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Method for increasing the expression level of a nucleic acid

molecule of interest in a cell

Technical Field

The present invention relates to novel promoter activating elements. These short
nucleic acid sequences are able to increase expression of a nucleic acid mole-
cule of interest in a cell or an organism upon site-specific introduction into a
recipient promoter controlling the expression of the nucleic acid molecule of
interest. Using this new technology allows to increase the expression of endoge-
nous or exogenous nucleic acid molecules up to many fold of what is achieved
under the control of a promoter without the introduced activating elements. The
invention also provides methods to identify such promoter activating elements
and methods to introduce them into an organism or a cell to specifically increase
the expression of a nucleic acid molecule of interest. Furthermore, the invention
also relates to the use of the promoter activating elements to increase the ex-

pression of a nucleic acid molecule of interest.
Background of the invention

The expression levels of many genes in an organism depend on different factors
such as developmental stages or physiologic and environmental conditions. The
expression of one gene can be induced under certain circumstances and com-
pletely shut down if the circumstances change. The starting point for gene ex-
pression, the transcription of a gene, is regulated by a range of different mecha-
nisms, which usually involve the promoter region harbouring the transcription
start site (TSS). While some promoters are active in all circumstances (constitu-
tive promoters), others are tightly regulated and only respond to certain stimuli.
Transcription factors bind to specific DNA sequences and activate or repress
transcription (trans-acting factors). Promoter sequences therefore carry a number
of binding sites for trans-acting factors, so called cis-regulatory elements, but the
functions of some sequence stretches found in promoters are not completely

understood yet.

Being able to modulate the expression of certain genes in an organism opens up
a range of opportunities to improve biotechnological processes or agricultural
yields. Therefore, new technologies are continuously sought, which allow to

specifically control expression levels of a target gene. Promoters are an obvious
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target for such approaches, but up to date, there is still little known about the
possibilities of activating endogenous promoters by minimal modification. No
generic approach for activation of gene expression by addition of for example

< 20bp elements is currently available.

It is known that increased expression can be achieved by using strong promoters,
e.g. the 35S promoter. Different translation enhancing elements have been de-
scribed to be useful for expressing high levels of protein in plant cells, as parts of
transgenes, or in viral expression vectors (e.g. the 5' untranslated leader of to-
bacco mosaic virus RNA which consists of a 68-base sequence (see Ofoghi et
al., 2005. Comparison of tobacco etch virus and tobacco mosaic virus enhancers
for expression of human calcitonin gene in transgenic potato plant. In Key Engi-
neering Materials (Vol. 277, pp. 7-11). Trans Tech Publications.). However, these
elements are relatively large. The same is true for enhancing promoter elements
like the 35S enhancer, or introns reported to increase expression, e.g. adh1
intron from Zea mays (Callis et al, 1987. Introns increase gene expression in

cultured maize cells. Genes & development, 1(10), 1183-1200.).

Crop traits can be improved by increased ectopic expression of a trait gene. As
an example, Sun et al. (Nature comm., 2017, doi: 10.1038/ncomms14752) re-
ported that increased expression of maize PLASTOCHRON1 enhances biomass
and seed vyield. They increased expression by a transgenic approach, using the
GAZ20x promoter. This transgenic approach to increase ectopic expression of a
trait gene has the limitation that planting of transgenic plants has high regulatory

requirements.

Recently, Zhang et al. found in the genus Malus an allelic variation of the Iron-
Regulated Transporter1 (IRT1) promoter in which a TATA box insertion has been
identified (Plant Physiology, 2017, Vol. 173, 715-727, doi: 10.1104/pp.16.01504).
Further results suggest that this insertion seems to be causative for a slight up-
regulation of the promoter activity (~1.5 fold). It is also possible that the increased
promoter activity is caused by the increased expression of the potential TATA-
box binding proteins TFIID, which activates also the IRT1 promoter. However, the
insertion element has not been isolated and it has not been investigated whether
it can be introduced into a different promoter and still shows enhancer activity.
Furthermore, the level of upregulation is rather low and thus not sufficient for
many applications where a significant increase of expression levels is required to

obtain a phenotypic or metabolic effect of interest.
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It was an aim of the present invention to provide a widely applicable technology
to enhance the expression of any specific gene of interest in a cell or an organ-

ism in significant manner.

It was thus an aim of the present invention that the expression of the gene of
interest should be increased by at least 2-fold of what is achieved under the
control of strong promoters known in the prior art, preferably at least 5-fold, at
least 10-fold, at least 20-fold, at least 30-fold, or at least 40-fold.

Furthermore, it was an aim of the present invention that the provided technology
should only require a minimal modification of the involved sequences, preferably
20 nucleotides or less than 20 nucleotides should be added, deleted or substitut-
ed.

Summary of the invention

The present invention relates to several aspects to establish a new technology to
increase the expression of endogenous or exogenous nucleic acid molecules up

to many times by introducing promoter activating sequences into the promoter.

The above identified objectives have been achieved by providing, in a first as-
pect, a promoter activating nucleic acid sequence configured for targeted site-
specific insertion into a recipient promoter controlling the expression of a nucleic
acid molecule of interest in a cell or an organism, wherein the promoter activating
nucleic acid sequence causes an increased expression of the nucleic acid mole-
cule of interest upon site-specific insertion, preferably wherein the nucleic acid
molecule of interest is heterologous or native to the recipient promoter and/or is

an endogenous or exogenous nucleic acid molecule to the cell or organism.

In one embodiment, the promoter activating nucleic acid sequence has a length
between 6 and 70 nucleotides, preferably between 7 and 60 nucleotides, more
preferably between 8 and 40 nucleotides and most preferably between 9 and 20

nucleotides.

In another embodiment, the promoter activating nucleic acid sequence described
in any of the embodiments above comprises or consist of one or more contiguous
stretch(es) of nucleotides isolated from a donor promoter, wherein the donor

promoter is a promoter of a gene having a high expression level.

In a further embodiment, each of the one or more contiguous stretch(es) de-
scribed above is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
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99% identical to or is identical to the core promoter sequence of the donor pro-

moter over the whole length of the one or more contiguous stretch(es).

In yet another embodiment, each of the one or more contiguous stretch(es) de-
scribed in any of the embodiments above is at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% identical to or is identical to a sequence of the
same length from position -50 to position +20 relative to the transcription start site

of the donor promoter over the whole length of each stretch.

In another embodiment, each of the one or more contiguous stretch(es) de-

scribed in any of the embodiments above has a length of six or more nucleotides.

In a further embodiment, the promoter activating nucleic acid sequence described
in any of the embodiments above comprises one or more TATA box motif(s) of
the donor promoter or one or more TATA box motif(s) having a relative score of
greater than 0.8, greater than 0.81, greater than 0.81, greater than 0.82, greater
than 0.83, greater than 0.84, greater than 0.85, greater than 0.86, greater than
0.87, greater than 0.88, greater than 0.89, greater than 0.90, greater than 0.91,
greater than 0.92, greater than 0.93, greater than 0.94, greater than 0.95, greater
than 0.96, greater than 0.97, greater than 0.98, or greater than 0.99 when match-

ing or aligning the one or more TATA box motif(s) to TATA box consensus.

In one embodiment, the promoter activating nucleic acid sequence described in
any of the embodiments above comprises one or more pyrimidine patch (Y patch)
promoter element(s) of the donor promoter.In yet another embodiment, the pro-
moter activating nucleic acid sequence described in any of the embodiments
above comprises one or more TATA box motif(s) of the donor promoter or one or
more TATA box motif(s) having a relative score of greater than 0.8, greater than
0.81, greater than 0.81, greater than 0.82, greater than 0.83, greater than 0.84,
greater than 0.85, greater than 0.86, greater than 0.87, greater than 0.88, greater
than 0.89, greater than 0.90, greater than 0.91, greater than 0.92, greater than
0.93, greater than 0.94, greater than 0.95, greater than 0.96, greater than 0.97,
greater than 0.98, or greater than 0.99 when matching or aligning the one or
more TATA box motif(s) to TATA box consensus, and one or more Y patch pro-

moter element(s) of the donor promoter.

In yet another embodiment, the promoter activating nucleic acid sequence de-
scribed in any of the embodiments above has a sequence identity of at least
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% to or is identical to one of
the sequences of SEQ ID NOs: 1 to 30, GTATAAAAG (E59), CTATAAATA
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(E59a), CTATATATA (E59b), CTATAAAAA (E59¢) and CTATATAAA (E59d),
preferably over the whole length of the promoter activating nucleic acid se-
guence, preferably SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 9, SEQ ID NO:
10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID
NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ
ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25,
SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO:
30, GTATAAAAG (E59), CTATAAATA (E59a), CTATATATA (E59Db),
CTATAAAAA (E59c) and CTATATAAA (E59d), particularly preferably SEQ ID
NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ
ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24,
SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO:
29, SEQ ID NO: 30, GTATAAAAG (E59), CTATAAATA (E59a), CTATATATA
(E59b), CTATAAAAA (E59¢) and CTATATAAA (E59d).

In one embodiment, there is provided a promoter activating nucleic acid se-
quence as described in any of the embodiments above, wherein the cell or organ-

ism is a plant cell or plant.

In another embodiment, the recipient promoter and/or the donor promoter is/are a

plant promoter.

In a further embodiment, the recipient promoter and the donor promoter are

different and/or originate from the same species or from different species.

In one embodiment, the plant or plant cell or plant promoter described in any of
the embodiments above, originates from a genus selected from the group con-
sisting of Hordeum, Sorghum, Saccharum, Zea, Setaria, Oryza, Triticum, Secale,
Triticale, Malus, Brachypodium, Aegilops, Daucus, Beta, Eucalyptus, Nicotiana,
Solanum, Coffea, Vitis, Erythrante, Genlisea, Cucumis, Marus, Arabidopsis,
Crucihimalaya, Cardamine, Lepidium, Capsella, Olmarabidopsis, Arabis, Brassi-
ca, Eruca, Raphanus, Citrus, Jatropha, Populus, Medicago, Cicer, Cajanus,
Phaseolus, Glycine, Gossypium, Astragalus, Lotus, Torenia, Allium, or Helian-
thus, preferably, the plant or plant cell or plant promoter originates from a species
selected from the group consisting of Hordeum vulgare, Hordeum bulbusom,
Sorghum bicolor, Saccharum officinarium, Zea spp., including Zea mays, Setaria
italica, Oryza minuta, Oryza sativa, Oryza australiensis, Oryza alta, Triticum
aestivum, Triticum durum, Secale cereale, Triticale, Malus domestica, Brachypo-

dium distachyon, Hordeum marinum, Aegilops tauschii, Daucus glochidiatus,
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Beta spp., including Beta vulgaris, Daucus pusillus, Daucus muricatus, Daucus
carota, Eucalyptus grandis, Nicotiana sylvestris, Nicotiana tomentosiformis, Nico-
tiana tabacum, Nicotiana benthamiana, Solanum lycopersicum, Solanum tu-
berosum, Coffea canephora, Vitis vinifera, Erythrante guftata, Genlisea aurea,
Cucumis sativus, Marus notabilis, Arabidopsis arenosa, Arabidopsis lyrata, Ara-
bidopsis thaliana, Crucihimalaya himalaica, Crucihimalaya wallichii, Cardamine
nexuosa, Lepidium virginicum, Capsella bursa pastoris, Olmarabidopsis pumila,
Arabis hirsute, Brassica napus, Brassica oleracea, Brassica rapa, Raphanus
sativus, Brassica juncacea, Brassica nigra, Eruca vesicaria subsp. sativa, Citrus
sinensis, Jatropha curcas, Populus trichocarpa, Medicago truncatula, Cicer yam-
ashitae, Cicer bijugum, Cicer arietinum, Cicer reticulatum, Cicer judaicum, Ca-
janus cajanifolius, Cajanus scarabaeoides, Phaseolus vulgaris, Glycine max,
Gossypium sp., Astragalus sinicus, Lotus japonicas, Torenia fournieri, Allium
cepa, Allium fistulosum, Allium sativum, Helianthus annuus, Helianthus tuberosus

and/or Allium tuberosum.

In another embodiment, upon site-specific insertion or introduction of the promot-
er activating nucleic acid sequence into the recipient promoter, the expression
level of the nucleic acid molecule of interest is increased at least 2-fold, at least
3-fold, at least 4-fold or at least 5-fold, preferably at least 6-fold, at least 7-fold, at
least 8-fold, at least 9-fold or at least 10-fold, more preferably at least 12-fold, at
least 14-fold, at least 16-fold, at least 18-fold or at least 20-fold, even more pref-
erably at least 25-fold, at least 30-fold, at least 35-fold or at least 40-fold and
most preferably more than 40-fold, compared to the expression level of the nucle-
ic acid molecule of interest under the control of the recipient promoter without the

insertion or introduction.

In another aspect, the present invention provides a chimeric promoter comprising
a recipient promoter or the core promoter thereof and at least one promoter
activating nucleic acid sequence as described in any of the embodiments above
inserted or introduced at a position upstream or downstream of the transcription

start site of the recipient promoter.

In one embodiment, a chimeric promoter as described above is provided, where-
in the promoter activating nucleic acid sequence is inserted or introduced by
addition and/or deletion and/or substitution of one or more nucleotides into the

recipient promoter at a position



WO 2019/185609 PCT/EP2019/057543

i. 500 nucleotides or less, preferably 150 nucleotides or less upstream

of the transcription start site, and/or
ii. 50 or more nucleotides upstream of the start codon; and/or

iii. where there is no upstream open reading frame (UORF) down-

stream of the insertion or introduction site.

In a further aspect, the present invention provides a delivery system comprising
the promoter activating nucleic acid sequence and/or the chimeric promoter as
described in any of the embodiments above, and/or means for site-specific inser-
tion or introduction of the promoter activating nucleic acid sequence described

above into a recipient promoter.

In yet another aspect, the present invention provides a nucleic acid construct or
an expression cassette comprising the promoter activating nucleic acid sequence
as described in any of the embodiments above and/or the chimeric promoter as

described in any of the embodiments above.

In a further aspect, the present invention also provides a vector comprising the
promoter activating nucleic acid sequence as described in any of the embodi-
ments above, and/or the chimeric promoter as described in any of the embodi-
ments above or the nucleic acid construct and/or the expression cassette as
described above, and/or means for site-specific insertion or introduction of the
promoter activating nucleic acid sequence described above into a recipient pro-

moter.

In another aspect, the present invention provides a cell or organism or a progeny

thereof or a part of the organism or progeny thereof,

a) in which a promoter activating nucleic acid as described in any of the
embodiments above is inserted or introduced by addition and/or deletion
and/or substitution of one or more nucleotides into a recipient promoter
controlling the expression of a nucleic acid molecule of interest in the
cell or the organism, preferably inserted or introduced at a position up-
stream or downstream of the transcription start site of the recipient pro-

moter, more preferably introduced at a position

i. 500 nucleotides or less, preferably 150 nucleotides or less up-
stream of the transcription start site of the nucleic acid molecule of

interest, and/or
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ii. 50 or more nucleotides upstream of the start codon of the nucleic

acid molecule of interest; and/or

iii. where there is no upstream open reading frame (UORF) down-

stream of the insertion site, or

b) comprising the chimeric promoter as described in any of the embodi-
ments above, the delivery system as described in any of the embodi-
ments above, the nucleic acid construct or an expression cassette as

described above or the vector as described above.

In one embodiment, in the cell or organism or the progeny thereof or the part of
the organism or the progeny thererof as described above, the recipient promoter

is a plant promoter.

In another embodiment, in the cell or organism or the progeny thereof or the part
of the organism or the progeny thererof as described above, the nucleic acid
molecule of interest is heterologous or native to the recipient promoter and/or is

an endogenous or exogenous nucleic acid molecule to the cell or organism.

In a further embodiment, the cell or organism or the progeny thereof or the part of
the organism or the progeny thererof according to any of the embodiments de-
scribed above, is a plant cell or plant or part thereof, preferably wherein the plant
originates from a genus selected from the group consisting of Hordeum, Sor-
ghum, Saccharum, Zea, Setaria, Oryza, Triticum, Secale, Triticale, Malus,
Brachypodium, Aegilops, Daucus, Beta, Eucalyptus, Nicotiana, Solanum, Coffea,
Vitis, Erythrante, Genlisea, Cucumis, Marus, Arabidopsis, Crucihimalaya, Car-
damine, Lepidium, Capsella, Olmarabidopsis, Arabis, Brassica, Eruca,
Raphanus, Citrus, Jatropha, Populus, Medicago, Cicer, Cajanus, Phaseolus,
Glycine, Gossypium, Astragalus, Lotus, Torenia, Allium, or Helianthus, prefera-
bly, the plant or plant cell originates from a species selected from the group
consisting of Hordeum vulgare, Hordeum bulbusom, Sorghum bicolor, Sac-
charum officinarium, Zea spp., including Zea mays, Setaria italica, Oryza minuta,
Oryza sativa, Oryza australiensis, Oryza alta, Triticum aestivum, Triticum durum,
Secale cereale, Triticale, Malus domestica, Brachypodium distachyon, Hordeum
marinum, Aegilops tauschii, Daucus glochidiatus, Beta spp., including Beta vul-
garis, Daucus pusillus, Daucus muricatus, Daucus carota, Eucalyptus grandis,
Nicotiana sylvestris, Nicotiana tomentosiformis, Nicotiana tabacum, Nicotiana
benthamiana, Solanum lycopersicum, Solanum tuberosum, Coffea canephora,

Vitis vinifera, Erythrante guttata, Genlisea aurea, Cucumis sativus, Marus notabi-
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lis, Arabidopsis arenosa, Arabidopsis lyrata, Arabidopsis thaliana, Crucihimalaya
himalaica, Crucihimalaya wallichii, Cardamine nexuosa, Lepidium virginicum,
Capsella bursa pastoris, Olmarabidopsis pumila, Arabis hirsute, Brassica napus,
Brassica oleracea, Brassica rapa, Raphanus sativus, Brassica juncacea, Brassi-
ca nigra, Eruca vesicaria subsp. sativa, Citrus sinensis, Jatropha curcas, Populus
trichocarpa, Medicago truncatula, Cicer yamashitae, Cicer bijugum, Cicer ari-
etinum, Cicer reticulatum, Cicer judaicum, Cajanus cajanifolius, Cajanus scara-
baeoides, Phaseolus vulgaris, Glycine max, Gossypium sp., Astragalus sinicus,
Lotus japonicas, Torenia fournieri, Allium cepa, Allium fistulosum, Allium sativum,

Helianthus annuus, Helianthus tuberosus and/or Allium tuberosum.

In a further aspect, the present invention provides a method for identifying a

promoter activating nucleic acid sequence or a chimeric promoter, comprising:

i) identifying a gene in a cell or an organism having a high ex-

pression level,

i) isolating one or more contiguous stretch(es) from the promoter
of the gene identified in step i) wherein the one or more contiguous
stretch(es) originate(s) a) from the core promoter of the said donor
promoter or b) from a sequence from position -50 to position +20 rela-

tive to the transcription start site of said donor promoter,

iii) inserting or introducing by addition and/or deletion and/or sub-
stitution of one or more nucleotides the one or more contiguous
stretch(es) into a recipient promoter controlling the expression of a
nucleic acid molecule of interest at a position upstream or down-

stream of the transcription start site of the recipient promoter,

iv)  determining in a cell or organism or in vitro the expression level
of the nucleic acid molecule of interest under the control of the recipi-
ent promoter comprising the insertion or introduction of step iii) rela-
tive to the expression level of the same or another nucleic acid mole-
cule of interest under the control of the recipient promoter without the
insertion or introduction of step iii) or to another reference promoter in
a given environment and/or under given genomic and/or environmen-
tal conditions, wherein the nucleic acid molecule of interest is heterol-
ogous or native to the recipient promoter and/or is endogenous or ex-

ogenous to the cell or organism, and
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v) identifying and thus providing the promoter activating nucleic
acid sequence as described in any of the embodiments above or the
chimeric promoter as described in any of the embodiments above
when increased expression of the nucleic acid molecule of interest in

step iv) is observed,

vi)  optionally, shortening the promoter activating nucleic acid se-
quence identified in step v) stepwise and repeating steps iv) and v) at
least one time and/or modifying one or more TATA box motif(s) pre-
sent in the promoter activating nucleic acid sequence identified in
step v) or in the recipient promoter by addition and/or substitution
and/or deletion of one or more nucleotides for converting the one or
more TATA box motif(s) into one or more TATA box motif(s) having
increased or higher relative score(s) when matching or aligning the
one or more TATA box motif(s) to the TATA box consensus, and re-

peating steps iv) and v) at least one time.

In one embodiment of the method described above, in step iii) the one or more
contiguous stretch(es) is/are inserted or introduced into the recipient promoter at

a position

(a) 500 nucleotides or less, preferably 150 nucleotides or less up-
stream of the transcription start site of the nucleic acid molecule of in-

terest; and/or

(b) more than 50 nucleotides upstream of the start codon of the nu-

cleic acid molecule of interest; and/or

(c) where there is no upstream open reading frame (UORF) down-

stream of the insertion or introduction site.

In yet another aspect, the present invention provides a method for increasing the

expression level of a nucleic acid molecule of interest in a cell, comprising:

ia) introducing into the cell the promoter activating nucleic acid se-
guence as described in any of the embodiments above, the chimeric
promoter as described above, the delivery system as described in
any of the embodiments above, or the nucleic acid construct or an

expression cassette as described above; or
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ib) introducing into the cell means for site-specific modification of
the nucleic acid sequence of a recipient promoter controlling the ex-

pression of the nucleic acid molecule of interest, and

i)  optionally, introducing into the cell a site-specific nuclease or an
active fragment thereof, or providing the sequence encoding the
same, the site-specific nuclease inducing a double-strand break at a
predetermined location, preferably wherein the site-specific nuclease
or the active fragment thereof comprises a zinc-finger nuclease, a
transcription activator-like effector nuclease, a CRISPR/Cas system,
including a CRISPR/Cas9 system, a CRISPR/Cpf1 system, a
CRISPR/C2C2 system a CRISPR/CasX system, a CRISPR/CasY
system, a CRISPR/Cmr system, an engineered homing endonucle-
ase, a recombinase, a transposase and a meganuclease, and/or any
combination, variant, or catalytically active fragment thereof; and op-
tionally when the site-specific nuclease or the active fragment thereof
is a CRISPR nuclease: providing at least one guide RNA or at least

one guide RNA system, or a nucleic acid encoding the same; and

iiia) inserting the promoter activating nucleic acid sequence as de-
fined in any of the embodiments above into a recipient promoter con-
trolling the expression of the nucleic acid molecule of interest in the
cell at a position upstream or downstream of the transcription start
site of the recipient promoter controlling the expression of the nucleic

acid molecule of interest, or

iiib) modifying the sequence of a recipient promoter controlling the
expression of the nucleic acid molecule of interest in the cell at a po-
sition upstream or downstream of the transcription start site of the re-
cipient promoter controlling the expression of the nucleic acid mole-
cule of interest by addition and/or deletion and/or substitution so that
a promoter activating nucleic acid sequence as defined in any of the

embodiments above is formed, and

iiic) optionally, modifying one or more TATA box motif(s) present in
the promoter activating nucleic acid sequence inserted or introduced
in step iiia) or iiib) or present in the recipient promoter by addition
and/or substitution and/or deletion of one or more nucleotides for

converting the one or more TATA box motif(s) into one or more TATA
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box motif(s) having increased or higher relative score(s) when match-
ing or aligning the one or more modified TATA box motif(s) to the

TATA box consensus.

In a further aspect, the present invention provides a method for producing a cell
or organism having an increased expression level of a nucleic acid molecule of

interest, comprising:

ia) introducing into the cell the promoter activating nucleic acid se-
guence according to any of the embodiments described above, the
chimeric promoter as described above, the delivery system as de-
scribed above, or the nucleic acid construct or an expression cassette

as described above, or

ib) introducing into the cell means for site-specific modification of
the nucleic acid sequence of a recipient promoter controlling the ex-

pression of the nucleic acid molecule of interest, and

i)  optionally, introducing into the cell a site-specific nuclease or an
active fragment thereof, or providing the sequence encoding the
same, the site-specific nuclease inducing a double-strand break at a
predetermined location, preferably wherein the site-specific nuclease
or the active fragment thereof comprises a zinc-finger nuclease, a
transcription activator-like effector nuclease, a CRISPR/Cas system,
including a CRISPR/Cas9 system, a CRISPR/Cpf1 system, a
CRISPR/C2C2 system a CRISPR/CasX system, a CRISPR/CasY
system, a CRISPR/Cmr system, an engineered homing endonucle-
ase, a recombinase, a transposase and a meganuclease, and/or any
combination, variant, or catalytically active fragment thereof; and op-
tionally when the site-specific nuclease or the active fragment thereof
is a CRISPR nuclease: providing at least one guide RNA or at least

one guide RNA system, or a nucleic acid encoding the same; and

iiia) inserting the promoter activating nucleic acid sequence as de-
fined in any of the embodiments above or the chimeric promoter as
defined in any of the embodiments above into a recipient promoter
controlling the expression of the nucleic acid molecule of interest in
the cell at a position upstream or downstream of the transcription
start site of the recipient promoter controlling the expression of a nu-

cleic acid molecule of interest, or
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iiib) modifying the sequence of a recipient promoter controlling the
expression of the nucleic acid molecule of interest in the cell at a po-
sition upstream or downstream of the transcription start site of the re-
cipient promoter controlling the expression of a nucleic acid molecule
of interest by addition and/or deletion and/or substitution so that a
promoter activating nucleic acid sequence as defined in any of the

embodiments above is formed, and

iiic) optionally, modifying one or more TATA box motif(s) present in
the promoter activating nucleic acid sequence or the chimeric pro-
moter inserted or introduced in step iiia) or iiib) or present in the recip-
ient promoter by addition and/or substitution and/or deletion of one or
more nucleotides for converting the one or more TATA box motif(s)
into one or more TATA box motif(s) having increased or higher rela-
tive score(s) when matching or aligning the one or more modified
TATA box motif(s) to the TATA box consensus, and

iv)  obtaining a cell or organism having increased expression level
of a nucleic acid molecule of interest upon insertion of the promoter
activating nucleic acid sequence as defined in any of the embodi-
ments above or upon modification to form the promoter activating nu-

cleic acid sequence as defined in any of the embodiments above.

In another aspect, the present invention provides a method for producing a trans-
genic cell or transgenic organism having increased expression level of a nucleic

acid molecule of interest, comprising:

i) transforming or transfecting a cell with the promoter activating
nucleic acid sequence as described in any of the embodiments
above, the chimeric promoter as described above, the delivery sys-
tem as described above, or the nucleic acid construct or an expres-
sion cassette as described above, or the vector as described above;

and

i)  optionally, regenerating a transgenic organism from the trans-

genic cell or a transgenic progeny thereof.

In one embodiment of the methods described above, the cell or organism is a
plant cell or plant or a progeny thereof, preferably wherein the plant originates
from a genus selected from the group consisting of Hordeum, Sorghum, Sac-

charum, Zea, Setaria, Oryza, Triticum, Secale, Triticale, Malus, Brachypodium,
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Aegilops, Daucus, Beta, Eucalyptus, Nicotiana, Solanum, Coffea, Vitis, Ery-
thrante, Genlisea, Cucumis, Marus, Arabidopsis, Crucihimalaya, Cardamine,
Lepidium, Capsella, Olmarabidopsis, Arabis, Brassica, Eruca, Raphanus, Citrus,
Jatropha, Populus, Medicago, Cicer, Cajanus, Phaseolus, Glycine, Gossypium,
Astragalus, Lotus, Torenia, Allium, or Helianthus, preferably, the plant or plant
cell originates from a species selected from the group consisting of Hordeum
vulgare, Hordeum bulbusom, Sorghum bicolor, Saccharum officinarium, Zea
spp., including Zea mays, Setaria italica, Oryza minuta, Oryza sativa, Oryza
australiensis, Oryza alta, Triticum aestivum, Triticum durum, Secale cereale,
Triticale, Malus domestica, Brachypodium distachyon, Hordeum marinum, Ae-
gilops tauschii, Daucus glochidiatus, Beta spp., including Beta vulgaris, Daucus
pusillus, Daucus muricatus, Daucus carota, Eucalyptus grandis, Nicotiana syl-
vestris, Nicotiana tomentosiformis, Nicotiana tabacum, Nicotiana benthamiana,
Solanum lycopersicum, Solanum tuberosum, Coffea canephora, Vitis vinifera,
Erythrante guttata, Genlisea aurea, Cucumis sativus, Marus notabilis, Arabidop-
sis arenosa, Arabidopsis lyrata, Arabidopsis thaliana, Crucihimalaya himalaica,
Crucihimalaya wallichii, Cardamine nexuosa, Lepidium virginicum, Capsella
bursa pastoris, Olmarabidopsis pumila, Arabis hirsute, Brassica napus, Brassica
oleracea, Brassica rapa, Raphanus sativus, Brassica juncacea, Brassica nigra,
Eruca vesicaria subsp. sativa, Citrus sinensis, Jatropha curcas, Populus tricho-
carpa, Medicago ftruncatula, Cicer yamashitae, Cicer bijugum, Cicer arietinum,
Cicer reticulatum, Cicer judaicum, Cajanus cajanifolius, Cajanus scarabaeoides,
Phaseolus vulgaris, Glycine max, Gossypium sp., Astragalus sinicus, Lotus
Japonicas, Torenia fournieri, Allium cepa, Allium fistulosum, Allium sativum, Heli-

anthus annuus, Helianthus tuberosus and/or Allium tuberosum.

In another embodiment of the methods as described above, the nucleic acid
molecule of interest is selected from a nucleic acid molecule encoding resistance
or tolerance to abiotic stress, including drought stress, osmotic stress, heat
stress, cold stress, oxidative stress, heavy metal stress, nitrogen deficiency,
phosphate deficiency, salt stress or waterlogging, herbicide resistance, including
resistance to glyphosate, glufosinate/phosphinotricin, hygromycin, resistance or
tolerance to 2,4-D, protoporphyrinogen oxidase (PPO) inhibitors, ALS inhibitors,
and Dicamba, a nucleic acid molecule encoding resistance or tolerance to biotic
stress, including a viral resistance gene, a fungal resistance gene, a bacterial

resistance gene, an insect resistance gene, or a nucleic acid molecule encoding
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a yield related ftrait, including lodging resistance, flowering time, shattering re-

sistance, seed color, endosperm composition, or nutritional content.

In yet another aspect, the present invention provides a cell or organism or a
progeny thereof, preferably a plant cell or plant or progeny thereof, obtainable by

a method as described above.

In one aspect, the present invention also relates to the use of the promoter acti-
vating nucleic acid sequence as described in any of the embodiments above, the
delivery system as described above, the nucleic acid construct or the expression
cassette as described above or the vector as described above for increasing the
expression level of a nucleic acid molecule of interest in a cell or organism upon
site-specific insertion or introduction into a recipient promoter controlling the

expression of the nucleic acid molecule of interest.

Further aspects and embodiments of the present invention can be derived from
the subsequent detailed description, the drawings, the sequence listing as well

as the attached set of claims.

Brief description of the Drawings

Figure 1 shows exemplary possible approaches to introduce the promoter acti-
vating nucleic acid sequences of the present invention into a recipient promoter.
A1: a promoter activating sequence comprising a TATA box motif is inserted into
the recipient promoter upstream of the core promoter. A2: a promoter activating
sequence comprising a TATA box motif is inserted into the recipient promoter
downstream of TSS. B1: a promoter activating sequence comprising a TATA box
motif is introduced by base editing of nucleotides of the recipient promoter up-
stream of the core promoter. B2: a promoter activating sequence comprising a
TATA box motif is introduced by base editing of nucleotides of the recipient pro-
moter downstream of TSS. C: the core promoter of the recipient is modified by
base editing to form an activating sequence. D1: a promoter activating sequence
comprising a Y patch is inserted into the recipient promoter downstream of the
core promoter. D2: a promoter activating sequence comprising a TATA box motif
and a Y patch is inserted into the recipient promoter downstream of the core
promoter. E1: a promoter activating sequence comprising a Y patch is introduced
by base editing of nucleotides of the recipient promoter downstream of the core

promoter. E2: a promoter activating sequence comprising a TATA box motif and
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a Y patch is introduced by base editing of nucleotides of the recipient promoter

downstream of the core promoter.

Figure 2 shows a schematic overview of the strategy for identification and testing

of £ 20 bp DNA elements for activation of expression.

Figure 3 shows the vector used in the transient expression assay described in

example 1.

Figure 4 shows the activation of the target gene promoter Zm-prom1 by insertion
of the DNA elements E53, E55, E56, E61, E62, E63, E64, EGS, E66, EG7, EBS,
E69, E70 and E71. The promoter activity is quantified with respect to the activity

of the unmodified promoter Zm-prom 1, which therefore has an activity of 1.

Figure 5 shows the activation of the target gene promoters Zm-prom1, Zm-
prom2 and Zm-prom3 by insertion of the DNA elements E53b. The promoter
activity is quantified with respect to the activity of the respective unmodified pro-

moters, which therefore have an activity of 1.

Figure 6 shows the construct pKWS399_35S:Luci_Zm-prom1:NLuc used for the

transformation of corn in example 2.

Figure 7 shows the construct pKWS399_35S:Luci_Zm-prom1+E55a:NLuc used

for the transformation of corn in example 2.

Figure 8 shows the construct pKWS399_ 35S:Luci_Zm-prom1:Zm1-genomic

used for the transformation of corn in example 3.

Figure 9 shows the construct pKWS399 35S:Luci_Zm-prom1+E55a:Zm1-

genomic used for the transformation of corn in example 3.

Figure 10 shows in A the activation of the target gene Zm-prom1 by conversion
to E59 (Zm-prom1v3) and by insertion of E59 further downstream of the original
TSS (Zm-prom1+E59) as determined in example 6. The promoter activity is
guantified with respect to the activity of the unmodified promoter Zm-prom1,
which therefore has an activity of 1. B: Optimization of element E59 by aligning to
TATA box consensus. The activating effect is measured in a transient assay
system based on corn leaf bombardment with respective promoter-reporter con-
structs followed by luciferase measurement. C: Original TATA-box of a promoter
of interest (e.g ZmZEP1) has been modified by means of base editing
(ZmZEP1v1, ZmZEP1v2 and ZmZEP1v3) according to identified DNA segment
E59, E53f, E55a, respectively. Additionally, the element E53b has been inserted

into ZmZEP1. The activating effect is measured in a transient assay system
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based on corn leaf bombardment with respective promoter-reporter constructs

followed by luciferase measurement.

Figure 11 shows nucleotide frequencies matrices and motif logos for TATA box
consensus of vertebrates (A) (derived from
http://jaspar.genereg.net/matrix MA0108.1/), dicotyledonous plants (B) and mon-
ocotyledonous plants (C) (Shahmuradov et al. (2003). PlantProm: a database of
plant promoter sequences. Nucleic acids research, 371(1), 114-117;
http://linux1.softberry.com/berry.phtml/freedownloadhelp/viewers/gmv/berry.phtml
?topic=plantprom&group=data&subgroup=plantprom).

Figure 12 shows the results of characterization of expression activating DNA
elements in the genomic context. A: Luciferase assay of stably transformed corn
plants described in example 2. B: Expression analysis of stably transformed corn
plants described in example 3. C: Comparison of qRT-PCR data from the trans-

genic corn plants described in example 2 and example 3.

Figure 13 shows in A the activation of the ZmSBPase promoter in the transient
test system by exchange of 2 (ZmSBPase_v1) or 1 base pair (ZmSBPase_4 and
ZmSBPase_v5). B shows ZmSBPase expression analysis of genome edited

callus tissue and C of genome edited corn shoots as described in example 7.

Figure 14 shows that insertion of the 20 bp DNA element E55a which originates
from a corn promoter leads to activation of various corn and sugar beet promot-
ers in the transient test system (leaf bombardment followed by luciferase assay)

as described in example 9.

Definitions

A "promoter” refers to a DNA sequence capable of controlling and/or regulating
expression of a coding sequence, i.e., a gene or part thereof, or of a functional
RNA, i.e. a RNA which is active without being translated, for example, a miRNA,
a siRNA, an inverted repeat RNA or a hairpin forming RNA. A promoter is usually
located at the 5' part of a gene. Promoters can have a broad spectrum of activity,
but they can also have tissue or developmental stage specific activity. For exam-
ple, they can be active in cells of roots, seeds and meristematic cells, etc. A
promoter can be active in a constitutive way, or it can be inducible. The induction
can be stimulated by a variety of environmental conditions and stimuli. Often

promoters are highly regulated. A promoter of the present disclosure may include
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an endogenous promoter natively present in a cell, or an artificial or transgenic
promoter, either from another species, or an artificial or chimeric promoter, i.e. a
promoter that does not naturally occur in nature in this composition and is com-
posed of different promoter elements. The process of transcription begins with
the RNA polymerase (RNAP) binding to DNA in the promoter region, which is in
the immediate vicinity of the transcription start site (TSS) at the position +1. From
analysis in Arabidopsis thaliana the most frequently observed sequence at this
position is CA, and TA was the second. There is a strong preference of a dimer
sequence at the -1/+1 position. It has been clearly shown that most of the TSS is
A or G, and the -1 position is likely to be C or T. This YR Rule (Y: Cor T, R: Aor
G) applies to as many as 77% of the Arabidopsis promoters that is a much higher
frequency than expected random appearance (25%) (Yamamoto et al. (2007).
Identification of plant promoter constituents by analysis of local distribution of
short sequences. BMC genomics, 8(1), 67.). A typical promoter sequence is
thought to comprise some regulatory sequence motifs positioned at specific sites
relative to the TSS. These cis-regualtory elements are e.g. binding sites for
transacting factors such as transcription factors. The structure of eukaryotic
promoters may be rather complex as they have several different sequence mo-
tifs, such as TATA box, INR box, BRE, CCAAT-box and GC-box (Bucher P., J.
Mol. Biol. 1990 Apr 20; 212(4):563-78.) or Y Patch promoter elements (Yamamo-
to et al. (2007). Identification of plant promoter constituents by analysis of local
distribution of short sequences. BMC genomics, 8(1), 67; Civan, P., & Svec, M.
(2009). Genome-wide analysis of rice (Oryza sativa L. subsp. japonica) TATA
box and Y Patch promoter elements. Genome, 52(3), 294-297.). Promoters can
be of varying length and may span more than a thousand nucleotides. Finally,
promoter architectures and function differ in different taxa. In particular, there are
huge differences between eukaryotic and prokaryotic promoters, but also eukary-
otic promoters, e.g., plant promoters and mammalian cell promoters, differ in
structure, function and the regulatory network within the cell. Therefore, findings
derived from studies with mammalian cell promoters may not necessarily apply

for plant promoters within a plant cell environment.

A “core promoter” generally refers to the region of the promoter that is necessary
to initiate the transcription and includes at least the preinitiation complex binding
site. It is less than 100 nucleotides long and spans approximately positions -45 to

+15 relative to the transcription start site.
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A “donor promoter” refers to a native promoter found in a certain cell or organism,
which comprises a core promoter sequence that enables a high expression of the
nucleic acid molecule, which is under the control of the promoter. The core pro-
moter or one or more continuous stretch(es) of the core promoter can be identi-
fied, which upon site-specific introduction, e.g. insertion, to a “recipient promoter”
increase the expression of the nucleic acid molecule under the control of the

recipient promoter.

A “recipient promoter” is therefore a promoter, which can be modified by introduc-
tion of a core promoter sequence or one or more continuous stretch(es) of the
core promoter of a donor promoter leading to increased expression of the nucleic

acid molecule under the control of the recipient promoter.

A “promoter activating nucleic acid sequence” refers to a nucleic acid sequence
or to one more contiguous stretch(es) of nucleotides, which upon site-specific
introduction, e.g. insertion, into a promoter increase(es) the expression of the

nucleic acid molecule under the control of the promoter

A “chimeric promoter” is a promoter that does not exist in nature in its specific
configuration. As used herein it refers to a promoter comprising one or more
nucleotide sequences of both, a donor and a recipient promoter. The term refers
in particular to a recipient promoter or the core promoter of the recipient promoter
comprising one or more promoter activating nucleic acid sequence(s) or one or
more contiguous stretch(es) representing a promoter activating nucleic acid
sequence introduced into the recipient promoter sequence at one or more specif-
ic sites. The introduction of the one or more promoter activating nucleic acid
sequence(s) may be achieved by insertion into or by modification of the se-
guence of the recipient promoter, i.e. addition of one or more contiguous or non-
contiguous nucleotide(s) to the recipient promoter sequence, or substitution or
deletion of one or more contiguous or non-contiguous nucleotide(s) of the recipi-

ent promoter sequence.

A nucleic acid sequence “configured for site-specific insertion” refers to a nucleic
acid sequence, which has been taken out of its genomic context, i.e. it does not
comprise neighbouring or flanking regions or part of a chromosome as found in
the cell or organism that it is endogenous to but it is provided as part of a delivery
system, an insertion construct or an expression construct, which can be em-
ployed by known techniques for insertion, into a specific site of a given promoter

sequence. It can be a synthetic or biological sequence or comprise parts of both.
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“‘Introducing” a nucleic acid or “introduction” of a nucleic acid or a nucleic acid
sequence into a second nucleic acid or nucleic acid sequence refers to any modi-
fication of the second nucleic acid that results in the presence of the nucleic acid
sequence of the first nucleic acid within the nucleic acid sequence of the second
nucleic acid, where it has not been present previous to the modification. In partic-
ular, such a modification can be achieved by addition, substution or detetion of

one or more nucleotides or any combination of these.

“‘Modifying a (nucleic acid) sequence” in the context of the present invention
refers to any change of a (nucleic acid) sequence that results in at least one
difference in the (nucleic acid) sequence distinguishing it from the original se-
guence. In particular, a modification can be achived by insertion or addition of
one ore more nucleotide(s), or substitution or deletion of one ore more nucleo-

tide(s) of the original sequence or any combination of these.

“‘Addition” refers to one or more nucleotides being added to a nuceic acid se-
guence, which may be contiguous or single nucleotides added at one or more

positions within the nucleic acid sequence.

“Substitution” refers to the exchange of one or more nucleotide(s) of a nucleic
acid sequence by one or more different nucleotide(s). A substitution may be a
replacement of one or more nucleotide(s) or a modification of one or more nucle-
otide(s) that results in (a) different nucleotide(s) e.g by conversion of a nucleo-

base to a different nucleobase.

“Deletion” refers to the removal of one or more nucleotide(s) from a nucleic acid

sequence.

The term “heterologous” herein refers to an element such as a nucleic acid that
has been transferred to a context, i.e. an organism or a genomic location, in
which it does not naturally occur. A nucleic acid molecule that is heterologous to
a certain promoter therefore refers to a nucleic acid molecule that is not naturally
found within this promoter. On the other hand, the term “native” means that an
element such as a nucleic acid is present in a context, i.e. an organism or a
genomic location, in which it naturally occurs. Accordingly, a nucleic acid mole-
cule that is native to a certain promoter therefore refers to a nucleic acid molecule

that is naturally found to be structural part of this of this promoter.

A nucleic acid molecule that is “endogenous” to a cell or organism refers to a
nucleic acid molecule that naturally occurs in the genome of this cell or organism.

On the other hand, a nucleic acid molecule that is “exogenous” to a cell or organ-
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ism refers to a nucleic acid molecule that does not naturally occur in this cell or

organism but has been inserted or introduced.

A "gene" as used herein refers to a DNA region encoding a gene product, as well
as all DNA regions which regulate the production of the gene product, whether or
not such regulatory sequences are adjacent to coding and/or transcribed se-
guences. Accordingly, a gene includes, but is not necessarily limited to, promoter
sequences, terminators, translational regulatory sequences such as ribosome
binding sites and internal ribosome entry sites, enhancers, silencers, insulators,
boundary elements, replication origins, matrix attachment sites and locus control

regions.

The term "gene expression” or "expression” as used herein refers to the conver-
sion of the information, contained in a gene or nucleic acid molecule, into a "gene
product” or “expression product’. A "gene product" or “expression product” can
be the direct transcriptional product of a gene or nucleic acid molecule (e.g.,
MmRNA, tRNA, rRNA, antisense RNA, ribozyme, structural RNA or any other type
of RNA) or a protein produced by translation of an mRNA. Gene products or
expression products also include RNAs which are modified, by processes such
as capping, polyadenylation, methylation, and editing, and proteins modified by,
for example, methylation, acetylation, phosphorylation, ubiquitination, ADP-

ribosylation, myristilation, and glycosylation.

An “increased expression of the nucleic molecule of interest” is observed, when
the expression of the nucleic molecule of interest is higher when the promoter
controlling the expression has been modified by introducing, e.g. inserting, the
promoter activating sequence at a specific position compared to the expression
of the same nucleic molecule of interest under the control of the same promoter
without the modification, e.g. the insertion. “increased expression of the nucleic
molecule of interest” means that the expression level of the nucleic acid molecule
of interest is increased at least 2-fold, at least 3-fold, at least 4-fold or at least 5-
fold, preferably at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold or at
least 10-fold, more preferably at least 12-fold, at least 14-fold, at least 16-fold, at
least 18-fold or at least 20-fold, even more preferably at least 25-fold, at least 30-
fold, at least 35-fold or at least 40-fold and most preferably more than 40-fold,
compared to the expression level of the nucleic acid molecule of interest under
the control of the recipient promoter without the inserted or introduced promoter

activating nucleic acid sequence.
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A “high expression level” as used herein refers to an expression level comparable
to the expression levels of the about 250 most active genes such as the S-
adenosyl methionine decarboxylase 2 (SAM2, GRMZM2G154397). Preferably,
genes with a high expression level according to the present disclosure have
average FPKM values of >1000 in different tissues or under different genomic
and/or environmental conditions. FPKM (Fragments Per Kilobase of transcript per
Million mapped reads) refers to sequenced fragments of transcripts normalized
by dividing by the total length of the transcript. This results in the metric frag-

ments per kilobase of transcript per million mapped reads.

“Environment” or “environmental conditions” refer to external conditions such as
nutrient concentrations, temperature or pH that a cell or tissue is exposed to. A
“genomic condition” refers to internal conditions that a cell or tissue experiences

such as a developmental stage, a cell division or differentiation stage.

A “reference gene” refers to a gene the expression level of which is used as a
reference to assess the expression level of a gene of interest. Suitable reference
genes are genes the expression levels of which do not vary much but remain

constant under any given environmental or genomic conditions.

A “contiguous stretch” refers to a nucleic acid sequence, i.e. a specific sequential
order of nucleotides that occurs e.g. in a promoter. One donor promoter can
harbour several contiguous stretches that form a promoter activating nucleic acid
sequence, and which may or may not neighbour each other and which may or
may not fully or partially overlap each other. Typically, each contiguous stretch
comprises at least 6, at least 7, at least 8, at least 9 or at least 10 nucleotides, or

six or more nucleotides.

A “TATA box motif” refers to a sequence found in many core promoter regions of
eukaryotes. The TATA-box motif is usually found within 100 nucleotides up-
stream of the transcription start site. It generally contains the consensus se-
guence 5 -TATA(A/T)A(A/T)-3. Preferably, it contains a sequence exhibiting a
relative score of greater than 0.8 when matching or aligning the sequence found
in the core promoter region to a TATA box consensus as defined further below.
Preferably the relative score is greater than 0.85 or greater than 0.9, more pref-
erably greater than 0.95, greater than 0.96, greater than 0.97, greater than 0.98
or greater than 0.99. For scoring a DNA input sequence comprising the TATA-
box motif, the sequence can be analyzed by software tools (e.g.

http://jaspar.genereg.net/ (Mathelier, A., Zhao, X., Zhang, A. W., Parcy, F., Wors-
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ley-Hunt, R., Arenillas, D. J., ... & Lim, J. (2013). JASPAR 2014: an extensively
expanded and updated open-access database of transcription factor binding
profiles. Nucleic acids research, 42(D1), D142-D147.)). Hereby, a score is com-
puted using the pssm.search function available in  BioPython
(http://biopython.org/DIST/docs/api/Bio.motifs.matrix.PositionSpecificScoringMatri
x-class.html#search). The relative score is a threshold score in the range 0 to 1,
which is computed as follows: relative_score = (score - min_score) / (max_score
- min_score) (http://biopython.org/DIST/docs/tutorial/Tutorial.ntml#htoc214).
Depending on the origin of the DNA input sequence different “TATA box consen-
sus” are to be used for scoring. “TATA box consensus” for vertebrates, dicotyle-
donous plants and monocotyledonous plants are defined in Figure 11 as nucleo-
tide frequencies matrices and motif logos. TATA-box motifs in the analyzed 60 bp
candidates. A relative score of 1 indicates a perfect TATA box consensus while a

relative score < 0.8 indicates that no TATA box is present.

A Y patch promoter element” or “pyrimidine patch promoter element” or “Y
patch” or “pyrimidine patch” refers to a sequence found in many promoters of
higher plants. A typical Y patch is composed of C and T (pyrimidine) (Yamamoto
et al. (2007). Identification of plant promoter constituents by analysis of local
distribution of short sequences. BMC genomics, 8(1), 67.). Y patch can be de-
tected by our LDSS analysis as well as by a search for consensus sequence
from plant promotors, preferably core promoters, by MEME and AlignACE (ex-
amplary motif for A. thaliana: TTTCTTCTTC (SEQ ID NO: 41)) (Molina & Grote-
wold. Genome wide analysis of Arabidopsis core promoters. BMC Genomics.
2005;6:25.). The Y patch is usually found within 100 nucleotides upstream of the
transcription start site (postion -1 to -100 relative to TSS), preferably at a position
between -10 to -60 relative to TSS.

The “transcription start site” refers to the first nucleotide of a DNA sequence that

is transcribed. This nucleotide is assigned the position +1 within the promoter.

“Upstream” and “downstream” relate to the 5' to 3' direction in which RNA tran-
scription takes place. Upstream is toward the 5' end of the RNA molecule and
downstream is toward the 3' end. On the DNA from which transcription takes
plase, upstream is toward the 5' end of the coding strand for the gene in question

and downstream is toward the 3' end.

An “upstream open reading frame (UORF)” refers to an open reading frame lo-

cated upstream of the initiation codon of a main coding region. uUORFs are usual-
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ly involved in the regulation of the expression of the main coding region down-

stream.

The term “one ore more” includes “one or two”, “one, two or three”, “one, two,
three or four” and “one, two, three, four or five”, but has generally the meaning of
“at least one”. As an example, one or more TATA box motif(s) may be one or two
TATA box motif(s), one, two or three TATA box motif(s), one, two, three or four
TATA box motif(s), one, two, three, four or five TATA box motif(s), or at least one
TATA box motif.

The terms "plant" or "plant cell" as used herein refer to a plant organism, a plant
organ, differentiated and undifferentiated plant tissues, plant cells, seeds, and
derivatives and progeny thereof. Plant cells include without limitation, for exam-
ple, cells from seeds, from mature and immature cells or organs, including em-
bryos, meristematic tissues, seedlings, callus tissues in different differentiation
states, leaves, flowers, roots, shoots, male or female gametophytes, sporo-
phytes, pollen, pollen tubes and microspores, protoplasts, macroalgae and mi-
croalgae. The cells can have any degree of ploidity, i.e. they may either be hap-

loid, diploid, tetraploid, hexaploid or polyploid.

The term "progeny" as used herein in the context of a eukaryotic cell, preferably
an animal cell and more preferably a plant or plant cell or plant material according
to the present disclosure relates to the descendants of such a cell or material
which result from natural reproductive propagation including sexual and asexual
propagation. It is well known to the person having skill in the art that said propa-
gation can lead to the introduction of mutations into the genome of an organism
resulting from natural phenomena which results in a descendant or progeny,
which is genomically different to the parental organism or cell, however, still
belongs to the same genus/species and possesses mostly the same characteris-
tics as the parental recombinant host cell. Such progeny resulting from natural
phenomena during reproduction or regeneration are thus comprised by the term
of the present disclosure and can be readily identified by the skilled person when

comparing the "progeny" to the respective parent or ancestor.

The terms “delivery system”, “nucleic acid construct’, “expression cassette” or
“vector” refer to elements used for introducing at least one nucleic acid sequence
into a cellular system. The nucleic acid sequence to be introduced may be tar-
geted for site-specific insertion into genomic DNA and/or transient expression in

the cellular system. Alternatively, it may be introduced by modifications such as
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addition, deletion or substitution of one or more nucleotides of a sequence, e.g. a
genomic sequence, which is present in the target cell or cellular system. The
introduction may also be achieved by any combination of the above modifica-
tions, i.e. insertion, addition deletion and substitution. The elements inter alia
comprise one or more plasmid(s) or (plasmid) vector(s), cosmid(s), artificial
yeast- or bacterial artificial chromosome(s) (YACs and BACs), phagemide(s),
bacterial phage based vector(s), isolated single-stranded or double-stranded
nucleic acid sequence(s), comprising DNA and RNA sequences in linear or circu-
lar form, or amino acid sequences, viral vector(s), including modified viruses, and
a combination or a mixture thereof, for introduction or transformation, transfection
or transduction into any prokaryotic or eukaryotic target cell, including a plant,
plant cell, tissue, organ or material according to the present disclosure. Any of the
elements may be carrying the nucleic acid construct(s) or expression cassette(s)

and/or tools for site-specific introduction.

A “means for site-specific modification of a nucleic acid sequence” and, more
specifically, a “means for site-specific introduction of a promoter activating nucleic
acid sequence” refers to any tool required to achive a modification of a recipient
promoter sequence, so that a promoter activating sequence as described herein
is formed, which has previously not been present. Such means include any tools
for site-specific modification, i.e. insertion, addition, substitution or deletion, of
nucleic acid sequences known to the skilled person. Examples are, in particular,
“site-specific effectors” such as nucleases, nickases, recombinases, transposa-
ses, base editors or molecular complexes including these tools. These effectors
have the capacity to introduce a single- or double-strand cleavage into a genomic
target site, or have the capacity to introduce a targeted modification, including a
point mutation, an insertion, or a deletion, into a genomic target site of interest. A
site-specific effector can act on its own, or in combination with other molecules as
part of a molecular complex. The site-specific effector can be present as fusion
molecule, or as individual molecules associating by or being associated by at
least one of a covalent or non-covalent interaction so that the components of the
site-specific effector complex are brought into close physical proximity. The com-
plex may include a repair template to make a targeted sequence conversion or
replacement at the target site. A repair template (RT) represents a single-
stranded or double-stranded nucleic acid sequence, which can be provided dur-

ing any genome editing causing a double-strand or single-strand DNA break to
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assist the targeted repair of said DNA break by providing a RT as template of

known sequence assisting homology-directed repair.

A “site-specific nuclease” refers to a nuclease or an active fragment thereof,
which is capable to specifically recognize and cleave DNA at a certain location.
This location is herein also referred to as a “predetermined location”. Such nucle-
ases typically produce a double strand break (DSB), which is then repaired by
nonhomologous end-joining (NHEJ) or homologous recombination (HR). The
nucleases include zinc-finger nucleases, transcription activator-like effector nu-
cleases, CRISPR/Cas systems, including CRISPR/Cas9 systems, CRISPR/Cpf1
systems, CRISPR/C2C2 systems, CRISPR/CasX systems, CRISPR/CasY sys-
tems, CRISPR/Cmr systems, engineered homing endonucleases, recombinases,
transposases and meganucleases, and/or any combination, variant, or catalyti-

cally active fragment thereof.

A "CRISPR nuclease", as used herein, is any nuclease which has been identified
in a naturally occurring CRISPR system, which has subsequently been isolated
from its natural context, and which preferably has been modified or combined into
a recombinant construct of interest to be suitable as tool for targeted genome
engineering. Any CRISPR nuclease can be used and optionally reprogrammed or
additionally mutated to be suitable for the various embodiments according to the
present invention as long as the original wild-type CRISPR nuclease provides for
DNA recognition, i.e., binding properties. Said DNA recognition can be PAM
(protospacer adjacent motif) dependent. CRISPR nucleases having optimized
and engineered PAM recognition patterns can be used and created for a specific
application. The expansion of the PAM recognition code can be suitable to target
site-specific effector complexes to a target site of interest, independent of the
original PAM spegcificity of the wild-type CRISPR-based nuclease. Cpf1 variants
can comprise at least one of a S542R, K548V, N552R, or K607R mutation, pref-
erably mutation S542R/K607R or S542R/K548V/N552R in AsCpf1 from Ac-
idaminococcus. Furthermore, modified Cas or Cpf1 variants or any other modified
CRISPR effector variants, e.g., Cas9 variants, can be used according to the
methods of the present invention as part of a base editing complex, e.g. BE3,
VQR-BE3, EQR-BE3, VRER-BE3, SaBE3, SaKKH-BE3 (see Kim et al., Nat.
Biotech., 2017, doi:10.1038/nbt.3803). Therefore, according to the present inven-
tion, artificially modified CRISPR nucleases are envisaged, which might indeed
not be any "nucleases" in the sense of double-strand cleaving enzymes, but

which are nickases or nuclease-dead variants, which still have inherent DNA
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recognition and thus binding ability. Suitable Cpf1-based effectors for use in the
methods of the present invention are derived from Lachnospiraceae bacterium
(LbCpf1, e.g., NCBI Reference Sequence: WP_051666128.1), or from Francisel-
la tularensis (FnCpf1, e.g., UniProtKB/Swiss-Prot: A0OQ7Q2.1). Variants of Cpf1
are known (cf. Gao et al., BioRxiv, dx.doi.org/10.1101/091611). Variants of
AsCpf1 with the mutations S542R/K607R and S542R/K548V/N552R that can
cleave target sites with TYCV/CCCC and TATV PAMs, respectively, with en-
hanced activities in vitro and in vivo are thus envisaged as site-specific effectors
according to the present invention. Genome-wide assessment of off-target activi-
ty indicated that these variants retain a high level of DNA targeting specificity,
which can be further improved by introducing mutations in non-PAM-interacting
domains. Together, these variants increase the targeting range of AsCpf1 to one
cleavage site for every ~8.7 bp in non-repetitive regions of the human genome,
providing a useful addition to the CRISPR/Cas genome engineering toolbox (see

Gao et al., supra).

A "base editor" as used herein refers to a protein or a fragment thereof having the
same catalytical activity as the protein it is derived from, which protein or frag-
ment thereof, alone or when provided as molecular complex, referred to as base
editing complex herein, has the capacity to mediate a targeted base modification,
i.e., the conversion of a base of interest resulting in a point mutation of interest.
Preferably, the at least one base editor in the context of the present invention is
temporarily or permanently linked to at least one site-specific effector, or optional-
ly to a component of at least one site-specific effector complex. The linkage can

be covalent and/or non-covalent.

Whenever the present disclosure relates to the percentage of identity of nucleic
acid or amino acid sequences to each other these values define those values as
obtained by using the EMBOSS Water Pairwise Sequence Alignments (nucleo-
tide) programme (www.ebi.ac.uk/Tools/psa/ emboss_water/nucleotide.html)
nucleic acids or the EMBOSS Water Pairwise Sequence Alignments (protein)
programme (www.ebi.ac.uk/Tools/psa/emboss_water/) for amino acid sequenc-
es. Alignments or sequence comparisons as used herein refer to an alignment
over the whole length of two sequences compared to each other. Those tools
provided by the European Molecular Biology Laboratory (EMBL) European Bioin-
formatics Institute (EBI) for local sequence alignments use a modified Smith-
Waterman algorithm (see www.ebi.ac.uk/Tools/psa/ and Smith, T.F. & Waterman,

M.S. "ldentification of common molecular subsequences” Journal of Molecular
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Biology, 1981 147 (1):195-197). When conducting an alignment, the default
parameters defined by the EMBL-EBI are used. Those parameters are (i) for
amino acid sequences: Matrix = BLOSUMG62, gap open penalty = 10 and gap
extend penalty = 0.5 or (ii) for nucleic acid sequences: Matrix = DNATfull, gap
open penalty = 10 and gap extend penalty = 0.5. The skilled person is well aware
of the fact that, for example, a sequence encoding a protein can be "codon-
optimized" if the respective sequence is to be used in another organism in com-

parison to the original organism a molecule originates from.

Detailed Description

The present invention relates to several aspects to establish a new technology to
increase the expression of endogenous or exogenous nucleic acid molecules up
to many times by inserting or introducing promoter activating sequences into the
promoter controlling the expression of endogenous or exogenous nucleic acid

molecules.

In a first aspect, a promoter activating nucleic acid sequence is provided, which is
configured for targeted site-specific insertion into a recipient promoter controlling
the expression of a nucleic acid molecule of interest in a cell or an organism,
wherein the promoter activating nucleic acid sequence causes an increased
expression of the nucleic acid molecule of interest upon site-specific insertion,
preferably wherein the nucleic acid molecule of interest is heterologous or native
to the recipient promoter and/or is an endogenous or exogenous nucleic acid

molecule to the cell or organism.

The promoter activating nucleic acid sequences provided by the present inven-
tion can be broadly applied to increase the expression of any nucleic acid mole-
cule of interest in a cellular context. The promoter activating nucleic acid se-
guences are usually double stranded DNA molecules that can be inserted into
the promoter controlling the expression of the nucleic acid molecule of interest
(Figure 1 A1, A2, D1 and D2).

The application is not limited to certain promoters or nucleic acid molecules of
interest or combinations of both. In one embodiment the nucleic acid molecule of
interest is endogenous to the cell or organism that it is expressed in. In this case
the promoter to be activated may be the promoter that natively controls the ex-
pression of this nucleic acid molecule of interest in the cell or organism but it is

also possible that the endogenous nucleic acid molecule of interest is under the
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control of a heterologous promoter, which does not natively control its expres-
sion. Alternatively, the nucleic acid molecule of interest is exogenous to the cell
or organism that it is expressed in. In this case the promoter may also be exoge-
nous to the cell or organism but it may be the promoter that the nucleic acid
molecule of interest is controlled by in its native cellular environment. On the
other hand, the promoter may also be exogenous to the cell or organism in that it
is to be activated and at the same time be hererologous to the nucleic acid mole-

cule of interest.

The present invention thus provides a technical guidance to first identify a pro-
moter to be optimized. Next, it is taught how said promoter can be modified in the
most suitable way in a targeted manner based on the findings on promoter acti-
vating nucleic acid molecules presented herein. Furthermore, strategies to im-

plement the modification are presented.

In one embodiment, the promoter activating nucleic acid sequence as described
above has a length between 6 and 70 nucleotides, preferably between 7 and 60
nucleotides, more preferably between 8 and 40 nucleotides and most preferably

between 9 and 20 nucleotides.

The promoter activating nucleic acid sequence provided by the present invention
may represent the core promoter region of a donor promoter that has been found
to have a high activity, i.e. a high level of gene expression, in most tissues and
under most conditions. However, as demonstrated in the following description,
such core promoter regions of around 60 nucleotides length may be significantly
shortened without loosing their activating properties. Sequences of 20 nucleo-
tides and less have been found to be capable to increase recipient promoter
activity by many fold upon insertion or introduction. Thus, minimal modifications
of the sequence of the recipient promoter can result in a significantly increased
expression of a molecule of interest. Advantagously, the original structure of the
recipient promoter is therefore not disrupted in a way that might lead to undesired

side-effects.

In another embodiment, the promoter activating nucleic acid sequence described
above comprises or consist of one or more contiguous stretch(es) of nucleotides
isolated from a donor promoter, wherein the donor promoter is a promoter of a

gene having a high expression level.

The gene having a high expression level has an expression level comparable to

the expression levels of the about 250 most active genes such as the S-adenosyl
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methionine decarboxylase 2 (SAM2, GRMZM2G154397) in a certain organism.
Preferably, the gene has an average FPKM value of >1000 in different tissues or

under different genomic and/or environmental conditions.

Each of the one or more contiguous stretch(es) described above may be at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to or may be
identical to the core promoter sequence of the donor promoter over the whole

length of the one or more contiguous stretch(es).

One contiguous stretch may correspond to the whole core promoter sequence of
the donor promoter. However, it may also only represent a shorter section of the
core promoter or two or more shorter sections of the core promoter sequences,

which are not adjacent in then donor promoter.

In another embodiment, each of the one or more contiguous stretch(es) de-
scribed above is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identical to or is identical to a sequence of the same length from position -50
to position +20 relative to the transcription start site of the donor promoter over

the whole length of each stretch.

As demonstrated below, one or more contiguous stretch(es), can be taken from a
donor promoter sequence and inserted or introduced into a recipient promoter to
activate the latter. One contiguous stretch of nucleotides from the core promoter
can also be inserted or introduced two or more times into one recipient promoter

resulting in a desired activation.

In one embodiment, each of the one or more contiguous stretch(es) described
above comprises at least 6, at least 7, at least 8, at least 9 or at least 10 nucleo-

tides or has a length of six or more nucleotides.

Further preferred are promoter activating nucleic acid sequences which consist of
two, three, four, five or more contiguous stretch(es) of 20 or less nucleotides
length each, preferably 15 or less nucleotides length each, more preferably 10 or
less nucleotides length each, which were isolated from a donor promoter. These
stretches may be the same or different and they may be inserted and/or intro-

duced at different positions and in varying order into the recipient promoter.

If only short stretches are used, it is possible to enhance the expression of a
nucleic acid molecule of interest by many times with only minimal modification of
the recipient promoter. Preferably, the contiguous stretches are 20 nucleotides or

shorter, more preferably 10 nucleotides or shorter.
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In a further embodiment, the promoter activating nucleic acid sequence described
above comprises one or more TATA box motif(s) of the donor promoter or one or
more TATA box motif(s) having a relative score of greater than 0.8, greater than
0.81, greater than 0.82, greater than 0.83, greater than 0.84, greater than 0.85,
greater than 0.86, greater than 0.87, greater than 0.88, greater than 0.89, or
greater than 0.90, preferably greater than 0.91, greater than 0.92, greater than
0.93, greater than 0.94, or greater than 0.95, more preferably greater than 0.96,
greater than 0.97, greater than 0.98, or greater than 0.99, when matching or
aligning the promoter activating nucleic acid sequence to the TATA box consen-
sus. In a preferred embodiment, one or more TATA box motif(s) of the donor
promoter are modified by addition, substitution or deletion of one or more nucleo-
tides for converting the one or more TATA box motif(s) of the donor promoter into
one or more TATA box motif(s) having increased or higher relative score(s) when
matching or aligning the promoter activating nucleic acid sequence to the TATA
box consensus. A TATA box motif may also be present in any or all of the contig-
uous stretch(es) described above. It was demonstrated in the context of the
present invention, that promoter activating sequences with a length of 20 nucleo-
tides or less comprising a TATA box motif have the strongest activation proper-
ties. However, also sequences without a TATA box motif showed significant
activating properties, a TATA box motif is therefore not strictly required to be

present in a promoter activating nucleic acid sequence as described herein.

In another embodiment, the promoter activating nucleic acid sequence described
above comprises one or more Y patch promoter element(s) of the donor promot-

er.

In yet another embodiment, the promoter activating nucleic acid sequence de-
scribed above comprises one or more TATA box motif(s) of the donor promoter
or one or more TATA box motif(s) having a relative score of greater than 0.8,
greater than 0.81, greater than 0.82, greater than 0.83, greater than 0.84, greater
than 0.85, greater than 0.86, greater than 0.87, greater than 0.88, greater than
0.89, or greater than 0.90, preferably greater than 0.91, greater than 0.92, greater
than 0.93, greater than 0.94, or greater than 0.95, more preferably greater than
0.96, greater than 0.97, greater than 0.98, or greater than 0.99, when matching or
aligning the promoter activating nucleic acid sequence to the TATA box consen-

sus, and one or more Y patch promoter element(s) of the donor promoter.

In one embodiment, the promoter activating nucleic acid sequence described
above has a sequence identity of at least 75%, 80%, 85%, 90%, 95%, 96%, 97%,
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98%, or 99% to one of the sequences of SEQ ID NOs: 1 to 30, GTATAAAAG
(E59), CTATAAATA (E59a), CTATATATA (E59b), CTATAAAAA (E59c) and
CTATATAAA (E59d), preferably over the whole length of the promoter activating
nucleic acid sequence, preferably SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 9,
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO:
15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID
NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ
ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29,
SEQ ID NO: 30, GTATAAAAG (E59), CTATAAATA (E59a), CTATATATA (E59b),
CTATAAAAA (E59c) and CTATATAAA (E59d), particularly preferably SEQ ID
NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ
ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24,
SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO:
29, SEQ ID NO: 30, GTATAAAAG (E59), CTATAAATA (E59a), CTATATATA
(E59b), CTATAAAAA (E59c) and CTATATAAA (E59d).

The above listed sequences have been selected as described in the context of
the examples below and have been tested for their promoter activating activity.
The sequences of SEQ ID NOs 1 to 14 and 20 to 30 represent approximately 60
nucleotide long core promoter sequences shown in Table 1 below. The achieved

activation of selected sequences is partly shown in Figure 4.

Table 1: Sequences of ~60 nucleotide long promoter activating nucleic acid

sequences isolated from core promoters and tested

SEQ
name|(ID |Sequence

NO
E53 1 | AACCCGGACCCGGTAGGAAGGAGCTATARAGACAAGCCAAACGAGGGCATCCCTTCT
E55 2 | CGCTATAAAATATCCCCACGCTGCTTCGCCCTGCCCACCACAGCATCCGCAGTTCCC
E56 3 TGCTGTTAGCGGTATAAAAAGCGGAAACCCTAGCATTCGCCGCGAGCTTATCACTTA
E61 4 | GGGACTCGGCGACAGGCCTTTTGTAGACCGCAGCCGGCACCATCTCTTGCCGCACCCCCC
E62 5 |ccceTCTTAARAGCCGCCTCTCGCCGCCGCCCGCAAACCCTCATTTTTCTCTCTCCTGCG
E63 6 |CCACCATARATGCGCCGCGGCCGTCCTCGCTGCCCAACCCTTGCTCGCTGCGCCGCCGCT
E64 7 | GGCGTTAATATCTCCCCTCCCTTCCCTCTTCTGGTCTCCGCCCCGCTCCTTGCCTCCGAT
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E65 8 |CGITTTTTITTACGCTGTCAATGCATAACCTGCGTTGGCATTCCGCCTGCTGGACTTCCTC
E66 9 | CGCCCGCCGTCATABRATAGCCAGCCCCATCCCCAGCTTCTTTCCCCAACCTCATCTTCTC
E67 10 | CGCCCGCCGTAATAAATAGACACCCCCTCCACACCCTICTTTCCCCAACCTCGTGTTGTTC
E68 11 | TGCTGCTAGCAGTATAAATATGCTGAAAGCCTGAAACCCTAGGCGAAGCTTATCGCTTAT
EG9 12 | GTCGGCTTTAAAAGGACACGAGCGCTTAAACCCCCACCCCATATCCGCATCCGCTGCCTC
E70 13 | GCCGGCTTTAARAARCGCACACAAGCGCTARAARCCCTCTCCACCGTCCACCTCAGCTCCCA
E71 14 | CCCGACTACATCAACCAACGCGTATCGGCGGTGGCARACCCTCTAGCTTCCCACTCCGCT
E73 20 |ATGTAARRAAAAAGCTTATATAAAGGGAATCAGACATGAGGTTTTGGCATARAAACTATC
E74 21 | CCCCCTCACCCCTACATATACACCACTCTCTCCTTCAATCTTCTTCATCACTCTCATTTT
E75 22 | GCGTAATTATGAACGTTATATAAACCGGTTACAATTACAACCTATCACACCARRAAGCAR
E76 23 | CCACCTCCTTCAAACCTATTTATACTCCCTCACCTCCTTCACTACCTCCTCGCTTCACCC
E77 24 | TCTACACTTCCTTTAGTATATTTAGCCTCAAATTACTACTGGTCACTTATACATTTCTCA
E78 25 | GTCGGTCAAACAAGTCTTTAAATACAGCCTATTCCCTTCATTGGTTTCTCATCCTTCATT
E79 26 |ACCCTARRACACTCCTTATATAATTCACTCCCTCACATTTCAATTTCCGCCTCCTATACT
E80 27 |GTTTCTCTCICTCTCCTTTAAATAAAACCCTAACTTTCTTCACCACTCTCACTCACACTC
E81 28 | CTTCCTCTCCTCAACATAATAAAGGATAGCAAGTCACACATTCAATCGCCTCTCTCTCCT
E82 29 | GATACTCCATTTCCATTATTTAAGGAGTGCAAGTGTGGGTGTATGAAAGTAAGGTACCAA
E83 30 | TTCCTCATTTCTCCAGTATAAGAACCACCACCACCCTTGTTCTCCCACARACGCAARATC

The sequences of SEQ ID NOs 15 to 17 and GTATAAAAG represent shortened
elements of sequences shown in Table 1, each of which comprise one TATA box
motif and maintained activating property. The sequences are shown in Table 2

below.

Table 2: Shortened elements as promoter activating nucleic acid sequences

achieved

name| SEQIDNO |Sequence activation

E53b 15 TATAAAGACAAGCCAAACGA 12 to 26-fold
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E55a 16 GCTATAAARATATCCCCACGC 42-fold
E56a 17 GTATAARAAGCGGAAACCCT 26-fold
E59 GTATAAAAG 20-fold

The sequences of SEQ ID NOs 18 and 19 are further optimized sequences de-

rived from E53 shown in Table 1. Table 3 below shows how optimization of E53

achieved better activation properties.

Table 3: Optimization of element E53

SE
Q Achieved
name | ID Sequence o
activation
NO
E53 1 AACCCGGACCCGGTAGGAAGGAGCTATAAAGACAAGCCARAACGAGGGCATCCCTTCT | 37-fold
12 to 26-
E53b |15 TATAAAGACAAGCCAAACGA
fold
E53e |18 GCTATAAAGACAAGCCAAAC 33-fold
E53f |19 GCTATAAAGA-——=——————————— GCATCCCTTC | 41-fold

The sequences CTATAAATA (E59a), CTATATATA (E59b), CTATAAAAA (E59¢)
and CTATATAAA (E59d) are further optimized sequences derived from E59

shown in Table 2. Table 4 below shows how optimization of TATA box motif of

E59 achieved better activation properties. The TATA-box version E59a repre-

sents the perfect TATA box consensus sequences for a monocot TATA-box and

the versions E59b-d are slightly modified.

Table 4: Different versions of the shortened activating element E59 having modi-

fied TATA box motifs with higher or increased relative scores

achieved
name SEQID NO |Sequence -

activation
E59 GTATAAAAG 12 to 37-fold
E59a CTATAAATA 62-fold
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E59% CTATATATA 44-fold
E59c CTATAAAAA 38-fold
E59d CTATATAAA 46-fold

The promoter activating nucleic acid sequences described above can be used to
activate any chosen target gene. Moreover, they are applicable in any chosen
cell, organism or tissue. In the context of the present disclosure it is preferred,

that they activate a promoter in a pant cell or plant, more preferably a crop plant.

In one embodiment, the present invention therefore provides a promoter activat-
ing nucleic acid sequence as described above, wherein the cell or organism is a

plant cell or plant.

In another embodiment, the recipient promoter and/or the donor promoter is/are a

plant promoter.

In a further embodiment, the recipient promoter and the donor promoter as de-
scribed above are different and/or originate from the same species or from differ-

ent species.

It is possible to use activating sequences from a donor promoter of one species
and introduce them into a recipient donor of another species to provide a strong

enhancement. This is in particular possible when using different plant species.

In one embodiment, the plant or plant cell or plant promoter described in any of
the embodiments above, originates from a genus selected from the group con-
sisting of Hordeum, Sorghum, Saccharum, Zea, Setaria, Oryza, Triticum, Secale,
Triticale, Malus, Brachypodium, Aegilops, Daucus, Beta, Eucalyptus, Nicotiana,
Solanum, Coffea, Vitis, Erythrante, Genlisea, Cucumis, Marus, Arabidopsis,
Crucihimalaya, Cardamine, Lepidium, Capsella, Olmarabidopsis, Arabis, Brassi-
ca, Eruca, Raphanus, Citrus, Jatropha, Populus, Medicago, Cicer, Cajanus,
Phaseolus, Glycine, Gossypium, Astragalus, Lotus, Torenia, Allium, or Helian-
thus, preferably, the plant or plant cell or plant promoter originates from a species
selected from the group consisting of Hordeum vulgare, Hordeum bulbusom,
Sorghum bicolor, Saccharum officinarium, Zea spp., including Zea mays, Setaria
italica, Oryza minuta, Oryza sativa, Oryza australiensis, Oryza alta, Triticum
aestivum, Triticum durum, Secale cereale, Triticale, Malus domestica, Brachypo-
dium distachyon, Hordeum marinum, Aegilops tauschii, Daucus glochidiatus,

Beta spp., including Beta vulgaris, Daucus pusillus, Daucus muricatus, Daucus
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carota, Eucalyptus grandis, Nicotiana sylvestris, Nicotiana tomentosiformis, Nico-
tiana tabacum, Nicotiana benthamiana, Solanum lycopersicum, Solanum tu-
berosum, Coffea canephora, Vitis vinifera, Erythrante guftata, Genlisea aurea,
Cucumis sativus, Marus notabilis, Arabidopsis arenosa, Arabidopsis lyrata, Ara-
bidopsis thaliana, Crucihimalaya himalaica, Crucihimalaya wallichii, Cardamine
nexuosa, Lepidium virginicum, Capsella bursa pastoris, Olmarabidopsis pumila,
Arabis hirsute, Brassica napus, Brassica oleracea, Brassica rapa, Raphanus
sativus, Brassica juncacea, Brassica nigra, Eruca vesicaria subsp. sativa, Citrus
sinensis, Jatropha curcas, Populus trichocarpa, Medicago truncatula, Cicer yam-
ashitae, Cicer bijugum, Cicer arietinum, Cicer reticulatum, Cicer judaicum, Ca-
janus cajanifolius, Cajanus scarabaeoides, Phaseolus vulgaris, Glycine max,
Gossypium sp., Astragalus sinicus, Lotus japonicas, Torenia fournieri, Allium
cepa, Allium fistulosum, Allium sativum, Helianthus annuus, Helianthus tuberosus

and/or Allium tuberosum.

The nucleic acid molecule of interest is preferably a monogenic or polygenic crop
trait encoding gene and may be selected from a nucleic acid molecule encoding
resistance or tolerance to abiotic stress, including drought stress, osmotic stress,
heat stress, cold stress, oxidative stress, heavy metal stress, nitrogen deficiency,
phosphate deficiency, salt stress or waterlogging, herbicide resistance, including
resistance to glyphosate, glufosinate/phosphinotricin, hygromycin, resistance or
tolerance to 2,4-D, protoporphyrinogen oxidase (PPO) inhibitors, ALS inhibitors,
and Dicamba, a nucleic acid molecule encoding resistance or tolerance to biotic
stress, including a viral resistance gene, a fungal resistance gene, a bacterial
resistance gene, an insect resistance gene, or a nucleic acid molecule encoding
a yield related ftrait, including lodging resistance, flowering time, shattering re-
sistance, seed color, endosperm composition, or nutritional content. Specific
preferred examples are ZmZEP1 (SEQ ID NO 31), ZmRCA-beta (SEQ ID NO
32), BvEPSPS (SEQ ID NO 33), and BvFT2 (SEQ ID NO 34) (see also Table 5).

Table 5: Nucleic acid molecule of interest with potential recipient promoters

name Gene ID SEQID NO
ZmZEP1 (Zm-prom2) GRMZM2G127139 31
ZmRCA-beta (Zm-prom3) | GRMZM2G162200 32

BVEPSPS g34414 33
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BvFT2 g2128 34

It has been demonstrated as described in further detail below that by inserting or
introducing and optionally further modification the promoter activating nucleic acid
sequences described above, it is possible to increase the expression level of the
nucleic acid molecule of interest by several fold compared to the expression level
of the nucleic acid molecule of interest under the control of the recipient promoter
without manipulation. This finding provides a significant advantage. Moreover, it
had previously not been demonstrated that such promoter activating elements

could be transferred to other promoters.

In one embodiment, upon site-specific insertion or introduction and optionally
further modification, of the promoter activating nucleic acid sequence(s) de-
scribed above into the recipient promoter, the expression level of the nucleic acid
molecule of interest is increased at least 2-fold, at least 3-fold, at least 4-fold or at
least 5-fold, preferably at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold
or at least 10-fold, more preferably at least 12-fold, at least 14-fold, at least 16-
fold, at least 18-fold or at least 20-fold, even more preferably at least 25-fold, at
least 30-fold, at least 35-fold or at least 40-fold and most preferably more than
40-fold, compared to the expression level of the nucleic acid molecule of interest
under the control of the recipient promoter without the inserted or introduced

promoter activating nucleic acid sequence.

In another aspect, the present invention provides a chimeric promoter comprising
a recipient promoter or the core promoter thereof and at least one promoter
activating nucleic acid sequence as described in any of the embodiments above
inserted or introduced at a position upstream or downstream of the transcription

start site of the recipient promoter.

A chimeric promoter according to the present invention comprises an activating
nucleic acid sequence that is not natively found in the promoter. The activating
nucleic acid sequence may have been inserted or introduced by any means of
modification of the recipient promoter sequence such as insertion of one or more
contiguous stretch(es) representing the promoter activating nucleic acid se-
guence or addition of one or more nucleotides to the recipient promoter, or dele-
tion or substitution of one or more nucleotides of the recipient promoter or any
combination of the above modifications, which result in the promoter activating

nucleic acid sequence being introduced. Five possible options to insert or intro-
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duce an activating sequence are shown in Figure 1. The presence of the promot-
er activating nucleic acid sequence leads to an increased expression level of any
gene that is placed under the control of the chimeric promoter with respect to the
expression level of the same gene under the control of the promoter without the
manipulation. Notably, the increase in expression levels is at least 2-fold but can

be up to 40-fold and more.

In one embodiment, a chimeric promoter as described above is provided, where-
in the promoter activating nucleic acid sequence is inserted or introduced by
addition and/or deletion and/or substitution of one or more nucleotides into the

recipient promoter at a position

i. 500 nucleotides or less, preferably 150 nucleotides or less upstream

of the transcription start site, and/or
ii. 50 or more nucleotides upstream of the start codon; and/or

ii. where there is no upstream open reading frame (UORF) downstream

of the insertion or introduction site.

The above specified positions i. to iii. are to be understood to refer to the unmodi-
fied recipient promoter sequence. The transcription start site of position i. repre-
sents the transcription start site of the nucleic acid molecule, which is under the
control of the recipient promoter and the start codon of position ii. represents the

start codon of this nucleic acid molecule.

In the context of the present invention, different introduction sites and insertion
sites, have been tested and it has been found out that the specific site does have
an influence on the activating effect of the promoter activating sequences and is
thus not completely arbitrary. The above rules i. to iii. have been elucidated in

these tests to achieve an activating effect.

In another embodiment, the chimeric promoter comprises a recipient promoter or
the core promoter thereof and at least one promoter activating nucleic acid se-
guence as described above inserted or introduced at a position upstream of the
transcription start site of the recipient promoter between -91 and -1, between -53
and -1 or between -43 and -1 or downstream of the transcription start site of the
recipient promoter between +1 and +91, between +1 and +50 or between +1 and
+42.

In a preferred embodiment, the chimeric promoter comprises a recipient promoter

or the core promoter thereof and at least one promoter activating nucleic acid
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sequence as described above inserted or introduced at a position upstream or
downstream of the transcription start site of the recipient promoter, wherein the
distance between promoter activating nucleic acid sequence and the start codon
is at least 70 nucleotides, preferably at least 100 nucleotides, more preferably at

least 120 nucleotides.

In a further aspect, the present invention provides a delivery system comprising
the promoter activating nucleic acid sequence and/or the chimeric promoter as
described in any of the embodiments above, and/or means for site-specific inser-
tion or site-specific introduction of the promoter activating nucleic acid sequence

into a recipient promoter.

The promoter activating nucleic acid sequence disclosed herein need to be intro-
duced into the genome of the cell or the organism, in which they are desired to
increase the expression of a target gene. The skilled person is aware of a large
number of delivery techniques and the corresponding systems to introduce the
promoter activating nucleic acid sequence or the chimeric promoter into the
genome of a cell or organism in a targeted way so that they can perform the
desired function. The promoter activating nucleic acid sequence can be inserted
or introduced by addition and/or deletion and/or substitution of sequence stretch-
es or single nucleotides or a combination of any of the above modifications. Tools
for site-specific modification of nucleic acid sequences to achieve insertion or
introduction of the promoter activating nucleic acid sequence include site-specific
nucleases, recombinases, transposases or base editors. If only a very few nucle-
otides need to be modified other mutagenesis techniques based on chemical
induction (e.g., EMS (ethyl methanesulfonate) or ENU (N-ethyl-N-nitrosourea)) or
physical induction (e.g. irradiation with UV or gamma rays) can also be applied to
change existing sequences into promoter activating nucleic acid sequences as
described above. In plant development TILLING is well-known to introduce small
modification like SNPs. These tools and the corresponding techniques are de-

scribed in more detail below.

In yet another aspect, the present invention provides a nucleic acid construct or
an expression cassette comprising the promoter activating nucleic acid sequence
as described in any of the embodiments above and/or the chimeric promoter as

described in any of the embodiments above.

After its import, e.g. by transformation or transfection by biological or physical

means, the nucleic acid construct or the expression cassette can either persist
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extrachromosomally, i.e. non integrated into the genome of the target cell, for
example in the form of a double-stranded or single-stranded DNA, a double-
stranded or single-stranded RNA. Alternatively, the construct, or parts thereof,
according to the present disclosure can be stably integrated into the genome of a
target cell, including the nuclear genome or further genetic elements of a target
cell, including the genome of plastids like mitochondria or chloroplasts. A nucleic
acid construct or an expression cassette may also be integrated into a vector for

delivery into the target cell or organism.

In a further aspect, the present invention provides a vector comprising the pro-
moter activating nucleic acid sequence as described in any of the embodiments
above and/or the chimeric promoter as described in any of the embodiments
above and/or the nucleic acid construct or the expression cassette as described
above, and/or means for site-specific introduction of the promoter activating

nucleic acid sequence as described above into a recipient promoter.

Besides transformation methods based on biological approaches, like Agrobacte-
rium transformation or viral vector mediated plant transformation, methods based
on physical delivery methods, like particle bombardment or microinjection, have
evolved as prominent techniques for importing genetic material into a plant cell or
tissue of interest. Helenius et al. ("Gene delivery into intact plants using the Heli-
0sTM Gene Gun", Plant Molecular Biology Reporter, 2000, 18 (3):287-288) dis-
closes a particle bombardment as physical method for transferring material into a
plant cell. Currently, there are a variety of plant transformation methods to intro-
duce genetic material in the form of a genetic construct into a plant cell of inter-
est, comprising biological and physical means known to the skilled person on the
field of plant biotechnology and which can be applied. Notably, said delivery
methods for transformation and transfection can be applied to introduce the
required tools simultaneously. A common biological means is transformation with
Agrobacterium spp. which has been used for decades for a variety of different
plant materials. Viral vector mediated plant transformation represents a further
strategy for introducing genetic material into a cell of interest. Physical means
finding application in plant biology are particle bombardment, also named biolistic
transfection or microparticle-mediated gene transfer, which refers to a physical
delivery method for transferring a coated microparticle or nanoparticle comprising
a nucleic acid or a genetic construct of interest into a target cell or tissue. Physi-
cal introduction means are suitable to introduce nucleic acids, i.e., RNA and/or

DNA, and proteins. Likewise, specific transformation or transfection methods
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exist for specifically introducing a nucleic acid or an amino acid construct of inter-
est into a plant cell, including electroporation, microinjection, nanoparticles, and
cell-penetrating peptides (CPPs). Furthermore, chemical-based transfection
methods exist to introduce genetic constructs and/or nucleic acids and/or pro-
teins, comprising inter alia transfection with calcium phosphate, transfection using
liposomes, e.g., cationic liposomes, or transfection with cationic polymers, includ-
ing DEAD-dextran or polyethylenimine, or combinations thereof. Every delivery
method has to be specifically fine-tuned and optimized so that a construct of
interest can be introduced into a specific compartment of a target cell of interest
in a fully functional and active way. The above delivery techniques, alone or in
combination, can be used to introduce the promoter activating sequences accord-
ing to the present invention or the constructs, expression cassettes or the vectors
carriying the requreid tools i.e. a site-specific effector complex or at least one
subcomponent thereof, i.e., at least one site-specific nuclease, at least one guide
RNA, at least one repair template, or at least one base editor, or the sequences
encoding the aforementioned subcomponents, according to the present invention

into a target cell, in vivo or in vitro.

In another aspect, the present invention provides a cell or organism or a progeny

thereof or a part of the organism or progeny thereof,

a) in which a promoter activating nucleic acid as described in any of the
embodiments above is inserted or introduced by addition and/or deletion
and/or substitution of one or more nucleotides into a recipient promoter
controlling the expression of a nucleic acid molecule of interest in the
cell or the organism, preferably inserted or introduced at a position up-
stream or downstream of the transcription start site of the recipient pro-

moter, more preferably introduced at a position

i. 500 nucleotides or less, preferably 150 nucleotides or less upstream
of the transcription start site of the nucleic acid molecule of interest,

and/or

ii. 50 or more nucleotides upstream of the start codon of the nucleic acid

molecule of interest; and/or

ii. where there is no upstream open reading frame (UORF) downstream

of the insertion or introduction site; or

b) comprising the chimeric promoter as described in any of the embodi-

ments above, the delivery system as described in any of the embodi-
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ments above, the nucleic acid construct or an expression cassette as

described above and/or the vector as described above.

In one embodiment of the cell or organism or the progeny thereof or the part of
the organism or progeny thereof, the promoter activating nucleic acid is inserted
or introduced at a position upstream of the transcription start site of the recipient
promoter between -91 and -1, between -53 and -1 or between -43 and -1 or
downstream of the transcription start site of the recipient promoter between +1

and +91, between +1 and +50 or between +1 and +42.

In a preferred embodiment of the cell or organism or the progeny thereof or the
part of the organism or progeny thereof, the promoter activating nucleic acid
sequence is inserted or introduced at a position upstream or downstream of the
transcription start site of the recipient promoter, wherein the distance between
promoter activating nucleic acid sequence and the start codon of the nucleic acid
molecule of interest is at least 70 nucleotides, preferably at least 100 nucleotides,

more preferably at least 120 nucleotides.

The cell or organism described above is capable of expressing the molecule of
interest in an amount that is several fold that of the expression achieved with the
unmanipulated recipient promoter. Thus, it is possible to e.g. significantly improve
certain traits in the organism. In the context of the present invention, it is par-

ticuarly preferred that the cell or organism is a plant cell or a plant.

In one embodiment, in the cell or organism or the progeny thereof or the part of
the organism or the progeny thererof as described above, the recipient promoter

is a plant promoter.

Advantageously, it is possible by using the promoter activating nucleic acid se-
guence to increase the expression of endogenous or exogenous nucleic acid
molecules of interest, which may be either under the control of their native or a
heterologous promoter. Thus, endogenous traits can be specifically enhanced or

exogenous traits can be introduced and expressed at high levels.

In another embodiment, in the cell or organism or the progeny thereof or the part
of the organism or the progeny thererof as described above, the nucleic acid
molecule of interest is therefore heterologous or native to the recipient promoter
and/or is an endogenous or exogenous nucleic acid molecule to the cell or organ-

ism.
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In the context of the present invention, it is particularly preferred to increase the
expression of the nucleic acid molecule of interest in a plant cell or plant, particu-

larly a crop plant.

In a further embodiment, the cell or organism or the progeny thereof or the part of
the organism or the progeny thererof according to any of the embodiments de-
scribed above, is a plant cell or plant or part thereof, preferably wherein the plant
originates from a genus selected from the group consisting of Hordeum, Sor-
ghum, Saccharum, Zea, Setaria, Oryza, Triticum, Secale, Triticale, Malus,
Brachypodium, Aegilops, Daucus, Beta, Eucalyptus, Nicotiana, Solanum, Coffea,
Vitis, Erythrante, Genlisea, Cucumis, Marus, Arabidopsis, Crucihimalaya, Car-
damine, Lepidium, Capsella, Olmarabidopsis, Arabis, Brassica, Eruca,
Raphanus, Citrus, Jatropha, Populus, Medicago, Cicer, Cajanus, Phaseolus,
Glycine, Gossypium, Astragalus, Lotus, Torenia, Allium, or Helianthus, prefera-
bly, the plant or plant cell originates from a species selected from the group
consisting of Hordeum vulgare, Hordeum bulbusom, Sorghum bicolor, Sac-
charum officinarium, Zea spp., including Zea mays, Setaria italica, Oryza minuta,
Oryza sativa, Oryza australiensis, Oryza alta, Triticum aestivum, Triticum durum,
Secale cereale, Triticale, Malus domestica, Brachypodium distachyon, Hordeum
marinum, Aegilops tauschii, Daucus glochidiatus, Beta spp., including Beta vul-
garis, Daucus pusillus, Daucus muricatus, Daucus carota, Eucalyptus grandis,
Nicotiana sylvestris, Nicotiana tomentosiformis, Nicotiana tabacum, Nicotiana
benthamiana, Solanum lycopersicum, Solanum tuberosum, Coffea canephora,
Vitis vinifera, Erythrante guttata, Genlisea aurea, Cucumis sativus, Marus notabi-
lis, Arabidopsis arenosa, Arabidopsis lyrata, Arabidopsis thaliana, Crucihimalaya
himalaica, Crucihimalaya wallichii, Cardamine nexuosa, Lepidium virginicum,
Capsella bursa pastoris, Olmarabidopsis pumila, Arabis hirsute, Brassica napus,
Brassica oleracea, Brassica rapa, Raphanus sativus, Brassica juncacea, Brassi-
ca nigra, Eruca vesicaria subsp. sativa, Citrus sinensis, Jatropha curcas, Populus
trichocarpa, Medicago truncatula, Cicer yamashitae, Cicer bijugum, Cicer ari-
etinum, Cicer reticulatum, Cicer judaicum, Cajanus cajanifolius, Cajanus scara-
baeoides, Phaseolus vulgaris, Glycine max, Gossypium sp., Astragalus sinicus,
Lotus japonicas, Torenia fournieri, Allium cepa, Allium fistulosum, Allium sativum,

Helianthus annuus, Helianthus tuberosus and/or Allium tuberosum.

In a further aspect, the present invention provides a method for identifying a
promoter activating nucleic acid sequence or a chimeric promoter as described in

any of the embodiments above. Thus, the present invention allows a skilled
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person to identify promoter activating nucleic acid sequences, which can be used

to increase the expression levels of a gene of interest.

The present invention therefore relates to a method for identifying a promoter
activating nucleic acid sequence or a chimeric promoter, preferably a promoter
activating nucleic acid sequence or a chimeric promoter as described in any of

the emodiments above, comprising:

i) identifying a gene in a cell or an organism having a high ex-

pression level,

i) isolating one or more contiguous stretch(es) from the promoter
of the gene identified in step i) wherein the one or more contiguous
stretch(es) originate(s) a) from the core promoter of the said donor
promoter or b) from a sequence from position -50 to position +20 rela-

tive to the transcription start site of said donor promoter,

iii) inserting or introducing by addition and/or deletion and/or sub-
stitution of one or more nucleotides the one or more contiguous
stretch(es) into a recipient promoter controlling the expression of a
nucleic acid molecule of interest at a position upstream or down-

stream of the transcription start site of the recipient promoter,

iv)  determining in a cell or organism or in vitro the expression level
of the nucleic acid molecule of interest under the control of the recipi-
ent promoter comprising the insertion or introduction of step iii) rela-
tive to the expression level of the same or another nucleic acid mole-
cule of interest under the control of the recipient promoter without the
insertion or introduction of step iii) or to another reference promoter in
a given environment and/or under given genomic and/or environmen-
tal conditions, wherein the nucleic acid molecule of interest is heterol-
ogous or native to the recipient promoter and/or is endogenous or ex-

ogenous to the cell or organism, and

v) identifying and thus providing the promoter activating nucleic
acid sequence as described in any of the embodiments above or the
chimeric promoter as described in any of the embodiments above
when increased expression of the nucleic acid molecule of interest in

step iv) is observed,
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vi)  optionally, shortening the promoter activating nucleic acid se-
quence identified in step v) stepwise and repeating steps iv) and v) at
least one time and/or modifying one or more TATA box motif(s) pre-
sent in the promoter activating nucleic acid sequence identified in
step v) or in the recipient promoter by addition and/or substitution
and/or deletion of one or more nucleotides for converting the one or
more TATA box motif(s) into one or more TATA box motif(s) having
increased or higher relative score(s) when matching or aligning the
one or more modified TATA box motif(s) to the TATA box consensus,

and repeating steps iv) and v) at least one time.

The gene identified in step i) has an expression level comparable to the expres-
sion levels of the about 250 most active genes such as the S-adenosyl methio-
nine decarboxylase 2 (SAM2, GRMZM2G154397). Preferably, the gene has an
average FPKM value of >1000 in different tissues or under different genomic

and/or environmental conditions.

Each of the one or more contiguous stretch(es) described above may be identical
to or at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical
to the core promoter sequence of the donor promoter over the whole length of the

one or more contiguous stretch(es).

In another embodiment, each of the one or more contiguous stretch(es) de-
scribed above is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identical to or is identical to a sequence of the same length from position -50
to position +20 relative to the transcription start site of the donor promoter over

the whole length of each stretch.

After site-specific insertion or introduction into the recipient promoter, the one or
more contiguous stretch(es) are tested for their promoter activating properties.
The testing can be done in vivo or in vitro comparing the expression level of a
nucleic acid molecule of interest, e.g. a reporter gene, under the control of the
recipient promoter comprising the insertion or the introduction with the expression
level of the same or another nucleic acid molecule of interest under the control of
the recipient promoter without the insertion or the introduction or to another refer-
ence promoter in a given environment and/or under given genomic and/or envi-
ronmental conditions, so that a difference in the expression levels can be deter-
mined. The recipient promoter may be the promoter that natively controls the

expression of the nucleic acid molecule of interest or the nucleic acid molecule of
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interest may be placed under the control of a heterologous recipient promoter,
which does not natively control its expression. If the testing is performed in vivo,
the nucleic acid molecule of interest may be endogenous to the cell or organism
that it is expressed in. In this case the recipient promoter may be the promoter
that natively controls the expression of this nucleic acid molecule of interest in the
cell or organism but it is also possible that the endogenous nucleic acid molecule
of interest is under the control of a heterologous recipient promoter, which does
not natively control its expression. Alternatively, the nucleic acid molecule of
interest may be exogenous to the cell or organism that it is tested in. In this case
the recipient promoter may also be exogenous to the cell or organism but it may
be the promoter that the nucleic acid molecule of interest is controlled by in its
native cellular environment. On the other hand, the recipient promoter may also
be exogenous to the cell or organism in that it tested and at the same time be

hererologous to the nucleic acid molecule of interest.

If an increased expression level of the nucleic acid molecule of interest under the
control of the promoter having the insertion or introduction is observed in step iv),
the contigous stretch(es) is/are identified as promoter activating nucleic acid
sequences as described above or the recipient promoter carrying the contiguous

stretch(es) is identified as a chimeric promoter as described above.

The promoter activating nucleic acid sequences identified in step v) may optional-
ly be shortened or optimized by stepwise removal of nucleotides from the ends or
from within the sequence, inserting or introducing them in the recipient promoter
and testing for a loss or a gain of promoter activating properties by repeating
steps iv) and v). Thus, very short but highly efficient promoter activating nucleic
acid sequences can be provided, which can be introduced by minimal modifica-
tion of the recipient promoter. The shortened sequences or contiguous
stretch(es) preferably have a length between 6 and 40 nucleotides, more prefer-

ably between 9 and 20 nucleotides.

The promoter activating nucleic acid sequences identified in step v) may optional-
ly be optimized by modification of one or more TATA box motif(s) present in the
promoter activating nucleic acid sequence identified in step v) or in the recipient
promoter by addition and/or substitution and/or deletion of one or more nucleo-
tides for converting the one or more TATA box motif(s) into one or more TATA
box motif(s) having increased or higher relative score(s) when matching or align-

ing the one or more modified TATA box motif(s) to the TATA box consensus.
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In one embodiment of the method described above, in step iii) the one or more
contiguous stretch(es) is/are inserted or introduced into the recipient promoter at

a position

(a) 500 nucleotides or less, preferably 150 nucleotides or less up-
stream of the transcription start site of the the nucleic acid molecule

of interest; and/or

(b) more than 50 nucleotides upstream of the start codon of the the

nucleic acid molecule of interest; and/or

(c) where there is no upstream open reading frame (UORF) down-

stream of the insertion or introduction site.

In a further embodiment of the method described above, the one or more contig-
uous stretch(es) is/are inserted or introduced at a position upstream of the tran-
scription start site of the recipient promoter between -91 and -1, between -53 and
-1 or between -43 and -1 or downstream of the transcription start site of the recip-

ient promoter between +1 and +91, between +1 and +50 or between +1 and +42.

In a preferred embodiment of the method described above, the one or more
contiguous stretch(es) is/are inserted or introduced at a position upstream or
downstream of the transcription start site of the recipient promoter, wherein the
distance between the one or more contiguous stretch(es) and the start codon of
the nucleic acid molecule of interest is at least 70 nucleotides, preferably at least

100 nucleotides, more preferably at least 120 nucleotides.

Insertion or introduction of the one or more contiguous stretch(es) isolated in step
ii) at a position according to (a), (b) and/or (¢) into the recipient promoter is most

likely to lead to successful activation as explained above.

In another aspect, the present invention provides a method for increasing the

expression level of a nucleic acid molecule of interest in a cell, comprising:

ia) introducing into the cell the promoter activating nucleic acid se-
guence according to any of the embodiments above, the chimeric
promoter as described above, the delivery system as described
above, or the nucleic acid construct or an expression cassette as de-

scribed above, or

ib) introducing into the cell means for site-specific modification of
the nucleic acid sequence of a recipient promoter controlling the ex-

pression of the nucleic acid molecule of interest, and
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i)  optionally, introducing into the cell a site-specific nuclease or an
active fragment thereof, or providing the sequence encoding the
same, the site-specific nuclease inducing a double-strand break at a
predetermined location, preferably wherein the site-specific nuclease
or the active fragment thereof comprises a zinc-finger nuclease, a
transcription activator-like effector nuclease, a CRISPR/Cas system,
including a CRISPR/Cas9 system, a CRISPR/Cpf1 system, a
CRISPR/C2C2 system a CRISPR/CasX system, a CRISPR/CasY
system, a CRISPR/Cmr system, an engineered homing endonucle-
ase, a recombinase, a transposase and a meganuclease, and/or any
combination, variant, or catalytically active fragment thereof, and op-
tionally when the site-specific nuclease or the active fragment thereof
is a CRISPR nuclease: providing at least one guide RNA or at least

one guide RNA system, or a nucleic acid encoding the same; and

iiia) inserting the promoter activating nucleic acid sequence as de-
fined in any of the embodiments above into a recipient promoter con-
trolling the expression of the nucleic acid molecule of interest in the
cell at a position upstream or downstream of the transcription start
site of the recipient promoter controlling the expression of the nucleic

acid molecule of interest, or

iiib) modifying the sequence of a recipient promoter controlling the
expression of the nucleic acid molecule of interest in the cell at a po-
sition upstream or downstream of the transcription start site of the re-
cipient promoter controlling the expression of the nucleic acid mole-
cule of interest by addition and/or deletion and/or substitution so that
a promoter activating nucleic acid sequence as defined in any of the

embodiments above is formed, and

iiic) optionally, modifying one or more TATA box motif(s) present in
the promoter activating nucleic acid sequence inserted or introduced
in step iiia) or iiib) or present in the recipient promoter by addition
and/or substitution and/or deletion of one or more nucleotides for
converting the one or more TATA box motif(s) into one or more TATA
box motif(s) having increased or higher relative score(s) when match-
ing or aligning the one or more modified TATA box motif(s) to the

TATA box consensus.
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The modification in step iiib) may comprise any modification of the recipient
promoter sequence by addition of one or more single nucleotide(s) or a sequence
of nucleotides to the sequence of the recipient promoter, or deletion or substitu-
tion of one or more single nucleotide or a sequence of nucleotides of the recipient

promoter sequence.

The modification in step iiic) may comprise any modification of the recipient pro-
moter sequence or the promoter activating nucleic acid sequence by addition of
one or more single nucleotide(s) or a sequence of nucleotides to the sequence of
the recipient promoter or to the promoter activating nucleic acid sequence, or
deletion or substitution of one or more single nucleotide or a sequence of nucleo-
tides of the recipient promoter sequence or of the promoter activating nucleic acid

sequence.

The introduction of step i) may e.g. be achieved by means of transformation,
transfection or transduction by biological means, including Agrobacterium trans-
formation, or physical means, including particle bombardment as explained in

more detail above.

The targeted insertion or introduction or modification of the promoter activating
nucleic acid sequence into the recipient promoter may be achieved by aditionally
introducing a site-specific nuclease or an active fragment thereof. Site-specific
DNA cleaving activities of meganucleases, zinc¢ finger nucleases (ZFNs), tran-
scription activator-like effector nucleases (TALENS), or the clustered regularly
interspaced short palindromic repeat (CRISPR), mainly the CRISPR/Cas9 tech-
nology have been widely applied site-directed modifications of animal and plant
genomes. The nucleases cause double strand breaks (DSBs) at specific cleaving
sites, which are repaired by nonhomologous end-joining (NHEJ) or homologous
recombination (HR), which allows e.g. the introduction of insertions at the cleav-
ing site. More recently discovered CRISPR systems include CRISPR/Cpf1,
CRISPR/C2¢2, CRISPR/CasX, CRISPR/CasY and CRISPR/Cmr. Recombinases
and Transposases catalyze the exchange or relocation of specific target se-

quences and can therefore also be used to create targeted modifications.

CRISPRs (Clustered Regularly Interspaced Short Palindromic Repeats) in their
natural environment originally evolved in bacteria where the CRISPR system
fulfils the role of an adaptive immune system to defend against viral attack. Upon
exposure to a virus, short segments of viral DNA are integrated into the CRISPR

locus. RNA is transcribed from a portion of the CRISPR locus that includes the
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viral sequence. That RNA, which contains sequence complementary to the viral
genome, mediates targeting of a CRISPR effector protein to a target sequence in
the viral genome. The CRISPR effector protein cleaves and thereby interferes
with replication of the viral target. Over the last years, the CRISPR system has
successfully been adapted for gene editing or genome engineering also in eukar-

yotic cells.

A CRISPR system in its natural environment describes a molecular complex
comprising at least one small and individual non-coding RNA in combination with
a Cas nuclease or another CRISPR nuclease like a Cpf1 nuclease (Zetsche et
al.,, "Cpf1 Is a Single RNA-Guides Endonuclease of a Class 2 CRISPR-Cas
System”, Cell, 163, pp. 1-13, October 2015) which can produce a specific DNA
double-stranded break. Presently, CRISPR systems are categorized into 2 clas-
ses comprising five types of CRISPR systems, the type Il system, for instance,
using Cas9 as effector and the type V system using Cpf1 as effector molecule
(Makarova et al., Nature Rev. Microbial., 2015). In artificial CRISPR systems, a
synthetic non-coding RNA and a CRISPR nuclease and/or optionally a modified
CRISPR nuclease, modified to act as nickase or lacking any nuclease function,
can be used in combination with at least one synthetic or artificial guide RNA or
gRNA combining the function of a crRNA and/or a tracrRNA (Makarova et al.,
2015, supra). The immune response mediated by CRISPR/Cas in natural sys-
tems requires CRISPR-RNA (crRNA), wherein the maturation of this guiding
RNA, which controls the specific activation of the CRISPR nuclease, varies sig-
nificantly between the various CRISPR systems which have been characterized
so far. Firstly, the invading DNA, also known as a spacer, is integrated between
two adjacent repeat regions at the proximal end of the CRISPR locus. Type |l
CRISPR systems code for a Cas9 nuclease as key enzyme for the interference
step, which systems contain both a crRNA and also a trans-activating RNA (tra-
crRNA) as the guide motif. These hybridize and form double-stranded (ds) RNA
regions which are recognized by RNAse Ill and can be cleaved in order to form
mature crRNAs. These then in turn associate with the Cas molecule in order to
direct the nuclease specifically to the target nucleic acid region. Recombinant
gRNA molecules can comprise both, the variable DNA recognition region and
also the Cas interaction region, and can be specifically designed, independently
of the specific target nucleic acid and the desired Cas nuclease. As a further
safety mechanism, PAMs (protospacer adjacent motifs) must be present in the

target nucleic acid region; these are DNA sequences which follow on directly
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from the Cas9/RNA complex-recognized DNA. The PAM sequence for the Cas9
from Strepfococcus pyogenes has been described to be "NGG" or "NAG"
(Standard IUPAC nucleotide code) (Jinek et al., "A programmable dual-RNA-
guided DNA endonuclease in adaptive bacterial immunity", Science 2012, 337:
816-821). The PAM sequence for Cas9 from Staphylococcus aureus is
"NNGRRT" or "NNGRR(N)". Further variant CRISPR/Cas9 systems are known.
Thus, a Neisseria meningitidis Cas9 cleaves at the PAM sequence NNNNGATT.
A Streptococcus thermophilus Cas9 cleaves at the PAM sequence NNAGAAW.
Recently, a further PAM motif NNNNRYAC has been described for a CRISPR
system of Campylobacter (WO 2016/021973 A1). For Cpf1 nucleases it has been
described that the Cpf1-crRNA complex efficiently cleaves target DNA proceeded
by a short T-rich PAM in contrast to the commonly G-rich PAMs recognized by
Cas9 systems (Zetsche et al., supra). Furthermore, by using modified CRISPR
polypeptides, specific single-stranded breaks can be obtained. The combined
use of Cas nickases with various recombinant gRNAs can also induce highly
specific DNA double-stranded breaks by means of double DNA nicking. By using
two gRNAs, moreover, the specificity of the DNA binding and thus the DNA

cleavage can be optimized.

Presently, for example, Type Il systems relying on Cas9, or a variant or any
chimeric form thereof, as endonuclease have been modified for genome engi-
neering. Synthetic CRISPR systems consisting of two components, a guide RNA
(gRNA) also called single guide RNA (sgRNA) and a non-specific CRISPR-
associated endonuclease can be used to generate knock-out cells or animals by
co- expressing a gRNA specific to the gene to be targeted and capable of asso-
ciation with the endonuclease Cas9. Notably, the gRNA is an artificial molecule
comprising one domain interacting with the Cas or any other CRISPR effector
protein or a variant or catalytically active fragment thereof and another domain
interacting with the target nucleic acid of interest and thus representing a synthet-
ic fusion of crRNA and tracrRNA ("single guide RNA" (sgRNA) or simply "gRNA";
Jinek et al., 2012, supra). The genomic target can be any ~20 nucleotide DNA
sequence, provided that the target is present immediately upstream of a PAM.
The PAM sequence is of outstanding importance for target binding and the exact
sequence is dependent upon the species of Cas9 and, for example, reads 5'
NGG 3' or 5' NAG 3' (Standard IUPAC nucleotide code) (Jinek et al., 2012, su-

pra) for a Streptococcus pyogenes derived Cas9. Using modified Cas nucleases,



WO 2019/185609 PCT/EP2019/057543
52

targeted single strand breaks can be introduced into a target sequence of inter-

est.

Once expressed, the Cas9 protein and the gRNA form a ribonucleoprotein com-
plex through interactions between the gRNA "scaffold" domain and surface-
exposed positively-charged grooves on Cas9. Importantly, the "spacer" se-
quence of the gRNA remains free to interact with target DNA. The Cas9-gRNA
complex will bind any genomic sequence with a PAM, but the extent to which the
gRNA spacer matches the target DNA determines whether Cas9 will cut. Once
the Cas9-gRNA complex binds a putative DNA target, a "seed" sequence at the
3' end of the gRNA targeting sequence begins to anneal to the target DNA. If the
seed and target DNA sequences match, the gRNA will continue to anneal to the

target DNA in a 3' to 5' direction (relative to the polarity of the gRNA).

Recently, engineered CRISPR/Cpf1 systems in addition to CRISPR/Cas9 sys-
tems become more and more important for targeted genome engineering (see
Zetsche et al., supra and EP 3 009 511 A2). The Type V system together with the
Type |l system belongs to the Class 2 CRISPR systems (Makarova and Koonin
Methods. Mol. Biol., 2015, 1311:47-753). The Cpf1 effector protein is a large
protein (about 1,300 amino acids) that contains a RuvC like nuclease domain
homologous to the corresponding domain of Cas9 along with a counterpart to the
characteristic arginine-rich cluster of Cas9. However, Cpf1 lacks the HNH nucle-
ase domain that is present in all Cas9 proteins, and the RuvC-like domain is
contiguous in the Cpf1 sequence, in contrast to Cas9 where it contains long
inserts including the HNH domain (Chylinski et al. (2014). Classification and
evolution of type Il CRISPR-Cas systems. Nucleic acids research, 42(10), 6091-
6105.; Makarova, 2015). Cpf1 effectors possess certain differences over Cas9
effectors, namely no requirement of additional trans-activating crRNAs (tracrR-
NA) for CRISPR array processing, efficient cleavage of target DNA by short T-
rich PAMs (in contrast to Cas9, where the PAM is followed by a G-rich se-
guence), and the introduction of staggered DNA double strand breaks by Cpf1.
Very recently, additional novel CRISPR-Cas systems based on CasX and CasY
have been identified which due to the relatively small size of the effector protein
are of specific interest for many gene editing or genome engineering approaches
(Burstein et al., "New CRISPR-Cas systems from uncultivated microbes”, Nature,
December 2016).

Furthermore, a base editing technique can be used to introduce the promoter

activating nucleic acid into the recipient promoter. As shown in Figure 1 B1, B2,
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C, E1 and EZ2, it is possible to activate a recipient promoter by editing only a few
nucleotides. Any base editor or site-specific effector, or a catalytically active
fragment thereof, or any component of a base editor complex or of a site-specific
effector complex as disclosed herein can be introduced into a cell as a nucleic
acid fragment, the nucleic acid fragment representing or encoding a DNA, RNA
or protein effector, or it can be introduced as DNA, RNA and/or protein, or any

combination thereof.

A key toolset that eliminates the requirement for making selectable modifications
with an endonuclease, a DSB, and a repair template is the use of base editors or
targeted mutagenesis domains. Multiple publications have shown targeted base
conversion, primarily cytidine (C) to thymine (T), using a CRISPR/Cas9 nickase
or non-functional nuclease linked to a cytidine deaminase domain, Apolipoprotein
B mRNA-editing catalytic polypeptide (APOBEC1), e.g., APOBEC derived from
rat. The deamination of cytosine (C) is catalysed by cytidine deaminases and
results in uracil (U), which has the base-pairing properties of thymine (T). Most
known cytidine deaminases operate on RNA, and the few examples that are
known to accept DNA require single-stranded (ss) DNA. Studies on the dCas9-
target DNA complex reveal that at least nine nucleotides (nt) of the displaced
DNA strand are unpaired upon formation of the Cas9-guide RNA-DNA ‘R-loop’
complex (Jore et al., Nat. Struct. Mol. Biol., 18, 529-536 (2011)). Indeed, in the
structure of the Cas9 R-loop complex, the first 11 nt of the protospacer on the
displaced DNA strand are disordered, suggesting that their movement is not
highly restricted. It has also been speculated that Cas9 nickase-induced muta-
tions at cytosines in the non-template strand might arise from their accessibility
by cellular cytosine deaminase enzymes. It was reasoned that a subset of this
stretch of ssDNA in the R-loop might serve as an efficient substrate for a dCas9-
tethered cytidine deaminase to effect direct, programmable conversion of C to U
in DNA (Komor et al., supra). Recently, Goudelli et al ((2017). Programmable
base editing of A+ T to G- C in genomic DNA without DNA cleavage. Nature,
551(7681), 464.) described adenine base editors (ABEs) that mediate the con-
version of AsT to G+C in genomic DNA.

Any base editing complex according to the present invention can thus comprise
at least one cytidine deaminase, or a catalytically active fragment thereof. The at
least one base editing complex can comprise the cytidine deaminase, or a do-

main thereof in the form of a catalytically active fragment, as base editor.
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In another embodiment, the at least one first targeted base modification is a
conversion of any nucleotide C, A, T, or G, to any other nucleotide. Any one of a
C, A, T or G nucleotide can be exchanged in a site-directed way as mediated by
a base editor, or a catalytically active fragment thereof, to another nucleotide.
The at least one base editing complex can thus comprise any base editor, or a
base editor domain or catalytically active fragment thereof, which can convert a

nucleotide of interest into any other nucleotide of interest in a targeted way.

The nucleic acid molecule of interest may be endogenous to the cell or organism
that it is expressed in. In this case the recipient promter may be the promoter that
natively controls the expression of this nucleic acid molecule of interest in the cell
or organism but it is also possible that the endogenous nucleic acid molecule of
interest is under the control of a heterologous promoter, which does not natively
control its expression. Alternatively, the nucleic acid molecule of interest is exog-
enous to the cell or organism that it is expressed in. In this case the promoter
may also be exogenous to the cell or organism but it may be the promoter that
the nucleic acid molecule of interest is controlled by in its native cellular environ-
ment. On the other hand, the promoter may also be exogenous to the cell or
organism in that it is to be activated and at the same time be hererologous to the

nucleic acid molecule of interest.

In the method described above, the expression level of the nucleic acid molecule
of interest is increased at least 2-fold, at least 3-fold, at least 4-fold or at least 5-
fold, preferably at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold or at
least 10-fold, more preferably at least 12-fold, at least 14-fold, at least 16-fold, at
least 18-fold or at least 20-fold, even more preferably at least 25-fold, at least 30-
fold, at least 35-fold or at least 40-fold and most preferably more than 40-fold,
compared to the expression level of the nucleic acid molecule of interest under
the control of the recipient promoter without the inserted or introduced promoter

activating nucleic acid sequence.

The insertion or modification to introduce the promoter activating nucleic acid
sequence into the recipient promoter in step iiia) or iiib) of the method is prefera-

bly at a position

(a) 500 nucleotides or less, preferably 150 nucleotides or less up-
stream of the transcription start site of the nucleic acid molecule of in-

terest; and/or
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(b) more than 50nucleotides upstream of the start codon of the nucle-

ic acid molecule of interest; and/or

(c) where there is no upstream open reading frame (UORF) down-

stream of the insertion or introduction site.

The postions (a), (b) and (c) are given with reference to the recipient promoter

without the insert or modification.

In a further embodiment of the method for increasing the expression level as
described above, the promoter activating nucleic acid sequence is inserted or
introduced at a position upstream of the transcription start site of the recipient
promoter between -91 and -1, between -53 and -1 or between -43 and -1 or
downstream of the transcription start site of the recipient promoter between +1

and +91, between +1 and +50 or between +1 and +42.

In a preferred embodiment of the method for increasing the expression level as
described above, the promoter activating nucleic acid sequence is inserted or
introduced at a position upstream or downstream of the transcription start site of
the recipient promoter, wherein the distance between the one or more contiguous
stretch(es) and the start codon of the nucleic acid molecule of interest is at least
70 nucleotides, preferably at least 100 nucleotides, more preferably at least 120

nucleotides.

In one embodiment, the promoter activating nucleic acid sequence has a length
between 6 and 70 nucleotides, preferably between 7 and 60 nucleotides, more
preferably between 8 and 40 nucleotides and most preferably between 9 and 20

nucleotides.

In one embodiment, the promoter activating nucleic acid sequence inserted or
introduced by modification in step iiia) or iiib) as described in any of the embodi-
ments above comprises or consist of one or more contiguous stretch(es) of nu-
cleotides isolated from a donor promoter, wherein the donor promoter is a pro-

moter of a gene having a high expression level.

The gene having a high expression level has an expression level comparable to
the expression levels of the about 250 most active genes such as the S-adenosyl
methionine decarboxylase 2 (SAM2, GRMZM2G154397). Preferably, the gene
has an average FPKM value of >1000 in different tissues or under different ge-

nomic and/or environmental conditions.
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In a further embodiment, each of the one or more contiguous stretch(es) de-
scribed above is identical to or at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to the core promoter sequence of the donor promoter

over the whole length of the one or more contiguous stretch(es).

In yet another embodiment, each of the one or more contiguous stretch(es) de-
scribed in any of the embodiments above is identical or at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a sequence of the same
length from position -50 to position +20 relative to the transcription start site of

the donor promoter over the whole length of each stretch.

In another embodiment, each of the one or more contiguous stretch(es) de-
scribed in any of the embodiments above comprises at least 6, at least 7, at least

8, at least 9 or at least 10 nucleotides, or has a length of six or more nucleoctides.

In a further embodiment, the promoter activating nucleic acid sequence inserted
or introduced as described in any of the embodiments above in step iiia) or iiib)

comprises one or more TATA box motif(s) of the donor promoter.

In yet another embodiment, the promoter activating nucleic acid sequence insert-
ed or introduced as described in any of the embodiments above in step iiia) or
iiib) has a sequence identity of at least 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% to one of the sequences of SEQ ID NOs: 1 to 30, GTATAAAAG
(E59), CTATAAATA (E59a), CTATATATA (E59b), CTATAAAAA (E59c) and
CTATATAAA (E59d), preferably over the whole length of the promoter activating
nucleic acid sequence, preferably SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 9,
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO:
15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID
NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ
ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29,
SEQ ID NO: 30, GTATAAAAG (E59), CTATAAATA (E59a), CTATATATA (E59b),
CTATAAAAA (E59c) and CTATATAAA (E59d), particularly preferably SEQ ID
NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ
ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24,
SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO:
29, SEQ ID NO: 30, GTATAAAAG (E59), CTATAAATA (E59a), CTATATATA
(E59b), CTATAAAAA (E59c) and CTATATAAA (E59d).

In another embodiment of the method described above, the recipient promoter

and/or the donor promoter is/are a plant promoter.
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In a further embodiment, the recipient promoter and the donor promoter are

different and/or originate from the same species or from different species.

In one embodiment, the plant or plant cell or plant promoter described in any of
the embodiments of the method described above, originates from a genus se-
lected from the group consisting of Hordeum, Sorghum, Saccharum, Zea, Setar-
ia, Oryza, Triticum, Secale, Triticale, Malus, Brachypodium, Aegilops, Daucus,
Beta, Eucalyptus, Nicotiana, Solanum, Coffea, Vitis, Erythrante, Genlisea, Cu-
cumis, Marus, Arabidopsis, Crucihimalaya, Cardamine, Lepidium, Capsella,
Olmarabidopsis, Arabis, Brassica, Eruca, Raphanus, Citrus, Jatropha, Populus,
Medicago, Cicer, Cajanus, Phaseolus, Glycine, Gossypium, Astragalus, Lotus,
Torenia, Allium, or Helianthus, preferably, the plant or plant cell or plant promoter
originates from a species selected from the group consisting of Hordeum vulgare,
Hordeum bulbusom, Sorghum bicolor, Saccharum officinarium, Zea spp., includ-
ing Zea mays, Setaria italica, Oryza minuta, Oryza sativa, Oryza australiensis,
Oryza alta, Triticum aestivum, Triticum durum, Secale cereale, Triticale, Malus
domestica, Brachypodium distachyon, Hordeum marinum, Aegilops tauschii,
Daucus glochidiatus, Beta spp., including Beta vulgaris, Daucus pusillus, Daucus
muricatus, Daucus carota, Eucalyptus grandis, Nicotiana sylvestris, Nicotiana
tomentosiformis, Nicotiana tabacum, Nicotiana benthamiana, Solanum lycopersi-
cum, Solanum tuberosum, Coffea canephora, Vitis vinifera, Erythrante guttata,
Genlisea aurea, Cucumis sativus, Marus notabilis, Arabidopsis arenosa, Ara-
bidopsis lyrata, Arabidopsis thaliana, Crucihimalaya himalaica, Crucihimalaya
wallichii, Cardamine nexuosa, Lepidium virginicum, Capsella bursa pastoris,
Olmarabidopsis pumila, Arabis hirsute, Brassica napus, Brassica oleracea, Bras-
sica rapa, Raphanus sativus, Brassica juncacea, Brassica nigra, Eruca vesicaria
subsp. sativa, Citrus sinensis, Jatropha curcas, Populus trichocarpa, Medicago
truncatula, Cicer yamashitae, Cicer bijugum, Cicer arietinum, Cicer reticulatum,
Cicer judaicum, Cajanus cajanifolius, Cajanus scarabaeoides, Phaseolus vulgar-
is, Glycine max, Gossypium sp., Astragalus sinicus, Lotus japonicas, Torenia
fournieri, Allium cepa, Allium fistulosum, Allium sativum, Helianthus annuus,

Helianthus tuberosus and/or Allium tuberosum.

In a further aspect, the present invention provides a method for producing a cell
or organism having an increased expression level of a nucleic acid molecule of

interest, comprising:

ia) introducing into the cell the promoter activating nucleic acid se-

guence as described in any of the embodiments above, the chimeric
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promoter as described above, the delivery system as described
above, or the nucleic acid construct or an expression cassette as de-

scribed above, or

ib) introducing into the cell means for site-specific modification of
the nucleic acid sequence of a recipient promoter controlling the ex-

pression of the nucleic acid molecule of interest, and

i)  optionally, introducing into the cell a site-specific nuclease or an
active fragment thereof, or providing the sequence encoding the
same, the site-specific nuclease inducing a double-strand break at a
predetermined location, preferably wherein the site-specific nuclease
or the active fragment thereof comprises a zinc-finger nuclease, a
transcription activator-like effector nuclease, a CRISPR/Cas system,
including a CRISPR/Cas9 system, a CRISPR/Cpf1 system, a
CRISPR/C2C2 system a CRISPR/CasX system, a CRISPR/CasY
system, a CRISPR/Cmr system, an engineered homing endonucle-
ase, a recombinase, a transposase and a meganuclease, and/or any
combination, variant, or catalytically active fragment thereof, and op-
tionally when the site-specific nuclease or the active fragment thereof
is a CRISPR nuclease: providing at least one guide RNA or at least

one guide RNA system, or a nucleic acid encoding the same; and

iiia) inserting the promoter activating nucleic acid sequence as de-
fined in any of the embodiments above or the chimeric promoter as
defined above into a recipient promoter controlling the expression of
the nucleic acid molecule of interest in the cell at a position upstream
or downstream of the transcription start site of the recipient promoter

controlling the expression of the nucleic acid molecule of interest, or

iiib) modifying the sequence of a recipient promoter controlling the
expression of the nucleic acid molecule of interest in the cell at a po-
sition upstream or downstream of the transcription start site of the re-
cipient promoter controlling the expression of the nucleic acid mole-
cule of interest by addition and/or deletion and/or substitution so that
a promoter activating nucleic acid sequence as defined in any of the

embodiments above is formed, and

iiic) optionally, modifying one or more TATA box motif(s) present in

the promoter activating nucleic acid sequence or the chimeric pro-
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moter inserted or introduced in step iiia) or iiib) or present in the recip-
ient promoter by addition and/or substitution and/or deletion of one or
more nucleotides for converting the one or more TATA box motif(s)
into one or more TATA box motif(s) having increased or higher rela-
tive score(s) when matching or aligning the one or more modified
TATA box motif(s) to the TATA box consensus, and

iv)  obtaining a cell or organism having increased expression level
of a nucleic acid molecule of interest upon insertion of the promoter
activating nucleic acid sequence as described in any of the embodi-
ments above or upon modification to form the promoter activating nu-

cleic acid sequence as described in any of the embodiments above.

The introduction of step i) may e.g. be achieved by means of transformation,
transfection or transduction by biological means, including Agrobacterium trans-
formation, or physical means, including particle bombardment as described in

more detail above.

The nucleic acid molecule of interest may be endogenous to the cell or organism
that it is expressed in. In this case the recipient promter may be the promoter that
natively controls the expression of this nucleic acid molecule of interest in the cell
or organism but it is also possible that the endogenous nucleic acid molecule of
interest is under the control of a heterologous promoter, which does not natively
control its expression. Alternatively, the nucleic acid molecule of interest is exog-
enous to the cell or organism that it is expressed in. In this case the promoter
may also be exogenous to the cell or organism but it may be the promoter that
the nucleic acid molecule of interest is controlled by in its native cellular environ-
ment. On the other hand, the promoter may also be exogenous to the cell or
organism in that it is to be activated and at the same time be hererologous to the

nucleic acid molecule of interest.

In the method described above, the expression level of the nucleic acid molecule
of interest is increased at least 2-fold, at least 3-fold, at least 4-fold or at least 5-
fold, preferably at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold or at
least 10-fold, more preferably at least 12-fold, at least 14-fold, at least 16-fold, at
least 18-fold or at least 20-fold, even more preferably at least 25-fold, at least 30-
fold, at least 35-fold or at least 40-fold and most preferably more than 40-fold,

compared to the expression level of the nucleic acid molecule of interest under
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the control of the recipient promoter without the inserted or introduced promoter

activating nucleic acid sequence.

The insertion or introduction of the promoter activating nucleic acid sequence into

the recipient promoter in step iiia) or iiib) of the method is preferably at a position

(a) 500 nucleotides or less, preferably 150 nucleotides or less up-
stream of the transcription start site of the nuclecic acid molecule of

interest; and/or

(b) more than 50nucleotides upstream of the start codon of the nucle-

ic molecule of interest; and/or

(c) where there is no upstream open reading frame (UORF) down-

stream of the introduction or insertion site.

In a further embodiment of the method for producing a cell or organism having an
increased expression level of a nucleic acid molecule of interest as described
above, the promoter activating nucleic acid sequence is inserted or introduced at
a position upstream of the transcription start site of the recipient promoter be-
tween -91 and -1, between -53 and -1 or between -43 and -1 or downstream of
the transcription start site of the recipient promoter between +1 and +91, between
+1 and +50 or between +1 and +42.

In a preferred embodiment of the method for producing a cell or organism having
an increased expression level of a nucleic acid molecule of interest as described
above, the promoter activating nucleic acid sequence is inserted or introduced at
a position upstream or downstream of the transcription start site of the recipient
promoter, wherein the distance between the one or more contiguous stretch(es)
and the start codon of the nucleic acid molecule of interest is at least 70 nucleo-
tides, preferably at least 100 nucleotides, more preferably at least 120 nucleo-

tides.

In one embodiment, the promoter activating nucleic acid sequence has a length
between 6 and 70 nucleotides, preferably between 7 and 60 nucleotides, more
preferably between 8 and 40 nucleotides and most preferably between 9 and 20

nucleotides.

In one embodiment, the promoter activating nucleic acid sequence inserted or
introduced as described in any of the embodiments above in step iiia) or iiib)

comprises or consist of one or more contiguous stretch(es) of nucleotides isolat-
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ed from a donor promoter, wherein the donor promoter is a promoter of a gene

having a high expression level.

The gene having a high expression level has an expression level comparable to
the expression levels of the about 250 most active genes such as the S-adenosyl
methionine decarboxylase 2 (SAM2, GRMZM2G154397). Preferably, the gene
has an average FPKM value of >1000 in different tissues or under different ge-

nomic and/or environmental conditions.

In a further embodiment, each of the one or more contiguous stretch(es) de-
scribed above is identical to or at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to the core promoter sequence of the donor promoter

over the whole length of the core promoter.

In yet another embodiment, each of the one or more contiguous stretch(es) de-
scribed in any of the embodiments above is identical to or at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a sequence of the
same length from position -50 to position +20 relative to the transcription start site

of the donor promoter over the whole length of each stretch.

In another embodiment, each of the one or more contiguous stretch(es) de-
scribed in any of the embodiments above comprises at least 6, at least 7, at least

8, at least 9 or at least 10 nucleotides, or has a length of six or more nucleoctides.

In a further embodiment, the promoter activating nucleic acid sequence inserted
ot introduced as described in any of the embodiments above in any of the em-
bodiments above in step iiia) or iiib) comprises one or more TATA box motif(s) of

the donor promoter.

In yet another embodiment, the promoter activating nucleic acid sequence insert-
ed or introduced in step iiia) or iiib) in any of the embodiments above has a se-
quence identity of at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
to one of the sequences of SEQ ID NOs: 1 to 30, GTATAAAAG (E59),
CTATAAATA (E59a), CTATATATA (E59b), CTATAAAAA (E59¢) and
CTATATAAA (E59d), preferably over the whole length of the promoter activating
nucleic acid sequence, preferably SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 9,
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO:
15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID
NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ
ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29,
SEQ ID NO: 30, GTATAAAAG (E59), CTATAAATA (E59a), CTATATATA (E59b),
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CTATAAAAA (E59c) and CTATATAAA (E59d), particularly preferably SEQ ID
NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ
ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24,
SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO:
29, SEQ ID NO: 30, GTATAAAAG (E59), CTATAAATA (E59a), CTATATATA
(E59b), CTATAAAAA (E59c) and CTATATAAA (E59d).

In another embodiment of the methods described above, the recipient promoter

and/or the donor promoter is/are a plant promoter.

In a further embodiment, the recipient promoter and the donor promoter are

different and/or originate from the same species or from different species.

In one embodiment, the plant or plant cell or plant promoter described in any of
the embodiments of the methods described above, originates from a genus se-
lected from the group consisting of Hordeum, Sorghum, Saccharum, Zea, Setar-
ia, Oryza, Triticum, Secale, Triticale, Malus, Brachypodium, Aegilops, Daucus,
Beta, Eucalyptus, Nicotiana, Solanum, Coffea, Vitis, Erythrante, Genlisea, Cu-
cumis, Marus, Arabidopsis, Crucihimalaya, Cardamine, Lepidium, Capsella,
Olmarabidopsis, Arabis, Brassica, Eruca, Raphanus, Citrus, Jatropha, Populus,
Medicago, Cicer, Cajanus, Phaseolus, Glycine, Gossypium, Astragalus, Lotus,
Torenia, Allium, or Helianthus, preferably, the plant or plant cell or plant promoter
originates from a species selected from the group consisting of Hordeum vulgare,
Hordeum bulbusom, Sorghum bicolor, Saccharum officinarium, Zea spp., includ-
ing Zea mays, Setaria italica, Oryza minuta, Oryza sativa, Oryza australiensis,
Oryza alta, Triticum aestivum, Triticum durum, Secale cereale, Triticale, Malus
domestica, Brachypodium distachyon, Hordeum marinum, Aegilops tauschii,
Daucus glochidiatus, Beta spp., including Beta vulgaris, Daucus pusillus, Daucus
muricatus, Daucus carota, Eucalyptus grandis, Nicotiana sylvestris, Nicotiana
tomentosiformis, Nicotiana tabacum, Nicotiana benthamiana, Solanum lycopersi-
cum, Solanum tuberosum, Coffea canephora, Vitis vinifera, Erythrante guttata,
Genlisea aurea, Cucumis sativus, Marus notabilis, Arabidopsis arenosa, Ara-
bidopsis lyrata, Arabidopsis thaliana, Crucihimalaya himalaica, Crucihimalaya
wallichii, Cardamine nexuosa, Lepidium virginicum, Capsella bursa pastoris,
Olmarabidopsis pumila, Arabis hirsute, Brassica napus, Brassica oleracea, Bras-
sica rapa, Raphanus sativus, Brassica juncacea, Brassica nigra, Eruca vesicaria
subsp. sativa, Citrus sinensis, Jatropha curcas, Populus trichocarpa, Medicago
truncatula, Cicer yamashitae, Cicer bijugum, Cicer arietinum, Cicer reticulatum,

Cicer judaicum, Cajanus cajanifolius, Cajanus scarabaeoides, Phaseolus vulgar-
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is, Glycine max, Gossypium sp., Astragalus sinicus, Lotus japonicas, Torenia
fournieri, Allium cepa, Allium fistulosum, Allium sativum, Helianthus annuus,

Helianthus tuberosus and/or Allium tuberosum.

In another aspect, the present invention provides a method for producing a trans-
genic cell or transgenic organism having increased expression level of a nucleic

acid molecule of interest, comprising:

i) transforming or transfecting a cell with the promoter activating
nucleic acid sequence as described in any of the embodiments
above, the chimeric promoter as described above, the delivery sys-
tem as described above, or the nucleic acid construct or an expres-
sion cassette as described above, or the vector as descried above;

and

i)  optionally, regenerating a transgenic organism from the trans-

genic cell or a transgenic progeny thereof, and

i) obtaining a transgenic cell or transgenic organism having in-

creased expression level of a nucleic acid molecule of interest.

In one embodiment of the method described above, the cell or organism is a
plant cell or plant or a progeny thereof, preferably wherein the plant originates
from a genus selected from the group consisting of Hordeum, Sorghum, Sac-
charum, Zea, Setaria, Oryza, Triticum, Secale, Triticale, Malus, Brachypodium,
Aegilops, Daucus, Beta, Eucalyptus, Nicotiana, Solanum, Coffea, Vitis, Ery-
thrante, Genlisea, Cucumis, Marus, Arabidopsis, Crucihimalaya, Cardamine,
Lepidium, Capsella, Olmarabidopsis, Arabis, Brassica, Eruca, Raphanus, Citrus,
Jatropha, Populus, Medicago, Cicer, Cajanus, Phaseolus, Glycine, Gossypium,
Astragalus, Lotus, Torenia, Allium, or Helianthus, preferably, the plant or plant
cell originates from a species selected from the group consisting of Hordeum
vulgare, Hordeum bulbusom, Sorghum bicolor, Saccharum officinarium, Zea
spp., including Zea mays, Setaria italica, Oryza minuta, Oryza sativa, Oryza
australiensis, Oryza alta, Triticum aestivum, Triticum durum, Secale cereale,
Triticale, Malus domestica, Brachypodium distachyon, Hordeum marinum, Ae-
gilops tauschii, Daucus glochidiatus, Beta spp., including Beta vulgaris, Daucus
pusillus, Daucus muricatus, Daucus carota, Eucalyptus grandis, Nicotiana syl-
vestris, Nicotiana tomentosiformis, Nicotiana tabacum, Nicotiana benthamiana,
Solanum lycopersicum, Solanum tuberosum, Coffea canephora, Vitis vinifera,

Erythrante guttata, Genlisea aurea, Cucumis sativus, Marus notabilis, Arabidop-
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sis arenosa, Arabidopsis lyrata, Arabidopsis thaliana, Crucihimalaya himalaica,
Crucihimalaya wallichii, Cardamine nexuosa, Lepidium virginicum, Capsella
bursa pastoris, Olmarabidopsis pumila, Arabis hirsute, Brassica napus, Brassica
oleracea, Brassica rapa, Raphanus sativus, Brassica juncacea, Brassica nigra,
Eruca vesicaria subsp. sativa, Citrus sinensis, Jatropha curcas, Populus tricho-
carpa, Medicago ftruncatula, Cicer yamashitae, Cicer bijugum, Cicer arietinum,
Cicer reticulatum, Cicer judaicum, Cajanus cajanifolius, Cajanus scarabaeoides,
Phaseolus vulgaris, Glycine max, Gossypium sp., Astragalus sinicus, Lotus ja-
ponicas, Torenia fournieri, Allium cepa, Allium fistulosum, Allium sativum, Helian-

thus annuus, Helianthus tuberosus and/or Allium tuberosum.

In any of the methods described above, the nucleic acid molecule of interest is
preferably a crop trait gene, which may be selected from a nucleic acid molecule
encoding resistance or tolerance to abiotic stress, including drought stress, os-
motic stress, heat stress, cold stress, oxidative stress, heavy metal stress, nitro-
gen deficiency, phosphate deficiency, salt stress or waterlogging, herbicide re-
sistance, including resistance to glyphosate, glufosinate/phosphinotricin, hygro-
mycin, resistance or tolerance to 2,4-D, protoporphyrinogen oxidase (PPO) inhibi-
tors, ALS inhibitors, and Dicamba, a nucleic acid molecule encoding resistance or
tolerance to biotic stress, including a viral resistance gene, a fungal resistance
gene, a bacterial resistance gene, an insect resistance gene, or a nucleic acid
molecule encoding a yield related trait, including lodging resistance, flowering
time, shattering resistance, seed color, endosperm composition, or nutritional
content. Specific preferred examples are ZmZEP1 (SEQ ID NO: 31), ZmRCA-
beta (SEQ ID NO: 32), BvEPSPS (SEQ ID NO: 33) and BvFT2 (SEQ ID NO: 34).

In yet another aspect, the present invention provides a cell or organism or a
progeny thereof, preferably a plant cell or plant or progeny thereof, obtainable by

any of the methods as described above.

In one aspect, the present invention also relates to the use of the promoter acti-
vating nucleic acid sequence as described in any of the embodiments above, the
chimeric promoter as described above, the delivery system as described above,
the nucleic acid construct or the expression cassette as described above or the
vector described above for increasing the expression level of a nucleic acid mol-
ecule of interest in a cell or organism upon site-specific insertion or introduction
into a recipient promoter controlling the expression of the nucleic acid molecule of

interest.
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In one embodiment, the promoter activating nucleic acid sequence has a length
between 6 and 70 nucleotides, preferably between 7 and 60 nucleotides, more
preferably between 8 and 40 nucleotides and most preferably between 9 and 20

nucleotides.

In another embodiment, the promoter activating nucleic acid sequence described
above comprises or consist of one or more contiguous stretch(es) of nucleotides
isolated from a donor promoter, wherein the donor promoter is a promoter of a

gene having a high expression level.

The gene having a high expression level has an expression level comparable to
the expression levels of the about 250 most active genes such as the S-adenosyl
methionine decarboxylase 2 (SAM2, GRMZM2G154397). Preferably, the gene
has an average FPKM value of >1000 in different tissues or under different ge-

nomic and/or environmental conditions.

In a further embodiment, each of the one or more contiguous stretch(es) de-
scribed above is identical to or is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to the core promoter sequence of the donor promoter

over the whole length of the core promoter

In yet another embodiment, each of the one or more contiguous stretch(es) de-
scribed in any of the embodiments above is identical to or is at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a sequence of the
same length from position -50 to position +20 relative to the transcription start site

of the donor promoter over the whole length of each stretch.

In another embodiment, each of the one or more contiguous stretch(es) de-
scribed in any of the embodiments above comprises at least 6, at least 7, at least

8, at least 9 or at least 10 nucleotides, or has a length of six or more nucleoctides.

In a further embodiment, the promoter activating nucleic acid sequence described
in any of the embodiments above comprises one or more TATA box motif(s) of

the donor promoter.

In yet another embodiment, the promoter activating nucleic acid sequence de-
scribed in any of the embodiments above has a sequence identity of at least
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% to one of the sequences of
SEQ ID NOs: 1 to 30, GTATAAAAG (E59), CTATAAATA (E59a), CTATATATA
(E59b), CTATAAAAA (E59¢) and CTATATAAA (E59d), preferably over the whole

length of the promoter activating nucleic acid sequence, preferably SEQ ID NO:
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1, SEQ ID NO: 2, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO:
12, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID
NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ
ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27,
SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, GTATAAAAG (E59),
CTATAAATA (E59a), CTATATATA (E59b), CTATAAAAA (E59¢) and
CTATATAAA (E59d), particularly preferably SEQ ID NO: 15, SEQ ID NO: 16,
SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO:
21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID
NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30,
GTATAAAAG (E59), CTATAAATA (E59a), CTATATATA (E59b), CTATAAAAA
(E59¢c) and CTATATAAA (E59d).

In one embodiment, the promoter activating nucleic acid sequence as described
in any of the embodiments above is used for increasing the expression level of a
nucleic acid molecule of interest in a cell or organism upon site-specific insertion

or introduction, wherein the cell or organism is a plant cell or plant.

In another embodiment, the recipient promoter and/or the donor promoter is/are a

plant promoter.

In a further embodiment, the recipient promoter and the donor promoter are

different and/or originate from the same species or from different species.

In one embodiment of the use described above, the plant or plant cell or plant
promoter described in any of the embodiments above, originates from a genus
selected from the group consisting of Hordeum, Sorghum, Saccharum, Zea,
Setaria, Oryza, Triticum, Secale, Triticale, Malus, Brachypodium, Aegilops, Dau-
cus, Beta, Eucalyptus, Nicotiana, Solanum, Coffea, Vitis, Erythrante, Genlisea,
Cucumis, Marus, Arabidopsis, Crucihimalaya, Cardamine, Lepidium, Capsella,
Olmarabidopsis, Arabis, Brassica, Eruca, Raphanus, Citrus, Jatropha, Populus,
Medicago, Cicer, Cajanus, Phaseolus, Glycine, Gossypium, Astragalus, Lotus,
Torenia, Allium, or Helianthus, preferably, the plant or plant cell or plant promoter
originates from a species selected from the group consisting of Hordeum vulgare,
Hordeum bulbusom, Sorghum bicolor, Saccharum officinarium, Zea spp., includ-
ing Zea mays, Setaria italica, Oryza minuta, Oryza sativa, Oryza australiensis,
Oryza alta, Triticum aestivum, Triticum durum, Secale cereale, Triticale, Malus
domestica, Brachypodium distachyon, Hordeum marinum, Aegilops tauschii,

Daucus glochidiatus, Beta spp., including Beta vulgaris, Daucus pusillus, Daucus
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muricatus, Daucus carota, Eucalyptus grandis, Nicotiana sylvestris, Nicotiana
tomentosiformis, Nicotiana tabacum, Nicotiana benthamiana, Solanum lycopersi-
cum, Solanum tuberosum, Coffea canephora, Vitis vinifera, Erythrante guttata,
Genlisea aurea, Cucumis sativus, Marus notabilis, Arabidopsis arenosa, Ara-
bidopsis lyrata, Arabidopsis thaliana, Crucihimalaya himalaica, Crucihimalaya
wallichii, Cardamine nexuosa, Lepidium virginicum, Capsella bursa pastoris,
Olmarabidopsis pumila, Arabis hirsute, Brassica napus, Brassica oleracea, Bras-
sica rapa, Raphanus sativus, Brassica juncacea, Brassica nigra, Eruca vesicaria
subsp. sativa, Citrus sinensis, Jatropha curcas, Populus trichocarpa, Medicago
truncatula, Cicer yamashitae, Cicer bijugum, Cicer arietinum, Cicer reticulatum,
Cicer judaicum, Cajanus cajanifolius, Cajanus scarabaeoides, Phaseolus vulgar-
is, Glycine max, Gossypium sp., Astragalus sinicus, Lotus japonicas, Torenia
fournieri, Allium cepa, Allium fistulosum, Allium sativum, Helianthus annuus,

Helianthus tuberosus and/or Allium tuberosum.

In another embodiment, the promoter activating nucleic acid sequence of any of
the embodiments described above is used to increase the expression level of the
nucleic acid molecule of interest at least 2-fold, at least 3-fold, at least 4-fold or at
least 5-fold, preferably at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold
or at least 10-fold, more preferably at least 12-fold, at least 14-fold, at least 16-
fold, at least 18-fold or at least 20-fold, even more preferably at least 25-fold, at
least 30-fold, at least 35-fold or at least 40-fold and most preferably more than
40-fold, compared to the expression level of the nucleic acid molecule of interest
under the control of the recipient promoter without the inserted or introduced

promoter activating nucleic acid sequence.

The use according to any of the embodiments described above is preferably for
increasing the expression of a crop trait gene, which is preferably selected from a
nucleic acid molecule encoding resistance or tolerance to abiotic stress, including
drought stress, osmotic stress, heat stress, cold stress, oxidative stress, heavy
metal stress, nitrogen deficiency, phosphate deficiency, salt stress or waterlog-
ging, herbicide  resistance, including  resistance to  glyphosate,
glufosinate/phosphinotricin, hygromycin, resistance or tolerance to 2,4-D, proto-
porphyrinogen oxidase (PPO) inhibitors, ALS inhibitors, and Dicamba, a nucleic
acid molecule encoding resistance or tolerance to biotic stress, including a viral
resistance gene, a fungal resistance gene, a bacterial resistance gene, an insect
resistance gene, or a nucleic acid molecule encoding a vield related trait, includ-

ing lodging resistance, flowering time, shattering resistance, seed color, endo-
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sperm composition, or nutritional content. Specific preferred examples are
ZmZEP1 (SEQ ID NO: 31), ZmRCA-beta (SEQ ID NO: 32), BvEPSPS (SEQ ID
NO: 33), and BvFT2 (SEQ ID NO: 34).

Example 1: Identification and testing of promoter activating sequences

Figure 2 shows a schematic overview of the strategy for identifying and testing

promoter activating DNA sequences. The process is divided into four steps:
Step 1: Identification of genes suitable as source for regulatory DNA elements

Genes with high level of expression in most tissues und under most conditions
have to be identified. This can be done by analyzing RNAseq or microarray ex-
pression data. In case of corn (Zea mays), such data can be found for example in
Stelpflug et al, 2016 (Plant Genome. 2016 Mar;9(1). doi:
10.3835/plantgenome2015.04.0025). Exemplary, a number of genes with high
level of expression has been identified in corn (Table 6a) and sugar beet (Table
6b).

Table 6a: Corn genes suitable as source for promoter activating nucleic acid

sequences

gene identifier Description

GRMZM2G154397 |sam2 - S-adenosyl methionine decarboxylase?2

orthologue to Sorghum GRF7 (GENERAL REGULATORY

GRMZM2G091155 FACTOR 7)

GRMZM2G144030 |tif5A - eukaryotic translation initiation factor 5A

GRMZM2G102499 | grf1 - general regulatory factor1

GRMZM2G116034 | eif4 - eukaryotic initiation factor4

GRMZM2G108474 |PTHR11991 - Translationally controlled tumor protein related

GRMZM2G105996 | ADP-ribosylation factor 1

GRMZM2G067985 | ACTIN // SUBFAMILY NOT NAMED

GRMZM2G419891 | ubi2 - ubiquitin2

GRMZM2G409726 | ubi1 - ubiquitin1
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eif5a - elongation initiation factor5A

PCT/EP2019/057543

GRMZM2G046804

gpc1 - glyceraldehyde-3-phosphate dehydrogenase1

GRMZM2G180625

gpc2 - glyceraldehyde-3-phosphate dehydrogenase2

GRMZM2G 134980

rz474a(dnaj) putative chaperone

Table 6b: Sugar beet genes suitable as source for promoter activating nucleic

acid sequences

Gene ID (RefBeet 1.2) Description

g14273 weak similarity to Extensin
g20480 similarity to Glycine-rich RNA-binding protein 2
g22883 similarity to Dehydrin
g1084 Adenosylhomocysteinase
g2331 Calreticulin Precursor
g4021 Ubiquitin

g3886 Hsp90

g6309 GAPDH

g7096 Actin

g16645 Peroxidase

g10369 Tubulin

Step 2: Annotation of transcription start site (TSS) and core promoter in the

genes used as source for promoter activating nucleic acid sequences

The TSS and the core promoter sequences of these genes needed to be identi-

fied. Identification of TSS can be done by techniques like 5-prime tag sequenc-

ing, which are available as a service from sequencing providers like eurofins.

Such a data set was generated for corn, genotype B73. Core promoter sequenc-

es can then be selected as the sequence approximately -50 to +20, preferably

approximately -45 to +15 relative to the TSS (see Table 1 above). Depending on

the broadness of the transcription start, the selected sequence can vary.
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Step 3: Testing of 60 bp candidate DNA elements in transient expression sys-

tems

The target promoter to be activated is cloned into a reporter construct in front of a
suitable reporter gene, e.g. NLuc (Masser, A. E., Kandasamy, G., Kaimal, J. M.,
and Andréasson, C. (2016) Luciferase NanoLuc as a reporter for gene expres-
sion and protein levels in Saccharomyces cerevisiae. Yeast, 33: 191-200. doi:
10.1002/yea.3155.) (Figure 3). A second reporter gene (Luc) under control of the

35S-promoter is used for normalization.

The 60 bp DNA elements are then inserted into the target promoter, at a position
upstream or downstream of the target genes TSS which can be determined by

the strategy described in step 2.

Different positions for insertion of the activating DNA element were tested. The
results of these experiments allow defining the following rules for selecting inser-

tion sites:

e The insertion site is not arbitrary. Activation depends on choosing the right

insertion site.

e Selecting an insertion site too far upstream of the target gene TSS (more

than 500 bp) results in loss of activation.

e Selecting an insertion site too close to the target genes start codon (~70-

50 bp) results in loss of activation.
e UORFs downstream of the insertion result in loss of activation.

Transient testing by e.g. particle bombardment of leaf tissue, particle bombard-
ment of callus, particle bombardment of root tissue, transfection of protoplasts,
Agrobacteria mediated transient transformation allows to measure the level of
activation caused by the addition of the 60 bp DNA elements. Approx. 93 % of

the added sequences led to increased expression (Figure 4).

In most cases, the best performing 60 bp core promoter sequences contain a
TATA box. However, our analysis revealed that there is no tight correlation be-
tween strength of the TATA box motif and the activating properties of the candi-
dates (Table 7).
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Table 7: TATA-box motif analyses of the analyzed 60 bp candidates derived from

Zea mays promoters. A relative score < 0.8 indicates that no TATA box is pre-

sent.
Element Motif ID SEQID NO: Relative start |end | motif sequence

score
E53 TATA-Box 42 0,91 24 38 | CTATAAAGACAAGCC
E55 TATA-Box 43 0,87 3 17 | CTATAAAATATCCCC
E56 TATA-Box 44 0,96 12 26 | GTATAAAAAGCGGAA
E62 TATA-Box 45 0,81 5 19 | TCTTAAAAGCCGCCT
E63 TATA-Box 48 0,91 4 18 | CCATAAATGCGCCGC
E6G6 TATA-Box 47 0,87 10 24 | TCATAAATAGCCAGC
E67 TATA-Box 48 0,82 10 24 | TAATAAATAGACACC
E68 TATA-Box 49 0,91 12 26 | GTATAAATATGCTGA
E69 TATA-Box 50 0,90 6 20 |CTTTAAAAGGACACG
E70 TATA-Box 51 0,89 6 20 | CTTTAAAAACGCACA

Nevertheless, the experiments showed that in most cases the < 20 bp DNA
elements containing the TATA box motif is the element with the strongest activa-
tion properties. Therefore, it would also be possible to directly select and test 20
bp candidate DNA elements containing the TATA box motif instead of starting
with 60 bp sequences. However, not all activating 60 bp DNA elements contain a

TATA box, therefore TATA-less 20 bp elements are also possible.

Step 4: Shortening candidate DNA elements to < 20 bp and assessing activation

capability in transient expression

A 20 bp candidate sequence can be identified by deletion analysis. Deletion
constructs were made for several of the best performing 60 bp sequences, ideally
by repeatedly deleting 10 bases from the 5 and the 3’ end. These shortened
sequences are then tested by the same strategy as described for the 60 bp se-

guences in step 3.

Shortening of sequences can cause the loss of activating potential. By this step-

wise approach < 20 bp sequences which retain a high activating potential were
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identified. Using this approach, the novel 20 bp activating elements E53b, E55a
and E56a were identified and it was demonstrated that it is possible to further

shorten these sequences while retaining activating potential (see Table 2 above).

The elements identified by this approach can activate different target genes in a
comparable manner. As an example, the element E53b was inserted into the
promoters of 3 different corn trait genes. Activation of these trait genes was
measured in a transient assay, bombardment of corn leaves. The Zm promoter1
was activated 13-fold, the Zm promoter2 was activated 18-fold and the Zm pro-
moter3 was activated 12-fold by E53b (Figure 5).

The activation properties of identified elements can be further optimized by se-
lecting the optimal 20 bp frame (see E53e in Table 3) or by combining different
parts of the initial 60 bp sequence (see E53f in Table 3 combining 10 bp element
containing the TATA box motif with a 10 bp element of the 5’ end). As an exam-

ple, optimized versions of element E53b are displayed in Table 3.

Example 2: Stable Agrobacteria mediated transformation of Zea mays to charac-

terize expression activating DNA elements in the genomic context by using lucif-

erase reporters

To analyze the expression activating effect of small DNA elements in the context
of genomic DNA and chromatin structure, stable transformation of corn by Agro-
bacteria is performed. The binary vectors used and the methods for analysis of

transgenic corn plants are described in the following.

The promoter Zm-prom1 or the modified promoter Zm-prom1+E55a drives ex-
pression of the reporter NLuc (NanoLuciferase) which allows for measurement of
Zm-prom1 activity in corn transformants by luciferase assay. In the modified
promoter Zm-prom1+E55a the activating DNA element E55a is integrated 88 bp
downstream of the original TSS (transcription start site) and 122 bp upstream of
the NLuc start codon. Normalization of the NLuc signal is possible due to the
presence of a second reporter Luciferase which is expressed under control of the
35S-promoter. Such a system enables the careful evaluation of Zm-prom1 or Zm-
prom1+E55a activity despite of effects based on different insertion sites in the
corn genome. The PAT-gene functions as selection marker. Transgenic corn
plants transformed with the constructs pKWS399 35S:Luci Zm-prom1:NLuc
(Figure 6) and pKWS399_35S:Luci_Zm-prom1+E55a:NLuc (Figure 7) are ana-
lyzed for NLuc and Luciferase activity (Figure 12A) as well as for transcript levels

of NLuc and Luciferase (Figure 12C). The signal of the NLuc reporter was meas-
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ured in 16 independent corn lines transformed with the construct
pKWS399_35S:Luci_Zm-prom1:NLuc and in 15 independent corn lines trans-
formed with the construct pKWS399 35S:Luci Zm-prom1+E55a:NLuc. The
expression activating 20 bp DNA element E55a leads to an averaged increase of
expression of 250-fold (Figure 12A). 4 and 5 independent corn lines were select-
ed for quantification of NLuc transcript levels displaying an averaged increase of

63-fold caused by the activating element E55a (Figure 12C).

Example 3: Stable Agrobacteria mediated transformation of Zea mays to charac-

terize expression activating DNA elements in the genomic context by assessing

COrn gene expression

To analyze the expression activating effect of small DNA elements in the context
of genomic DNA and chromatin structure, stable transformation of corn by Agro-
bacteria is performed. The binary vectors used and the methods for analysis of

transgenic corn plants are described in the following.

The promoter Zm-prom1 or the modified promoter Zm-prom1+E55a drives ex-
pression of its own endogenous corn gene Zm1. The whole genomic locus of
Zm1 was cloned. In the modified promoter Zm-prom1+E55a the activating DNA
element E55a is integrated 88 bp downstream of the original TSS (transcription
start site) and 111 bp upstream of the Zm1 start codon. The PAT-gene functions
as selection marker. Transgenic corn plants transformed with the constructs
pKWS399_35S:Luci_Zm-prom1:Zm1-genomic (Figure 8) and
pKWS399_35S:Luci_Zm-prom1+E55a:Zm1-genomic (Figure 9) are analyzed for
Zm1 transcript (Figure 12 B and Figure 12 C) and protein levels. Analysis of Zm1
expression by qRT-PCR shows that corn lines having an additional copy of the
Zm1 locus (13 lines analyzed) are displaying a 1.9-fold increase in Zm1 transcript
level compared to control lines. The presence of the activating 20 bp DNA ele-
ment E55a further increases the Zm1 transcript level by 4-fold (9 lines analyzed)
compared to the lines transformed with the unmodified Zm-prom1 in front of its
naturally occuring genomic sequence (Figure 12 B). A comparison of the qRT-
PCR data of corn lines transformed with the NLuc reporter construct to the lines
transformed with the Zm1 genomic sequence construct reveals that the Zm1
transcript is already 28-fold stronger expressed compared to the NLuc transcript
despite of the same sequence cloned as promoter. The activating DNA element
E55a increases the expression of NLuc and of Zm1 to comparable levels (Figure
12 C).
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Example 4: Targeted insertion of small activating DNA elements (one circular
vector)

For targeted insertion of small activating DNA elements by homologous recombi-

nation (HR) a construct carrying the element (e.g E55a) to be inserted, flanked by
suitable homology regions of the respective promoter into which the element
should be inserted (e.g Zm-prom1) may be used. In principle, any target region,
promoter of interest or even a nucleic acid to be altered of interest, in the genome
of a cell of interest may be used. Here the exemplary target promoter is the pro-
moter Zm-prom1. Instead of element E55a, another small activating DNA ele-

ment may be used.

In addition, the vector contains a CRISPR nuclease, including infer alia a Cas or
Cpf, CasX or CasY, encoding sequence as effector nuclease and a correspond-
ing sgRNA or crRNA aligning with the specific region in the target promoter Zm-
prom1 where the insertion is supposed to occur. Gene editing of WT corn plants
could either be performed by using stable Agrobacteria mediated transformation

followed by later segregating away the gene editing tools or in a transient way.

To check if a HR-based repair has occurred, plants can be easily analyzed by
PCR and amplicon sequencing based on the available sequence information. To
verify the activating of effect of the small DNA element expression studies on

transcript and/or protein level are done.

Example 5: Targeted insertion of small activating DNA elements (two circular
vectors)

For targeted insertion of small activating DNA elements by homologous recombi-

nation a construct carrying the element (e.g E55a) to be inserted, flanked by
suitable homology regions of the respective promoter into which the element
should be inserted (e.g Zm-prom1) may be used. In principle, any target region,
promoter of interest or even a nucleic acid to be altered of interest, in the genome
of a cell of interest may be used. Here the exemplary target promoter is the pro-
moter Zm-prom1. Instead of element E55a, another small activating DNA ele-

ment may be used.

In addition, a second vector encoding a Cas or Cpf effector, or any other CRISPR
nuclease, as site-specific nuclease and a sgRNA/crRNA aligning with the specific
region in the target promoter Zm-prom1 where the insertion is supposed to occur

may be used. Gene editing of WT corn plants could either be performed by using
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stable Agrobacteria mediated transformation followed by later segregating away

the gene editing tools or in a transient way.

To check if a HR-based repair has occurred, plants can be easily analyzed by
PCR and amplicon sequencing based on the available sequence information. To
verify the activating of effect of the small DNA element expression studies on

transcript and/or protein level are done.

Example 6: Conversion of original TATA-box into TATA-box from activating DNA

element

The original TATA-box of a promoter of interest (e.g Zm-prom1) is exchanged for
the specific TATA-box being part of a small activating DNA element (e.g E59).
The exchange is positioned 23 bp upstream of the TSS (given with bases TGA in

this case).

original Zm-prom1 TATA-box:
TTATTATTANNNNNNNNNNNNNNNNNNNNNNNTGA (SEQ ID NO: 35)
original Zm-prom1 TATA-box converted to E59 (Zm-prom1v3):
GTATAAAAGNNNNNNNNNNNNNNNNNNNNNNNTGA (SEQ ID NO: 36)

The effect is measured in a transient assay system based on corn leaf bombard-
ment with respective promoter-reporter constructs followed by luciferase meas-

urement.

The modified promoter Zm-prom1v3 is 9,75-fold activated compared to the un-
modified Zm-prom1. For comparison the result from insertion of E59 further
downstream of the original TSS (Zm-prom1+E59) is displayed in addition (see
Figure 10A).

Example 7: Base editing to generate sequence of an activating DNA element

Base editors coupled to a catalytically impaired Cas or Cpf effector, or any other
CRISPR nuclease can mediate targeted transitions of C-G to T-A and of A-T to
G-C by either using a cytosine deaminase or an adenine deaminase evolved to
process DNA (Gaudelli et al., Nature, 551, 464-471, November 2017).

These tools are used to convert the sequence of the promoter of interest (e.g Zm-
prom1 or ZmSBPase (SEQ ID NO: 52)) at a position suitable for activation into
the sequence of a small activating DNA element. This could exemplary either be
conversion of the original TATA-box of the promoter of interest into the specific

TATA-box being part of a small activating DNA element or this can be other base



WO 2019/185609 PCT/EP2019/057543
76

pairs at positions surrounding the core promoter which is suitable for introduction
of an activating DNA element. The sequence to be restored can be a small acti-

vating DNA element or only part of it.

In this example we targeted 2 cytosine approximately 200 bp upstream of the
ZmSBPase translation start site for exchange to thymine by base editing in order

to establish an expression activating DNA element.

Target region of original ZmSBPase promoter sequence (nucleotides from pos-
tion 474 to position 497 of SEQ ID NO: 52):

CAGCTCCAAATGGCGCCATCGCGG (SEQ ID NO: 53)

Edited target region of ZmSBPase promoter sequence, ZmSBPase v1 (2 C>T

exchanges):
CAGCTTTAAATGGCGCCATCGCGG (SEQ ID NO: 54)

Edited target region of ZmSBPase promoter sequence, ZmSBPase_v4 (1 C>T

exchange):
CAGCTCTAAATGGCGCCATCGCGG (SEQ ID NO: 55)

Edited target region of ZmSBPase promoter sequence, ZmSBPase_v5 (1 C>T

exchange):
CAGCTTCAAATGGCGCCATCGCGG (SEQ ID NO: 56)

Testing the promoter modification in the transient system (corn leaf bombardment
followed by luciferase assay) yielded a 11-fold increase of ZmSBPase promoter
activity upon exchange of both C into T (Figure 13A). We analyzed transgenic
corn callus transformed with a respective base editing construct via NGS for
genome editing. A callus sample displaying 16% of genome editing (exchange of
both C into T) should show a 1.76-fold increase in ZmSBPase expression, de-
duced from the measurement in the transient testing. Expression analysis of the
callus by qRT-PCR verifies this calculation by displaying an increase in ZmS-
BPase transcript level of 1.59-fold (Figure 13B). We further analyzed corn shoots
regenerated from genome edited callus. These shoots show in average 20% of
genome editing of both relevant cytosines and all confirmend an increased ZmS-
BPase transcript level compared to a control without genome editing (Figure
13C).

Example 8: Conversion of original TATA-box into activating DNA elements
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The original TATA-box of a promoter of interest (e.g ZmZEP1) is converted into
small activating DNA element (e.g E59, E53f, E55a) by using site specific muta-
genesis (base editing). The exchange is positioned ~33 bp upstream of the TSS

(given with bases CAA in this case).
original ZmZEP1 TATA-box:
AAGATAAAATCCTGGTCCAGCAAGATCCGTTCTTCCAA (SEQ ID NO: 37)

original ZmZEP1 TATA-box converted to activating DNA elements E59
(ZmZEP1v1):

AAGTATAAAAGTCCTGGTCCAGCAAGATCCGTTCTTCCAA (SEQ ID NO: 38)

original ZmZEP1 TATA-box converted to activating DNA elements E53f
(ZmZEP1v2):

AAGCTATAAAGAGCATCCCTTCAAGATCCGTTCTTCCAA (SEQ ID NO: 39)

original ZmZEP1 TATA-box converted to activating DNA elements E55a
(ZmZEP1v3):

AAGCTATAAAATATCCCCACGCAAGATCCGTTCTTCCAA (SEQ ID NO: 40)

The effect is measured in a transient assay system based on corn leaf bombard-
ment with respective promoter-reporter constructs followed by luciferase meas-

urement (see Figure 10C).

The modified promoter ZmZEP1v1 is activated 5,9-fold, the modified promoter
ZmZEP1v2 is activated 15,6-fold and the modified promoter ZmZEP1v3 is acti-
vated 10,5-fold compared to the unmodified ZmZEP1 promoter. For comparison
the result for insertion of E53b further downstream of the original TSS
(ZmZEP1+E53Db) is displayed in addition.

The element E59 consists of a TATA-box only which was deduced from the
matrix model deposited in the JASPAR database [http:/jaspar.genereg.net/]. The
TATA-box version E59a represents the perfect consensus sequences for a mon-
ocot TATA-box (see also Figure 11C) and the versions E59b-d are slightly modi-
fied by taking the matrix model into account [Shahmuradov |IA, Gammerman AJ,
Hancock JM, Bramley PM, Solovyev VV (2003) PlantProm: a database of plant

promoter sequences. Nucleic acids research 31: 114—117).

In Figure 10B the comparison of the activating capability of elements E59 and

E59a-d (see Table 4) when inserted into a corn target promoter clearly show that
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element E59a confers the highest activation. This is in line with element E59a

representing the the perfect consensus sequences for a monocot TATA-box.

Example 9: Promoter activating DNA elements are functional in plants species

other than the one they are derived from

The activation capacity of the 20 bp DNA element E55a which was also de-
scribed in example 2 and example 3 was tested in further plant promoters. This
element which originates from a corn promoter is able to activate not only other
corn promoters but als successfully activates the already highly active BvEPSPS

promoter by 5.3-fold (Figure 14).
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Claims

A method for increasing the expression level of a nucleic acid molecule of

interest in a cell, preferably a plant cell comprising:

ia) introducing into the cell a promoter activating nucleic acid se-
guence, a chimeric promoter, a delivery system, or a nucleic acid

construct or expression cassette, or

ib) introducing into the cell means for site-specific modification of
the nucleic acid sequence of a recipient promoter controlling the ex-

pression of the nucleic acid molecule of interest, and

i)  optionally, introducing into the cell a site-specific nuclease or an
active fragment thereof, or providing the sequence encoding the
same, the site-specific nuclease inducing a double-strand break at a
predetermined location, preferably wherein the site-specific nuclease
or the active fragment thereof comprises a zinc-finger nuclease, a
transcription activator-like effector nuclease, a CRISPR/Cas system,
including a CRISPR/Cas9 system, a CRISPR/Cpf1 system, a
CRISPR/C2C2 system a CRISPR/CasX system, a CRISPR/CasY
system, a CRISPR/Cmr system, an engineered homing endonucle-
ase, a recombinase, a transposase and a meganuclease, and/or any
combination, variant, or catalytically active fragment thereof;, and op-
tionally when the site-specific nuclease or the active fragment thereof
is a CRISPR nuclease: providing at least one guide RNA or at least

one guide RNA system, or a nucleic acid encoding the same; and

iiil@) inserting the promoter activating nucleic acid sequence into a
recipient promoter controlling the expression of the nucleic acid mole-
cule of interest in the cell at a position upstream or downstream of the
transcription start site of the recipient promoter controlling the expres-

sion of the nucleic acid molecule of interest, or

iiib) modifying the sequence of a recipient promoter controlling the
expression of the nucleic acid molecule of interest in the cell at a po-

sition upstream or downstream of the transcription start site of the re-

PCT/EP2019/057543
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cipient promoter controlling the expression of the nucleic acid mole-
cule of interest by addition and/or deletion and/or substitution so that

the promoter activating nucleic acid sequence is formed, and

iiic) optionally, modifying one or more TATA box motif(s) present in
the promoter activating nucleic acid sequence inserted or introduced
in step iiia) or iiib) or present in the recipient promoter by addition
and/or substitution and/or deletion of one or more nucleotides for
converting the one or more TATA box motif(s) into one or more TATA
box motif(s) having increased or higher relative score(s) when match-
ing or aligning the one or more modified TATA box motif(s) to the

TATA box consensus;

wherein the insertion or modification to introduce the promoter activating
nucleic acid sequence into the recipient promoter in step iiia) or iiib) is at a

position

(a) 500 nucleotides or less, preferably 150 nucleotides or less up-
stream of the transcription start site of the nucleic acid molecule of in-

terest; and/or

(b) more than 50nucleotides upstream of the start codon of the nucle-

ic acid molecule of interest; and/or

(c) where there is no upstream open reading frame (UORF) down-

stream of the insertion or introduction site.

wherein the promoter activating nucleic acid sequence configured for tar-
geted site-specific insertion into a recipient promoter controlling the expres-
sion of a nucleic acid molecule of interest in a cell or an organism, wherein
the promoter activating nucleic acid sequence causes an increased ex-
pression of the nucleic acid molecule of interest upon site-specific insertion,
preferably wherein the nucleic acid molecule of interest is heterologous or
native to the recipient promoter and/or is an endogenous or exogenous nu-

cleic acid molecule to the cell or organism, and

wherein the promoter activating nucleic acid sequence comprising
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i. one or more contiguous stretch(es) of nucleotides isolated from a do-
nor promoter, wherein the donor promoter is a promoter of a gene
having a high expression level, and/or

ii. one or more TATA box motif(s) of a donor promoter or one or more
TATA box motif(s) having a relative score of greater than 0.8 when
matching or aligning the one or more TATA box motif(s) to TATA box
consensus, and/or

iii. comprises one or more pyrimidine patch (Y patch) promoter ele-

ment(s) of a donor promoter,

wherein the chimeric promoter comprises a recipient promoter or the core
promoter thereof and at least one of the promoter activating nucleic acid at
a position upstream or downstream of the transcription start site of the re-

cipient promoter,

wherein the delivery system comprises the promoter activating nucleic acid
sequence and/or the chimeric promoter, and/or means for site-specific in-
sertion or introduction of the promoter activating nucleic acid sequence into

a recipient promoter,

wherein the nucleic acid construct or expression cassette comprises the

promoter activating nucleic acid sequence and/or the chimeric promoter.

The method of claim 1, wherein the promoter activating nucleic acid se-
guence has a length between 6 and 70 nucleotides, preferably between 7
and 60 nucleotides, more preferably between 8 and 40 nucleotides and

most preferably between 9 and 20 nucleotides.

The method of claim 1 or 2, wherein the cell or organism is a plant cell or
plant, and/or wherein the recipient promoter and/or the donor promoter
is/fare a plant promoter, and/or wherein the recipient promoter and the do-
nor promoter are different and/or originate from the same species or from

different species.

The method of any one of claims 1 to 3, wherein upon site-specific insertion

into the recipient promoter the expression level of the nucleic acid molecule

PCT/EP2019/057543
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of interest is increased at least 2-fold, at least 3-fold, at least 4-fold or at
least 5-fold, preferably at least 6-fold, at least 7-fold, at least 8-fold, at least
9-fold or at least 10-fold, more preferably at least 12-fold, at least 14-fold, at
least 16-fold, at least 18-fold or at least 20-fold, even more preferably at
least 25-fold, at least 30-fold, at least 35-fold or at least 40-fold and most
preferably more than 40-fold, compared to the expression level of the nu-
cleic acid molecule of interest under the control of the recipient promoter

without the insertion.

A chimeric promoter comprising a recipient promoter or the core promoter
thereof and at least one promoter activating nucleic acid as defined in any
one of the claims 1 to 4 at a position upstream or downstream of the tran-

scription start site of the recipient promoter.

A delivery system comprising the promoter activating nucleic acid se-
guence as defined in any of claims 1 to 4 and/or the chimeric promoter of
claim 5, and/or means for site-specific insertion or introduction of the pro-

moter activating nucleic acid sequence into a recipient promoter.

A nucleic acid construct or an expression cassette comprising the promoter
activating nucleic acid sequence as defined in any of claims 1 to 4 and/or

the chimeric promoter of claim 5.

A vector comprising the promoter activating nucleic acid sequence as
defined in any of claims 1 to 4, the chimeric promoter of claim 5 or the nu-
cleic acid construct or the expression cassette according to claim 7, or
means for site-specific introduction of the promoter activating nucleic acid
sequence, the chimeric promoter or the nucleic acid construct or the ex-

pression cassette according into a recipient promoter.

A cell or organism or a progeny thereof or a part of the organism or proge-

ny thereof,

a) in which a promoter activating nucleic acid as defined in any one of
claims 1 to 4 is inserted or introduced by addition and/or deletion and/or

substitution of one or more nucleotides into a recipient promoter control-
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ling the expression of a nucleic acid molecule of interest in the cell or the
organism, preferably inserted or introduced at a position upstream or
downstream of the transcription start site of the recipient promoter, more

preferably at a position

i. 500 nucleotides or less, preferably 150 nucleotides or less nucleo-
tides upstream of the transcription start site of the nucleic acid mole-

cule of interest, and/or

ii. 50 or more nucleotides upstream of the start codon of the nucleic acid

molecule of interest; and/or

iii. where there is no upstream open reading frame (UORF) downstream

of the insertion or introduction site, or

b) comprising the chimeric promoter according to claim 5, the delivery sys-
tem according to claim 6, the nucleic acid construct or an expression

cassette according to claim 7 or the vector according to claim 8.

10. A method for identifying a promoter activating nucleic acid sequence or a

chimeric promoter, comprising:

i) identifying a gene in a cell or an organism having a high ex-

pression level,

i) isolating one or more contiguous stretch(es) from the promoter
of the gene identified in step i) wherein the one or more contiguous
stretch(es) originate(s) a) from the core promoter of the said donor
promoter or b) from a sequence from position -50 to position +20 rela-

tive to the transcription start site of said donor promoter,

iii) inserting or introducing by addition and/or deletion and/or sub-
stitution of one or more nucleotides the one or more contiguous
stretch(es) into a recipient promoter controlling the expression of a
nucleic acid molecule of interest at a position upstream or down-

stream of the transcription start site of the recipient promoter,
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iv)  determining in a cell or organism or in vitro the expression level
of the nucleic acid molecule of interest under the control of the recipi-
ent promoter comprising the insertion or introduction of step iii) rela-
tive to the expression level of the same or another nucleic acid mole-
cule of interest under the control of the recipient promoter without the
insertion or introdcution of step iii) or to another reference promoter in
a given environment and/or under given genomic and/or environmen-
tal conditions, wherein the nucleic acid molecule of interest is heterol-
ogous or native to the recipient promoter and/or is endogenous or ex-

ogenous to the cell or organism to the cell or organism, and

v) identifying and thus providing the promoter activating nucleic
acid sequence as defined in any one of claims 1 to 4 or the chimeric
promoter according to claim 5 when increased expression of the nu-

cleic acid molecule of interest in step iv) is observed,

vi)  optionally, shortening the promoter activating nucleic acid se-
quence identified in step v) stepwise and repeating steps iv) and v) at
least one time and/or modifying one or more TATA box motif(s) pre-
sent in the promoter activating nucleic acid sequence identified in
step v) or in the recipient promoter by addition and/or substitution
and/or deletion of one or more nucleotides for converting the one or
more TATA box motif(s) into one or more TATA box motif(s) having
increased or higher relative score(s) when matching or aligning the
one or more TATA box motif(s) to the TATA box consensus, and re-

peating steps iv) and v) at least one time.

Method for producing a cell or organism having increased expression level

of a nucleic acid molecule of interest, comprising:

ia) introducing into the cell the promoter activating nucleic acid se-
guence as defined in any one of claims 1 to 4, the chimeric promotor
according to claim 5, the delivery system according to claim 6, or the
nucleic acid construct or an expression cassette according to claim 7,

or

PCT/EP2019/057543
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ib) introducing into the cell means for site-specific modification of
the nucleic acid sequence of a recipient promoter controlling the ex-

pression of the nucleic acid molecule of interest, and

i)  optionally, introducing into the cell a site-specific nuclease or an
active fragment thereof, or providing the sequence encoding the
same, the site-specific nuclease inducing a double-strand break at a
predetermined location, preferably wherein the site-specific nuclease
or the active fragment thereof comprises a zinc-finger nuclease, a
transcription activator-like effector nuclease, a CRISPR/Cas system,
including a CRISPR/Cas9 system, a CRISPR/Cpf1 system, a
CRISPR/C2C2 system a CRISPR/CasX system, a CRISPR/CasY
system, a CRISPR/Cmr system, an engineered homing endonucle-
ase, a recombinase, a transposase and a meganuclease, and/or any
combination, variant, or catalytically active fragment thereof, and op-
tionally when the site-specific nuclease or the active fragment thereof
is a CRISPR nuclease: providing at least one guide RNA or at least

one guide RNA system, or a nucleic acid encoding the same; and

iiia) inserting the promoter activating nucleic acid sequence as de-
fined in any one of claims 1 to 4 or the chimeric promotor as defined
in claim 5 into a recipient promoter controlling the expression of the
nucleic acid molecule of interest in the cell at a position upstream or
downstream of the transcription start site of the recipient promoter

controlling the expression of a nucleic acid molecule of interest, or

iiib) modifying the sequence of a recipient promoter controlling the
expression of the nucleic acid molecule of interest in the cell at a po-
sition upstream or downstream of the transcription start site of the re-
cipient promoter controlling the expression of a nucleic acid molecule
of interest by addition and/or deletion and/or substitution so that a
promoter activating nucleic acid sequence as defined in any of claims

1 to 4 is formed, and

PCT/EP2019/057543



20

WO 2019/185609 PCT/EP2019/057543

12.

13.

86

iiic) optionally, modifying one or more TATA box motif(s) present in
the promoter activating nucleic acid sequence or the chimeric pro-
moter inserted or introduced in step iiia) or iiib) or present in the recip-
ient promoter by addition and/or substitution and/or deletion of one or
more nucleotides for converting the one or more TATA box motif(s)
into one or more TATA box motif(s) having increased or higher rela-
tive score(s) when matching or aligning the one or more modified
TATA box motif(s) to the TATA box consensus, and

iv)  obtaining a cell or organism having increased expression level
of a nucleic acid molecule of interest upon insertion of the promoter
activating nucleic acid sequence as defined in any of claims 1 to 4 or
upon modification to form the promoter activating nucleic acid se-

quence as defined in any of claims 1 to 4.

A cell or organism or a progeny thereof, preferably a plant cell or plant or

progeny thereof, obtainable by a method of claim 11.

Use of the promoter activating nucleic acid sequence as defined in any of
claims 1 to 4, the chimeric promoter according to claim 5, the delivery sys-
tem according to claim 6, the nucleic acid construct or the expression cas-
sette according to claim 7 or the vector according to claim 8 for increasing
the expression level of a nucleic acid molecule of interest in a cell or organ-
ism upon site-specific insertion or introduction into a recipient promoter

controlling the expression of the nucleic acid molecule of interest.
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FIG 10 (continued):
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FIG 11 (continued):
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FIG 12 (continued):
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