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(57) Abstract: The invention relates to a process for identitying gene(s)/ge-
netic element(s) associated with mating impairment in strains of 7richoderma
reesei QM6a or strains derived thereof comprising the steps of a) providing a
first strain being a Trichoderma reesei QM6a strain having a MAT1-2 locus
or a strain derived thereof, b) sexually crossing said strain with a second
strain being a mating competent strain of a Trichoderma reesei (Hypocrea je-
corina) strain having a complementary locus, i.e. the MAT1-1 locus, ¢) re-
peatedly back-crossing the MAT1-1 progenies from the crossing of b) or the
back-crossing thereof with the first strain of a), until a strain is obtained that
is substantially identical to the first 7richoderma reesei QM6a strain or a
strain derived thereof, but carries the MAT1-1 locus and is mating competent
for crossing with Trichoderma reesei QM6a or any of its MAT1-2 progeny,
d) selecting the progeny from step c) that is mating competent for crossing
with a Trichoderma reesei (Hypocrea jecorina) having a MAT1-2 locus, and
e) identifying the gene(s)/genetic element(s) associated with mating impair -
ment by comparing the genome of the progenies selected in step d) with the
genome sequences of the first strain of a) whereby said gene(s)/genetic ele-
ment(s) may be fully or partially missing or existing in a mutated form or in a
form having deletions or insertions in the first strain thus being a gene or a
genetic element directly or indirectly associated with mating impairment in
strains of 7richoderma reesei QM6a or a strain derived thereot as well as to a
process for correcting the mating impairment of a 7richoderma reesei QM6a
strain or a strain derived thereof having a MAT1-1 locus and that is not com-
petent to mate with a Trichoderma reesei QM6a strain having a MAT1-2
locus or a strain derived thereof, wherein one or more mutated or fully or par-
tially missing gene(s) and/or genetic element(s) identified as above is/are re-
placed by or complemented with the corresponding functional gene(s) and/or
genetic element(s). Moreover, the invention relates to the use of a thus ob-
tained fungal strain of the genus 7richoderma in industrial
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breeding and production of a product of interest. Moreover, the invention relates to the genes associated with mating impairment
of Trichoderrna reesei QM6a and strains derived therefrom and to genes essential for mating of 7richoderma reesei QM6a and
strains derived therefrom.
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Genes/Genetic Elements Associated with Mating Impairment in Trichoderma

reesei QM6a and its Derivatives and Process for their Identification

Field of the Invention

The present invention relates to genes/genetic elements associated with mating
impairment of strain Trichoderma reesei QM6a or strains derived thereof. The
invention further relates to a process for identifying genes/genetic elements
associated with mating impairment in Trichoderma reesei QM6a and strains
derived thereof. Said process enables a rapid and efficient identification of
genes/genetic elements associated with mating impairment. Consequently, the
present invention relates towards an approach to advance tools for
manipulating Trichoderma reesei towards improved and facilitated strain
breeding so as to be able to improve industrial producer strains by classical
genetic means. This will not only add a further tool in strain breeding and
maintenance, but also allow for the introduction of genetic traits from other
strains of Trichoderma reesei (Hypocrea jecorina), or the cleaning of strains
from non-desirable mutations of genes and/or undesired genes, e.g. genes
conferring resistance to antibiotics, marker genes, genes for secondary

metabolism, pigment formation, undesired enzymes etc.
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Background of the invention

Filamentous fungi are capable of producing high amounts of extracellular
proteins. Yet, the production level of any protein of interest in naturally occurring
strains is usually too low for commercial exploitation, rendering substantial
strain improvement programs essential (Punt 2002). In industrial filamentous
fungi, this is traditionally done by classical mutagenesis, and/or targeted gene
manipulation in combination with protein engineering. Basically, this approach
consists of subjecting the fungus to sub-lethal doses of mutagens (frequently
used: for example irradiation by UV light or ionizing radiation, addition of
chemical mutagens like nitrosomethyl guanidine, ethylmethansulfonat or
ethidium bromide) and subsequent screening of the survivors for improved
production of the desired product. Obviously, this approach is only as good as

the selection method.

Trichoderma reesei (teleomorph Hypocrea jecorina) is a workhorse organism
for the industrial production of enzymes. Using random mutagenesis, academic
and industrial research programs have, over several decades, produced strains
of T. reesei whose enzyme productivity is several times higher than that of the
“original” T. reesei strain QM6a that was isolated from US Army tent canvas in
1944 in the Solomon Islands (LeCrom et al. 2009).

A major constraint using random mutagenesis for strain improvement, however,
results from the fact that, by definition it cannot be directed to act on distinct
target genes. Mutations may thus not only be beneficial and improve or disrupt
target genes but can affect other genes as well leading to unwanted collateral
damage causing restrictions in e.g. strain stability, reduced growth rates or
auxotrophy for amino acids and/or vitamins. While recombinant techniques
overcome these problems by introducing targeting focus, they may be
unsuitable for complex genetic traits that are caused by unknown or multiple

genes or large genomic fragments.
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Seidl et al. (2009) were the first to describe the ability of Trichoderma reesei to
perform sexual reproduction. Taxonomically 7. reesei (and its teleomorph
H. jecorina) belong to the group of Ascomycetes (class of Sordariomycetes) and
within this group to those fungi which are heterothallic. Heterothallism means
that the two mating type loci MAT1-1 and MAT1-2 which are necessary for
successful sexual reproduction occur in different strains and self-fertilization is

not possible.

During the process of sexual reproduction 7. reesei produces perithecia that are
initiated by coiled or variously distinctive structures containing the ascogonium.
The ascogonium is the cell that will receive a nucleus during mating and go on
to produce the dikaryotic hyphal system. One of the cells within the coll
functions as the ascogonium and the rest either remains inactive or gives rise to
hyphae that branch and proliferate to surround the entire structure. In many
cases neighboring hyphae also engage to envelope the coil. These surrounding
hyphae eventually consolidate to form the walls or peridium of the perithecium
(http://website.nbm-mnb.ca/mycologywebpages/NaturalHistoryOfFungi/
SordariomycetesDiscussion.html) (Figure 3).

The formation of perithecia in 7. reesei occurs ascohymenial meaning that the
ascocarp formation initiates with the fertilization of the ascogonium. The
primordium subsequently differentiates into a true hymenium directly from the
generative, ascogeneous hyphae. The ascohymenial development thus begins
with fertilization and differentiation of generative hyphae, followed by the
development of the ascocarp. Stromata (fruiting bodies) are therefore formed by
the partner acting as a female during sexual reproduction.

Since all strains of T. reesei which are nowadays used in industry can be traced
back to strain QM6a they all carry - as does strain QM6a - the MAT1-2 locus.
Crossing of different industrial strains with each other to further improve them
by introducing favorable traits or to rid strains from mutations of genes or
undesired genes such as e.g. genes conferring e.g. resistance to antibiotics,
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coding undesired products whose presence may interfere with regulatory
requirements is therefore not possible at present.

A possibility to overcome the inability to cross different T. reesei mutant strains
would be to exchange the mating type locus by the opposite one at the same
genomic locus. In case of T. reesei QM6a this implies to exchange the MAT1-2
locus for the MAT1-1 locus.

Kang et al. (1994) have shown that strains of Magnaporthe grisea in which the
MAT locus was exchanged were fertile in crossings with strains of the opposite
mating type (i.e.: strains in which the MAT1-2 locus was replaced by the MAT1-
1 locus were fertile in crossings with the original MAT1-2 carrying strain). A
successful exchange of the mating type locus was also described for
Neurospora crassa (Chang, 1994).

WO 2011/095374 relates to the use of mating type switching to improve the
sexual behavior of filamentous fungal strains. Disclosed is the identification of
mating types of Aspergillus niger and Aspergillus tubigensis so as to transform
Aspergillus niger into a heterothallic fungus, i.e. filamentous fungus individuals
having opposite mating types resulting in one or more pair of strains with two

opposite mating types.

Seidl et al. (2009) introduced the complementary mating type locus (MAT1-1)
ectopically into T. reesei strain QM6a thereby generating a strain carrying both
mating type loci (MAT1-1 and MAT1-2). This strain was fertile in crossings with
wild type strains of the T. reesei teleomorph H. jecorina carrying either the
MAT1-1 or the MAT1-2 locus. However, in crossings with strain QM6a and its
derivatives (all MAT1-2) this strain was found to be sterile.

From these results - that a QM®6a strain carrying both mating types is able to
form fruiting bodies with MAT1-1 and MAT1-2 strains of H. jecorina, but not with

QM6a - it is concluded that T. reesei QM6a is able to act as a male partner but
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that it cannot produce fruiting bodies and is therefore female sterile. Probably its
maintenance in the labs for over 60 years without selective pressure acting to
maintain mating competence has resulted in mutations in one or more of the

genes necessary for sexual recombination.

Hence, there is a need in the prior art for a method that allows the rapid and
efficient identification of genes associated with said mating impairment of a
Trichoderma reesei QM6a strain. So far, the genes associated with mating
impairment in the genome of Trichoderma reesei QM6a have neither been
identified nor been characterized. The reason for this is mainly due to the fact
that classical genetic approaches using sexual crossings have not been
established for Trichoderma reesei QM6a due to its self-sterility. It is, moreover,
not known which genes contribute to or account for the self-sterility of QM6a. So
far, it is completely unknown which of the 9143 annotated genes in the genome
of QM6a (34.1 Mbp) is associated with its self-sterility. The genome of T. reesei
QM6a has been published in Martinez et al. (2008). The T. reesei nucleotide
sequence and annotation data have been deposited in GenBank under
accession number AAIL 00000000.

The present inventors have recently topically replaced the MAT1-2 locus of
QM6a with the opposite mating type (MAT1-1) at the same genomic location,
but crossings of the resulting MAT1-1 strains with 7. reesei QM6a derived
MAT1-2 strains were not successful demonstrating self-sterility.

It is, therefore, an object of the invention to identify and provide genes/genetic
elements associated with the mating impairment in strains of 7. reesei QM6a
and its derivatives.

It is further an object of the invention to provide a process for the rapid and
efficient identification of genes associated with mating impairment in T. reesei
QM6a. It is a further object of the invention to provide a process for restoring the
mating competence of Trichoderma reesei QM6a and its derivatives. It is a
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further object of the invention to provide a mating competent form of 7. reesei
QM6a and its derivatives. It is a further object of the invention to provide a
process to sexually recombine genetic information of Trichoderma reesei QM6a
and its derivatives. Another object of the invention is to prepare a strain of
Trichoderma reesei QM®6a or of a derivative thereof having a sexual cycle.

The inventors have surprisingly found that the mating impairment of a
Trichoderma reesei strain QM6a or a strain derived thereof is caused by defined
genes/genetic elements and mutations in defined genes/genetic elements of
said organism and may be corrected by correcting or eliminating said mutations,
i.e. by replacing the corresponding gene(s)/genetic element(s) with a functional
counterpart or by inserting the gene/genetic element that is completely or
partially missing. A functional counterpart of said gene(s)/genetic element(s) is
a gene or genetic element that restores the mating ability of Trichoderma reesei
QM6a. Said capability is conferred to said gene/genetic element by correcting
the mutations as depicted in Table 3 to such an extent that the gene or genetic
element performs its function in the mating process. Preferably all mutations of
the respective gene/genetic element are corrected.

It has further been found that for a Trichoderma reesei QM6a strain or any
derivative thereof the technique of backcrossing may advantageously be used
for identifying the genes or genetic elements that are associated with mating
impairment in Trichoderma reesei QM6a or any derivative thereof (female
sterility genes). Moreover, it has been found that mutations in certain genes are
associated with mating impairment in Trichoderma reesei QM6a. The mutation
may be a simple point mutation, an insertion or a deletion, whereby the deletion
may be a deletion within an existing gene or a full or partial deletion of a
gene/genetic element per se.

The above genes or genetic elements/genetic information may be contributory
to mating impairment or may cause — singly or in combination — mating

impairment in Trichoderma reesei QMG6a. Hence, said genes/genetic
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elements/genetic information may be directly or indirectly associated with the

mating impairment of said organism.

Genes or genetic elements/genetic information directly associated with the
mating impairment of Trichoderma reesei QM6a and its derivatives are
generally genes of which the full or partial lack of functioning leads to a reduced
or complete lack of formation of fruiting bodies when crossed with a
corresponding organism. The term “mating impairment” is to relate to all
degrees of an impaired or reduced mating ability. A reduced mating ability can
thus also be seen in a substantially prolonged time until mature fruiting bodies
with viable ascospores become visible. Corresponding genes and/or genetic
elements have a direct impact on any organ or metabolic mechanism that has a
direct impact on the mating ability of Trichoderma reesei QM6a and its
derivatives, such as for example genes coding for pheromone receptors or
genes coding for organs needed for successful mating. A genetic element
comprises genetic information that is not translated into a protein but is directly
or indirectly related to the mating behaviour of Trichoderma reesei QM6a or its
derivative. Said genetic information may be necessary for the control or
regulation of the expression of a protein. A genetic element may be a promoter,

an enhancer, an activator, a regulator or an expression control sequence.

Genes/genetic elements indirectly associated with the mating impairment of
Trichoderma reesei QM6a and its derivatives are genes which are not directly
associated with the mating impairment of said organism but which relate to
morphological structures or metabolic mechanisms that have an indirect impact
on the ability of Trichoderma reesei QM6a and its derivatives to mate with a
corresponding organism. Mutations in genes for example related to hyphal cell
wall structure or hyphal branching could have an indirect impact on the mating
ability of Trichoderma reesei QM6a and its derivatives. The function of said
genes may be executed by proteins encoded by said genes. Said gene/genetic

element may also be necessary for expression or regulation of a corresponding
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protein (p. ex. promoter, enhancer, activator, regulator, initiator, expression

control sequence).

Summary of the Invention

The invention, therefore, relates to a process for identifying a gene/genetic

element associated with mating impairment in strains of Trichoderma reesei

QM6a or strains derived thereof comprising the steps of

a)

b)

d)

providing a first strain being a Trichoderma reesei QM®6a strain having a
MAT1-2 locus or a strain derived thereof,

sexually crossing said strain with a second strain being a mating
competent strain of a Trichoderma reesei (Hypocrea jecorina) strain
having a complementary MAT1-1 locus,

repeatedly back-crossing the MAT1-1 progenies from the crossing of b)
or the back-crossing thereof with the first strain of a), until a strain is
obtained that is substantially identical to the first Trichoderma reesei
QM¢6a strain or a strain derived thereof, but carries the MAT1-1 locus and
is mating competent for crossing with Trichoderma reesei QM6a or any
of its MAT1-2 progeny,

selecting the progeny from step c¢) that is mating competent for crossing
with a Trichoderma reesei (Hypocrea jecorina) having a MAT1-2 locus,
and

identifying the gene(s)/genetic element(s) associated with mating
impairment by comparing the genome of the progenies selected in step
d) with the genome sequences of the first strain of a) whereby said
gene(s)/genetic element(s) may be fully or partially missing or existing in
a mutated or in a form having deletions and/or insertions in the first strain
thus being a gene or a genetic element directly or indirectly associated
with mating impairment in strains of Trichoderma reesei QM6a or a strain

derived thereof.
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The invention further relates to a process as outlined above further comprising
the step of inserting the functional gene(s) and/or genetic element(s) of the
mating competent strain corresponding to the gene(s)/genetic element(s)
associated with mating impairment identified according to the above feature e)
into a Trichoderma reesei QM6a having a MAT1-1 locus or a strain derived
thereof and crossing said strain with a Trichoderma reesei QM6a having a
MAT1-2 locus or a strain derived thereof, whereby the formation of fruiting
bodies by Trichoderma reesei QM6a having a MAT1-1 locus and having
inserted a gene(s) and/or genetic element(s) identified as above or a strain
derived thereof is indicative of a direct association of said gene(s)/genetic

element(s) with said mating impairment.

The invention further relates to a process for identifying a mating competent
phenotype associated with a functional gene and/or genetic element
corresponding to the gene/genetic element associated with mating impairment
identified according to the above feature e) comprising the steps of a) providing
a mating competent Trichoderma reesei QM6a MAT 1-1 strain, b) rendering the
above functional gene or genetic element non-functional and c) measuring the
mating capability of said Trichoderma reesei QM6a MAT 1-1 strain, wherein a
positive mating capability of said Trichoderma reesei QM6a MAT 1-1 strain is
indicative of said gene or genetic element being non-essential for a mating
competent phenotype and wherein a negative mating capability of said
Trichoderma reesei QM6a MAT 1-1 strain is indicative of said gene or genetic

element being essential for a mating competent phenotype.

The invention further relates to a process for restoring the self-mating
competence of a Trichoderma reesei QM6a strain that is not mating competent
or a strain derived thereof, wherein one or more mutated or fully or partially
missing gene(s) associated with mating impairment is/are replaced by or
complemented with the corresponding functional gene(s). The invention also
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relates to the self-mating competent strain of Trichoderma reesei QM6a or a
derivative thereof obtained or obtainable by said process.

The invention, moreover, relates to a fungal strain of the genus Trichoderma
(Hypocrea) suitable for use in the industrial production of a product of interest,
whereby the strain is a Trichoderma reesei QM6a and its derivative strains,
wherein the mating competence has been corrected as above and which has
been transformed with a target gene and/or a gene encoding a product of

interest.

Moreover, the invention relates to the gene(s)/genetic element(s) associated
with mating impairment in strains of Trichoderma reesei QM6a obtained by the
above process which have a sequence of SEQ ID NOs: 8 to 155 and SEQ ID
NOs:163 to 174 of the enclosed sequence listing as well as to sequences
related to said sequences due to the degeneracy of the genetic code, homology
and/or identity as long as the same function is performed.

The invention also relates to the corresponding genes of the wild-type organism
Hypocrea jecorina which are functional genes in terms of mating competence
and which are suitable to restore female fertility of Trichoderma reesei QM6a.

Specifically the invention relates to the functional counterparts of SEQ ID NOs:
8 to 155 and SEQ ID NOs: 163 to 174, i.e. the sequences of SEQ ID NOs: 8 to
155 wherein at least one and preferably all of the mutations listed in Table 3
have been corrected. The invention moreover relates to variants and mutants of
said corrected genes and to variants and mutants of the missing genes of SEQ
ID NOs: 163 to 174 as long as the mating capability is maintained. Variants and
mutants may comprise silent and non-silent mutations, insertions, deletions or

sequence additions. The mutations are preferably conservative mutations.

The invention also relates to the functional counterparts of said genes of

Hypocrea jecorina with the proviso that said genes still have the ability to
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restore female fertility of Trichoderma reesei QM6a. Said functional
counterparts may be genes in which only the sterility-conferring mutations were
corrected.

The invention particularly relates to the functional counterparts of the genes
having SEQ ID NO: 40, SEQ ID NO: 110, SEQ ID NO: 112 and SEQ ID NO:
134, i.e. SEQ ID NO: 216, SEQ ID NO: 218, SEQ ID NO: 220 and SEQ ID NO:

222 or a functionally equivalent sequence derived therefrom.
Description of the Invention

The sequences of said gene(s) and the putatively encoded proteins per se were
known and have been published in Martinez et al. (2008), but the function with
respect to mating impairment of none of them has so far been verified.
Moreover, the sequence of said genes may be retrieved from the NCBI data
base under the accession number as specified in the sequence listing and the
further link to the corresponding gene. SEQ ID NOs: 26, 72, 82, 84, 94, 96, 100,
70, 106, 120, 130, 140 and 154 have been newly annotated. Moreover, it has
not been known that mutations in said genes are associated with the mating
impairment and specifically with female sterility in said organisms. From said
database, however, it is not evident that said sequences are mutated
sequences in Trichoderma reesei QM6a or strains derived thereof thus being
associated with a partial or full loss of mating competence in said organism and
how to replace that gene by a functional one.

It has, however, not been known that the identified genes are associated with
mating impairment in Trichoderma reesei QM6a. It has further been found that
due to mutations, insertions or deletions said genes are associated with the
mating impairment of Trichoderma reesei QM6a. Replacing said genes by the
non-mutated and/or complete form will correct the mating inability of
Trichoderma reesei QM®6a, thus, allowing for the production of industrially
important strains of QM6a by sexual crossing. Hence, the inventors have found
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genes which correct the inability of T. reesei QM6a MAT1-1 to mate with 7.
reesei QM6a MAT1-2. The inventors have been able to locate genes in
Trichoderma reesei QM6a which in their presently existing form, which is
considered to be a mutated form, are associated with mating impairment of said
organism. The inventors have further found that Trichoderma reesei QM6a
lacks several genes the presence of which is associated with mating
competence and the full or partial loss of which is associated with mating
impairment. Said mating impairment relates to any form of full or partial loss of
the ability of Trichoderma reesei QM6a to mate with a T. reesei MAT1-1
organism and, particularly, relates to the female sterility of said organism.
Hence, said genes may also be considered as genes associated with female
sterility in strains of Trichoderma reesei QM6a. By comparing said gene(s) with
the corresponding gene(s) of the final mating competent progeny of the above
process the corresponding functional genes could be retrieved. Said
comparison reveals which gene deviation or lack of gene is associated with the
observed mating impairment of said organism. Hence, the gene associated with
mating competence, in particular female mating competence, may be used as a
template for amending the corresponding gene of T. reesei QM6a, which is

associated with mating impairment and female sterility, respectively.

The term “mating impairment” is to relate to any form of impaired ability of
Trichoderma reesei QM6a and its derivatives to mate with a corresponding
organism. The mating impairment may be a full or a partial mating impairment
of Trichoderma reesei QM6a and its derivatives. Preferably, the mating
impairment relates to the female sterility of Trichoderma reesei QM6a or strains
derived thereof. Mating impairment may relate to defects in any part or structure
of the sexual cycle of ascomycetes as depicted in Figure 3, for example

fertilization, spermatogenesis or sex determination.

The above identified genes and/or genetic elements are directly or indirectly
associated with mating impairment in strains of Trichoderma reesei QM6a or in
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strains derived thereof. This means that said genes and/or genetic elements
may be contributory or causative for the respective type of mating impairment.
The same holds for the mutations, insertions or deletions in the mutated form of
the genes. Said deviations from the functional form may either be causative or

contributory to mating impairment.

Hence, the present invention relates to the genes/genetic elements of SEQ ID
NOs: 8 to 155 and SEQ ID NOs: 163 to 174 that have been identified to be
associated with mating impairment in strains of Trichoderma reesei QM6a. The
sequences of SEQ ID NOs: 8 to 155 of the sequence listing are considered as
mutated sequences and the changes, insertions and/or deletions of said
sequences as indicated in Table 3 correlate with an improved mating

competence.

The present invention further relates to the genes/genetic elements of SEQ ID
NOS: 163 to 174 which only exist in Hypocrea jecorina and which have no
counterpart in Trichoderma reesei QM6a. Said sequences as well as their
contribution to the mating impairment of Trichoderma reesei QM6a were not
known before. A further functional connotation according to the present

invention in relation to said gene sequences is given in Table 4.

The above genes may be corrected or replaced singly or in combination by the
corresponding functional gene(s) to restore the full mating competence of
Trichoderma reesei QM6a. The corresponding fully functional counterparts exist
in the wild-type Hypocrea jecorina MAT 1-1 and are known from the comparison
of the sequences of the identified genes and/or genetic elements of
Trichoderma reesei QM6a MAT 1-2 with the sequences of the corresponding
genes and/or genetic elements of Trichoderma reesei CBS1/A8 02, MAT 1-1,
Trichoderma reesei CBS2/A8-11 or the wild-type Hypocrea jecorina MAT 1-1
respectively. The sequences are provided by sequencing the genes by methods
known per se. The genes missing in Trichoderma reesei QM6a according to
SEQ ID NOs: 163 to 174 may be inserted singly or in combination to restore the
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mating competence of Trichoderma reesei QM6a. The insertion of said gene(s)
may be combined with the above correction of mutations, insertions or

deletions.

Preferably, the following genes are replaced/complemented with the
corresponding non-mutated/complete gene: SEQ ID NO: 16, SEQ ID NO: 50,
SEQ ID NO: 70, SEQ ID NO: 86, SEQ ID NO: 94, SEQ ID NO: 96, SEQ ID NO:
106, SEQ ID NO: 120, SEQ ID NO: 128, SEQ ID NO: 163, SEQ ID NO: 165,
SEQ ID NO: 169, SEQ ID NO: 171. A further preferred group for genes to be
corrected/complemented are SEQ ID NO: 8, SEQ ID NO: 11, SEQ ID NO: 12,
SEQ ID NO: 132, SEQ ID NO: 134, SEQ ID NO: 150, SEQ ID NO: 152, SEQ ID
NO: 18, SEQ ID NO: 14, SEQ ID NO: 126, SEQ ID NO: 130, SEQ ID NO: 154,
SEQ ID NO: 167, SEQ ID NO: 168, SEQ ID NO: 173 and SEQ ID NO: 174.

More preferably, the following genes are replaced/complemented with the
corresponding non-mutated/complete gene: SEQ ID NO: 36, SEQ ID NO: 40,
SEQ ID NO: 56, SEQ ID NO: 58, SEQ ID NO: 60, SEQ ID NO: 66, SEQ ID NO:
68, SEQ ID NO: 72, SEQ ID NO: 82, SEQ ID NO: 92, SEQ ID NO: 100, SEQ ID
NO: 110, SEQ ID NO: 112, SEQ ID NO: 118, SEQ ID NO: 120, SEQ ID NO:
122, SEQ ID NO: 124, SEQ ID NO: 134, SEQ ID NO: 138, SEQ ID NO: 144,
SEQ ID NO: 146, SEQ ID NO: 148 and SEQ ID NO: 152.

Most preferably, the following genes are replaced/complemented with the
corresponding non-mutated/complete gene: SEQ ID NO: 40, SEQ ID NO: 110,
SEQ ID NO: 112 and SEQ ID NO: 134.

Further preferred sequences associated with mating competence are SEQ ID
NO: 224, SEQ ID NO: 226, SEQ ID NO: 228 or SEQ ID NO: 230.

The invention particularly relates to the following genes essential for mating
competence in Trichoderma reesei QM6a or strains derived therefrom: SEQ ID
NO: 216, SEQ ID NO: 218, SEQ ID NO: 220 and SEQ ID NO: 222.
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The invention also relates to functionally equivalent sequences of said
sequences, for example, sequences related due to the degeneracy of the
genetic code or sequences having a degree of homology to said sequences, for
example 80%, preferably 90%, more preferably 95% or 98%.

The invention further relates to the polypeptides encoded by the corrected
genes/genetic elements identified as associated with mating impairment in

strains of Trichoderma reesei QM6a or strains derived therefrom.

Specifically the invention relates to the polypeptides encoded by nucleotides
888 to 2790 of SEQ ID NO: 220, nucleotides 1263 to 2726 of SEQ ID NO: 218,
nucleotides 990 to 3107 of SEQ ID NO: 222 or nucleotides 919 to 6039 of SEQ
ID NO: 216. Said polypeptides are associated with mating competence and
correspond to SEQ ID NOs: 221, 219, 223 and 217. The invention also relates
to polypeptides associated with mating competence and having a degree of
sequence identity of at least 80%, preferably at least 90%, more preferably at
least 95%, even more preferably at least 98% with the coding sequence of SEQ
ID NO: 220, the coding sequence of SEQ ID NO: 218, the coding sequence of
SEQ ID NO: 222 or the coding sequence of SEQ ID NO: 216 provided that the
correction of the mutations is maintained and the sequence is associated with

mating competence.

The degree of sequence identity is preferably determined in such a way that the
number of residues of the shorter sequence which is involved in the comparison
and has a “corresponding” counterpart in the other sequence is determined. For
the purposes of the present invention the identity is preferably determined in the
usual manner by using the usual algorithms. According to the invention only the
cDNAs or amino acids of the respective mature proteins are used for the
comparison. Similar, preferably identical sequence counterparts were
determined according to the invention as homologue sequences by means of
known computer programs. An example of such a program is the program

Clone Manager Suite, which includes the program part Align Plus and is
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distributed by Scientific & Educational Software, Durham, NC, US.A. A
comparison of two DNA sequences or amino acid sequences as defined above
is thereby carried out under the option local alignment either according to the
FastScan — MaxScore method or according to the Needleman-Wunsch method,
keeping the default values. The program version “Clone Manager 7 Align Plus
5 with the functions “Compare Two Sequences/Local Fast Scan-Max
Score/Compare DNA sequences” or for amino acids “Compare Two
Sequences/Global/Compare sequences as Amino Acids“ was particularly used
to calculate the identity according to the invention. The algorithms made
available from the following sources were thereby used: Hirschberg, D.S. 1975.
A linear space algorithm for computing maximal common subsequences.
Commun Assoc Comput Mach 18:341-343; Myers, EW. and W. Miller. 1988.
Optimal alignments in linear space. CABIOS 4:1, 11-17; Chao, K-M, W.R.
Pearson and W. Miller. 1992. Aligning two sequences within a specified
diagonal band. CABIOS 8:5, 481-487.

The invention further relates to addition molecules and/or deletion molecules of
the aforementioned polypeptides associated with mating competence. Thus, a
polypeptide being associated with mating competence according to the
invention may be elongated by adding further sequences at the N-terminal
and/or C-terminal end, whereby the thus obtained amino acid sequences still

have mating competence.

Sequence segments of the polypeptides being associated with mating
competence may also be deleted according to the invention as long as the
corrected mutations are maintained. The mutations, elongations and
shortenings may be carried out in a way known per se and with the help of
methods well known in the state of the art.

The production of such variants is generally known in the state of the art. For
example, amino acid sequence variants of the polypeptides may be produced
by mutation in the DNA. Processes for mutagenesis and changes in the
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nucleotide sequence are well known in the state of the art (cf. for example
Tomic et al. NAR, 18:1656 (1990), Giebel and Sprtiz NAR, 18:4947 (1990)).

Details on appropriate amino acid substitutions which do not negatively
influence the biological activity of the protein of interest can be found in the
model by Dayhoff et al., Atlas of Protein Sequence and Structure, Natl. Biomed.
Res. Found., Washington, D.C. (1978). Conservative substitutions such as the
substitution of an amino acid by another one with similar properties are
preferred. These substitutions may be divided into two main groups with
altogether four subgroups, and a substitution in each subgroup is referred to as
conservative substitution, which does preferably not influence the activity or the

folding of the protein.

aliphatic non-polar GAP
LV
polar and uncharged CSTMNQ
polar and charged DE
KR
aromatic HFWY

The invention moreover relates to the corrected DNA sequences of the
genes/genetic elements identified as associated with mating impairment in
strains of Trichoderma reesei QM®6a or strains derived therefrom. Specifically
the invention relates to DNA sequences having or comprising nucleotides 888
to 2790 or the coding sequence of SEQ ID NO: 220, nucleotides 1263 to 1476
or the coding sequence of SEQ ID NO: 218, nucleotides 990 to 3107 or the
coding sequence of SEQ ID NO: 222 or nucleotides 919 to 6039 or the coding
sequence of SEQ ID NO: 216.
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Moreover, disclosed are further those sequences comprising, with the claimed
nucleotide sequence and the claimed parts thereof, a homology of at least 70%,
preferably at least 80%, even more preferably 90% and in particular at least
95% as long as the corresponding sequences are associated with mating
competence and the correction of the mutations is maintained. Preferably, the
homology is 70 to 100%, more preferably 80 to 100%, most preferably 90 to
100%. The homology is defined as degree of identity. For this purpose, the
degree of identity is preferably defined in the way that the number of residues of
the shorter sequence which takes part in the comparison and which possesses
a “corresponding” complement in the other sequence is determined. The
homology is preferably determined by the usual way using the usual algorithms.
Only the cDNAs of the corresponding mature proteins are taken into
consideration for the comparison. Similar, preferably identical sequence
complements are determined as homologous sequences by known computer
programs. An example for such a program is the program Clone Manager Suite,
which contains the program part Align Plus and which is distributed by Scientific
& Educational Software, Durham, NC, USA. For this purpose, a comparison of
two DNA sequences as defined above is drawn, under the option local
alignment either via the method FastScan —MaxScore or via the method
Needleman-Wunsch with maintenance of the default values. According to the
invention, the program version “Clone Manager 7 Align Plus 5" with the
functions “Compare Two Sequences/Local Fast Scan-Max Score/Compare
DNA sequences” has especially been used for the determination of the
homology. For this purpose, the algorithms available from the following sources
have been used: Hirschberg, D.S. (1975) A linear space algorithm for
computing longest common subsequences, Commun Assoc Comput Mach
18:341-343; Myers, EW. and W. Miller. (1988) Optimal alignments in linear
space, CABIOS 4:1, 11-17; Chao, K-M, W.R. Pearson and W. Miller. (1992)
Aligning two sequences within a specified diagonal band, CABIOS 8:5, 481-
487.
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The invention further relates to DNA sequences, which due to the degeneration
of the genetic code are related to the sequences according the invention as well
as allelic variations thereof. The degeneration of the genetic code can be
caused by natural degeneration or due to a specially chosen codon usage.
Natural allelic variants can be identified via the use of well-known techniques of
the molecular biology like e.g. the polymerase chain reaction (PCR) and
hybridisation techniques.

The invention also relates to DNA sequences which are associated with mating
competence and which maintain the correction of the mating impairing
mutations, comprising mutations, modifications or variations of the sequence.
Furthermore, the invention also relates to sequences which hybridize with the
aforementioned sequences under relaxed or stringent conditions. The following
conditions are considered as stringent: hybridization at 65°C, 18 h in dextran
sulphate solution (GenescreenPlus, DuPont), subsequent washing of the filter
for 30 min, respectively, at first with 6 x SSC, twice 2 x SSC, twice 2 x SSC,
0.1% SDS and finally with 0.2 x SSC at 65°C (membrane transfer and detection
methods, Amersham).

A strain derived from Trichoderma reesei QM6a is, for example, a strain that
has been derived by techniques known per se, such as either conventional
mutagenesis (UV, gamma irradiation, nitrosoguanidine treatment and others) or
by recombinant techniques from T. reesei QM6a in one or more successive
steps, e.g. QM9123, QM9136, QM9414, MG4, MG5, RUT-C30, RUT-D4, RUT-
M7, RUT-NG14, MCG77, MCG80, M5, M6, MHC15, MHC22, Kyowa X-31,
Kyowa PC-1-4, Kyowa PC-3-7, TU-6 and various others which are known to a
person skilled in the art. Said strains may be obtained from known culture
collections, such as CBS, ATCC, DSMZ.

In the process of the invention for identifying the genes associated with mating
impairment there is provided a first parental strain being a Trichoderma reesei
QM6a strain having a MAT1-2 locus or a strain derived thereof. Said strain is
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crossed with a second strain which is a mating competent strain of a
Trichoderma reesei (Hypocrea jecorina) having a complementary MAT1-1
locus. Said strain has been obtained by selecting Hypocrea jecorina (the
teleomorph of T. reesei) wild type isolates from international type culture
collections such as CBS (Centralbureau for Schimmelcultures) or ATCC
(American Type Culture Collection) for those possessing a MAT1-1 allele and
which form fertile fruiting bodies when crossed with 7. reesei QM6a and its
derivatives, or other H. jecorina strains that bear the MAT1-2 allele. The
formation of fertile fruiting bodies can be checked by simple tests, such as by
checking whether the thus obtained ascospores are able to germinate.
Preferred examples of said strain are the strain CBS999.97 MAT1-1 or any
other mating competent MAT1-1 Trichoderma reesei (Hypocrea jecorina) strain
such as those listed by Druzhinina et al. 2010.

To obtain a QM6a/MAT1-1 strain being capable of performing successful sexual
reproduction using QM6a/MAT1-2 as mating partner, strain QM6a/MAT1-1 is
transformed with plasmids containing the functional variant(s) of the gene(s)
identified in association with mating impairment in strain T. reesei QM6a/MAT1-
2. Positive transformants were subjected to mating assays with T. reesei QM6a
MAT1-2. Mating was verified by the formation of fertile fruiting bodies. Their
fertility was tested by isolating ascospores and demonstrating that they, upon
germination and growing into a mycelium, are capable of mating with the

opposite mating partner.

Specifically, positive transformants of T. reesei QM6a/MAT1-1 complemented
with repaired candidate gene(s) and T. reesei strain QM6a/MAT1-2
(ATCC13631) are co-cultured under suitable mating conditions for Trichoderma
reesei. An exemplary protocol is given in Example 3. The fertility is tested by
isolating ascospores from the fruiting bodies, germinating them and
demonstrating that the resulting colonies are capable of mating. A positive
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mating outcome is verified by a visible morphological change, a cell-to-cell
fusion and the formation of a dikaryon.

Since natural H. jecorina MAT1-1 strains can be crossed with 7. reesei QM6a
and derivatives and produce fertile fruiting bodies, whereas this does not
happen with a T. reesei strain in which MAT1-2 has been exchanged against
MAT1-1, the inventors concluded that the genome of T. reesei QM6a must
contain certain genomic features responsible for this failure. Thus, the
responsible genomic features and the corresponding genes could — in theory —
be identified by sequencing the genome of one of the H. jecorina MAT1-1
strains. However, there is a serious obstacle against this strategy: wild-type
strains of T. reesei and H. jecorina show on the average a 05 — 1.5 %
nucleotide variation in their genome. Given that the genome is 34.1 Mbp, this
means that any two wild type strains of T. reesei and/or H. jecorina will be
different in 170500 — 511500 nucleotides. Even though the majority of them will
not occur in genes, and - if still so - may result in silent mutations, the number of
genes that show a non-silent nucleotide exchange are likely too many to be
used to identify the genes related to female sterility.

It was, therefore, decided to reduce this background of nucleotide differences
by several repeated crossings of T. reesei QM®6a first against H. jecorina MAT1-
1, and subsequently against a strain from the resulting progeny. Owing to the
laws of genetics, the progeny of a sexual cross should have 50 % of the
genome from the MAT1-1 parental strain and 50 % of that of the MAT1-2 parent
strain. When one of these offsprings with MAT1-1 is then again crossed, this will
further reduce the genome content derived from the MAT1-1 strain by 50 %, i.e.
25 % of the original after 2™ round of crossings. Further rounds will lead to 12.5
(3 , 6.25 (4™), 3.125 (5™) 1.56 (6™), 0.78 (7") and 0.39 % (8" round) of
content derived from the original MAT1-1 genome. In view of the fact that
T. reeseilH. jecorina have 9143 annotated genes, this reduces the number of
candidate genes to test to 357, of which not all will bear a nucleotide difference



10

15

20

25

WO 2014/102241 PCT/EP2013/077910
22

between T. reesei and the MAT1-1 strain from the 8" crossing generation.
However, in order to even reduce this further, the progeny arising from the third
crossing were separated into two strains that were separately crossed up to the
eighth generation. In each step, the ability of the arising MAT1-1 progeny to still
be capable of producing fertile fruiting bodies with QM6a was verified.

The backcrossing is repeated until a strain is obtained that is substantially
identical to the parental strain, i.e. the first strain, by mathematical calculation:
the backcrossing may be repeated for more than 8 cycles, if a higher likelihood
of arriving at the correct genes is desired. Theoretically, a total of 19 back-
crosses would be needed to arrive at a percentage of the MAT1-1 genome of
0,00014 % (= 1/9143; 9143 is the number of annotated genes in the T. reesei
genome). The backcrossing is usually repeated for 5 to 19 cycles, preferably 6
to 12 cycles, more preferably 7 to 10 cycles, still more preferably 8 to 9 cycles
and most preferably for 8 cycles. Hence, a strain that is substantially identical to
the parental strains is defined in relation to the number of backcrossings that
said strain has undergone. This means that the substantial identity between the
backcrossed and the parental strain relates to the relationship between the
genes associated with mating impairment and genes not associated with mating
impairment as mathematically calculated on the basis of the number of

backcrossings.

The progeny from the above back-crossing that is mating competent for
crossing with a Trichoderma reesei (Hypocrea jecorina) having a MAT1-2 locus
and contains the unmutated form of the genes for mating impairment/female
sterility and/or a gene/genetic information not present in Trichoderma reesei
QM6a is selected by first identifying those strains from the progeny that contain
the MAT1-1 locus, and then verifying that it can produce fertile fruiting bodies
with T. reesei QM6a (MAT1-2) by methods known per se.

Although by following the backcrossing strategy as outlined above it is basically
feasible to obtain any combination of desirable genes (also the Female Sterility
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genes) transferred from the MAT1-1 background to the Trichoderma reesei
QM6a lineage, use of the backcrossing strategy should be combined with a
knock-out strategy to arrive at a mating competent QM6a strain or derivative
carrying only the minimal set of complementing and defined female sterility

genes as is obtained following the invention described.

Due to the randomness of genetic recombination it becomes increasingly
unlikely to retain a defined set of desired genes from the MAT1-1 background
and at the same time loose all the undesired background genes with no
relevance to mating. Therefore after a certain advanced backcrossing
generation the likelihood of loosing a female sterility gene in a crossing
becomes greater than the likelihood of loosing a non-mating associated gene
and the chance to obtain mating competent progeny with the minimal set of
required female sterility genes will be miniscule. It is then therefore favourable
to stop at an earlier point in a sequence of backcrosses with still numerous
genes from the MAT1-1 female sterility gene donor non relevant to mating being

retained in the resulting mating competent progeny.

Another disadvantage of attempting to generate mating competent Trichoderma
strains merely by a backcrossing strategy will be that because of the necessity
to stop at a stage where all female sterility genes have been assembled in a
genome together with numerous random non-mating relevant genes from the
MAT1-1 donor genome, every line will be different from another line generated
in the same way with respect to these non-mating relevant genes, creating
undesired heterogeneity. The use of the backcrossing strategy leads to a pool
of candidate genes associated with mating impairment. Said pool of candidate
genes is further refined by a targeted knock-out of each identified gene in a
mating competent QM6a MAT 1-1 strain of Trichoderma reesei and the
determination of the mating capability of the thus obtained Trichoderma reesei

QM6a MAT 1-1 strain using the above described mating assay.
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Since it is possible that more than a single gene associated with mating has
become non-functional in T. reesei QM6a, and consequently the
complementation with single genes would not lead to a gain of mating
functionality, knock-out strains for all candidate genes in a mating competent 7.
reesei QM6a derivative were prepared. In this way any genes essential for
mating would be identified whether solely responsible for mating deficiency in
QM®6a or being part of a group of inactivated essential mating genes. To this
end, preferably a tku70 deleted version of strain CBS1/A8_02 (MAT1-1) is
generated. The tku70 gene is part of the nonhomologous end joining (NHEJ)
pathway present in Trichoderma reesei and other filamentous fungi. The
knockout of the tku70 gene leads to an increased homologous recombination
efficiency of Trichoderma reesei (Guangtao et al. 2008) thus increasing the
number of strains possessing the gene knocked-outs to be tested for their

relevance in mating.

The knock-out of the tku70 gene as well as of the respective candidate genes
may be accomplished by any technique that is suitable to render said gene
inoperative such as partial, substantial or functional deletion, silencing,
inactivation or down-regulation. Preferably a marker is inserted into the
corresponding constructs to identify the corresponding knock-out organism.
Corresponding techniques are known in the art. The knock-out organism allows
to study the function of the knock-out gene, i.e. the mating behaviour of the

organism.

In this way genes that when knocked-out do not abolish mating competence in
mating competent strain CBS1/A8_02 Atku70 (MAT 1-1) are identified as non-
essential for mating and consequently removed from the list of candidate genes
for female sterility in Trichoderma reesei.

The knock-out strategy may also be used to identify a mating-incompetent
phenotype associated with the above-identified gene(s)/genetic elements. A
mating-incompetent knock-out Trichoderma reesei QM6a strain is for example a
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wild-type Hypocrea jecorina strain in which the respective gene/genetic element
as identified above has been rendered non-functional, for example by partial,
substantial or functional deletion, silencing, inactivation or down-regulation.

Corresponding methods are known per se.

The gene(s) associated with mating impairment is/are identified by sequencing
the genome of the progenies selected as above and comparing it with the
genome sequences of the parental strain T. reesei QM6a (the first strain as
used above). To this end, the CLC Genomic Workbench (version 5.1, CLC bio,
Arhus, Denmark) and de novo assembled with newbler (version 2.60,
Roche/454, Brandford CT, USA) and CLC Genomic Workbench was used to
map the obtained sequences to the scaffolds of the T. reesei QM6a sequence
scaffolds with BLAST (Altschul et al., 1990) and r2cat (Husemann and Stoye,
2010). Single nucleotide polymorphisms (SNPs) and insertions and deletions
(Indels) between the QM6a reference sequence and the aligned sequences of
the two backcrossed lines were identified using a customized version of Mauve
(Rissman et al., 2009). SNPs and Indels were mapped to QM6a coding
sequences using custom R scripts. Candidate genes were then manually tested
for silent mutations, and mutations that lead to a conserved amino acid
exchange (e.g. E vs. D, V vs. | etc) that does not interfere with the function of
the putative protein were discarded. The respective nature of the mutations of
course depends on the type of Hypocrea strain that is used for backcrossing.
Hence, different mutations in the respective genes may be obtained by using a
different strain of Hypocrea. Common to all mutation sets identified in genes
correcting mating inability of T. reesei QM6a and derivatives will be mutations
correcting mating disabling mutations in the respective QM6a versions of the
gene.

Large DNA insertions in the backcrossed line which are not present in the
published T. reesei QM6a genome sequence were identified in the following
way. The results of a nucleotide comparison by the BLAST program between
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the different genome sequences of the backcrossed lines and QM6a were
analyzed to identify regions which are absent in the genome sequence of QM6a
by using a custom R script for identification of these sequences. The sequences
identified in this process were extracted and the translated nucleotide
sequences were used to search the protein database at the NCBI by a BLASTX
search to find regions of similarity between the sequences.

The verification of the respective mutation is the restoration of the mating ability
of the organism as evidenced by the formation of mature fruiting bodies with
viable ascospores when crossing Trichoderma reesei QM6a having a MAT1-1
locus with a corresponding MAT1-2 strain of the same type as used for

backcrossing.

To obtain genes directly associated with mating impairment the above identified
genes are inserted into a Trichoderma reesei QM6a having a MAT1-1 locus or a
strain derived thereof and crossing said strain with Trichoderma reesei QM6a
having a MAT1-2 locus or a strain derived thereof, whereby the formation of
fruiting bodies by Trichoderma reesei QM6a having a MAT1-1 locus having
inserted said gene or a strain derived thereof is indicative of said direct
association of said gene with said mating impairment. In the same way the
contributory effect of a genetic element vis-a-vis mating behaviour may be
verified.

By the above technique, of course, not only genes associated with mating
impairment/female sterility may be identified but any other target gene that is
associated with one or more functionally testable phenotypic feature(s) may be
identified. Moreover, other organisms such as, for example, microorganisms or
plants may be used instead of the Trichoderma reesei strains in the above
system provided that said organisms are mating competent.

On the basis of the prior art it was not to be expected that by reintroducing non-

mutated and thus functional genes associated with mating impairment or even
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female sterility that had lost their function in T. reesei QM6a (MAT1-2) into
T. reesei QM6a, wherein the MAT1-2 locus has been replaced by the MAT1-1
locus, restores its ability to mate with T. reesei QM6a (MAT1-2) and other
MAT1-2 derivatives thereof. The introduction of the above identified genes into
industrial Trichoderma strains together with replacing the MAT1-2 locus with a
MAT1-1 locus renders these strains capable of crossing with any other T. reesei
(MAT1-2) strain, thus allowing for a rapid process for identifying male or female
sterility genes and basically any target gene of interest.

The knowledge about the correlation of sequence deviations as depicted in
Tables 3 and 4 and their functional implication concerning an improvement of
the mating ability of Trichoderma reesei QM6a may be used to construct
specific probes or arrays comprising specific probes for testing other
microorganisms for genes associated with fertility. On the basis of the
information of Tables 3 and 4 Vector Kits may be provided allowing restoration

of the genes associated with the mating ability.

The invention further relates to a fungal strain of the genus Trichoderma
(Hypocrea) suitable for use in the industrial production of a product of interest,
wherein the strain has been obtained as outlined above and has been

transformed with a gene encoding a product of interest.

A product of interest may be any product that may be of industrial use.
Examples are proteins or polypeptides being useful for research purposes,
diagnostic purposes, therapeutic purposes such as, for example, hormones,
immunoglobulins, vaccines, antibacterial proteins, antiviral proteins, enzymes
etc., purposes of nutrition or for technical applications. Preferred examples of
proteins or polypeptides are food enzymes such as, for example,
polygalacturonidases, pectin methylesterases,  xylogalacturonoidases,
rhamnogalacturonidases, arabinofuranosidases, arabanases/arabinanases,
amylases, phytases, xylanases, cellulases, proteases, mannanases,
transglutaminases, etc., animal feed enzymes such as, for example, phytases,
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xylanases, endoglucanases, mannanases and proteases, as well as technical
enzymes such as, for example, cellulases, proteases, amylases, laccases,

oxidoreductases, etc. A product of interest may also be a biopolymer.

The industrial production of a product of interest by the above Trichoderma is
known to a person skilled in the art and is carried out according to fermentation
methods established for fungal strains of the genus Trichoderma. For
expressing and secreting the product of interest, the Trichoderma strain is
cultivated under conventional conditions for the expression and secretion of the
product of interest. The fungus is therefor inoculated or, respectively, initially
grown on agar plates and a spore suspension or a mycelial suspension are
used as an inoculum for a submerged fermentation. The fermentation is carried
out on media containing the required C sources and N sources as well as trace
elements and mineral salts. If inducible promoters are used, the medium should
also contain the inducers or their precursors. The fermentation is carried out
under control of temperature and pH value as well as of further fermentation
conditions such as redox potential, partial oxygen content, etc. A controlled
management of further C sources and N sources as well as of other
components of the medium may also be effected (fed batch method). At the end
of the fermentation the culture liquid containing the product of interest is
separated from the biomass by known physical methods and the product of
interest is isolated during this process.

The above restoration of the mating competence of Trichoderma reesei QM6a
is associated with several unique advantages. Said process allows transforming
Trichoderma reesei QM6a into an organism that more closely resembles the
wild-type. The process allows to combine two or more advantageous genetic
traits in Trichoderma reesei QM6a and its derivatives. Said traits are then
transferred into the progenies of Trichoderma reesei QM6a and its derivatives.
Hence, an already existing highly efficient producer of industrially interesting
compounds may further be improved. The ability to cross strains of T. reesei
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can also be used to eliminate marker genes or other undesired genes which
can be tested for by their phenotype, such as genes for secondary metabolism,
pigment formation, undesired enzymes (e.g. proteases), morphology and
asexual development and others.

Brief Description of the Figures

Figure 1 is a schematic drawing of the vector for the direct replacement of the
MAT1-2 locus in strain T. reesei QM6a by the MAT1-1 locus. As selection
marker the hph gene (hygromycin resistance) was used. The hph cassette was
inserted in the intergenic region between the mat7-1-3 gene and the gene with
transcript ID 59147 (DNA lyase).

Figure 2 is the scheme of the crossing of strain QM6a with strain CBS/MAT1-1.
Progeny (carrying the MAT1-1 locus) of each crossing is crossed back with the
parental strain QM6a. Of strains CBS1/A8-2 and CBS2/A8-11 DNA was
extracted and subjected to whole genome sequencing.

Figure 3 is a schematic drawing of the sexual and asexual development in
ascomycetes (Fazenda et al. 2008)

Figure 4 is a schematic view of the principle vector construction to transform
genes associated with mating impairment. The &' insert corresponds to the
different genes associated with mating impairment - here the gene with
transcript 1D Trire2_59740. Abbreviations: Pypc - trpC promoter, nptll - gene

conferring resistance to Geneticinsulfate G418; Typc - trpC terminator.

Figures 5a, 6a, 7a and 8a are the complementation vectors of the functional
genes identified as essential for the mating competence of Trichoderma reesei
QM6a. Figures 5b (SEQ ID NOs: 220/221), 6b (SEQ ID NOs: 216/217), 7b
(SEQ ID NOs: 218/219) and 8b (SEQ ID NOs: 222/223) relate to the respective

complementation genes per se in combination with a functional promoter and
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terminator. The promoter and terminator sequences may be exchanged by

another equally functional promoter and/or terminator sequence.

The following examples illustrate and explain the subject-matter of the

invention.
Examples
Example 1
1. Materials and Methods

The strain described by Seidl et al. (2009) harbors, beside the MAT1-2 locus,
also the MAT1-1 locus. This strain is able to reproduce sexually with different
MAT1-1 and MAT1-2 carrying wildtype strains but not with the parental strain T.
reesei QM6a (MAT1-2). To exclude that the still existing MAT1-2 locus (which
resides at the original locus within the genome) is responsible for the
malfunction of sexual reproduction in this strain, the MAT1-2 locus of T. reesei
QM6a was directly and homologously exchanged by the MAT1-1 locus
amplified from wildtype strain H. jecorina C.P.K. 1282 (G.J.S. 85-249).

For the vector construction the MAT1-1 locus including upstream and
downstream homolog regions was amplified from H. jecorina 1282 and cloned
in the vector pCR blunt (obtainable fromLife Technologies/Invitrogen). In a
second step the hph gene (hygromycin B phosphotransferase gene) which
confers resistance to Hygromycin was subcloned in the vector using the Avrll
restriction site which is situated in the intergenic region between the gene mat
1-1-3 and the gene with transcript ID 59147 (endonuclease/DNA lyase). Figure
1 gives a schematic overview of the vector construction and Table 1 gives the
sequences of the primers used. Table 2 lists the exact positions of the genes
within the MAT1-2 replacement vector. The complete sequence of the vector
can be found in the Sequence listing as SEQ ID NO: 7.
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Table 1.: Sequences of the primers used for the construction of the vector for the direct MAT

locus replacement.

Primer Sequence Amplicon
length
MAT1-1 fuer pyr4 GTGCTGGAATTCAGGCCTGGCTTGATGCTGCTAACCTTC 10059 bp
InFusion fw SEQ ID NO: 1

MAT1-1 fuer pyrd TCTGCAGAATTCAGGCCTACTCCGCAAGATCAAATCCG
InFusion rv SEQ ID NO: 2

hph_Avrll_fw GTCCACAGAAGAGCCTAGGACCTCTTCGGCGATACATACTC 2289 bp
SEQID NO: 3

hph_Avrll_rv GGCTTTCACGGACCCTAGGTTGGAATCGACCTTGCATG
SEQ ID NO: 4

1-2_replace_ TGGAACGACTTTGTACGCAC 9647 bp

cassette fw SEQID NO: 5

1-2_replace_ GGCACAAGAGGACAGACGAC

cassette rv SEQID NO: 6

For the transformation of T.reesei QM6a the replacement cassette was
amplified from the vector by PCR using primers 1-2_replace_ cassette fw and
1-2_replace_ cassette rv. Per transformation reaction 10 ug of the replacement
cassette were used. The resultant strain, which was named
QM6a MAT1-2 — MAT1-1, is able to act successfully as mating partner for
MAT1-2 wildtype strains (e.g. CBS999.97) but mating with the parental strain

T. reesei QM6a is not possible.

Table 2: Position of the different genes within the MAT1-2 replacement vector.

Location within the plasmid

pCR blunt vector (obtainable from Life 1-333 bp
Technologies/Invitrogen)

ID 59579 (hypothetical protein) 532-1505 bp

ID 76930 (hypothetical protein) 2126- 3004 bp (incl. the UTR: 2126~ 3394 bp)
mat 1-1-1 (alpha-domain protein) 3806 - 5081 bp

mat 1-1-2 (A2-domain protein) 5925 - 7445 bp

mat 1-1-3 (HMG protein) 7988 - 8770 bp

hph (hygromycin B phosphotransferase) 9122 - 11398 bp
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ID 59147 (endonuclease/DNA lyase) 11535 - 12673 bp (gene not fully included in the
vector construction)

pCR blunt vector (obtainable from Life 12674 - 15853

Technologies/Invitrogen)

2. ldentification of Mutated and Missing Genes

For the identification of genes that are mutated in T. reesei in comparison to
H. jecorina wild-type MAT1-1 isolates capable of crossing with T. reesei MAT1-
2, a genome sequencing approach was used. Since first attempts showed that
the wild type isolates differed from QM6a (whose sequence is publically
available; http://genome.jgi-psf.org/Trire2/Trire2.home.html) in >60.000 SNPs,
most of this background was removed by sexual crossing of QM6a with a
MAT1-1 strain followed by repeated cycles of back-crossing of the MAT1-1
progenies with QM6a. To this end, strain QM6a (MAT1-2) was crossed with
strain CBS999.97 (MAT1-1) in two independent lines to obtain sexually
competent strains carrying the MAT1-1 locus. Cultures from single ascospores
carrying the MAT1-1 locus were crossed back several times with the parental
strain QM6a to reduce the number of CBS999.97 specific genes which will allow
the easier identification of candidate genes responsible for female sterility (FS).
By repeating this process over several generations two strains were generated
which are nearly identical (>99 % of their genome) to QM6a, but carry the
MAT1-1 locus and are sexually competent. The genomes of the 8™ generation
of progeny from the two independent lines were then sequenced and by
genome comparison candidate genes responsible for FS or necessary for
fertility (e.g. CBS999.97 specific genes present in both lines) were identified.

Two libraries for each line were prepared, with 320 bp and 8 kbp insert size,
respectively. DNA was fragmented using a Covaris S2 system (Covaris, Inc.
Woburn, MA) and fragments were purified using the QlAquick PCR purification
kit (Qiagen; Hilden, Germany). Paired-end libraries were prepared using the
NEBNext DNA Sample Prep modules (New England Biolabs, Ipswich, MA)

following the manufacturer's instructions. Briefly, fragments were end-repaired
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using Klenow and T4 DNA polymerases and phosphorylated with T4
polynucleotide kinase. Fragments were then 3'-adenylated using Klenow exo-
DNA polymerase, and lllumina adapters were added using DNA ligase. Ligation
products of ~400 bp were gel-purified using the Qiagen gel extraction kit
(Qiagen; Hilden, Germany). To avoid guanine-cytosine (GC) bias introduced
during the gel-purification step in the standard lllumina library preparation
protocol, the gel slice was dissolved at room temperature instead of heating.
The size-selected, adapter-modified DNA fragments were PCR-amplified using
PE PCR primers 1.0 and 2.0 (lllumina, San Diego, CA) using Phusion DNA
polymerase (New England Biolabs, Ipswich, MA) and protocol: polymerase
activation (98°C for 30 s), followed by 10 cycles (denaturation at 98°C for 10 s,
annealing at 65°C for 30 s, and extension at 72°C for 50 s) with a final, 5-min
extension at 72°C. Libraries were purified and quantified using the Qubit HS
Assay Kit (Invitrogen, Carlsbad, CA, USA).

Cluster amplification was performed using the TruSeq PE Cluster Kit v5 on a
cluster station, and all library were sequenced on one lllumina HiSeq 2000 lane
using TruSeq SBS 36 Cycle Kits v5 (lllumina, San Diego, CA) using a 2x107bp
paired-end protocol. Sequencing image files were processed using the
Sequencing Control Software (SCS) Real Time Analysis (RTA) v2.6 and
CASAVA v1.7 to generate base calls and phred-like base quality scores and to

remove failed reads.

Sequences of the two lines were quality filtered with using CLC Genomic
Workbench (version 5.1, CLC bio, Arhus, Denmark) and de novo assembled
with newbler (version 2.60, Roche/454, Brandford CT, USA) and CLC Genomic
Workbench. The resulting scaffolds and singleton contigs were mapped to the
scaffolds of the T. reesei QM6a sequence scaffolds with BLAST (Altschul et al.,
1990) and r2cat (Husemann and Stoye, 2010). Single nucleotide
polymorphisms (SNPs) and insertions and deletions (Indels) between the QM6a
reference sequence and the aligned sequences of the two backcrossed lines
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were identified using a customized version of Mauve (Rissman et al., 2009).
SNPs and Indels were mapped to QM6a coding sequences using custom R
scripts. As a result the following genes conferring female sterility to T. reesei
QM6a were obtained (Table 3). Moreover the mutations in said genes that
correlate with the observed mating impairment of T. reesei QM6a are indicated.
Table 4 shows the genes that were found to be missing in Trichoderma reesei
QM6a. Table 5 shows the genes associated with mating impairment in T. reesei
QMo6a as identified by the knock-out strategy.
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D<VYBC8YI:98LECT (3L
O<VLLESIOBLECT CRIHL
I<LLYPSI:98LECT TRIML
V<OIYSSe:98LECT C3IHL
V<D99G959'2:98LECT ¢3IHL
V<DY{9G9'2:98LECT ¢3IHL
J<16€952:98LECT =ML
J<H¢999':98LECT 3L
O<VCSLG:98LECT CRIHL
O<VLLLG:98LECT CRIHL
J<V6r6572:98LECT ¢RIML
1<061T1979:98L¢ECT ¢=iML
1<0¢r1979:98LECT ¢RIl
v<2961972:98LECT ¢RiML
V<OTZ{9'2:98LECT C3IHL
D<VS56¢9:98LECT (3L
V<DLEEG98LECT CRIHL
J<1Z6992:98LECT =ML
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V<1STET :98LECT TRIML
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D<166913:98LECT TRHL
O<VEBLT :98LECT 3L
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Example 2

Identification of mutated genes as directly or indirectly associated with mating

impairment in strains of Trichoderma reesei QM6a or strains derived thereof.
1. General

To identify genes that are directly or indirectly associated with the above mating
impairment and non-functional in QM6a and its descendants, these genes were
transformed individually or in pools of several genes into a T. reesei QM6a
strain in which the MAT1-2 locus has been replaced by MAT1-1. The genes to
be tested were cloned into a plasmid containing a geneticin resistance marker
and transformed into the above said T.reesei QM6a MAT1-1 strain by
protoplast transformation. Mitotically stable transformants were then tested for
integration of the respective genes into the chromosomal DNA by PCR analysis.
Positive transformants were then subjected to potential mating with T. reesei
QM6a MAT1-2, and verified by the formation of fertile fruiting bodies (their
fertility was tested by isolating ascospores and demonstrating that they were
capable of mating with the opposite mating partner). The following experimental
protocol may be used for any of the genes identified to be associated with

mating impairment.

2. Preparation of strains with loss-of-function in a gene associated with mating

impairment

Female sterility gene candidates were identified initially by a combination of
classical genetics (crossing, back-crossing) and comparative genomic
sequencing. The genomic differences between the mating competent strain
obtained after backcrossing (CBS1/A8 02, MAT 1-1) and the mating deficient
starting strain (QM6a, MAT 1-2) must, by definition contain the entirety of the
required genes for functional complementation of mating. In addition the FS

genes required must be shared by the endpoints of the 2 backcrossing lines
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(CBS1/A8_02, MAT 1-1 and CBS2/A8_11, MAT 1-1). Further the inactivation of
FS genes in a mating competent background must debilitate functional mating.
All these procedures were taken to arrive at a list of genes that when singly or
co-introduced into Trichoderma reesei QM6a (MAT 1-1) will reconstitute mating

competence.

Since it is possible that more than a single gene associated with mating has
become non-functional in T. reesei QM6a, and consequently the
complementation with single genes would not lead to a gain of mating
functionality, knock-out strains for all candidate genes were prepared in a
mating competent 7. reesei QM6a derivative. In this way any genes essential
for mating would be identified whether solely responsible for mating deficiency
in QM6a or being part of a group of inactivated essential mating genes. To this
end, a tku70 deleted version of strain CBS1/A8_02 (MAT1-1) was generated.
The knockout of the tku70 gene was achieved by crossing of strain
CBS1/A8_02 (MAT1-1) with a tku70 deleted version of strain QM9414 (a mating
incompetent descendant of 7. reesei QM6a) which carries the resistance to
pyrithiamin hydrobromide (pfrA) as selection marker. Descendants of this
crossing were screened for the presence of the MAT1-1 locus and the tku70
deletion. The resultant strain will in the following be called CBS1/A8_02 Atku70.

Deletion cassettes consisting of 1.0 to 1.5 kb fragments of the gene-specific
flanking regions interrupted by the gene conferring resistance to hygromycin
(hph) under the T. reesei gpd promoter and terminator were assembled by
yeast recombinational cloning (Colot et al. 2006). Individual flanking regions of
candidate genes were amplified using oligonucleotides (10uM) 5F + 5R as well
as 3F + 3R from genomic DNA of strain CBS 999.97/MAT1-1 with Phusion
Polymerase (Thermo Fisher). The hph gene including the gpd promoter and
terminator sequence (2.7 kb) was amplified by PCR from the plasmid pLHhph
(Hartl et al. 2007) wusing the primers hphF and hphR (hphF:
GGATCCGAGAGCTACCTTAC (SEQ ID NO: 175), hphR:



10

15

WO 2014/102241 PCT/EP2013/077910
115

CTCGAGGGTACTATGGCTTA (SEQ ID NO: 176)). By PCR an approximately
19 bp sequence was introduced at the flanking region to overlap with either the
yeast shuttle vector pRS426 (URA +) or the hph marker gene allowing
homologous recombination. For amplification of all fragments a touchdown PCR
program with annealing temperatures ranging from 62°C to 58°C was used.

Sequences of the oligonucleotides used are given in Table 6).

In this way genes that when knocked-out did not abolish mating competence in
mating competent strain CBS1/A8_02 Atku70 (MAT 1-1) were identified as non-
essential for mating and consequently removed from the list of candidate genes
for female sterility in Trichoderma reesei. To this end four genes were identified,
the deletion of which resulted in mating inability. The genes are functional
homologues of the genes having SEQ ID NOs: 40, 110, 112 and 134. For
transformants having a knock-out of the functional gene corresponding to the
genes of SEQ ID NO: 40, SEQ ID NO: 110, SEQ ID NO: 112 and SEQ ID NO:
134 no mating was found.

Table 6: Sequences of primers used to amplify the 5' and 3' inserts for the construction of
knockout vectors to delete genes with transcript ID 67350, 76887, 105832 and 59270.

Gene ID Primer sequence
Trire2 67350 5F GTAACGCCAGGGTTTTCCCAGTCACGACGCCTAGCCTGCTCTT
- ATTACC (SEQ ID NO: 177)

5R CATATTGATGTAAGGTAGCTCTCGGATCCCAAGCTCGTGAGAC
AGTACC (SEQ ID NO: 178)

3F TATTCCATCTAAGCCATAGTACCCTCGAGCCTTTGTCTTCTCTT
CGTTCG (SEQ ID NO: 179)

3R GCGGATAACAATTTCACACAGGAAACAGCGAGATGACACTTCA
GGGAGG (SEQ ID NO: 180)

Trire2 76887 5F GTAACGCCAGGGTTTTCCCAGTCACGACGGATGGTAGTTTCTT
- GGCTGC (SEQ ID NO: 181)

5R CATATTGATGTAAGGTAGCTCTCGGATCCTAAGAAGAGCCTTCT
CGTCC (SEQ ID NO: 182)
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3F TATTCCATCTAAGCCATAGTACCCTCGAGCTTGGAGAGGTACT
CAGAGC (SEQ ID NO: 183)

3R GCGGATAACAATTTCACACAGGAAACAGCGACAAGGAGCAGAA
AAGACG (SEQ ID NO: 184)

Trire2 105832 5BF GTAACGCCAGGGTTTTCCCAGTCACGACGCATACCATCGTGTG
o TACTGG (SEQ ID NO: 185)

5R CATATTGATGTAAGGTAGCTCTCGGATCCAGATCTAATACCCCA
CCAGG (SEQ ID NO: 186)

3F TATTCCATCTAAGCCATAGTACCCTCGAGTGTATGCTTTGGCCG
CTGAC (SEQ ID NO: 187)

3R GCGGATAACAATTTCACACAGGAAACAGCCTACATACCTACAT
GCGACG (SEQ ID NO: 188)

Trire2 59270 5F GTAACGCCAGGGTTTTCCCAGTCACGACGGAGGATCAACAGTC
- TACAGC (SEQ ID NO: 189)

5R CATATTGATGTAAGGTAGCTCTCGGATCCACCACCCCACTAAG
ATAAGG (SEQ ID NO: 190)

3F TATTCCATCTAAGCCATAGTACCCTCGAGGGTAGGTAGGTAGC
TCATGC (SEQ ID NO: 191)

3R GCGGATAACAATTTCACACAGGAAACAGCGAGTGTCATGTGAG
ACAACC (SEQ ID NO: 192)

Example 3: Preparation of strains complemented with a gene(s) associated with

mating impairment

To obtain a QM6a/MAT1-1 strain being capable of performing successful sexual
reproduction using QM6a/MAT1-2 as mating partner, strain QM6a/MAT1-1 was
transformed with plasmids containing the functional variant of the gene(s)
identified in association with mating impairment in strain T. reesei QM6a/MAT1-
2.
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The strain QM6a/MAT1-1 which was used for gene complementation with the
identified candidate genes Trire2 67350, Trire2_ 76887, Trire2_105832 and
Trire2_59270, was constructed by transforming a gene replacement cassette
consisting of the MAT1-1 locus, a marker gene and a 3’ flanking region for
homologous integration in strain 7. reesei QM6a/MAT1-2. The MAT1-1 locus
including the 3’ region was amplified from strain CBS999.97 (MAT1-1) with
Phusion Polymerase (Thermo Fisher) by using the primers MAT1-1_InFusion fw
(GTGCTGGAATTCAGGCCTGGCTTGATGCTGCTAACCTTC (SEQ ID NO:
193)) and MAT1-1_InFusuion rv
(TCTGCAGAATTCAGGCCTACTCCGCAAGATCAAATCCG (SEQ ID NO:
194)). The amplicon was cloned in the PCR blunt vector (pCR blunt, Invitrogen)
using the InFusion HD cloning system (Infusion HD Cloning System CE,
Clontech). As selection marker the gene conferring resistance to hygromycin
(hph) under the T. reesei gpd promoter and terminator was used. The hph
cassette was amplified by PCR from the plasmid pLHhph (Hartl et al. 2007)

using the primers hph_Avrll_fw
(GTCCACAGAAGAGCCTAGGACCTCTTCGGCGATACATACTC (SEQ ID NO:
195)) and hph_Auvrll_rv

(GGCTTTCACGGACCCTAGGTTGGAATCGACCTTGCATG (SEQ ID NO:
196)). The plasmid containing the MAT1-1 locus including the 3' flanking region
was then digested by Avrll (Thermo Fisher) to insert the hph cassette between
the mat1-1-3 gene and the 3’ flanking region of the MAT1-1 locus by using the
InFusion cloning system (Infusion HD Cloning System CE, Clontech). For the
mating type exchange in T. reesei strain QM6a/MAT1-2 the gene replacement
cassette was amplified from the plasmid by PCR wusing primers 1-
2_replace_cassette fw (TGGAACGACTTTGTACGCAC (SEQ ID NO: 197)) and
1-2_replace_cassette_rv (GGCACAAGAGGACAGACGAC ( SEQ ID NO: 198)).
The gene replacement cassette was then transformed by protoplast
transformation (Gruber et al., 1990). For each transformation 10ug of DNA were
used. The resultant strain will in the following be called QM6a/MAT1-1.
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To complement the mating deficiency of strain QM6a the wildtype (CBS999.97)
allels of the newly identified candidate genes, Trire2_67350, Trire2_76887 and
Trire2_105832, were introduced ectopically in strain QM6a/MAT1-1.

For ectopic gene integration plasmids were constructed containing the wildtype
(CBS999.97) allel of the candidate genes followed by the gene conferring
resistance to Geneticin disulfate G418 (nptll). As vector for the transformation
the plasmid pPki-Gen which was available in the vector collection at the
Technical University of Vienna, Institute of Chemical Engineering, Research
Area Gene Technology and Applied Biochemistry (unpublished), was chosen.
This plasmid is derived from the plasmid pRLMex30 (Mach et al. 1994). The
plasmid pRLMex30 was digested with Xbal and Hindlll (Thermo Fisher
Scientific/Fermentas, St. Leon-Rot, Germany), removing the hAph coding region
and cbhZ2 terminator region (2066 bp) thereby leaving the pki1 promoter. Next a
2.4 kb fragment containing ~ 800 bp of the trpC promoter, the nptll coding
region and ~ 700 bp of the trpC terminator was amplified from plI99 (Namiki et

al. 2001) using the primers GenFW
(CCTCTTAACCTCTAGACGGCTTTGATTTCCTTCAGG) (SEQ ID NO: 156)
and GenRV

(TGATTACGCCAAGCTTGGATTACCTCTAAACAAGTGTACCTGTG) (SEQ ID
NO: 157). The two fragments were joined by InFusion recombination (Clontech,
USA) resulting in the plasmid pPki-Gen. The nptll gene confers resistance to
Geneticin disulfate G418 which was then used to select fungal transformants.

In a further step, the plasmid pPki-Gen was digested with EcoRl and Xbal
(Thermo Fisher Scientific/Fermentas, St. Leon-Rot, Germany) to remove the
pki1 promoter (~740 bp). The genes identified to be responsible for mating
impairment (i.e. Trire2_67350, Trire2_76887, Trire2_105832 and 59270) were
amplified from strain CBS999.97/MAT1-1 by PCR and introduced in the cut
vector by In-Fusion recombination (Clontech, USA). Oligonucleotides used for
the amplification of the respective genes are given in Table 7. The complete
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sequences of the resultant plasmids are given in SEQ ID NOs: 212 to 215 and
in Figures 5 to 8.
Table 7: Sequences of primers used to amplify the wildtype allels of candidate genes from

strain CBS999.97 for the construction of vectors to complement the mating deficiency of strain
T. reesei QM6a.

Gene ID Primer sequence

Trire2 67350 repl_Trire67350 _infusion fw TAAAACGACGGCCAGTGAATTCAATAAAGACGGCCTGGAA

AC (SEQ ID NO: 199)

repl_Trire67350_infusion rv  AGGAAATCAAAGCCGTCTAGATTCCGCATACCACCTACTT

G (SEQ ID NO: 200)

Trire2_76887 repl_Trire76887_infusionfw TAAAACGACGGCCAGTGAATTCTTCTCTGATCGTTG

GGCTATG (SEQ ID NO: 201)

repl_Trire76887_infusionrv AGGAAATCAAAGCCGTCTAGATGCCTCGATAAGACA

AAGTGC (SEQ ID NO: 202)

Trire2_10583 repl_Trire105832_infusion TAAAACGACGGCCAGTGAATTCATGTAGAGCGGCAC

2 fw CAAAGAGC (SEQ ID NO: 203)

repl_Trire105832_infusion AGGAAATCAAAGCCGTCTAGACAATCGCGTGGCTTT

v CGTTC (SEQ ID NO: 204)

Trire2 59270 repl_Trire59270 infusion fw TAAAACGACGGCCAGTGAATTCCGCCAGGTTGATCTTGTT

CTAC (SEQ ID NO: 205)

repl_Trire59270 infusion rv  AGGAAATCAAAGCCGTCTAGATCGAAGTGTAGGCTGGAAT

GAG (SEQ ID NO: 206)

Strain QM6a/MAT1-1 was then transformed via protoplast transformation
(Gruber et al, 1990) with the circular plasmid containing the respective
candidate gene(s). Since it was not known whether a single gene or the
combination of the respective candidate genes was responsible for the mating
deficiency, the candidate genes were transformed singly as well as in
combination. Per transformation reaction 10 ug of circular plasmid were used.
Of a total of 6 ml protoplast suspension each one ml of protoplast suspension
was added to 4ml of overlay medium containing Geneticinsulfate G418 at a

concentration of 100 ug/ml. The respective solution was then poured on agar
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plates containing malt extract agar (2% wi/v) to which Geneticinsulfate G418
had been added to a concentration of 100 pg/ml to select fungal transformants.
Plates were incubated at 28 °C in darkness for 7 days. Potential transformants
were then transferred to new plates containing Potato Dextrose Agar (Difco,
USA) with 100 pg/ml of Geneticinsulfate G418 to select fungal transformants.

Mitotically stable transformants were then tested for integration of the respective
gene(s) into chromosomal DNA by PCR analysis. Chromosomal DNA was
extracted according to Liu et al. (2000). To test for the positive integration of the
genes a gene specific primer and a primer binding within the nptll cassette were
used. Sequences thereof are given in Table 8.

Table 8: Sequences of primers used for genotyping of strain QM6a/MAT1-1 complemented with
the wildtype allels of the respective female sterility candidate genes.

Gene ID Primer sequence
Trire2_67350 67350_fw AATAAAGACGGCCTGGAAAC (SEQ ID NO: 207)
Trire2_76887 76887_fw TTCTCTGATCGTTGGGCTATG (SEQ ID NO: 208)

Trire2_105832  105832_fw ATGTAGAGCGGCACCAAAGAGC (SEQ ID NO: 209)
Trire2_59270 59270_fw CGCCAGGTTGATCTTGTTCTAC (SEQ ID NO: 210)

in geneticinrv  ATCCCGAAAGCATCACCG (SEQ ID NO: 211)

Positive transformants were then subjected to mating assays with T. reesei
QM6a MAT1-2. Mating is verified by the formation of fertile fruiting bodies. Their
fertility is tested by isolating ascospores and demonstrating that they, upon
germination and growing into a mycelium, are capable of mating with the

opposite mating partner.

To verify the restoration of the mating ability positive transformants are tested in
mating assays. Mating assays are performed on PDA (Difco™, potato dextrose
agar) plates where T. reesei wildtype strain QM6a/MAT1-2 (ATCC 13631) is co-
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cultured with positive transformants of T. reesei QM6a/MAT1-1 complemented
with the repaired candidate gene(s). Plates are kept at room temperature (20-
23°C) exposed to the natural circadian light cycle to promote fruiting body
formation. Their fertility is tested by isolating ascospores from the fruiting bodies
and demonstrating that colonies grown from them are capable of mating with
the opposite mating partner.

Table 9 shows the correlation of the respective female sterility gene and the
corresponding corrected and thus functional sequence.

Gene ID Sequence associated Sequence associated

with mating impairment | with mating competence
105832 SEQ ID NO: 40/41 Coding sequence of
SEQ ID NO: 220 or of

SEQ ID NO: 224
76887 SEQ ID NO: 110/111 Coding sequence of
SEQ ID NO: 218 or of

SEQ ID NO: 228
59270 SEQ ID NO:112/113 Coding sequence of
SEQ ID NO: 222 or of

SEQ ID NO: 230
67350 SEQ ID NO: 134/135 Coding sequence of
SEQ ID NO: 216 or of

SEQ ID NO: 226
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1. A process for identifying gene(s)/genetic element(s) associated with

mating impairment in strains of Trichoderma reesei QM6a or strains

derived thereof comprising the steps of

a)

b)

d)

providing a first strain being a Trichoderma reesei QM6a strain
having a MAT1-2 locus or a strain derived thereof,

sexually crossing said strain with a second strain being a mating
competent strain of Trichoderma reesei (Hypocrea jecorina)
having a complementary locus, i.e. the MAT1-1 locus,

repeatedly back-crossing the MAT1-1 progenies from the crossing
of b) or the back-crossing thereof with the first strain of a), until a
strain is obtained that is substantially identical to the first
Trichoderma reesei QM®6a strain or a strain derived thereof, but
carries the MAT1-1 locus and is mating competent for crossing
with Trichoderma reesei QM6a or any of its MAT1-2 progeny,
selecting the progeny from step c¢) that is mating competent for
crossing with a Trichoderma reesei (Hypocrea jecorina) having a
MAT1-2 locus, and

identifying the gene(s)/genetic element(s) associated with mating
impairment by comparing the genome of the progenies selected in
step d) with the genome sequences of the first strain of a) whereby
said gene(s)/genetic element(s) may be fully or partially missing or
existing in a mutated form or in a form having deletions and/or
insertions in the first strain thus being a gene or a genetic element
directly or indirectly associated with mating impairment in strains

of Trichoderma reesei QM6a or a strain derived thereof.

2. The process according to claim 1 further comprising the step of inserting

the functional gene and/or genetic element of the mating competent
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strain corresponding to the gene(s)/genetic element(s) associated with
mating impairment identified according to <claim 1 into a
Trichoderma reesei QM6a having a MAT1-1 locus or a strain derived
thereof and crossing said strain with a Trichoderma reesei QM6a having
a MAT1-2 locus or a strain derived thereof, whereby the formation of
fruiting bodies by Trichoderma reesei QM6a having a MAT1-1 locus and
having inserted said functional gene/genetic element or a strain derived
thereof is indicative of a direct association of said gene/genetic element

with said mating impairment.

A process for identifying a mating competent phenotype associated with
a functional gene and/or genetic element corresponding to the
gene/genetic element associated with mating impairment as identified
according to the process of claim 1 in Trichoderma reesei QM6a or
strains derived thereof, comprising the steps of

a) providing a mating competent Trichoderma reesei QM6a MAT 1-1

strain,
b) rendering the above functional gene or genetic element non-functional,

c) measuring the mating capability of said Trichoderma reesei QM6a
MAT 1-1 strain,

wherein a positive mating capability of said Trichoderma reesei QM®6a
MAT 1-1 strain is indicative of said gene or genetic element being non-
essential for a mating competent phenotype and wherein a negative
mating capability of said Trichoderma reesei QM6a MAT 1-1 strain is
indicative of said gene or genetic element being essential for a mating
competent phenotype.

The process of one of claims 1 to 3, wherein the strain derived from
Trichoderma reesei QM6a is selected from QM9123, QM9136, QM9414,
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MG4, MG5, RUT-C30, RUT-D4, RUT-M7, RUT-NG14, MCG77, MCG80,
M5, M6, MHC15, MHC22, Kyowa X-31, Kyowa PC-1-4, Kyowa PC-3-7,
TU-6 and their derivatives.

The process of one of claims 1 to 4 wherein the second strain is strain
CBS999.97 MAT1-1.

The process of one of claims 1 to 5, wherein the back-crossing is

repeated for 7 to 19 cycles.

The process of claim 6, wherein the back-crossing is repeated for 8 to 9
cycles.

The process of one of claims 1 to 7, wherein the gene/genetic element
directly or indirectly associated with mating impairment is selected from
SEQ ID NOs: 8 to 155 and SEQ ID NOs: 163 to 170.

The process of claim 8, wherein the gene/genetic element directly or
indirectly associated with mating impairment is a gene/genetic element
selected from SEQ ID NO: 36, SEQ ID NO: 40, SEQ ID NO: 56, SEQ ID
NO: 58, SEQ ID NO: 60, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID NO:
72, SEQ ID NO: 82, SEQ ID NO: 92, SEQ ID NO: 100, SEQ ID NO: 110,
SEQ ID NO: 112, SEQ ID NO: 118, SEQ ID NO: 120, SEQ ID NO: 122,
SEQ ID NO: 124, SEQ ID NO: 134, SEQ ID NO: 138, SEQ ID NO: 144,
SEQ ID NO: 146, SEQ ID NO: 148 and SEQ ID NO: 152.

The process of claim 8, wherein the gene/genetic element directly or
indirectly associated with mating impairment is a gene/genetic element
selected from SEQ ID NO: 40, SEQ ID NO: 110, SEQ ID NO: 112 and
SEQ ID NO: 134.

A process for correcting the mating impairment of a Trichoderma reesei
QM®6a strain or a strain derived thereof having a MAT1-1 locus and that
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is not competent to mate with a Trichoderma reesei QM6a strain having
a MAT1-2 locus or a strain derived thereof, wherein one or more mutated
or fully or partially missing gene(s) and/or genetic element(s) identified by
the process of one of claims 2 to 8 is/are replaced by or complemented
with the corresponding functional gene(s) and/or genetic element(s).

The process of claim 11, wherein the gene(s) and/or genetic element(s)
to be replaced or complemented is/are selected from SEQ ID NOs: 8 to
155 or SEQ ID NOs: 163 to 174 and wherein the mutation, insertion or
deletion to be corrected is selected from Table 3.

The process of claim 12, wherein the gene(s) and/or genetic element(s)
to be replaced or complemented is/are selected from SEQ ID NO: 36,
SEQ ID NO: 40, SEQ ID NO: 56, SEQ ID NO: 58, SEQ ID NO: 60, SEQ
ID NO: 66, SEQ ID NO: 68, SEQ ID NO: 72, SEQ ID NO: 82, SEQ ID
NO: 92, SEQ ID NO: 100, SEQ ID NO: 110, SEQ ID NO: 112, SEQ ID
NO: 118, SEQ ID NO: 120, SEQ ID NO: 122, SEQ ID NO: 124, SEQ ID
NO: 134, SEQ ID NO: 138, SEQ ID NO: 144, SEQ ID NO: 146, SEQ ID
NO: 148 and SEQ ID NO: 152.

The process of claim 12, wherein the gene(s) and/or genetic element(s)
to be replaced or complemented is/are selected from SEQ ID NO: 40,
SEQ ID NO: 110, SEQ ID NO: 112 and SEQ ID NO: 134.

A fungal self-mating competent strain of Trichoderma reesei QM6a or a
strain derived thereof obtained by a process of one of claims 11 to 14.

A fungal strain of the genus Trichoderma (Hypocrea) suitable for use in
the industrial production of a product of interest, whereby the strain has
been obtained by a process according to one of claims 11 to 14 and has
been transformed with a gene encoding a product of interest.
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Use of a fungal strain according to claim 16 for the industrial production

of a product of interest.

The strain of claim 16 or the use of claim 17, wherein the product of
interest is selected from food enzymes, feed enzymes, technical
enzymes, hormones, immunoglobulins, vaccines, antibacterial proteins or

antiviral proteins.

Genes/genetic elements associated with mating impairment in strains of
Trichoderma reesei QM®6a or strains derived thereof having a sequence
of SEQ ID NOs: 8 to 155 or SEQ ID NOs: 163 to 174.

Genes/genetic elements associated with mating impairment in strains of
Trichoderma reesei QM®6a or strains derived thereof having a sequence
of SEQ ID NO: 40, SEQ ID NO: 110, SEQ ID NO: 112 or SEQ ID NO:
134 or a functionally equivalent sequence derived therefrom.

Gene or genetic element essential for mating competence in
Trichoderma reesei QM6a or strains derived therefrom having a
sequence of SEQ ID NO: 216, SEQ ID NO: 218, SEQ ID NO: 220, SEQ
ID NO: 222 or SEQ ID NO: 224, SEQ ID NO: 226, SEQ ID NO: 228, SEQ
ID NO: 230 or a functionally equivalent sequence derived therefrom.
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Figure 5a
Vector pPEFSG complement 105832
ID 105832 401 4017
Position of GenR 4018 6383
elements
AmpR 7546 8407

TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTA
AGCGGATGCCGGGAGCAGACAAGCCCOTCAGGGCGALGTCAGCGGGTGTTGGLGGGTGTCGGGGLTGGCTTA
ACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAA
GGAGAAAATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGG
CCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGT
TTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATTCATGTAGAGCGGCACCAAGCAGCCTTCAGAGTT
CTCAAGCCTCATGTATAAATGCTACCTCACCAGGTGCTATGGAAGCAGATTGGGTGCAGCGAATGCCTCATCA
ATCCATCAAGATACTTCAACAGGAGCTCACCACCGAAAGCCACTGATATAAGCTGAAGGAAAGGCAGTCTAAA
CAGCGAAAACAAAAACAATGAGTTGGCAGCGTAATCTTGACGCCCAGATATCTACATCTACATTACAGATGCT
GTCGACTTGACTAGAAGTTTGGTCAAAACAGGGTAGTCGTGGAACGGAGACGAGCGTTTGCAATTGGGCGTA
TGACGTCATTGCGTGAGCCATCAGATAGATGTTGCATGGAGCGTAATGGTTGATCTTGGTTGATCGACAGATA
AGATAAGCACCCGCAAATTTTCGCGGGGCACTTGATGCGCAATATCGATACCCGATAACGATAACACTTTGAT
GTTATTGGACTCTGTACGCACTGTTTTTGCTGCCAAGATTGGTTGTTGTCTTTATTTCATACGCGTTCCGACAGA
ATTTGCATACATGCAGCGATTGGAAAGAGCCTTCAGCCTTCTTCTTCGTACCTGACCTTGTGATGATTTGCTGCG
AGTAACTTCGTATCTTGCGAGTCATAGACAAGGTGGTGAGGGTGAGGCGGGGCATCGTACCTGGTGGGGTAT
CAGATCTGCTAAATGTTTTCGTGCTATCTTGTTAGGACATCAAATTCTTCCGAGTGTCTCATCGCTGCGCTITTTC
CACGACTTCGCCGAACTCCTGCGAAAATCACCGAGCCGTCGCTCACTTGAGCAAACGAAGCCGAGTCACACGC
TTCCAGCTCTCTCTCGACGTTCAAGATGAGCCCGAAACCCGTCATCGGCCTTTTGGGAGGCGGCCAGLTGGGC
CGGATGCTGTGCCAGGCCGCGGCTCCCCTCGATGTCGAAATCGCCATCCTCGACGCCGAGAATGCCCCCGCGA
AGCAGGTCAACCACAACAGCCGCAACATCAATGGCTCGTACAAAGACGCGGAGAAGATCAAGGAGCTGGCCT
CCCACTGCAGCGTCCTCAGCGTCGAGACCGAGCACGTGGACACGACGGTGCTGGAAGAGATTGCGACGACTA
CAAAGGTGGCCGTGTGCCCGTCATGGAAGACGATTCGACTGATCCAGGACAAGTACGAGCAGAAGGCCTALC
TGGCCAGCAAGGGAATTCCCGTCGCTGAGTCGGTGGCTATTGAGGGATCTGGCGATGCCATGCTCGCCTCTCT
CAAAGCCGTGTCTGCCAAATTCGGCTATCCCTGGATGCTCAAGGCCAGGAAGGACTCTTACGACGGCCGAGG
GAACATGAAGATCTCTGGCGAAGCCGACCTCGAACATGCTGTCGCCGAGTITGGCAAGTTTGGCTGCTATGCT
GAAAAGTTITGTCCCGTTCCAATGCGAGCTGTCTGTCCTCGTGATTCGCACGGAAGACGACGACGGCCAGACCA
AGCGCCTGCTGCCGTATCCCGCCGTCGAGACGGTACATGAAGACAACATTTGCTCACGAGTCTACCTGCCTCCT
CGGACCACTCCTGCTTCTGCCTGCGAGCAGGCACAGAAGGTCGCCAGCGACGTCGTCGACAAGCTTTGGGGA
AGAGGCATCTTCGCTGTTGAGATGTTTGTCACCCAGGACAACCAGATCCTTGTCAACGAGATTGCCCCGCGACC
GCACAACTCTGGCCATCTGTTCATTGAAGCGGTTCCATACATGTACGTATTCACCCGTTGCCCTGCTGGTTACTG
CTCTAACAAGGCTGTATATTAGGTCACAGTACAAGGCACAGCTCACCTCGATCCTCGACCAGACTCTCCCGLCC
AAAATTGAGCCGTACGTTGCTTCGAGTATCATGATCAACATTCTCGGAGGCGCCAATCCCGACTCCCATCTCCC
GCTTGTCGAGAAAGCCAAGTCCATGTACGGAGACAAGATGGCTGTTTACGTCCACCTTITATGGCAAAGAGTCC
AAGCCCAGCCGAAAGATTGGACACATCACAGTTACTGGCTTAGTCGCCAGCATAGCGGAGCTCGAAGAGTTTG
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CGAAACCGCTGGTGGACATGGCCAGCGACATCAGACAGGAGAGGCTACAATCGCGCACCAAGGCATTGCGGC
CAGACCAGGCGGTTTCCAAGCCCGCTCAGGCGCCGCTGGTCCTTGTTACAATGGGCTCGGACTCAGACCTTCCT
GTGCTTAAGGCTGGCATCGACATCCTGAACCAGTTTGGCGTGCCCTGGGAAGTTGACATCACATCGGCGCATC
GCACGCCGGCCAAGATGGCTGATGTCGCCACGAAAGCCGCTGCTCGCGGCATCAAGGTCATCATCGCCGCAG
CTGGAGGAGCAGCTCATTTGCCTGGAATGGTATCGGCCTACACGCCGCTCCCCGTCATTGGLGTTCCCGTCAA
GGCCACGCACCTCGATGGTGTCGATTCTCTCTATTCGATTGTTCAGATGCCGGTAAGTACATACAACCTTTTTG
GCTTCCTTTCCCCTTCCTTGTACGTGAGGLTGACGAGCGTATAGCGCGGTGTACCGACAGCCACGGTTGGCATC
AACAACTCGACCAATGCAGCCCTCCTCGCAATCAGATGCCTAGGTGCCTTTATTCCCGAATACCTCGAGAAAAT
GAAGGCGTATCAGCTGGACAACGAGAAGCAAGTGGAAGAGAAGGCGAACCGACTGCGAGAGATGAACGTCG
AGGCCTACCTTGCGCAAATGAAGAAATGAGGGAGTCTTAATTTGACGCTGCGAGCCAGCTGGCCCAACCTCGA
TATCCTAGGCTGACCGTGAAGGACGATCATGCACCAAAACCAGTTCCTGCGTGCATAACTTAGAATCGCATTCG
GAGGCTTTGCGGATCGAACCATCGACTCCCAGCAATTGTATGCTTTGGCCGCTGACACCACGCCTCAACATGCA
ACATTCGTTGTGGCATTATTTCGAATCACGAATATCTACAGTGTCTTATATATATCTCAACTTTGGAAAAGAATC
AACCCACTTAATGCCTCACGAGGCTTCTCATTAGATAGGGCGGTGGCAAATCTGTAAAGCAGGCGAGATCACG
CAACCAAGACATGATCCGGTGTCCTTTCCCTGTGGTTGATGAGTATCCAATCGTGAGCATATGGCAGCGAGCT
GTGCTCTCCAGGCGCCCGAGTGGAAGGCATGCCTCTACTCTTATATAGGCCAATCCAAAGTTTTTGAGCAACAA
GACTTTTGGCGTATAACACTAGCAGTTGAACGCCCCGGGGATAGGAGTCTTCGCACTGACCACTCGACAACTA
GAGTAGTCAATCGGCTGACTATCCCCCGTCCTGATCATGTGAATCTACTATCCCACTCTTCTTGGCCCTCAGGAG
TCCCTCTGAAGGGCTCTCTGGGGGACCTCAGAGACTCCATTTGTITGTGTGACTGTCCGCGAAGCTATGGGCTA
CAAGGCAGACCATCATGCTCGCCTGCGCCGTTGTCAAAACCTCGTCCTTGCTCGAGCAGCCTGTTAATGGCCTC
TTCGCCACCGGATTGATTGTGGCAACTGGAAGGGCCTCAGATTGTGAACGAAAGCCACGCGATTGTCTAGACG
GCTTTGATTTCCTTCAGGTCATACGAGGCTTGTGCAATGGTCTCCGCATGGATCGCTGCTGTTCTCCTATCAAAC
TCGGATTTTIGTCTTAGGGGATGGCGTAGGAAAGACGCTGCCGCGGTTCAGAAGCACCTCGATGCTATCAGGAT
GTGACAAAAACGACTCGAAAACCCGGATTCATCGGTGATGCTTTCGGGATCGCAAGCGTAAAGAAAGACTCTC
TTCCAAGACCTAGAAGTATAGCAAAATCAGCAGCAGACCATCAATGTATAGCGAATGCGCCCATACAAAAGCT
GAACGTCCCCGGAGAAGCACTTGTCCAGGGACGGGAAATAGGCTTCCGGAACGGGAGCCATTGGCAGCACA
GCTATATCATTCTAAGTAAACAAATGTAATGAGCAAGCGGACGGAGTGCTGAAACCTCCGTATGCCTGAAGCC
GACGAAAGCGCGTTGGATTAGAGGTCGACAGAAGATGATATTGAAGGAGCACTTTTTGGGCTTGGCTGGAGC
TAGTGGAGGTCAACAATGAATGCCTATTTTGGTTITAGTCGTCCAGGCGGTGAGCACAAAATTTGTGTCGTTTGA
CAAGATGGTTCATTTAGGCAACTGGTCAGATCAGCCCCACTTGTAGCAGTAGCGGCGGLGCTCGAAGTGTGAC
TCTTATTAGCAGACAGGAACGAGGACATTATTATCATCTGCTGCTTGGTGCACGATAACTTGGTGCGTTTGTCA
AGCAAGGTAAGTGAACGACCCGGTCATACCTTCTTAAGTTCGCCCTTCCTCCCTITATTTCAGATTCAATCTGAC
TTACCTATTCTACCCAAGCATCGATATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGLCGCTTGGGTGG
AGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCOCCGTGTTCCGGLTGTCAGL
GCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGC
GCGGCTATCGTGGCTGGCCACGACGGGLGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAG
GGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGLCCGAGAAAGTA
TCCATCATGGCTGATGCAATGCGGLCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGA
AACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGC
ATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGLTCAAGGCGCGCATGCCCGACGGCGAGGATCTCATCG
TGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGC
CGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGE
GAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCLGCTCCCGATTCGCAGCGCATCGLCTTCTATCGCCTT
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CTTGACGAGTTCTTCTGAGGATCCACTTAACGTTACTGAAATCATCAAACAGCTTGACGAATCTGGATATAAGA
TCGTTGGTGTCGATGTCAGCTCCGGAGTTGAGACAAATGGTGTTCAGGATCTCOATAAGATACGTTCATITGTC
CAAGCAGCAAAGAGTGCCTTCTAGTGATTTAATAGCTCCATGTCAACAAGAATAAAACGCGTTTCGGGTTTACC
TCTTCCAGATACAGCTCATCTGCAATGCATTAATGCATTGGACCTCGCAACCCTAGTACGCCCTTCAGGCTCCG
GCGAAGCAGAAGAATAGCTTAGCAGAGTCTATITTCATTTTCGGGAGACGAGATCAAGCAGATCAACGGTCGT
CAAGAGACCTACGAGACTGAGGAATCCGCTCTTGGCTCCACGCGACTATATATTTGTCTCTAATTIGTACTTIGA
CATGCTCCTCTTCTTITACTCTGATAGCTTGACTATGAAAATTCCGTCACCAGCCCCTGGGTTCGCAAAGATAATT
GCACTGTTTCTTCCTTGAACTCTCAAGCCTACAGGACACACATTCATCGTAGGTATAAACCTCGAAAATCATTCC
TACTAAGATGGGTATACAATAGTAACCATGGTTGCCTAGTGAATGCTCCGTAACACCCAATACGCCGGCCGAA
ACTTTTTTACAACTCTCCTATGAGTCGTTTACCCAGAATGCACAGGTACACTTGTTITAGAGGTAATCCAAGCTTG
GCGTAATCATGGTCATAGCTGTITCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGG
AAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCC
GCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGLGGGGAGAGGCGGTTTG
CGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATC
AGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAA
AGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTITTCCATAGGCTCCGCCCCCCTGAC
GAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTT
CCCCCTGGAAGCTCCCTCGTGCOGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTT
CGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCT
GGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACC
CGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCG
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCT
GCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGT
GGTTTTTTIGTITGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTICTAC
GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTC
ACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGT
TACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATITCGTTCATCCATAGTTGCCTGACTCCCC
GTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAA
CTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGC
GCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGT
TCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGAT
CGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCA
TGCCATCCGTAAGATGCTTTICTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGA
CCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCAT
TGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTC
GTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAAT
GCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTITCAATATTATTGAAG
CATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTC
CGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAAT
AGGCGTATCACGAGGCCCTTTCGTC
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Figure 5b

ID: 105832
Annotation: Phosphoribosylamidoimidazole-succinocarboxamide synthase
Number of exons: 3

promoter 1 887

exon 1 888 1777
Position of exon 2 1833 2520
elements

exon 3 2587 2790

terminator 2791 3659

TAAAACGACGGCCAGTGAATTCATGTAGAGCGGCACCAAGCAGCCTTCAGAGTTCTCAAGCCTCATGTATAAA
TGCTACCTCACCAGGTGCTATGGAAGCAGATTGGGTGCAGCGAATGCCTCATCAATCCATCAAGATACTTCAAC
AGGAGCTCACCACCGAAAGCCACTGATATAAGCTGAAGGAAAGGCAGTCTAAACAGCGAAAACAAAAACAAT
GAGTTGGCAGCGTAATCTTGACGCCCAGATATCTACATCTACATTACAGATGCTGTCGACTTGACTAGAAGTTT
GGTCAAAACAGGGTAGTCGTGGAACGGAGACGAGCGTTTGCAATTGGGCGTATGACGTCATTGCGTGAGCCA
TCAGATAGATGTTGCATGGAGCGTAATGGTTGATCTTGGTTGATCGACAGATAAGATAAGCACCCGCAAATTT
TCGCGGGGCACTTGATGCGCAATATCGATACCCGATAACGATAACACTTTGATGTTATTGGACTCTGTACGCAC
TGTTITTGCTGCCAAGATTGGTTGTTGTCTTTATTITCATACGCGTTCCGACAGAATTTGCATACATGCAGCGATT
GGAAAGAGCCTTCAGCCTTICTTCTTCGTACCTGACCTTGTGATGATTITGCTGCGAGTAACTTCGTATCTTGCGA
GTCATAGACAAGGTGGTGAGGGTGAGGCGGGGCATCGTACCTGGTGGGGTATCAGATCTGCTAAATGTTTIC
GTGCTATCTTGTTAGGACATCAAATTCTTCCGAGTGTCTCATCGCTGCGCTTTTTCCACGACTTCGCCGAACTCC
TGCGAAAATCACCGAGCCGTCGCTCACTTGAGCAAACGAAGCCGAGTCACACGCTTCCAGCTCTCTCTCGACGT
TCAAGATGAGCCCGAAACCCGTCATCGGCCTTITGGGAGGCGGCCAGCTGGGCCGGATGCTGTGCCAGGLLG
CGGCTCCCCTCGATGTCGAAATCGCCATCCTCGACGCCGAGAATGCCCCCGCGAAGCAGGTCAACCACAACAG
CCGCAACATCAATGGCTCGTACAAAGACGCGGAGAAGATCAAGGAGCTGGCCTCCCACTGCAGCGTCCTCAG
CGTCGAGACCGAGCACGTGGACACGACGGTGCTGGAAGAGATTGCGACGACTACAAAGGTGGCLGTGTGLEC
CGTCATGGAAGACGATTCGACTGATCCAGGACAAGTACGAGCAGAAGGCCTACCTGGCCAGCAAGGGAATTC
CCGTCGCTGAGTCGOTGGCTATTGAGGGATCTGGCGATGCCATGCTCGCCTCTCTCAAAGCCGTGTCTGCCAA
ATTCGGCTATCCCTGGATGCTCAAGGCCAGGAAGGACTCTTACGACGGCCGAGGGAACATGAAGATCTCTGG
CGAAGCCGACCTCGAACATGCTGTCGCCGAGTTTGGCAAGTTTGGCTGCTATGCTGAAAAGTTTGTCCCGTTCC
AATGCGAGCTGTCTGTCCTCGTGATTCGCACGGAAGACGACGACGGCCAGACCAAGCGCCTGCTGCCGTATCC
CGCCGTCGAGACGGTACATGAAGACAACATTTIGCTCACGAGTCTACCTGCCTCCTCGGACCACTCCTGLTTCTG
CCTGCGAGCAGGCACAGAAGGTCGCCAGCGACGTCGTCGACAAGCTTTGGGGAAGAGGCATCTTCGCTGTTG
AGATGTTTGTCACCCAGGACAACCAGATCCTTGTCAACGAGATTGCCCCGCGACCGCACAACTCTGGCCATCTG
TTCATTGAAGCGGTTCCATACATGTACGTATTCACCCGTTGCCCTGCTGGTTACTGCTCTAACAAGGCTGTATAT
TAGGTCACAGTACAAGGCACAGCTCACCTCGATCCTCGACCAGACTCTCCCGCCCAAAATTGAGCCGTACGTTG
CTTCGAGTATCATGATCAACATTCTCGGAGGCGCCAATCCCGACTCCCATCTCCCGLTTGTCGAGAAAGCCAAG
TCCATGTACGGAGACAAGATGGCTGTTTACGTCCACCTTTATGGCAAAGAGTCCAAGCCCAGCCGAAAGATTG
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GACACATCACAGTTACTGGCTTAGTCGCCAGCATAGCGGAGCTCGAAGAGTTTGCGAAACCGCTGGTGGACAT
GGCCAGCGACATCAGACAGGAGAGGCTACAATCGCGCACCAAGGCATTGCGGCCAGACCAGGLGGTTTCCAA
GCCLGCTCAGGCGCCGCTGGTCLCTTGTTACAATGGGCTCGGACTCAGACCTTCCTGTGCTTAAGGCTGGCATC
GACATCCTGAACCAGTTTGGCGTGCCCTGGGAAGTTGACATCACATCGGCGCATCGCACGCCGGCCAAGATGG
CTGATGTCGCCACGAAAGCCGCTGCTCGCGGCATCAAGGTCATCATCGCCGCAGCTGGAGGAGCAGCTCATTT
GCCTGGAATGGTGTCGGCCTACACGCCGCTCCCCGTCATTGGCGTTCCCGTCAAGGCCACGCACCTCGATGGT
GTCGATTCTCTCTATTCGATTGTTCAGATGCCGGTAAGTACATACAACCTTTITIGGCTTCCTTTCCCCTTCCTTGT
ACGTGAGGCTGACGAGCGTATAGCGCGGTGTACCGACAGCCACGGTTGGCATCAACAACTCGACCAATGCAG
CCCTCCTCGCAATCAGATGCCTAGGTGCCTTTATTCCCGAATACCTCGAGAAAATGAAGGCGTATCAGCTGGAC
AACGAGAAGCAAGTGGAAGAGAAGGCGAACCGACTGCGAGAGATGAACGTCGAGGCCTACCTTGCGCAAAT
GAAGAAATGAGGGAGTCTTAATTTGACGCTGCGAGCCAGCTGGCCCAACCTCGATATCCTAGGCTGACCGTGA
AGGACGATCATGCACCAAAACCAGTTCCTGCGTGCATAACTTAGAATCGCATTCGGAGGCTTTGCGGATCGAA
CCATCGACTCCCAGCAATTGTATGCTTTGGCCGCTGACACCACGCCTCAACATGCAACATTCGTTGTGGCATTAT
TTCGAATCACGAATATCTACAGTGTCTTATATATATCTCAACTTTGGAAAAGAATCAACCCACTTAATGCCTCAC
GAGGCTTCTCATTAGATAGGGCGGTGGCAAATCTGTAAAGCAGGCGAGATCACGCAACCAAGACATGATCCG
GTGTCCTTTCCCTGTGGTTGATGAGTATCCAATCGTGAGCATATGGCAGCGAGCTGTGCTCTCCAGGCGCLCG
AGTGGAAGGCATGCCTCTACTCTTATATAGGCCAATCCAAAGTTTTTGAGCAACAAGACTTTTGGCGTATAACA
CTAGCAGTTGAACGCCCCGGGGATAGGAGTCTTCGCACTGACCACTCGACAACTAGAGTAGTCAATCGGCTGA
CTATCCCCCGTCCTGATCATGTGAATCTACTATCCCACTCTTCTTGGCCCTCAGGAGTCCCTCTGAAGGGCTCTC
TGGGGGACCTCAGAGACTCCATTTGTTTGTGTGACTGTCCGCGAAGCTATGGGCTACAAGGCAGACCATCATG
CTCGCCTGCGCCGTTGTCAAAACCTCGTCCTTGCTCGAGCAGCCTGTTAATGGCCTCTTCGCCACCGGATTGATT
GTGGCAACTGGAAGGGCCTCAGATTGTGAACGAAAGCCACGCGATTGTCTAGACGGCTTTGATTTCCT
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TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTA
AGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTA
ACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAA
GGAGAAAATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGE
CCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGT
TTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATTCAATAAAGACGGCCTGGAAACGGAGCGGCTTG
AGCAGCTCTCTTTGTTCCCAACTGCGTGACCAACCAGCCCGCATCCCGCATCCCACATCCAGCCCAAACCTCTCC
TGCATCCGCCTGCATCACCCATTACGCCTGATCCTCCAAACAGGAGCATCCCCTAGGCGGTACGAACAAGCGCC
GAGCTAATCAGATCAGCCCCTCCCCTAACGCTCTGCAGCACATCACAGAAACCCGTTGTCCAAGCTTGCCCTTA
CATGCAAAACCGTGACGCTGCCCTCTTCCGTTAGGCTGCTCAGCCTTCTTCCCTTTTTCAACCTCATCTCGTTGCT
GTAGCCTGTCACGACCAAGTTCCTGCATCTCTGGGAACATCCTCCACGGCATATCACAGCTTACATCCCGCCCG
GCAATCGACCCTCTTCGACGCTCCCGCCTCCACGATACCAACAACCTCCACCATCCCCGTCGACGGLCCGAALG
GAACCGGTCACCTGGTGGATTGCAGCGCTGAGCCTTGTGTCCGGGAGTGGGCAGTAGCAGGGTTTCATGTCA
TGATCGATACCTGAAGAGCGCCGCAGCTTGCCGCCACCTTGTGGACTCATCCCTCGACAAGCGTTCTCGGAAG
AGGTCTGACCTTGGCTTGGCGACAGGATTGTGACACCAAAGCCGGTACTGTCTCACGAGCTTGGAGGGGCGE
AACAGTGCCCTCTGAGCTGGCTCGAGGAGGAGGCCGTCTAGACCGGCCAATATAAGCTTGGACCCGACAGAG
TCGGCCGTCGAAACACATCGAGAGTAAACCGCAGACATGTCTTCCACATCGCATATCCAGACTGTCTCCAATCG
GTCCGGCAAGTCGTCGACCGCTCGGGGLCGCCCAGCGCCGCCCGAGTTCGCACAGATGLLGTCCGLCGCGGA
CCTCAAATACTTCATCCCGTCTGCTGCCACGGCGTCCATCTTCCTCTATGCGCAGGGACCAACGATAGTCTGTTG
CCATCACGACACGCTCACCATCGACCGGAGGTTCTCACGCCATGTCGACGATGTCCAGCTGCTTGCCGTGGATA
ACCAGAGCGACATGGGCGCTGGCCGGTTCGTCGTGAGCTATGACGCTGGCCAGACTGCCATTGTGTGGGATC
TAATGACGGGCGATGAGATTTCGCGTTTCGTTTCGTACGAGACGCTCACAGTCGCCGCTTGGATGCGGAATGE
AAACGTTGCTTTCGGTGAGCGGAACCAGAGATCGCCCTCCCCCTCTCCCCTTAAGCTGGTGACATGAGGTGGC
TAACGGATTGGGCTTCCAGGCAACACACAGGGAAACATCATCATGTTTGAACCTACTACATCCGAGCATATCTC
GGCTCGGACGCTAGACCAGATTGCAGTGACAGCATTAGCCCCTTCGTCTGACTGCCGGACCTTTGCGATCGGG
TAAGTTGGTGTTCGACCATGAATCGAGAAGTCTGTCGCGAATGTGCCACGGCGTACTGATTCCATCCGATGTA
GCTACCAGAACGGATCTCTCTTGGTCGCAACTCTGCAGCCTCGGTTCACCATCTTACACAACCTGACGACCTCG
AGAGGGCCATCGCCCATTGTCACCCTCGCCTGGCACGCGTCCTCCTCGAGGCAGAAATCAGACATGCTGGCCG
TACAGACGCACGATGGCGACCTGCGGGTCTGGAGTGTGGCCAAGTCGTACAGCGCCGAAGATCCCGCCAAGG
TCGTCAGGGTGCTCCGCAGGAACGAGAACTTCCTGGCTGGGCCCAATTGOATGGGGTGGTCCAAGAACGGLC
GCATCATCCAATACTCGGACTCGTAAGTCCCCTATCAACTGGACACAGCCTAAGCGCGCGGCCTCCCGLTTICTG
CTGGTTITGGTTTTTTGTTGTGCTGACCTCGTTGTGCAGGGAAACGTTTTCGTGGGACGTGAGAACCAAACATGT
CACAAAGGACTCCATCCCGACCCTTGAGCATGTTAAAGGCCTGGCCGTCTATGGCCCAGGAGCCAGTCICTTCA
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CCCTTGGACCGAACAACACCGTGCAGCAGTTTGACCTCAACTCCCCAGCCATCATGGTGGCAAACGTGCAGCA
CCCCGCGGGCGTCCTTCCGLCATCTCCACCCACCTCCGAGGAGACAGGGGGCAGGTCGGTGCACTCTGCCACG
ACCATTCATACCTCGGAATCCGAGTCGAGCTCTGTCCCCCTCGAGATGGGCATCTCTGAAAGCGATGACGACC
ACCTATCCCCTTTCCAGCGGCTAGCAAAGCGCAATGCCCCCGAAGCCAGGAACGAGGTGTACGATACAGGCA
GCGCGGCCTCTAGCCAGAGCGGCATGTCATCCTTGTCAAAGTCTTCGGCCAGCTCTCGTACGCLTGGCAGGCA
GGCCAGCTCGCTCAGGTCGCGGGGAATGACGGAGGGGACATACATCTCCGCTGGTTCATCCATGAAAACTTC
GACAGTTGGCCAGCGCGAGGCGGACAACTACTCCATGGGATACACACTCCCTAGCACCAGCGGTCCATCATTG
GCGTCGTCCCGGTCCAGGCATCGGCCCTCTCGTCTCAGACACGAAGTACCGAGGAGTCCTGACGAGGCCAACG
TGCAGGACCTGTTCAAATACACTCGCTCGCGGCTTAGCGACCTCCCGTACAAGCACCCGATGCCAACGCAALG
ATCTCATCCTACCAATGACGATTTGCGCCGACAGATGCTCAGCACTATCTTTGGCTGGAACAAGGAAGTAGAA
GACCTCATTCGAGACGAGATGAGTCGCTATCCCGCAGGGTCGGCGAACCGAATCTTGCTAGCCAAGTGGCTG
GGCGACATTGACGCAGACATCATGGCCGCGGGTTCCCAGAACATGACTTCCCAAGACTGGATGCTGCTGGCAC
TGAGCGGCATTGGCGGCCAGGCATCCCAGCACAAGCTCGGCCGAGTCTATGTCCAACGCTTGCTAGAGAATG
GCGATGTCCATGTTGCGGTGACGATTATGCTTGGGATGGGCGACTATAACGATGCCATTGAGGTCTACATCTC
GCACAAGCGGTATATGGAGGCCCTCATTCTCACCTGCGTGGCTTITCCCAGCGTCTGGGAGCGTCAAGLTGLC
ATTGTGCGCAAATGGGGTGAGTGGGCGGTCAAGCATGGCCAGCAGCAACTGGCAATTCGTTGCTTTGCCTGTA
CCGACCAGGAGTCCTCGGAGCCTTGGACCTCTCCATCGGCTGCCCAGCTAAACTTCCAAAACATCACCCCGAGC
ATCCCCGAGGTGCTGAGCCCTCCGCTGTCGCLCCCGGGCATTCAGAGAGGCCCCCAGCGCAGCGTCGCCAAG
GCATCGGCACTGAAGCTGATTACGTCCTTTGGAGATCCCACCCAAAAGGCCAAGTTCTACTCGCAGGLTGACG
GCGGCCAGACACCAATTGCAGCTGGAGTGACGCCCATTGCCGAGTCGGCCATCTCTCCGGGAGGCGCCTATG
ATCCCGCAACTGCGTTCCTCCGGCCGTCGGGCAATAGCAGGTTCAACACGCCAACATCAGCCCGLCCCTATCGGT
CAGGGCTTCAGCCGCGGACGGCTGCCCTCCATCGGAGAAGCCAACAAGCCCCTGGATAACATTGCAAGCATTG
TGGACGCACCCCAGAAACGGCCGAGCCATTCTCGCAAGTCGTCCGCCCCTCAAGATAACATGGCAACCGGGET
CGCCATGCAGCGCGCTGLCTACGGCCAGCCCAATGATGATGAGGGACCAGTACCAGCGCGCCGTGCAAGGGTA
CGGAGGAGAGCGACCGCCGTCTCCCGACCATAACATCATGAGCAGACTGCAAGAGGTCCATTCGGCACAGCG
AAACGGCTCCCGTGACCGGATTCCTGCTCACCTTAGCCTGCAGCTGCAGACGATGCAGCCGCCATCGATGGAG
GCAATGTCTCCTGAGCAATCCGGCGCCTCATCCGCTCGCTTCCACTGGCCGTCTCGTCGCCGCGGTALCTGGTCC
TAGTTCCGCATCTGTGGCCGGTTCCATGACATCCACCTCCAGCGCTGGCCGGAGTCACAAATCGAACGCTCGAC
AAAGGGATGATTACATCCATAGCCTGGAAGCGGCTCAGCACTATTCCAGGAGAGCTGGAAGCCGGACCGGAA
GCAAGGAACGGACACGAGACGCGTCCACCGGCCGCCACGCCAGCCGAGAGCGACGAACCAAGTCGCGCGAC
CCTTCGGAAGAGCGCGGCAGGGCTTCAGCCAGATCCTGGACAAGGCCAAAGCGATCACCCACATCCCCAGTTC
CAATGTCCCCCGAAGACTTGGCCATGCTGAGCAACCGGACATTCGACAACTCCGTGGAACCCCTCACGATICG
AAAGGCGAGCGTGGCGAAAGGCAAGGCCAGCGGGCGGACATCCAGCCGCGGAAGGGGTGGATCAGTALCG
CGGTCACCGCCGTCCCCGGTGLCGCTGTCGGCAACAGCCCTGCATTATCAGGGATCGGAGGACGAGGAGGAC
TTTAGAGCAGCCATGCGGGCGCAGGAAGAGTTCAGGGCCAAGCACAGCCGCAGCGTCGGCCACAACGTCAAT
TCTCCCGCCGTAAGCCGGCGTGAGCATTCGGAAAGCCGACGAAAGGAAGCGACTGAGACTCGAGAGGCTGCA
CCCGTGGTCTTGAGCCAGACAGTATATGGACGAGCCGCTTCCACCGAGCACGCCGGCGATCTGAAGAAGATG
AAGGACGAGAGACAGCGGAAGAAGGAACAGGCTGCGCGAGAGCTAGAAGAGCGTAGGAAGTCTCTGGCCA
AGCGACAGCTCGGTCCCCAGATTCCCCATCCAAGCCAGATCTCTCCCGGGAGACCGCCGETTCTGGTAGAGGC
CGACGATGAAAAGCTGCCGGATGATCTGCCGCLCGCGLCTCTGCAACAGAACCCLCGAGGACGGCGGAGLCGLC
GAGGAGCATGTATGCTCAAAACAGGCCGCAGATTGGCCTGCLTGCCACTCCCAAGGCGATGAGGCTCATTATC
CGOTCTGACGAGAATCAGTACGAGGACCTCCCTGCTLCGCCGGTGCLGGLGACGTTTTCTCAAAAGTATTCGC
CGCAGAALTCACCCCAGTACTCTCCGAAATACACGTTGGGCAGTAGTGTTITATGGAGAGGAGCAGAAGCAGC
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AGCAGCAGCAGCAGCAACAGCAGGGACAGCAGCAGCAGCAACAACGACAGCAACAACAACAGCAGCAGCAG
CAACAGCAACAGCAGCAGCAGCAACAACAACAACTCTTTCATCAGAAAGAGGAGGAGCCGCCGTTGACACTG
CTGCCATCGACTGTCTATCAGCTGCCGTCCACTGTCTACCAACCGLCCGTCTCGCCCCATGATTCCGCGAAGCAT
GTCGGCACCGATCCCTGATGAGCCACCTCACGCAATTCGATACGGGAGAAAGTCGAGTGCTAACGAGGGCAG
AGGCCTCGACGATATTGTAGAGACGGAGTGGCGTCGACAAGTGAACAACCTGGTGCCGCCTCCACCACCACCT
CCCCCTTCGGCGCCLCTGACTTTCCTCAAGGAGCTGCAGCATCTAGCCGTGCCGCCCLCCTCCTCCGLCAGCACC
GCTGCCACACGTGCGACGCCAGCCGCCCGTGGCTGGAACACTGGCCTCGGGCATGATCGAAATTGTCATGGA
CGATGACGAGGCAGAAGAGCCCATGTCGGLTGCTCCCAACGACGGCATGGTGCCGGTGCTCGCCCAGCLCGA
ACCCCCTGTCAAGGGCCACAACCGCOGTCGCAGCCTCGGGGAGGGCAGCCTITCCGGGLCGTAGGACCAAGGLC
GACGGAGCGCCTCCGCTCGGGCAGCCGCAGCCGCAAAGGATCCATCGGCGTCATGTCGCCCCCTCTCGAGAT
GTACGGCGGTGAGGGCAATGCCAACTCGCTGAACCAGCTCAGGTCGCCCGTGGTGGGCAATCCTCCGCCTGT
GCTGTATGACCGGGACGCCATTCGATCGCCCATTGAGGGGCATGGCCGCAAGATGTCGATGGGGCTGCACGA
GAACGGCATGTTTTAGGCTTGGGTGGGCGACTTGTTGTGTCGCACAAGGAGTTGGGGCCTATTCGGTATTCGC
TGTCAGGCTGTTCTTCGATGCCTGTATACGACGCCTGCATACGATGCGTTTGTCGCCATGACTTTGCTTGCTTTC
ATTGGCTCTGTTCTTTTCCGATCGAGGAGGTTTCTTCCCCCCCCGTGCCTGGCATCTGTGAGCATGGGACGATA
TCTTGTGTGTCCCTTTGGGGCAATATTTCTTTTCAATTCTGATAGTTGGCATGGCCATTCCTTIGTCTTCTCTTCG
TTCGGTCTTTCAGTTCTAAAGCCCTCCCCCCTTCCTTTCCACTTGAGGAAAGAAGAAGCTGTCTTACTTCTITATCC
AAGTGTGTTITAGTGAGCATGTGCAAAACTGGGTGCTGGGATGCTTITCTCTTCATTTGCTITGGCAACGTCATT
ATGTCCAGGGGATGGTTTTTTCATGGAATGGCGGCTTGCAAATACCATGCAAGCTATGTATATCCCGGCTTGAA
GACTCTTTTCTCGCTTTCCTTCACTGCATCTTTITTTTICTCTCTCTCTTCGATTCTTTATGACTGACGACGGGCAC
CTCTTITICTTTITICTTITICTGGGCGGAGGTATAAGAGAAGCAAGTAGGTGGTATGCGGAATCTAGACGGCTT
TGATTTCCTTCAGGTCATACGAGGCTTGTGCAATGGTCTCCGCATGGATCGCTGCTGTTCTCCTATCAAACTCG
GATTTTGTCTTAGGGGATGGCGTAGGAAAGACGCTGCCGCGGTTCAGAAGCACCTCGATGCTATCAGGATGT
GACAAAAACGACTCGAAAACCCGGATTCATCGGTGATGCTTTCGGGATCGCAAGCGTAAAGAAAGACTCTCTT
CCAAGACCTAGAAGTATAGCAAAATCAGCAGCAGACCATCAATGTATAGCGAATGCGCCCATACAAAAGCTGA
ACGTCCCCGGAGAAGCACTTGTCCAGGGACGGGAAATAGGCTTCCGGAACGGGAGCCATTGGCAGCACAGCT
ATATCATTCTAAGTAAACAAATGTAATGAGCAAGCGGACGGAGTGCTGAAACCTCCGTATGCCTGAAGCCGAC
GAAAGCGCGTTGGATTAGAGGTCGACAGAAGATGATATTGAAGGAGCACTTTTTGGGCTTGGCTGGAGCTAG
TGGAGGTCAACAATGAATGCCTATTITGGTTTAGTCGTCCAGGCGGTGAGCACAAAATTTGTGTCGTTTGACAA
GATGGTTCATTTAGGCAACTGGTCAGATCAGCCCCACTTGTAGCAGTAGCGGCGGCGLTCGAAGTGTGACTCT
TATTAGCAGACAGGAACGAGGACATTATTATCATCTGCTGCTTGGTGCACGATAACTTGGTGCGTTTGTCAAGC
AAGGTAAGTGAACGACCCGGTCATACCTTCTTAAGTTCGCCCTTCCTCCCTTTATTTCAGATTCAATCTGACTTA
CCTATTCTACCCAAGCATCGATATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAG
AGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGLGL
AGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGL
GGCTATCGTGGCTGGCCACGACGGGLGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGE
ACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATC
CATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGLCGAAA
CATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCAT
CAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGLCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTG
ACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCG
GCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGA
ATGGGCTGACCGLTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTICT
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TGACGAGTTCTTCTGAGGATCCACTTAACGTTACTGAAATCATCAAACAGCTTGACGAATCTGGATATAAGATC
GTTGGTGTCGATGTCAGCTCCGGAGTTGAGACAAATGGTGTTCAGGATCTCGATAAGATACGTTCATTTGTCCA
AGCAGCAAAGAGTGCCTTCTAGTGATTTAATAGCTCCATGTCAACAAGAATAAAACGCGTTTCGGGTTTACCTC
TTCCAGATACAGCTCATCTGCAATGCATTAATGCATTGGACCTCGCAACCCTAGTACGCCCTTCAGGLTCCGGL
GAAGCAGAAGAATAGCTTAGCAGAGTCTATTTTCATTTTCGGGAGACGAGATCAAGCAGATCAACGGTCGTCA
AGAGACCTACGAGACTGAGGAATCCGCTCTTGGCTCCACGCGACTATATATTIGTCTCTAATTGTACTTTGACA
TGCTCCTCTTCTTTACTCTGATAGCTTGACTATGAAAATTCCGTCACCAGCCCCTGGGTTCGCAAAGATAATTGC
ACTGTTTCTTCCTTGAACTCTCAAGCCTACAGGACACACATTCATCGTAGGTATAAACCTCGAAAATCATTCCTA
CTAAGATGGGTATACAATAGTAACCATGGTTGCCTAGTGAATGCTCCGTAACACCCAATACGCCGGCCGAAAC
TTTTTTACAACTCTCCTATGAGTCGTTTACCCAGAATGCACAGGTACACTTGTTTAGAGGTAATCCAAGCTTGGC
GTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAA
GCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGE
TTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGLGGGGAGAGGLGGTTTGCG
TATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGLTGCGGCGAGCGGTATCAG
CTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAG
GCCAGCAAAAGGCCAGGAACCGTAAAAAGGLCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGA
GCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCC
CCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCG
GGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGG
GCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCG
GTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGT
GCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCT
GAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGT
TTTTTTGTITGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGG
GTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACC
TAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTAC
CAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTC
GTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCT
CACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTT
ATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCA
ACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTITGGTATGGCTTCATTCAGCTCCGGTTCCC
AACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTICGGTCCTCCGATCGTT
GTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCC
ATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGA
GTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGA
AAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGC
ACCCAACTGATCTTCAGCATCTTTTACTITCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCG
CAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTICCTTTTTCAATATTATTGAAGCATT
TATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCG
CACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGC
GTATCACGAGGCCCTTTCGTC
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Figure 6b

ID: 67350

Transcription initiation factor TFIID, subunit BDF1 and
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Number of exons: 6

Annotation:

promoter 1 918
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terminator 6040 6705

TAAAACGACGGCCAGTGAATTCAATAAAGACGGCCTGGAAACGGAGCGGCTTGAGCAGCTCTCTTTGTTCCCA
ACTGCGTGACCAACCAGCCCGCATCCCGCATCCCACATCCAGCCCAAACCTCTCCTGCATCCGCCTGCATCACCC
ATTACGCCTGATCCTCCAAACAGGAGCATCCCCTAGGCGGTACGAACAAGCGCCGAGCTAATCAGATCAGCCC
CTCCCCTAACGCTCTGCAGCACATCACAGAAACCCGTTGTCCAAGCTTGCCCTTACATGCAAAACCGTGACGCT
GCCCTCTTCCGTTAGGCTGCTCAGCCTTCTTCCCTTITTCAACCTCATCTCGTTGCTGTAGCCTGTCACGACCAAG
TTCCTGCATCTCTGGGAACATCCTCCACGGCATATCACAGCTTACATCCCGCCCGGCAATCGACCCTCTTCGACG
CTCCCGCCTCCACGATACCAACAACCTCCACCATCCCCGTCGACGGCCCGAACGGAACCGGTCACCTGGTGGAT
TGCAGCGCTGAGCCTTGTGTCCGGGAGTGGGCAGTAGCAGGGTTTCATGTCATGATCGATACCTGAAGAGCG
CCGCAGCTTGCCGCCACCTTGTGGACTCATCCCTCGACAAGCGTTCTCGGAAGAGGTCTGACCTTGGCTTGGCG
ACAGGATTGTGACACCAAAGCCGGTACTGTCTCACGAGCTTGGAGGGGCGGAACAGTGCCCTCTGAGCTGGC
TCGAGGAGGAGGCCGTCTAGACCGGCCAATATAAGCTTGGACCCGACAGAGTCGGCCGTCGAAACACATCGA
GAGTAAACCGCAGACATGTCTTCCACATCGCATATCCAGACTGTCTCCAATCGGTCCGGCAAGTCGTCGACCGC
TCGGGGCCGCCCAGCGCCGCCCGAGTTCGCACAGATGCCGTCCGCCGCGGACCTCAAATACTTCATCCCGTCT
GCTGCCACGGCGTCCATCTTCCTCTATGCGCAGGGACCAACGATAGTCTGTTGCCATCACGACACGCTCACCAT
CGACCGGAGGTTCTCACGCCATGTCGACGATGTCCAGCTGCTTGCCGTGGATAACCAGAGCGACATGGGCGCT
GGCCGGTTCGTCGTGAGCTATGACGCTGGCCAGACTGCCATTGTGTGGGATCTAATGACGGGCGATGAGATTT
CGCGTTTCGTTTCGTACGAGACGCTCACAGTCGCCGCTTGGATGCGGAATGGAAACGTTGCTTTCGGTGAGCG
GAACCAGAGATCGCCCTCCCCCTCTCCCCTTAAGCTGGTGACATGAGGTGGCTAACGGATTGGGCTTCCAGGC
AACACACAGGGAAACATCATCATGTTTGAACCTACTACATCCGAGCATATCTCGGCTCGGACGCTAGACCAGAT
TGCAGTGACAGCATTAGCCCCTTCGTCTGACTGCCGGACCTTTGCGATCGGGTAAGTTGGTGTTCGACCATGAA
TCGAGAAGTCTGTCGCGAATGTGCCACGGCGTACTGATTCCATCCGATGTAGCTACCAGAACGGATCTCTCTTG
GTCGCAACTCTGCAGCCTCGGTTCACCATCTTACACAACCTGACGACCTCGAGAGGGCCATCGCCCATTGTCAC
CCTCGCCTGGCACGCGTCCTCCTCGAGGCAGAAATCAGACATGCTGGCCGTACAGACGCACGATGGCGACCTG
CGGGTCTGGAGTGTGGCCAAGTCGTACAGCGCCGAAGATCCCGCCAAGGTCGTCAGGGTGCTCCGCAGGAAC
GAGAACTTCCTGGCTGGGCCCAATTGGATGGGGTGGTCCAAGAACGGCCGCATCATCCAATACTCGGACTCGT
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AAGTCCCCTATCAACTGGACACAGCCTAAGCGCGCGGCCTCCCGCTTCTGCTGGTTITGGTTITITGTTGTGCTG
ACCTCGTTGTGCAGGGAAACGTTTTCGTGGGACGTGAGAACCAAACATGTCACAAAGGACTCCATCCCGACCC
TTGAGCATGTTAAAGGCCTGGCCGTCTATGGCCCAGGAGCCAGTCTCTTCACCCTTGGACCGAACAACACCGT
GCAGCAGTTTGACCTCAACTCCCCAGCCATCATGGTGGCAAACGTGCAGCACCCCGCGGGCGTCCTTCCGCCA
TCTCCACCCACCTCCGAGGAGACAGGGGGCAGGTCGGTGCACTCTGCCACGACCATTCATACCTCGGAATCCG
AGTCGAGCTCTGTCCCCCTCGAGATGGGCATCTCTGAAAGCGATGACGACCACCTATCCCCTTTCCAGCGGCTA
GCAAAGCGCAATGCCCCCGAAGCCAGGAACGAGGTGTACGATACAGGCAGCGCGGCCTCTAGCCAGAGCGG
CGTGTCATCCTTGTCAAAGTCTTCGGCCAGCTCTCGTACGCCTGGCAGGCAGGCCAGCTCGCTCAGGTCGCGG
GGAATGACGGAGGGGACATACATCTCCGCTGGTTCATCCATGAAAACTTCGACAGTTGGCCAGCGCGAGGCG
GACAACTACTCCATGGGATACACACTCCCTAGCACCAGCGGTCCATCATTGGCGTCGTCCCGGTCCAGGCATCG
GCCCTCTCGTCTCAGACACGAAGTACCGAGGAGTCCTGACGAGGCCAACGTGCAGGACCTGTTCAAATACACT
CGCTCGCGGCTTAGCGACCTCCCGTACAAGCACCCGATGCCAACGCAACGATCTCATCCTACCAATGACGATTT
GCGCCGACAGATGCTCAGCACTATCTTTGGCTGGAACAAGGAAGTAGAAGACCTCATTCGAGACGAGATGAG
TCGCTATCCCGCAGGGTCGGCGAACCGAATCTTGCTAGCCAAGTGGCTGGGCGACATTGACGCAGACATCATG
GCCGCGGGTTCCCAGAACATGACTTCCCAAGACTGGATGCTGCTGGCACTGAGCGGCATTGGCGGCCAGGCA
TCCCAGCACAAGCTCGGCCGAGTCTATGTCCAACGCTTGCTAGAGAATGGCGATGTCCATGTTGCGGTGACGA
TTATGCTTGGGATGGGCGACTATAACGATGCCATTGAGGTCTACATCTCGCACAAGCGGTATATGGAGGCCCT
CATTCTCACCTGCGTGGCTTTTCCCAGCGTCTGGGAGCGTCAAGCTGCCATTGTGCGCAAATGGGGTGAGTGG
GCGGTCAAGCATGGCCAGCAGCAACTGGCAATTCGTTGCTTTGCCTGTACCGACCAGGAGTCCTCGGAGCCTT
GGACCTCTCCATCGGCTGCCCAGCTAAACTTCCAAAACATCACCCCGAGCATCCCCGAGGTGCTGAGCCCTCCG
CTGTCGCCCCCGGGCATTCAGAGAGGCCCCCAGCGCAGCGTCGCCAAGGCATCGGCACTGAAGCTGATTACGT
CCTTTGGAGATCCCACCCAAAAGGCCAAGTTCTACTCGCAGGCTGACGGCGGCCAGACACCAATTGCAGCTGG
AGTGACGCCCATTGCCGAGTCGGCCATCTCTCCGGGAGGCGCCTATGATCCCGCAACTGCGTTCCTCCGGCCG
TCGGGCAATAGCAGGTTCAACACGCCAACATCAGCCCGCCCTATCGGTCAGGGCTTCAGCCGCGGACGGLTGC
CCTCCATCGGAGAAGCCAACAAGCCCCTGGATAACATTGCAAGCATTGTGGACGCACCCCAGAAACGGCCGA
GCCATTCTCGCAAGTCGTCCGCCCCTCAAGATAACATGGCAACCGGGCTCGCCATGCAGCGCGCTGCTACGGC
CAGCCCAATGATGATGAGGGACCAGTACCAGCGCGCCGTGCAAGGGTACGGAGGAGAGCGACCGCCGTCTC
CCGACCATAACATCATGAGCAGACTGCAAGAGGTCCATTCGGCACAGCGAAACGGCTCCCGTGACCGGATTCC
TGCTCACCTTAGCCTGCAGCTGCAGACGATGCAGCCGCCATCGATGGAGGCAATGTCTCCTGAGCAATCCGGC
GCCTCATCCGCTCGCTTCCACTGGCCGTCTCGTCGCCGCGGTACTGGTCCTAGTTCCGCATCTGTGGCCGGTTC
CATGACATCCACCTCCAGCGCTGGCCGGAGTCACAAATCGAACGCTCGACAAAGGGATGATTACATCCATAGC
CTGGAAGCGGCTCAGCACTATTCCAGGAGAGCTGGAAGCCGGACCGGAAGCAAGGAACGGACACGAGACGC
GTCCACCGGCCGCCACGCCAGCCGAGAGCGACGAACCAAGTCGCGCGACCCTTCGGAAGAGLCGCGGCAGGE
CTTCAGCCAGATCCTGGACAAGGCCAAAGCGATCACCCACATCCCCAGTTCCAATGTCCCCCGAAGACTTGGCC
ATGCTGAGCAACCGGACATTCGACAACTCCGTGGAACCCCTCACGATTCGAAAGGCGAGCGTGGCGAAAGGC
AAGGCCAGCGGGCGGACATCCAGCCGCGGAAGGGGTGGATCAGTACCGCGGTCACCGCCGTCCCCGGTGCC
GCTGTCGGCAACAGCCCTGCATTATCAGGGATCGGAGGACGAGGAGGACTTTAGAGCAGCCATGCGGGEGECA
GGAAGAGTTCAGGGCCAAGCACAGCCGCAGCGTCGGLCACAACGTCAATTCTCCCGCCGTAAGCCGGCGTGA
GCATTCGGAAAGCCGACGAAAGGAAGCGACTGAGACTCGAGAGGCTGCACCCGTGGTCTTGAGCCAGACAGT
ATATGGACGAGCCGCTTCCACCGAGCACGCCGGCGATCTGAAGAAGATGAAGGACGAGAGACAGCGGAAGA
AGGAACAGGCTGCGCGAGAGCTAGAAGAGCGTAGGAAGTCTCTGGCCAAGCGACAGCTCGGTCCCCAGATIC
CCCATCCAAGCCAGATCTCTCCCGGGAGACCGCCGGTTCTGGTAGAGGCCGACGATGAAAAGCTGCCGGATG
ATCTGCCGCCGCGCTCTGCAACAGAACCCCCGAGGACGGCGGAGCCGCCGAGGAGCATGTATGCTCAAAACA
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GGCCGCAGATTGGCCTGCCTGCCACTCCCAAGGCGATGAGGCTCATTATCCGGTCTGACGAGAATCAGTACGA
GGACCTCCCTGCTCCGCCGGTGCCGGCOACGTTTTCTCAAAAGTATTCGLCCGCAGAACTCACCCCAGTACTCTC
CGAAATACACGTTGGGCAGTAGTGTTTATGGAGAGGAGCAGAAGCAGCAGCAGCAGCAGCAGCAACAGCAG
GGACAGCAGCAGCAGCAACAACGACAGCAACAACAACAGCAGCAGCAGCAACAGCAACAGCAGCAGCAGCA
ACAACAACAACTCTTTCATCAGAAAGAGGAGGAGCCGCCGTTGACACTGCTGCCATCGACTGTCTATCAGCTG
CCGTCCACTGTCTACCAACCGCCGTCTCGCCCCATGATTCCGCGAAGCATGTCGGCACCGATCCCTGATGAGCC
ACCTCACGCAATTCGATACGGGAGAAAGTCGAGTGCTAACGAGGGCAGAGGCCTCGACGATATTGTAGAGAC
GGAGTGGCGTCGACAAGTGAACAACCTGGTGCCGCCTCCACCACCACCTCCCCCTTCGGCGCCCCTGACTTTCC
TCAAGGAGCTGCAGCATCTAGCCGTGCCGCCCCLTCCTCCGCCAGCACCGCTGCCACACGTGCGACGCCAGCC
GCCCGTGGCTGGAACACTGGCCTCGGGCATGATCGAAATTGTCATGGACGATGACGAGGCAGAAGAGCCCAT
GTCGGCTGCTCCCAACGACGGCATGGTGCCGGTGCTCGCCCAGCCCGAACCCCCTGTCAAGGGCCACAACCGC
GGTCGCAGCCTCGGGGAGGGCAGCCTTTCCGGGCGTAGGACCAAGGCGACGGAGCGCCTCCGCTCGGGLAG
CCGCAGCCGCAAAGGATCCATCGGCGTCATGTCGCCCCCTCTCGAGATGTACGGLGGTGAGGGCAATGCCAA
CTCGCTGAACCAGCTCAGGTCGCCCGTGGTGGGCAATCCTCCGCCTGTGCTGTATGACCGGGACGCCATTCGA
TCGCCCATTGAGGGGCATGGCCGCAAGATGTCGATGGGGCTGCACGAGAACGGCATGTTTTAGGCTTGGGTG
GGCGACTTGTTGTGTCGCACAAGGAGTTGGGGCCTATTCGGTATTCGCTGTCAGGCTGTTCTTCGATGCCTGTA
TACGACGCCTGCATACGATGCGTTTGTCGCCATGACTITGCTTGCTTTCATTGGCTCTGTTCTTITCCGATCGAG
GAGGTTTCTTCCCCCCCCGTGCCTGGCATCTGTGAGCATGGGACGATATCTTGTGTGTCCCTTITGGGGCAATAT
TTCTTTTCAATTCTGATAGTTGGCATGGCCATTCCTTTGTCTTCTCTTCGTTCGGTCTTTCAGTTCTAAAGCCCTCC
CCCCTTCCTTTCCACTTGAGGAAAGAAGAAGCTGTCTTACTTCTTATCCAAGTGTGTTTTAGTGAGCATGTGCAA
AACTGGGTGCTGGGATGCTTTCTCTTCATTTGCTTTGGCAACGTCATTATGTCCAGGGGATGGTTTTTTCATGG
AATGGCGGCTTGCAAATACCATGCAAGCTATGTATATCCCGGCTTGAAGACTCTTTITCTCGCTTTCCTTCACTGC
ATCTTTTTTTTTCTCTCTCTCTTCGATTCTTTATGACTGACGACGGGCACCTCTTTTTCTTTTTCTTTTTCTGGGEG
GAGGTATAAGAGAAGCAAGTAGGTGGTATGCGGAATCTAGACGGCTTTGATTTCCT
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TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTA
AGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTEGTCGGGGCTGGLTTA
ACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAA
GGAGAAAATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGEG
CCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGT
TTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATTCTTCTCTGATCGTTGGGCTATGAATAGTGCTGGG
AGCGAATCCATCAGACATCTCACTGGAATGTTTAATACCACCAGACTTGGCATTGCTTTITATGCCCAATATGAA
GGCTCAAAACTTAGCAGCTTGAATCGCTTGTTAACAGACCTCATCAAAAGATGCTCCATCAGCCTTTGAAAAGT
TGGAGGCGGGAGTCGATCCACAAGGTTCGATGACGACGGAGGLTGTCGAGGCCTTTTCCCAGCGATCCGAAG
ACTCCCCACAGACTCCGCATGCTCTGATGCTCAGCTGGCTGCTTGATTGGGCTGACGCTCCATGCTCTCCATAAT
CTCCATACCAGCAACAAGCTTTTTACGCATATCTTGAAGAATGACAGAACTTTGATACTATAAGCATTTATAAG
GTAGTAGAATAGTTCTTCGTGTAGGTAGGTAGCAGTAGTACTAGGCAACTCTACTCTGAGGCAACCTCGTALG
TAGTAGTAGTAGTGAGTAGCTTGTCGAGCCTCCTCCAGGCCACCCGCCGCTTGATCCGCCTGAAATAGCGTCG
CGTAGCTGATGAACCGAGCGCCACAAAGCGGAAAGACGAGCTTGGCGGCTCGAATCCAGGLCGGACCGGAGL
AATAAAGTCCAGCACTAGTGGGTGTCCAAGAGGAGCTGCGCCGCGTTGCTCCAGCTTCAGCTCCGGCCAAGCT
CCAAGGTTCAAGAAAGTTGTCGGCAAGACGCGACTCGGAAAGGCTGTGGGCGTCTCTGCTCCTATGGAGCAG
TGCAGCCACCAGGCCAGAGGGGCTGCTTCACCGATAATGGCTAGGGGAGGAGGCCAGATGAATGGAAGATG
AGATCATGAAGGAGGACGTAAAGGCTCTTCTTACAAATAGTACTACTTTTACCCCGGAAACCGGACGAGCTGG
CAACGTTTGCTCTCCTTGTCCCGTCACTTTCGACCCTTGTCGCCGTCGTCCCCGCTAGCAGCAAGATCGTGCCGA
GATCTTGCTCTGTTGCTTTGGTGGTTTGCCGTGCTCTGTTITTCGTTGTCGTACGAACTCAGCCTACCTACTTATTC
TTTCTCTTATCCTAATACTTCATTCTGTATTACTCCCGTTCTCAGTTCTTCATCCCTTTGCTTCCGGTTTTTGATCAA
TATACTTTACAGGGAGAGGAGAAGAGAAGAGAAGCGGAAGGGAAGTGACAGGAAGAGAGAGAGAGGGGA
TAGAAGAAGAGTCGGCAGAGCTCTCAGCGCAACCATGAGGCCGCCAACGTCGTTGTCAGCAGCTCTGACGCT
GCTCCTCGCGACGGATTACATTGAAGCCATCGCTACTCCCGTTTTCCCGAGGGCGAAATCTGGGGATGGGTAT
TTGGCGATTCCCGTGGGAACCATCCCGAGGCCGCACAAGGTCGGCAAGAGAAGCGCCATCGATGCTACGCLTA
CAGAACATGGACTITTTCTATGCCATTCAAGGTAATGCATCACCTTTGTTAACACCACCAGAAGCTTCTGTTCAG
CTCGTGTCTCTATCGTCCGCTTTTAAGTGCACTATCTACGGTCTGCAAAGTGTACATGCTAATAAATGGTCGGCA
ACAGTCGGCATGGGAACGCCTCCCCAGAATGTGACCGTCCTCGTCGACACGGGATCCAGCGAGCTATGGGTC
AATCCCGACTGCTCAACCGCGCCGTCCCAGCAACAGGCCGACATGTGCGAGAATCTGGGCCAGTACAACCCCA
GGAAATCAAGAACACCGCCCGTCGGLCCGTTTGGGCGTGAAGAGATCAACTATGGCGACCCTACGGACCAGT
CCACGCAGACGTCGGTCGACATTACCTACTATGCCGACACGCTGAGCTTTGGCAGCATCCAGGTCAAGAACCA
GACGTITGGCGTCGTCACGGCCAGCBACGGCCAGGCGCAGGGCATCATGGGCCTCGCACCCGACGTCLGGEGE
CGGATTCCCGGGAGACGAGCCGTACAGCCTGLTGCTCAACACCATGGCCGAGCAGGGTGTCATTGCAAGCCG
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AGTCTTTGCACTCGATCTCCGGCACTCCGACTCGGAGACAGGCGCCATCATCTACGGCGGCCTCGATCGCAGC
AAGTTTGTCGGCTCTCTCGAAGCACGTCCGATTGTGCGCGGCATCAAGGGCGAAACTCGGLTGGCCGTCAALC
TCACGACGCTGGGCCTCACCCTGGGCCGGTCCCAGAGCTTCCGGLTCTCTGCTGCCGACACCAACGTGATGCTC
GACTCCGGCACGACGCTCAGCCGGATGCACGAGGCTGCTGCCATTCCCATCCTCGAGGCCCTGGGCGCCCAAG
ACGCCGGCGAGGGCTACTTCTACGTGCCATGCTCGACCCGGAACGLTGGCGGCAGTGTAGATTTCGGCTTCG
GCAACAAGGTTGTCCGCGTCCCCTTTTCCGACTTTATACTGACGGGCGAAGACTCGAGCGACTCAGACTATTGC
TTCGTTGGCATCGTCATCACCACCGACCAGCAGATTCTGGGCGACACGGTGCTGCGGGCCGGATACTTITGTCTT
TGACTGGGACAACCGGGAGGTTCACATTGCCCAGGCCGCGGATTGCGGCAGCAGTGACATTGTTGTTGCTGG
CAGGGGGTCCGATGCCGTTCCCAGCGTTCAGGGGAACTGCAATGAGAACGAAGCGTTTCCCACCGGCTCAGG
AAGCCCAACGGTAAGCATCTCTTTTGTCCAAACTGCGTGACAACCGACGACTAACCACAAGTCTCGCTGCAGAT
CACTGCATCCAACTCCGGAGCCACCAACTTGATCCCGACCTCGGCCTTCACGACGACGTTTACGGTGACGTCCT
GCCCGGTCTTCGACATCAACTGCCGCACCGGLGTCGTCACGACGCGGACGGTTCGGCCAGCTGAAGCCACTGL
CGAACCTACAAGCACCAGCTCTCCCAGCGGCTCCGGCAGCGGLCGACGGGGATGGCGGAGGTGATGAAGACG
CTGGTGTACGGCTTGTCCCTTTTACCTGGGTGCTCGTGGCGCTGGGCACCCTGGCAATGTTTGTCAACATIGTA
TAAATTGTCCAGGAGGTCATTTCTCTTGGATAGGTACTCAGAGCTTGTTITACACGTTTCGAAGCTTTTGTATATA
CGGGTGAGCTGGATCGGCCGACATTAATGGGCATTCGCGATTAGGTAGAGGATITATCCTAGGATCTTGAATA
TGAGGCAGGGGATTTGAATAGACGGACGATGCATTGTCTTTGGTTITCTGCAAAAGGCACCAGCCTGGTCAAC
GCGTAATACCCATGACATTGATGATTGTAGGTAGTATGTCATGTAGAAACGGGTCTTTGTGAAGTGGAAGTAT
CAGTAAGCCGTATAGTTGGCCTTTTCTGTCTCACGGGGTGACTGCATGCACCTTTGTCTTGTCGAGGCATCTAG
ACGGCTTTGATTTCCTTCAGGTCATACGAGGCTTGTGCAATGGTCTCCGCATGGATCGCTGCTGTTCTCCTATCA
AACTCGGATTTTGTCTTAGGGGATGGCGTAGGAAAGACGCTGCCGCGGTTCAGAAGCACCTCGATGCTATCAG
GATGTGACAAAAACGACTCGAAAACCCGGATTCATCGGTGATGCTTTCGGGATCGCAAGCGTAAAGAAAGACL
TCTCTTCCAAGACCTAGAAGTATAGCAAAATCAGCAGCAGACCATCAATGTATAGCGAATGCGCCCATACAAA
AGCTGAACGTCCCCGGAGAAGCACTTGTCCAGGGACGGGAAATAGGCTTCCGGAACGGGAGCCATTGGCAGC
ACAGCTATATCATTCTAAGTAAACAAATGTAATGAGCAAGCGGACGGAGTGCTGAAACCTCCGTATGCCTGAA
GCCGACGAAAGCGCGTTGGATTAGAGGTCGACAGAAGATGATATTGAAGGAGCACTTITITGGGCTTGGCTGG
AGCTAGTGGAGGTCAACAATGAATGCCTATTTTGGTTTAGTCGTCCAGGCGGTGAGCACAAAATTTGTGTCGT
TTGACAAGATGGTTCATTTAGGCAACTGGTCAGATCAGCCCCACTTGTAGCAGTAGCGGCGGCGCTCGAAGTG
TGACTCTTATTAGCAGACAGGAACGAGGACATTATTATCATCTGCTGCTTGGTGCACGATAACTTGGTGCGTTT
GTCAAGCAAGGTAAGTGAACGACCCGQTCATACCTTCTTAAGTTCGCCCTTCCTCCCTTTATTTCAGATTCAATC
TGACTTACCTATTCTACCCAAGCATCGATATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTIGG
GTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGT
CAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGC
AGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGG
AAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAA
GTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGC
GAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCOGTCTTGTCGATCAGGATGATCTGGACGAAGA
GCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGLCTCAAGGCGCGCATGLCLCGACGGCGAGGATCTCAT
CGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTG
GCCGGLTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCG
GCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCLGCTCCCGATTCGCAGCGCATCGCCTTCTATCGC
CTTCTTGACGAGTTCTTCTGAGGATCCACTTAACGTTACTGAAATCATCAAACAGCTTGACGAATCTGGATATA
AGATCGTTGGTGTCGATGTCAGCTCCGGAGTTGAGACAAATGGTOTTCAGGATCTCGATAAGATACGTTCATT
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TGTCCAAGCAGCAAAGAGTGCCTTCTAGTGATTTAATAGCTCCATGTCAACAAGAATAAAACGCGTTTCGGGTT
TACCTCTTCCAGATACAGCTCATCTGCAATGCATTAATGCATTGGACCTCGCAACCCTAGTACGCCCTTCAGGCT
CCGGCGAAGCAGAAGAATAGCTTAGCAGAGTCTATTTITCATTTTCGGGAGACGAGATCAAGCAGATCAACGGT
CGTCAAGAGACCTACGAGACTGAGGAATCCGCTCTTGGCTCCACGCGACTATATATTTGTCTCTAATTIGTACTTT
GACATGCTCCTCTTCTTTACTCTGATAGCTTGACTATGAAAATTCCGTCACCAGCCCCTGGGTTCGCAAAGATAA
TTGCACTGTTTCTTCCTTGAACTCTCAAGCCTACAGGACACACATTCATCGTAGGTATAAACCTCGAAAATCATT
CCTACTAAGATGGGTATACAATAGTAACCATGGTTGCCTAGTGAATGCTCCGTAACACCCAATACGCCGGLCG
AAACTTTTTTACAACTCTCCTATGAGTCGTTTACCCAGAATGCACAGGTACACTTGTTTAGAGGTAATCCAAGCT
TGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCC
GGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGC
CCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTT
GCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGLTCGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAA
AAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTITTCCATAGGCTCCGCCCCCCTGA
CGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTT
TCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCT
TCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCT
GGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACC
CGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCG
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATITGGTATCTGCGCTCT
GCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGT
GGTTTTITTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC
GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTC
ACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGT
TACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTICGTTCATCCATAGTTGCCTGACTCCCC
GTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAA
CTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGC
GCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGT
TCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGAT
CGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCA
TGCCATCCGTAAGATGCTTTITCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGA
CCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCAT
TGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGLCTGTTGAGATCCAGTTCGATGTAACCCACLTC
GTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTITCTGGGTGAGCAAAAACAGGAAGGCAAAAT
GCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTITTCAATATTATTGAAG
CATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTC
CGCGCACATITCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAAT
AGGCGTATCACGAGGCCCTTTCGTC



WO 2014/102241 PCT/EP2013/077910

20/27
Figure 7b
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terminator 2727 3436

TAAAACGACGGCCAGTGAATTCTTCTCTGATCGTTGGGCTATGAATAGTGCTGGGAGCGAATCCATCAGACAT
CTCACTGGAATGTTTAATACCACCAGACTTGGCATTGCTTTTATGCCCAATATGAAGGCTCAAAACTTAGCAGC
TTGAATCGCTTGTTAACAGACCTCATCAAAAGATGCTCCATCAGCCTTTGAAAAGTTGGAGGCGGGAGTCGAT
CCACAAGGTTCGATGACGACGGAGGCTGTCGAGGCCTTTTCCCAGCGATCCGAAGACTCCCCACAGACTCCGC
ATGCTCTGATGCTCAGCTGGCTGCTTGATTGGGCTGACGCTCCATGCTCTCCATAATCTCCATACCAGCAACAA
GCTTTTTACGCATATCTTGAAGAATGACAGAACTTTGATACTATAAGCATTTATAAGGTAGTAGAATAGTTCTTC
GTGTAGGTAGGTAGCAGTAGTACTAGGCAACTCTACTCTGAGGCAACCTCGTACGTAGTAGTAGTAGTGAGTA
GCTTGTCGAGCCTCCTCCAGGCCACCCGCCGCTTGATCCGCCTGAAATAGCGTCGCGTAGCTGATGAACCGAG
CGCCACAAAGCGGAAAGACGAGCTTGGCGGCTCGAATCCAGGCGGACCGGAGCAATAAAGTCCAGCACTAGT
GGGTGTCCAAGAGGAGCTGCGCCGLGTTGCTCCAGCTTCAGCTCCGGCCAAGCTCCAAGGTTCAAGAAAGTTG
TCGGCAAGACGCGACTCGGAAAGGCTGTGGGCGTCTCTGCTCCTATGGAGCAGTGCAGCCACCAGGCCAGAG
GGGCTGCTTCACCGATAATGGCTAGGGGAGGAGGCCAGATGAATGGAAGATGAGATCATGAAGGAGGACGT
AAAGGCTCTTCTTACAAATAGTACTACTTTTACCCCGGAAACCGGACGAGCTGGCAACGTTTGCTCTCCTTGTCC
CGTCACTTTCGACCCTTGTCGCCGTCGTCCCCGCTAGCAGCAAGATCGTGCCGAGATCTTGCTCTGTTGCTTTG
GTGGTTTGCCGTGCTCTGTITTCGTTGTCGTACGAACTCAGCCTACCTACTTATTCTTITCTCTTATCCTAATACTTC
ATTCTGTATTACTCCCGTTCTCAGTTCTTCATCCCTTTGCTTCCGGTTTITGATCAATATACTTTACAGGGAGAGG
AGAAGAGAAGAGAAGCGGAAGGGAAGTGACAGGAAGAGAGAGAGAGGGGATAGAAGAAGAGTCGGCAGA
GCTCTCAGCGCAACCATGAGGCCGCCAACGTCGTTGTCAGCAGCTCTGACGCTGCTCCTCGCGACGGATTACA
TTGAAGCCATCGCTACTCCCGTTTTCCCGAGGGCGAAATCTGGGGATGGGTATTTGGCGATTCCCGTGGGAAC
CATCCCGAGGCCGCACAAGGTCGGCAAGAGAAGCGCCATCGATGCTACGCTACAGAACATGGACTTTTTCTAT
GCCATTCAAGGTAATGCATCACCTTTGTTAACACCACCAGAAGCTTCTGTTCAGCTCGTGTCTCTATCGTCCGCT
TTTAAGTGCACTATCTACGGTCTGCAAAGTGTACATGCTAATAAATGGTCGGCAACAGTCGGCATGGGAACGC
CTCCCCAGAATGTGACCGTCCTCGTCGACACGGGATCCAGCGAGCTATGGGTCAATCCCGACTGCTCAACCGL
GCCGTCCCAGCAACAGGCCGACATGTGCGAGAATCTGGGCCAGTACAACCCCAGGAAATCAAGAACACCGLC
CGTCGGCCCGTTTGGGCGTGAAGAGATCAACTATGGCGACCCTACGGACCAGTCCACGCAGACGTCGGTCGA
CATTACCTACTATGCCGACACGCTGAGCTTTGGCAGCATCCAGGTCAAGAACCAGACGTTTGGCGTCGTCACG
GCCAGCGACGGCCAGGCGCAGGGCATCATGGGCCTCGCACCCGACGTCCGGGGCGGATTCCCGGGAGACGA
GCCGTACAGCCTGCTGCTCAACACCATGGCCGAGCAGGGTGTCATTGCAAGCCGAGTCTTTGCACTCGATCTCC
GGCACTCCGACTCGGAGACAGGCGCCATCATCTACGGCGGCCTCGATCGCAGCAAGTITGTCGGCTCTCTCGA
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AGCACGTCCGATTIGTGCGCGGCATCAAGGGCGAAACTCGGCTGGCCGTCAACCTCACGALGLTGGGLCTCACC
CTGGGCCGGTCCCAGAGCTTCCGGLTCTCTGCTGCCGACACCAACGTGATGCTCGACTCCGGLACGACGCTCA
GCCGGATGCACGAGGCTGCTGCCATTCCCATCCTCGAGGLCCTGGGCGCCCAAGACGCCGGCGAGGGLTACT
TCTACGTGCCGTGCTCGACCCGGAACGCTGGCGGLAGTGTAGATTTCGGCTTCGGCAACAAGGTTGTCCGCGT
CCCCTTTTCCGACTTTATACTGACGGGCGAAGACTCGAGCGACTCAGACTATTGCTTCGTTGGCATCGTCATCA
CCACCGACCAGCAGATTCTGGGCGACACGGTGCTGCGGGCCGGATACTTTGTCTTTGACTGGGACAACCGGG
AGGTTCACATTGCCCAGGCCGCGGATTGCGGCAGCAGTGACATTGTTIGTTGCTGGCAGGGGGTCCGATGCCG
TTCCCAGCGTTCAGGGGAACTGCAATGAGAACGAAGCGTTTCCCACCGGCTCAGGAAGCCCAACGGTAAGCA
TCTCTTTTGTCCAAACTGCGTGACAACCGACGACTAACCACAAGTCTCGCTGCAGATCACTGCATCCAACTLCG
GAGCCACCAACTTGATCCCGACCTCGGCCTTCACGACGACGTTTACGGTGACGTCCTGCCCGGTCTTCGACATC
AACTGCCGCACCGGCGTCGTCACGACGLGGACGGTTCGGCCAGCTGAAGCCACTGCCGAACCTACAAGCACC
AGCTCTCCCAGCGGCTCCGGCAGCGGCGACGGGGATGGCGGAGGTGATGAAGACGCTGGTGTACGGCTTGT
CCCTTTTACCTGGGTGCTCGTGGCGCTGGGCACCCTGGCAATGTTTGTCAACATTGTATAAATTGTCCAGGAGG
TCATTTCTCTTGGATAGGTACTCAGAGCTTGTTTACACGTTTCGAAGCTTTTGTATATACGGGTGAGCTGGATC
GGCCGACATTAATGGGCATTCGCGATTAGGTAGAGGATTTATCCTAGGATCTTGAATATGAGGCAGGGGATTT
GAATAGACGGACGATGCATTGTCTTTGGTTTTCTGCAAAAGGCACCAGCCTGGTCAACGCGTAATACCCATGA
CATTGATGATTGTAGGTAGTATGTCATGTAGAAACGGGTCTTTGTGAAGTGGAAGTATCAGTAAGCCGTATAG
TTGGCCTTTTCTGTCTCACGGGGTGACTGCATGCACCTTTGTCTTGTCGAGGCATCTAGACGGCTTTGATITCCT
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TCGCGCATTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTIGTCTGTA
AGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGLGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTA
ACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAA
GGAGAAAATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGEG
CCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGT
TTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATTCCGCCAGGTTGATCTTGTTCTACAGAGGCCAGC
GACTCAGCATAATTGCTTGTTCGAGCGGATTAGACAGATCAGTGCAGCCCTCGTCAGGCACAAGGCACGAGTC
GAAGATATGCCCCAACCCGCAGCTCCAGCGCCCGTACCCAAGTCTTGTIGCCTTTGTGCCACATTCTGTACCCA
GCTGCCTAAGACGTAGCATTGGACATGTGATGCAGATGTATTTGTAGGGGGTATCGGGAAGTGCCCGTGTGLT
TCGCGATGAGATTCCGCAGATTTACACCCTGAACCGCTACCCTACAATACCTTACATCTTACAAGTCTACAAGG
GTAAAATACGTCGGCATGTGCGAGTACCAAACCACAATATGCCAACTTCCGCTATCTACTCACCTTTGATATATT
CCCCACGTACAATTATTCTGCCTTITCGTTGGGTTACCGCTACTGGTCCTCGGCTGATACATGAAGGCGGATTAT
CATCCTGGTGTTGTGGATCAGCTGCAATCGAATGGGCTCTACGCAATCATATGAGGAAACATCAGCATAAACA
ATAATATGCTAAACGTCAGATTAGAGAAAAGCAATGAGTAGAATGACAACCTGACGAGAGTTCACGTTIGTGAA
CAAGCCTCGAGGCTGTTCAAGGCTCGGACCCAACAGGGAATACTTACTACTAGGTATGGAGATCAAGCCTCGT
AAAGCCGGGTTATGACTCTGTTCAGCACCTTATCTTAGTGGGGTGGTCGCCGGTTGACTCAACATCATTCCAGC
CTCGTCATAGAGGGGCAACTCTTCAGCCTTTTCTACCACCGCAACTCCCCTCTTGCTCGCGACAAATACCTTGGT
CGCACAGCTCTTTGCTGTTCACGCGTCTTTCTTTTGCTTCGACAGTTTAAATACAGAAGCCGCCTTGCTTGCCGT
AGGATTCAACGACGCTCCATACCCGCAGCCTCCCCGGGACTTGACACAATGGCTCAGAACCCGGCAGALCGAGE
TCCTTCGGCGTCCGTTATATGGTAAGTAAAAGCACTTTGTCGCGCCACTGGCAAGGCCTACCAATACCGGLCGA
GACACGGGACACGAGACATACAGCTTATAGGACACGCGCTGTTTCTTGCCCGAGTCTCGATTCGATTCTACGAT
CTCTGAACAAGTGCTGACAACTTGCGCCAACGCGGTCTTAGTCTACGATCTTCCACCAGAAAGCCTCGCAGGCT
TGACGCTGAAACCGGACGCAGACGCCATCGCCATCGAGGAACCCGAGACGTCAACGALCTCCCAGCCAGGLTT
CGGACTCGTCCTCCGACAGCTTTGTCGGTTCCCAAGCATGCTCTCTCTGCAAGCTTTCCTTCACCACCGTAATAG
ACCAGCGAAGTCACATCAAGTCCGATTTCCACAACTACAATCTCAAGCAGAAGCTGCGGGGTCAGGGCCCGGT
CTCAGAGACCGAGTTCGAAAAGCTGATTGAGACTCTGGACGAATCGCTCTCGGGCTCCGACTCGGAAGATTCG
GAAGACGACGAGGACGAAGGGCGTCAGGATTCTACGCTTACGGCGCTGCTTAAGAAGCAAGCAAAGCTGAC
GGAGAGACGAAACGCCACCAGAGAGAATAACAAACAAGGCGATAATGACGACGATGAACTCTCAGGAAGGC
CAGGCAAGGGGAAGCCGGCGCTGATATGGTTCAGCTCGCCGTTGCTTCCAGAAAACACGTATTTCGGCATCTA
CCGAGCGATATTTACAGATGAAGAGCAACGCCAGCCCGACTTGGTCGAGGTCATCCGGAAGAAGCAGCTCGA
GCCCATAGCCATGCCTAAGCCTGCAAAAGACGGGACGCTGCCGLCGATCGCGTACAAGGGGCCGCACTTCTTC
CTCTGCATGATCGGAGGCGGCCATTTTGCCGCCATGGTCGTCTCCCTCGCGCCGAGAGCCGCCAAATCGGGCA
GCACAACCATGAACCGAGAGGCCACGGTCCTCGCCCACAAGACCTTTCACAGATACACGACGCGTCGAAAACA
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GGGTGGTTCTCAGTCGGCGAACGACAACGCCAAAGGCAAAGCGCACTCTGTCGGCTCGTCTCTGCGTCGGTAC
AACGAAACCGCCCTGGTCGAGGATGTGCGCGLTCTTCTCCAGGACTGGAAGGGGCTCTTGGACTCTTCCGAAL
TGCTTTTCATCAGGGCAACAGGAACGACAAATAGGAGAACCCTGTTCGGCCCCTATGAAGGACAAGTICTTCA
AGCCAACGACGCTCGTATCCGAGGGTTTCCATTITAGTACCAGGAGAGCTACTCAGAACGAGCTGATGCGGTCC
TTCATCGAGCTAACTCGACTCAAAGTCAGGGAGATTGCTCCAAGCAAGGCAGGACTAGACAAGGCGAACGCG
GCACCAAGCAAACCTGCGACACCATCCAAGCCGGCAAAGCCGACGTTGTCAGAAGAGGAGGAAACGGCGCTG
CTTCATACGTCTCAGCTACAAGCCTTTGTACGGCGGTCCAAGCTACCTGCACTTTITATCGTACCTCACAAAAAAT
AACCTGGATCCGGACTTTGAGTTCTATCCTCCGGAACAAAACTACCATACACCACGCCTTTTACACTACGCAGCT
GCTCAGAACTCTGCTCCTTTGGTGCTGGGGATCCTTACACGAGCCGGGGCGAACCCGTTGCTCAAGAACGCGG
AGGGAAAGACGCCCTTCGAGCTCGCTGGAGATCGCTCTACGCGGGATGCCTITAGAGTAGCCCGCTCTGAAGT
AGGAGAGGGGAAATGGGACTGGGATGCGGCCAAGGTTCCTCCCGCCATGACCAAGGACGAGGCAGATCGCC
GTGACGAGCGGGAAAAGCAAGAAGCAGATAAGAAGGAGTCCGACAGGAGAAAAGCGGAAGAAGAGAGGCT
CLCGTACTGAAGGGCCAAGGCTCCCTGAGCAGAAGACGAAGAAGGGAAACAGCATAGCGTCCATAATCGCCAA
GACGCCACAAGAGCGCAGGGAGGAGGAAGCCAGGGGGCTGACGCCCGAGATGAAGTTGAAACTGGAACGA
GAAAGACGAGCGCGAGCGGCAGAAGAGAGAATCAAGAGGCTACAGGGTGGTAGTTGAATATATGCTTCCTG
TGAGACAGCTAAGCCACGTAGTAGACGTAGGTAGGTAGGTAGGTAGCTCATGCTGGCATCAATATCGATCTAT
CTGACCTTGAAATCACCTTTGGCTAGGTTGCCAGCCGTTCACTTATGATTCCTAGGACGAAATACCCATCAAGC
AACTGAACAACACAGCAGTTGTATCTATTCAGAACCTTTCTTGCCGTAGCACCACACGTGAAATGCTCAGCGCG
TGTCCTCGACTGGCCTACAACAGAGGAGGCACTCCCAAGATATGCGTACATAGTCCACGTCTAGCCCGAGTTG
AAATCAAACATATGCCATACAGGCCTTCGTGCATCTTTTGGATGAACACCAACAGCATCACCATCATGCACAAC
GCCCTGGTAGGGCATAAAAGGGGGGGAATATGCCCAAGTGCTCTTTCTTCTTCTTGAATGCGAAAGTTCTTCAC
GAGAACACGGAAGTCTCATCCAGCACGCGGATGCACCAAGCATCTTCGCTTAAGACGCTCCCATGAACGGGTG
GCAGTCACGACGGGCAAGTGGTCCGATGCCGAAGAGTGGCAGCTGCAAGAGCGCCTGAACCACTGCCGAGE
GTTTCCACTCCCACACTCCCACACTCCCACAAATTGCTCTCCTGGAAACGACATGTTCTCCCACAAACATTTCTIC
CTTCACGATACCCAACATTTCTCTCATTCCAGCCTACACTTCGATCTAGACGGCTTTGATTTCCTTCAGGTCATAC
GAGGCTTGTGCAATGGTCTCCGCATGGATCGCTGCTGTTCTCCTATCAAACTCGGATTTTGTCTTAGGGGATGG
CGTAGGAAAGACGCTGCCGCGGTTCAGAAGCACCTCGATGCTATCAGGATGTGACAAAAACGACTCGAAAAC
CCGGATTCATCGGTGATGCTTTCGGGATCGCAAGCGTAAAGAAAGACTCTCTTCCAAGACCTAGAAGTATAGC
AAAATCAGCAGCAGACCATCAATGTATAGCGAATGCGCCCATACAAAAGCTGAACGTCCCCGGAGAAGCACTT
GTCCAGGGACGGGAAATAGGCTTCCGGAACGGGAGCCATTGGCAGCACAGCTATATCATTCTAAGTAAACAA
ATGTAATGAGCAAGCGGACGGAGTGCTGAAACCTCCGTATGCCTGAAGCCCACGAAAGCGCGTTGGATTAGA
GGTCGACAGAAGATGATATTGAAGGAGCACTTTTTGGGCTTGGCTGGAGCTAGTGGAGGTCAACAATGAATG
CCTATTITGGTTTAGTCGTCCAGGCGGTGAGCACAAAATTTGTGTCGTTTGACAAGATGGTTCATTTAGGCAAC
TGGTCAGATCAGCCCCACTTGTAGCAGTAGCGGCGGCGCTCGAAGTGTGACTCTTATTAGCAGACAGGAACGA
GGACATTATTATCATCTGCTGCTTGGTGCACGATAACTTGGTGCGTTTGTCAAGCAAGGTAAGTGAACGACCC
GGTCATACCTTCTTAAGTTCGCCCTTCCTCCCTTTATTTCAGATTCAATCTGACTTACCTATTCTACCCAAGCATC
GATATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACT
GGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTITT
TGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCAL
GACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGA
AGTGCCGGGGCAGGATCTCCTGTCATCTCACCTIGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGC
GGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACG
TACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCOA
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ACTGTTCGCCAGGCTCAAGGCGCGCATGLCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTG
CCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGLTGGGTGTGGLGGACCGLT
ATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGLGGCGAATGGGCTGACCGCTTCCTCGT
GCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGGATC
CACTTAACGTTACTGAAATCATCAAACAGCTTGACGAATCTGGATATAAGATCGTTGGTGTCGATGTCAGCTCC
GGAGTTGAGACAAATGGTGTTCAGGATCTCGATAAGATACGTTCATTTGTCCAAGCAGCAAAGAGTGCCTTCT
AGTGATTTAATAGCTCCATGTCAACAAGAATAAAACGCGTTTCGGGTTTACCTCTTCCAGATACAGCTCATCTG
CAATGCATTAATGCATTGGACCTCGCAACCCTAGTACGCCCTTCAGGCTCCGGCGAAGCAGAAGAATAGCTTA
GCAGAGTCTATTTTCATTTTCGGGAGACGAGATCAAGCAGATCAACGGTCGTCAAGAGACCTACGAGACTGAG
GAATCCGCTCTTGGCTCCACGCGACTATATATTTGTCTCTAATTGTACTTTGACATGCTCCTCTTCTITACTCTGA
TAGCTTGACTATGAAAATTCCGTCACCAGCCCCTGGGTTCGCAAAGATAATTGCACTGTTTCTTCCTTGAACTCT
CAAGCCTACAGGACACACATTCATCGTAGGTATAAACCTCGAAAATCATTCCTACTAAGATGGGTATACAATAG
TAACCATGGTTGCCTAGTGAATGCTCCGTAACACCCAATACGCCGGCCGAAACTTTTTTACAACTCTCCTATGA
GTCGTTTACCCAGAATGCACAGGTACACTTGTTTAGAGGTAATCCAAGCTTGGCGTAATCATGGTCATAGCTGT
TTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGG
GGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTC
GTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCOGGTTTGCGTATTGGGCGCTCTTCCGCTTCC
TCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATAC
GGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAAL
CGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTC
AAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGLGC
TCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAA
TGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCLCGT
TCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCAC
TGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGT
GGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAA
AAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTOGTTITTITTGTTTGCAAGCAGCAG
ATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACG
AAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAA
TGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGC
ACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACG
GGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGLTCCAGATTTATCA
GCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTLCTA
TTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACA
GGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTAC
ATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCG
CAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTG
TGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTC
AATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGA
AAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGC
ATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGG
GCGACACGGAAATGTTGAATACTCATACTCTTCCTTTITTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTC
ATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAG
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TGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTT
CGTC
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TAAAACGACGGCCAGTGAATTCCGCCAGGTTGATCTTGTTCTACAGAGGCCAGCGACTCAGCATAATTGCTTGT
TCGAGCGGATTAGACAGATCAGTGCAGCCCTCGTCAGGCACAAGGCACGAGTCGAAGATATGCCCCAACCCG
CAGCTCCAGCGCCCGTACCCAAGTCTTGTTIGCCTTIGTGCCACATTCTGTACCCAGCTGCCTAAGACGTAGCATT
GGACATGTGATGCAGATGTATTTGTAGGGGGTATCGGGAAGTGCCCGTGTGCTTCGCGATGAGATTCCGCAG
ATTTACACCCTGAACCGCTACCCTACAATACCTTACATCTTACAAGTCTACAAGGGTAAAATACGTCGGCATGT
GCGAGTACCAAACCACAATATGCCAACTTCCGCTATCTACTCACCTTTGATATATTCCCCACGTACAATTATTCT
GCCTTTTCGTTGGGTTACCGCTACTGGTCCTCGGCTGATACATGAAGGCGGATTATCATCCTGGTGTTGTGGAT
CAGCTGCAATCGAATGGGCTCTACGCAATCATATGAGGAAACATCAGCATAAACAATAATATGCTAAACGTCA
GATTAGAGAAAAGCAATGAGTAGAATGACAACCTGACGAGAGTTCACGTTGTGAACAAGCCTCGAGGCTGTT
CAAGGCTCGGACCCAACAGGGAATACTTACTACTAGGTATGGAGATCAAGCCTCGTAAAGCCGGGTTATGACT
CTGTTCAGCACCTTATCTTAGTGGGGTGGTCGCCGGTTGACTCAACATCATTCCAGCCTCGTCATAGAGGGGCA
ACTCTTCAGCCTTTTCTACCACCGCAACTCCCCTCTTGCTCGCGACAAATACCTTGGTCGCACAGCTCTTTGCTGT
TCACGCGTCTTTCTTTTGCTTCGACAGTTTAAATACAGAAGCCGCCTTGCTTGCCGTAGGATTCAACGACGCTCC
ATACCCGCAGCCTCCCCGGGACTTGACACAATGGCTCAGAACCCGGCAGACGAGCTCCTTCGGCGTCCGTTAT
ATGGTAAGTAAAAGCACTTTGTCGCGCCACTGGCAAGGCCTACCAATACCGGCCGAGACACGGGACACGAGA
CATACAGCTTATAGGACACGCGCTGTTTCTTGCCCGAGTCTCGATTCGATTCTACGATCTCTGAACAAGTGCTG
ACAACTTGCGCCAACGCGGTCTTAGTCTACGATCTTCCACCAGAAAGCCTCGCAGGCTTGACGCTGAAACCGG
ACGCAGACGCCATCGCCATCGAGGAACCCGAGACGTCAACGACTCCCAGCCAGGCTTCGGACTCGTCCTCCGA
CAGCTTTGTCGGTTCCCAAGCATGCTCTCTCTGCAAGCTTTCCTTCACCACCGTAATAGACCAGCGAAGTCACAT
CAAGTCCGATTTCCACAACTACAATCTCAAGCAGAAGCTGCGGGGTCAGGGCCCGGTCTCAGAGACCGAGTTC
GAAAAGCTGATTGAGACTCTGGACGAATCGCTCTCGGGCTCCGACTCGGAAGATTCGGAAGACGACGAGGAC
GAAGGGCGTCAGGATTCTACGCTTACGGCGCTGCTTAAGAAGCAAGCAAAGCTGACGGAGAGACGAAACGCC
ACCAGAGAGAATAACAAACAAGGCGATAATGACGACGATGAACTCTCAGGAAGGCCAGGCAAGGGGAAGCC
GGCGCTGATATGGTTCAGCTCGCCGTTGCTTCCAGAAAACACGTATTTCGGCATCTACCGAGCGATATTTACAG
ATGAAGAGCAACGCCAGCCCGACTTGGTCGAGGTCATCCGGAAGAAGCAGCTCGAGCCCATAGCCATGCCTA
AGCCTGCAAAAGACGGGACGCTGCCGCLCGATCGLGTACAAGGGGCCGCACTTCTTCCTCTGCATGATCGGAG
GCGGCCATTTTGLCGCCATGGTCGTCTCCCTCGCGCCGAGAGCCGCCAAATCGGGCAGCACAACCATGAALCG
AGAGGCCACGGTCCTCGCCCACAAGACCTTTCACAGATACACGACGCGTCGAAAACAGGGTGGTTCTCAGTCG
GCGAACGACAACGCCAAAGGCAAAGCGCACTCTGTCGGCTCGTCTCTGCGTCGGTACAACGAAACCGCLCTG
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GTCGAGGATGTGCGCGCTCTTCTCCAGGACTGGAAGGGGCTCTTGGACTCTICCGAACTGCTTTTCATCAGGG
CAACAGGAACGACAAATAGGAGAACCCTGTTCGGCCCCTATGAAGGACAAGTTCTTCAAGCCAACGACGCTCG
TATCCGAGGGTTTCCATITAGTACCAGGAGAGCTACTCAGAACGAGCTGATGCGGTCCTTCATCGAGCTAACTC
GACTCAAAGTCAGGGAGATTGCTCCAAGCAAGGCAGGACTAGACAAGGCGAACGCGGCACCAAGCAAACCT
GCGACACCATCCAAGCCGGCAAAGCCGACGTTGTCAGAAGAGGAGGAAACGGCGCTGCTTCATACGTCTCAG
CTACAAGCCTTTGTACGGCGGTCCAAGCTACCTGCACTTTTATCGTACCTCACAAAAAATAACCTGGATCCGGA
CTTTGAGTTCTATCCTCCGGAACAAAACTACCATACACCACGCCTTTTACACTACGCAGCTGCTCAGAACTCTGC
TCCTTTGGTGCTGGGGATCCTTACACGAGCCGGGGCGAACCCGTTGCTCAAGAACGCGGAGGGAAAGACGCC
CTTCGAGCTCGCTGGAGATCGCTCTACGCGGGATGCCTTTAGAGTAGCCCGCTCTGAAGTAGGAGAGGGGAA
ATGGGACTGGGATGCGGCCAAGGTTCCTCCCGCCATGACCAAGGACGAGGCAGATCGCCGTGACGAGCGGEG
AAAAGCAAGAAGCAGATAAGAAGGAGTCCGACAGGAGAAAAGCGGAAGAAGAGAGGCTCCGTACTGAAGG
GCCAAGGCTCCCTGAGCAGAAGACGAAGAAGGGAAACAGCATAGCGTCCATAATCGCCAAGACGCCACAAGA
GCGCAGGGAGGAGGAAGCCAGGGGGCTGACGCCCGAGATGAAGTTGAAACTGGAACGAGAAAGACGAGCG
CGAGCGGCAGAAGAGAGAATCAAGAGGCTACAGGGTGGTAGTTGAATATATGCTTCCTGTGAGACAGCTAAG
CCACGTAGTAGACGTAGGTAGGTAGGTAGGTAGCTCATGCTGGCATCAATATCGATCTATCTGACCTTGAAAT
CACCTTTGGCTAGGTTGCCAGCCGTTCACTTATGATTCCTAGGACGAAATACCCATCAAGCAACTGAACAACAC
AGCAGTTGTATCTATTCAGAACCTTTCTTGCCGTAGCACCACACGTGAAATGCTCAGCGCGTGTCCTCGACTGG
CCTACAACAGAGGAGGCACTCCCAAGATATGCGTACATAGTCCACGTCTAGCCCGAGTTGAAATCAAACATAT
GCCATACAGGCCTTCGTGCATCTTTTGGATGAACACCAACAGCATCACCATCATGCACAACGCCCTGGTAGGGC
ATAAAAGGGGGGGAATATGCCCAAGTGCTCTTTCTTCTTCTTGAATGCGAAAGTTCTTCACGAGAACACGGAA
GTCTCATCCAGCACGCGGATGCACCAAGCATCTTCGCTTAAGACGCTCCCATGAACGGGTGGCAGTCACGACG
GGCAAGTGGTCCGATGCCGAAGAGTGGCAGCTGCAAGAGCGCCTGAACCACTGCCGAGGGTTTCCACTCCCA
CACTCCCACACTCCCACAAATTGCTCTCCTGGAAACGACATGTTCTCCCACAAACATTTCTTCCTTCACGATACCC
AACATTTCTCTCATTCCAGCCTACACTTCGATCTAGACGGCTTTGATTTCCT



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/077910

A. CLASSIFICATION OF SUBJECT MATTER

INV. CI12N15/80 Co7K14/37
ADD.

C12R1/885

C12N1/14

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

CI2N Co7K C12R

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, Sequence Search, BIOSIS, EMBASE, FSTA, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X ANDRE SCHUSTER ET AL:

LTD, GB,

, page 1, XP021094241,
ISSN: 1754-6834, DOI:
10.1186/1754-6834-5-1
the whole document

pages 5-6,9; figures 1,3

vol. 5, no. 1, 2 January 2012 (2012-01-02)

"A versatile 1-9,
toolkit for high throughput functional
genomics with Trichoderma reesei",
BIOTECHNOLOGY FOR BIOFUELS, BIOMED CENTRAL

11-19

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

7 March 2014

Date of mailing of the international search report

30/05/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Madruga, Jaime

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 4




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/077910

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

DIEGO MARTINEZ ET AL: "Genome sequencing
and analysis of the biomass-degrading
fungus Trichoderma reesei (syn. Hypocrea
jecorina)",

NATURE BIOTECHNOLOGY, NATURE PUBLISHING
GROUP, NEW YORK, NY, US,

vol. 26, no. 5, 1 May 2008 (2008-05-01),
pages 553-560, XP002689190,

ISSN: 1087-0156, DOI: 10.1038/NBT1403
[retrieved on 2008-05-04]

cited in the application

the whole document

-& DIEGO MARTINEZ ET AL: "Supplementary
Text and Figures to: Genome sequencing and
analysis of the biomass-degrading fungus
Trichoderma reesei (syn. Hypocrea
jecorina)",

NATURE BIOTECHNOLOGY,

vol. 26, no. 5, 4 May 2008 (2008-05-04),
pages 553-560, XP055105609,

ISSN: 1087-0156, DOI: 10.1038/nbt1403
cited in the application

the whole document

-& DATABASE UniProt [Online]

19 October 2011 (2011-10-19),
"SubName: Full=tRNA-specific adenosine
deaminase;",

XP002721361,

retrieved from EBI accession no.
UNIPROT:GORAK9

Database accession no. GORAK9

sequence

-& DATABASE UniProt [Online]

19 October 2011 (2011-10-19),
"SubName: Full=Predicted protein;",
XP002721362,

retrieved from EBI accession no.
UNIPROT:GORG37

Database accession no. GORG37
sequence

-& DATABASE UniProt [Online]

19 October 2011 (2011-10-19),
"SubName: Full=Predicted protein;",
XP002721363,

retrieved from EBI accession no.
UNIPROT:GORGD6

Database accession no. GORGD6
sequence

19-21

19-21

19

19-21

19-21

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 4




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/077910

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

-& DATABASE UniProt [Online]

19 October 2011 (2011-10-19),
"SubName: Full=Predicted protein;",
XP002721364,

retrieved from EBI accession no.
UNIPROT:GORGE1

Database accession no. GORGE1
sequence

-& DATABASE UniProt [Online]

19 October 2011 (2011-10-19),
"SubName: Full=Predicted protein;",
XP002721365,

retrieved from EBI accession no.
UNIPROT:GORSI4

Database accession no. GORSI4
sequence

-& DATABASE UniProt [Online]

19 October 2011 (2011-10-19),

"Mating pheromone",

XP002721366,

retrieved from EBI accession no.
UNIPROT:GORBZ8

Database accession no. GORBZS8

sequence

CHRISTIAN SEIBEL ET AL: "The role of
pheromone receptors for communication and
mating in Hypocrea jecorina (Trichoderma
reesei)",

FUNGAL GENETICS AND BIOLOGY,

vol. 49, no. 10,

3 August 2012 (2012-08-03), - 1 October
2012 (2012-10-01), pages 814-824,
XP055105390,

ISSN: 1087-1845, DOI:
10.1016/j.fgb.2012.07.004

the whole document

C. SEIBEL ET AL: "ENVOY Is a Major
Determinant in Regulation of Sexual
Development in Hypocrea jecorina
(Trichoderma reesei)",

EUKARYOTIC CELL,

vol. 11, no. 7, 11 May 2012 (2012-05-11),

- 1 July 2012 (2012-07-01), pages 885-895,

XP055105548,
ISSN: 1535-9778, DOI: 10.1128/EC.05321-11
the whole document

_/__

19-21

19-21

1-21

1-21

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 3 of 4




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/077910

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

CHIA-LING CHEN ET AL: "Blue Light Acts as
a Double-Edged Sword in Regulating Sexual
Development of Hypocrea jecorina
(Trichoderma reesei)",

PLOS ONE,

vol. 7, no. 9,

18 September 2012 (2012-09-18), page
44969, XP055105543,

DOI: 10.1371/journal.pone.0044969

the whole document

VERENA SEIDL & BERNHASRD SEIBOTH:
"Trichoderma reesei:genetic approaches to
improving srain efficiency",

BIOFUELS, FUTURE SCIENCE LTD, GB,

vol. 1, no. 2, 1 March 2010 (2010-03-01),
pages 343-354, XP002658903,

ISSN: 1759-7269, DOI: 10.4155/BFS.10.1
the whole document

V. SEIDL ET AL: "Sexual development in
the industrial workhorse Trichoderma
reesei",

PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES,

vol. 106, no. 33,

18 August 2009 (2009-08-18), pages
13909-13914, XP055105403,

ISSN: 0027-8424, DOI:
10.1073/pnas.0904936106

cited in the application

the whole document

1-21

1-21

1-21

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 4 of 4




International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2013/077910
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:
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This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet
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As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-21(partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-21(partially)

A process for identifying genes/genetic elements associated
to mating impairment or female infertility of Trichoderma
reesei QMéa strains, process for identifying mating
competent phenotype associated with said genes, process for
correcting the mating impairment of a T. reesei QM6a derived
strain by replacing or complementing said genes, strains
derived from QMéa but corrected for being female fertile
and, the identified genes associated to mating impairment in
QMéa, and uses thereof to produce a product of interest,
wherein the gene is identified by SEQ ID NO: 8.

2-160. claims: 1-21(partially)

As invention 1, but wherein the gene is identified by SEQ ID
NO: 9-155, 163-170, respectively.
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