDYILLIDSDTRVPSDCLLDAVSEMEQS PDVGIMQFS SGVMOVVH
TYFENGITFFTNLIYTAIRYTVSNGDVAPFVGHNAILRWSAIQQVSYEDEDGYEKFWSESHVSEDFDMS LRLOCNDY
IIRLAAWAGDGFKEGVSLTVYDELARWEKYAYGCNELLFYPIRKWIWKGPFTPLFRRFLESNIRFTSKITIISYIGT
YYAIGAAWILTSVNYFLMGWYNGFLDKYYVDSWQVWFSIILVENGLGNVALAVMRYRVGERSILGSILENFKWTLML
AIFLGGLSLHVSQALLAHMFEIDMTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSIGFIIGMVILATAPFIPHSWH
ITDFVAILPMATVAASHLLLPLALNPALMTFSW

Score Expect Method Identities Positives Gaps
735 bits(1898) 0.0 Compositional 357/395(90%) 381/395(96%) 0/395(0%)

Query 500 AWADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMQFSSGVMQOVVHTYFENG 559
AWADGNIRMGDYILLIDSDTRVP+DCLLDAVSEMEQSPDVGIMQEFSSGVMQVVHTYFENG
Sbjct 486 AWADGNIRMGDYILLIDSDTRVPSDCLLDAVSEMEQSPDVGIMQFSSGVMQOVVHTYFENG 545

Query 560 ITFFTNLIYSAIRYTVSNGDVAPFVGHNAILRWSAIQQVAYQODEDGYDKFWSESHVSEDE 619
ITFFTNLIY+AIRYTVSNGDVAPFVGHNAILRWSATIQQV+Y+DEDGY+KFWSESHVSEDE
Sbjct 546 ITFFTNLIYTAIRYTVSNGDVAPEVGHNAILRWSAIQQVSYEDEDGYEKFWSESHVSEDE 605

Query 620 DMSLRLOCNGYIIRLAAWAGEGFKEGVSLTVYDELARWEKYAYGCNELLFHPIRTWLWRG 679
DMSLRLQCN YITIRLAAWAG+GFKEGVSLTVYDELARWEKYAYGCNELLEF+PIR W+W+G
Sbjct 606 DMSLRLOCNDYIIRLAAWAGDGFKEGVSLTVYDELARWEKYAYGCNELLEYPIRKWIWKG 665

Query 680 PFTPLFRRFLESNIRFTSKVIVISYIGTYYAIGAAWILTAVNYFVMGWENGYLDKYYVDS 739
PFTPLFRRFLESNIRFTSK+T+ISYIGTYYAIGAAWILT+VNYF+MGW+NG+LDKYYVDS
Sbjct 666 PFTPLFRRFLESNIRFTSKITIISYIGTYYAIGAAWILTSVNYFLMGWYNGEFLDKYYVDS 725

Query 740 WQOVWEFSIIIVENGLGNIALAVMRYRVGERGLLYALFENFMWTLIMLAIFLGGLSLHVSQAL 799
WOVWFSII+VENGLGN+ALAVMRYRVGER +L ++ ENF WTLMLAIFLGGLSLHVSQAL
Sbjct 726 WQVWFSIILVENGLGNVALAVMRYRVGERSILGSILENFKWTLMLAIFLGGLSLHVSQAL 785

Query 800 LAHMFEINMTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSLIFIAGMIILAQAPFVPEFD 859
LAHMFEI+MTWGAT SKEAEFSNFFIEVPKVLKKFKEFSMLES+ FI GM+ILA APF+P
Sbjct 786 LAHMFEIDMTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSIGFIIGMVILATAPFIPHS 845

Query 860 WRIKDFVAILPMATVAASHFLLPLALNPALMTESW 894

W I DFVAILPMATVAASH LLPLALNPALMTESW
Sbjct 846 WHITDFVAILPMATVAASHLLLPLALNPALMTESW 880
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SEQ ID NO: 18 (Trichoderma sp. LOV protein C-terminal residue positions 500-894)
AWADGNIRMGDYILLIDSDTRVPADCLLDAVSEMEQSPDVGIMOFSSGVMQVVHTYFENGITFETNLIYSATIRYTVS
NGDVAPEVGHNAILRWSAIQOVAYQDEDGYDKEWSESHVSEDEDMSLRLOCNGY I TRLAAWAGEGFKEGVSLTVYDE
LARWEKYAYGCNELLFHPTIRTWLWRGPEFTPLFRRELESNIREFTSKVIVISYIGTYYAIGAAWILTAVNYEFVMGWENG
YLDKYYVDSWQVWESITIIVENGLGNIALAVMRYRVGERGLLYALFENFMWTLMLAIFLGGLSLHVSQALLAHMFEIN
MTWGATSKEAEFSNFFIEVPKVLKKFKFSMLFSLIFIAGMI ILAQAPFVPFDWRIKDFVAILPMATVAASHEFLLPLA
LNPALMTESW

SEQ ID NO: 17 (Candida sp. LOV protein orthologue)
MGITDYFVSKGATEAKQGKNSTDIQONETLTFPEMLAGPTGASPRAQFTIGETHLS SDIRTLOGHNEMT SAGKSDFKDPOFIVVNY
LHDICLGNGWLKLVDPLEPCVVKMNSKKGNEI GYRYLPACDEIAPYSFVDCAARFLRSDVCVRVSFPVIHATLDILSSKGTVSLDA
DHNTQI IETVADLOWVRKSONCAFTRNEKS LVCWADSVQEVT GEVRNLENKMVDYVWKKGNAVDVKGEDYVPRVTFASVEQSSSES
DVGSEGAVET IGONAVSQVSISEKSSDSSTHSDGNLNEKKNLDLEQQS SERPVI YTHATVSAFATTLVLAWAGLOFAQVTKEIRAE
GNYLILLSLLMVLPYFLFTSFFASSVMSTLLYVFGPISOMNKNSYSYSVHKAPRLKAAHGSLPHVTIQCPVYKEKLESVIKPTIKS
LOAATRTYELQGGSANIFINDDGLOLIDRKFALERT EYYEECGLGYVARPGHGVNGFT RKGRFKKASNMNYCLHI SKLVDTRFHER
LELTENPTPKEESGLYLKVLEEVVREEGKCWAGGDI LLGDII LI IDSDTRVPEDCFVDSVSEMEQS PEVAT T OHAS GVMMVVGN YW
EKMIAWFTNMIYFSTSCVSGNGLTMAAFVGHNAFLRWSAT OELAYT DEDDGRTKYWSESHVSEDFEMT LKLASLGYTIRTATYHDG
GFKEGVSLTVYDEI TRWSKYAFGCAEIMFS PFKDWWKGKT FARLFFVFLNSHI SLPCKFSTLGYMGTYYATATSLIMLVANYFIVG
YYDWGYSRVYIDAMKVFVSVMVVEGCATOVAYTTGRYRI YKHST YTMVLEFRYSTLESVFLGGLSWHMIVSIGS YFFSLNLOWGAT
AKDIDDSNFFKELPKATKNYKFMYTLCIFLIAGMIVLAFFVPYAFQTRLLTCALPLGWSVASHFLSPTVLNPQLMT FAW

Score Expect Method Identities Positives Gaps
369 bits (947) ce-124 Compositional 185/381(49%) 264/381(69%) 7/381(1%)

Query 517 SDTRVPADCLLDAVSEMEQSPDVGIMQFSSGVMOVVHTYFENGITFFTNLIYSAIRYTVS 576
SDTRVP DC +D+VSEMEQSP+V I+Q +SGVM VV Y+E I +FTN+IY +I
Sbjct 563 SDTRVPEDCEVDSVSEMEQSPEVAIIQHASGVMMVVGNYWEKMIAWEFTNMIYESISCVSG 622

Query 577 NG-DVAPFVGHNAILRWSAIQQVAYQDED-GYDKFWSESHVSEDFDMSLRLOCNGYIIRL 634
NG +A FVGHNA LRWSAIQ++AY DED G K+WSESHVSEDF+M+L+L GY IR+
Sbjct 623 NGLTMAAFVGHNAFLRWSAIQELAYIDEDDGRTKYWSESHVSEDFEMTLKLASLGYTIRI 682

Query 635 AAWAGEGFKEGVSLTVYDELARWEKYAYGCNELLFHPIRTWLWRGP-FTPLFRRFLESNI 693
A + GFKEGVSLTVYDE+ RW KYA+GC E++F P + W W+G F LF FL S+I
Sbjct 683 ATYHDGGFKEGVSLTVYDEITRWSKYAFGCAEIMFSPFKDW-WKGKIFARLFEFVFLNSHI 741

Query 694 RFTSKVIVISYIGTYYAIGAAWILTAVNYFVMGWENGYLDKYYVDSWOQVWESIIIVENGL 753
K +++ Y+GTYYAT + I+ NYF++G+++ + Y+D+ +V+ S+++VFE
Sbjct 742 SLPCKFSILGYMGTYYAIATSLIMLVANYFIVGYYDWGYSRVYIDAMKVEVSVMVVEGCA 6801

Query 754 GNIALAVMRYRVGERGLLYALFENFMWTLMLAIFLGGLSLHVSQALLAHMFEINMTWGAT 813
+A + RYR+ + +Y + F ++++ ++FLGGLS H+ ++ ++ F +N+ WGAT
Sbjct 802 TQVAYIIGRYRIYKHS-IYTMVLEFRYSILFSVFLGGLSWHMIVSIGSYFFSLNLOWGAT 860

Query 814 SKEAEFSNFFIEVPKVLKKFKESMLFSLIFIAGMIILAQAPFVPFDWRIKDFVAILPMAT 873
+K+ + SNFF E+PK +K +KF + + TIAGMI+LA FVP+ ++I+ LP+
Sbjct 861 AKDIDDSNFFKELPKAIKNYKFMYILCIFLIAGMIVLAF--FVPYAFQIRLLTCALPLGW 918

Query 874 VAASHFLLPLALNPALMTESW 894

ASHFL P+ LNP LMTFE+W
Sbjct 919 SVASHFLSPIVLNPQLMTFAW 939

FIG. 8G
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