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At RTR1 genes or their orthologous genes is moditied to ad-
vancing or delaying the onset of differentiation in one or
more meristems of the plant.
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PROCESS FOR MODIFYING THE ARCHITECTURE AND IMPROVING THE YIELD
OF CROP PLANTS

This invention lies within the technical field of agriculture.
The wvarious aspects of the invention can also be applied to
the crop productivity for food and feed production as well as
biomass production for the energy sector, specifically the
development of transgenic plants for use in obtaining

biofuels, such as in the production of bioethanol.

STATE OF THE ART

Plant architecture has a marked effect on the yield of plants.
This influence 1is exerted through photosynthetic potential,
the transfer of assimilated materials and nutrients to the
different organs of the plant, and finally manifests itself in

the potential growth and yield of the plant.

Cell differentiation is a fundamental process in all organisms
and, together with cell proliferation, dictates the size and
shape of the organisms (Ramirez-Parra et al., Int. J. Dev.
Biol. 2005). Thus, modification of plant architecture and
yield depend at the most fundamental level on regulating cell
proliferation and differentiation. The molecular mechanisms
controlling the <c¢ell cycle in plants are well known (De
Veylder et al., Nat. Rev. Mo. Cell Biol. 2007) and are largely
conserved relative to the mechanisms that control this cycle
in other eukaryotes. Many of the methods for modifying the
architecture of ©plants are based on controlling cell
proliferation, for example by altering the dormancy/activation
of buds (TCP genes) or altering the balance of proliferation

in meristems or organ primordia (STM, WUS, AS1, SWP genes).

On the other hand, the mechanisms responsible for initiating
cell differentiation are very poorly understood. In addition,
it is not known which genetic factors initiate cell
differentiation. In animals, it 1s assumed that the start of

differentiation involves a transcriptional re-ordering which
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makes it possible to activate developmental programmes which
are silenced in progenitor stem cells. There is evidence that
silencing of these ©programmes 1is due to Dblocking the
productive transcriptional elongation of developmental
regulatory genes (Guenther et al., Cell 2007; Stock et al.,
Nature Cell Biol. 2007), but the factors which activate this

elongation upon differentiation have not been identified.

An example of manipulating plant architecture and crop yield
is disclosed in US 2009/0320163 which describes a method for
obtaining transgenic plants whose plant architecture has been
modified through alterations in the expression of PDR genes
(Plant Developmental Regulators). These genes have
similarities with phosphatidyl ethanolamide binding proteins
(PEBPs), which act as inhibitors in the signalling cascades of
MAP kinases, with the result that transgenic plants with a
greater number of seeds, a better plant foliage architecture,
stronger stems and a larger plant biomass 1in general are

obtained.

Another specific example is +transgenic Arabidopsis plants
which have reduced levels of expression of AtMago mRNA (RNAi-
AtMago plants). It 1s known that the Mago Nashi gene 1is
involved in organisation of apical and root meristems, but not
floral meristems, and also affects the formation of pollen and
the development of seeds in Arabidopsis (Nam-I1 et al. Plant
Science 176 (2009) 461-469). RNAi-AtMago plants generally
presented delayed vegetative growth, producing a larger number
of leaves of smaller size, apical meristems with excessively
vacuolated cells and large intercellular spaces giving rise to
shorter and branched stems, smaller root meristems and shorter
lateral roots with premature differentiation of root hairs.
RNAi-AtMago plants also show reduced pollen production and

germination, occasionally giving rise to non-viable seeds.

At the present time, there are many methods available for
modifying root and above-ground architecture and improving

crop yields, including modifying the size of meristems. These
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methods are based on changing the expression of genes that
have specific effects in each meristem, for example in shoot
apical meristems through altering the expression of genes such
as STM, CLV3 or WUS, in root apical meristems through altering
the expression of genes such as PLT, SHY2 or RGFI1, and in
general modifying the synthesis, transport and signalling of

auxins and cytokinins.

Nevertheless, to the best of our knowledge, 1in the state of
the art, no gene has been identified which acts directly to
switch on cell differentiation. The decision as to whether to
differentiate or not is shared by cells of all the meristems
throughout the plant as well as in the developing embryo,
which means that identification of a conserved genetic switch
controlling this fate decision makes it possible to control
cell differentiation throughout the plant in a targeted way.
This includes, for example, control during embryogenesis and
in the apical, floral and vascular meristems. Modulation of
this unique switch is thus a novel mechanism, directly
applicable to all the meristems of the plant and in embryos,
which makes 1t possible to activate, Dblock or delay the

initiation of differentiation in a highly specific way.

The present invention identifies +this common switch which
initiates <c¢ell differentiation. The invention 1s aimed at
methods for generating transgenic plants with altered cell
differentiation and at transgenic plants obtained through such
methods. Plants with altered cell differentiation are
desirable tools in agriculture as they can be used to increase
yield and the present invention 1s aimed at addressing the

need for more productive crop plants.

BRIEF DESCRIPTION OF THE INVENTION

The invention relates to methods for improving the root and
above—-ground architecture of plants to obtain better crop
yields. According to the invention, the MINIYO and RTRI genes

are good tools for genetic manipulation to control the timing
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of the onset of differentiation in embryogenesis and in all of
the meristems of the plant. According to the invention, MINIYO
and RTRI nucleic acid sequences can therefore be used to
regulate the size and number of plant embryos, meristems and
the organs generated from them. MINIYO and RTR1 interact and
regulate the activity of RNA polymerase II (Pol II), and are
jointly involved in the activation of transcriptional
elongation and the expression of growth programmes which
control the initiation of cell differentiation in the plant.
The transgenic plants according to the invention differ from
the parent plants in that they have an increase or decrease in
the expression and/or genetic activity of MINIYO and/or RTRI,
including the Arabidopsis thaliana AtMINIYO and AtRTR1I genes
or their orthologues in other plant species. This gives rise
to advance, delay or blocking of the initiation of
differentiation in apical, floral and/or root meristems,
thereby modifying the number and size of meristems and/or the

number and size of the organs generated from them.

Preferably, the transgenic plants according to the invention
have partly or wholly reduced expression of the MINIYO and/or
RTR1 genes, including AtMINIYO and AtRTRI1 or their orthologues
in other plant species, 1in such a way that there 1is an
improvement 1in their plant architecture which leads to
improved crop yields in comparison with the wild plants. For
example, the transgenic plants have meristems with increased
size (greater stem thickness), and they also have ectopic
meristems giving rise to additional inflorescences, multiple
flowers and/or a large number of side roots and seeds with

double embryos.

In a first aspect, the invention relates to an 1isolated
nucleic acid sequence comprising a nucleotide sequence
encoding for an amino acid sequence of SEQ ID NO: 5 or an

orthologue thereof.
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In a second aspect, the invention relates to an isolated
nucleic acid sequence comprising a nucleotide sequence
encoding for amino acid sequence of SEQ ID NO: 11 or an

orthologue thereof.

In a further aspect, the invention relates to an expression
vector comprising one or more of the isolated nucleic acid

sequence (s) of the invention.

In another aspect, the invention relates to a transgenic plant
wherein the activity of a MINIYO and/or RTR1 polypeptide is

inactivated, repressed or down-regulated.

In an additional aspect, the invention relates to a transgenic
plant wherein the activity of a MINIYO and/or RTR1 polypeptide

is increased or up-regulated.

In a further aspect, the invention relates to a use of a
MINIYO and/or RTR1 polypeptide to control the initiation of
cell differentiation in plant apical, &root and/or floral

meristems.

In an additional aspect, the invention relates to a use of a
MINIYO and/or RTR1 polypeptide to delay the initiation of cell

differentiation in plant apical, root and floral meristems.

In another aspect, the invention relates to a method for
delaying the onset of cell differentiation and increasing the
number of undifferentiated cells 1in a plant said method
comprising decreasing the activity of a MINIYO and/or RTRI1
polypeptide.

In another aspect, the invention relates to a method for
increasing cell differentiation 1in a plant said method
comprising increasing the activity of a MINIYO and/or RTR1

polypeptide.
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In further aspect, the invention relates to an isolated
nucleic acid sequence comprising SEQ ID No. 48 or SEQ ID No.
49 and uses thereof to direct spatial and temporal expression

of target genes.

Also included are methods of producing transgenic plants with
altered activity of a MINIYO and/or RTR1 polypeptide and
method of increasing vyield by decreasing the activity of
activity of a MINIYO and/or RTR1 polypeptide.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be further described. In the
following passages, different aspects of the invention are
defined in more detail. Each aspect so defined may be combined
with any other aspect or aspects unless clearly indicated to
the contrary. In particular, any feature indicated as being
preferred or advantageous may be combined with any other
feature or features indicated as being preferred or

advantageous.

The practice of the present invention will employ, unless
otherwise indicated, conventional techniques of Dbotany,
microbiology, tissue culture, molecular biology, chemistry,
biochemistry and recombinant DNA technology, which are within
the skill of the art. Such techniques are explained fully in

the literature.

The Dbasis of this invention 1is the characterisation of the
AtMINIYO (At4g38440) and AtRTRI (Atb5g26760) genes which
comprise a highly conserved, common molecular switch that
initiates differentiation in all plants. The acronym IYO is
used herein to refer to the AtMINIYO gene.

We have identified and characterised the mutant miniyo-1 (iyo-—
1) which shows a delay in the initiation of cell
differentiation (Figures 1 and 2). Through positional mapping,

we have shown that phenotypes with delayed differentiation in
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iyo-1 plants are due to a point mutation in the IYO gene
(At4g38440, Figure 3A-B). The iyo-1 allele causes a change in
amino acid 962 from a glycine to a glutamate residue. This
disrupts an RGG RNA-binding motif which is strictly conserved
in all MINIYO orthologues (Figures 3B and 18a). This mutation
gives rise to a partial loss of activity in the IYO gene and
results in delayed onset of differentiation in all the
meristems of the plant (Figure 1). As a consequence, ectopic
stem cells are generated (Figures 1A-E, 2) and these give rise
to new shoot and root meristems, new floral meristems (double
and triple flowers), adjacent groups of stomas (Figure 1F-I)
and a larger number of lateral roots, including in positions
in which they do not develop in wild-type plants (Figure 2).
Total Dblocking of IYO activity causes embryogenesis to be

arrested at early stages (Figure 3E-F).

In addition, the combination of the hypomorphic iyo-1 allele
with null alleles (iyo-2 or 1iyo-3) gives rise to the formation
of seeds with double embryos (Figures 1J and 3D) which mature
and upon germinating give rise to plants with multiple
meristem poles which generate rudimentary leaves (Figure 1K).
Also in the case of the iyo-1 allele there are cases of double
embryos which develop in a similar way to wild-type embryos

(Figure 1L).

Expression of the IYO gene is regulated at the transcriptional
and post-transcriptional level to direct its activity
specifically to the periphery of the meristems where
differentiation begins (Figures 4 and 5). The promoter of the
IYO gene 1is exclusively active in developing seeds, 1in
meristems and in cells in the early stages of differentiation
(Figures 4A-B, 5C-E). Moreover, specific signal sequences
present in the IYO protein restrict nuclear accumulation of
the protein exclusively to cells which are about to begin
differentiation (Figures 4B-F, 5G-I). The protein is excluded
from the nucleus in proliferating meristematic cells through
active Exportinl-dependent export, as it 1is 1inhibited by

treatment with leptomycin B (Figure 57).
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The overexpression of IYO or its fusions with proteins or
peptides such as GFP, HA, FLAG under the control of the
constitutive 35S promoter leads to premature differentiation
in meristems, including in the rib meristem with the
consequent shortening of internodes and the compaction of
inflorescences (Figure 6B-C), and even to meristem consumption

(Figure 7).

The IYO gene codes for a protein which interacts physically
with RNA polymerase II (Pol II) and with elongation complexes
(Figure 8A-B, G-1I) and which activates transcriptional
elongation (Figure 8C, E-F) and the expression of development

programmes directing differentiation (Figures 8C-D, 6A).

Through the analysis of co-expressed genes, we identified the
gene Atb5g26760 (AtRTR1) which has a Pearson correlation
coefficient of r = 0.625 with IYO. At5g26760 codes for a
protein which is highly conserved in all plant species, 1is
homologous to the RTR1 protein from Saccharomyces cerevisae,
and also has homologues in animals. RTR1 interacts with Pol IT
and results have recently been published which indicate that
it acts as a transition phosphatase for Pol II in vyeast
(Mosley et al., 2009). This phosphatase 1is thought to be
involved in the dephosphorylation of serine 5 in the C-
terminal domain of the RPB1 (CTD) sub-unit, a modification
preceding phosphorylation in serine 2 which is necessary for
Pol II to enter into productive elongation. Bearing in mind
the homology between At5g26760 and this phosphatase which acts
in the transition between initiation and elongation in
transcription and its co-expression with the IYO gene, which
is an activator of transcriptional elongation, we postulate
that At5g26760/AtRTR1 1is jointly involved with the IYO gene in
the activation of transcriptional elongation and the

initiation of cell differentiation in plants.

As a first step 1in analysing the function of AtRTRI, we
studied two mutant alleles in the SALK collection. The allele
atrtrl-1 (SALK 012339) has an insertion of T-DNA in the first



10

15

20

25

30

35

WO 2012/156760 PCT/GB2012/051146

exon which gives rise to the total loss of function of RTRI.
Homozygous atrtrli-1 plants arrest their growth during early
stages of embryogenesis (Figure 9). The arrested embryos have
a phenotype which is very similar to strong alleles of iyo,
comprising an almost total block on cell differentiation and
the production of twin embryos from suspensor cells. The
atrtrl-2 allele (SALK 115762) has a T-DNA insertion in the
third intron of the gene, which 1is spliced out but with low
efficiency, resulting in very low accumulation of the full-
length transcript. The atrtri-2 allele results in a partial
loss of AtRTR1 activity and phenocopies almost exactly the
weak allele iyo-1. atrtri-2 plants have delayed onset of
differentiation in the different meristems of the plant and
therefore maintain ectopic stem cells that generate additional
shoot, flower and root meristems (Figure 10A-C) and ectopic
meristemoids (Figure 11). Ectopic embryos that germinate and

give rise to cloned plants are also generated.

The phenotype of a double iyo-latrtrlI-2 mutant shows a clear
interaction between the IYO and AtRTR1 genes in control of the
initiation of cell differentiation. These double mutants have
a total block on differentiation that gives rise to growth in
the form of a mass of undifferentiated cells (Figure 10D). In
addition, we have demonstrated that the over-expression of IYO
in a mutant atrtrli-2 ecotype does not give rise to any
phenotype, demonstrating that the RTRI gene 1s necessary for
the function of MINIYO.

In order to study the expression of RITRI, we generated
transgenic plants expressing the promoter of RTRI and the
first three exons and introns of RTRI translationally fused to
the UidA (GUS) reporter gene. This construct directs the
activity of GUS specifically to meristems and differentiating
tissues (Figure 10E), in a pattern which is very similar to
that of plants which express GUS under the promoter of IYO,
which 1is consistent with the high level of co-expression of
the corresponding transcripts and 1s compatible with the fact

that both genes function together and in a coordinated way.



10

15

20

25

30

35

WO 2012/156760 PCT/GB2012/051146
- 10 -

Furthermore, we analysed the pattern of accumulation of
AtRTR1 fused to the GFP reporter under the control of the
constitutive CaMV 35S promoter . In the same way as IYO-GFP,
the fusion product AtRTR1-GFP does not accumulate 1in the
nuclei of undifferentiated cells (Figure 10F), being excluded
through active export dependent on Exportinl (Figures 10F and
12).

Although the bulk of AtRTRl1 is present 1in the cytosol, we
found high levels of nuclear fluorescence reconstitution when
split YFP fused to IYO and AtRTR1 was expressed in Nicotiana
benthamiana leaves (Figures 12-14). This confirms that IYO and
AtRTR1 interact physically, and that they do so in the
nucleus. Moreover, reconstituted YFP stabilizes complexes, and
this leads to large accumulation of AtRTR1 in the nucleus,
which suggest that complex formation serves to retain AtRTRI1
in that compartment. To test this, we analyzed the subcellular
distribution of AtRTRl1 1in the presence or absence of co-
expressed IYO. These experiments confirmed that co-expressed

IYO increases the accumulation of AtRTR1 in the nucleus.

These results demonstrate that MINIYO and RTR1 form a complex
in the nucleus and that they have a common and shared function
in combining to initiate cell differentiation by the
activation of transcriptional elongation through the

interaction and modification of Pol II.

We have shown that downregulation of MINIYO and/or RTRI genes
or their proteins leads to a delayed onset of differentiation,
increased meristem size/number and ectopic meristems. Thus,
downregulation of MINIYO and/or RTRI can Dbe wuseful 1in
increasing plant yield. The term *“yield” as described herein
relates to yield-related traits. Specifically, these include
an increase in biomass and/or seed yield. This can be achieved
by increased growth. An increase in yield <can be, for
example, assessed by the harvest index, i.e. the ratio of seed
yield to aboveground dry weight. Thus, according to the

invention, vyield comprises one or more of: increased seed
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yield per plant, increased seed filling rate, increased number
of filled seeds, increased harvest index, increased number of
seed capsules/pods, increased seed size, increased growth or
increased branching, for example inflorescences with more
branches. Preferably, yield comprises an increased number of
seed capsules/pods and/or increased Dbranching. Yield is
increased relative to control plants. An increase in yield may
be about 5, 10, 20, 30, 40, 50% or more compared to a control

plant.

In contrast, overexpression of MINIYO and/or RTR1 genes can be
used to eliminate branches of the inflorescence meristem in

crops where this is useful.

The invention 1is therefore based on the generation of plants
having either increased or reduced activity of MINIYO and/or
RTR1 genes or their proteins, including AtMINIYO and AtRTR1 or
their orthologues in other plant species, to advance or delay
the onset of differentiation in the meristems, at the required
time in each case. Thus, the activity of MINIYO and/or RTRI,
including AtMINIYO and AtRTR1 or their orthologues in other
plant species, may be inactivated, repressed or downregulated.
In another aspect, the activity of MINIYO and/or RTRI1,
including AtMINIYO and AtRTR1I or their orthologues in other
plant species, 1is 1increased or up-regulated. Transgenic or
mutant plants which express MINIYO and/or RTRI genes,
including AtMINIYO and AtRTR1I or their orthologues 1in other
plant species, but where the function of the protein is partly
lost, may be obtained according to the wvarious aspects of the

invention.

Alternatively, null mutants are obtained which are transformed
with or carry attenuated or mutant versions of MINIYO or RTRI
genes, such as the iyo-1 alleles and atrtri-2 alleles or a
combination thereof, or other alleles which have mutated amino
acids in regions which are highly conserved in MINIYO and RTRI1
proteins, including AtMINIYO and AtRTR1 or their orthologues

in other plant species (Figures 18 and 21). The expected
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phenotypes are similar to those already observed in
Arabidopsis, 1.e.: larger meristems and directly generated
organs (thicker stems), ectopic meristems which give rise to
additional inflorescences, duplicated flowers, a larger number

of side roots and seeds with double embryos.

Throughout this disclosure, MINIYO and RTRI are used to refer
to the genes homologous/proteins to the Arabidopsis AtMINIYO

and AtRTR1 genes/proteins respectively, as described herein.

Specifically, a skilled person would therefore understand that
the invention not only relates to isolated AtMINIYO and AtRTR1
genes/proteins as defined in SEQ ID No. 1, 8, 5 and 11 and
their uses in the various aspects of the invention, but that
the ©present invention relates to methods and uses of
homologues and orthologues of the AtMINIYO or AtRTR1 genes and
their polypeptides in other plant species, including
transgenic plants where expressing or activity of such an

orthologous gene/protein is increased or decreased.

Thus, in a first aspect, the invention relates to an isolated
nucleic acid molecule or sequence comprising a nucleic acid
molecule of SEQ ID No. 1 coding for the AtMINIYO protein of
SEQ ID No. 5, or its orthologue in another plant species. In
another aspect, the invention relates to an isolated nucleic
acid sequence or molecule comprising a nucleic acid of SEQ ID
No. 8 coding for the AtRTR1 protein of SEQ ID No. 11 or its

orthologue in another plant species.

As explained herein, said nucleic acid molecule(s) control(s)
the initiation of cell differentiation in apical, root and
floral meristems of the plant. Preferably, the nucleic acid
molecule(s) is/are homologous to the corresponding nucleic
acid molecules which code for the AtMINIYO proteins of SEQ ID
No. 5 or its orthologue in another plant species, and/or the
AtRTR1 protein of SEQ ID No. 11 or its orthologue in another

plant species.
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In a preferred embodiment of the invention, the nucleic acid
molecule is characterised by interacting and/or modifying the
RNA polymerase II (Pol 1II) dinvolved in the activation of
transcriptional elongation and the expression of developmental
programmes which direct the initiation of cell differentiation
in seeds and in all the apical, root and floral and other
meristems of the plant. In a preferred embodiment, the protein
AtMINIYO or its orthologue in other plant species, and the
protein AtRTR1 or its orthologue 1in other plant species,
interact and/or modify the RNA polymerase II (Pol II), and are
jointly involved in the activation of transcriptional
elongation and the expression of developmental programmes
which direct the initiation of cell differentiation in seeds
and in all the apical, root and floral and other meristems of
the plant.

This invention also ©protects an isolated nucleic acid
comprising a nucleotide sequence coding for an amino acid
sequence of the protein IYO and/or the protein AtRTR1, or
their orthologues in another plant species, which are at least
30% identical to the sequences coded by SEQ ID NO: 1 and/or
SEQ ID NO: 8 to control the initiation of cell differentiation
in seeds and in apical, root and floral and other meristems of
a plant, and their uses, preferably their use to control the
initiation of cell differentiation in seeds and in apical,

root and floral meristems of a plant.

Accordingly, the invention relates to an isolated nucleic acid
sequence comprising or consisting of SEQ No. 1 or 8 or a
homologue, orthologue or functional variant thereof. In one
embodiment, the isolated nucleic acid sequence comprises or
consgists of SEQ No. 1 or 8. In another embodiment, the
isolated nucleic acid seguence comprises or consists of a
nucleic acid sequence that encodes for an orthologue of the

protein identified in SEQ No. 5 or 11.

As wused herein, the words "nucleic acid", "nucleic acid

sequence", "nucleic acid molecule", "nucleotide", or
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"polynucleotide" are intended to include DNA molecules (e.g.,
cDNA- as 1s the case for SEQ ID NO: 1 and SEQ ID NO: 8- or
genomic DNA), RNA molecules (e.g., mRNA), natural occurring,
mutated, synthetic DNA or RNA molecules, and analogs of the
DNA or RNA generated using nucleotide analogs. The skilled
person will understand that where the nucleic acid according
to the invention includes RNA, reference to the sequence shown
should be construed as reference to the RNA equivalent, with U
substituted for T. It can be single-stranded or double-
stranded. Such nucleic acids or polynucleotides include, but
are not limited to, coding sequences of structural genes,
anti-sense sequences, and non-coding regulatory sequences that
do not encode mRNAs or protein products. These terms also
encompass a gene. The term "gene" or “gene sequence” 1is used
broadly to refer to a DNA nucleic acid associated with a
biological function. Thus, genes may include introns and exons
as 1n the genomic sequence, or may comprise only a coding
sequence as in cDNAs, and/or may include cDNAs in combination
with regulatory sequences. The sequences may also be
synthetically made sequences. The nucleic acid may be wholly

or partially synthetic, depending on design.

The term “functional part or functional wvariant” as used
herein refers to a variant gene or polypeptide sequence or
part of the gene or polypeptide sequence which retains the
biological function of the full non-variant sequence, 1i.e.
acts as a molecular switch to initiate cell differentiation.
Variant degenerate sequences of the nucleotide sequences
according to the invention whose product 1s a protein having
the same function as the protein coded by each of the
sequences SEQ ID NO: 5 and SEQ ID NO: 11 are thus included
within the scope of the invention. The amino acid segquence may
be coded by any nucleotide sequence which gives rise to any of
the amino acid sequences according to the invention. Due to
the fact that the genetic code is degenerate, the same amino
acid may be coded for by different codons (triplets), and thus
the same amino acid sequence may be coded for by different

nucleotide sequences.
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The homologue, orthologue or functional wvariant of SEQ ID No.
1 or 8 encodes a polypeptide that is 30%-99% identical to a
sequence encoded by SEQ No. 1 or 8. For example, the
polypeptide of the invention has, in increasing order of
preference, at least 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%,
38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%,
50%, b51%, b52%, 053%, b54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%,
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 1%, 72%, 3%,
74%, 75%, 6%, 77%, 778%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% overall sequence i1dentity to the amino acid
represented by SEQ ID NO: 5 or 11, respectively, and/or
represented by the AtMINIYO or AtRTRI1 orthologues and

paralogues shown herein.

In one embodiment, the isolated nucleic acid of the invention
encodes a polypeptide that is at least 30% identical to a
sequence encoded by SEQ No. 5 or 11. In another embodiment,
the degree of identity between the amino acid seqguences
encoded by SEQ ID NO: 1 or SEQ ID NO: 8 originating from
Arabidopsis thaliana and an amino acid sequences from another
plant, preferably a plant Dbelonging to the superfamily
Viridiplantae, is around 90% or 95%. Furthermore, all
sequences whose transcription product is substantially
identical to the amino acid sequences SEQ ID NO: 5 and SEQ ID

NO: 11 according to this invention are included.

The amino acid sequences which are at least 30% identical to
those coded by SEQ ID NO: 1 and SEQ ID NO: 8 are homologous
sequences from A. thaliana or other organisms 1in which the
protein for which they code has an equivalent function to the
protein coded Dby the said MINIYO and RTR1 genes of plant
origin, for example from Arabidopsis. The homologous seguences
in general relate to sequences from different species
originating from a common ancestral sequence. Two types of
homology are generally distinguished in sequence homology:
orthology and paralogy. Orthologous sequences belong to

species which have a common past. Paralogous seguences are
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those which are found in the same organism and originate from
duplication of a given gene. In one embodiment, the invention
relates to any homologous sequences, including both
orthologous and paralogous, which are at least 30% identical
to the amino acid sequences encoded by SEQ ID NO: 1 or SEQ ID
NO: 8, without prejudice to whether other sequences with lower
degrees of identity with MINIYO and RTR1 are also regarded as

being an object of the invention.

The overall sequence identity is determined using a global
alignment algorithm, for example the Needleman  Wunsch
algorithm in the program GAP (GCG Wisconsin Package,
Accelrys), preferably with default parameters and preferably
with sequences of mature proteins (i.e. without taking into

account secretion signals or transit peptides).

The orthologue may be selected from a MINIYO or RTR1 gene in
any other plant, preferably a plant of superfamily
Viridiplantae, in particular monocotyledonous and
dicotyledonous plants, including forage plants and vegetables
for livestock, ornamental plants, crop plants for use in human
or animal nutrition and plants for use as biocenergy. Specific
plants from which the ortholgue may be derived are 1listed
elsewhere 1in this application as non-limiting examples of
transgenic plants. In one embodiment of the various aspects of
the invention, the MINIYO gene 1s selected from one of the

following plants:

Oryza sativa (SEQ ID No. 12 peptide sequence, SEQ ID No. 18
nucleic acid sequence), Zea mays (SEQ ID No. 13 peptide
sequence, SEQ ID No. 19 nucleic acid sequence), Glycine max
(SEQ ID No. 14 and 15 peptide sequences, SEQ ID No. 20, 21
nucleic acid sequences), Brachypodium distachyon (SEQ ID No.
16 peptide sequence), Sorghum bicolor (SEQ ID No. 17 peptide

sequence) .

In one embodiment of the wvarious aspects of the invention, the

RTR1 gene is selected from one of the following plants:
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Oryza sativa (SEQ ID No. 22 peptide sequence, SEQ ID No. 28
nucleic acid sequence), Zea mays (SEQ ID No. 23 peptide
sequence, SEQ ID No. 29 nucleic acid sequence), Glycine max
(SEQ ID No. 24, 25 peptide sequences, SEQ ID No. 30, 31
nucleic acid sequences), Brachypodium distachyon (SEQ ID No.
27 peptide sequence), Sorghum bicolor (SEQ ID No. 26 peptide

sequence) .

As shown in figures 16 to 21, genes encoding for MINIYO and
RTR1 in plants and their resulting proteins are conserved and

show a number of conserved domains.

For the MINIYO protein, one of these domains is a glycine rich
domain comprising an RGG element. This domain is located at
position 960-980 in Arabidopsis AtMINIYO. Mutating G962E
results 1n a partial loss of function mutant. Therefore,
orthologues of AtMINIYO are characterised by the presence of a
conserved glycine rich domain as shown in Figure 3b for MINIYO
proteins from different species. Thus, orthologues proteins
comprise a sequence which has at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% identity with the domain in Arabidopsis SEQ
ID No. 32: RGGLAPGVGLGWGASGGGFWS. FIG. 18 (a).

In addition, as shown in figure 18, orthologues are
characterised by the presence of one or more further conserved
domains which show a high degree of sequence identity,
preferably at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% to

the following domains in Arabidopsis:

— amino acids 209-255 SEQ ID No. 33
SDIDVENHAKLQTMSPDEIAEAQAELLDKMDPALLSILKKRGEAKLK. FIG 18 (b);
- amino acids 317-396 SEQ ID No. 34

RDLRFSFDGNVVEEDVVSPAETGGKWSGVESAAERDFLRTEGDPGAAGYTIKEATIALARSVI
PGQRCLALHLLASVLDKA. FIG 18 (c);

- amino acids 350-389 SEQ ID No. 35
ERDFLRTEGDPGAAGYTIKEATALARSVIPGQRCLALHLL. FIG 18 (d);
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- amino acids 417-437 SEQ ID No. 36 DWEAIWAYALGPEPELVLALR. FIG

18 (e).;

- amino acids 529-559 SEQ ID No. 37
TIQKDVEFVAGQDVAAGLVRMDILPRIYHLLEE. FIG 18 (f);

- amino acids 529-597 SEQ ID No. 38

TIQKDVEFVAGQODVAAGLVRMDILPRIYHLLEEPTAALEDSIISVTIATIARHSPKCTTAILKY
PKFVQT. FIG 18 (g);

- amino acids 1136-1145 SEQ ID No. 39 EWAHQRMPLP. FIG 18 (h);
and/or

- amino acids SEQ ID No. 40 1144-1416
LPPHWFLSAISAVHSGKTSTGPPESTELLEVAKAGVFFLAGLESSSGFGSLPSPVVSVPLVW
KFHALSTVLLVGMDIIEDKNTRNLYNYLQELYGQFLDEARLNHRDTELLRFKSDIHENYSTF
LEMVVEQYAAVSYGDVVYGRQVSVYLHQCVEHSVRLSAWTVLSNARVLELLPSLDKCLGEAD
GYLEPVEENEAVLEAYLKSWTCGALDRAATRGSVAYTLVVHHEFSSLVFCNQAKDKVSLRNKI
VKTLVRDLSRKRHREGMMLDLLRYK. FIG 18 (i)

For the RTR1 protein, there 1is a conserved domain (DUF408)
with a zinc-finger like motif located at the N-terminus of the
protein that is found in all the orthologues from plants,
animals and fungi. This domain is located at position 45-98 in
Arabidopsis  AtRTRI1. The zinc-finger-like-motif has been
implicated in interaction with the RNA Polymerase II C-
terminal domain (CTD) and the Integrator complex in humans and
is required for CTD-phosphatase activity in yeast and humans
(Mosley et al., 2009; Egloff et al., 2011). Interestingly,
this motif is also required for interaction of RTR1 with IYO.
Substituting the putative =zinc coordinating cysteine residues
(C56A/C61A or C94A/C98A) in the full-length AtRTR1 protein for
alanine abrogates interaction with IYO. Intriguingly, however,
both the truncated N-terminal and the C-terminal halves of
RTR1 can interact with 1IYO, suggesting that although RTR1
binds at both ends of the protein to IYO, it requires an
intact zinc-finger-like motif in the context of the full

length protein for binding.

A consensus sequence for the zinc-finger like motif derived
from sequences from multicellular eukaryotes is (the putative

Zinc-coordinating cysteines are highlghted in bold) :
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DIIV]VI[TDEV]ER[ASTF]I[AVIS] [KND] [LAV]CGY[TP] [LRA]CXXXLX -

15 [YF] [RK]JIS[LT] [KSR] [TAED] [HKN] [KR]VYD[IL] [THEQ]EXXX[FY]CXXXC

A Dblast search against the non-redundant protein sequence
database at NCBI with the <corresponding sequence from
Arabidopsis
DVVTERATAKLCGYTLCQRFLPSDVSRRGKYRISLKDHKVYDLQETSKFCSAGC SEQ ID
No. 41 retrieved the RTRL orthologues from plants, animals

and fungi with a low E-value (< 10°°).

Therefore, orthologues of AtRTR1 from plants animals and fungi
are characterised by the presence of a conserved zinc-finger
like motif as shown in Figure 21. Thus, orthologues proteins
comprise a sequence which has at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity with the domain in Arabidopsis SEQ

ID No. 42
DVVTERATAKLCGYTLCQRFLPSDVSRRGKYRISLKDHKVYDLQETSKEFCSAGC. FIG.
21 (a).

In addition, orthologues to the AtRTR1 Arabidopsis protein are
characterised by the presence of one or more further conserved
domains as shown 1in figure 21, which show a high degree of
sequence identity, preferably at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% to the following domains in Arabidopsis:

- amino acids 39-61 SEQ ID No. 43 SRSDYEDVVTERAIAKLCGYTLC.
This domain includes catalytic cysteine C56 which is strictly
conserved in all the orthologues. FIG. 21 (b).

- amino acids. 77-89 SEQ ID No. 44 ISLKDHKVYDLQE. FIG. 21 (c);
- amino acids. 429-435 SEQ ID No. 45 SVTWADQ. FIG. 21 (d);;

- amino acids 473-507 SEQ ID No. 46
AEALATALSQAAEAVSSGNSDASDATAKAGIILLP. FIG. 21 (e);

and/or

- amino acids 552-589 SEQ ID No. 47,
SWEDGPPEGENLTLSNFAVMWDSLFGWVSSSSLAYIYG. FIG. 21 (f)

Thus, a skilled person would understand that MINIYO and RTRI1
are highly conserved in plants and characterised by the

presence of the conserved domains above. Accordingly, the
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MINIYO and RTR1 proteins according to the invention can be
defined and identified through the presence of these domains
set out herein, in particular with reference to figures 18 and
21. A skilled person would therefore be able to identify
orthologues to AtMINIYO and ATRTR1 by reference to these

domains through routine methods.

Another aspect of the invention relates to an expression
vector which comprises one or more isolated nucleic acid
molecule(s) of the invention. The invention also relates to
the use of an expression vector as described herein to control
the initiation of cell differentiation in the apical, root

floral and/or other meristems of a plant.

The term "vector" refers to a fragment of DNA which has the
ability to replicate in a given host and, as the term
indicates, 1t can act as a vehicle to multiply another DNA
fragment which has been fused to it (“insert”). “Insert”
refers to a fragment of DNA fused to the vector; in the case
of this invention the wvector may comprise any of the sequences
described in accordance with the aspects of the invention
which, when fused to the same, can replicate in a suitable
host. The vectors may be plasmids, cosmids, bacteriophages or
lentiviral wvectors suitable for transforming or transfecting
fungal or animal cells, without excluding other kinds of

vectors which correspond to the definition of vector provided.

Expression of the said nucleic acid molecules may be under the
control of a promoter sequence. The promoter used in the gene
constructs of the vectors described above to express MINIYO or
RTR1 may be an endogenous MINIYO or RTR1 promoter, for example
the AtMINIYO or AtRTR1 promoter (SEQ Id No 48 and 49) or a
MINIYO or RTR1 promoter from a AtMINIYO or AtRTR1 orthologue.

Alternatively, the promoter may regulate overexpression of the
gene. Overexpression according to the invention means that the
transgene 1is expressed at a level that is higher than

expression of endogenous counterparts (MINIYO or RTR1) driven
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by their endogenous promoters. For example, overexpression may
be carried out using a strong promoter, such as the
cauliflower mosaic virus promoter (CaMVv35S), the rice actin
promoter or the maize ubiquitin promoter or any promoter that

gives enhanced expression.

Alternatively, an inducible expression system may be wused,
where expression is driven by a promoter induced by
environmental stress conditions (for example the ©pepper
pathogen-induced membrane protein gene CaPIMPI or promoters
that comprise the dehydration-responsive element (DRE), the
promoter of the sunflower HD-Zip protein gene Hahb4 or Hahbl,
which 1s inducible by water stress, high salt concentrations
and ABA, or a chemically inducible promoter (such as steroid-
or ethanol-inducible promoter system). Such promoters are
described in the art. Other suitable promoters and inducible

systems are also known to the skilled person.

As a skilled person will know, the expression vector may also
comprise a selectable marker which facilitates the selection
of transformants, such as a marker that confers resistance to

antibiotics, such as kanamycin.

In any of the expression vectors described herein, wild type
sequences that encode MINIYO or RTR1 polypeptides can be
included, but in one embodiment, wvariant sequence or fragments
may also be used, provided such sequences encode a polypeptide
that has the same biological activity as the wild type
sequence. Sequence variations 1in the wild type sequence
include silent base changes that do not lead to a change in
the encoded amino acid sequence and/or base changes that
affect the amino acid sequence, but do not affect the
biological activity of the ©polypeptide. Changes may Dbe
conservative amino acid substitutions, i1.e. a substitution of
one amino acid residue where the two residues are similar in
properties. Thus, variant/mutant polypeptides encoded by such
sequences retain the Dbiological activity of the wild type

polypeptide and act on cell differentiation.
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In another embodiment, mutant sequence or fragments may also
be wused, which encode a polypeptide that has a different
biological activity as the wild type sequence. These

modifications are described below.

A sequence or vector described herein encoding for the MINIYO
or RTR1 protein is introduced as a transgene into the plant.
This can be carried out by wvarious methods as known in the
field of plant genetic engineering, for example using

transformation with Agrobacterium or particle bombardment.

Another embodiment of the invention relates to a host cell

which comprises the expression vector of the invention.

The term "cell" as understood in this invention relates to a
prokaryotic or eukaryotic cell. The cell may be a bacterium
capable of replicating a transformed foreign DNA such as for
example any of the strains of the species Escherichia coli.
Preferably cell refers to a eukaryotic fungal, plant or animal
cell. Thus, 1in the case where the cell is a fungus, the term
cell comprises at least an individual cell of a vyeast, a
mycelium of a filamentous fungus, or other fungal cell of any
type, whether germinal (spore) or vegetative, differentiated
or undifferentiated. In the case of an animal cell it may be
any normal or tumour cell line, from any tissue or organ,
adult or embryonal, multipotent (undifferentiated) or
differentiated. Likewise a protoplast (a fungal cell without a

cell wall) 1s also included in this definition.

The invention also includes a method for generating of
transgenic plants which constitutively or conditionally
express or over—express a nucleic acid of the invention, that
is a nucleic acid that encodes for a plant MINIYO and/or RTR1
protein, throughout the plant or 1in specific meristems, to
advance the onset of differentiation, reducing the size of the
meristems or eliminating them, depending upon the 1level of
over-expression obtained. It also includes the over-expression

of mutated wversions of MINIYO and/or RTR1 which are not
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excluded from the nucleus in undifferentiated cells. In one
aspect of the invention, mutated constructs of MINIYO and/or
RTR1 that are retained in the cytosol or in the nucleus are
expressed under constitutive, inducible, tissue-specific or
developmental-stage-specific promoters, to modify specifically
cell proliferation or cell differentiation rates in different
meristems and during embryogenesis. These constructs are

described below.

The invention also includes a method for generating transgenic
plants in which a nucleic acid of the invention that encodes
for a plant MINIYO and/or RTR1 protein is expressed throughout
the plant or 1in specific meristems, to delay the onset of
differentiation. Such nucleic acids include mutated constructs

of MINIYO and/or RTR1 as described herein.

These methods include introducing an nucleic acid of the
invention into said plant by means of recombinant DNA

technology and expressing said transgene in the plant.

In another aspect, the invention relates to a transgenic plant
wherein the activity of a MINIYO polypeptide as described
herein is inactivated, repressed or down-regulated. As
described above, said MINIYO protein is at least 30% identical
to the sequences coded by SEQ ID NO:1. In one embodiment, the
MINIYO protein comprises or consists of SEQ ID No. 5. Thus, in
another aspect, the invention relates to a transgenic plant
wherein the activity of a RTR1 polypeptide as described herein
is inactivated, repressed or down-regulated. As described
above, said RTR1 protein is at least 30% identical to the
sequences coded by SEQ ID NO:8. In one embodiment, the RTR1

protein comprises or consists of SEQ ID No. 11.

In one embodiment, the transgenic plant may be characterised
in that activity of both a MINIYO and RTR1 polypeptide as

described herein is inactivated, repressed or down-regulated.

In another embodiment, RNA-mediated gene suppression or RNA

silencing may be used to achieve silencing of the MINIYO or
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RTR1 gene. “Gene silencing" is a term generally used to refer
to suppression of expression of a gene via sequence-specific
interactions that are mediated by RNA molecules. The degree of
reduction may be so as to totally abolish production of the
encoded gene product, but more wusually the abolition of
expression 1s partial, with some degree of expression
remaining. The term should not therefore be taken to require

complete "silencing" of expression.

Transgenes may be used to suppress endogenous plant genes.
This was discovered originally when chalcone synthase
transgenes 1in petunia caused suppression of the endogenous
chalcone synthase genes and indicated by easily visible
pigmentation changes. Subsequently it has been described how
many, 1f not all plant genes can be "silenced" by transgenes.
Gene silencing requires sequence similarity between the
transgene and the gene that becomes silenced. This seqguence
homology may involve promoter regions or coding regions of the
silenced target gene. When coding regions are involved, the
transgene able to cause gene silencing may Thave Dbeen
constructed with a promoter that would transcribe either the
sense or the antisense orientation of the coding sequence RNA.
It is 1likely that the wvarious examples of gene silencing
involve different mechanisms that are not well understood. In
different examples there may be transcriptional or post
transcriptional gene silencing and both may be used according

to the methods of the invention.

RNA-mediated gene suppression or RNA silencing according to
the methods of the invention includes co-suppression wherein
over—-expression of the MINIYO or RTR1 gene sense RNA or mRNA
leads to a reduction in the level of expression of the genes
concerned. RNAs of the transgene and homologous endogenous

gene are co-ordinately suppressed.

Other techniques used in the methods of the invention include
antisense RNA to reduce transcript levels of the endogenous
MINIYO and/or RTR1 gene 1in a plant. In this method, RNA
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silencing does not affect the transcription of a gene locus,
but only causes sequence-specific degradation of target mRNAs.
An "antisense" nucleic acid sequence comprises a nucleotide
sequence that 1is complementary to a "sense" nucleic acid
sequence encoding a MINIYO and/or RTR1 protein, or a part of a
MINIYO and/or RTR1 protein, i.e. complementary to the coding
strand of a double-stranded c¢DNA molecule or complementary to
an mRNA transcript sequence. The antisense nucleic acid
sequence 1is preferably complementary to the endogenous MINIYO
and/or RTR1 gene to be silenced. The complementarity may be
located in the "coding region" and/or 1in the "non-coding
region" of a gene. The term "coding region" refers to a region
of the nucleotide sequence comprising codons that are
translated into amino acid residues. The term "non-coding
region" refers to 5' and 3' sequences that flank the coding
region that are transcribed but not translated into amino

acids (also referred to as 5' and 3' untranslated regions).

The length of a suitable antisense oligonucleotide sequence is
known in the art and may start from about 50, 45, 40, 35, 30,
25, 20, 15 or 10 nucleotides in length or less. An antisense
nucleic acid sequence according to the invention may be
constructed using chemical synthesis and enzymatic ligation

reactions using methods known in the art.

Antisense nucleic acid sequences may be introduced into a
plant by transformation or direct 1injection at a specific
tissue site. Alternatively, antisense nucleic acid sequences
can be modified to target selected cells and then administered
systemically. For example, for systemic administration,
antisense nucleic acid sequences can be modified such that
they specifically bind to receptors or antigens expressed on a
selected cell surface, e.g., by linking the antisense nucleic
acid sequence to peptides or antibodies which bind to cell
surface receptors or antigens. The antisense nucleic acid

sequences can also be delivered to cells using vectors.
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RNA interference (RNAi) 1is another post-transcriptional gene-
silencing phenomenon which may be wused according to the
methods of the invention. This is induced by double-stranded
RNA in which mRNA that is homologous to the dsRNA is
specifically degraded.

Thus, a plant may be transformed to introduce a RNAi, snRNA,
dsRNA, siRNA, miRNA, ta-siRNA or cosuppression molecule that
has been designed to target the expression of the MINIYO
and/or RTR1 gene and selectively decreases or inhibits the
expression of the gene or stability of 1its transcript.
Preferably, the RNAi, snRNA, dsRNA, siRNA, miRNA, ta-siRNA or
cosuppression molecule used in the methods of the invention
comprises a fragment of at least 17 nt, preferably 22 to 26 nt
and can be designed on the basis of the information shown in
SEQ ID No. 1 and/or 8. Guidelines for designing effective

siRNAs are known to the skilled person.

siNA molecules may be double stranded. In one embodiment,

double stranded siNA molecules comprise blunt ends. In another

embodiment, double stranded SiNA molecules comprise
overhanging nucleotides (e.g., 1-5 nucleotide overhangs,
preferably 2 nucleotide overhangs). In some embodiments, the

siRNA is a short hairpin RNA (shRNA); and the two strands of
the siRNA molecule may be connected by a linker region (e.g.,
a nucleotide linker or a non-nucleotide linker). The siNAs of
the 1invention may contain one or more modified nucleotides
and/or non-phosphodiester linkages. Chemical modifications
well known in the art are capable of increasing stability,
availability, and/or cell wuptake of the siNA. The skilled
person will be aware of other types of chemical modification
which may be incorporated into RNA molecules. In one
embodiment, recombinant DNA constructs as described in US

6635805, incorporated herein by reference, may be used.

Silencing of the MINIYO and/or RTR1 gene may also be achieved

using virus-induced gene silencing.
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For example, the transgenic plant having reduced activity of
the MINIYO and/or RTR1 polypeptides may be characterised in
that in comparison with the wild phenotype plant said plant
has a reduction of between 50% and 100% in the expression of a
gene encoding for an amino acid sequence of the MINIYO and/or

RTR1 protein as described herein.

In one embodiment, the endogenous MINIYO or RTR1 gene carries

a functional mutation.

In another embodiment, the transgenic plant expresses a
transgene said transgene comprising a modified MINIYO or RTRI

nucleic acid sequence when compared to a wild type sequence.

For example, said modification/functional mutation of the
MINIYO nucleic acid sequence results 1n a ©polypeptide
comprising a substitution of the second conserved G in the RGG
motif (SEQ ID No. 32).

With reference to the Arabidopsis sequence, this is G962E. The
numbering of the amino acid residues as used 1in this
disclosure 1is based on the numbering of the Arabidopsis
AtMINIYO. Because the MINIYO or RTR1 amino acid sequence in
other species may comprise fewer or more amino acids, the
position of the second conserved G in the RGG motif residue
may not be 962, but may between position 947 to 1067 (Fig.
16). The positions of the targeted residues according to the
invention 1in some exemplified plant species are shown in

figure 3B.

In another embodiment, the modification 1is a substitution or
deletion of one or more residues within the nuclear
localisation signals present in the MINIYO and/or RTR1

protein. In another embodiment, it is an insertion.

MINIYO and RTR1 are required for «cell proliferation in
meristematic cells, where they accumulate primarily in the

cytosol, albeit shuttling through the nucleus, as evidenced by
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the fast nuclear accumulation when export is Dblocked with
leptomycin B. Moreover, 1in the meristem periphery, MINIYO
accumulates in the nucleus and together with RTR1 switches on
cell differentiation. The shuttling between the cytosol and
the nucleus 1implies that MINIYO and RTR1 have domains
responsible for nuclear import and for nuclear export. Those
signals can be identified through a blind genetic search,
testing the 1localization of mutant versions of the proteins
(i.e: a deletion series), or by a directed bioinformatic
search for nuclear localization signals (NLS) and nuclear
export signals (NES) in the protein sequences. Those skilled
in the art will be aware that by mutating the domains required
for nuclear import or nuclear export, 1t 1is possible to
generate MINIYO and RTR1 constructs such that the encoded
proteins are retained 1in the <c¢ytosol or in the nucleus,
respectively. In this way, the two activities of MINIYO and
RTR1 (promoting cell proliferation and promoting cell
differentiation) may be uncoupled. Constructs that cause
retention of MINIYO and RTR1 in the cytosol may specifically
promote proliferation without affecting the timing of
differentiation, whereas the constructs that cause MINIYO and
RTR1 to be retained in the nucleus will specifically promote

cell differentiation.

The predicted NLS in AtMINIYO are located at aa. 250-262
(GEAKLKKRKHSVQ, SEQ ID No. 50) and at aa. 1397-1420
(RDLSRKRHREGMMLDLLRYKKGSA, SEQ ID No. 51).

Thus, the invention relates to a nucleic acid construct
comprising a MINIYO nucleic acid sequence which encodes for a
polypeptide that has a mutation in one of both of the NLS of
the resulting MINIYO polypeptide. The mutation may be a
substitution or deletion of one or more residues in the NLS,
preferably all residues. In one embodiment, residues aa. 250-
262 and/or aa. 1397-1420 in AtMINIYO or corresponding residues
in orthologues are deleted. Said construct may be introduced

and expressed in a transgenic plant according to the methods
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of the invention to exclude the MINIYO polypeptide from the
cell nucleus and thus block cell differentiation and stimulate
cell proliferation. Using inducible promoters, the nucleic
acid may be included in an expression vector as described
herein so that the timing of the expression can be

specifically determined.

In one embodiment of the invention, an MINIYO protein impaired
in nuclear import is expressed under the control of an embryo
specific  promoter (such as the Arabidopsis cruciferin
promoter, the Brassica napus Napin A promoter, the rice
glutelin promoter, the maize 19 Kda =zein promoter, the wheat
SPA promoter or the pea legumin promoter) or an endosperm-
specific promoter (such as the wheat gliadin promoter, the
rice prolamin promoter, or the maize END promoter) to increase

cell proliferation, seed size and yield in a seed crop.

In another embodiment of the invention, an MINIYO protein
impaired in nuclear import is expressed under the control of a
shoot meristem promoter (such as KNOX gene promoters from
Brassica, rice or maize) to increase <cell proliferation,
meristem size, meristem number, production of aerial organs

and crop yield (leaves, flowers).

In one embodiment of the invention, an MINIYO protein impaired
in nuclear import 1is expressed under the control of axillary
bud specific promoter (BRC1 promoter from Arabidopsis, TB1
promoter from maize, OSTBl promoter from rice, ATC085 promoter
from tobacco, S1BRCla and S1BRClb promoters from tomato) to

increase branching and yield.

In one embodiment of the invention, an MINIYO protein impaired
in nuclear import 1is expressed under the control of a root
meristem specific promoter (RCH1 promoter, the brassica G1-3b
promoter) to increase cell ©proliferation, root growth,

nutrient uptake and plant yield.

In one embodiment of the invention, an MINIYO protein impaired

in nuclear import is expressed under the control of the IYO



10

15

20

25

30

35

WO 2012/156760 PCT/GB2012/051146
- 30 -

promoter that is active in embryos and in plant meristems, to
increase seed size, meristem size, plant growth and improve

yields in target crops.

The predicted NLS 1in AtRTR1 is located at aa. 340-368.
LKGDLQTLDGKNTLSGSSSGSNTKGSKTK, SEQ ID No.52.

Thus, the invention relates to a nucleic acid construct
comprising a RTR1 nucleic acid sequence which encodes for a
polypeptide that has a mutation in the NLS of the resulting
RTR1 polypeptide. The mutation may be a substitution or
deletion of one or more residues 1in the NLS, preferably all
residues. Said construct may be introduced and expressed in a
transgenic plant according to the methods of the invention to
exclude the RTR1 polypeptide from the cell nucleus and thus
block cell differentiation and stimulate cell proliferation.
Using inducible promoters, the nucleic acid may be included in
a an expression vector as described herein so that the timing

of the expression can be specifically determined.

In one embodiment of the invention, an RTR1 protein impaired
in nuclear import is expressed under the control of an embryo
specific  promoter (such as the Arabidopsis cruciferin
promoter, the Brassica napus Napin A promoter, the rice
glutelin promoter, the maize 19 Kda zein promoter, the wheat
SPA promoter or the pea legumin promoter) or an endosperm-
specific promoter (such as the wheat gliadin promoter, the
rice prolamin promoter, or the maize END promoter) to increase

cell proliferation, seed size and yield in a seed crop.

In another embodiment of the invention, an RTR1 protein
impaired in nuclear import is expressed under the control of a
shoot meristem promoter (such as KNOX gene promoters from
Brassica, rice or maize) to increase cell ©proliferation,
meristem size, meristem number, production of aerial organs

and crop yield (leaves, flowers).

In one embodiment of the invention, an RTR1 protein impaired

in nuclear import 1is expressed under the control of a root
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meristem specific promoter (RCH1 promoter, the brassica G1-3b
promoter) to increase cell ©proliferation, root growth,

nutrient uptake and plant yield.

In one embodiment of the invention, an RTR1 protein impaired
in nuclear import is expressed under the control of the MINIYO
promoter, active in embryos and in plant meristems, to
increase seed size, meristem size, plant growth and improve

yields in target crops.

Also within the scope of the invention are transgenic plants
wherein both the MINIYO protein and the RTR1 are impaired in
nuclear import. Combinations of the manipulations of the NLS
in MINIYO protein and the RTR1 as set out above can be used to

achieve this.

The activity of RTR1 may also be decreased by manipulating
the interaction between MINIYO and RTR1 proteins. This can
achieved by manipulating certain residues in the MINIYO and/or
RTR1 polypeptide sequences. For example, substituting the
putative zinc coordinating cysteine residues for alanines
(C56A/C61A or C94A/C98A in the Arabidopsis sequence) in the
full-length AtRTR1 protein abrogates the interaction with
MINIYO.

Another aspect of the invention refers to a transgenic plant
wherein the activity of a MINIYO ©polypeptide is increased or
up—-regulated. Another aspect of the invention refers to a
transgenic plant wherein the activity of a RTR1 polypeptide is

increased or up-regulated.

In one embodiment, the transgenic plant 1s characterised in
that the activity of both a MINIYO and a RTR1 polypeptides is

increased or up-regulated in the same plant.

For example, said plant overexpresses a nucleic acid encoding
for a MINIYO protein that is at least 30% identical to the
sequences coded by SEQ ID NO:1. In another embodiment, said

plant overexpresses a nucleic acid encoding for a RTR1 protein
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that is at least 30% identical to the sequences coded by SEQ
ID NO:8.

In another embodiment, said plant expresses a transgene said
transgene comprising a modified MINIYO and a RTRI nucleic acid

sequence when compared to a wild type sequence.

For example, said modification 1is a substitution or deletion
of one or more residues within the nuclear export signal

present in the MINIYO or RTR1 protein.

Preferably, over-expression will be between 2 and 100 times

the expression of the endogenous mRNA.

One way of increasing the activity of MINIYO or RTR1 is to

retain the protein in the nucleus.

The predicted NES in AtMINIYO is located at 432-440. LVLALRMAL
SEQ ID No. 53.

Thus, the invention relates to a nucleic acid construct
comprising a MINIYO nucleic acid sequence which encodes for a
polypeptide that has a mutation in the NES of the resulting
MINIYO polypeptide. The mutation may be a substitution or
deletion of one or more, preferably all residues of the NES.
In one embodiment, residues 432-440 in AtMINIYO or
corresponding residues in orthologues are deleted. Said
construct may be introduced and expressed 1in a transgenic
plant according to the methods of the invention to retain the
MINIYO polypeptide in the cell nucleus and stimulate cell
differentiation. Using inducible promoters, the nucleic acid
may be included in a an expression vector as described herein
so that the timing of the expression of the mutated nucleic

acid can be specifically determined.

In one embodiment of the invention, a MINIYO protein impaired
in nuclear export 1is expressed under the control of axillary

bud specific promoter (BRC1 promoter from Arabidopsis, TBl
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promoter from maize, OSTBl promoter from rice, ATC085 promoter
from tobacco, S1BRCla and S1BRClb promoters in tomato) to
reduce Dbranching and increase vyield. This 1s particularly
important for forestry applications, for instance for growing
closely packed trees used for pulp production in the paper or

biofuel industry.

In one embodiment of the invention, a MINIYO protein impaired
in nuclear export 1s expressed under the control of an
inflorescence meristem specific promoter (such as the LFY
promoter) to terminate the inflorescence meristem in crops
that are cultivated for their vegetative organs and in which
flowering reduces the harvest (lettuce, spinach, sugar beet,

potato, and others).

The predicted NES in RTR1 1is located at 340-349 (LKGDLQTLDG,
SEQ ID No.54).

Thus, the invention relates to a nucleic acid construct
comprising a RTR1 nucleic acid sequence which encodes for a
polypeptide that has a mutation in the NES of the resulting
RTR1 polypeptide. The mutation may be a substitution or
deletion of one or more, preferably all residues of the NES.
In one embodiment, residues 432-440 are deleted. Said
construct may be introduced and expressed in a transgenic
plant according to the methods of the invention to retain the
RTR1 polypeptide in the <cell nucleus and stimulate cell
differentiation. Using inducible promoters, the nucleic acid
may be included in an expression vector as described herein so
that the timing of the expression of the mutated nucleic acid

can be specifically determined.

Also within the scope of the invention are transgenic plants
wherein both the MINIYO protein and the RTR1 are impaired in
nuclear import. Combinations of the manipulations of the NLS
in MINIYO protein and the RTR1 as set out above can be used to

achieve this.
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In one aspect, the invention relates to transgenic plants
wherein both, MINIYO and RTR1 have been manipulated. As shown
in the examples, MINIYO and RTR1 are jointly responsible for
the control of «cell differentiation, supporting a close
functional interaction. Differentiation in the iyo-latrtrli-2
double mutants was almost completely blocked and the plants
eventually developed as a friable callus of undifferentiated
cells. This phenotype is much stronger than the sum of the
phenotypes of the single mutants. Thus, transgenic plants
according to the invention may have reduced or increased
activity for both, MINIYO and RTR1l by manipulating activity of
MINIYO and RTR1 as explained herein.

For the purposes of the invention, "transgenic", “transgene”
or "recombinant" means with regard to, for example, a nucleic
acid sequence, an expression cassette, gene construct or a
vector comprising the nucleic acid sequence or an organism
transformed with the nucleic acid sequences, expression
cassettes or vectors according to the invention, all those
constructions brought about by recombinant methods in which
either

(a) the nucleic acid sequences encoding proteins useful in
the methods of the invention, or

(b) genetic control sequence(s) which is operably linked with
the nucleic acid sequence according to the invention, for
example a promoter, or

(c) a) and b)

are not located in their natural genetic environment or have
been modified by recombinant methods, it being possible for
the modification to take the form of, for example, a
substitution, addition, deletion, inversion or 1nsertion of
one or more nucleotide residues. The natural genetic
environment is understood as meaning the natural genomic or
chromosomal locus in the original plant or the presence in a
genomic library. In the case of a genomic library, the natural
genetic environment of the nucleic acid sequence is preferably
retained, at least in part. The environment flanks the nucleic

acid sequence at least on one side and has a sequence length
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of at least 50 bp, preferably at 1least 500 bp, especially
preferably at least 1000 bp, most preferably at least 5000 bp.
A naturally occurring expression cassette - for example the
naturally occurring combination of the natural promoter of the
nucleic acid sequences with the corresponding nucleic acid
sequence encoding a polypeptide useful in the methods of the
present invention, as defined above - becomes a transgenic
expression cassette when this expression cassette is modified
by non-natural, synthetic ("artificial") methods such as, for
example, mutagenic treatment. Suitable methods are described,
for example, in US 5,565,350 or WO 00/15815 incorporated by

reference.

A transgenic plant for the purposes of the invention is thus
understood as meaning, as above, that the nucleic acids used
in the method of the invention are not at their natural locus
in the genome of said plant, it being possible for the nucleic
acids to be expressed homologously or heterologously. However,
as mentioned, transgenic also means that, while the nucleic
acids according to the different embodiments of the invention
are at their natural position in the genome of a plant, the
sequence has been modified with regard to the natural
sequence, and/or that the regulatory sequences of the natural
sequences have Dbeen modified. Transgenic 1is preferably
understood as meaning the expression of the nucleic acids
according to the invention at an unnatural locus in the
genome, i.e. homologous or, preferably, heterologous
expression of the nucleic acids takes place. Preferred

transgenic plants are mentioned herein.

Transgenic plants according to the invention display altered
cell differentiation and proliferation compared to a control
plant. A control plant according to the invention is a plant
that is not modified in the same way as the transgenic plant
of the invention with respect to MINIYO and/or RTR1l expression
or polypeptide activity. In one embodiment, this plant is a
wild type plant. In another embodiment, this plant is a parent

plant that may comprise additional modifications through
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expression of other transgene of interest that modify desired

pathways, for example stress resistance.

The MINIYO or RTR1l genes according to the different aspects of
the invention may be an exogenous gene, such as Arabidopsis
AtMINIYO or  AtRTRI, overexpressed 1in a different plant
species. Alternatively, the MINIYO or RTR1 may be an
endogenous plant gene, i.e. a gene that 1s endogenous to the
plant in which it is introduced via recombinant methods and

(over) —expressed.

In a preferred embodiment of the invention, the transgenic
plant is characterised in that it is selected from the group
comprising: plants for particular use in the methods according
to the invention include all the plants belonging to the
superfamily Viridiplantae, 1in particular monocotyledonous and
dicotyledonous plants including forage plants and vegetables
for livestock, ornamental plants, crop plants for use in human
or animal nutrition, plants for use as bioenerqgy, trees, and
bushes selected from the list comprising: Acer spp., Actinidia
spp., Abelmoschus spp., Agropyron spp., Allium spp.,
Amaranthus SppP., Ananas comosus, Annona SppP., Apium
graveolens, Arabidopsis thaliana, Arachis spp, Artocarpus
spp., Asparagus officinalis, Avena sativa, Averrhoa carambola,
Benincasa hispida, Bertholletia excelsea, Beta vulgaris,
Brachypodium sSpp., Brassica spp., Cadaba farinosa, Camellia
sinensis, Camelina spp., Canna 1indica, Capsicum spp., Carex
elata, Carica rapava, Carissa macrocarpa, Carya sSpp.,
Carthamus tinctorius, Castanea spp., Cichorium endivia,
Cinnamomum spp., Citrullus lanatus, Citrus spp., Cocos spp.,
Coffea spp., Colocasia esculenta, Cola spp., Coriandrum
sativum, Corylus spp., Crataegusspp., Crocus sativus,
Cucurbita spp., Cucumis spp., Cynara spp., Daucus carota,
Desmodium spp., Dimocarpus Ilongan, Dioscorea spp., Diospyros
spp., Echinochloa spp., Eleusine coracana, Eriobotrya
japonica, Eucalyptus spp., Eugenia uniflora, Fagopyrum sSpp.,
Fagus spp., Ficus carica, Fortunella spp., Fragaria spp.,

Ginkgo biloba, Glycine spp., Gossypium hirsutum, Helianthus
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spp., Hemerocallis fulva, Hibiscus spp., Hordeum spp., lpomoea
batatas, Juglans spp., Jatropha spp., Lactuca sativa, Lathyrus
spp., Lens culinaris, Linum usitatissimum, Litchi chinensis,
Lotus spp., Luffa acutangula, Lupinus sSpp., Luzula
sylvatica,Macrotyloma spp., Malus spp., Malpighia emarginata,
Mammea americana, Mangifera indica, Manihot spp., Manilkara
zapota, Medicago sativa, Melilotus spp., Mentha spp.,
Momordica spp., Morus nigra, Musa spp., Nicotiana spp., Olea
spp., Opuntia spp., Ornithopus spp., Oryza spp., Panicum
miliaceum, Passiflora edulis, Pastinaca sativa, Persea spp.,
Petroselinum crispum, Phaseolus spp., Phoenix spp., Physalis
spp., Pistacia vera, Pisum sSpp., Poa spp., Populus spp.,
Prosopis spp., Prunus spp., Psidium spp., Punica granatum,
Pyrus communis, Quercus spp., Raphanus sativus, Rheum
rhabarbarum, Ribes spp., Ricinus communis, Saccharum sSpp.,
Sambucus spp., Secale cereale, Sesamum sSpp., Sinapis sp.,
Solanum spp., Sorghum bicolor, Spinacia spp., Syzygium spp.,
Tamarindus indica, Theobroma cacao, Trifolium spp.,
Triticosecale rimpaui, Triticum spp., Tropaeolum minus,
Tropaeolum majus, Vaccinium sSpp., Vicia spp., Vigna spp.,
Viola odorata, Vitis spp., JZea mays, JZizania palustris,

Ziziphus spp., among others.

According to a preferred embodiment of the invention, the crop
plant is a plant such as tomato, potato, pepper, fruiting
plants of the prunus and citrus genuses, Jatropha curcas,
soya, sunflower, rape, alfalfa, canola, cotton, brassica
genuses or tobacco. Even more preferably, the plant is a
monocotyledonous one such as sugar cane, and even more
preferably a cereal such as rice, maize, wheat, rye, barley,
millet, sorghum or oats. Most preferred plants are maize,

rice, wheat, sorghum, canola and cotton.

Another preferred embodiment of the invention relates to a
product obtained from the transgenic plant as described above,
the said product being selected from seeds, stones, leaves,
flowers, roots, flour and fruit. In a more preferred

embodiment the said product 1is a transgenic seed. In one
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embodiment the products produced by said methods of the
invention are plant products such as, but not limited to, a
foodstuff, feedstuff, a food supplement, feed supplement,
fiber, cosmetic or pharmaceutical. Foodstuffs are regarded as
compositions used for nutrition or for supplementing
nutrition. Animal feedstuffs and animal feed supplements, in
particular, are regarded as foodstuffs. In another embodiment
the inventive methods for the production are used to make
agricultural products such as, but not limited to, plant
extracts, proteins, amino acids, carbohydrates, fats, oils,
polymers, vitamins, and the like. It is possible that a plant
product consists of one ore more agricultural products to a

large extent.

The invention also relates to a method for generating a
transgenic plant with altered cell differentiation and cell
proliferation comprising altering the activity of a gene
encoding a MINIYO polypeptide. This may be achieved by
expressing a MINIYO transgene in a plant so that activity is
altered. In another aspect, the invention relates to a method
for generating a transgenic plant with altered cell
differentiation and cell proliferation comprising altering the
activity of a gene encoding a RTR1 polypeptide as defined
herein. In another aspect, plants are generated where the
activity of both, MINIYO and RTRI1, is manipulated. As
explained elsewhere, alteration of the activity of MINIYO
and/or RTR1 means that the activity may be increased or
decreased. This may be achieved by manipulating the NLS/NES
sequences and introducing constructs that express MINIYO
and/or RTR1 proteins modified in this way as explained herein.
Other ways of manipulating the activity of MINIYO and RTRI1,
such as gene silencing or the generation of partial loss of

function mutants, are also set out herein.

In another aspect, the invention relates to a plant

obtained/obtainable by said methods.
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In another aspect, the invention relates to a method for
altering localisation of MINIYO and/or RTR1 in a plant by
manipulating the NLS/NES sequences of MINIYO and/or RTR1 as
described herein. In this way, MINIYO and/or RTR1 may be
retained or excluded from the nucleus 1in one or more
meristems. The NLS/NES sequences can be manipulated to achieve
this as set out herein and transgenes <carrying such

manipulations can be introduced and expressed in a plant.

In another aspect, the invention also relates to a method for
improving the architecture and yield of plants through genetic
changes to the MINIYO (SEQ ID No 1), AtRTRI (SEQ ID No 8)
genes or their orthologues in other plants. The expression of
improving architecture refers to the non-exclusive list of
altering the size/number of one or more meristems, altering
the number of side branches, altering inflorescence, altering
thickness of the stems, modify thickness of the stems and

increasing plant yield.

In a preferred embodiment of the method for improving the
architecture and yield of plants, the method is used to alter
the size of one or more meristems, including increasing or

decreasing the activity of the MINIYO and RTR1 genes.

In a preferred embodiment of the method, it is wused to
increase the size of the meristems by delaying the onset of
differentiation and consequently increasing the number of
undifferentiated cells brought about through the loss of
function of MINIYO and/or RTR1. Preferably, to obtain ectopic
shoot apical meristems through delaying the onset of
differentiation and the consequent increase in the number of
undifferentiated cells caused by the 1loss of function of
MINIYO and/or RTRI.

In another ©preferred embodiment of the improving the
architecture and yield of plants, the method 1s to obtain
ectopic floral meristems through delaying the onset of

differentiation and the consequent increase in the number of
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undifferentiated cells caused by the 1loss of function of
MINIYO and/or RTRI1.

In another preferred embodiment of the method, it is used to
obtain ectopic root meristems through delaying the onset of
differentiation and the consequent increase in the number of
undifferentiated cells caused by the 1loss of function of
MINIYO and/or RTRL.

In another preferred embodiment, the method 1is to obtain
ectopic embryos through delaying the onset of differentiation
in the suspensor cells caused through the loss of function of
MINIYO and/or RTRL.

In a preferred embodiment, the method is used to reduce or
eliminate meristems through delaying the onset of
differentiation caused by the increased activity of MINIYO
and/or RTR1. Preferably, to reduce the number of side branches
in crops through increasing the activity of MINIYO and/or

RTR1, specifically in axillary buds.

In another preferred embodiment, the method is used to compact
inflorescence through increasing the activity of MINIYO and/or

RTR1 in reproductive meristems.

In another preferred embodiment, the thickness of the stems of

herbaceous plants is increased.

In another preferred embodiment, secondary growth in shrubs is

modified.

In another more aspect, the invention includes a method to
increase plant vyield by decreasing or downregulating the
activity of MINIYO and/or RTR1 in a transgenic plant. This may
be achieved as described elsewhere, including  through
manipulating of the NLS sequences, creating mutant proteins

that lead to partial loss of function or gene silencing.
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Another preferred embodiment of the invention relates to the
development of transgenic plants for use in obtaining

biofuels, such as in the production of bioethanol.

The invention also relates to the use of a polypeptide having
at least 30% sequence identity to a polypeptide encoded by SEQ
ID NO. 1 or 8 1in altering cell differentiation, cell
proliferation, meristem formation/growth and/or increasing

crop yield.

In another aspect, the invention relates to manipulating the
interaction between MINIYO and RTR1 ©proteins,. This can
achieved by manipulating certain residues in the MINIYO and/or
RTR1 ©polypeptide sequences. For example, substituting the
putative zinc coordinating cysteine residues for alanines
(C56A/C61A or C94A/C98A in the Arabidopsis sequence) in the
full-length AtRTR1 ©protein abrogates the interaction with
MINIYO.

In another embodiment, the invention relates to an isolated
nucleic acid sequence comprising or consisting of SEQ ID No.
48 (AtMINIYO promoter). In another embodiment, the invention
relates to an isolated nucleic acid sequence comprising or
consisting of SEQ ID No. 49 (RTR1 promoter).

Such promoter sequences may be fused to any gene of interest
to direct spatial and temporal expression of the target gene.
The invention also relates to the use of these promoter
sequence 1in directing expression at sites of active cell
proliferation and differentiation (for example shoot apical
meristem (SAM), in leaf and flower primordia, in unfertilized

ovules and in developing embryos, but not in mature organs).

The invention also relates to methods for screening for loss
of function mutants of MINIYO and/or RTR1 in plants. These
methods comprise generating a mutant population by using
mutagens known in the art. Specifically included are

modifications of the endogenous locus by mutagenesis,
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including chemical mutagenesis, leading to a deletion,
insertion or substitution in the endogenous locus. The mutagen
may be fast neutron irradiation or a chemical mutagen, for
example selected from the following non-limiting list: ethyl
methanesulfonate (EMS) , methylmethane sulfonate (MMS) , N-—
ethyl-N-nitrosurea (ENU), triethylmelamine (1'EM), N-methyl-N-
nitrosourea (MNU) , procarbazine, chlorambucil,
cyclophosphamide, diethyl sulfate, acrylamide monomer,

melphalan, nitrogen mustard, vincristine, dimethylnitosamine,

N-methyl-N'-nitro-Nitrosoguanidine (MNNG) , nitrosoguanidine,
2—aminopurine, 7,12 dimethyl-benz (a)anthracene (DMBA) ,
ethylene oxide, hexamethylphosphoramide, bisulfan,

diepoxyalkanes (diepoxyoctane (DEQO), diepoxybutane (BEB), and
the like), 2-methoxy-6-chloro-9 [3-(ethyl-2-
chloroethyl)aminopropylamino]acridine dihydrochloride (ICR-
170) or formaldehyde.

In one embodiment, the method used to create and analyse
mutations 1s targeting induced 1local 1lesions 1in genomes

(TLLING) .

A skilled person will know that different approaches can be
used to generate such mutants. In one embodiment, insertional
mutagenesis is used. In this embodiment, as discussed in the
examples, T-DNA may used as an insertional mutagen which
disrupts MINIYO or RTR1 gene expression. These plants thus do
not carry a transgene to alter expression of the endogenous
locus, but the endogenous locus 1s modified by mutagenesis.
The methods also involve analyzing cell
proliferation/differentiation compared to control wild type
plants. If cell proliferation/differentiation is delayed, then
this may be due to a mutation in MINIYO and/or RTRI.

In one embodiment, methods that solely rely on essentially

biologically processes are specifically disclaimed.

Through the description and the claims the word "comprises"

and its wvariants 1s not 1ntended to exclude other technical
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features, additives, components or steps. To those skilled in
the art other objects, advantages and characteristics of the
invention will be apparent partly from the description and
partly from the practice of the invention. The following
figures and examples are provided by way of illustration, and

are not intended to restrict the invention.

The disclosure of all references cited is incorporated.

DESCRIPTION OF THE FIGURES

Figure 1. The mutant iyo-1 has delayed differentiation in the
shoot (A)and root (B) apical meristems, 1in the procambium (C)
and 1in the protoderm (D). (E) The expression of stem cell
markers in iyo-1 plants extends beyond its normal meristematic
niche. The boxes show the pattern of expression of the markers
in wild plants (Wt). iyo-1 plants develop ectopic shoot apical
meristems (F), multiple flowers from a single bud (G), ectopic
root apical meristems (H) and additional stomas (I). (J) iyo-
1/iyo-2 plants develop twin (double) embryos. (K) The double
embryos are viable and germinate, developing into plants with
a very low degree of differentiation. (L) iyo-1 plants also

occasionally develop double embryos which develop normally.

Figure 2. The iyo-1 mutant has a larger number of lateral
roots, which develop ectopically in positions in which they do
not appear 1in wild type plants (Wt): two lateral roots
developing opposite one another or even emerging from the same

point.

Figure 3. (A) Diagram of the positional map of the mutant iyo-
1. The number of recombinant chromosomes in a total of 1500
genotyped mutant plants 1is indicated. (B) Alignment of the
MINIYO sequence and its orthologues in plants. At: Arabidopsis
thaliana; Mt: Medicago truncatula; Vv: Vitis vinifera; Os:
Oryza sativa; Pp: Physcomitrella patens. The G/E mutation of
the iyo-1 allele in the motif united to RNA RGG and conserved
glycines is indicated. (C) The hypomorphic allele iyo-1 does
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not affect accumulation of the IYO transcript. (D) Phenotype
of the null allele iyo-2.(E) Phenotype of iyo-1/iyo-2 and iyo-
1/iyo-3 embryos. (F) Phenotype of iyo-1/iyo-2 plants.

Figure 4. Expression of the P-glucuronidase (GUS) gene (A) and

an IYO-GFP fusion (B) under the control of the IYO promoter in

roots. (C) Detail of a root epidermis showing nuclear
accumulation of IYO-GFP in cells about to begin
differentiation. (D-F) Expression in shoot and root apices of

IYO-GFP and RPB10-GFP (RPB-GFP) fusions under the control of
the 35S promoter. Arrowheads mark nuclear accumulation of
IYO-GFP 1in cells about to begin differentiation at the

transition zone of the root.

Figure 5. (A) Northern-blot with a specific IYO ©probe
hybridised against samples of total RNA from different tissues
and organs. Hypoc+SAM: Hypocotyl and shoot apical meristem of
7-day plants. Cotyledons: cotyledons of 7-day plants. Rosette
leaves, cauline leaves, stems, inflorescence apices and
flowers were from 30-day plants. (B) In situ hybridisation of
inflorescence apices of 22-day plants with an antisense IYO
probe. The box shows hybridisation with an IYO sense probe.
(C-E) Pattern of expression of the P-glucuronidase (GUS) gene
under the control of the IYO promoter. (F) Complementation of
the iyo-1 mutant phenotypes with the 353::IYO-GFP construct.
(G-H) Pattern of expression and subcellular accumulation of
IYO-GFP under the control of the 35S promoter. (I) Pattern of
expression and subcellular accumulation of GFP-IYO under the
control of the 35S promoter. (J) Pattern of subcellular
accumulation of GFP-IYO under the control of the IYO promoter
in root apices of plants treated with 0.9 UM leptomycin B
(+LMB) or with an eqguivalent quantity of the solvent used (-
LMB) for 1 or 24 hours.

Figure 6. (A) The majority of the 380 genes most significantly
induced (p<0.00015957) in the inflorescence apices of wild type
plants relative to those of iyo-1 plants (Wt/iyo-1) are over-—

expressed 1in inflorescence apices of 35S8::IYO-GFP plants
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relative to those of wild-type plants (IYO-GFPoe/Wt). (B)
Histological sections of the apices of wild-type (Wt) and IYO-
GFP over-expressing plants (IYO-GFPoe) 14 and 21 days after
sowing. The arrowheads indicate prematurely differentiated
cells. (C) Compaction of inflorescence in plants which over-
express IYO-GFP (IYO-GFPoe).

Figure 7. (A) Termination of the primary shoot apical meristem
in plants which over-express IYO-HA under the 35S promoter
(IYO-HAoe) . (B) Termination of the primary root apical
meristem in plants over-expressing IYO-HA under the 358
promoter (IYO-HAoe). The boxes show the meristem of wild type
plants (Wt) at equivalent stages. (C) Premature
differentiation of xylem vessels in lateral root primordia
(arrows) and root hairs 1in epidermal cells prior to their

elongation (asterisks).

Figure 8. (A) IYO interacts in vitro with the Rpb3 sub-unit
from RNA Polymerase II as shown by the specific pull-down of
Rpb3 together with IYO- (B) IYO interacts in vivo with the
Rpb3 and Rpbl0 sub-units from RNA Polymerase II as shown by
bimolecular reconstitution of YFP in the nucleus. (C) IYO 1is
necessary for the activity of RNA Polymerase II in
differentiating organs. Left-hand panel: Levels of the Rpbl
sub-unit phosphorylated in Serine 2 of the CTD (Ser2P) in leaf
primordia (LP) and in mature leaves (ML)from wild-type (Wt)
and iyo-1 mutant plants (iyo). Right-hand panel: Levels of the
mRNA of RPBI in leaf primordia (LP) or mature leaves (ML) from
wild-type (Wt) and iyo-1 mutant plants (iyo) (D) Analysis of
the relative expression 1n flowers versus undifferentiated
tissues (calluses or cell cultures) of the 380 genes most
significantly induced (p<0.00015957) and  the 380 most
significantly repressed (p<0.00066388) in floral meristems (and
associated floral primordia) from wild-type plants relative to
those from iyo-1 plants (Wt/ivo) . (E) Constitutive
ubiquitination of Rpbl in iyo-1 plants. Extracts (Inputs) from
wild (W) or iyo-1 (i) plants treated (+) or not (-) with MG132

were immunoprecipitated (IP) with antibodies against Rpbl and
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analysed by Western blot with antibodies against Rpbl or
against ubiquitin (Ubqg). (FF) The over-expression of IYO
increases resistance to the transcriptional elongation
inhibitor 6-azauracil. Plants grown for 11 days in the
presence of increasing concentrations of 6-azauracil (in uM)
are shown. (G) IYO interacts in vitro with the histone acetyl
transferase ELO3. (H) Yo interacts genetically with
components of the Elongator complex to activate cell

differentiation.

Figure 9. Development of atrtrli-1 (rtri-1) embryos compared to
wild type embryos (Wt) at the corresponding stage in the

panels above.

Figure 10. (A) Formation of ectopic shoot apical meristems in
atrtrl-2 plants causes fasciation and thickening of the stem.
(B) Ectopic floral meristems give rise to duplicated flowers
(and fruits) 1in atrtri-2 plants. (C) Duplicated root apical
meristems in atrtrl-2 plants. (D) Genetic interaction between
AtRTR1I and IYO. The double iyo-latrtrl-2 mutants grow as an
undifferentiated callus. (E) Expression of the UidA (GUS) gene
under the control of the AtRTRI promoter 1in apical root
meristems, lateral root primordia (arrow) and pericycle. (F)
The fusion protein AtRTR1I-GFP is excluded from the nuclei in

undifferentiated cells of the meristem (arrows).

Figure 11. (A) atrtl-2 plants (rtri-2) develop ectopic
meristemoids which give rise to clusters of stomas
(arrowheads). (B) Cotyledons from iyo-1 and atrtrli-2 plants

maintain cells which express the stem cell marker pTMM::TMM-
GFP (arrowheads) at later stages than cotyledons from wild

type plants(Wt).

Figure 12. (A) The AtRTR1-GFP protein 1is excluded from the
nucleus in untreated plants (arrowheads). (B) Treatments with
leptomycin B, an inhibitor of Exportinl, causes nuclear

accumulation of AtRTR1-GFP (arrows).
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Figure 13. IYO interacts in vivo with the AtRTR1 as shown by
bimolecular reconstitution of YFP in the nucleus in two
different combinations of fusions of AtRTRl1 and IYO with nYFP
and cYFP.

Figure 14. AtRTR1-YFP accumulates 1in the nucleus when co-
expressed with IYO-HA (AtRTR1-YFP+IYO-HA) but not when
expressed on its own (AtRTR1-YFP).

Figure 15. The atrtrli-2 and iyo-1 mutants have almost
identical changes in the transcriptome relative to wild type
plants. The majority of the 380 genes most significantly
induced (p<0.00015957) or repressed genes (p<0.00066388) in the
inflorescence apices of wild-type plants relative to those of
iyo-1 plants (Wt/iyo-1) are similarly affected (induced or
repressed respectively) 1in inflorescence apices of wild type
plants relative to those of atrtrl-2 plants (Wt/art-2).

Figure 16. Alignment of protein sequences coded by orthologous
genes of MINIYO in a representative set of plants using the
Clustal W program. The ordered sequences, from top to bottom,
are those of: Arabidopsis thaliana, Arabidopsis lyrata,
Brachypodium distachyon, Citrus clementina, Citrus sinensis,
Manihot sculenta, Oryza sativa, Populus trichocarpa, Prunus
persica, Ricinus communis, Setaria italica, Sorghum bicolor,
Vitis wvinifera, Zea mays, Physcomitrella patens, Carica
papava, Glycine max, Medicago truncatula and Eucalyptus

grandis.

Figure 17. Phylogenetic tree constructed from the alignment of
the polypeptide sequence of the orthologues of MINIYO using
the Clustal W programme.

Figure 18. Examples of highly-conserved domains in the MINIYO
proteins of plants. The sequences, in order from top to
bottom, are those of: Arabidopsis thaliana, Arabidopsis
lyrata, Brachypodium distachyon, Citrus c¢lementina, Citrus

sinensis, Manihot sculenta, Oryza sativa, Populus trichocarpa,
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Prunus persica, Ricinus communis, Setaria italica, Sorghum
bicolor, Vitis vinifera, Zea mays, Carica papaya, Glycine max,
Medicago truncatula, FEucalyptus grandis and Physcomitrella
patens. The amino acids of the MINIYO protein of Arabidopsis
thaliana corresponding to the domains shown are: (a) aa. 960-
980. This domain contains the RGG motif mutated into the
hypomorphic iyo-1 allele of Arabidopsis which is conserved in
all the plant orthologues; (b) aa. 209-255; (c) aa. 317-396;
(d) aa. 350-389.; (e) aa. 417-437; (f) aa. 529-559; (g) aa.
529-597; (h) aa. 1136-1145; (i) aa. 1144-1416.

Figure 19. Alignment of protein sequences coded by orthologous
genes of AtRTRI 1in a representative set of plants using the
Clustal W programme. The sequences in order from top to bottom
are those of: Arabidopsis thaliana, Carica papaya, Cucumis
sativa, Eucalyptus grandis, Glycine max, Mimulus quttatus,
Manihot esculenta, Populus trichocarpa, Prunus  persica,
Ricinus communis, Vitis vinifera, Zea mays, Sorghum bicolor,
Setaria italica, Oryza sativa, Brachypodium distachyon and

Picea glauca.

Figure 20. Phylogenetic tree constructed from the alignment of
the polypeptide sequences of the orthologues of AtRTR1 using
the Clustal W programme.

Figure 21. Examples of highly-conserved domains in the RTRI1
proteins of plants. The sequences, 1in order from top to
bottom, are those of: Arabidopsis thaliana, Carica papaya,
Cucumis sativa, FEucalyptus grandis, Glycine max, Mimulus
guttatus, Manihot esculenta, Populus trichocarpa, Prunus
persica, Ricinus communis, Vitis vinifera, Zea mays, Sorghum
bicolor, Setaria italica, Oryza sativa, Brachypodium
distachyon and Picea glauca. The amino acids of the AtRTR1
protein of Arabidopsis thaliana corresponding to the domains
shown are: (a) aa. 39-61. This domain includes <catalytic
cysteine Cb56 which is strictly conserved in all the
orthologues; (b) aa. 39-61; (bc) aa. 77-89; (d) aa. 429-435;
(e) aa. 473-507; (f) 552-589.
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Figure 22. Seed yield test of a line co-suppressed in AtRTRI.
Seed yield was measured in wild type Arabidopsis plants (Col-0
plants) and in plants from a 358::AtRTRI-GFP line displaying
co-supression of the AtRTRI-GFP  transgene and of the
endogenous AtRTR1 gene (si-art plants). Six independent
experiments were carried out. The plants were germinated in
sterile MS media supplemented with 1% sucrose and transplanted
to soil in individual pots after 1 week (10-16 plants per
genotype 1n each experiment). Seeds were collected from
individual plants after they were fully dried and the total
seed weight measured. For comparing the results of the
different experiments, we calculated the relative yield of
each plant as the ratio of the yield of that plant relative to
the average yield of control plants (Col-0) in that particular
experiment. (A) Average relative seed yield of Col-0 and si-
art plants in all six experiments combined. A 12% increase in
the average seed yield of si-art plants is observed, with a p-
value of 0,006 in an unpaired two tailed t-test. (B) Average
relative seed yield of Col-0 and si-art plants in each of the
six independent experiments. In experiments 3 and 6 the yield
of si-art plants 1is increased 32% and 27% over that of the
control ©plants (p-value=0,006). The error Dbars represent

standard deviation.

Figure 23. Phenotype of 35S5::IYO-GFP tomato plants. Shown are
untransformed tomato plants of the wvariety Moneymaker (TMM)
and three independent transgenic plants of the same variety
expressing a 35S8::IYO-GFP construct (Lines 1-3). Line 1
displays determinate growth of the primary shoot. The arrow
marks the terminated primary shoot. Lines 2 and 3 display
reduced apical dominance resulting in a shorter stature and
increased branching. Arrowheads mark premature outgrowth of
lateral buds.
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EXAMPLES

The following specific examples provided in this patent
document serve to illustrate the nature of this invention.
These examples are included purely for illustrative purposes
and should not Dbe interpreted as limiting the invention
claimed here. Therefore the examples described below
illustrate the invention without 1limiting the scope of its

application.

EXAMPIE 1

1. Identification of the miniyvo-1 (iyo-1) mutant. The iyo-1
mutant is identified in a population mutagenised by
ethylmethane sulphonate in the Landsberg erecta ecotype which
brought about a change of amino acid (G962E) 1in the coded
protein.

2. Positional map of the iyo-1I mutant to provide evidence of
point mutations in the IYO gene. The mutant was crossed with
accession Col-0 and it was proved that the iyo-1I phenotype is
inherited 1in a recessive way. F2 plants with a mutant
phenotype were used to clone the mutation through positional
mapping. The analysis of more than 1500 mutant plants made it
possible to establish the position of the mutation to 6 genes
in chromosome 4. Sequencing of the 6 genes showed that there
was a single mutation in the At4g38440 gene in iyo-1 mutants.
This was a point mutation (G to A).

3. Generation of ectopic stem cells in an iyo-1 mutant. It was
proved by microscope studies and by analysing the expression
of markers that one of the phenotypes of the iyo-1I mutant was
the formation of ectopic stem cells in all meristems of the
plant.

4., Total blocking of IYO activity in iyo-2 and iyo-3 mutants.
Mutants were obtained that had a T-DNA insertion in the
At4g38440 gene and it was proved that they cause blocking of
endosperm development and early arrest of embryogenesis. iyo-2

has T-DNA insertion at nucleic acid position 234 (Salk



10

15

20

25

30

35

WO 2012/156760 PCT/GB2012/051146
- 52 _

099873). iyo-2 has T-DNA insertion at nucleic acid position
1357 (Salk 0692_gl2).

5. Combination of the hypomorphic allele iyo-1 with the null
alleles (iyo-2 or iyo-3). The allele combination iyo-1/iyo-2
or iyo-1/iyo-3 caused almost total blocking of differentiation
of the embryo and the formation of ectopic embryos from the
suspensor. The embryos were viable and after germination the
plants grew as a callus-like structure with multiple
meristematic poles and producing only rudimentary leaves.

6. Double embryos in an iyo-1 mutant. Although with low
penetrance, we observed that the iyo-I mutant can also form
double embryos from the suspensor, which apparently developed
normally.

7. Transcriptional and post-transcriptional regulation of the
expression of IYO.

7.1. Monitoring of activity of the IYO promoter.

Through a Northern type analysis, in situ hybridisation and
studies of the promoter we have demonstrated that the IYO gene
is expressed specifically during embryogenesis 1n meristem
cells and 1in <cells adjacent to the meristem which are
initiating differentiation.

7.2. Nuclear accumulation of IYO protein

Confocal microscopic studies of functional fusions of 1IYO
protein with GFP which complement the iyo-1 and iyo-2 mutants
have shown that IYO 1is excluded from the nucleus in
undifferentiated cells in a manner which is dependent on
Exportinl, while it accumulates in the nucleus in cells which
are initiating differentiation.

8. Over-expression of IYO or i1its fusions with proteins or
peptides such as GFP, HA, FLAG under the control of the 358
promoter.

Col-0 Arabidopsis plants were transformed with constructs
which expressed fusions of the epitopes GFP, 3XHA or FLAG at
the C-terminal of IYO under the control of the 35S promoter.
The lines which accumulated larger quantities of the transgene
transcript and the transgenic protein had gain of function
phenotypes, from premature differentiation in the shoot apical

meristem and compaction of inflorescence but no apparent
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effect on the root meristem to termination of the shoot and
root apical meristems in lines with the maximum levels of
accumulation.

9. Physical interactions between IYO ©protein and RNA
Polymerase II (Pol II) and with elongation complexes. Through
pull-down studies with proteins synthesised in bacteria and in
vitro, studies of bimolecular complementation of YFP,
measurements of accumulation of different phosphorylated and
ubigquitinised forms of the RPB1 sub-unit and analysis of
genetic interactions we have proved that IYO interacts with
Pol II and with the elongator complex and 1is required for
maintaining the global levels of elongating Pol II in

differentiating tissues.

EXAMPLE 2

1. Identification of the gene At5g26760 (atrtrl). Through the
analysis of co-expression we discovered the At5g26760 gene
which is highly co-expressed with IYO and codes for a protein
homologous to RTR1l, a vyeast protein which functions as a
transition phosphatase that dephosphorylates Ser5 in the CTD
from the RPB1 sub-unit of Pol II to promote the shift from
initiation to productive elongation.

2. Analysis of AtRTRI function in the mutant alleles atrtri-I1
(SALK 012339, T-DNA insertion at nucleic between nucleic acid
414 and 415) and atrtrl-2 (SALK 115762, T-DNA insertion at
nucleic Dbetween nucleic acid 864 and 865). We obtained
homozygous mutants of atrtrli-1, showing by Nomarski microscopy
that it caused blocking of differentiation in the embryos, the
formation of ectopic embryos from the suspensor and early
embryo arrest. The homozygous mutant atrtrli-2 has phenotypes
very similar to the iyo-1 mutant: enlarged shoot apical
meristems, thicker stems, formation of ectopic shoot, floral
and root meristems, delayed differentiation of the protodermis
and the formation of clusters of stomas.

3. Generation of ectopic stem <cells in atrtrli-2 mutants.

Microscopic studies and analysis of marker expression reveal
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that ectopic stem cells form in all meristems in the atrtrli-2
mutants.

4. Investigation of gene interaction between IYO and AtRTRI.
The double mutant iyo-latrtrl-2 was obtained and it was shown
that cell differentiation was completely blocked, the plants
growing as calluses of undifferentiated cells, demonstrating
clear gene interaction.

5. Investigation into the over-expression of IYO in an atrtrl-
2 mutant context. Heterozygous plants from IYO-3XHA over-
expressing lines displaying termination of shoot and root
meristems were crossed with homozygous atrtrl-2 plants. In the
F2, homozygous plants for the IYO-3XHA  construct were
recovered that were homozygous for atrtrli-2 or were wild type
for the AtRTR1 locus. It was proved that while IYO-3XHA over-
expression 1in wild type plants produced shoot and root
meristem termination, 1in the atrtri-2 background it did not
cause any phenotype, demonstrating that AtRTRI activity is
required for IYO function.

6. Investigation into the expression of AtRTR1 in transgenic
plants which express an AtRTR1 promoter construct and the
first three exons and introns of AtRTR1 translationally fused
to the UidA (GUS) gene. Histological studies of GUS activity
in transgenic ©plants expressing the UidA gene under the
control of the AtRTRI promoter show that this is specifically
located in embryos, meristem cells and cells adjacent to the
meristem which are beginning to differentiate.

7. Investigation into the accumulation of RTR1 fused to GFP
under the control of the constitutive 35S promoter and the
AtRTR1 promoter. Confocal microscopy studies of plants
expressing stable functional fusions of AtRTR1 protein to GFP
which complement atrtrl-1 mutants have demonstrated that
AtRTR1 is excluded from the nucleus in undifferentiated cells

in a form dependent on Exportinl.

Example 3 Bioinformatics analysis

To search for candidate nuclear 1localization signals (NLS),

the Arabidopsis IYO and AtRTR1 ©protein sequences were
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submitted to the cNLS mapper server (http://nls-
mapper.iab.keio.ac.jp). This tool searches for classical NLS

(cNLS) recognized by the nuclear receptor importin . cNLSs
detected with this tool have been validated in a number of
yeast proteins (Kosugi et al., PNAS 2009). The server
predicted in IYO a monopartite NLS (aa. 250-262) and a
bipartite NLS (aa. 1397-1420), both with a score of 10, the
maximum possible. When a GUS-GFP reporter protein was fused
with NLSs having a score between 8-10 they accumulated in the
nucleus (Kosugi et al., PNAS 2009, JBC 2009). In the case of
AtRTR1, the server predicted a bipartite NLS with a long
linker and a score of 5.2 in the middle of the protein (aa.
340-368) . GUS-GFP proteins fused with NLSs with a score 3-7
were localized in the cytosol and the nucleus (Kosugi et al.,
PNAS 2009, JBC 2009). Moreover, when bi-partite NLSs have long
linkers they are functional normally in unstructured regions,
which frequently coincide with the N- and C-terminal ends of
the proteins. Thus, for IYO, two high confidence cNLSs were
predicted, while for AtRTR1l, no clear cNLSs were detected. It
is possible that AtRTR1 1is imported through an importin o -
independent pathway, as 1is the case for the majority of
nuclear proteins. In this regard, we have shown that nuclear
IYO leads to AtRTR1 accumulation in the nucleus, which could

be by mediating its import.

To search for candidate nuclear export signals (NES), the
Arabidopsis IYO and AtRTR1 protein sequences were submitted to
the NetNES server (http://www.cbs.dtu.dk/services/NetNES) .
This tool searches for leucine-rich NES, and predictions have
been validated (for example for BRCAl, Thompson et al., JBC
2005) . The server predicted a NES in IYO (aa. 432-440) and in
AtRTR1 (aa 340-349). Consistent with these predictions,
inhibition of the NES receptor CRM1 with leptomycin B, leads
to nuclear accumulation of IYO and AtRTR1 in Arabidopsis and
Nicotiana cells, suggesting that their nuclear export 1s NES-
dependent. Moreover the truncated C-terminal half of AtRTRI1
(aa 305-735) that contains the predicted NES is exported from

the nucleus.



10

15

20

25

30

35

WO 2012/156760 PCT/GB2012/051146
- 56 —

To test for altered localization, mutated versions of the
proteins are fused to GFP and their subcellular distribution
by transient expression in Nicotiana benthamiana leaves 1is
analysed (where wild type IYO accumulates primarily in the
nucleus and AtRTR1 in the cytosol). Analysis is also carried

out 1in 1in Arabidopsis cell cultures untreated (where both

proteins are localized in the c¢cytosol) or treated with
leptomycin B (where Dboth proteins are 1localized in the
nucleus). In the case of IYO constructs are designed lacking

each predicted NLSs and one combining mutations in both NLSs,
as it has been shown in other proteins with multiple NLSs that
only after mutating all of them 1is their nuclear import
blocked (i.e. Zhang et al., PNAS 2000; Yeung et al., J. Cell
Biochem. 2008).

Homology Analysis

Alignment by clustalW of the whole polypeptide sequence shows
that the % identity between IYO orthologues from embryophytes
(A thaliana, A lyrata, Brachypodium, Carica , citrus,
Fucalyptus, Manihot, Medicago, Oryza, Physcomitrella, Populus,
Prunus, Ricinus, Selaginella, Sorghum, Vitis, Zea) is higher
than 30%. If only angiosperm sequences are aligned the overall

identity is higher than 39%.

Alignment by clustalW of the whole polypeptide sequence shows
that the % identity between IYO orthologues from embryophytes
(A thaliana, A lyrata, Brachypodium, Carica, citrus,
Fucalyptus, Manihot, Medicago, Oryza, Physcomitrella, Populus,
Prunus, Ricinus, Picea, Sorghum, Vitis, Zea) 1is higher than
25%. If only spermatophyte sequences are aligned the overall

identity is higher than 32%.

An Interpro scan of the polypeptide sequence of IYO reveals
two conserved domains IPR013929 (PF08620) and IPR013930
(PF08621) in the N-terminus of the protein (aa 209-255 and
317-396, respectively), which are found in orthologues from
plants, animals and fungi. Moreover, blast searches reveal two

other domains highly conserved in IYO orthologues from
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multicellular eukaryotes (aa 529-597 and 1144-141¢06). In
addition, IYO has a glycine rich domain with an RGG motif (aa
960-980) that is strictly conserved 1in orthologues from
plants. Glycine rich domains and RGG boxes have been linked to
nucleic acid binding (Gendra et al., Plant Journal 2004).
Moreover, the iyo-1 allele is a missense mutation that changes
the motif from RGG to RGE and reduces the transcriptional
activity of the protein. This indicates that this domain
contacts the DNA or the nascent transcript to facilitate
transcription. This domain is not clearly identifiable in the
animal orthologues of IYO, but alignment of their sequences

reveals a high number of conserved glycines in this region.

AtRTR1 contains a conserved domain (DUF408) with a zinc-finger
like motif located at the N-terminus of the protein that is
found in all the orthologues from plants, animals and fungi. A
consensus sequence for that motif derived from sequences from
multicellular eukaryotes 1is (in Dbold the putative Zinc-
coordinating cysteines):
DIIV]V[TDEV]ER[ASTF]I[AVIS] [KND] [LAV]CGY[TP] [LRA]JCXXXLX7_

15 [YF] [RK]JIS[LT] [KSR] [TAED] [HKN] [KR]VYD[IL] [THEQ]EXXX[FY]CXXXC

A Dblast search against the non-redundant protein sequence
database at NCBI with the <corresponding sequence from
Arabidopsis
DVVTERATIAKLCGYTLCQRFLPSDVSRRGKYRISLKDHKVYDLQETSKFCSAGC
retrieved the AtRTR1 orthologues from plants and animals and

fungi with a low E-value (< 10°°).

The zinc-finger-like-motif has been implicated in interaction
with the RNA Polymerase II C-terminal domain (CTD) and the
Integrator complex in humans and 1is required for CTD-
phosphatase activity in yeast and humans (Mosley et al., 2009;
Egloff et al., 2011). Interestingly, this motif is also
required for interaction of AtRTR1 with IYO. Substituting for
alanine the ©putative =zinc coordinating cysteine residues
(C56A/C61A or C94A/C98A) in the full-length AtRTR1 protein
abrogates interaction with IYO. Intriguingly, however, both
the truncated N-terminal and the C-terminal halves of AtRTRI1
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can interact with IYO, suggesting that although AtRTR1 binds
at both ends of the protein to IYO, it requires an intact
zinc-finger-like motif in the context of the full length

protein.
EXAMPLE 4

We analyzed the expression pattern of an AtRTRI promoter
construct driving the GUS reporter gene (pART::GUS). This same
promoter driving an AtRTRI c¢cDNA fully complements atrtrl
mutant phenotypes, indicating that it reproduces the activity
of the endogenous gene. In roots, pART::GUS was strongly
expressed 1in root apical meristem (RAM) and in transition
cells, 1in the pericycle layer and in lateral root primordia.
In the aerial part of the plant, pAtRTR1::GUS was expressed in
the shoot apical meristem (SAM), in leaf and flower primordia,
in unfertilized ovules and in developing embryos, but not in
mature organs. These results suggest that AtRTRI1 is
exclusively expressed at sites of active cell proliferation
and differentiation, in a pattern highly similar to that of
IYO.

To determine the subcellular distribution of AtRTR1 we
analyzed a translational fusion to GFP. Under the control of
the constitutive 358 promoter (358::AtRTR1-GFP) we only
obtained transgenic lines expressing low levels of the tagged
protein that complemented partially the atrtrli-I1 null mutation
(i.e: atrtrl-1 plants transgenic for this construct were
viable but resembled the hypomorphic atrtrli-2 plants). These
results suggest that expressing high levels of AtRTR1 protein
in a constitutive manner may be deleterious for plant
development. We then transformed plants with AtRTR1-GFP driven
by its own promoter (pPAtRTR1::AtRTRI1I-GFP). The resulting lines
had higher 1levels of expression and complemented fully the
atrtrli-1 null mutation. This indicates that pAtRTR1::AtRTR1-
GFP reproduces the activity of the endogenous gene and can be
used as a proxy for localization of ART. pAtRTRI::AtRTRI-GFP

fluorescence in the root was restricted to the tip, consistent
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with the pattern of expression found in pAtRTRI-GUS lines.
Importantly, the fluorescence was found in the cytosol and
strongly excluded from the nucleus (Figure 6A-B). Similarly,
in Nicotiana benthamiana leaf cells transiently expressing a
358::ATRTR1I-GFP construct, fluorescence was confined to the
cytosol. In yeast and mammalian cells, the orthologues of
ATRTR1, RTR1 and RPAP2, are also localized primarily in the
cytosol, but they redistribute partially to the nucleus upon
inhibition of the XPOl nuclear export receptor with leptomycin
B (LMB), which also inhibits the Arabidopsis receptor (Kudo et
al., 1999, Haasen et al., 1999). After treating Arabidopsis
with LMB, nuclear accumulation of ATRTR1I-GFP was observed in
cells of the root transition zone and in Nicotiana benthamiana
leaf epidermal cells. These results suggest that, at least in
differentiating and mature cells, AtRTR1 is imported into the
nucleus, although the higher rate of nuclear export leads to
its steady state accumulation in the cytosol. The remarkable
conservation in nuclear-cytoplasmic shuttling of RTR1
homologues in all eukaryotic lineages indicates that it
constitutes an important regulatory mechanism for this family

of phosphatases.

We tested for the in vivo interaction between IYO and AtRTRI
through a bimolecular fluorescence complementation assay in
epidermal cells from Nicotiana benthamiana leaves. YEP
complementation was observed with different combinations of
split YFP fused at the N- or C-terminus of the respective
proteins and not in any of the multiple negative controls
tested. Interestingly, the reconstituted fluorescence was
localized 1in the nucleus, suggesting that these proteins
interact specifically in this compartment, possibly to
regulate transcription. Moreover, we found that both the
DUF408-containing N-terminal half and the C-terminal half of
AtRTR1 interact with IYO, suggesting that the two proteins
bind through at least two sites. Unexpectedly, substituting
the putative zinc coordinating cysteine residues for alanines
(C56A/C61A or C94A/C98A) 1in the full-length AtRTR1 protein
abrogates the interaction with IYO, suggesting that although
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AtRTR1 binds at both ends of the protein to IYO, it requires
an intact zinc-finger-like motif for binding in the context of

the full length protein.

Considering that AtRTR1-GFP expressed in Nicotiana benthamiana
cells 1is found exclusively in the cytosol, it was surprising
to find AtRTR1 strongly interacting with IYO in the nucleus.
We reasoned that when bound to IYO, AtRTR1 1s retained in the
nucleus. To test this we expressed AtRTR1-GFP together with
IYO-HA or an empty vector. Importantly, co-expression with
IYO-HA 1led to nuclear AtRTR1-GFP accumulation in Nicotiana
cells, confirming that IYO retains AtRTR1 in the nucleus. The
levels of nuclear fluorescence were much lower than in the
split YFP assays, where the IYO-AtRTR1l complex 1is stabilized
through the irreversible reconstitution of YFP. This suggest
that the IYO-AtRTR1 association is very transient, explaining
why nuclear AtRTR1 accumulation cannot detected in transition
cells of the meristem, even though IYO 1is present 1in the

nucleus of those cells.

To test for genetic interaction between IYO and ATRTRI, we
combined the atrtrli-2 with the iyo-1 hypomorphic mutations.
Differentiation in the iyo-latrtl-2 double mutants was almost
completely blocked and the plants eventually developed as a
friable callus of undifferentiated cells. This phenotype 1is
much stronger than the sum of the phenotypes of the single
mutants, and indicates a strong genetic interaction of IYO and
AtRTR1 in the control of cell differentiation, supporting a

close functional interaction. Transcriptome analysis of iyo-1

mutants supports that IYO functions as a global
transcriptional regulator of developmental  programs. In
inflorescence meristems, IYO was required for proper
expression of flower development programs, including

activating the expression of the homeotic flower organ
identity genes, which are the master regulators of
organogenesis 1in those meristems. We performed a similar
analysis in the atrtrli-2 mutant and we found a very high

overlap (>80%) in the up-regulated and down-regulated genes in
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iyo-1 and atrtrl-2 inflorescences meristems relative to wild
type. These results indicate that IYO and AtRTR1 regulate as a
complex transcription of developmental programs. Consistent
with their functioning together, we found that a functional
AtRTR1 gene is required for IYO activity in cell
differentiation. Over expression of IYO-HA provokes premature
differentiation and termination of the root and shoot apical
meristems. Importantly, in an atrtrl-2 background or in AtRTRI
co-suppressed line, these effects of IYO-HA over expression
are eliminated, demonstrating that IYO requires AtRTR1 for its

activity.
EXAMPLE 5 YIELD ANALYSIS IN ARABIDOPSIS

We have measured seed yield in a line co-suppressed in AtRTRI1,
which was chosen because it had a weak loss of function
phenotype. This 1line was characterized by a few extra shoot

meristems, but otherwise normal development.

Seed yield test

During the generation of lines transgenic for a 358::AtRTRI-
GFP construct, we isolated a line (si-art line) showing co-
suppression of the transgene and of the endogenous AtRTRI
gene. The phenotype of si-art plants is weaker than that of
the hypomorphic atrtrl-2 allele, forming some ectopic shoot
apical meristems (SAMs) that give rise to split primary shoots
but otherwise developing very similarly to wild type plants.
To test if the formation of ectopic SAMs affects yield, we
measured seed production in si-art plants and in the
corresponding wild type background (Col-0). We carried out six
independent experiments (experiments 1-3 in the greenhouse, 4-
6 in a growth chamber) and harvested seeds after the plants
were fully dried. In each experiment, we measured the seed
yield (in weight) of individual plants, and then calculated
their vyield relative to the average yield of control plants
(Col-0) in that particular experiment. Combining in this way

the data from all six experiments, we found a 12% increase in
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the average seed yield of si-art plants, with a p-value of
0,006 in an unpaired two tailed t-test. The results are shown
in Figure 22. If the individual experiments are analyzed
separately, we find significant differences (p-value<0,05)
between the average yields in experiments 3 and 6, 1in which
the vyield of si-art plants 1is increased 32% and 27%,

respectively over that of the control plants (p-value=0,006).

EXAMPLE 6 EXPERIMENTS IN TOMATO

Tomato plants of the cultivar Moneymaker were transformed by
co-cultivation with Agrobacterium tumefaciens with a sequence
coding for the Arabidopsis IYO protein fused to GFP under the
control of the 35S promoter. This construct fully complements
the phenotypes of weak (iyo-1) and null (iyo-2) alleles in
Arabidopsis. Plants were regenerated from independent
transformed calli and transplanted to soil. We analyzed roots
from those 1lines in the <confocal microscope and observed
accumulation of GFP fluorescence in nuclei of differentiated
cells, demonstrating that they are transgenic for the
construct and that subcellular localization of the IYO protein
in tomato i1s the same as in Arabidopsis. The development of
the transgenic lines reveals that the Arabidopsis protein is
functional in tomato and that its overexpression provokes
premature onset of cell differentiation as it does in
Arabidopsis. Some of the transgenic lines (e.g. Line 1, Fig
23) show a determinate growth ©pattern, in contrast to
untransformed Moneymaker plants that are indeterminate (Figure
23). In other lines (e.g. Lines 2 and 3, Fig 23) the branching
pattern 1s altered (Figure 23). The transgenic lines are

fertile and produces fruits with viable seeds.

Sequence listing
SEQ ID NO:1 MINIYO cDNA Arabidopsis thaliana

ATGGAGCAAAGTAGCGGGAGAGTCAATCCGGAACAGCCGAACAACGTCTTGGCGAGCCTTGTCGGGAGCATCGTGGA
GAAAGGAATATCGGAGAATAAGCCTCCAAGCAAGCCGCTTCCCCCAAGGCCCTCCCTTCTTTCCTTCCCCGTCGCTCGT
CATCGTTCTCACGGACCCCATTTGGCTCCTGTGGGAAGCAGCATAGCACAACCTAAGGATTACAATGACGATCAGGAAG
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AAGAAGAAGCAGAAGAACGTTTCATGAATGCAGACTCCATTGCTGCTTTTGCTAAACCGCTTCAAAGAAAAGAGAAGAAA
GACATGGACCTCGGGAGGTGGAAAGATATGGTCTCTGGGGATGATCCTGCATCCACACATGTCCCTCAGCAATCAAGG
AAACTTAAGATCATTGAAACGAGACCGCCCTATGTTGCTTCAGCCGATGCGGCCACTACATCCAGCAACACTTTACTGG
CTGCCAGGGCATCAGACCAGAGAGAGTTTGTTTCTGATAAAGCACCGTTTATTAAAAATTTGGGAACCAAGGAAAGGGTT
CCTTTAAACGCTTCTCCTCCCCTAGCTGTTTCGAATGGACTTGGGACTCGACACGCGTCTTCGTCTCTTGAAAGTGATAT
TGATGTTGAGAACCATGCAAAGTTGCAGACAATGTCACCCGACGAGATTGCTGAGGCTCAGGCTGAGTTATTGGACAAG
ATGGATCCTGCACTACTCTCCATTTTGAAGAAACGAGGTGAGGCAAAATTGAAGAAGCGAAAGCATTCTGTGCAGGGGG
TTTCCATCACCGATGAAACAGCAAAGAATTCAAGAACTGAGGGTCATTTTGTCACTCCTAAAGTGATGGCAATACCGAAA
GAAAAAAGTGTGGTGCAAAAGCCAGGGATAGCCCAAGGATTCGTGTGGGATGCATGGACTGAGAGGGTTGAGGCAGCC
AGAGACTTGAGATTTTCTTTTGACGGGAATGTTGTTGAGGAAGATGTTGTCTCGCCAGCTGAAACTGGTGGAAAGTGGT
CTGGTGTTGAATCTGCTGCCGAACGTGATTTCTTGAGAACCGAGGGGGATCCTGGGGCCGCAGGTTACACTATCAAAG
AAGCTATTGCTCTTGCACGAAGTGTGATTCCCGGGCAGAGATGTCTTGCTTTGCATCTGCTTGCATCTGTACTCGACAAA
GCTTTGAACAAACTTTGTCAAAGCAGAATAGGCTACGCAAGGGAAGAAAAAGATAAATCCACTGACTGGGAAGCCATCT
GGGCTTATGCCCTTGGACCGGAACCTGAGCTTGTCTTAGCATTGAGGATGGCTCTTGATGACAACCATGCCTCTGTTGT
TATAGCATGTGTAAAAGTGATTCAGTGTCTACTGAGCTGTTCTCTTAACGAGAATTTCTTTAATATTCTGGAGAACATGGG
ACCACACGGGAAAGATATCTTCACGGCCTCGGTGTTCAGGAGTAAGCCGGAAATTGATCTTGGCTTCCTCCGTGGTTGC
TACTGGAAGTACAGCGCTAAACCCTCCAATATTGTTGCGTTCCGTGAAGAAATCTTGGATGACGGGACAGAAGATACGG
ATACTATTCAGAAAGATGTTTTTGTAGCCGGACAAGATGTTGCTGCTGGTCTCGTCAGAATGGATATCCTTCCAAGAATTT
ATCACCTTCTGGAGACAGAACCAACAGCAGCGCTTGAGGACAGCATAATCTCTGTTACTATTGCGATAGCAAGGCATTCT
CCAAAATGCACAACTGCAATCTTGAAGTATCCCAAATTTGTGCAAACAATTGTGAAAAGATTCCAATTGAACAAAAGAATG
GACGTTCTTTCTTCTCAGATCAACTCTGTCCGCCTCTTAAAGGTGTTGGCCCGGTATGATCAAAGTACTTGCATGGAATT
TGTGAAGAATGGGACTTTCAATGCGGTCACATGGCATTTGTTTCAGTTCACCTCATCTCTTGACTCATGGGTGAAGCTAG
GGAAGCAGAACTGCAAGCTTTCATCTACCTTGATGGTTGAACAGCTCCGGTTTTGGAAGGTCTGTATCCATAGTGGCTG
TTGCGTATCTCGCTTCCCAGAGCTATTCCCAGCTCTGTGTCTGTGGTTGAGTTGTCCATCATTCGAAAAGCTCAGGGAGA
AAAATCTCATCAGCGAGTTTACTTCTGTGTCAAACGAGGCCTACCTGGTCCTTGAGGCTTTTGCCGAGACACTTCCTAAT
ATGTACTCACAAAACATTCCACGGAATGAATCTGGGACATGGGACTGGAGCTATGTTAGCCCTATGATTGATTCAGCACT
GAGTTGGATAACATTGGCCCCGCAATTACTCAAGTGGGAGAAAGGAATCGAAAGTGTCTCTGTATCAACTACTACTCTGT
TGTGGTTGTATTCAGGTGTCATGCGTACAATTTCCAAAGTCCTTGAGAAAATCTCTGCGGAGGGAGAGGAAGAACCTCT
ACCATGGCTACCGGAGTTTGTTCCAAAGATTGGCCTTGCCATTATCAAGCACAAGCTTCTTAGTTTTTCTGTTGCAGACG
TAAGTAGGTTTGGAAAAGACTCTTCCAGGTGTTCCTCTTTTATGGAGTATTTGTGTTTTCTAAGAGAACGATCTCAAGATG
ACGAACTAGCATTAGCTTCTGTGAATTGTCTTCATGGGTTAACACGGACTATCGTGTCCATCCAAAATCTGATAGAATCT
GCTAGATCCAAGATGAAAGCTCCGCATCAGGTAAGTATTTCCACTGGAGATGAATCTGTGCTTGCAAATGGGATACTGG
CAGAGTCTCTGGCTGAGCTAACATCTGTGTCGTGCTCTTTTAGAGATTCTGTTTCATCAGAATGGCCCATCGTGCAATCA
ATTGAGCTACATAAACGAGGCGGATTGGCCCCCGGCGTTGGACTTGGTTGGGGAGCTAGCGGTGGTGGGTTTTGGTCA
ACCAGAGTTCTGTTGGCACAGGCTGGTGCCGGTCTTCTGAGTCTCTTTCTTAACATCTCTCTGAGCGACTCGCAGAATG
ATCAGGGATCTGTTGGCTTTATGGATAAAGTAAACTCCGCTTTAGCTATGTGTTTGATTGCAGGTCCAAGGGATTATTTAC
TCGTGGAAAGAGCCTTTGAATATGTCCTTAGACCGCATGCTTTAGAACACCTGGCCTGCTGTATCAAGTCAAACAAAAAA
AACATATCGTTTGAATGGGAATGCAGCGAAGGGGACTATCATCGTATGAGCAGTATGCTTGCTTCTCACTTCAGACATAG
ATGGTTACAGCAAAAGGGAAGATCGATAGCCGAGGAAGGGGTCAGTGGGGTAAGGAAGGGCACAGTTGGTCTGGAGA
CTATTCATGAGGACGGTGAAATGTCAAATAGTTCAACTCAGGATAAAAAATCAGACTCCTCGACCATAGAGTGGGCTCAC
CAGAGAATGCCCCTACCTCCACACTGGTTTCTCAGCGCCATCTCAGCAGTCCACAGTGGTAAAACCTCAACAGGGCCAC
CAGAATCCACAGAGTTGCTTGAAGTTGCAAAAGCTGGAGTTTTCTTTCTTGCAGGACTTGAGTCATCGTCTGGTTTTGGA
TCGCTTCCCTCTCCTGTTGTGAGTGTACCGTTGGTTTGGAAGTTTCACGCTTTGTCTACCGTATTGCTTGTTGGAATGGA
CATCATCGAAGACAAGAACACTAGGAACTTGTACAATTATCTGCAGGAGCTTTATGGGCAGTTTCTTGATGAAGCGAGAC
TAAATCACCGTGACACTGAGCTTCTGAGGTTCAAGTCAGACATTCATGAGAACTACTCTACTTTTCTGGAGATGGTGGTG
GAGCAGTATGCTGCGGTGTCATATGGTGATGTAGTGTATGGCCGGCAGGTCTCGGTTTACCTGCATCAATGCGTGGAAC
ACTCTGTTCGGCTTTCGGCATGGACAGTGCTCTCCAATGCCCGTGTTCTCGAGCTTCTGCCGAGTCTAGACAAGTGCTT
GGGAGAAGCGGATGGTTACCTCGAACCTGTTGAGGAAAATGAGGCCGTCCTTGAGGCCTACCTGAAGTCATGGACTTG
TGGGGCATTGGACAGAGCTGCGACGCGTGGATCAGTAGCCTATACGCTGGTTGTGCATCACTTTTCATCTTTAGTCTTTT
GCAACCAAGCCAAGGATAAAGTATCCCTGCGGAATAAGATTGTCAAGACTCTTGTCAGGGATTTATCAAGAAAGCGGCA
TCGTGAGGGGATGATGTTAGATCTCCTGCGGTATAAGAAAGGGTCTGCGAACGCCATGGAAGAAGAAGTGATAGCAGC
GGAGACAGAGAAAAGAATGGAGGTGTTGAAAGAGGGTTGCGAAGGGAACTCCACCCTCCTCTTGGAACTGGAGAAGCT
GAAATCAGCCGCTCTCTGTGGAAGAAGGTGA

SEQ ID NO: 2 nucleic acid sequence mutant iyo-1 Arabidopsis

thaliana
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ATGGAGCAAAGTAGCGGGAGAGTCAATCCGGAACAGCCGAACAACGTICTTGGCGAGCCTTIGTCGGGAG
CATCGTGGAGAAAGGAATATCGGAGAATAAGCCTCCAAGCAAGCCGCTTCCCCCAAGGCCCTICCCTTC
TTTCCTTCCCCGTCGCTCGTCATCGTTCTCACGGACCCCATTTGGCTCCTGTGGGAAGCAGCATAGCA
CAACCTAAGGATTACAATGACGATCAGGAAGAAGAAGAAGCAGAAGAACGTTTICATGAATGCAGACTC
CATTGCTGCTTTTGCTAAACCGCTTCAAAGAAAAGAGAAGAAAGACATGGACCTCGGGAGGTGGAAAG
ATATGGTICTCTGGGGATGATCCTGCATCCACACATGTCCCTCAGCAATCAAGGAAACTTAAGATCATT
GAAACGAGACCGCCCTATGTTGCTTCAGCCGATGCGGCCACTACATCCAGCAACACTTTACTGGCTGC
CAGGGCATCAGACCAGAGAGAGTTIGTITTCTIGATAAAGCACCGTTTATTAAAAATTTGGGAACCAAGG
AAAGGGTTCCTTTAAACGCTTCTCCTCCCCTAGCTGTTTCGAATGGACTTGGGACTCGACACGCGTICT
TCGTICTCTTGAAAGTGATATTGATGTTGAGAACCATGCAAAGTTGCAGACAATGTCACCCGACGAGAT
TGCTGAGGCTCAGGCTGAGTTATTGGACAAGATGGATCCTGCACTACTCTCCATTTTGAAGAAACGAG
GTGAGGCAAAATTGAAGAAGCGAAAGCATTCTGTGCAGGGGGTTTCCATCACCGATGAAACAGCAAAG
AATTCAAGAACTGAGGGTCATTTITGTCACTCCTAAAGTGATGGCAATACCGAAAGAAAAAAGTGTGGT
GCAAAAGCCAGGGATAGCCCAAGGATTCGTGTGGGATGCATGGACTGAGAGGGTTGAGGCAGCCAGAG
ACTTGAGATTTTCTTTTGACGGGAATGTTGTTGAGGAAGATGTTGTCTCGCCAGCTGAAACTGGTGGA
AAGTGGTCTIGGTGTTGAATCTGCTGCCGAACGTGATTTCTTGAGAACCGAGGGGGATCCTGGGGCCGC
AGGTTACACTATCAAAGAAGCTATTGCTICTTGCACGAAGTGTGATTCCCGGGCAGAGATGTCTTGCTT
TGCATCTIGCTTGCATCTGTACTCGACAAAGCTTTGAACAAACTTTGTCAAAGCAGAATAGGCTACGCA
AGGGAAGAAAAAGATAAATCCACTGACTGGGAAGCCATCTGGGCTTATGCCCTTGGACCGGAACCTGA
GCTTGTCTTAGCATTGAGGATGGCTICTTGATGACAACCATGCCTICTGTTGTITATAGCATGTGTAAAAG
TGATTCAGTGICTACTGAGCTGTTICTCTTAACGAGAATTTCTTTAATATTCTGGAGAACATGGGACCA
CACGGGAAAGATATCTTCACGGCCTCGGTGTTCAGGAGTAAGCCGGAAATTGATCTTGGCTTCCTCCG
TGGTTGCTACTGGAAGTACAGCGCTAAACCCTCCAATATTGTTGCGTTCCGTGAAGAAATCTTGGATG
ACGGGACAGAAGATACGGATACTATTICAGAAAGATGTTTITTGTAGCCGGACAAGATGTTGCTGCTGGT
CTCGTCAGAATGGATATCCTTCCAAGAATTTATCACCTICTGGAGACAGAACCAACAGCAGCGCTTGA
GGACAGCATAATCTCTGTTACTATIGCGATAGCAAGGCATTCTCCAAAATGCACAACTGCAATCTTGA
AGTATCCCAAATTTGTGCAAACAATTGTGAAAAGATTCCAATTGAACAAAAGAATGGACGTTCTTICT
TCTCAGATCAACTCTGTCCGCCTCTTAAAGGTGTTGGCCCGGTATGATCAAAGTACTTGCATGGAATT
TGTGAAGAATGGGACTTTCAATGCGGTCACATGGCATTTGTTTCAGTTCACCTCATCTCTTGACTCAT
GGGTGAAGCTAGGGAAGCAGAACTGCAAGCTTTCATCTACCTTGATGGTTGAACAGCTCCGGTTTTIGG
AAGGTCTGTATCCATAGTGGCTGTTGCGTATCTCGCTTCCCAGAGCTATTCCCAGCTCTGTIGTCTGTG
GTTGAGTTGTCCATCATTCGAAAAGCTCAGGGAGAAAAATCTCATCAGCGAGTTTACTTCTGTIGTCAA
ACGAGGCCTACCTGGTCCTTGAGGCTTTTGCCGAGACACTTCCTAATATGTACTCACAAAACATTCCA
CGGAATGAATCTGGGACATGGGACTGGAGCTATGTTAGCCCTATGATTGATTCAGCACTGAGTTGGAT
AACATTGGCCCCGCAATTACTCAAGTGGGAGAAAGGAATCGAAAGTGTCTCTGTATCAACTACTACTC
TGTTGTGGTTGTATTCAGGTGTCATGCGTACAATTTCCAAAGTCCTTGAGAAAATCTCTGCGGAGGGA
GAGGAAGAACCTCTACCATGGCTACCGGAGTTTGTTCCAAAGATTGGCCTTGCCATTATCAAGCACAA
GCTTCTTAGTTTITTCTGTTGCAGACGTAAGTAGGTTTGGAAAAGACTCTTCCAGGTIGTTCCTICTTTTA
TGGAGTATTTGTIGTTTTCTAAGAGAACGATCTCAAGATGACGAACTAGCATTAGCTTICTGTGAATTGT
CTTCATGGGTTAACACGGACTATCGTGTCCATCCAAAATCTGATAGAATCTGCTAGATCCAAGATGAA
AGCTCCGCATCAGGTAAGTATTTCCACTGGAGATGAATCTGTGCTTGCAAATGGGATACTGGCAGAGT
CTCTGGCTGAGCTAACATCTGTGTICGTGCTCTTTTAGAGATTCTGTTTCATCAGAATGGCCCATCGTG
CAATCAATTGAGCTACATAAACGAGGCGAATTGGCCCCCGGCGTTGGACTTIGGTTGGGGAGCTAGCGG
TGGTGGGTTTTGGTCAACCAGAGTICTGTTGGCACAGGCTGGTGCCGGTCTTCTGAGTCTCTTICTTA
ACATCTCTICTGAGCGACTCGCAGAATGATCAGGGATCTGTTIGGCTTTATGGATAAAGTAAACTCCGCT
TTAGCTATGTGTITTGATTGCAGGTCCAAGGGATTATTTACTCGTGGAAAGAGCCTTTGAATATGTCCT
TAGACCGCATGCTTTAGAACACCTGGCCTGCTGTATCAAGTCAAACAAAAAAAACATATCGTTTGAAT
GGGAATGCAGCGAAGGGGACTATCATCGTATGAGCAGTATGCTTIGCTTCTCACTTCAGACATAGATGG
TTACAGCAAAAGGGAAGATCGATAGCCGAGGAAGGGGTCAGTGGGGTAAGGAAGGGCACAGTTGGTICT
GGAGACTATTCATGAGGACGGTGAAATGTCAAATAGTTCAACTCAGGATAAAAAATCAGACTCCTCGA
CCATAGAGTGGGCTCACCAGAGAATGCCCCTACCTCCACACTGGTTTICTCAGCGCCATCTCAGCAGTC
CACAGTGGTAAAACCTCAACAGGGCCACCAGAATCCACAGAGTTGCTTGAAGTTGCAAAAGCTGGAGT
TTTCTTTICTTGCAGGACTTGAGTCATCGTCIGGTTTTGGATCGCTTCCCTICTCCTGTTGTGAGTGTAC
CGTTGGTITTGGAAGTTTCACGCTTIGTICTACCGTATTGCTTGTTGGAATGGACATCATCGAAGACAAG
AACACTAGGAACTTIGTACAATTATCTGCAGGAGCTTTATGGGCAGTTTCTTGATGAAGCGAGACTAAA
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TCACCGTGACACTGAGCTTICTGAGGTTCAAGTCAGACATTCATGAGAACTACTCTACTTTTCTGGAGA
TGGTGGTGGAGCAGTATGCTGCGGTGTCATATGGTGATGTAGTGTATGGCCGGCAGGTCTCGGTTTAC
CTGCATCAATGCGTGGAACACTCTGTTCGGCTTTCGGCATGGACAGTGCTCTCCAATGCCCGTGTTICT
CGAGCTTCTGCCGAGTCTAGACAAGTGCTTGGGAGAAGCGGATGGTTACCTCGAACCTGTTGAGGAAA
ATGAGGCCGTCCTTGAGGCCTACCTGAAGTCATGGACTTGTGGGGCATTGGACAGAGCTGCGACGCGT
GGATCAGTAGCCTATACGCTGGTTGTGCATCACTTTTCATCTTTAGTCTTTTGCAACCAAGCCAAGGA
TAAAGTATCCCTGCGGAATAAGATTIGTCAAGACTCTTGTCAGGGATTTATCAAGAAAGCGGCATCGTG
AGGGGATGATGTTAGATCTCCTGCGGTATAAGAAAGGGTCTGCGAACGCCATGGAAGAAGAAGTGATA
GCAGCGGAGACAGAGAAAAGAATGGAGGTGTTGAAAGAGGGTTGCGAAGGGAACTCCACCCTICCICTT
GGAACTGGAGAAGCTGAAATCAGCCGCTCTCTIGTGGAAGAAGGTGA

SEQ ID NO: 3 Arabidopsis thaliana nucleic acid sequence mutant

iyo-2

ATGGAGCAAAGTAGCGGGAGAGTCAATCCGGAACAGCCGAACAACGTICTTGGCGAGCCTIGTCGGGAG
CATCGTGGAGAAAGGAATATCGGAGAATAAGCCTCCAAGCAAGCCGCTTCCCCCAAGGCCCTICCCTTC
TTTCCTTCCCCGTCGCTCGTCATCGTTCTCACGGACCCCATTTGGCTCCTGTGGGAAGCAGCATAGCA
CAACCTAAGGATTACAATGACGATCAGGAAGAAGAAGAAGCAGAAGAACGTTTCATGAATGCAGACTC
C[T-DNA, Salk 099873-
]TTGCTGCTTTTGCTAAACCGCTTCAAAGAAAAGAGAAGAAAGACATGGACCTCGGGAGGTGGAAAGA
TATGGTCTCTGGGGATGATCCTGCATCCACACATGTCCCTCAGCAATCAAGGAAACTTAAGATCATTG
AAACGAGACCGCCCTATGTTGCTTCAGCCGATGCGGCCACTACATCCAGCAACACTTTACTGGCTGCC
AGGGCATCAGACCAGAGAGAGTTTGTITICTGATAAAGCACCGTTTATTAAAAATTTGGGAACCAAGGA
AAGGGTTCCTTTAAACGCTTICTCCTCCCCTAGCTGTTTCGAATGGACTTGGGACTCGACACGCGTCTT
CGTCICITGAAAGTGATATTGATGTTGAGAACCATGCAAAGTTGCAGACAATGTCACCCGACGAGATT
GCTGAGGCTCAGGCTGAGTTATTGGACAAGATGGATCCTGCACTACTCTCCATTTTGAAGAAACGAGG
TGAGGCAAAATTGAAGAAGCGAAAGCATTCTGTGCAGGGGGTTTCCATCACCGATGAAACAGCAAAGA
ATTCAAGAACTGAGGGTICATTITTIGTCACTCCTAAAGTGATGGCAATACCGAAAGAAAAAAGTGTGGTG
CAAAAGCCAGGGATAGCCCAAGGATTCGTGTIGGGATGCATGGACTGAGAGGGTTGAGGCAGCCAGAGA
CTTGAGATTTTICTITTTGACGGGAATGTTGTTGAGGAAGATGTTGTCTCGCCAGCTGAAACTGGTGGAA
AGTGGTCTIGGTGTTGAATCTIGCTGCCGAACGTGATTTCTTGAGAACCGAGGGGGATCCTGGGGCCGCA
GGTTACACTATCAAAGAAGCTATTGCTCTTIGCACGAAGTGTGATTCCCGGGCAGAGATGTCTTIGCTTT
GCATCTGCTTGCATCTGTACTCGACAAAGCTTTGAACAAACTTTIGTCAAAGCAGAATAGGCTACGCAA
GGGAAGAAAAAGATAAATCCACTGACTGGGAAGCCATCTGGGCTTATGCCCTTGGACCGGAACCTGAG
CTTGICTITAGCATTGAGGATGGCTCTTGATGACAACCATGCCTCTIGTTGTTATAGCATGTGTAAAAGT
GATTCAGTGTCTACTGAGCTGTTCTCTTAACGAGAATTTCTTTAATATTCTGGAGAACATGGGACCAC
ACGGGAAAGATATCTTCACGGCCTCGGTGTTCAGGAGTAAGCCGGAAATTGATCTTGGCTTCCTCCGT
GGTTGCTACTGGAAGTACAGCGCTAAACCCTCCAATATTGTITGCGTTCCGTGAAGAAATCTTGGATGA
CGGGACAGAAGATACGGATACTATTCAGAAAGATGTTTTTGTAGCCGGACAAGATGTTGCTGCTGGTC
TCGTCAGAATGGATATCCTTCCAAGAATTTATCACCTTICTGGAGACAGAACCAACAGCAGCGCTTGAG
GACAGCATAATCTICTGTTACTATTIGCGATAGCAAGGCATTCTCCAAAATGCACAACTGCAATCTTGAA
GTATCCCAAATTTGTGCAAACAATTGTGAAAAGATTCCAATTGAACAAAAGAATGGACGTTCTITICTT
CTCAGATCAACTCTGTCCGCCTCTTAAAGGTGTTGGCCCGGTATGATCAAAGTACTTGCATGGAATTT
GTGAAGAATGGGACTTTCAATGCGGTCACATGGCATTTGTTTCAGTTCACCTCATCTCTTGACTCATG
GGTGAAGCTAGGGAAGCAGAACTGCAAGCTTTCATCTACCTTGATGGTTGAACAGCTCCGGTITTTGGA
AGGTCTGTATCCATAGTGGCTGTTGCGTATCTCGCTTCCCAGAGCTATTCCCAGCTCTGTGTCTGTGG
TTGAGTTGTCCATCATTCGAAAAGCTCAGGGAGAAAAATCTCATCAGCGAGTTTACTTCTIGTGTCAAA
CGAGGCCTACCTGGTCCTTGAGGCTTTTGCCGAGACACTTCCTAATATGTACTCACAAAACATTCCAC
GGAATGAATCTGGGACATGGGACTGGAGCTATGTTAGCCCTATGATTGATTCAGCACTGAGTTGGATA
ACATTGGCCCCGCAATTACTCAAGTGGGAGAAAGGAATCGAAAGTGTICTICTGTATCAACTACTACTICT
GTTGIGGTTGTATTCAGGTGTCATGCGTACAATTTCCAAAGTCCTTGAGAAAATCTCTGCGGAGGGAG
AGGAAGAACCTCTACCATGGCTACCGGAGTTTGTTCCAAAGATTGGCCTTGCCATTATCAAGCACAAG
CTITCTITAGTITTTTICTGTITGCAGACGTAAGTAGGTTTGGAAAAGACTCTTCCAGGTGTTCCTCTTTTAT
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GGAGTATTTGIGTITTTCTAAGAGAACGATCTCAAGATGACGAACTAGCATTAGCTICTGTGAATTGTC
TTCATGGGTTAACACGGACTATCGTIGTCCATCCAAAATCTGATAGAATCTGCTAGATCCAAGATGAAA
GCTCCGCATCAGGTAAGTATTTCCACTGGAGATGAATCTGTGCTTGCAAATGGGATACTGGCAGAGTC
TCTGGCTGAGCTAACATCTGTGTCGTGCTCTTTTAGAGATTICTGTTTCATCAGAATGGCCCATCGTGC
AATCAATTGAGCTACATAAACGAGGCGGATTGGCCCCCGGCGTTGGACTTGGTTGGGGAGCTAGCGGT
GGTGGGTTTTGGTCAACCAGAGTTCTGTTGGCACAGGCTGGTGCCGGTCTTCTGAGTCTCTTICTTAA
CATCTCICTGAGCGACTCGCAGAATGATCAGGGATCTIGTTGGCTTTATGGATAAAGTAAACTCCGCTT
TAGCTATGTGTITTGATTGCAGGTCCAAGGGATTATTITACTCGTGGAAAGAGCCTTTGAATATGTCCTT
AGACCGCATGCTTTAGAACACCTGGCCTIGCTGTATCAAGTCAAACAAAAAAAACATATCGTTTGAATG
GGAATGCAGCGAAGGGGACTATCATCGTATGAGCAGTATGCTTGCTTCTCACTTCAGACATAGATGGT
TACAGCAAAAGGGAAGATCGATAGCCGAGGAAGGGGTCAGTGGGGTAAGGAAGGGCACAGTTGGTICTG
GAGACTATTCATGAGGACGGTGAAATGTCAAATAGTTCAACTCAGGATAAAAAATCAGACTCCTCGAC
CATAGAGTGGGCTCACCAGAGAATGCCCCTACCTCCACACTGGTTTCTCAGCGCCATCTCAGCAGTCC
ACAGTGGTAAAACCTCAACAGGGCCACCAGAATCCACAGAGTTGCTTGAAGTTGCAAAAGCTGGAGTT
TTCTTTCTTGCAGGACTTGAGTCATCGTICTGGTTTTGGATCGCTTCCCTCTCCTGTTGTGAGTGTACC
GTTGGTTTGGAAGTTTCACGCTTTIGTCTACCGTATTGCTTGTTGGAATGGACATCATCGAAGACAAGA
ACACTAGGAACTTGTACAATTATCTGCAGGAGCTTITATGGGCAGTTICTTGATGAAGCGAGACTAAAT
CACCGTGACACTGAGCTTICTGAGGTTCAAGTCAGACATTCATGAGAACTACTCTACTTTTCTGGAGAT
GGTGGTGGAGCAGTATGCTGCGGTGTCATATGGTGATGTAGTGTATGGCCGGCAGGTCTCGGTTTACC
TGCATCAATGCGTGGAACACTCTGTITCGGCTTTCGGCATGGACAGTGCTCTCCAATGCCCGTIGTTICTC
GAGCTTCTGCCGAGTCTAGACAAGTGCTTGGGAGAAGCGGATGGTTACCTCGAACCTGTTGAGGAAAA
TGAGGCCGTCCTTGAGGCCTACCTGAAGTCATGGACTTGTGGGGCATTGGACAGAGCTGCGACGCGTG
GATCAGTAGCCTATACGCTGGTTGTGCATCACTTTTCATCTTTAGTICTTTTGCAACCAAGCCAAGGAT
AAAGTATCCCTGCGGAATAAGATTGTCAAGACTCTTGTCAGGGATTTATCAAGAAAGCGGCATCGTGA
GGGGATGATGTTAGATCTCCTGCGGTATAAGAAAGGGTCTGCGAACGCCATGGAAGAAGAAGTGATAG
CAGCGGAGACAGAGAAAAGAATGGAGGTGTTGAAAGAGGGTTGCGAAGGGAACTCCACCCTCCICTTG
GAACTGGAGAAGCTGAAATCAGCCGCTCTCIGTGGAAGAAGGTGA

SEQ ID NO: 4 Arabidopsis thaliana nucleic acid sequence

mutant iyo-3

ATGGAGCAAAGTAGCGGGAGAGTCAATCCGGAACAGCCGAACAACGTICTTGGCGAGCCTTIGTCGGGAG
CATCGTGGAGAAAGGAATATCGGAGAATAAGCCTCCAAGCAAGCCGCTTCCCCCAAGGCCCTCCCTTC
TTTCCTTCCCCGTCGCTCGTCATCGTTCTCACGGACCCCATTTGGCTCCTGTGGGAAGCAGCATAGCA
CAACCTAAGGATTACAATGACGATCAGGAAGAAGAAGAAGCAGAAGAACGTTTICATGAATGCAGACTC
CATTGCTIGCTTTTGCTAAACCGCTTICAAAGAAAAGAGAAGAAAGACATGGACCTCGGGAGGTGGAAAG
ATATGGTCTCTGGGGATGATCCTGCATCCACACATGTCCCTCAGCAATCAAGGAAACTTAAGATCATT
GAAACGAGACCGCCCTATGTTGCTTCAGCCGATGCGGCCACTACATCCAGCAACACTTTACTGGCTGC
CAGGGCATCAGACCAGAGAGAGTTIGTITTCTIGATAAAGCACCGTTTATTAAAAATTTGGGAACCAAGG
AAAGGGTTCCTTTAAACGCTTCTCCTCCCCTAGCTGTTTCGAATGGACTTGGGACTCGACACGCGTICT
TCGTICTCTTGAAAGTGATATTGATGTTGAGAACCATGCAAAGTTGCAGACAATGTCACCCGACGAGAT
TGCTGAGGCTCAGGCTGAGTTATTGGACAAGATGGATCCTGCACTACTCTCCATTTTGAAGAAACGAG
GTGAGGCAAAATTGAAGAAGCGAAAGCATTCTGTGCAGGGGGTTTCCATCACCGATGAAACAGCAAAG
AATTCAAGAACTGAGGGTCATTTITGTCACTCCTAAAGTGATGGCAATACCGAAAGAAAAAAGTGTGGT
GCAAAAGCCAGGGATAGCCCAAGGATTCGTGTGGGATGCATGGACTGAGAGGGTTGAGGCAGCCAGAG
ACTTGAGATTTTCTTTTGACGGGAATGTTGTTGAGGAAGATGTTGTICTCGCCAGCTGAAACTGGTGGA
AAGTGGTCTIGGTGTTGAATCTGCTGCCGAACGTGATTTCTTGAGAACCGAGGGGGATCCTGGGGCCGC
AGGTTACACTATCAAAGAAGCTATTGCTICTTGCACGAAGTGTGATTCCCGGGCAGAGATGTICTTGCTT
TGCATCTIGCTTGCATCTGTACTCGACAAAGCTTTGAACAAACTTTGTCAAAGCAGAATAGGCTACGCA
AGGGAAGAAAAAGATAAATCCACTGACTGGGAAGCCATCTGGGCTTATGCCCTTGGACCGGAACCTGA
GCTTGTCTTAGCATTGAGGATGGCTCTTGATGACAACCATGCCTCTGTTGTTATAGCATGTGTA [T~
DNA
salk692_gl2]AAAGTGATTCAGTGTICTACTGAGCTGTTCTCTTAACGAGAATTTCTTTAATATICT
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GGAGAACATGGGACCACACGGGAAAGATATCTTCACGGCCTCGGTGTTCAGGAGTAAGCCGGAAATTG
ATCTTGGCTTCCTCCGTGGTTGCTACTGGAAGTACAGCGCTAAACCCTCCAATATTGTTGCGTTCCGT
GAAGAAATCTTGGATGACGGGACAGAAGATACGGATACTATTCAGAAAGATGTTTTTGTAGCCGGACA
AGATGTTGCTGCTGGTICTCGTCAGAATGGATATCCTTCCAAGAATTTATCACCTTCTGGAGACAGAAC
CAACAGCAGCGCTTGAGGACAGCATAATCTCTIGTTACTATTGCGATAGCAAGGCATTCTCCAAAATGC
ACAACTGCAATCTTGAAGTATCCCAAATTTGTGCAAACAATTGTGAAAAGATTCCAATTGAACAAAAG
AATGGACGTTCTTICTTCTCAGATCAACTCTGTCCGCCTCTTAAAGGTGTTGGCCCGGTATGATCAAA
GTACTTGCATGGAATTTGTGAAGAATGGGACTTTCAATGCGGTCACATGGCATTTGTTTCAGTTCACC
TCATCTICTTGACTCATGGGTGAAGCTAGGGAAGCAGAACTGCAAGCTTTCATCTACCTTGATGGTTGA
ACAGCTCCGGTTTTGGAAGGTCTIGTATCCATAGTGGCTGTTIGCGTATCTCGCTTCCCAGAGCTATTICC
CAGCTCIGTGICIGTGGTTGAGTTGTCCATCATTCGAAAAGCTCAGGGAGAAAAATCTCATCAGCGAG
TTTACTTCTGTGTCAAACGAGGCCTACCTGGTCCTTGAGGCTTTTGCCGAGACACTTCCTAATATGTA
CTCACAAAACATTCCACGGAATGAATCTGGGACATGGGACTGGAGCTATGTTAGCCCTATGATTGATT
CAGCACTGAGTTGGATAACATTGGCCCCGCAATTACTCAAGTGGGAGAAAGGAATCGAAAGTGTCTICT
GTATCAACTACTACTCTGTITGTIGGTITGTATTICAGGTGTCATGCGTACAATTTCCAAAGTCCTTGAGAA
AATCTCTGCGGAGGGAGAGGAAGAACCTCTACCATGGCTACCGGAGTTTGTTCCAAAGATTGGCCTTG
CCATTATCAAGCACAAGCTTCTTAGTTTTICTIGTTGCAGACGTAAGTAGGTTTGGAAAAGACTCTTCC
AGGTGTTCCTICTTTITATGGAGTATTTGTIGTTTTCTAAGAGAACGATCTCAAGATGACGAACTAGCATT
AGCTTCTGTGAATTGTCTTCATGGGTTAACACGGACTATCGTGTCCATCCAAAATCTGATAGAATCTG
CTAGATCCAAGATGAAAGCTCCGCATCAGGTAAGTATTTCCACTGGAGATGAATCTGTGCTTGCAAAT
GGGATACTGGCAGAGTCTCTGGCTGAGCTAACATCTGTIGTCGTIGCTCTTTTAGAGATTCTGTITTCATC
AGAATGGCCCATCGTGCAATCAATTGAGCTACATAAACGAGGCGGATTGGCCCCCGGCGTTGGACTTG
GTTGGGGAGCTAGCGGTGGTGGGTTTTGGTCAACCAGAGTTICTGTTGGCACAGGCTGGTGCCGGTCTT
CTGAGTICTCTTTICTTAACATCTICTCTGAGCGACTCGCAGAATGATCAGGGATCTGTTGGCTTTATGGA
TAAAGTAAACTCCGCTTTAGCTATGTGTTTGATTGCAGGTCCAAGGGATTATTTACTCGTGGAAAGAG
CCTTTGAATATGTCCTTAGACCGCATGCTTTAGAACACCTGGCCTGCTGTATCAAGTCAAACAAAAAA
AACATATCGTTTGAATGGGAATGCAGCGAAGGGGACTATCATCGTATGAGCAGTATGCTTIGCTTCTICA
CTTCAGACATAGATGGTTACAGCAAAAGGGAAGATCGATAGCCGAGGAAGGGGTCAGTGGGGTAAGGA
AGGGCACAGTTGGTICTGGAGACTATTCATGAGGACGGTGAAATGTCAAATAGTTCAACTCAGGATAAA
AAATCAGACTCCTCGACCATAGAGTGGGCTCACCAGAGAATGCCCCTACCTCCACACTGGTTTCTCAG
CGCCATCTCAGCAGTCCACAGTGGTAAAACCTCAACAGGGCCACCAGAATCCACAGAGTTGCTTGAAG
TTGCAAAAGCTGGAGTTTTICTTITCTITGCAGGACTTGAGTCATCGTCTGGTTTTIGGATCGCTTCCCTICT
CCTGTTGTGAGTGTACCGTTGGTTTIGGAAGTTTCACGCTTTIGTCTACCGTATTIGCTTIGTTGGAATGGA
CATCATCGAAGACAAGAACACTAGGAACTTGTACAATTATCTGCAGGAGCTTTATGGGCAGTTICTTG
ATGAAGCGAGACTAAATCACCGTGACACTGAGCTICTGAGGTTCAAGTCAGACATTCATGAGAACTAC
TCTACTTTTCTGGAGATGGTGGTGGAGCAGTATGCTGCGGTGTCATATGGTGATGTAGTGTATGGCCG
GCAGGTCTCGGTTTACCTGCATCAATGCGTGGAACACTCTGTTCGGCTTTCGGCATGGACAGTGCTCT
CCAATGCCCGIGTITCTCGAGCTTCTIGCCGAGTCTAGACAAGTGCTTGGGAGAAGCGGATGGTTACCTC
GAACCTGTTGAGGAAAATGAGGCCGTCCTTGAGGCCTACCTGAAGTCATGGACTTGTGGGGCATTGGA
CAGAGCTGCGACGCGTGGATCAGTAGCCTATACGCTGGTTGTGCATCACTTTTICATCTTTAGICTTTT
GCAACCAAGCCAAGGATAAAGTATCCCTIGCGGAATAAGATTGTCAAGACTCTTGTCAGGGATTTATCA
AGAAAGCGGCATCGTGAGGGGATGATGTTAGATCTCCTGCGGTATAAGAAAGGGTCTGCGAACGCCAT
GGAAGAAGAAGTGATAGCAGCGGAGACAGAGAAAAGAATGGAGGTGTTGAAAGAGGGTTGCGAAGGGA
ACTCCACCCTCCTCTITGGAACTGGAGAAGCTGAAATCAGCCGCTCTICTGTGGAAGAAGGTGA

SEQ ID NO: 5 Arabidopsis thaliana Protein MINIYO

MEQSSGRVNPEQPNNVLASLVGSIVEKGISENKPPSKPLPPRPSLLSFPVARHRSHGPHLAPVGSSIA
QPKDYNDDQEEEEAEERFMNADS TAAFAKPLOQRKEKKDMDLGRWKDMVSGDDPASTHVPQQOSRKLKTI I
ETRPPYVASADAATTSSNTLLAARASDQREFVSDKAPFIKNLGTKERVPLNASPPLAVSNGLGTRHAS
SSLESDIDVENHAKLQTMSPDEIAEAQAELLDKMDPALLSILKKRGEAKLKKRKHSVQGVSITDETAK
NSRTEGHFVTPKVMAIPKEKSVVQKPGIAQGFVWDAWTERVEAARDLRF SFDGNVVEEDVVSPAETGG
KWSGVESAAERDFLRTEGDPGAAGYTIKEATALARSVIPGQRCLALHLLASVLDKALNKLCQSRIGYA
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REEKDKSTDWEATIWAYALGPEPELVLALRMALDDNHASVVIACVKVIQCLLSCSLNENFENILENMGP
HGKDIFTASVFRSKPEIDLGFLRGCYWKYSAKPSNIVAFREEILDDGTEDTDTIQKDVFVAGQDVAAG
LVRMDILPRIYHLLETEPTAALEDSIISVTIATARHSPKCTTAILKYPKFVQTIVKRFQLNKRMDVLS
SQINSVRLLKVLARYDOSTCMEFVKNGTENAVIWHLFQFTSSLDSWVKLGKQNCKLSSTLMVEQLREW
KVCIHSGCCVSRFPELFPALCLWLSCPSFEKLREKNLISEFTSVSNEAYLVLEAFAETLPNMYSQNIP
RNESGTWDWSYVSPMIDSALSWITLAPQLLKWEKGIESVSVSTTTLLWLYSGVMRTISKVLEKISAEG
EEEPLPWLPEFVPKIGLAIIKHKLLSFSVADVSRFGKDSSRCSSFMEYLCFLRERSQDDELALASVNC
LHGLTRTIVSIQNLIESARSKMKAPHQVSISTGDESVLANGILAESLAELTSVSCSFRDSVSSEWPIV
QSIELHKRGGLAPGVGLGWGASGGGFWSTRVLLAQAGAGLLSLFLNISLSDSQNDQGSVGEFMDKVNSA
LAMCLIAGPRDYLLVERAFEYVLRPHALEHLACCIKSNKKNISFEWECSEGDYHRMSSMLASHFRHRW
LOQKGRSIAEEGVSGVRKGTVGLETIHEDGEMSNSSTQDKKSDSSTIEWAHQRMPLPPHWEF LSATISAV
HSGKTSTGPPESTELLEVAKAGVFFLAGLESSSGFGSLPSPVVSVPLVWKFHALSTVLLVGMDIIEDK
NTRNLYNYLQELYGQFLDEARLNHRDTELLRFKSDIHENYSTFLEMVVEQYAAVSYGDVVYGRQVSVY
LHQCVEHSVRLSAWTIVLSNARVLELLPSLDKCLGEADGYLEPVEENEAVLEAYLKSWTCGALDRAATR
GSVAYTLVVHHEFSSLVFCNQAKDKVSLRNKIVKTLVRDLSRKRHREGMMLDLLRYKKGSANAMEEEVI
AAETEKRMEVLKEGCEGNSTLLLELEKLKSAALCGRR

SEQ ID NO: 6 Arabidopsis thaliana, protein allele iyo-1I

MEQSSGRVNPEQPNNVLASLVGSIVEKGISENKPPSKPLPPRPSLLSFPVARHRSHGPHLAPVGSSIA
QPKDYNDDQEEEEAEERFMNADS IAAFAKPLORKEKKDMDLGRWKDMVSGDDPASTHVPQOSRKLKIT
ETRPPYVASADAATTSSNTLLAARASDQREFVSDKAPFIKNLGTKERVPLNASPPLAVSNGLGTRHAS
SSLESDIDVENHAKLQTMSPDEIAEAQAELLDKMDPALLSILKKRGEAKLKKRKHSVQGVSITDETAK
NSRTEGHFVTPKVMAIPKEKSVVQKPGIAQGFVWDAWTERVEAARDLREF SEFDGNVVEEDVVSPAETGG
KWSGVESAAERDFLRTEGDPGAAGYTIKEATIALARSVIPGQRCLALHLLASVLDKALNKLCQSRIGYA
REEKDKSTDWEAIWAYALGPEPELVLALRMALDDNHASVVIACVKVIQCLLSCSLNENFENILENMGP
HGKDIFTASVFRSKPEIDLGFLRGCYWKYSAKPSNIVAFREEILDDGTEDTDTIQKDVFVAGQDVAAG
LVRMDILPRIYHLLETEPTAALEDSIISVTIATARHSPKCTTATILKYPKFVQTIVKRFQLNKRMDVLS
SQINSVRLLKVLARYDQSTCMEFVKNGTEFNAVIWHLFQFTSSLDSWVKLGKONCKLSSTLMVEQLREW
KVCIHSGCCVSRFPELFPALCLWLSCPSFEKLREKNLISEFTSVSNEAYLVLEAFAETLPNMYSQNIP
RNESGTWDWSYVSPMIDSALSWITLAPQLLKWEKGIESVSVSTTTLLWLYSGVMRTISKVLEKISAEG
EEEPLPWLPEFVPKIGLAIIKHKLLSFSVADVSRFGKDSSRCSSFMEYLCFLRERSQDDELALASVNC
LHGLTRTIVSIQNLIESARSKMKAPHQVSISTGDESVLANGILAESLAELTSVSCSFRDSVSSEWPIV
QSIELHKRGELAPGVGLGWGASGGGFWSTRVLLAQAGAGLLSLFLNISLSDSQNDQGSVGEFMDKVNSA
LAMCLIAGPRDYLLVERAFEYVLRPHALEHLACCIKSNKKNISFEWECSEGDYHRMSSMLASHFRHRW
LOQKGRSIAEEGVSGVRKGTVGLETIHEDGEMSNSSTQDKKSDSSTIEWAHQRMPLPPHWE LSATISAV
HSGKTSTGPPESTELLEVAKAGVFFLAGLESSSGFGSLPSPVVSVPLVWKFHALSTVLLVGMDIIEDK
NTRNLYNYLQELYGQFLDEARLNHRDTELLRFKSDIHENYSTFLEMVVEQYAAVSYGDVVYGRQVSVY
LHOQCVEHSVRLSAWTVLSNARVLELLPSLDKCLGEADGYLEPVEENEAVLEAYLKSWTCGALDRAATR
GSVAYTLVVHHFSSLVFCNQAKDKVSLRNKIVKTLVRDLSRKRHREGMMLDLLRYKKGSANAMEEEV I
AAETEKRMEVLKEGCEGNSTLLLELEKLKSAALCGRR

SEQ ID No. 7 MINIYO nucleic acid sequence Arabidopsis thaliana

AAAGAGTTTTCCGTITTTGCTGAGCGGAGGCGAGAGAGGGTTTAGAGTGATGGAGCAAAGTAGCGGGAG
AGTCAATCCGGAACAGCCGAACAACGTCTITGGCGAGCCTTGTCGGGAGCATCGTGGAGAAAGGAATAT
CGGAGAATAAGCCTCCAAGCAAGCCGCTTCCCCCAAGGCCCTCCCTTCTTTCCTTCCCCGTCGCTCGT
CATCGTTCTCACGGACCCGTAAGCCAATCCAATCCTICTAGTGCGTIGCTTTTTAGGTTTCCATCTTCCT
TTTGTTGCCTTICTTCTAGATTTTAAGCACCTTCTACTGTTGTTTAGTACTTGGGACTCCACAATTTTT
CACCGTGCCTGACCTTIGTAATTCAGCTTTCTGAGACATCTAATTTTTIGTTTCTCATGTTTGATTTTGT
AGCATTTGGCTCCTGTGGGAAGCAGCATAGCACAACCTAAGGATTACAATGACGATCAGGAAGAAGAA
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GAAGCAGAAGAACGTTTCATGAATGCAGACTCCATTGCTIGCTTTTGCTAAACCGCTTCAAAGAAAAGA
GAAGAAAGACATGGACCTCGGGAGGTGGAAAGATATGGTCTCTGGGGATGATCCTGCATCCACACATG
TCCCTCAGCAATCAAGGAAACTTAAGATCATTGAAACGAGACCGCCCTATGTTGCTTCAGCCGATGCG
GCCACTACATCCAGCAACACTTTACTGGCTGCCAGGGCATCAGACCAGAGAGAGTTTGTTITCTGATAA
AGCACCGTTTATTAAAAATTTGGGAACCAAGGAAAGGGTTCCTTTAAACGCTTCTCCTCCCCTAGCTG
TTTCGAATGGACTTGGGACTCGACACGCGTCTTCGTCTCTTGAAAGTGATATTGATGTTGAGAACCAT
GCAAAGTTGCAGACAATGTCACCCGACGAGATTGCTGAGGCTCAGGCTGAGTTATTIGGACAAGATGGA
TCCTGCACTACTCTCCATTTTGAAGAAACGAGGTGAGGCAAAATTGAAGAAGCGAAAGCATTICTGTGC
AGGGGGTTTCCATCACCGATGAAACAGCAAAGAATTCAAGAACTGAGGGTCATTTTGTCACTCCTAAA
GTGATGGCAATACCGAAAGAAAAAAGTGTGGTGCAAAAGCCAGGGATAGCCCAAGGATTCGTGTGGGA
TGCATGGACTGAGAGGGTTGAGGCAGCCAGAGACTTGAGATTTTICTTTTGACGGGAATGTTGTTGAGG
AAGATGTTGTCTCGCCAGCTGAAACTGGTGAGTAGAACAATACAACTGAAACACATGACAATCTTAGG
TTGCTTACACTTTGACTGTACAGGTGGAAAGTGGTCTGGTGTTGAATCTGCTGCCGAACGTGATTTCT
TGAGAACCGAGGGGGATCCTGGGGCCGCAGGTTACACTATCAAAGAAGCTATTGCTICTTGCACGAAGT
GTGGTATGTATGATTGCCACATATTITTAATTTTGATGCTAATTAATGGTTAAATTCTTTTTTCCCTCC
ATTTTGGCTTTAGCTGAACAAAACCTGTAGGCTGAGACTGCGTTTTITTTCGTTATCACTGCTCATTGA
TTTGTATGTATTATTGATATATATATCAGATTCCCGGGCAGAGATGTCTTIGCTTTGCATCTGCTTGCA
TCTGTACTCGACAAAGCTTTGAACAAACTTTIGTCAAAGCAGAATAGGCTACGCAAGGGAAGAAAAAGA
TAAATCCACTGACTGGGAAGCCATCTGGGCTTATGCCCTTGGACCGGAACCTGAGCTTGTCTTAGCAT
TGAGGTAATTTCCTGATGGGTGTAATTTTGAGACTTATTTGTGAAGTTGTCACTCATAAATCATAAAT
TGTTTIGTTCTTATCAATATAAGTTICTTTTCTTICTTTAGGATGGCTCTTGATGACAACCATGCCICTG
TTGTTATAGCATGTGTAAAAGTGATTCAGTGTCTACTGAGCTGTTCTCTTAACGAGAATTTCTTTAAT
ATTCTGGAGGTATAGTTGATTITTITCTICACTCCTAAGAAGTTATAGTCCTCATAGAACGTGATTATACA
TGTTCAAACTGATAAAACCCATTTCTATTTCCAGAACATGGGACCACACGGGAAAGATATCTTCACGG
CCTCGGTGTTCAGGAGTAAGCCGGAAATTGATCTTGGCTTCCTCCGTGGTTGCTACTGGAAGTACAGC
GCTAAACCCTCCAATATTGTTGCGTITCCGTGAAGAAATCTTGGATGACGGGACAGAAGATACGGATAC
TATTCAGAAAGATGTTTTTGTAGCCGGACAAGATGTTGCTGCTGGTCTCGTCAGAATGGATATCCTTC
CAAGAATTTATCACCTTCIGGAGGTGAGATCACTATCTATGTGTAACTCAGCAAGTAAAATCATTICTT
TTTGTIGTICGTTIGCTTAGTTTTCTGGTTTTTITTTTAATGTTCATGATTTCAGACAGAACCAACAGCAGC
GCTTGAGGACAGCATAATCTCTGTITACTATTGCGATAGCAAGGCATTCTCCAAAATGCACAACTGCAA
TCTTGAAGTATCCCAAATTTGTGCAAACAATTGTGAAAAGATTCCAATTGAACAAAAGAATGGACGTT
CTTTCTTCTCAGATCAACTCTGTCCGCCTCTTAAAGGTAATACTGGTCCGCTCATACAAAATTATCTT
GGGGTCGTTATATTCATTICGTICTITTIGATGTTITTTTTTACAGAACCTGATGATTICGAGTTTGTTAAGCT
ATCAATTCTCAGAGCTATTGTAACCTTCGTTCTICTTTCICTCTTTTITAATTTCACTAAGGTGTTGGC
CCGGTATGATCAAAGTACTTGCATGGAATTTGTGAAGAATGGGACTTTCAATGCGGTCACATGGCATT
TGTTTCAGTTCACCTCATCTCTTGACTCATGGGTGAAGCTAGGGAAGCAGAACTGCAAGCTTTCATCT
ACCTTGATGGTTGAACAGCTCCGGTTTTGGAAGGTCTGTATCCATAGTGGCTGTTGCGTATCTCGCTT
CCCAGAGCTATTCCCAGCTICTGTGICTGTGGTTGAGTTGTCCATCATTCGAAAAGCTCAGGGAGAAAA
ATCTCATCAGCGAGTTTACTTICTGTGTCAAACGAGGCCTACCTGGTICCTTGAGGCTTTTGCCGAGACA
CTTCCTAATATGTACTCACAAAACATTCCACGGAATGAATCTGGGACATGGGACTGGAGCTATGTTAG
CCCTATGATTGATTCAGCACTGAGTTGGATAACATTGGCCCCGCAATTACTCAAGTGGGAGAAAGGAA
TCGAAAGTGTCTCTGTATCAACTACTACTCTIGTTGTGGTTGTATTCAGGTGTCATGCGTACAATTTCC
AAAGTCCTTGAGAAAATCTCTGCGGAGGGAGAGGAAGAACCTCTACCATGGCTACCGGAGTTTGTICC
AAAGATTGGCCTTGCCATTATCAAGCACAAGCTICTTAGTTITTTCTIGTTGCAGACGTAAGTAGGTTTIG
GAAAAGACTCTTCCAGGTIGTTCCICTTTTATGGAGTATTTGTGTTTTCTAAGAGAACGATCTCAAGAT
GACGAACTAGCATTAGCTICTGTGAATTGTICTTCATGGGTTAACACGGACTATCGTIGTCCATCCAAAA
TCTGATAGAATCTGCTAGATCCAAGATGAAAGCTCCGCATCAGGTAAGTATTTCCACTGGAGATGAAT
CTGTGCTITGCAAATGGGATACTGGCAGAGTCTICTGGCTGAGCTAACATCTGTGTCGTIGCTCTTTTAGA
GATTCTGTTTCATCAGAATGGCCCATCGTGCAATCAATTGAGCTACATAAACGAGGCGGATTGGCCCC
CGGCGTTGGACTTGGTTGGGGAGCTAGCGGTGGTGGGTTTTGGTCAACCAGAGTTCTGTTGGCACAGG
CTGGTGCCGGTCTITCTGAGTCTICTTITCTTAACATCTCTCTGAGCGACTCGCAGAATGATCAGGGATCT
GTTGGCTTTATGGATAAAGTAAACTCCGCTTTAGCTATGTGTTTGATTGCAGGTCCAAGGGATTATTT
ACTCGTGGAAAGAGCCTTTGAATATGTCCTTAGACCGCATGCTTTAGAACACCTGGCCTGCTGTATCA
AGTCAAACAAAAAAAACATATCGTTTGAATGGGAATGCAGCGAAGGGGACTATCATCGTATGAGCAGT
ATGCTTGCTTCTCACTTCAGACATAGATGGTTACAGCAAAAGGGAAGATCGATAGCCGAGGAAGGGGT
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CAGTGGGGTAAGGAAGGGCACAGTTIGGTCTIGGAGACTATTCATGAGGACGGTGAAATGTCAAATAGTT
CAACTCAGGATAAAAAATCAGACTCCTCGACCATAGAGTGGGCTCACCAGAGAATGCCCCTACCTCCA
CACTGGTTTCTCAGCGCCATCTCAGCAGTCCACAGTGGTAAAACCTCAACAGGGCCACCAGAATCCAC
AGAGTTGCTTGAAGTTGCAAAAGCTGGAGTTTICTTITCTTGCAGGACTTGAGTCATCGTCTGGTTTTG
GATCGCTTCCCTICTCCTGTITGTGAGTGTACCGTTGGTTTGGAAGTTTCACGCTTTGTCTACCGTATTG
CTTGTTGGAATGGACATCATCGAAGACAAGAACACTAGGAACTTGTACAATTATCTGCAGGAGCTTTA
TGGGCAGTTTCTTGATGAAGCGAGACTAAATCACCGTGACACTGAGCTTCTGAGGTTCAAGTCAGACA
TTCATGAGAACTACTCTACTTTTCIGGAGATGGTGGTGGAGCAGTATGCTGCGGTGTCATATGGTGAT
GTAGTIGTATGGCCGGCAGGTCTCGGTTTACCTGCATCAATGCGTGGAACACTCTGTTCGGCTTTCGGC
ATGGACAGTGCTCTCCAATGCCCGTGTTICTCGAGCTTCTGCCGAGTCTAGACAAGTGCTTGGGAGAAG
CGGATGGTTACCTCGAACCTGTTGAGGTAATTTACAAAAATAATAAAATGTTGATAGTGGTGAATAAT
GGCATCTTGAGCATCCAACTAAGATAAAATGGTGAATTGATATTGCAGGAAAATGAGGCCGTCCTTGA
GGCCTACCTGAAGTCATGGACTTGTGGGGCATTGGACAGAGCTGCGACGCGTGGATCAGTAGCCTATA
CGCTGGTTGTGCATCACTTITTCATCTTTAGTICTTTTGCAACCAAGCCAAGGATAAAGTATCCCTGCGG
AATAAGATTGTCAAGACTCTTGTCAGGGATTTATCAAGAAAGCGGCATCGTGAGGTAACTTGAAATCC
CTCATCICTTGTTCAATGTCATTCIGGGGACTGAGGATGATAATGAAACGTGGAAATAATGTTTCAGG
GGATGATGTTAGATCTCCTIGCGGTATAAGAAAGGGTCTGCGAACGCCATGGAAGAAGAAGTGATAGCA
GCGGAGACAGAGAAAAGAATGGAGGTGTTGAAAGAGGGTTGCGAAGGGAACTCCACCCTCCTICTTGGA
ACTGGAGAAGCTGAAATCAGCCGCTCTCIGTGGAAGAAGGTGAACGAGAGAATGAGAGGAAAGAAAGT
CIGIGIGTITTICTITTCTCIGTTTTGAGGTTCTICTTACAGATGAAAAGCTGTGTAATTAAAAATCGATGT
TCTTCTTICTGTITCTTGTAAGATTTTGGATTTTTCCAATTTCTGACAAAGTTCAATTAAAAAACTTGAC
TGACATTTTGAAA

SEQ ID NO: 8 Arabidopsis thaliana, nucleic acid sequence
AtRTRI1.

ATGGCAAAGGATAATGAAGCAATCGCCATTAACGATGCGGTTCACAAGCTTCAGCTCTATATGCTCGA
AAATACCACTGATCAGAACCAGCTCTTCGCGGCGAGGAAGTTAATGTCTCGATCAGATTACGAAGATG
TCGTCACTGAACGAGCAATCGCTAAGCTCTGTGGTTATACTCTTTGCCAGAGATTTICTCCCTTCCGAT
GTTTCTAGAAGAGGGAAGTATCGGATTTCGTTGAAGGACCATAAGGTTTACGATTTACAGGAGACGAG
CAAGTTTTGCTICCGCTGGTTGTTTAATTGATAGCAAAACGTTTTICGGGGAGTTTGCAAGAGGCTCGTA
CATTGGAGTTTIGATTCGGTGAAGTTGAATGAGATTTTGGATTTGTTTGGTGATTCTTTGGAAGTGAAA
GGTTCTTITGGATGTGAATAAGGATTTGGATTTGTCTAAGCTTATGATTAAGGAGAATTTTGGAGTTAG
AGGTGAAGAATTGTICTTTAGAGAAGTGGATGGGTCCTTCTAATGCTGTTGAAGGTTATGTTCCTTTTIG
ATCGAAGCAAATCAAGTAATGATTCCAAGGCTACTACTCAAAGTAATCAAGAGAAGCATGAGATGGAT
TTCACTAGCACAGTAATTATGCCTGATGTTAATAGTGTTTCAAAGCTTCCACCGCAAACCAAGCAAGC
TTCTACTGTTGTGGAATCTGTTGATGGCAAAGGGAAAACAGTTCTGAAAGAGCAAACTGTAGTTCCTC
CCACCAAAAAAGTTTCGAGATTTCGTCGTGAGAAAGAAAAGGAGAAGAAGACTTTCGGGGTTGATGGG
ATGGGTTGTGCCCAGGAAAAAACTACAGTTCTCCCCAGAAAAATATTGAGTTTITTIGTAATGAAATAGA
GAAGGATTTTAAGAATTTTGGGTTTGATGAGATGGGTICTTGCGAGTTCTGCTATGATGAGTGATGGAT
ACGGCGTAGAATATAGTGTGTICTAAGCAGCCACAATGTTCGATGGAAGATTCICTTAGTTGCAAGCTA
AAAGGAGATCTTCAGACTTTIGGACGGGAAAAATACCCTATCAGGATCCTICTTICTGGTTCTAATACGAA
GGGCTCGAAGACAAAACCAGAGAAATCAAGAAAGAAAATTATTTCTGTTGAATACCATGCTAATTCTT
ATGAAGATGGTGAAGAAATCCTTGCAGCTGAATCGTATGAAAGACATAAAGCTCAGGATGTGTGTTICA
TCAAGTGAAATCGTCACTAAATCATGCCTTAAAATTTCTGGCTCGAAGAAGCTTAGTCGTTCAGTTAC
TTGGGCCGATCAGAATGATGGCCGTGGTGATCTTTGTGAGGTTAGAAACAATGATAACGCAGCAGGTC
CTAGCCTGTICTTICTAATGATATAGAGGATGTCAATAGTTTATCACGCCTTGCATTAGCAGAAGCCCTT
GCTACGGCATTGAGCCAGGCTGCCGAAGCTGTTTCTTCGGGAAATTCAGATGCAAGTGATGCCACTGC
AAAAGCTGGAATCATTTTGTITGCCCAGCACACATCAACTTIGACGAAGAGGTTACTGAGGAACATAGTG
AGGAGGAAATGACTGAAGAGGAACCAACTCTTCTICAAGTGGCCAAATAAGCCCGGGATTCCAGATICT
GATTTIGTITTGACCGTGATCAATCGIGGTTTGATGGACCTCCAGAGGGCTTCAATCTCACATTATCAAA
TTTCGCTIGTGATGTGGGATTCACTGTTTGGCTGGGTATCATCGTICCTCTCTGGCATACATATATGGGA
AGGAAGAATCTGCTCATGAGGAGTTCTTATTGGTTAACGGGAAGGAGTACCCCCGGAGGATTATCATG
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GTAGATGGGCTTTCCTCAGAGATCAAGCAGACAATTGCTGGGTGCCTTGCCAGAGCTTTACCGAGAGT
CGTCACTCATCTCAGGCTGCCAATAGCGATATCCGAGTTAGAAAAGGGACTGGGAAGCTTGTTGGAGA
CAATGTCGTTGACAGGAGCAGTTCCATCATTTAGGGTAAAAGAATGGCTAGTGATTGTTCTTICTTTTC
TTGGATGCGTTGTCTGTATCACGTATCCCTCGGATTGCACCTTATATATCCAACAGAGACAAGATTTT
GGAAGGAAGTGGAATTGGAAATGAAGAGTATGAGACAATGAAGGATATCCTGTITACCACTTGGCCGTG
TTCCTCAGTTTGCTACCCGAAGCGGGGCGTAG

SEQ ID NO: 9 Arabidopsis thaliana, Nucleic acid sequence

mutant atrtrli-I

ATGGCAAAGGATAATGAAGCAATCGCCATTAACGATGCGGTTCACAAGCTTCAGCTCTATATGCTCGA
AAATACCACTGATCAGAACCAGCTCTTCGCGGCGAGGAAGTTAATGTICTCGATCAGATTACGAAGATG
TCGTCACTGAACGAGCAATCGCTAAGCTCIGTGGTTATACTCTTTIGCCAGAGATTTICTCCCTTCCGAT
GTTTCTAGAAGAGGGAAGTATCGGATTTCGTTGAAGGACCATAAGGTTTACGATTTACAGGAGACGAG
CAAGTTTTGCTICCGCTGGTTGTTTAATTGATAGCAAAACGTTTTCGGGGAGTTTGCAAGAGGCTCGTA
CATTGGAGTTTGATTCGGTGAAGTTGAATGAGATTTTGGATTTGTTTGGTGATTCTTTGGAAGTGAAA
GGTTCT[T-DNA Salk
012339]TTGGATGTGAATAAGGATTTGGATTTGTCTAAGCTTATGATTAAGGAGAATTTTGGAGTTA
GAGGTGAAGAATTGTCTTTAGAGAAGTGGATGGGTCCTTCTAATGCTGTTGAAGGTTATGTTCCTTTT
GATCGAAGCAAATCAAGTAATGATTICCAAGGCTACTACTCAAAGTAATCAAGAGAAGCATGAGATGGA
TTTCACTAGCACAGTAATTATGCCTIGATGTTAATAGTGTITTCAAAGCTTCCACCGCAAACCAAGCAAG
CTTCTACTGTTIGTIGGAATCTGTTGATGGCAAAGGGAAAACAGTTCTGAAAGAGCAAACTGTAGTTCCT
CCCACCAAAAAAGTTTCGAGATTTICGTCGTGAGAAAGAAAAGGAGAAGAAGACTTTCGGGGTTGATGG
GATGGGTTGTGCCCAGGAAAAAACTACAGTTICTCCCCAGAAAAATATTGAGTTTTTGTAATGAAATAG
AGAAGGATTTTAAGAATTTTGGGTTTGATGAGATGGGTCTTGCGAGTTCTGCTATGATGAGTGATGGA
TACGGCGTAGAATATAGTGTGTCTAAGCAGCCACAATGTTCGATGGAAGATTCTCTTAGTTGCAAGCT
AAAAGGAGATCTTCAGACTTTGGACGGGAAAAATACCCTATCAGGATCCTCTTCTGGTTCTAATACGA
AGGGCTCGAAGACAAAACCAGAGAAATCAAGAAAGAAAATTATTTICTGTTGAATACCATGCTAATTCT
TATGAAGATGGTGAAGAAATCCTTGCAGCTGAATCGTATGAAAGACATAAAGCTCAGGATGTIGTGTTC
ATCAAGTGAAATCGTCACTAAATCATGCCTTAAAATTTCTGGCTCGAAGAAGCTTAGTCGTTCAGTTA
CTTGGGCCGATCAGAATGATGGCCGTGGTGATCTTTIGTGAGGTTAGAAACAATGATAACGCAGCAGGT
CCTAGCCTGTICTTICTAATGATATAGAGGATGTCAATAGTTTATCACGCCTTGCATTAGCAGAAGCCCT
TGCTACGGCATTGAGCCAGGCTGCCGAAGCTGTTTCTTCGGGAAATTCAGATGCAAGTGATGCCACTG
CAAAAGCTGGAATCATTTTGTTGCCCAGCACACATCAACTTGACGAAGAGGTTACTGAGGAACATAGT
GAGGAGGAAATGACTGAAGAGGAACCAACTCTTCTCAAGTGGCCAAATAAGCCCGGGATTCCAGATTC
TGATTTGTTTGACCGTGATCAATCGTGGTTTGATGGACCTCCAGAGGGCTTCAATCTCACATTATCAA
ATTTCGCTGTGATGTGGGATTCACTGTTTGGCTGGGTATCATCGTCCTICTCTGGCATACATATATGGG
AAGGAAGAATCTGCTCATGAGGAGTTCTTATTGGTTAACGGGAAGGAGTACCCCCGGAGGATTATCAT
GGTAGATGGGCTTTCCTCAGAGATCAAGCAGACAATTGCTGGGTGCCTTGCCAGAGCTTTACCGAGAG
TCGTCACTCATCTCAGGCTGCCAATAGCGATATCCGAGTTAGAAAAGGGACTGGGAAGCTTGTTGGAG
ACAATGTCGTTGACAGGAGCAGTTCCATCATTTAGGGTAAAAGAATGGCTAGTGATTGTTICTTICTTITT
CTTGGATGCGTITGTCTGTATCACGTATCCCTICGGATTIGCACCTTATATATCCAACAGAGACAAGATTT
TGGAAGGAAGTGGAATTGGAAATGAAGAGTATGAGACAATGAAGGATATCCTGTTACCACTTIGGCCGT
GTTCCTCAGTTTGCTACCCGAAGCGGGGCGTAG

SEQ ID NO: 10

Arabidopsis thaliana, nucleic acid sequence mutant atrtri-2



10

15

20

25

30

35

40

45

50

WO 2012/156760 PCT/GB2012/051146
- 72 -

ATGGCAAAGGATAATGAAGCAATCGCCATTAACGATGCGGTTCACAAGCTTCAGCTCTATATGCTCGA
AAATACCACTGATCAGAACCAGCTCTTCGCGGCGAGGAAGTTAATGTCTCGATCAGATTACGAAGATG
TCGTCACTGAACGAGCAATCGCTAAGCTCTIGTGGTTATACTCTTTGCCAGAGATTTCTCCCTTCCGAT
GTTTCTAGAAGAGGGAAGTATCGGATTTICGTTGAAGGACCATAAGGTTTACGATTTACAGGAGACGAG
CAAGTTTTGCTCCGCTGGTTGTTTAATTGATAGCAAAACGTTTTCGGGGAGTTTGCAAGAGGCTCGTA
CATTGGAGTTTGATTCGGTGAAGTTGAATGAGATTTTGGATTTGTTTIGGTGATTCTTTGGAAGTGAAA
GGTTCTTTGGATGTGAATAAGGATTITGGATTTGTCTAAGCTTATGATTAAGGAGAATTTTGGAGTTAG
AGGTGAAGAATTGTICTTTAGAGAAGTGGATGGGTCCTTCTAATGCTGTTGAAGGTTATGTTCCTTTIG
ATCGAAGCAAATCAAGTAATGATTCCAAGGCTACTACTCAAAGTAATCAAGAGAAGCATGAGATGGAT
TTCACTAGCACAGTAATTATGCCTGATGTTAATAGTGTTTCAAAGCTTCCACCGCAAACCAAGCAAGC
TTCTACTGTTGTGGAATCTGTTGATGGCAAAGGGAAAACAGTTCTGAAAGAGCAAACTGTAGTTCCTC
CCACCAAAAAAGTTTCGAGATTTCGTCGTGAGAAAGAAAAGGAGAAGAAGACTTTCGGGGTTGATGGG
ATGGGTTGTGCCCAGGAAAAAACTACAGTTCTCCCCAGAAAAATATTGA[T-

DNA, Salkl15762]GTTTTTGTAATGAAATAGAGAAGGATTTTAAGAATTTTGGGTTTGATGAGATG
GGTCTTGCGAGTTCTGCTATGATGAGTGATGGATACGGCGTAGAATATAGTGTGTCTAAGCAGCCACA
ATGTTCGATGGAAGATTCTCTITAGTTGCAAGCTAAAAGGAGATCTTICAGACTTITGGACGGGAAAAATA
CCCTATCAGGATCCTCTTICTGGTTICTAATACGAAGGGCTCGAAGACAAAACCAGAGAAATCAAGAAAG
AAAATTATTTCTGTTGAATACCATGCTAATTCTTATGAAGATGGTGAAGAAATCCTTGCAGCTGAATC
GTATGAAAGACATAAAGCTCAGGATGTGTGTITCATCAAGTGAAATCGTCACTAAATCATGCCTTAAAA
TTTCTGGCTCGAAGAAGCTTAGTCGTTCAGTTACTTIGGGCCGATCAGAATGATGGCCGTGGTGATCTT
TGTGAGGTTAGAAACAATGATAACGCAGCAGGTCCTAGCCTGTCTTCTAATGATATAGAGGATGTCAA
TAGTTTATCACGCCTTGCATTAGCAGAAGCCCTTGCTACGGCATTGAGCCAGGCTGCCGAAGCTGTTT
CTTCGGGAAATTCAGATGCAAGTGATGCCACTGCAAAAGCTGGAATCATTTTGTTGCCCAGCACACAT
CAACTTGACGAAGAGGTTACTGAGGAACATAGTGAGGAGGAAATGACTGAAGAGGAACCAACTCTICT
CAAGTGGCCAAATAAGCCCGGGATTICCAGATTICTGATTTIGTTTGACCGTGATCAATCGTGGTTTGATG
GACCTCCAGAGGGCTTCAATCTCACATTATCAAATTTCGCTGTGATGTGGGATTCACTGTTTGGCTGG
GTATCATCGTCCICTCTGGCATACATATATGGGAAGGAAGAATCTGCTCATGAGGAGTTCTTATTGGT
TAACGGGAAGGAGTACCCCCGGAGGATTATCATGGTAGATGGGCTTTCCTCAGAGATCAAGCAGACAA
TTGCTGGGTGCCTTGCCAGAGCTTTACCGAGAGTCGTCACTCATCTCAGGCTGCCAATAGCGATATCC
GAGTTAGAAAAGGGACTGGGAAGCTTGTTGGAGACAATGTCGTTGACAGGAGCAGTTCCATCATTTAG
GGTAAAAGAATGGCTAGTGATTGTTICTICTTTTCTTGGATGCGTTGTCTGTATCACGTATCCCTCGGA
TTGCACCTTATATATCCAACAGAGACAAGATTTTGGAAGGAAGTGGAATTGGAAATGAAGAGTATGAG
ACAATGAAGGATATCCTGTTACCACTTGGCCGTGTTCCTCAGTTTIGCTACCCGAAGCGGGGCGTAG

SEQ ID NO: 11 Arabidopsis thaliana, Protein sequence AtRTR1

MAKDNEATAINDAVHKLOLYMLENTTDONQLFAARKLMSRSDYEDVVTERATAKLCGYTLCQRFLPSD
VSRRGKYRISLKDHKVYDLQETSKFCSAGCLIDSKTFSGSLQEARTLEFDSVKLNEILDLFGDSLEVK
GSLDVNKDLDLSKLMIKENFGVRGEELSLEKWMGPSNAVEGYVPFDRSKSSNDSKATTQSNQEKHEMD
FTSTVIMPDVNSVSKLPPQTKQASTVVESVDGKGKTVLKEQTVVPPTKKVSRFRREKEKEKKTFGVDG
MGCAQEKTTVLPRKILSFCNEIEKDFKNFGFDEMGLASSAMMSDGYGVEYSVSKQPQCSMEDSLSCKL
KGDLQTLDGKNTLSGSSSGSNTKGSKTKPEKSRKKIISVEYHANSYEDGEEILAAESYERHKAQDVCS
SSEIVIKSCLKISGSKKLSRSVIWADQNDGRGDLCEVRNNDNAAGPSLSSNDIEDVNSLSRLALAEAL
ATALSQAAEAVSSGNSDASDATAKAGIILLPSTHQLDEEVTIEEHSEEEMTEEEPTLLKWPNKPGIPDS
DLEFDRDQSWEDGPPEGEFNLTLSNFAVMWDSLEGWVSSSSLAYIYGKEESAHEEFLLVNGKEYPRRIIM
VDGLSSEIKQTIAGCLARALPRVVTHLRLPIAISELEKGLGSLLETMSLTGAVPSFRVKEWLVIVLLFE
LDALSVSRIPRIAPYISNRDKILEGSGIGNEEYETMKDILLPLGRVPQFATRSGA

SEQ ID No: 12 MINIYO Oryza sativa ssp. Japonica, 0s06g37640.1

MDDAAERRRRQQOQOQOPGAAHPARRKVVEEPFDPSPPPAAAVAPPSSRLVGAIVEKGFSSGAAAAAPS
SAPSPTVLPFPVARHRSHGPHWKPAARDAAMAEGEGEEEEGMDVDETDYQPVAAAAGPVKRKEKKGMD
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FSRWREFVADDAPPKRRQAKPLOPKKQTAQKIDTGVVAATTGGTAQEKRSGGIGMQLEVGNGKEELGG
AALMSDVAPRKPMKQVDARDDVRNVELRGEGMESDNGEPSLTAEINAENMARLAGMSAGEIAEAQAET
LNRMDPAFVEMLKRRGKEKSGSRKDGGKGKGGGISGPGKISKAMPGEWLSAGEHSGHTWKAWSERVER
IRSCRFTLEGDILGFQSCQEQOHVFWYPLHVNLAFPLTGKKAHVETVGERDFLRTEGDPAAVGYTINE
AVALSRSMVPGQRVLALQLLALILNRALOQNLHKTDLIDNFKESNDDDKFNDWQAVWAYAIGPEPELVL
SLRMSLDDNHDSVVLTCAKVINAMLSYEMNEMYFDVLEKVVDQGKDICTAPVFRSKPDONGGEFLEGGF
WKYNTKPSNILPHYGENDEEEGDEKHTIQDDVVVSGQDVAAGLVRMGILPRICFLLEMDPHPILEDNL
VSILLGLARHSPQSADATILNCPRLVQSVVKLLVKQGSMEIHSSQIKGVNLLKVLSKYNRQTCEFNEFVNT
GVFHOQAMWHWYRKAYTLEDWIRSGKEHCKLTSALMVEQLRFWRTCISYGFCITHFTDFFPILCLWLSP
SMEQKLSESNVVAEFSSIATESYLVLGALAQRLPLLHSVEQLSKQDMGLSGIQVETWSWSHAVPMVDL
ALSWLCLNDIPYVCLLISGQSKNILEGSYFALVISSVLGMLDSILERISPDSTHDGKSYCLPWIPDEV
PKIGLGVITNGFFNFLDDNAVELEQHTSFHGSSLVQGLFHLRSQGNVDTSLCSISCFQRLLQLSCSID
RVIQNATTNCTEHLKESKTGIAGRILEQGICNEFWRNNLLDMLTSLLPMISSQWSILONIEMFGRGGPA
PGVGFGWGAYGGGFWSLNFLLAQLDSHFVLELMKILSTGPEGLVTVNKSVNPIVQEGNNVTDSVAITS
ERISSVLSVSLMAGPGQISTLEKAFDILFHPSVLKFLKSSVLDSHMKLAKAFEWDITEDEYLHEFSSVL
NSHFRSRWLVIKKKHSDEF TRNNNGTINVPKIPETLETIQEETELAEAVNPPCSVLAVEWAHQRLPLPV
HWILSAVCCIDDPKANLSTSYAVDVSKAGLFFLLGLEATISAAPCLHAPLVWKMHALSASIRSSMDLLL
EDRSRDIFHALQELYGLHLDRLCQKYDSAHSVKKEGSASVDEEKVIRTEVLRFQEKTHANYTTEFVESL
IEQFAAVSYGDALFGRQVAIYLHRSVEPTIRLAAWNALSNAYVLELLPPLDKCVGDVQGYLEPLEDDE
GILESYAKSWISGALDKAFQRDAMSFTVARHHLSGFVFQCSGSGKVRNKLVKSLIRCYGQKRHHEDML
KGFVLQGIAQDSQRNDEVSRRFEIMKDACEMNSSLLAEVRRLKTSIDR

SEQ ID No. 13 MINIYO Zea mays, GRMZM2G156818_TO01

MDATTKRRHQPGGAQPTRRKVVEEPFHTAPPTPAAASPSRLVGAIVEKGYSAAAPSSAPRPSVLPEPV
ARHRSHGPHWVPLVKDAPKDETADNDDEMDMDETDYHPVAAAAAGPVRRKEKKGMDF SRWREFVGDAP
PKRROQGKPVQAKKQSDQRIDAGAVASKVGGVAAEGRGLEGGAMRLDSGNASEGPGPVLLVSDVVSKKP
MSQVESRDELVNTSEARNLASQAESMDLDGRESSMEAEI SAENMARLAGMSAGEIAEAQADIVNKLNP
ALLEMLRRRGREKSGGTKDVGKDKGLKNSGLOQKNKRATPGDWLTAGEHTGHSWKVWSERVERIRSCRF
TLDGDILGFQSSHEQODGKKMPSESVAERDFLRTEGDPAAVGYTINEAVALTRSMVPGOQRVLALQLLA
SILNRALQSLHKTDLMDNVKGMNSKDNIDDWQAVWSYALGPEPELVLSLRMALDDNHDSVVLSCTKVV
NVMLSCEFNESYFEFSEKVGNGKDICTAPVFRSKPDLDGGF LEGGFWKYNTKPSNILPHCGDNDEDEA
DEKHTIQDDVVVSGQDVAAGFVRMGILPRICFLLEMDPSPALEDYLVSVLVALARHSPQSADATILNCP
RLIQSVTKLLINQGSMEIRSSQIRGVTLLKVLSKYNRQTCLNFVNHGVFQQALWHWYRKAGTIEDWVR
SGKEKCKLSSAMMVEQLRFWRTCISYGFCIAHFADFFPVLCLWLSRPDFKKLSEHNVLVEFSSVARES
YLVLAALAQRLPLLHSVEQLANQDLGVSASYIETCSWSHVVPMVDLALSWLHLNDIPYVCSLISEQNR
NTEHMLEMSYLILVISSVLGMLNSILERISPDVIPEDKSYSLPWIPDFVPKIGLGIISNGFFSCSTTV
AGRNAEHQPFCCASLVQGLCYMRCHGNVDVSLSSISCLQRLVQLSWSVDRVIQGATKCCSECENESGT
GEAGKLLAEGISSLWHNDLLHLLTSLLPMISSQWSISQNIEMEGRGGPAPGVGFGWGTCGGGEFWSLKC
LLAQLDSQLVVELIKCFSSVQGSPIILDEGVKLDNVINTVVTASNWISSTLGLSLIAGPGQIYMLEKV
FDMIFEPSILKYLKSSIHKFTSDMELLKPFEWDLNEDEYMLEFSSVLKSHFRSRWLATIKKKHSDKYAGD
NSSTKISKTPEILETIQEETELSEAVNQPCNTLMVEWAHQRLPLPIHWILSAVCCIDDPKGTLSTSAN
YILDVSRAGLIFLLGLEAISATPCLHAPLIWKIHALSVSIRSSMHLLQEDRSRDIFCALQELYGLHLN
RLYQKFCKPNSIEEVKGVVVGTISEEAMEISSLEILRFQEKIHGSYTTFVESLVDQFAAVSYGDEFVEGR
QVAIYLHRKAEPAVRLAAWNALSSAYVLELLPPLDNCIGNAPGYLEPLEDDEKILESYAKSWTSGVLD
KALQRDSMAFTLAKHHLSGEFVFQSSDSGTMLRKKLVKSLIRCYAQKRHHEVMLKCFVQQGIAQDSKSS
ELDRRFEILKDACEMNSNLVGEVQRLKACLGQ

SEQ ID No: 14 MINIYO Glycine max, Glyma01g08040.1

MTKNENKVDKSVDWEAVWAFALGPEPELVLSLRICLDDNHNSVVLACTKVVQSVLSYDANENYCDMSE
IATCDMDICTAPVFRSRPDINDGFLQGGFWKYSAKPSNILPFSDDSMDNETEGKHTIQDDIVVAAQDFE
TVGLVRMGILPRLRYLLEKDPTTALEECIISILIATARHSPTCANAVLKCERLVQTIVNRFTADNFEL
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RSSMTKSVKLLKVFARLDOQKTCLEF IKKGYFQAMTWNLYQSPSSVDHWLRLGKEKCKLTSALIVEQMR
FWRVCIQYGYCVSYFLEMFPALCFWLNPPSFEKLVENDVLDESTSISREAYLVLESLAGRLPNLFSKQ
CLNNQLPESAGDTEVWSWNYVGPMVDLAIKWIASRSDPEVSKFFEGQKEGRCDFPFRDLSATPLLWVY
AAVTRMLFRVLERMTWGDTISSFETEGHVPWLPEFVPKIGLELIKYWFLGESASFGAKFGRDSEGESF
MKELVYLRQKDDIEMSLASTCCLNGMVKIITTIDNLILSAKAGICSLPRQEQSLSKEGKVLEDGIVNG
CLVELRYMLDAFMFSVSSGWHHIQSIESFGRGGPVPGAGIGWGAPSGGFWSATFLLAQIDAKFLVSLL
EIFENASKGVVTEETTFIIQRVNAGLGLCLTAGPREKVVVEKALDLLFHVSVLKNLDLCIHNFLENRR
GRTFGWQHEEEDYMHLRRMLSSHFRSRWLSVKVKSKSVDGSSSSGIKTSPRKVGACLETIYEDSDMSSM
TSPCCNSLMIEWAHQKLPLPVHFYLSPISTIFHSKRAGTKKVDDVLHDPSYLIEVAKCGLFFVLGVEA
MSIFHGTIDIPSPVEQVSLTWKLHSLSVNFLVGMEILEQDRSRVTFEALQDLYGELLDKARLNQSKEVI
SNDKKHLEFLRFQTEIHESYSTFLEELVEQFSAVSYGDVIFGRQVSLYLHRYVETSIRLAAWNTLSNA
RVLELLPPLEKCFSGAEGYLEPAEDNEATLEAYTKSWVSDALDRAATRGSVAYTLVVHHLSSFIFHAC
PMDKLLLRNRLARSLLRDYAGKQQHEGMLLNLIHHNKPPPSVMGEELNGGVLSERNWLESRLKVLVEA
CEGNSSLLIVVEKLKAAVEKSS

SEQ ID No: 15 MINIYO Glyma02gl3360.1

MKVDTKPLLDNSDGGFINSTTTMEVDTLNKEQNESVPGLDQISSDWMPDYNFGSLDVQRPGQTDLNSS
MLEQKSVSLDSEIDAENRARIQOMSAEEIAEAQTEIMEKMSPALLKLLOKRGONKLKKLKLEVDIGSE
SVNGHAQSPQDAKHLHTEDGIAQTVIVPPSKEKLDDEKISTKTSTTASS SAWNAWSNRVEAVRELRE'S
LVGDVVDSERVSVYDNANERDYLRTEGDPGAAGYTIKEAVALTRSVIPGORTLALHLLSSVLDKALHY
ICEDRTGHMTKIENKVDKSVDWEAVWAFALGPEPELVLSLRICLDDNHNSVVLACAKVVQCVLSYDAN
ENYCNISEKIATCDMDICTAPVFRSRPDINDGFLQGGFWKYSAKPSNILPFSDDSMDNETEGKHTIQD
DIVVAGODFTVGLVRMGILPRLRYLLETDPTTALEECIISVLIATARHSPTCANAVLKCERLVQTIAN
RYTAENFEIRSSMIRSVRLLKVLARSDRKSCLEFIKKGYFQAMTWNLYQSPSSIDHWLRLGKEKCKLT
SALIVEQMRFWRVCIQYGYCVSYFSEMFPALCFWLNPPSFEKLVENNVLDESTSISREAYLVLESLAG
KLPNLFSKQCLNNQLPESAGDTEVWSWNYVGPMVDLAIKWIASRNDPEVSKFFEGQEEGRYDFTFRDL
SATPLLWVYAAVTHMLFRVLERMIWGDT IETEGHVPWLPEFVPKIGLEVIKYWFLGEFSASFGAKCGRD
SKGESFMKELVYLRQKDDIEMSLASTCCLNGMVKIITAIDNLIQSAKASICSLPCQEQSLSKEGKVLE
DGIVKGCWVELRYMLDVFMFSVSSGWHRIQSIESFGRGGLVPGAGIGWGASGGGFWSATVLLAQADAR
FLVYLLEIFENASKGVVTEETTFTIQRVNAGLGLCLTAGPRDKVVVEKTLDFLFHVSVLKHLDLCIQS
LLLNRRGKTFGWQHEEEDYMHLSRMLSSHFRSRWLSVKVKSKSVDGSSSSGIKTSPKVGACLETIYED
SDTSSVITPCCNSIMIEWAHQKLPLPVHFYLSPISTIFHSKRAGTKIVDDVLHDPSNLLEVAKCGLEF
VLGVEAMSIFHGTIDIPSPVQQVSLTWKLHSLSVNFLVGMEILEQDWSRDIFEALODLYGELLDNARLN
QSKEVISDDKKHLEFLRFQTEIHESYSTFLEELVEQF SAVSYGDVIFGRQVSLYLHRCVETSIRLAAW
NTLSNSRVLELLPPLEKCFSGAEGYLEPAEDNEAILEAYTNLWVSDALDRAATRGSVAYTLVVHHLSS
FIFHACPTDKLLLRNRLARSLLRDYAGKQQHEGMLLNLTIHHNKPPPSVMGEELNGILSEKSWLESRLK
VLVEACEGNSSILTVVDKLKAVVKNSS

SEQ ID No: 16 MINIYO Brachypodium distachyon, BD1G37370

MLPMDDGTKRKHQPGAHPTRRKVVEEPFDPAPPLSGAATAAASAAAPPPHLVGAIVEKGFSAAAPSSS
PRPTVLPFPVARHRSHGPHWNPVTKDAYKEKGEVEDYGMDVDEVDYQPMATVAGPIRRKEKKGMDF SR
WREFMADDVPPKRROQAKKNSTQRIDPGIVAEKVDVSVGERALGGDGMELDGGNAKDELGVTTLVSDVL
PRKPEKRVDAGDLLMLEGEAGVAEMRGEGMQOLDDGEPSVAAEINAENTIARLAEMSTEEIAEAQADILN
RLDPTLVEILKRRGKEKSGGRKDGVKDKGGEISEPGKTARATPGARLVVGEHNGY SWKAWSERVERIR
LCRFTLNGDILGFQSCQEQODGKNRNAERVAERDF LRTEGDPAAVGYTINEALALTRSTVPGQRVLGL
QLLASVLNRAVHNLHEMDLADNLEGANGADKLDDWQAVWAYALGPQPELVLSLRMALDDNHASVVLTC
AKVINVMLTYDMNEAYFEF SEKVVHQGKDICTAPVFRSKPDLDGGFLEGGFWKYNTKPSNILPHYGEN
AEEEGDEEHTIQDDVVVSGQDVAAGLIRMGILPRICSLLEMDPPPILEDYLVSTLVALARHSPQSADA
ILNCTNLVQSVVKLLVKQGSMETIHSSQIRGVTLLKVLSKYNRQTCSNLVNRGVEFQQAMWOWYRKAYTL
EDWIRSGKEQCKLSSAMMVEQLRFWRTCISYGFCIGHFTDFFPVLCLWLSPPLFQNLSKSNVLSEFSS
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ISRESYLVLGALAQRLPLLHSMEQLGKQODMGVSGSYIEMWSWSHVVPMVDLALSWLHLNDIPYLCSLI
NEQSENTAHILEESCLVLLISSVLGMLNSILERISPDGTPDVKSYCLPWIPDFVPKIGLGIITNNFEFFES
FSRDDVVGHEDQLSFCGVSLVQGLCRMRSQGNVDASLSSICCLOQRLVQLSFSVDRVIQRVSTKCSEPV
KESKTGIAGKILGQGISSLWHHDLLNSLNVMLPLSSSQWPVLKNIETFGRGGLAPGVGEFGWGTCGGGFE
WSLKCLLAQLDSQLVLELIKIFSAVPEVLVTPSKGVNSDNVINPVAKASGRISPVLGVSLIAGPGQIT
TLETAFDILFHPSILKCLKSSMQSMASQMELPKTSEWEITEDEYQHFSSVLNSHFRSRWLVIKKKSDK
YARDNSGINMPKLSETLDTIQEEVEFTETVNPPCGTLVVEWAHQRLPLPVHWILSSICCIDDAKGTLS
VLANHAVDVSRAGLIFLFGLEAISSAPCLDAPLVWKIHALSASLRTNMDLLQEDRSRDIFNALQELYG
QHLDMLCHKYYRSHSVKNDEVVGSVITVEEAKAISSLEILGFKEKIHGSYTTFVESVIDQFAAVSYGD
VIFGROQVAIYLHRSVETVVRLAAWNALSNAYVLELLPPLDKCIGDIKGYLEPFEDNEATLEAYAKSWT
SGVLDKASQRDSMSFTLVRHHLSGFVFERNASIKVRNKMVKSLIRCYAQKQHHEAMLQGFVLHGTQSS
DEVSRRFEILKDACEMNSSLLAEVHRLKTSIDG

SEQ ID No: 17 MINIYO Sorghum bicolor, Sbl0g022700

MDAPTKRRHQPGGAHPTRRKVVEEPFHPAPPTPAAAAAAAASASPARLVGAIVEKGF SAAAPSSAPRP
SVLPFPVARHRSHGPHWGPVAKDAHKDGAADDDDEMDMDETDYHPVAAAAGPVRRKEKKGMDE SRWRE
FVGDAPPKRRQGKPVQAKKQSDQRIDAGAVASMVGGVAATGRGLEGGAMQLDSGELEGSAMQLDSGNT
REGPGAVLSVSDVVSKKPMSQAESRDELVKVGEVRNSTSQAESMDLDGRESSMEAEINAENMARLAGM
SAGEIAEAQTDIVNKLNPALVEKLRRRGREKSGGTKDVGKDKGLENSGPQKTKRATPGDWLTPGEHSG
HSWKAWSERVERIRSCRFTLDGDILGFQFSHEQQODGKKMHSESVAERDF LRTEGDPAAVGYTIKEAVA
LTRSMVPGORVLALQLLASTILNRALONLHKTDLMDNVKEMNSNEKFDDWOQATWSYALGPEPELVLSLR
MALDDNHDSVVLSCAKVINVMLSCEFNESYFEFSEKVGNGKDICTAPVFRSKPDLDGDFLEGGEFWKYN
TKPSNILPHYGENDEDEGDDKHTIQDDVVVSGQODVAAGFVRMGILPRICFLLEMDPSPALEDYLVSVL
VALARHSPHSADAILNCPRLIQSVTKLLINQGSMEIRSSQIKGVTLLKVLSKYNRQTCLNEFVNHGVEQ
QALWHWYRKAGTIEDWVRSGKEKCKLSSAMMVEQLRFWRTCISYGFCIAHFADFFPVLCLWLSPPEFK
KLNEHNVLVEFSSIARESYLVLAALAQRLPLLHSVEQLANQDRGVSASYIETCSWSHVVPMVDLALSW
LHLNDIPYVCSLISGONRNTKHMVDASYLILVIASVLGMLNSILERISPNVTPEDKSYSLPWIPDEVP
KIGLGIISNGFFSCLGTVAVRNAEHQSFCSASLVQGLCYMRCHGNVDVSLSSISCLOQRLVQLSWSVDR
VIQGAKKSCSECFNESGTGVAGKLLGEGISSLWHNDLLELLTSLLPMISSQWSISQNIEMEGRGGPAP
GVGFGWGACGGGFWSLKCLLAQLDSQLVVELMKCE SSVQGSPVILDEGVKSDNVINTVVTASNWISSS
LGLSLIAGPGQIYMLEKAFDMIFEPSILKYLKSSIHKFASDMVLLKPFEWDINDDEYLLFSSVLNSHFE
RSRWLAVKKKKHSDKYTGNNSSTKISKTPETLETIQEETELTEAVNQPCNTLVVEWAHQRLPLPIQWI
LSAVCCIDDPKGTLSTSANYILDVSRAGLIFLLGLEAISATPCLHAPLIWKIHALSVSIRSSMHLLQE
DRSRDIFCALQELYGQHLNRLCQKFCKSKSVEEVKGVVVATSEEAMEISNHEILRFQEKIHGSYTTEV
ESLVDQFAAVSYGDFVEFGRQVAIYLHRKVEPAVRLAAWNALSNAYVLELLPPLDKCIGNAQGYLEPLE
DDENFLESYAKSWTSGVLDKALQRDSMAFTLVKHHLSGEFVFQSSDSGKTLRNKLVKSLIRCYAQKRHH
EVMLKSFVLQGIAQDSKSSGNELDRRFEILKDACEMNSSLLGEVQRLRACLGQ

SEQ ID No: 18 MINIYO Oryza sativa ssp. japonica , >0S06G37640,

Gene

ATGGACGACGCGGCGGAGCGGAGGCGGCGGCAGCAGCAGCAGCAGCAGCCAGGCGCCGCCCACCCCGC
GCGCCGCAAGGTCGTGGAGGAGCCCTTCGACCCCTCCCCTCCCCCGGLCCGCCGCCGTGGCGLCCGLCTT
CCTCCCGCCTCGTCGGCGCCATCGTCGAGAAGGGCTTCTCCTCCGGCGCGGCCGCLCGLCLCGLGLLCTCC
TCCGCCCCGAGTCCCACCGTCCTCCCCTTCCCCGTCGCCCGCCACCGCTCCCACGGCCCCGTAAGCCG
CCTACGCCTCCTCCGCCGCCGCCCTICTATCTCGGAACCCTAGGTTTGATGTGGTGCTTTGGTTTTGTA
CTCCCTGACTGACTATCTGCTCTTCCGCAGCACTGGAAACCGGCGGCGAGGGATGCTGCCATGGCGGA
GGGGGAGGGCGAGGAGGAGGAAGGGATGGATGTGGACGAGACGGACTACCAGCCCGTGGCCGCCGCAG
CTGGGCCCGTTAAGAGGAAGGAGAAGAAGGGCATGGATTTCAGCAGGTGGCGGGAGTTCGTCGCTGAC
GATGCGCCCCCGAAGCGAAGGCAGGCAAAGCCGTTGCAGCCGAAGAAACAGACTGCGCAGAAAATTGA
CACCGGGGTCGTGGCTGCAACGACGGGTGGCACCGCACAGGAGAAGCGCTCCGGGGGAATTGGTATGC
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AGCTGGAAGTTGGAAATGGTAAGGAAGAATTGGGTGGAGCTGCTTTGATGTCTIGATGTGGCGCCAAGG
AAGCCGATGAAACAGGTTGATGCTAGAGATGATGTGAGGAATGTGGAATTGCGAGGAGAGGGTATGGA
ATCGGATAATGGGGAACCATCTICTTACCGCAGAGATTAATGCGGAGAACATGGCTAGGCTGGCAGGGA
TGTCAGCTGGGGAGATTGCAGAGGCACAGGCAGAGATCCTGAATAGGATGGACCCGGCATTTGTGGAG
ATGCTGAAACGACGGGGGAAGGAGAAGTCTGGGAGCAGGAAAGATGGGGGAAAGGGCAAGGGTGGGGG
GATTTCAGGCCCAGGGAAGATCTCGAAGGCTATGCCTGGAGAATGGTTGTCAGCTGGTGAGCATAGTG
GACACACTTGGAAGGCATGGAGTGAGAGAGTAGAGCGGATCAGGTCTTGTAGGTTCACATTGGAAGGA
GATATTTTGGGGTTTCAATCTTGTCAGGAGCAACAACATGGTAAATCATTTTTCTTITGCTCTTIGTGTT
GCTTTTAGCTICTAGTGTTICTGGTACCCGTTACATGTCAACCTGGCTTTCCCACTTACAGGCAAGAAA
GCACATGTGGAAACTGTAGGTGAGCGTGATTTTCTTCGAACAGAGGGAGATCCCGCAGCTGTTGGGTA
CACAATTAATGAAGCAGTGGCACTTAGCAGGAGCATGGTTTGTTACTTITCTITTTGTITGTTCAGTGTGA
AAATGGACTTTTGAGTAAAGTTCAAGGGCTAAAAATGGACTTTACCCAATGCAATACAACATCTAGTT
TCTCTTITAGTATTTTTAGAGATATTAACCTTITGCATGTGAATGGATTTTGTTGTTTTTTTTTTTAAAT
GTCATATCATGCATAACTGAGATACACCATCATCGCTTAATGTTTITICTTACATCATTTCTAAAGTGT
GCCTCCAAAATATTGCAAGATAAATAAATGTAATAATTCAGTTTTTACGTTCAAACCATAGGTTCCTG
GACAGCGCGTGCTTGCGCTTCAGCTICCTTGCTTTGATTICTTAATAGGGCCTTGCAGAACCTACATAAG
ACGGATCTAATTGATAACTTITAAAGAATCAAATGATGATGACAAGTTTAATGACTGGCAAGCGGTTIG
GGCATATGCCATCGGACCTGAACCTGAGTTIGGTTCTCICTCTAAGGTAAACTGGTTIGTTTTCAAACTA
TAATAATAATTTTAATTTGGATTTIGCTTATTICCATGCAAGAGTTTATTAGTTACCAAAGTGAAGAGTA
CTTAACTGAAATATACCGGACAATTCTATTAAGACTAAATAATCAAGAAACCTTAACACATGCTTTAG
TGTCTGCACCTATGCTTAAAATTGTATGCCTGAAAATTTGGGCTGCCACATCTTGTATTTTAGTCATG
AATTCATGACAGCAGGCAAGCATTAACAGCATAAGGTCATCTTGTCCATTAGCTATCAGTTAGCACTT
GTAAGAAGATGTATCCAGTITAACTTAGGCCATGTICTAGTGTAGGTGAAGCTAAGGTTGTCACATCACA
GCCATGTGATACACAGGGTGGATAATTTTTCTTCTCTAGTGTGCTAGCATCGATTTTAGTTTTTGAGT
GGACTCCACTAGAAATTTTAAAAACTGGCTTTCCTAGTGTATGCAAATAAAACATTTTGCTTICGCATC
AAACCATATATGCATCGATTITIGTTCCTAGCATCICCTCTTICTAGTGCCTAGAATCATTACTAAGCCT
TCAAATCCGCTTGCTAGCATCGGTCAAGGTGTGCACTAGACATGCCCTTATTIGTICTTICTTTTTIGCAG
TCACGTTIGGCTIGTTTCATGTATAATAAGTTAGGAAAATTCCATCTATAGCACAAAGTTTTCATAGGTA
CTAATAAATACCACAATTTTCAACCCTTCCAGAAATGCCACAATGTGACACCACACGTAAAAAATACC
ACAAAATTTTACAGAACTGAACGTATGACAAATTGAACTATTACCATGGACAAAATTGCCCCTGGCCT
TTCTTCAATCTGCATTCAGTAGTCTCCCCGTGATTCCACTCGTCTCCTCTCTCTCTICTCTCTCTCTICT
CTICTCICTCTCICTCTICTCTCGGCGAGATGAAGTGAAGCTGGTGGCCACGAATTCCGGCAATGAAGCA
CGGTCCTACCTACAATCCGTCCTCGAGGACTAGCGACCGCCGCCAGCCGCGGAGGCCGLCCAGCGLCCGA
GGCCGCTGAGGCGTTGGCTCTCGAGGTGAAGTCTTCCGCACTCCTCCCGTAACCGATGAAGGTCTGGC
AACCATGGCCATGCCTCTGACCTGCTCTAGCGTGATCCAATCACTTIGGTCTCACAGGTCTCCATGATG
CTICTTATTGCCGGCGGCCATTGCAACATCCACACATGCATCCGAATCATATGTCCCCAAATCCGAACG
CCTAAATCCATTTCCTCCTITGTGTTATTCTICTTGGCCACAGAAAACACCTCGTTTTIGGCAGGATTTGC
TGCGAATCAAGCCAAATAATCCATTIGCCTTCGTGGTAATCTGGGCATTTTICTTTGTAAAATGGCACTG
TCCATCCCCGCCTTGTTCTIGTTCTGAGTTGTIGGTATTTCTGAAAGGGTGGAAAAATCCATGGTATTAT
TAGGTACCAGTGAAAACTTTGTGCTATAGATGGAATTTTCCCTAATAAGTTATAATCTCAGAAAACTG
CGGTGTGACCTAATTAACTGTTIGTCTATAGGTTITTTITTTATTTAGTTICTCTCATATGCCATCTAATTA
GTTTCTTTGCTTATATGAGTTAATTGCACCAGTGTTAGACCTTAAAATGGCCTATGCTTTITTTCATTG
TTTATTCTACTTATGTGTCATCACTAACTGGAATATCTGCAGGATGTCATTGGATGATAACCATGATT
CTIGTAGTITTTGACTTGTGCTAAAGTTATCAATGCTATGCTGAGCTATGAAATGAATGAGATGTATTTC
GATGTITTITAGAGGTAACTTTACTAATTTATCTTICTAATTTGTTITTCGTTGAGAACTTTATCCTTAAA
TGGCTGATTTTCAACATTACAGAAAGTAGTAGATCAAGGGAAGGATATCTGTACAGCTCCTGTITTTICC
GTAGCAAACCTGATCAGAATGGGGGTTTTCTTGAAGGAGGTTTCTGGAAATACAACACAAAACCATCC
AATATACTCCCACATTATGGTGAGAATGATGAGGAAGAAGGTGATGAGAAACATACCATTCAAGATGA
TGTGGTTGTATCAGGTCAAGATGTTGCTGCTGGTCTTGTTAGAATGGGAATACTTCCACGGATCTGCT
TCCTTTTGGAGGTGAGGGTCTGGCCATCTGCTCTCCCTCATCCCCTATCTGCCATTGTTICTTITCAGA
ATCCCACTGCCATGCATGCACCCAGAATCCCACCGCCATGCATGCACAATATGGGTGCATTAGGTCAT
CITTTIGITTACTATATCCGTGAATTGTCTGGTTCCTTGATGTTCAATCCTIGTCTAGTACTTGCCATCC
ATCCTTGAAATGGCAGTGAAATGCCTCCTTACCTIGGTTGACACATCACTTGTTTTCACCAGGAAATCT
GGTTTGCAGCAGAATTTGTGGCTGGCTTTGATTIGTTICTTTTACCATCGGAAAATTACAATTTTGATAT
TCAACAACCAAACTATGATAAATTGTGTATAGCCTTTCATTTTTAGCAATATTTTTITATTITCCTGAAG
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CTATGGGCCTTATCCATTTGCAGTTTTAAGTATTTTIGTAGTTCTATGATGTCATGTCATCTGATACCC
GTAATCTTTCAAACTTCTTATCTGGTTATTIGGACTGTICTCGTAGATTGTTCTGTTCACCCTTIGGTGCT
CITGCTTIGTTGACTGTTTIGTTTTATAGTGATAGCTTITATATTGCAGTTCTATTACTTCACTAGTAAAC
ATCATTTGAGCTAGTTGGTCTITCTTTITTATTTATGTTTTICATTTCCTATTCTACGAGAAAGTGATGGT
CATGATTACGGATCTTAATGGTCAAGTTTTTIGTTGATTCAGATGGACCCACATCCAATTCTAGAAGAT
AATCTTGTTTCAATTCTITTTGGGATTAGCGAGACACTCTCCACAATCTGCTGATGCTATCTTGAACTG
CCCAAGGCTCGTTCAAAGTGTTGTTAAGTTIGTTAGTCAAGCAAGGATCAATGGAAATTCACTCCTCGC
AAATTAAAGGAGTCAATCTCTTGAAGGTATCTTCIGGTGATATAAATAATCTTTTATTATAGGAGTAT
GCTGATTITTGIGTAGTTTTGGAAGTTGCAGATTATTITATTATATAGTTTTTICTTCTATATCATTGGTT
GATAATAACTTGATCTAGTTATCCITCAGAAGGATTCCTITCTGAAGGATAACTAGATCAAGTCTGCCA
GTAATACCACTTIGCAATTGCTGATTIGTACATCTGAAATGGTTTCCTTTTGTTGGTAATTAGCTACCAA
CAGCATCATTATGAGTTTTTTTTTTIGTTTGCTGCTTICTGATATCTTAACACATAGCAATTGTATTAGC
CATGCCTGCTGTTATCTGAATCAATCACACTCCTTGCACAATGCCTTICACTGTCAACACACAACTGTT
TGGTCCCCCCCCCTCCTGCGGGCACTTTAGTTGCCCCATTAATTCATTATTATGGTAAGATGAGAAAC
ACCATAGTCATAAGATTTGAATGTTCAGATTATGCTAAAAAAAATCATTACTTCTATTTICTAAATTTG
TCAAAGATTTTTITTTTCACTAGCATCTAATTTCTTGTITCCTTITTIGCCTAGGTTTTGTCCAAGTACAAC
AGGCAAACATGCTTCAATTTTGTGAACACTGGAGTTTTTCATCAGGCTATGTGGCACTGGTACAGAAA
AGCCTATACTCTTGAGGATTIGGATAAGATCTGGAAAGGAGCACTGCAAGCTTACTTCAGCATTAATGG
TTGAGCAGCTGCGGTTTTGGAGGACCTGTATCTCTTACGGGTTTTIGTATAACGCATTTCACAGATTTC
TTTCCTATTTTATGCCTGTGGCTTAGCCCTTCGATGTTTCAGAAGCTAAGTGAAAGCAATGTTGTAGC
TGAATTTAGTTCCATTGCAACAGAGAGTTATCTTGTATTAGGAGCTCTGGCTCAAAGGCTTCCACTTC
TTCATTCAGTTGAGCAGCTTAGCAAGCAAGACATGGGACTTTCTGGTATCCAAGTTGAGACATGGTCG
TGGAGCCATGCAGTTCCAATGGTAGATTTGGCGCTATCTTGGCTATGCCTGAATGATATTCCTTATGT
GTGTTTGCTAATCAGTGGGCAAAGTAAGAATATACTAGAGGGAAGCTACTTITGCTTTGGTTATTTICTT
CTGTGCTAGGCATGCTTGATTCAATACTAGAAAGGATATCTCCAGATAGTACACATGATGGTAAAAGT
TACTGCTTGCCTTGGATACCTGACTTTGTACCCAAAATTGGCCTGGGAGTTATTACTAATGGATTTTT
CAACTTCTTGGATGATAATGCCGTTGAACTTGAGCAACATACATCTTTCCATGGTTICATCGTTGGTGC
AGGGACTTTTTCATTTGAGATCCCAGGGTAATGTTGACACATCATTIGTGTTCAATTAGTTGCTTCCAA
AGGTTATTGCAGCTATCTTGCTCTATTGACAGAGTAATCCAGAACGCCACAACAAATTGTACAGAGCA
TCTGAAAGAATCAAAAACAGGGATAGCTGGCAGGATACTAGAACAAGGTATTTGCAATTTCTGGCGTA
ATAACTTGTTGGACATGCTAACTTCATTGTTGCCAATGATTTCCTCACAGTGGTCCATATTACAAAAC
ATAGAGATGTTTGGTAGAGGAGGACCAGCACCTGGTGTTIGGTTTTGGTTGGGGAGCATATGGTGGAGG
ATTTTGGTCTTTGAATTTCCTITCTTGCACAATTGGATTCACATTTTGTTCTAGAATTGATGAAAATCT
TGTCCACGGGGCCAGAAGGCCTTGTCACCGTCAATAAAAGTGTGAATCCAATTGTGCAAGAAGGAAAT
AATGTGACTGATTCAGTTGCCATCACTTCAGAGAGAATCAGTTICTGICCTCAGTGTATCTTTGATGGC
AGGACCTGGGCAGATATCTACACTAGAGAAAGCCTTTGATATCCTCTTCCACCCTTCTGTTCTGAAGT
TTCTCAAATCTTCAGTACTAGACTCACACATGAAATTAGCAAAAGCTTTTGAATGGGACATAACTGAA
GATGAGTATCTCCATTTTAGCAGTIGTACTGAATTCACATTTCAGATCCAGATGGTTIGGTCATCAAGAA
GAAGCATTCAGATGAATTTACAAGAAATAACAATGGCACAAATGTGCCAAAAATACCAGAGACATTIGG
AGACGATTCAAGAAGAAACAGAGTTAGCAGAAGCTGTAAATCCACCTTGCAGTGTGTTAGCTGTAGAG
TGGGCACACCAGAGATTGCCCCTTCCTGTGCACTGGATTCTAAGTGCAGTCTGTTGCATTGATGATCC
AAAAGCCAACCTATCAACCAGTTATGCTGTITGATGTTTCAAAAGCTGGTCTICTTICTTTCTTITTAGGTC
TGGAAGCCATTTCAGCGGCTCCATGTCTTCATGCTCCTTTGGTTTGGAAGATGCATGCACTTTCTGCC
TCTATCCGCAGTAGCATGGATTTGCTTCTAGAAGACAGAAGTAGGGATATTTTTCATGCTTTGCAAGA
ACTGTATGGCCTGCATTTGGATAGATTATGCCAGAAATATGACAGTIGCTCACTICTIGTCAAGAAAGAAG
GATCAGCCTCTIGTGGACGAAGAAAAGGTGACCAGGACTGAAGTTICTCAGATTTCAGGAGAAAATCCAT
GCAAACTATACTACTTTTIGTTGAGAGCCTTATTGAGCAATTTGCAGCTGTICTCATATGGTGATGCTICT
TTTTGGTCGACAAGTAGCCATTTATTTGCACCGGAGTGTTGAACCCACAATTCGGCTTGCGGCCTGGA
ACGCTCTGTCTAATGCTTATGTGCTTGAACTGTTACCTCCACTAGACAAATGCGTCGGTGATGTTCAA
GGGTACTTGGAGCCTCTTGAGGTATTGTCTCTTTAGTTTCTTGTATGCTTIGTCTTTTGGTTGGCATTT
TGTAGTAACAATGTAAATTTGGGTCTAGAAGTTTGCTTTATACTACTGCTTITTIGGGGTTGCACATTAC
ATAGAGTATGCAAAGAGTAAACAATGCATGCTATTTTTCTTAACTATTTGATTITCGGTACATACATGA
GCACATGCCATGATTCTTTGTAAGCATGTTCCCACCTGCTTGTACTTTGTTGCATCTGTGTGATAAAA
CAGTTTCAGATTTTCTGATTATTATTTTCACAATAATTTTGTAGGATGACGAAGGAATTTTGGAGTCT
TATGCTAAATCATGGACTTCTGGTGCCCTTGACAAAGCTTTTCAGCGGGATGCAATGTCTTTCACAGT
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AGCAAGGCATCACCTITTICTGGCTTCGTICTTCCAGTGCAGCGGTTCTGGCAAAGTGCGGAATAAGCTGG
TTAAATCGCTTATCCGGTGCTATGGCCAGAAGCGCCATCACGAGGTAATTCCCTCGTIGCTTTCCGGAA
TATTAGTCATATATTTCATAAATCATGAACCATCCTTGATGTTTGGAAAATTCTATACCGCAGGATAT
GCTCAAGGGTTTTGTTCTACAAGGCATTGCGCAAGATTCACAACGTAATGATGAAGTTAGCCGACGAT
TTGAAATCATGAAGGATGCTTGTGAGATGAATTCTTCTCTTITTAGCTGAGGTTCGGAGACTGAAGACA
TCAATTGATAGATAAATGGCCCCAAAAGCATTTCACATGCACTCAGAGAAGGAGCAATTTITTITTGGTG
ATTGTAAATAGTAACATGTGTCAATGACAAATGGCTAGAGAATAGTTIGCATTGTTICGAGTTTACTTIG
CATTACAAACCAACCAAAGGAAAACATCAGTIGTIGTGTAGGAGTGCTCCCGGTTGTGGCTTGTGGGTTA
CATTTTAAAGGACAATGAAACAGACTGGTGTITACAGAGATGCTAACTCCAACCTTATGCTCCAGTATC
CAACATTTTCTICC

SEQ ID No: 19 MINIYO Zea mays , >GRMZM2G156818, Gene

ATGGACGCGACGACGAAGCGGCGGCACCAGCCCGGCGGCGCGCAGCCCACACGCCGTAAGGTCGTGGA
GGAACCCTTCCACACCGCACCCCCTACACCTGCCGCGGCGTCCCCCTCCCGCCTCGTCGGCGCCATCG
TCGAGAAGGGCTACTCCGCCGCCGCACCCTCCTCGGCGCCCCGACCTTCCGTCCTCCCCTTCCCCGTC
GCCCGCCACCGCTCCCACGGCCCCGTAAGCAGACGCCGCCCTCCCAAACAAACCCTAGGCTCCTAACC
CGCTAACCTCGATTTGCTTCGCCGCTGACCAACTACTACTTCCCGTTTCGCAGCACTGGGTTCCCTTG
GTGAAGGACGCCCCCAAGGATGAGACCGCGGACAACGACGACGAGATGGACATGGATGAGACAGACTA
CCATCCTIGTGGCAGCTGCTGCAGCTGGTCCTIGTGAGGAGGAAGGAGAAGAAGGGCATGGATTTTAGCC
GGTGGCGTGAGTTTGTTGGCGATGCTCCCCCCAAGCGGAGGCAGGGGAAGCCAGTGCAGGCCAAGAAA
CAGAGCGATCAGAGAATTGATGCTGGGGCTGTAGCTTCTAAGGTAGGTGGTGTGGCAGCTGAGGGGAG
AGGATTGGAGGGAGGTGCTATGCGGCTTGACAGTGGAAATGCTAGCGAAGGGCCAGGTCCCGTGCTTT
TGGTTTCTGATGTCGTGTCCAAGAAGCCAATGAGTCAGGTTGAATCGAGAGATGAATTGGTGAACACA
AGTGAGGCTAGGAATTTGGCATCACAAGCAGAGAGTATGGACCTCGACGGCAGGGAGTCATCTATGGA
AGCAGAGATCAGCGCAGAGAACATGGCTAGGTTGGCTGGGATGTCTGCAGGGGAGATTGCAGAGGCCC
AAGCAGATATTGTAAATAAGCTGAACCCTGCATTGCTGGAGATGCTGAGGCGGCGGGGAAGGGAGAAG
TCTGGAGGCACGAAGGATGTGGGTAAGGACAAGGGTCTGAAAAACTCAGGGCTGCAGAAGAATAAAAG
GGCTACACCAGGGGATTGGTTGACTGCTGGTGAACATACTGGGCACTCCTGGAAGGTGTGGAGCGAAA
GAGTGGAGCGGATCAGGTCTTGTAGGTTCACATTAGATGGAGACATATTGGGGTTCCAATCTTCTCAC
GAGCAACAAGATGGTATACCACATGGTTTTIGCTCATATGAGCTACATTTGCTTCTGTTGGTGTGGTAT
CCTTTAGATGACAACCTATATCTCCCACTTTCAGGCAAGAAGATGCCTTCAGAAAGTGTTGCTGAGCG
TGATTTCCTTAGAACAGAAGGTGATCCTGCAGCTGTTGGGTACACAATCAATGAGGCAGTGGCACTTA
CCAGGAGCATGGTTTGTTTITTTITTATACACCCTCCATTTCGAATTTTATTTGTCCATTTACTTIGGGAA
TTGATTTTCCTGTCGAATACGAATGAGAGCTGTTTCATTGCATTTAGAAGAAAAACCAGAATACAATG
CACCCACAATATGTGCCACATCCACACACCAATCTCTITAGTTACAATCGCTTCAGTTACATAAAGAAC
ATGAGCCGACCTGAACACTATCAAGACAACTATGAGAAAGTTGTTGAAGTGTATAAGTGGATTGGCTA
CCTTCTCCCATCAGCTTAAGCTTTITIGGGTTGAACTGGTTAGTGCGTCCATTICTAACATGGTATCAAAG
CCAGAGGTCTCGAGTTCGAATCCTGGCAGAGGCTTTATTTGTGCCTCCACCCATTTATTTCCACGTTT
GCGCCTTTCTCICTGGCTGCGTTCGCGCCTTTCTCTCTGGCTGCACGTGAGTGGGGGTGTTGAAGTGT
ATAAGTGGATTGGCTACCTTCTCCCATCAGCTTAAGCTTTTIGGGTTGAACTGGTTAGTGCGTCCATTIC
TAACAAAAGTAACCAGGCAATGCGTTCAACCTGCCTTAGCCCTTAGCAGCAGCTGCATTGCATATATT
TATATGGGCACATGGCCATTGTTACAGACTAGGAGTTGACCATTTAGGGATGAAAATGGATACTTATT
CGGATATCAATTTTTTGATCTTITTTITCTITTGATTGTGAATAAATAGGATATAAAATCTGTTATGTAAA
TTCATATTCTTIGTTTTTAGCATTGAGCTTGTAAAGTTACATAAAATCTTAAAAAGTAAACCTCAAATT
TATCATATATCTTCTCAAGTGATAGATATAAAATTTGGATACAATTCAGATTTGGACACCAATAATTT
TTTTTACCTTTITTTGTTGTAGAGAGCAAATAATGTATAAAACAGTTCATGCAAAATTTTATTICTTATC
TGTAATAATGTIGCTTGATAACACAAAAAAAGATTAACATCAAGGTGCTAGGCGAGGTAATGAGTTTTT
TTCCCACAAATTTGGTTTGTATAGAGCGTTAGCTATTGAATTGGCTATATGGCAAGTTCAATATTCTA
GTICTATTTTATACGTATTTGGTGAAGGTAGTAAATAGTAACCGTTTTTTCTCGAACGCGCAAGAAAAA
TGCACATCATTAATTCATTATATTAAGAAGATGTAGAAAAAGGTCCATGAGGACCAGTACAAAGTCAG
GCACCCCTTACGGTGGCCAAAAACAGGAATACACAAAAGAATCCACAAACATTICTAGCAAACGAAACT
CTACTCAAGACCAGGGATTGGGGCTGTTAGGAGGTCAGAGGAGTATCCGAGGAAGACACAGTGAGTGG
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AGCGGGGGGCTAGTTTATGAGGAGCAGTGGAGGCGAGATTAGGGTAGCAAGCGCACCCGAAAACACAA
AGATGGTTATAGGAGGGGTGGATGCCGAAAAGAGCGAAGTAAGGAGTGGGGTGGGTAACCGCCTTGGT
GGGAAGACAGTTGAGGAGGTAGGTGGCAGTGGCGAGGGCCTCAGCCCAGTAGTGAGCAGGAAGGGAAG
CCTGAAAGAGTAGAGAGCGCACAACATCGTTCGTCGTGCGAATCATACGTTCAGCCCTIGCTGTTTTGA
GGAGACGTGTAGGGGCATGACATGCAGAGGTGGATGCCGCGAGAGAGGAAGAAGTCACGGGACACATT
GTTATAGAACTCACGCTCGTTGTCACACTGGATGCTCCGGATGGTGCGACCGAACTGAGTAGAGACCC
AGGCGAAGAAGTGAGACAGGGTGGGAAAAGTGTCCGACTTICTGACGTAAAGGAAAAGTCCACAAATAA
TGCTAGAAGTCATCGAGAATGAGTAAATAATACTCATAGCCAGAAATGCTGGTTACATGGGATGTCAA
TACATCACAGTIGTATCAGATCAAAAATGCCTIGCTGCTCTAGAGGAGGAGGTGGGGAATGGGAGCCTAA
CATGGTGACCTAACTGACAAGCATGATAGAGGTGCTCAAAAGATCCCCTACAACCAGAAACAGAAGTA
CTACTGGAGAGCTTGGACATCACATCACGCCCGGGGTGGCCAAGACGACGATGCCAAGTCGCAGAAGA
GGCGGTCGCTGCAAGAACATGTGGGGCAGAGGTCGAAGTAGTGGGAGCAGGTAGACGAAGCGTGTAGA
GGGGCCCGGGGCTGTCACACCGAGCGAGAAGAGTCCTGGTGGCAAGATCCTTCACAGAAAGACCAAAC
GGGTCAAACTCCATGGGACAAGAGTTGTCAGTAGTGAACTGACGTACGAAAAGAAGATTTTGAATGAT
GTGGGGGGCAACAAGGACGTTGGTTAAGCGGAAAGGACCGGGAAGGACCGCGTCACCTACTGAGGTGA
CGGGAAGGGCGGACCCGTTTCCGACAATGATGGAAGAGGGAAGAGAAGGGTGGACGGGGGAGGTGGAA
GATAGAATACATGCGTCCGGGGTGGTGTGGTAGGAGGCGCCGGAATCCGCCACCCAGTCAGAGACTGA
GGTGGGCGGGGCCAGCGTCATCATGGAGAAGGAGCTGGCGAGGGATTGCGCGTCCCACCCGTTAGTCC
AAGGCCCCCACATGGACTGAGCCGGAGACCCCGGGAGTGGCAGAAGACCTTGCTGAGGCTGGGGAGGA
GCCGAGGGTGCCGCCGGGGGTGCGGCGGCAAAGAAGAACTGCTGAGAGGCGGTGGGGCAAGGGGCCGA
GGCACCCGTGGACCGCCCGAGCCACATGTGAATGGTGCCAGTCCACGGGTTGTAGAAGGATGGCCACT
GAGAGCCGCCCGAGGAACCACCACGGCCTCCCGACGGGCCATCGCCACTGCGTCCGCCCTTGCGACCA
CGGCCGCGACCGCGGCTGCGAGCCCCCCCGAAGCCAGCAGTCTGTCGCGAAGCTCCAGAGGGCAGCGG
GGCTGGAGTGCGGGGAGCAGGAACCCCCCCCGGAGTCGGAGGGGGCAGCCTGAGGTGCGCTGTAGAGG
GCCGTGGCGGGAGCGGTGGTTGCAGCGGCGGAGAGGCGAAGCTCCTCGAGAAGCAGATCGTTICTTAGC
CTCCGCAAAGGTGGGAAACGGCTTCATGCGGGTGAGGATGGGGGCCACGCGATCGAAGCGAGTACTCA
GACCACAGAGGAGGTTGAGCACGAGGCTCTCATCGGTICATGGGAGCCCCGAGGGTGCGGAGAGTGTCT
GCCATCGTCTTICATCTGACGGCAGTACTCGTICCATAGAGAGATCGCCCTGAACAAGCTGGCGGAAGGC
GGTCTCTAGGTACAGGATCCGAGTCTGGCGGTTGTCGAGGAACTGAGCCTCAAGGGCACCCCAGATAC
GGTGAGCAGTATCGTCCGGCACTCGAACAATGTCTTGAAGTTCGGCGGTGAGGGTGCCATGGATCCAA
GAGAGCACCACTTCGTCCATCAGGAGCCAATCTTCCGTCGGTGCAGCGACCGTGGGGAGGACGTGGTC
GGCGAGGGCGTAGCGGCGGAGGGTCTGCAGGACCTGGTCGCGCCACCGAGGATACTGAGTGGAGTCCG
GCGCGAGAACGTCGGTGACGGTTGCCCGGATGCTGGTGAGGGCCGCCGCCTGGGCGTGAAGAGAGGLCG
CGAAGGGTCGAGGTTGGGACGGGCGCGGGCTCGAAAGTGTCGGCGCTGTGACGAGCGGACATGGGAGA
ACCATCTGAGACGCCCTTGCCAGCGAGGCGACGATAGGTCTCGGCGTACTGGCGCTCGATGGCGTCGA
CAACCGCCTGTTCCTGCTCAAGGGCACGAGCGGCGTCCTGGGCCCACTGGCGAGCCGCCGCAACGGLCA
GCACGGGTGGCAGCGAGGATGGCTGCAGCGTCATCCGAAGGGGAAGGAGCACGCAGTGTAGAGGTGAT
AGCGGACGCCTGGCTATAGACCGTCGTGCCAATGGTGCCACTGGAAAAAACCAGGGGCAACAACACGG
CGTCGTCGTGGCCGAGCACGGTGGTICTGGGACGCGTGAGGAAGGGAGATCGGCGCGGGACAGACACCG
GCAAAGCCGGAGCCGGCCGGACTCGGCAGCGGCACGGGCGAAGGAAGCGCCGGLGGECGLCAGGGGGLGL
AGGAGGAGGGGCAGCGAGGCCGGGGGCGGEGCAGACCCGGCGGCAGAGGTGTGGCCGACALCGGGCTGTG
CGCCGGCGGGGCCGGAGCCGGAGTCGCTGGAGGGCGGTGGCGGCGCGGGGCTCCCGGCCATGAGGGCC
AGCCCGGCGGGTGGTGGCGCEGCCGACGCGGGCCCGATCCAGCGGAGGGAGGCCGGCGGCACGGGATG
CCCGGCCAGAGTCGCGCCGCGCGCGGGAGGAGAGGGCGCGGCCAACGCAGCCCTGTAGGAGAGAGGGA
GAGGAGGGAAGAGCTCGCCGGAGGAGGGGAGAGGGGGCCGGCCAGCCATGGGGCGGCGEGCTGGAGGAA
GGGAGGGGTGGCGGCGGCGGCTGGAACAGTCAAGGCTCTGGTACCATGTGGGAATGTICTIGCTGTTACA
GAAACCCTGGCTACAGTGCGGCTGCGGCTACAGTACTAGTAAACCCTAGCTACAGTATTAGTGACCTA
ATGGGCCAGGCCCATGTACATATATCTGTAACAAGTTCTATTGTTCCTTATTCTICTTGGGTACTACAG
CAAAAAGTCTAGGAGCAAGATCCTCAATCCTITTTTCTTTGAAGCCAGCGGTCAGTCCAGAACAAGGTT
GAGGAGCCATTACCAATTTCAGTGATTACAGCAATGGAAAAGAATGCTTTCACTGTITTCAGGGAGCTG
CATAGGGAACAAGATCCAGGGTTTTGAAGGATCAGTTTTTGCTAACCACAGCCATCTCACTCTTAGAG
CCCAGCCAAGTTICTTTTTIGGGTTTCAAAGAATACATTTITACCATCATCTIGTTAAAATGTACTTCTAA
ATTTTTAGAAGTTGCAATATCATGACATATGATATAATTCAGCTTCCTCAAATTATAGGTTCCGGGGC
AGCGTGTGCTTGCACTGCAACTTICTTGCTTCTATTICTGAATAGGGCATTGCAGAGCCTTCATAAGACC
GATCTAATGGATAATGTTAAAGGAATGAATTCCAAGGATAACATTGATGACTGGCAAGCAGTTTGGTC
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CTATGCCCTTGGGCCTGAACCAGAATTGGTACTCTCCCTAAGGTAAATTTACCTTICTTAAATACCCC
TTTTATTATCAATGCAAACCCATTITTCTTGGGAGTTAGCTTCACAATTTTATCTACTGAGGAAGTGAG
TGGAGCTATTGCATGGTTTCTACTCTTTACCGATATCTAGTGCTGACACTGGCATTCTATCTACTGAG
TGTTTGTGCTATGTGAGTTTGTGATCTAAACGTCATTTTTTATTTATTGGATTTAGTGCTTCCTTGTT
ACATGCACGGAGTAATATTATGCATTICAGATTTACAATGCATATAAATGAAGAGAACCATAAATGGAA
CATTTGAATAGTTTTGATCAGTAGTAAACATGTAAATACATTCATGGACCTCTCATATTTGTIGTTGTC
CCTTAGCTGTGTATTTTAAATTTAAAGGTGGCATGTGTIGTTGGTGTTTGTGTGTGCATCCACCTTGTA
ATCTAAAATACATGGTTGCATTTTTTTTIGTTTGACCCAAAGACAACTACTTGGATTTGAGACCTTGTG
ATGCCATTTTCTTTTICTITTCCTATTTTICTACTCTIGCACTCTIGTCACTAACTGATGCATTTGCAGGATG
GCTTTGGATGATAACCATGATTCTIGTAGTITTITGAGTTGTACTAAAGTAGTTAATGTTATGCTGAGCTG
TGAGTTCAATGAATCCTATTTTGAATTTTCAGAGGTAATTTTGTCCTTTTTGGGCAGTTCTAGTCTAT
TTTCGTTGCTAGTTTGAGCCTCATTTTGTCATTGTTATACCTGCAGAAAGTAGGTAATGGAAAAGATA
TCTGCACAGCTCCTGTGTTTCGTAGCAAACCTGACTTAGATGGAGGCTTTCTTGAAGGTGGGTTCTGG
AAATACAACACAAAACCTTCAAATATACTCCCACATTGTGGTGATAATGACGAAGACGAAGCTGATGA
GAAGCATACAATTCAGGATGATGTTGTTIGTIGTCTGGCCAAGATGTTGCTGCTGGTTTITGTTAGGATGG
GAATACTTCCACGAATCTIGTTTTCIGTTGGAGGTCAGTTTGCCTTATTCTTTGATTTGTTGTICGTTTC
TTTGAAAATACTTCAAACATGCGGAAGTTACATTGACTTITTGTGGTTTCTTATGTTCAATAATACATA
ACCCACTCGATGTTATTTGCACTTACTCATGCCCCCACACTATTGAGTGATGTCAGGGGTGGTTTGAA
AGTTTGACTAATTTTTAATGGCCAATGCCGCTATTGGGCCACCTGGTICCTCACCAGCAAATATCATTT
TGGTCACACCATGTCAATATTTGTTGCTAGTGAAAGTGTAATAAGATAATTATGATTAACTTTTGAAT
TTTTAGCACCAACCTTGGGAATTGGGAAATTTTAGAACATATTGTGGTGCTAGGTGTCCTATAATTAT
GACTCCGTTATCAATTACTCACTCGTGTACAGCTTTGTTGTITGTTGCTTGCCCCATCCTGTGGGGCTA
GTATCTAGGGCATTTCTATTCCTCTTAATTTATGCTCGGATCCCCTACTATTTTTCTTTTGAAAAATA
ATTGCCATATAATTTTAACTGGATGTACCTATTAATTTATTATATCTTITTATCCAACATCTGCATATA
ATTTTGAATGTATACCCTGGCTTGTGTIGCTGTTCTICTTGAACTGTCTTGATATTTGTTCCACTATGTA
TTTTGTAGTGATAACTGATAACGGTGCACTGCACTTIGTACATTTICTAGTGAGCCCTIGTATCAGCTAAT
GACTAGTITGACTCATTTTITTTGCTAATATTTTIGTTCTTITTCATTCAAAAAACTGTATTCATTATGGG
TGTTAAACTGAACCTTTTICTITTTCCATTGGTTCAGATGGATCCATCTCCTIGCTTTAGAAGATTATCTT
GTATCGGTTCTTGTAGCACTAGCCAGGCACTCCCCACAATCTGCTGATGCAATCTTGAATTGTCCAAG
ACTTATTCAAAGTGTTACTAAGCTGTITGATAAATCAAGGATCAATGGAAATTCGCTCCTCACAGATCA
GAGGGGTTACTCTICTTGAAGGTATTTTTITTGGTTICTTTTGACACCCCCCGTGTTATAGAGTTATCATG
ATAGATAGTTGGAATCATCGATTGACATATATTGCACACATGTTGATAGTTTGATGCTGAATAATTCC
TGTACGTGCAGATTATTATTAGACAGATGCTTCTCTTGGTCATCCTTIGCTATTTTACTGACCGGGAGA
TGTTTTAATATTCCCAGTAATGTGTIGGTACTCCGTACTCGTCTGAATTATTAGTTGAGCTCAAATGAT
TTTCTTTGTATGCAAGTGCATTAATAGTTCACATTGAATTGCCATATGATATACATGTTCCATGAATC
GGTTCCTITTCTAGTTCAGGATGCTTIGCTCCTITGTCTCCCTCAATCACACTGTTCTCCACATTITTATGT
ACCCACACATACTAATTATGTIGTITTTGATATTTTATAGTCTACATATTCACTTATATGTTCCAGTATT
ATTATTATTTGAAAATACAAGCATCTTGAAAGCTACTGCAATTGAGTCATATTCCAGAAAACATGTIGC
AATTTTCTTTGTTTITTCTGCCAAGCAGGACTTCTITTTGACCATCTAAAGCCACCTATTCTGTTTTGAT
CAGGTTTTGTCCAAATACAACAGACAAACCTGCTTGAATTTTGTGAATCATGGAGTTTTCCAGCAGGC
ATTGTGGCACTGGTACAGAAAAGCTGGTACTATTGAGGACTGGGTAAGATCTGGAAAGGAAAAATGCA
AGCTTAGTTCAGCAATGATGGTTGAGCAGCTGCGGTTTTGGAGAACCTGCATCTCCTATGGGTTTTGT
ATAGCTCACTTTGCTGATTTICTITTCCTIGTITTTGTIGTCTGTIGGCTTAGTCGTCCTGATTTTAAGAAACT
AAGTGAACACAATGTTCTTGTTGAGTTTAGTTCCGTTGCTAGAGAGTICATATCTTGTCTTAGCTGCTIC
TGGCACAAAGGTTACCACTTCTTCATTCAGTGGAGCAGCTTGCCAATCAAGATCTGGGAGTTTICTGCC
AGTTATATTGAGACATGTTCTITGGAGCCATGTTGTCCCGATGGTTGACTTAGCTTTATCTTIGGTTACA
TCTTAATGATATTCCCTATGTATGTITCACTAATCAGCGAGCAGAATAGGAATACAGAGCACATGTTAG
AGATGAGTTATCTGATTTTGGTGATTITCTTCTGTGCTAGGCATGCTTAATTCAATTTTGGAAAGAATA
TCACCAGATGTCACTCCTGAGGATAAAAGTTACAGCTTGCCCTGGATACCTGATTTTGTCCCCAAAAT
TGGCCTGGGCATAATTAGTAATGGTTTTTTCAGCTGTTCGACCACTGTTGCTGGTAGAAATGCAGAAC
ATCAGCCTTTTTGCTGTIGCATCTITTGGTGCAGGGACTTTGTTATATGAGATGCCATGGTAATGTTGAT
GTATCATTGTCTTCCATTAGCTGCCTTCAAAGATTGGTGCAGCTATCCTGGTCTGTCGACAGAGTGAT
CCAGGGAGCCACAAAATGTTGTTCCGAGTGTITTCAATGAGTCTGGAACAGGTGAAGCTGGCAAACTAC
TAGCTGAAGGTATCTCCAGTTTATGGCATAATGATTTGCTACACTTGCTGACTTCGCTTTTGCCAATG
ATTTCATCACAATGGTCCATATCACAGAACATAGAGATGTTTGGTAGAGGAGGACCAGCTCCTGGTIGT
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TGGGTTTGGCTGGGGGACATGTGGTGGAGGGTTTTGGTCTCTTAAATGCCTACTTGCACAATTGGATT
CACAATTGGTTGTAGAATTGATCAAATGTTTICTCTTCAGTTCAAGGAAGTCCTATCATCCTCGATGAA
GGTGTGAAGTTAGATAATGTGACTAACACAGTTGTGACAGCTTCAAATTGGATCAGTTCTACCCTAGG
GTTGTCTICTGATTGCTGGACCTGGACAAATCTATATGTTGGAGAAGGTTTTCGATATGATTTTTGAAC
CTTCCATTCTGAAGTATCTCAAATCATCTATACATAAATTTACCTCTGACATGGAATTACTGAAACCT
TTTGAATGGGACTTAAATGAAGATGAATATATGCTCTTCAGCAGTGTITCTCAAATCACATTTCAGATC
CAGATGGTTAGCCATCAAGAAGAAGCATTCAGATAAATATGCAGGAGATAATAGCAGCACCAAGATTT
CAAAAACACCAGAGATATTGGAGACAATTCAAGAAGAAACAGAGTTGTCAGAAGCTGTAAATCAACCT
TGCAACACATTAATGGTAGAGTGGGCGCATCAGAGACTGCCTCTTICCTATCCACTGGATTCTAAGTGC
AGTTTGCTGCATTGATGATCCAAAAGGCACACTCTCAACATCAGCCAACTATATTICTTGATGTCTCAA
GGGCTGGTCTTATCTTCCTITTTAGGTCTGGAGGCCATTTCAGCTACCCCGTIGCCTTCATGCTCCTITTG
ATCTGGAAAATTCATGCACTTTCGGTICTICTATCCGCTCTAGCATGCATTTGCTACAGGAAGACAGAAG
TAGGGATATTTTCTGTGCTTTACAGGAACTGTATGGCCTGCATCTGAACAGGTTATACCAAAAATTCT
GTAAACCAAACTCTATCGAGGAAGTTAAGGGCGTTGTAGTGGGCACTTCAGAGGAAGCGATGGAGATC
AGTAGCCTTGAAATTCTCAGGTTTCAGGAGAAAATTCATGGAAGCTATACTACTTTTIGTTGAGAGCCT
GGTTGATCAATTTGCAGCTGTCTCATATGGAGATTTTIGTTTTTGGTCGGCAAGTGGCCATTTATCTGC
ATAGAAAGGCTGAGCCAGCAGTACGTICTITGCAGCATGGAATGCACTGTCTAGTGCGTATGTGCTTGAA
CTGTTACCCCCGCTAGACAATTGCATTGGCAACGCCCCAGGATACTTGGAGCCTCTTGAGGTACATTT
TCTTTAATTTATTTTGCATTTCTCTTCCAGAGAAACCTTTTCATGGAGTAACTATGTGAGTGATTTAT
TTTGCAACTTGACCATGTACTCTIGTICTCTIGTIGTGTTGTAGAGCCTAGAATATGCAATAGGCACATCA
TGATGCATTACTATTTTGCTGACATTTATTTTGGTTTICTTTATGTATGAAATCCATCCACCATTTAGT
ATGATGAACTTCTTTTGTTGGCTGCTTTTCCATGTTCAAAGGACAGTCTCACTTTGTCAAATTTTTAC
AATACTTCTGCAGGATGATGAAAAAATTTTGGAATCTTATGCTAAATCATGGACGTCTGGTIGTCCTGG
ACAAAGCTTTACAGCGTGATTCCATGGCCTTCACATTGGCAAAGCATCACCTTTCAGGCTTTGTICTTIC
CAGTCCAGCGATTCTGGCACAATGCTGCGAAAAAAACTGGTCAAATCGCTTATCCGGTGCTATGCACA
GAAGCGGCATCATGAGGTAGTTGGTCGCTCATGTTICTTTGTITTIGCTTGGTCCACGGCAATTCCTTCC
ACGCCACTGTCTGAGTGTCIGTTGAATTCTGTACAACAGGTTATGCTTAAGTGCTTCGTTCAGCAAGG
CATCGCACAGGATTCCAAGAGCAGTGAGCTTIGACCGGAGATTTGAAATCTTGAAGGATGCTTGTGAGA
TGAACTCCAACCTCGTAGGTGAAGTCCAGAGACTGAAGGCATGTCTTGGCCAATGAAGCCAGATATTT
AAGTGTGTCATTAACTTGGCAGCGTTAGTTGTTGGGAAAGCTCGACAAAGTGGCCCAAAATATGCAAC
TGAGGAAACTCACGGTCGGGGCTAGTGGTTACTTTTAATTTTGATGAAGGGAACGCCGAGCACGCAGC
AACCCTGAGTCTAACCTGGCTATGGTTAGGCTGCTCTTAGCAGAGCATGCATATGGTCATGTAAACAG
TAGACCACACTGTICTATTGAGTGAAGTTTGAAATAGACTTTATATATAGCATTAGGCTTCCTTTGATT
ccC

SEQ ID No: 20 MINIYO Glycine max, >GM01G08040, Gene

ATTCCTGGACAAAGAGCCCTTGCATTGCATCTCCTTTCGTCTGTGCTTGATAAGGCATTACACTATAT
TTGCAAAGACAGAACAGGGTATATGACAAAAAATGAGAACAAAGTTGACAAATCAGTTGACTGGGAAG
CTIGTTTIGGGCTTTTGCACTGGGCCCAGAACCTGAGCTTGTGTTGTCACTTAGGTAAAGTTTGCTTTTT
GGTCCAAGCTGTTGGTATTATAAACTACCTGCTATAACTGAGTGAAGATGCATGGTTTTCTTITTTCCT
CTTTTAAGAAAATGAATAATGTTGITTATATTGCTGTTAATCATTAAGCATACAAGTTGATTGGTTTG
GATGTAAGTAAAATTCCAGCTAGGTTTTATGTGTGTAATTTTAATATCACTTCCATCTGGCGTGTGAC
ATATATCTIGGTTCCATTACTGAGTATTTACATGTICTTGCACCCTAGAAGCCAGCCTTATTTGTGGTAA
AATGTTTTATAATATTATTATGCCTTAGAATACTTTAGAGTATCTTAGTTAATCTCGAGAGTGGTTTIC
CATATTTAATTATTTTTGATGATTTTTTAATTATTAGGAATTTAGGATTTGGAACCTTGTCTTAAGGA
TGAGGGTTAGTIGCTTTGTCTTTTGTAAAATATCATTACACACCAATGAAGATAAAATTCTCTCCTATT
CICTTTATTTATTTAAATCCCCATAATATGAACCTGGTTCCGAAGTGATCCCATCATCTGTGATTTIGA
CCCCATCACTTGCTGCCTTIGTTICTCTAAACGGGTGCTCATCTTTGTTTCTGTGTTTITTTTITTITITCTTT
TAATTTTTGGTICGCTGTGTCCTTAGTCCTTGAGGATTICTTATCCTICTTATATTTGTATCTTICTICTTC
TATCTTAATATATTCTTTIGCTTATATAAGCTTTGTTGATTATTATGCTTTIGGGATGAGCTCTTGTGTA
TACTGGCTTTTTICTAATCTIGTGCCCTTTTTITTGTGGTICTTCATCCTAAAACTGTGATGATCATCATAT
GTTAAAATGGATGCTGGTTGGCCCTITGGACCCTTAGGGAATTTTACTTCCTGCATAACTGTTTCTAAA
ATTCAATTGGAAGAGTGGGAATCTAGATTGCATACTTGACTCACACCTTICTGTICCTCTTGTATTTAAT
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AATATGGAGTGTTGGTGAGGCTATAAAGATTTTTTATTATGAATTATAAATTACTAAATGCAAATAAA
TGTCATCCCAAATAGATGGCTATATATCTTIGTCAATATGTTTGAATTTTGCCTATAGATGGTATTATT
ATGTTGTAATCCATGTGGTATTTTGAGTTGCTTATGATAAATATACTGATGAATACTTTAATTCTTTIC
AAATTGTATTAGAGTTTAATGCCCATGCATTGGTAGTGTAAAAAAGTTTGACACTGTCATCCAATAAC
AAATCAATGTTTGAATTACTTITAAAATAATTATTTTATAAGTCAAAAAACTTACCATTCATTGTGGGT
TGTGATTGGATAACTGTAAAACTTTTTACACTGTCAGTACATAATCCTTTTTCTCATTGTATTATCAT
AAATTTATTTTTTTICCTCATTATATGGGCATCTTITTGACGGCAGTTGTGCTCTAATTTTGTAGGATAT
GTCTTGATGATAACCACAATTCTGTAGTTCIGGCCTGCACAAAAGTTGTTCAATCTIGTATTGAGTTAT
GATGCAAATGAGAACTACTGTGATATGTCAGAGGTAACTGGATTTTTATTATCTTTTAATTTGACAAT
ATTATTATGTTTAAAATTAGATTCATCTIGATTTTTTATTTTAATTCCAGAAGATAGCAACTTGTGACA
TGGATATTTGCACGGCTCCAGTTTTTAGGAGCAGACCAGATATTAATGATGGATTCCTTCAAGGGGGT
TTCTGGAAGTACAGTGCCAAACCTTCTAATATTCTTCCTTTCAGCGATGATTCAATGGATAATGAGAC
TGAAGGAAAACATACTATTCAAGACGATATAGTGGTTGCTGCGCAAGATTTTACTGTAGGTCTAGTTC
GCATGGGAATCCTTCCTAGGCTTCGTTATCTTTTGGAGGTAAAACATAATTAATCATTGATCATGCTG
AAACATTTGATGTCATGAGACTCTATCTACAAAGATTAAGGATATTTTITGTTTTATGATGTTTGAACT
TCCTTIGTCAAATTCATTATTCTCTAATGGTTGCAGAAAGATCCTACAACAGCTTTAGAAGAATGTATC
ATTTCTATACTGATTIGCTATAGCGAGGCATTCACCTACATGTGCTAATGCTGTACTGAAATGTGAAAG
ACTTGTTCAGACAATTGTGAATAGATTTACTGCTGACAATTTTGAACTTCGATCTTCTATGACTAAAT
CTIGTAAAACTCTTGAAGGTGAGTGGTAATTTTCCATTITTATTTTATAGGAAGTGATTTCTACATCAGC
AGCCAGAGAATCATTCCTAATGTITTCATTTGATTTTGGAAAAGGTGTTTGCTCGGTTAGACCAGAAAA
CTITGTITTAGAGTTTATAAAGAAAGGGTATTTTCAGGCTATGACTTGGAATTTATATCAAAGTCCTTCC
TCCGTTGACCACTGGCTAAGGCTAGGGAAGGAAAAATGTAAACTCACATCTGCTCTGATTGTTGAACA
AATGCGTTTCTGGAGGGTCTGCATTCAATATGGATATTGTGTIGTCTTACTTICTTGGAAATGTTCCCTG
CCTTGTIGTTTTTIGGTTGAATCCACCTTCATTTGAAAAACTTGTTGAAAACGATGTTTTGGATGAATCT
ACTTCCATCTCTAGGGAGGCATACCTTGTITCTGGAGTCTTTIGGCTGGAAGGCTTCCTAATCTATTTIC
AAAGCAGTGTCTAAACAACCAACTTCCAGAGTCTIGCTGGTGACACCGAGGTATGGTCTTGGAATTATG
TTGGTCCAATGGTTGACTTAGCCATAAAGTGGATAGCAAGCAGAAGTGATCCAGAAGTATCCAAGTTC
TTTGAGGGACAGAAAGAAGGAAGATGTGACTTTICCTTTICCGAGATCTTTCTIGCAACTCCTTTGTTIGTG
GGTGTATGCTGCTIGTGACTCGCATGCTTTTCAGAGTGCTTGAAAGAATGACATGGGGGGATACTATCA
GCTCTTTTGAAACTGAAGGGCATGTIGCCATGGCTTCCAGAATTTGTACCTAAGATTGGACTTGAGTTG
ATCAAATATTGGTTTTTIGGGCTTITTCTGCATCCTTTGGGGCAAAATTTGGAAGAGATTCTGAAGGTGA
ATCTTTTATGAAGGAACTAGTTTATTTGAGGCAGAAGGATGATATTGAAATGTCTTTAGCTTCCACCT
GTTGTCTAAATGGAATGGTCAAGATTATTACTACAATTGATAATCTGATACTGTCTGCCAAAGCTGGC
ATCTGTAGTCTCCCACGCCAAGAACAAAGTCTCTCAAAAGAAGGAAAAGTGCTTGAGGACGGCATTIGT
TAATGGGTGTTTIGGTTGAGTTAAGGTATATGCTTGATGCTTTCATGTTTTICAGTTICTTCAGGGTGGC
ACCACATACAGTCCATTGAGTCATTTGGCAGAGGAGGACCAGTTCCAGGGGCAGGAATTGGATGGGGT
GCCCCAAGTGGAGGATTTTGGTCAGCAACATTTTTATTGGCACAAATAGATGCAAAATTTCTCGTICTC
TTTGCTGGAAATTTTTGAAAATGCGTCTAAAGGTGTTGTGACTGAAGAAACAACCTTCATTATCCAAA
GGGTGAATGCTGGCTTGGGATTGTGTTTAACTGCAGGACCTAGAGAAAAGGTTGTTGTAGAAAAGGCA
TTGGATCTCTTGTTCCATGTCTCTGTTTTGAAGAACCTTGATCTCTGCATACATAATTTTICTCTTCAA
TAGAAGGGGTAGAACTTTTGGCTGGCAACATGAAGAAGAGGATTACATGCACTTAAGAAGAATGTTAT
CATCTCATTTCAGGAGCAGATGGTTIGTCTGTAAAGGTGAAGTCTAAATCTGTGGATGGCAGTAGTTCC
TCTGGCATTAAGACCTCTCCAAAGGTTGGTGCTTGTTTGGAAACCATATATGAGGATTCAGACATGTC
TTCCATGACAAGTCCGTGCTGTAATTCTTTAATGATAGAATGGGCTCACCAGAAACTACCACTTICCAG
TTCACTTITTACCTTAGTCCAATCTCAACAATTTTCCATAGCAAGCGGGCTGGTACTAAAAAAGTTGAT
GATGTACTACATGATCCATCTTATCTGATTGAAGTTGCCAAATGTGGACTTITTCTTTGTTTTAGGTGT
TGAAGCAATGTICCATTTTTCATGGCACTGACATTCCTTICTCCTGTTGAACAAGTATCATTGACATGGA
AGTTACATTCCTTATCTIGTCAATTTCCTTGTTGGAATGGAGATACTTGAACAAGATCGGAGCAGGGTT
ACTTTTGAAGCTTTGCAGGATCTTTATGGTGAGCTTCTTGATAAGGCAAGGTTAAACCAAAGTAAAGA
AGTTATTTCAAATGATAAAAAGCATCTTGAGTTTCTGAGGTTCCAAACTGAGATTCATGAAAGTTACT
CAACTTTTCTTGAAGAACTTGTGGAGCAGTTTTCTGCTGTTTCTTATGGTGATGTTATTITTTGGCCGG
CAAGTTTCACTTITATCTACACCGTTATGTTGAAACTTICCATTCGACTTGCTGCCTGGAATACACTGTC
CAATGCTICGTGTTICTTGAGCTTTTIGCCACCTTTAGAAAAATGCTTTTCTGGTGCTGAAGGATACCTTG
AACCTGCTGAGGTAAAAAAAATAATCATTAACTACCAGCTATTTTACTCTGGAGCATTATTTGCAGAG
GATATTGATTGAGTACTIGTTCTTITITGATACTTITTTTICCTTTCTATGTTGATGATATTGGGTTGAATA
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TATAAATGTCACTTATATTTTATATTTTATTATAATTTTGTAAATTTTCAAAAAGTGGTTGTTTAAAA
TGCGCTTAAAAACAGAAAAGCGTATGCTACAAAGTACAGCTAATGTTGCAGAGTTTAACTGTGTTACA
AAATTTACAATACCTTTGACATTTATTGGTTGTATTGTAGCATCTGTICATGAATTTTGAGGAAGCTTT
TGAGAGCACAGGAAATACCAAAATAAGCCATACTGATACTGGGTCCTITTTATTITTTTATATGATGCAT
AATAAAGTGAAGTTCCTAATTGGAATTTTGGATATAGTGAAGGATCTTATACTTCCAGCAATATAACA
GATAGGGTCACTTAGCACCAAACATGCACATATTTTTTACAATGACATGTITTTTAAAGCTTGICTTTA
GTAGGGAAGAAATGTAAGGTTGTATCTTTGATACTTTGAAGTTAGAAACTATCACGATGGCTTTIGTTG
TGTAAGTTACCGTGAGGAATGAGGATTGTTIGTTCATCAAGTTTCCTTATCTAAATTTTTTTATTTTICC
ATTTTTTGTTAATATCTATAACTTICTIGTGAATAGCAACAATTGGAAATGGGTAGGTGATAATTGTTTA
CTACTGTATTATCTGTGGAGGGGTGCACTTGCCACCTGTIGTGGTTGCACCAGCAATGCATACTAGTCA
TTGGCTCAGAATACACCATATATCTATCAACATTAATGGTGTACTGTATCTCTGCAGGATAATGAAGC
CATTTTGGAGGCTTATACGAAGTCGTGGGTTTCTGATGCCCTTGACAGGGCTGCAATTCGAGGATCAG
TTGCATATACTCTITGTTGTCCATCATCTTTCCTCCTTTATATTTCATGCCTGTCCCATGGATAAGTTA
TTGCTGCGAAACAGACTTGCTAGGTICTCTGTITGCGAGATTATGCTGGGAAACAGCAACACGAGGTAAC
CAAAGTCTTAAAAGCTTTTATCCTGATGGACAAATGGTAGTTTAAGCAAATCACCATTCAGAGCTTGT
GCTGCCATTCATTCTCCAATTAGTTTTATCCCATCTGATTATGGAAATCAAATGTTATATGTGAATGT
GTGCTGTIGCACGTIGTGTIGCTTGTTICTGTCATCACGTTIGTTTGGAATGTATCAGCTAGGACTTTGGCCT
ACCTAATAAAATTTTAAGAGTGTIGCAGTGAGACATCACTGTITTAGGTAAATCCTAGTTGCAGTATTTT
TATTACCAAGAATTTGAGGCCATGGAAGAAGTATAAGATTTTGTICCTATCTTTTTCATCCTAATTTAA
TTTGCATTGTTGCGTCTGTATTTACGATTATATAGCCATAATGTTGGTGTAGCCAGACATTACTAATG
GAACCCTTGTTGCAGGGTATGTTACTGAACCTCATTCACCATAACAAGCCGCCACCATCTGTCATGGG
AGAGGAGCTGAATGGTGGTGTACTTTICTGAAAGGAATTGGTTAGAGTCCAGATTAAAAGTATTGGTTG
AGGCTTGTGAGGGAAATTCCTICTICTTTTGATAGTAGTAGAGAAGTTAAAGGCTGCTGTAGAAAAGAGT
TCATAGTGAGGTAACTAATATATCGAATGCTTGTAAATATATTCGAGATATACGATGAGTACAACTAA
GGTTTATATATAGATTTTTGCAATGGGGTCTCAAATGCATTAATTGGAGCATACATGGCCACTGATAT
TGATATTTTTTIGTTAGAATGGAGTCTGCTGATTTTTTAATCGAGTCCTAAGGCATGCAATGTACATAA
TGAAGGAATACAAGTATTTTAGTCGGGTTATTATAAAATACACTGTTTCACTCC

SEQ ID No: 21 MINIYO Glycine max, >GM02G13360, Gene

GAGTTTGAAAAAGTTTCAGCCTTTGCCAAGCCGGTACAGAGGAGGAGGAAAAAGGGTTTGGATTTTAG
AAAATGGAAAGAGATCACTCGGGATGATAGTTICTTCCTTCGGGAAGGAATCAGAGAAGGATGTGTCAA
GCTTTAGCCAAACTACTGGGAAAAAGAAGAATGAAAAGGGCAGTAAGAGCACATACAAGAAAACCTCA
TCTTTGGATGATAATGTCATTTCTCCAATGAAAGTGGATACAAAACCACTGTTAGATAACTCAGATGG
TGGGTTTATCAATTCAACTACCACTATGGAAGTAGATACATTAAATAAGGTAGATCATGAGGAAAAAG
TTAAACACGCCAGAATTTATGATGACAAGGAGCAAAATGAATCTGTGCCTGGATTGGACCAAATTTICT
TCTGATTGGATGCCTGATTACAATTTTGGATCCCTGGATGTGCAAAGGCCAGGGCAAACTGACTTGAA
TTCAAGCATGCTIGTCTTGTTCTAGTTCCAATAGTATTAGAAGTGAACAAAAGTCCGTIGTICTCTTGATA
GTGAAATTGATGCTGAGAATCGAGCTCGGATTCAGCAAATGTCAGCTGAGGAGATTGCAGAAGCCCAG
ACTGAGATAATGGAGAAGATGAGCCCTGCATTACTAAAATTACTGCAGAAGAGGGGGCAGAATAAATT
GAAGAAACTAAAATTAGAAGTGGATATTGGCTCAGAATCTGTGAATGGACATGCTCAGAGTCCTCAGG
ATGCAAAACATCTACACACAGAGGATGGGATCGCTCAAACAGTGATTIGTGCCACCATCCAAAGAAAAG
CTAGATGATGAGAAAATTAGCACGAAGACTTCAACCACCGCTAGTAGTAGTIGCATGGAATGCTTGGAG
CAATAGAGTTGAGGCTGTTAGGGAGCTACGATTITTCCTTIGGTTGGGGATGTTGTTGATTICTGAACGTG
TATCAGTTTATGGTATGCGTTTCTATTCTTCTTATGTTICTTTACTATCTTICTGGTTCTAATATCAAG
ATGATGCTTTGTATGATCCTITGCATATGTATATATATTAGAGTATCTICCTTGTACCATTCTGGACTICT
GTAGTTAACTAACAAGTGCCGGCTAAGAATTCTGTITATTAGTCAGTTGTAACTGACAGATTAATTTCA
GCTAGGCTATCTCTATATATCTCAGACATACCTCTTCTATTITGCGATCAATGAATAAACATTTTATCA
GTAATCACTCTGAATATCTCAGTGCTCTICTTTCTICTCTICTGCTCGATGAATCCTAACAATATATGGGT
TCTTCTIGTATTTAGTIGTTTITGCATATGTAGGTGCTTGGTTAGTGATAGTAATAGTATTGTCTICTTAA
TGTAGATATATGCTCTTCTIGTAATTITTTTTTITCTTTATTIGGGTATGTGGTAAAGCTAGTGATAGTTTG
GGTTGCTAATGTTTGAATACTTTGCTTCATGAAACATCAACCATTIGTTTATAGATTIGTGATTTGTATT
CAATATTATACATTATACTACCTCCAGACTAAAATATAAGCAACAAAAAATCAATGTIGTITTGGGTTAA
AATATAAACAAATTTTAACTAACTCTICICCTATTTAATGATAATATCTCCAAAATACCCTTCATTTAA
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TTAGAGTTTTATTTCCAATAAACTICTICTITTITTITGTICCTATGCAATTAATGTAAATGGTACTTTAGGA
AATAAATTAACTTTTTTTATTGAGACTAACAAAATTAAATAATGCTAACTAATTTTATTGATGAGTGT
GAATTAGTTTTTTTTGCTTATATTTCAGTCCGGAGGGAGTAGTATTTTTTGTTCCCAGCAATTGATGA
TCTTTTTTTGGTTGACTACATTTCTAAATGCACATGAACCAAAAAAAACACTTACTGTTTIGTTTAACT
TATTTGGAGAAATAATCACATTTTTITCTIGGTITTCTGAGAGAGATTTTGAAAAATTGGCGATTATTAAT
CCAAATTTAATCTTTATCAAACATTITTAGCATTTCCATGTGTCATGTAGGCAATATATTGCTGGTAAA
TACAAATACAGGAAAGTTAAGATCAATGATGTTGCTATATCATGGCTTGTICTGATAGCACTGAGTAGA
TTATGCTCCCTGCCCCCCTGCATTTIGCCACAAATTACAATAATGTTCTGGTTCATGCCTAGACTGAAA
TTTCTIGTATGGTTTCCTTTIGCTTCCAAATGTTTCCAAGTTCATAGACTTGATTAGATGGCTTCTIGTTG
TATATTCAGCATATTAGATGTTAGCATTTGCATATAACAGAACGGAGGTGCAAATATTGATTTAAATA
ATGAATATTCATGGATATCCATTGATATCCTGATTATTCTIGTTAGCACTGATATCCATCAAATCTTAG
CATTTIGTTGTATATTACTATATTCATTGATATCCTGTTTATTTTGGAAATAGGATGGAGGTTTAAATA
TAAATTTTGAATTTTCTTTATGTGACAATTCTTTGTCATGATACAGACAATGCCAATGAACGTGACTA
TCTACGGACTGAGGGAGATCCTGGTGCTGCCGGTTATACAATTAAAGAAGCAGTGGCACTCACTAGAA
GTIGTGGTATGTTATTTGTTGTAACTGATGTATATTTCAGTTGGATGCCTGGACCTGGAACAGTTTGGA
TGGCTTTACAATTATGAATATAAAATATATAAATTTATAGCATTCCCCTTTAGTAACACAGCGTCTGC
CAAATGTTTTGTITTTTTTAGATTCCTGGACAAAGGACCCTTGCATTGCATCTCCTTTCATCTIGTGCTT
GATAAGGCATTACACTATATTTGCGAAGACAGAACAGGGCATATGACAAAAATTGAGAACAAAGTTGA
CAAATCAGTTGACTGGGAGGCTGTTTGGGCTTTTGCACTCGGCCCAGAACCTGAGCTTGTGTTGTCAC
TTAGGTAAAGTTTACTTTTTGGTCCAAGCTGTTGGTATTATAAACTACCTGCTATGACTGAGTGAAGA
TGCATGGGTTTICTTTTTICTTCTTTTAAGAAAACGAATATTGTTGTTTATATTGCTGTTAATCATTAAT
CATACAAGTTGATAGGTTTGGATGTAAGTAAAATTCCAGCTTGGTTATGTGTGTAATTTTAATATCAC
TTTCATCTGGCATGTGAGATGGACTCAATGAAGCTTGAGATCACATATCTATCTGTTTACATTACTGA
TTATTTACATGTCTTGCACTCTTGAAGCCAGCCTTTTTTGTGGTAAAATGTTTAATATTATTATGCCT
TAGAATACTTTAGAGTATCTTAGTTAATCTICTTGAGAGTGGTTTCCATATTTAATTATTTTTCATGAT
TTCTTAATTAATTAGGATTTGGAATCTTTICTTAAGGATGAGGATTAGTGCTTTGTICTTTTGTCACAT
ATCATTACACACCGATGAAGATAGCATTICTCTCCTATTCTICTTTATTITAATTAAATCCCTATAATATT
AACCTGGTTTCAAAGTGGTCCCATCCTCTIGTGATTTGACCCCATCACCTGCTGCCTAGTTICTCTAAAC
TGGTGCTCATCTTTGTTTICTGTIGGTITTTTTITICTTCCTTCCAGTTAGCTGTICTTTCCTTCTGCCATTGT
CTATCTTTTCTIICTTTGTATGTAAAGATTTTGATCTGTCAAATTTGATGCCTAATTGCCTTATCTCCT
AGTTACTGCATGATGTCCAGATTGAGCTATGGTTCTGGTTCTCATTTGTTCTTACATTGCCCAGCAGT
TTCCTTITCTICTGGAATAATTTGTTTAGTGTTTTCATAGAATATGGGGTTCGTCCCTAGAATCTTCAGC
ACTTCCIGTATGTTAATTTTGGAGGATTTGGTACTAGCTGAGAATCCAGAAAGTTTTGGTGTTICTTICT
CTGTIGTGAAGTTICTTTGGGTATATTCAGTTAGAAATCATCTTCTIGTGGATGATAGTICTTCTAATGAGT
TCATTCGGGTTCAGCTAGTTTTTCTAGCTICTTTGTIGGTGTTCTGCTTATGGTCTTTATATATAAGAT
TTTATTTTTGTITTGATTGATTGTGTIGTTTCTTAATCTTTIGTTTTTITTCCTTTAATTITTTGGTTIGTCGT
GTICTTTAGTCCTITGAGGATTCTTATCCTCTITATATTITGTATCTTICTCTICTATCTTAATAAATTCTT
TGCTTATATAAGCTTTGTTGATTGTTATGTITTTGGGATGAGCTCTTATGTATACTGGCTTTTCCTAAT
CIGTIGCCCTTTTTTGTGGTTTCTTCCTAAAACTGTGATGAGCATCATATGTTAAAACAGAAGCTGGTT
GGCCCTTGGACCCTTGGGTAATTTTACTACCTGCATAGCTGTTTCTAAAATTCAATTGGAAGAGTGGG
AATGTAGATTGCATACTTGATTGACTCATAATACCTTCIGTCCTICTTGTATTTAATAACATGGAGTGT
TGGTGAGGCTAGAAAGATATTTTATTTTGAATTATAAATTACTAAATGCAAATAAATGTCATCCCAAA
TAGATGGCTATATATCTTIGTCAATATGTTTIGAATTTTIGCCAATAGATGGTATTATTATGTTGTGACTT
GTGATCCTTGIGCTATTTTGACTAGCTTATGATAAATATACTGATGAATACTTTAATTCTTTCAAATT
GTATTTTITATAATTTTTTTCCTCATTATATGGCCATCTTTTGACAGCAGTATTGTGCTCTGATTTTTT
GTAGGATATGICTITGATGATAACCACAATTCIGTAGTTCTGGCCTGTGCAAAAGTTGTTCAATGTGTA
TTGAGTTATGATGCAAATGAGAACTATTGTAATATCTCAGAGGTAACTGGATTTTTATTATCTTTTAA
TTTGACAATATTGTTGCGTTTAAAATTAGATTCATCTGGTTTTTTATTTTAATTCCAGAAGATAGCAA
CTTGTGACATGGATATTTGCACGGCTCCAGTTTTTAGGAGCAGACCTGATATTAATGATGGATTCCTT
CAAGGGGGTTTCTGGAAGTACAGTGCCAAACCTTICTAATATTCTTCCTTTCAGTGATGATTCAATGGA
TAATGAGACCGAAGGAAAACATACTATTCAAGACGATATAGTGGTTGCTGGGCAAGATTITTACTGTAG
GTCTAGTTCGCATGGGAATCCTTCCTAGGCTTCGTTATCTTTTGGAGGTAAAACATAATTAATCATTC
ATCATGCTGAAACATTTGATGTCATGAGATTCTGTCTACAAAGATTAAGGATATTTTTGTITTTACAAG
GTTTGAACTTTCATGTCAAATTCATTATTCICTAATGGTTGCAGACAGATCCTACAACAGCTTTAGAA
GAATGTATTATTTCCGTACTGATTIGCTATAGCGAGGCATTCACCTACATGTGCTAATGCTGTACTGAA
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ATGTGAAAGACTTGTITCAGACAATTGCAAATAGATATACTGCTGAAAATTTTGAAATTCGATCTTCTA
TGATTAGATCTGTAAGACTCTTGAAGGTGAGTGGTAATTTTCCATTTTATTTTACAGGAAGTTATTTC
TGCATCATCAGCTAGAGAATCATTCCTAATGTTTCATTTGATTTTGGAAAAGGTTTTAGCTCGGTCGG
ACCGGAAATCTTGTTTAGAGTTTATAAAGAAAGGGTATTTTCAGGCTATGACTTGGAATTTATATCAA
AGCCCTTCCTCCATTGACCACTGGCTAAGGTTAGGGAAGGAAAAATGTAAACTCACATCTGCTCTGAT
TGTTGAACAAATGCGTTTCTGGAGGGTCTGCATTCAATATGGATATTIGTGTGTICTTACTTICTCGGAAA
TGTTCCCTGCCTTGTGTTTTTGGTTGAATCCGCCTTCATTTGAAAAACTTGTTGAAAACAATGTTTTG
GATGAATCTACTTCCATCICTAGGGAGGCTTACCTTGTTICTGGAGTCTTTIGGCTGGAAAACTTCCAAA
CCTATTTTCAAAGCAGTGCCTAAACAATCAACTTCCAGAGTCTGCTGGTGACACAGAGGTATGGTICTT
GGAATTATGTTGGTCCAATGGTTGACTTAGCCATAAAGTGGATAGCAAGCAGAAATGATCCAGAAGTA
TCTAAGTTCTTTGAGGGACAGGAAGAAGGAAGATATGACTTTACTTTCCGAGATCTTTCTGCAACTCC
TTTGTTGTGGGTGTATGCTGCTGTGACTCACATGCTTTTCAGAGTGCTTGAAAGGATGACATGGGGGG
ATACTATTGAAACTGAAGGGCATGTGCCATGGCTTCCAGAATTTGTACCTAAGATTGGACTTGAGGTA
ATCAAATATTGGTTTTTIGGGCTTITTCTGCATCTITTTGGGGCAAAATGTGGAAGAGATTCTAAAGGCGA
ATCTTTTATGAAGGAACTAGTTTATTTGAGGCAGAAGGATGATATTGAAATGTCTTTAGCTTCCACCT
GTTGTICTAAATGGAATGGTTAAGATTATTACTGCAATTGATAATCTGATACAGTCTIGCCAAGGCTAGC
ATCTGTAGTCTCCCATGCCAAGAACAAAGTCTCTCAAAAGAAGGAAAAGTGCTTGAGGATGGCATCGT
TAAAGGGTGTTIGGGTTGAATTAAGGTATATGCTTGATGTTTTCATGTTTTICAGTTICTTCAGGGTGGC
ACCGCATACAGTCCATTGAGTCATTTGGCAGAGGAGGACTGGTTCCAGGGGCAGGAATTGGATGGGGT
GCCTCAGGTGGAGGATTTTGGTCAGCAACAGTTTTATTGGCACAAGCAGATGCAAGATTTICTTGTICTA
TTTGCTGGAAATTTTTGAAAATGCATCTAAAGGTGTCGTGACTGAAGAAACAACCTTCACCATCCAAA
GGGTTAATGCTGGCTTGGGATTGTGTTTAACTGCAGGACCTAGAGATAAGGTTGTTGTAGAAAAGACA
TTGGATTTCTTGTTCCATGTCTICTGTTTTGAAGCACCTTGATCTCTGCATACAGAGTTTACTCTITGAA
TAGGAGGGGTAAAACCTTTGGCTGGCAACATGAAGAAGAGGATTACATGCACTTAAGCAGAATGTTAT
CATCTCATTTCAGGAGCAGATGGTTIGTCTGTAAAGGTGAAGTCTAAATCTGTGGATGGCAGTAGTTCC
TCTGGCATTAAGACCTCTCCAAAGGTTGGTGCTTGTTTGGAAACCATATATGAGGATTCAGACACGTC
TTCCGTGACAACTCCGTGCTGTAATTCTATAATGATAGAATGGGCTCACCAGAAACTACCACTTICCAG
TTCACTTITTACCTTAGTCCAATCTCAACAATTTTCCATAGCAAGCGGGCTGGTACTAAAATTGTTGAT
GATGTACTACATGATCCCICTAATCTGCTTGAAGTCGCCAAATGTGGACTTTTCTTTGTTTTAGGTGT
TGAAGCAATGTCCATTTTTCATGGCACTGACATTCCTTCTCCTGTTCAACAAGTATCATTGACATGGA
AGTTACATTCCTTATCTIGTCAATTTCCTTIGTTGGAATGGAAATACTTGAACAAGATTGGAGCAGGGAT
ATTTTTGAAGCTTTGCAGGATCTTTATGGTGAGCTTCTTGATAATGCAAGGTTAAACCAAAGTAAAGA
AGTTATTTCAGATGATAAAAAGCATCTTGAGTITTCTGAGGTTCCAAACTGAGATTCATGAAAGTTACT
CAACTTTTCTTGAAGAACTTGTGGAGCAGTTTTICTGCTIGTTTCTTATGGTGATGTTATTTTTGGCCGG
CAAGTTTCACTTITATCTACACCGTTIGTGTTGAAACTTICCATTCGACTTGCTGCCTGGAATACACTGTC
CAATTCICGTGTTICTTGAGCTTTTIGCCACCTTTAGAAAAATGCTTCTCTGGTGCTGAAGGATACCTTG
AACCCGCTGAGGTAAAAAAACATATTCATTCACTACCAGCTATTTTACTATGGAACATTATCCGCAGA
GGATATTGTTTIGAGTACTTIGTTCTTTGATACATTTTITTICTTTICTATGTTGATGATATTGGGTTGAATT
ATAAATGTCACCTATATTTTATATTTTATAATTTTGTAAATTTTCAAAAAGTGGTTGTTTAAAATGTG
CTTAAAAGCATAAAAGCATATGCTACAAAGTACAGCTAATGTTGCAGAATTTTTAATTGTGTTACAAA
TTTACAATACCTTTGACATTITATTGGTTIGTATTGTAGCATCTTTCATGAATTTTGAGGAAGCTTTTIGA
GAGCACAGGAAATACCAAACTAAGCCATACTGACACTGGGTCCTTITTATTITTITATATGATACATAAC
AAAAGTGAAGTTCCTAATTGGAATTTTGGATATAGTCAAGAATCTTATACTTICCAACAATATAACAGA
TAGTCACTTTGGCACAAACATGCACATATTTTTTACAATGGCTTIGCTTTAAAGCTTGTICTTTAGTAGG
GAAGAAATGTAAGGTTGTATCTTTIGATTCTTITGAAGTTAGAAACTATCACGATGGTTTTGTCATGTAA
GTTACCTICGGAGGAATGAGGATTGTITTTCATCAAGTTTICCTTATCTAAAATTTTTATTTTICCATTTTT
TTGCTAATATCTATAACTTATGTGAATAGAAACAATTGGAGCTCAATGGGTAGGTGGGATAATTGTTT
ACTACTGTATTATCTIGTGGAGGGGTGCACTTGCCACCTGTGTGGTTGCACCAGCAATGCATACTAGTIC
TTTGGCTCAGAATACACCATATATCTATCAACATTAATTGGTGTACTGTATCTCTGCAGGATAATGAA
GCAATTTTGGAGGCTTATACGAATTTGTGGGTTTCTGATGCCCTTGACAGGGCTGCAATTCGAGGATC
AGTTGCATATACTCTTGTTGTCCATCATCTITTICCTCCTTITATATTITCATGCCTGTCCCACGGATAAGT
TATTGCTGCGAAACAGACTTGCTAGGTCTCTIGTTGCGAGATTATGCTGGGAAACAGCAACATGAGGTA
ACCAAAGTCTTGAAAGCTTTATCCTGATGGACAAATGGTAGTTTAAGCAAATCTCCATTCAGAATTIG
TGCTGCCATTCATTCTCCAATTAGTITTTAGCCCATCTGATTAAGGAAATCAAATGTTATATGTGAATG
TGTGCTTIGTTCIGTCATCAAGTTGTITTGGAATGTATATCAGCTAGGACTTTGGCCTACCAAATAAAAT
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TTTAAGAGGGTAGAGTGAGACATCACTGTTTAGGTAAAATCCTTITTTATGACCAAGAGTTTGAGGCCA
TGGAAAAAGTATTATCTTTTACCTICCTAATTTAATTTGCATTGTTGCATCTGTATTITTCAATTATACA
TCCATAATGTTGGTGTGGCCAGGCATTACTATTTACTAATGGAACTCTTGTITGCAGGGTATGTTACTG
AACCTCATTCACCATAACAAGCCACCACCATCIGTCATGGGAGAGGAGCTGAATGGTATACTTTICTGA
AAAGAGTTGGTTAGAGTICCAGATTAAAAGTATTIGGTTGAGGCTTGTGAGGGAAATTCCTCTATTTTGA
CAGTAGTAGATAAGTTAAAGGCTGTITGTAAAAAACAGTTCATAGTGAGGTAACTAATATTGAATGCGT
GTAAATATATTCGAGATATACAATGAGCTATACATAAAGTACAACAGAGGCTTATATATAGATTTTTT
CAATGATGTCTCAAATGTATTAATTGGAGCATGCATGGCCACTGATATTGGTATATTTTGTTAGAATG
GAGTCTIGCTGGTTTTTTTATCAAGATTCTGGGAACCAAGTCCTAAGGCATGCAATGTACATAATGAAA
GGATACAGGTATTTTAGTTAGGTTATTATAAAATATACTCTTTCATC

SEQ ID No: 22 RTR1 Oryza sativa ssp. Japonica 0s05g04370.1

MGPTTATDTGARMKPTTVASAVHRVOMALYDGAAASREPLLRAAASLLSGPDYADVVTERSIADACGY
PACPNPLPSEDARGKAAPRFRISLREHRVYDLEEARKFCSERCLVASAAFGASLPPDRPFGVSPDRLD
ALVALFEGGGGGGDDGGLALGFGASGDGKEVEEGRKVEIMEKEAAGTGEVTILQEWIGPSDATIEGYVPR
RDRVVGGPKKEAKQNDACSAEQSSNINVDSRNASSGESGMVLTENTKAKKKEATKTPLKMEFKQDEDND
MLSSCISDSIVKQLEDVVLEEKKDKKKNKAAKGTSRVGKSKPAKRPVGRDGHEVDFTSTIIMGDRGSE
MMDHGALGQYNFSSSILANEQPSSSQYAAIDSVQAYTEELDELFSNAVNIAKDETSDDSGRCTLRSSL
KAVGSKNAGHSVKWADENGSVLETSRAFVSHSSKSQESMDSSVRRESAEACAAALTIEAAEATISSGTSE
VEDAVSKAGIIILPDMVNQQQYNNDYDNDKDAGENEIFEIDRGVVKWPKKTVLLDTDMFDVDDSWHDT
PPEGFSLTLSSFATMWAALFGWVSRSSLAYVYGLDESSMEDLLTIAGGRECPQKRVLNDGHSSEIRRAL
DTCVCNALPVLVSNLRMQIPVSKLEITLGYLLDTMSEFVDALPSLRSROWQLMVLVLLDALSLHRLPAL
APIMSDSKLLQKLLNSAQVSREEYDSMIDLLLPFGRSTQSQASLPS

SEQ ID No: 23 RTR1 Zea mays, GRMZM2G065622_TO01

MSPPAPAAAAAAAPRTVASAVLRVOMALLDGAAVSSEALTHAAASALLSRADYDDVVTERTISDVCGN
PACPNPLSSSSAAATGPRFHIALSEHRVYDLEEARKFCSERCLVASKALAASLPHDRPYGVPLDRLAA
VVALVEGAAAGDGSGLGFQGLDGNGKVEDGGRKVEIKEKQVAGAGEVLLODWVGPSDAIEGYVPRHDR
SAHGQKPQVQONEGAGPELSRTENVDYGAAAPGEDGMTSSPSLVKTHVSSEVIVERMGSLVLGENTRT
PRKKKTKTPSKMLEQEEDNSMLSSCISDSIAKQLEDVVLEERKGSQKNKMSKASSRAQKGKSTKRPAS
TNMEENAMNQYNYLSSSVLVDNHPSSSQSSEKDSTQAYSEQLCEEFSEAVNIGNDETSDEKMRPAWKS
SLKVAGSKSSRQSVIWADENGSVLETSKAYESPSSSIKRPEEGIDNSLRRASAEACAAALVEAAEATS
SGTAEAEDAVSNAGIIILPDMLNQQEHDNGKNSGGDDDPEIDRDVIKWPKKPVLLDTDLFEVDDSWHD
MPPEGEFSLTLSAFGTMWAALFGWISSSSLAYVYGLERGSVEELLIANGRECPEKTVLKDGLSLEIRRA
LDSCVCNAVPVLISNLRLOQIPVSKLEITLGYLIDTMSFVDALPSLRSROWQAVVLVMLDALSVHQLPA
LAPVFSNSKLVOQKMLNAAQVSREEYDSMVDLFLPFGRSVQAITPM

SEQ ID No: 24 RTR1 Glycine max, Glyma02g34860.1

MAKDKPVSVKDAVFKLOMSLLEGIQNEDQLFAAGSLMSRSDYEDIVIERSITNMCGYPLCSNALPSDR
PRKGRYRISLKEHKVYDLQETYMFCSSNCLVSSKTFAGSLQAERCSGLDLEKLNNVLSLFENLNLEPV
ETLOKNGDLGLSDLKIQEKTERSSGEVSLEQWAGPSNATEGYVPKPRNRDSKGLRKNVKKECPFIIMF
NVRPMDVYGMTVNEMGEFVSTIIMODEYSVSKVPPGOMDATANHQIKPTATVKQPEKVDAEVVRKDDDS
IQDLSSSFKSSLILSTSEKEEEVTKSCEAVLKESPGCAIQKKDVHSISISERQCDVEQNDSARKSVQV
KGKTSRVIANDDASTSNLDPANVEEKFQVEKAGGSLKTKPRSSLKSAGEKKFSRTVIWADEKINSTGS
KDLCEFKEFGDIKKESDSVGNNIDVANDEDILRRASAEACAIALSSASEAVASGDSDVSDAVSEAGIT
ILPPPHDAAEEGTVEDADILONDSVTLKWPRKTGISEADFFESDDSWEFDAPPEGEF SLTLSPFATMWNT
LESWITSSSLAYIYGRDESFHEEYLSVNGREYPCKVVLADGRSSEIKQTLASCLARALPALVAVLRLP
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IPVSIMEQGMACLLETMSFVDALPAFRTKQWQVVALLFIDALSVCRLPALISYMTDRRASFHRVLSGS
QIRMEEYEVLKDLVVPLGRAPHISSQSGA

SEQ ID No: 25 RTR1 Glycine max, Glymal0gl0540.1

MEKDKPVSVKDAVFKLOMSLLEGIQNEDQLFAAGSLMSRSDYEDIVIERSITNVCGYPLCSNALPSDR
PRKGRYRISLKEHKVYDLHETYMFCCSNCVVSSKAFAGSLQAERCSGLDLEKLNNILSLFENLNLEPA
ENLOQKNEDFGLSDLKIQEKTETSSGEVSLEQWAGPSNATEGYVPKPRDHDSKGLREKNVKKAEMGEVST
IIMODGYSVSKVLPAIVKQLGKVDAKVVRKDDGSIQDLSSSFKSSLILGTSEKEEELAQSCEAALKSS
PDCAIKKKDVYSVSISERQCDVEQNDSAKKSVQKFQVEKAGEKKLSRTVIWADKKINSTGSKDLCGEK
NFGDIRNESDSAGNSIDVANDEDTLRRASAEACVIALSSASEAVASGDSDVSDAVSEAGIIILPPPHD
AGEEGTLEDVDILONDSVIVKWPRKPGISEADFFESDDSWEDAAPEGEFSLTLSPFATMWNTLESWITS
SSLAYIYGRDESFQEEYLSVNGREYPCKVVLADGRSSEIKQTLASCLARALPTLVAVLRLPIPVSTME
QGMACLLETMSFVDALPAFRTKQWQVVALLFIDALSVCRLPALISYMTDRRASFHRVLSGSQIGMEEY
EVLKDLAVPLGRAPHISAQSGA

SEQ ID No: 26 RTR1 Sorghum bicolor Sb09g002730

MSSPAAAAAAEAPRTVASAVLRIQMALLDGAAASNEALLHAAASALLSRADYDDVVTERTIADACGNP
ACPNPLPSSSSAAAATGPRFHIALSEHRVYDLEEARKFCSDRCLVASKALAASLPHDRPYGVPLDRLA
AVVALVEGAAAAGDGSGLGFQGVDGNVKMKDEGRKVEIKEKEVAGAGEVSLODWIGPSDAIEGYVPRR
DRSAHGQKPQAEQNKVAGSDLSRTKNVDDRTAAPSEDGMTSPLSLVETHMSAEVMAERMGDLVLGENT
KTLSRKKKTKTPSKMMEQEEDDSMLSSCISDSIAKQLEDVVLEERKGSKKNKVSKASSRTHKSKSRKR
PAGSDGHEVDFTSTITIIGDASTNREESAMNQYNYLSSSVLVDNHPSSSQSSAKDSTQAYAEQLCEEES
EAVNIGNDETTDEKMRPALKPSLKVTGSKSGRQSVIWADENGSVLETSKAYESPSSSIKQPNEGIDSS
LRRASAEACAAALIEAAEAISSGTAETEDAVSKAGIIILPDMLNQKEYGDAKNNGGDDDPEIDRDVIK
WPKKPVLLDTDMFEVDDSWHDTPPEGEF SLTLSAFGTIWAALFGWISRSSLAYVYGLERGSVEELLIAN
GREYPEKIVLKDGLSSEIRRALDSCVCNAVPVLISNLRLQIPVSKLEITLGYLIDTMSFVEALPSLRS
ROWOAVVLVMLDALSVHQLPALAPVEFSNSKLVQKMLNAAQVSREEYDSMVDLF LPFGRSVQATTPM

SEQ ID No: 27 RTR1 Brachypodium distachyon Bradi2g38650

MAPHAAAAAAGTTRTTMNVATAVYRVQLALLDGAAASNEPLLHAAAAVLSRADYDDVVTERSIADACG
HPPCASPLPAAAAAAAAPPRFHISLREHRVYDLEEARKFCSERCLVASAAFAASLPHDRPEFGVPPDRL
DALVALFEGGGDRPGLGFREVSSGKDKDEGRKLEIREKEAPGLGEVTLQEWIGPSDAIEGYVPRHHPI
PEGPMPEAKQRKTSRADQSRNKNLDSATSSSVEAPVSSEVIAKKLNDMVLGDNTKTKKKQVCETPSKM
FRPDEHGDMLLSCVTDSIAKQLEDVVLEEKNDMKKERPTRASSRSRKSKPAKKPAGSDGHEVGFTSTI
IMGDHVLAKMDQGPVGQYNFATSTIADNQPSSSSSLSSSPTQYTARDLTGAYTEQLNKEF SKAVNLGKD
EASDEKVRIVPKSSLKAGGSKNKSQSVIWADENGSLLEISKEYVIHSDDKKHYKEDIDGSLRRESAEA
CAAALIEAAGAISLGTSEVEDAVSKAGIIILPDMLHONQFKSDNGKNTVEKEISETDNGVVKWPNKPV
FLDTDMFEVDDSWHDTPPEGEFNLTLSAFATMWATLEFGWISRSSLAYVYMLDGSSVEELLISSGREYPQ
KTVSKDSQSSEIKRTLATCIGNALPVLTSNLRMQIPVSKLETTLGYLIDTMSFVEALPPLRSRQWQLM
VLVLLDALSVCRLPGLAPVMSDSKLLOKVLNSSQVSREEYDSMVDLEFLPFGRSVQTPPPSQPVQVP

SEQ ID No: 28 RTR1 Oryza sativa ssp. japonica , >0S05G04370.
Gene

CTICTTICGTCTCGACTCTGAACTAAAAACTCAACTCCTICCCAAAATCCCTCGLCCGLCCGLCGLCGLLCGLC
GCCGACGACGACGACATGGGCCCCACCACGGCCACCGACACCGGCGCGAGGATGAAGCCCACGACCGT
CGCGTCGGCGGTGCACCGCGTCCAGATGGCGCTCTACGACGGCGCCGCGGCGTCGAGGGAGCCGLCTGL
TCCGCGCGGCGGCCTCGCTGCTCTCGGGGCCGGACTACGCCGACGTCGTCACGGAGCGCTCCATCGCC
GACGCCTGCGGGTACCCGGCGTGCCCCAACCCGCTCCCCTCGGAGGACGCCCGCGGCAAGGCGGLGLC
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GCGGTTCCGCATCTCGCTCCGGGAGCACCGCGTGTACGACCTCGAGGAGGCCCGCAAGTTCTGCTICCG
AGCGCTGCCTCGTCGCCTCCGCCGCCTTCGGGGCGTCGCTCCCGCCCGACCGCCCCTTCGGCGTCTICG
CCCGACCGGCTCGACGCCCTCGTCGCGCTCTTCGAGGGCGGTGGTGGTGGTGGTGATGACGGTGGGTT
GGCGCTAGGGTTTGGGGCGAGCGGCGATGGGAAGGAGGTGGAAGAGGGGAGGAAGGTGGAGATCATGG
AGAAGGAGGCGGCTGGGACGGGGGAGGTGACGCTGCAGGAGTGGATTGGGCCGTCGGACGCCATCGAG
GGCTATGTGCCTCGCCGTGATCGCGTCGTTGGAGGTGAATCGCCTTTTGCTGACCTCTTCTATTTCTA
TTTGCATTGAGCATTGATTGGTTTITTCTGTITCAAATTATTTACTCGTTTGGTTTGATTGTGCTGCCAT
AGGTTAGTAGTACGATGAGTGAGGTTTATGGCGGTGGCATTICTCTGTITATCCTITTIGTGCTCAAATTAG
GTAGAGAAAAAACTTTGGAAGATAGAAAATGGAGGAATTTGTAGTGTTCGTAGTAAATTACTTTGAGT
ATCAACAATTGTTGTITGCTAGTAGCAGTTAGGAAAATTCTCTGTAACATGTACAACTACAACATTTIG
GTGAACTAGTTATAAACTCCTTGTIGTAAAATCTCCCTACCTGATTAGCAAATTAGTAGCATTTGTGTA
TGACTAGAAACAATCAACTAGGTAATAATTGAGAGCTATCAAATATGGTAAGGGACAGCTGAAGAATA
GACATAACCGTGGTGCCATATTTTTTGGTTGCAGTCATTCAAATTACAAGAGGACAACTAGGCAATTC
ACTCATTTTGTITTAGACCTACATATTIGTTGTTGATAAGGGACGCTAGAACGAAGATAGGAGATTGAGA
GAGTAATTAATTTTTGGAAGTACGTITACAGATTTTAATGGGAGGTAGTGACTICTTITTTTGAGAGATT
AGAGGGGTGAGAGATGAGCTGCTTACTTTGTCAATGAAAAGCGCTCAGGTTTTGTTCAATATTTCCCC
GAAGAAATACAAAAATCATGTCTTIGTAAGCATCATGIGTTGTICCTICTTITTCTCACTGCTCACGGAG
GTGCCTAAACTGCCTAACAAGGTGGCAAACTGGTCCCTAGTGCCTAAACACCAAGCCACCAAGGCAGT
GGTGGTTITGGTIGGGAGTGTGGTGGTACTTAGCTCCTACCTCCTAGGCACTGTTTGTITTTTCTTATATT
CAAATAATGTTCTAGAACTAGATGTGACAATGTTACAAGAGTAACAATAGTTTTACTTGCAGGCACAT
TTATATATATGAAAAGGATATGCTCATTCTTIGCTCTTTGTTCGACCTGTCTTAGTTTCGAACAATTGA
AGAAACAATGAGCTTGIGTTCTGTATTTCAGGGCCAAAAAAAGAGGCTAAACAGAACGATGCTTIGTAG
TGCTGAGCAGTCCAGTAATATTAATGTGGATTCTAGGAATGCTTCTTICTGGTGAATCCGGCATGGTTC
TTACTGAGAATACAAAAGCAAAGAAAAAGGAAGCAACCAAAACCCCATTGAAGATGTTCAAGCAGGAT
GAAGATAATGATATGTTGTICGTCTTGCATATCGGATTICCATTGTGAAGCAGCTGGAGGATGTAGTTICT
CGAAGAGAAAAAGGATAAGAAGAAAAATAAAGCAGCTAAAGGAACATCGAGGGTAGGTAAGAGTAAGC
CTGCAAAAAGACCAGTTGGGCGTGATGGACATGAAGTGGACTTTACAAGTACAATTATTATGGGTGAT
CGTGGTTCAGAAATGATGGATCATGGTGCTCTGGGTCAATATAATTTCTCAAGTTCTATATTAGCAAA
TGAGCAGCCTTCATCATCTCAATATGCAGCGATAGATTCAGTGCAAGCTTACACTGAAGAACTAGATG
AATTATTTAGTAATGCAGTTAACATTGCAAAAGACGAGACAAGTGATGATAGTGGTAGATGTACACTA
AGATCTTCATTGAAGGCTGTTGGATCCAAGAATGCAGGGCATTCTGTGAAATGGGCAGACGAGAATGG
AAGTGTGTTAGAGACAAGCAGAGCATTTGTAAGTCACTCCAGTAAATCTCAAGAAAGCATGGACAGTT
CAGTAAGGCGTGAATCTGCAGAAGCTTGTGCAGCTGCGCTTATTGAAGCAGCAGAAGCTATTTCATCT
GGCACATCGGAAGTAGAAGATGCAGGTGAACACTTATTCCTTAACCCTGTIGGTGCTTTGACATGCAGC
TTTTGTTTTTGATATGTATTAACCIGTGCCTTTTGGTAACAGTTTCAAAGGCAGGAATCATCATACTG
CCGGACATGGTTAACCAGCAACAGTACAATAATGATTATGACAATGACAAAGATGCAGGGGAAAATGA
AATATTTGAAATTGATAGGGGTGTTGTGAAGTGGCCGAAGAAGACTGTGCTTCTAGACACAGATATGT
TTGATGTCGATGATTCTTGGCATGATACACCACCAGAAGGCTTTAGTCTAACTGTAAGAATTCTTGAG
AAAAAATAAAGTAGCACTTCTICTITTTTITTTCCTITCTGGTTGAATTTGGCATGTCATGCCTTTTTTICC
TTTTCAGCTGTCCTCCTTCGCAACGATGTGGGCTGCATTATTTGGATGGGTATCCCGGTCCTCATTGG
CCTATGTGTATGGGCTTGATGAAAGTTCTATGGAAGATTTGTTGATTGCAGGTGGAAGAGAATGTCCT
CAGAAGAGAGTTTTAAATGATGGCCACTCATCTGAAATTAGAAGAGCTTTIGGATACTTGTIGTGTGTAA
TGCCCTGCCAGTTCTTGTATCAAACTTGAGGATGCAAATTCCAGTCTCAAAGTTGGAGATTACTCTGG
TATGGATAAAGCTAGTTGAACAAACTAATTAAAAAGTTAAAACATTTTTTAAAAGAAAAGAATAAGGA
CTCCGCAATTGGTTAGTGACCTAGTTGAACCTGGATATGTATTTACTGGCTAGTACATATAGTTTTTIC
AGCAGCGGCTGTGAAGAGGCTTTTCGTTGCATTTTIGTTCTGGTATCTAGACACCTTTGACTGAGATCA
ATCAAGCTACTAATATCTTGGTCAGTITTAACAATAATTTCTTAGTCATTTGGGGTTCTCTICTCATTICA
TAAGTGTGGGTGATGAGCTGCGCATATCTGGAAATAGATAAGACGAAGTGGAGGCTGTACGTTACAGT
TATTCTGAATTAGGGCCAGTCTICTTITTTTGTTGATTCTATTGAAGACAGCTTAACTGCTAGATGTTGC
CACCAAGAATTTTATTTGTTAGTTTGATTACAGTTTCAGTAATTAACATTTAGAGCTATAATTAGTGT
GCATCTAATGTGTITTTTCCCCTCCCCACTAGGGATACTTGTTGGACACGATGTICATTTGTTGATGCAC
TGCCTTCTCTGAGATCAAGGCAGTGGCAATTGATGGTTCTCGTGCTGCTTGATGCGCTCTCACTCCAT
CGGCTTCCTGCTICTTGCTCCAATAATGTCAGATTCGAAGCTTTTGCAGAAGGTGATGATGCCTTTCCC
TGCCTTTICTGCTATGCAAGTAGACGGATGCACATATTICTTTTTAAGAAATCTGATCTTTICTTICCCTTT
TGTGTIGCTGCAGCTTTTGAACTCGGCTCAGGTTAGCCGAGAGGAGTATGACTCCATGATTGATCTCCT
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CCTCCCTITTTGGAAGATCCACGCAGAGCCAGGCATCCCTGCCAAGTTAAACCTCAAGCAACACAAGTA
TCTAAATACATGTTTACACAGCGGAGTAAATAGAGAGAGGTTCTACATATCAGCGTCAGCTTGGCAGT
CTATTCGGATATACTATCATAATGGTGCCTICTTGCGTICTGGTTGTTTAGGTTTCGGAACACGTCTTGC
AAAATATCGGTTGCTCCCAGTTGCTTCAACTATCCCCTTITGCATTGGCGTCAGACGTACAAGCGGAGC
GGGCACTGATTCCTGTCATTCTCAGGAATTGTTAGCTTTAGTGAGGAGAGCAAAAGATAACTGCCTCC
AGAACAATTTGGTCCACTATGGACTTTTATCTICTCATTGCTAGCGCAGTTCAGAATTGTAGTGCATCT
TTGGGTTITTTTTTTTACCTICTTTTACCGGTGTGCAGTTTGTCAGGTTAGTACAGCCGAATTTGACCAG
CTAACAACCCACTCGTGAGTCCTAATAGGTGAGTGCTAGATATCAAGTGGTATAGTAAACCCAGTGTT
AGCATCTATAAAATTCTGAATTTTATGCCTGTCAATCTCGC

SEQ ID No: 29 RTR1 Zea mays , >ZM08G20550, Gene

GCTTGAACTCATTTGCAATTGCGAACGCTTICTTCTCCCAGTCCCAGCACGCCCAACCCCGTCGLCCGLC
TTCTCGAACCTTCCGAAGATGAGCCCCCCGGCCLCLCGGLCGLCGLGEGLEGLCEGCGEGCGCCGCGAACGGT
CGCCTCGGCGGTGCTCCGCGTCCAGATGGCGCTCCTCGACGGCGCCGCGGETGTCCAGCGAGGCCCTICA
TCCACGCGGCCGCCTCCGCGCTCCTICTCCCGCGCCGACTACGACGACGTCGTCACCGAGCGCACCATC
TCGGACGTCTGCGGCAACCCCGCGTGCCCCAACCCTCTCTCCTCCTCCTCCGCCGCCGCCACGGGGLC
CCGCTTCCACATCGCCCTCAGCGAGCACCGCGTCTACGACCTCGAGGAGGCGCGCAAGTTCTGCTCCG
AGCGCTGCCTCGTCGCCTCCAAGGCCTTGGCCGCCTCGCTCCCGCACGACCGGCCCTACGGGGTCCCG
CTCGACCGCCTCGCCGCGGTCGTCGCGCTCGTTGAGGGCGCCGCCGCAGGGGACGGGAGCGGGTTAGG
GTTCCAGGGACTGGATGGGAATGGGAAGGTGGAGGACGGGGGAAGGAAGGTGGAGATCAAGGAGAAGC
AGGTCGCCGGGGCTGGCGAGGTCTTGCTGCAGGACTGGGTTGGGCCCTCCGATGCCATTGAGGGTTAT
GTGCCGCGCCATGACCGCAGTGCTCATGGTGAGTATCCCATACTTTGTTTGCCCATGATTGCATTTTA
TTATTTTGTAAATATCAATTGATTGAATGACGGAAAGGCGAGAACAGAGCCCAATGGTGGTGTTAGTG
TCTTGTCGTAATGCTGAAATATTGCATGGAGATATGTTGCTTTAGACTTCAGTGTTGCAGTTTATGTA
TTTGGTCTTATATATTTCCATAGGTGTTTGCTCATGAATAACTTGGGTAGGTTGAATTGGTTTCCGGA
ATAAGATATGATTCTATGTTIGATATTIGTTACTTTTAAGTTTTTAACATGTAAATATAAGTAATCTTTA
CCTGIGGTTGTIGTCGCAATTAGTAGTTTATTTGCATCCTGCTAGTGCATCTAGTTAGCAACCTTTTTG
TATACATGAAGACTATTTGGGTGAAAGGAGCCAAACTTGACACCTACTTGCATATTITTICCATGTGATG
ATCGTGTCTATGGCGGTTGACGTGTGCAGCCTGCAGATGTTTIGTGTITATTGTTITAAGTGTIGTATGCTA
GTAGAAATTAAAGAAAAATAGAACAATAGAGGTTIGTITGCTCAATGGTTTTICTGACTATTACTCCTITTG
CACCATGATGTIGTTGAGGTCATTCACCCTTGGAGTTTTAGTCAGTACCCTTGATTTAGGGTCTGTTTG
GTTGGGCTGTGGCTGTGGAAAAAGTTGCTGTGGGCTGTGAGCTGTGGAAAAAGCTGCTATAGGCTGTG
TGCTGTTAAAAAGCTAAAAATCGTTTGGTGGAAACCACTAAAAGTCGTTAAAAGTTCTTTGATATATG
TTTTCACAGTTCCATCCAAAAGCCACTAAAAGCAGGTCCAGGGGTGCTTTCAGTTTTGCACTACGAGA
AAGTCGGCTTTTAGAAAAAGCTGCTTCGTGGATCCAGCCCTITTGGTTIGGCTTTTGGCTTTTAGGGGGC
AAAAGCCAAAGCCAAAAGCCAAACCAAACACACCCTTAGTATCTCTACTGCTGCATTTTGCACATCAT
AACTTTGCTACTGATGCAGTTCAGCCTGCACTTTIGCAGCACACTGACAATTTATAGGGTCCTGCCTIGC
AAGCATCTTGGGGTTGATATTGATTTAACACACCAATTTTTITAGTCACTGGTGTAAGTAAGAATGTTT
ACCAGAGTAACGGTAGTTTTITCTITGCATGCACATTTCTGTACATGAAAGGATCCTTATCTCCATTCTT
GCCCTTIGTITCGACTTGTICTTAAATTTTGAACAATTGAAGATACAGTGAGCTTATGTTICTGTTGTCAG
GACAAAAGCCACAGGTTCAGCAGAACGAAGGTGCTGGACCTGAACTGTCCAGAACTGAGAATGTGGAT
TATGGTGCTGCTGCTCCTGGTGAAGATGGCATGACAAGTTCACCTTCATTGGTTAAAACACACGTGAG
CTCCGAAGTAATAGTTGAGAGAATGGGCAGCCTGGTTCTTGGTGAGAATACAAGGACGCCTAGAAAGA
AGAAAACTAAAACTCCATCAAAGATGTTAGAGCAAGAGGAAGATAACAGTATGCTGTCATCTTGCATA
TCTGATTCCATTGCCAAGCAGCTTGAGGATGTAGTTTTGGAAGAGAGAAAAGGCAGTCAGAAAAATAA
AATGAGTAAAGCATCATCAAGAGCACAGAAGGGTAAGTCTACAAAAAGGCCTGCTTCGACAAACATGG
AGGAAAATGCTATGAATCAGTATAACTACTTGTICAAGTTCTIGTATTIGGTAGACAATCACCCCTCATCA
TCTCAATCTTCAGAAAAAGATTCAACACAGGCTTACTCTGAACAACTGTGTGAAGAATTCAGTGAAGC
AGTGAACATTGGAAATGATGAGACAAGTGATGAAAAGATGAGACCTGCATGGAAGTCTTCGTTGAAAG
TTGCCGGGTCTAAGAGCAGTAGGCAGTCTGTTACATGGGCAGATGAGAATGGAAGTGTCCTAGAAACA
AGCAAAGCATATGAAAGCCCTTCAAGTAGTATAAAACGACCTGAGGAAGGCATAGACAATTCACTAAG
GCGTGCATCTGCTGAAGCGTGTGCTGCAGCACTTGTTGAGGCAGCAGAAGCTATTTCTTICAGGCACAG
CAGAAGCAGAAGATGCAGGTGAGCATGTATTCATTATGTTCCCACGGCTGCTATTCTTTGAGGCTAAC
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AACTTTTGTTATTAAATGATACTGACGTAAGCCTICTCTAACGTCAGTITTCAAATGCTGGAATCATCAT
TCTGCCTGACATGCTTAACCAGCAAGAACATGACAATGGCAAAAACAGTGGCGGAGATGATGACCCTG
AGATAGATAGGGATGTTATCAAGTGGCCTAAGAAACCTGTACTTCTGGATACAGACTTGTTTGAAGTT
GATGATTCTTGGCATGACATGCCTCCAGAAGGTTTTAGTCTAACTGTAAGTATTATTAAGAAGGGAAA
AAAGAGAGGAGAAATTCCAGTITTITGCTITTTAATTCGGTCTCAGCACGATGTACATTTCTITTTCAGCTG
TCTGCTTTCGGGACGATGTGGGCCGCGCTATTCGGATGGATATCCAGTTCGTCTTTGGCCTATGTGTA
TGGGCTTGAAAGGGGTTCAGTGGAGGAGTTGTTGATTGCCAATGGGAGGGAATGTCCTGAGAAGACAG
TTCTGAAGGATGGGCTCTCATTGGAGATTAGAAGAGCTCTAGATTICTTGCGTTTGTAACGCCGTGCCA
GTACTCATATCAAACTTGAGGTTGCAGATACCGGTTTCAAAACTGGAGATTACTCTIGGTACGTIGTCAA
CTITTACCAAGCAGATAATAATATCGTACCTITITTITTAAAATAAGGCTGCTATAGGTTTAGCTTIGATGCT
GGTGGCTGACAGTTATATCGGCGGTAACACATGATGAAACTACACCGTGTICTGTACCAGGGCTACTTG
ATTGACACAATGTCGTTTGTITGACGCCCTGCCTICTCTGCGATCGAGGCAGTGGCAGGCTGTGGTICT
GGTAATGCTTGACGCGCTCTCTGTGCACCAGCTTCCCGCCCTTGCTCCAGTCTTTTCGAATTCGAAGC
TTGTGCAAAAGGCGAGTGACCAGTTTTTTTGTGGTTAGTTGAATAATATATGTATATCTTATTITTGCT
TTGGTGACATCTGAATTTGTTTCCCCATCAATGTGCGATGCAGATGTTGAACGCTGCTCAGGTTAGCA
GAGAGGAGTATGACTCCATGGTGGACCTGTITTCTACCGTTTGGAAGATCCGTCCAGGCGATCACGCCC
ATGTAAACGAGAAGCCGTGTGAATCTGCATTCCGGAAGCTGCGTGAATCGTAGGGTCTGATCTGATAT
TTAGTTTTACACAAGTCGCTGTCTAGAACGAGCCATGTATGTATGATTGATTGGTTATCTATTGAGCA
AGATGCGCTCTGGCAATTTGTGGAAGCTGAAATACTTGCGACCATGACGCCTGCCTGTCAGTTTGCGA
TATTCTTTCAGGTTGTGAGAAATTGATTTGCTGTCGTTCTCAGCTATTGTTAGCTTTATGCCCTICTTT
GAACTCCTAGAGCTAATAGTTAGCCAGCTAAACAGCCGAGCTAGCTAATAAACTAACTAAGCTAACTA
ATAAACTAATTATTAGTTGTGAGTTAGCTAACAATTAACTGGACTATTAGCCTTGGATCTGAACTTTT
CCCCCTICTGCTCCTGTITTATCCCTGCGTTTTTACTTATATACAACGGGCAGTTTCACGTAATTACATG
GGCAGTTTCACGTAATTACATGACATTTTTGGCATTGTGTAGAACTCATAAAGCTAACGCTAATAGAG
TGTGTTTIGGTTIGGTTTGGTTTTAGCTTTTGACAATTAAAATTCAAAAGCTAAACCAGAGGGTTCGAT
CCAGTAAACATTTTTTTICTCTAAAAATCGACTTTCTICATAGCACAAGACAGACTGAAAGCATCTICTT
CACCTATTTTTAACGGCTTITTGGATGAAACTGTGAAAATATATATGGAAGAAATTTTAGCATCTTTITA
TTGGCTTCCACCAAACCGATTTTTITITIGTTGCTTTTTTTACATTTCATAGCCCACATTAGTTTTTTATA
GCTCACAGCACACAACAACTTTTTITCATAGCCACAACCCAAACTAAACACACCATAGTTAGCTAGCTA
ATAATTTGTTAGCTTGAATAACCTAATTAACTGTTAGCTAGGATCTACTAATTTTTTATAGTACCTTG
CTAAAAGTAAATGGATTTCACACTCCAAACATAACACAAACAACACCAGTICTATTAAAAAACATATAA
AA

SEQ ID No: 30 RTR1 Glycine max, >GM02G34860, Gene

TTCAAGCTATTTIGGTTCTGAAGCTTITTGTTCAATGGCAAAGGACAAGCCTGTTTCTIGTCAAAGATGCC
GTCTTCAAATTGCAAATGTCACTCCTTGAAGGCATTCAAAATGAAGACCAGCTGTTTIGCTGCCGGGTC
TTTGATGTCAAGGAGTGACTACGAAGACATTIGTAACCGAACGATCCATCACAAACATGTGTGGTTATC
CACTCTGCAGCAATGCTTTGCCATCCGATCGCCCGCGGAAGGGTAGATATAGGATTTCACTGAAGGAG
CACAAGGTCTATGACCTACAAGAGACTTACATGTTTITIGTITCTTCAAATTGTICTTGTTAGCAGCAAAAC
TTTTGCTGGGAGCTTGCAAGCTGAGAGATGCTCTGGTTTAGACCTGGAGAAACTAAACAATGTTICTTA
GCTTGTTTGAGAATTTGAATCTGGAACCGGTGGAGACTTTGCAAAAGAATGGAGATTTAGGTTTGTICT
GATTTGAAAATCCAGGAGAAAACAGAAAGAAGCAGTGGGGAGGTGTCTTTGGAGCAGTGGGCTGGACC
TTCAAATGCAATTGAGGGATATGTACCAAAACCAAGAAACCGTGATTICTAAGGGTTTGCGGAAAAATG
TTAAAAAAGGTGAGGATTTTTTTGGGTTTTCTAGACAATTGTGAGAAACTAATCAGTTAGCCATATGC
GATTTICTITGCTTAAGAGTGTCCTTITITATTATCATGTTTAATGTTAGGCCTATGGATGTTTATGGCATG
ACTGTGAAGTCTGAGGCTGAGGCTTAATTTATGTGAAATGGAATACTATAATTACTATTTICTTATCCT
TTTTTCICTATCCAATCAAGTGAGCTTTGATTCTGCATTGCAGGGTCCAAAACTGGTCATGGCAAGTC
AATTAGTGACATAAATTTAATTAACAGTGAGATGGGCTTTIGTGAGTACTATAATTATGCAAGATGAGT
ATAGTGTTTCAAAAGTACCGCCAGGTCAAATGGATGCAACTGCTAATCATCAAATTAAACCAACAGCT
ACAGTCAAGCAGCCAGAAAAGGTTGATGCTGAAGTGGTCAGGAAAGATGATGATAGCATTCAAGATTT
GTICTTCATCTTTTAAGAGCAGTTTAATTTTAAGCACCTCAGAAAAAGAGGAGGAAGTAACTAAATCAT
GTGAAGCTGTGCTCAAATTCTCCCCCGGTTGTGCTATTCAAAAGAAAGATGTTCATTCAATCTCCATA
TCAGAAAGACAATGTGATGTGGAACAGAATGATTCTGCTAGGAAATCTGTACAAGTCAAAGGGAAAAC
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GAGTAGAGTTATTGCTAATGATGATGCTTCCACTTCCAATTTAGATCCTGCCAATGTTGAAGAGAAAT
TCCAAGTGGAAAAAGCAGGTGGATCATTAAAGACTAAACCCAGATCTTCCCTTAAATCTGCTGGTGAA
AAGAAATTTAGTCGCACTGITACTTGGGCGGATGAGAAAATCAACAGCACTGGGAGTAAAGATCTTTG
TGAGTTTAAAGAATTTGGAGATATTAAAAAAGAATCTGACTCAGTAGGAAATAATATAGATGTTGCCA
ATGATGAAGATATATTACGTCGTIGCGTCAGCAGAAGCTTIGTGCTATTGCATTGAGCTCAGCATCAGAA
GCAGTTGCCTCTGGAGACTCGGATGTCAGTGATGCTGGTAATTACTGTTTICTITTACGAGTTTITCTAT
TTAAATTAATTGGTCTGTAAAAGTTITTICTCGCCTATGAATGAAACTTGTGCAGTTTICTGAAGCTGGAA
TCACTATATTGCCACCTCCACATGATGCTGCTGAGGAAGGTACTGTGGAGGATGCTGATATACTACAA
AATGATTCAGTTACTCTGAAATGGCCAAGAAAGACTGGAATTTCTGAAGCTGATTTCTTTGAATCTGA
TGACTCATGGTITTGATGCTCCACCAGAGGGTTTCAGTTTGACTGTAAGTTTAGTGAAAATTTTAGAAA
CATTCAAAGCTGTATTAATTTCCACAGTATATTCTATGGCATAACTTGTGCTTTCTTTCTTICCTTTC
TTTTTTTTTATAATTTTTTIGTTTGTTTGTGTIGTGTAACTTTATTTCAGTTGTCACCTTTTGCAACTAT
GTGGAATACCCTCTTTITCATGGACAACATCATCTTCTTTGGCATATATATATGGGAGGGATGAAAGTT
TTCATGAAGAATATCTATCAGTTAATGGCAGAGAATATCCTTGCAAAGTTGTCTTGGCAGATGGTCGC
TCATCTGAAATAAAACAAACTTTAGCCAGTTGTCTTGCTCGAGCTTTACCTGCGCTTGTTGCTGTGCT
CCGGCTGCCAATACCAGTATCTATCATGGAGCAAGGGATGGTAGGATCTTGGAGTTATCTATTTTTGT
AGTTTATTTTGTAGTATAGTTGTCCCAAACTAAGAGTCATTACAGATTTATTATACTTCAGCAGGCAT
GGTCIGGTTTGTITTTACACCATTICATTGGGACTTAAAGGAAAATCATTTAATATAAGCATATGCATGT
TAATTTTTGTGAGAAATAGATATGGATCCATTGCTTGAAATAAGAGACACGTGGAAATTAAAATATTT
GAGCCTGTAGGATAAATACTTCATGCTATTGAAAAGAAAAGAAATAGAATTTGGGGAGAGGGGGTGGG
GTGCTGCTGAGCCCCTTGTATCCGTICCCTGCCTGCATAGTCCTTIGCTATTTAAATTCCTTAATCATTA
TGTGGTTCGATTCAGGGAAAATCTGCAATAATTGCAAGATACCTAGTTGCATTGGTCTAAGCACTTAA
ACAAACTAATAGTGACTTICTTITTITGCTGGAAGCAAATACTAAAATGATTTCTCCATGTTACATTGATT
TAGCATCTGCAACACATTAACTGCTTTTIGGTITGACAATTAGGAGGATTCTTGGGTTTTAAAATTATGC
CTTATTGTCTGAGAAGACAATATAATTTTTGAGAATCAGTTTAGAAATCAGTGAAAGTAGGGGAGTCT
TGGCACAGGGGTTTCAAGCAATGGCATCAGCTTCTTIGCAGAGACAATGCTGGTTACTACTTCCTACAC
ATATTGGGTCCTACCCTTCCCTGACCCAACACATAGCTTTATAGCACAAGGTTCCCTATTITTTAAAGT
TTAGAAATTTCTAAATTCATGAGTTTTAGGCTATAAGTTGCAGATGGATTTAATCTTCATATCTGTAT
TGAAAAATTCTTTAATATATCCATTTACTIGGTGCATGGATGGGTTATATGTTAATTCTCGTGACTTT
CTATTAGGCATGCTTGCTGGAGACAATGTCATTTGTGGACGCACTTCCAGCTTTCAGAACAAAACAAT
GGCAAGTGGTTGCTCTTTTGTTCATTGATGCATTGTCCGTATGTAGATTACCTGCTCTTATCTCATAC
ATGACGGATAGGAGGGCTTCATTITCATAGGGTGAGAACCTTTTGTITTATATCATACTAATTTATTATT
TTATATACATGATGGATAGGAGGAATCTGTTTGCGGTGCATGAAGCATTATATAATGATGTTGGGTTG
TATATATATTCAGGCAAAAAAAGCATAATCCCATATTATGGCTCTGATCTITTTGGTTAGGGTAGTTCA
GTTAACATCTGATATCTCCATTATTITCAATTIGCTAAAATTTTGGTTACTTITTCATCTGCATTTCCTTT
ATAAATGTTTTGTTGCCCAATTCTTGATCAAATGGGAGCTTAACAACATAAATCCCACACAACTTAGC
TACAATGTGCTTAATGTTIGTTCCCCTTCTATAGCTTTAGACTCGATGGCCTTATTTITATGATTCTATA
GTTTAGTTCATCTAGTGTIGGTTCTCCACTICTCCTACCATGGCTGTGGACTTTAAATTCTTGTTTGGT
TTTCCATCATGTATTTTCATGCTAATTTTGTTTGAAGTCAGCTAAACCACAAGTCGTGCACATAGATT
GCCATAGGCACAAATTTATGGCACGTGGACATGGAACCCAACTTGGAAATTTTTTTCTTCTAATTTGA
TTCCCTACATATGTGTGTTGGGGTTGCAACAATTTTGATATGACAGCTGGAATATGGAGGTTAATGAT
ATATCTTATTIGTTTTGTITGTTITTATCTCCTIGTITATGTCAGATTTTGATGTTATAATTTTCACTCTTICT
TTTGAACCTGTTAACCATTIGTTCIGGTATTGATTTGGCGAAACAGGTTTTGAGTGGTTCTCAAATACG
TATGGAAGAGTATGAGGTTTTGAAGGATCTTIGTAGTACCACTGGGCCGAGCACCTCATATCTICTTCCC
AAAGTGGGGCATGACAACAAATAAATGTTGGACTTCACCAACGATGAGCGCAATATTATATGCTCTAA
TGCTAGCTAGCGAGTGATAAATGCAAATTGATATTCAAAATAGACATTGTTICTAAAATATTGICTTCC
TGTTAAATGGCAGTTTGTATGTTTTTATTTITATTTTATGCCAAGCAGTCTGTAGAAGGTTCTGAAGAT
GTCTATTGGATTACTAATCTTAGAGGTGCATGTCAGGATGGTTAATACAGAACAAATATCTTCCCGAT
TATAAGATTGATTTTACAGATTTAATTT

SEQ ID No: 31 RTR1 Glycine max, >GM10G10540, Gene

GCTGAAAGGAAAATAGAGGTTTICTCTTTCAAGTTTCACCTCCTCACCACCGCCAAGCTTCGTCTCCGA
GAATGTCACCATCGCACACTTTITTTIGTTTCCAAGCACAGCACCGATGATATTAGCAACCAAACCCTAA
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TCGTGTCCACGCTTTCTTTCTTCTTTCCTGGCACACTTTCTCCCTICTCCACTTTCAGCACACACTTTT
TCGTTTTCTGGTAAGTCCTAATTTAGAGAACTGTGTGATGGATTTGAAATTAGGGTTAATGAAAGTGC
ATTTCTTCTGTCCAAATTAGGGTTATCATGGAACCTAATTTTACGGTCTAAATGCGTTAACGTTCAAG
GACGACTACGAATGTGATTATTGTAATATATAATCATCAATGCAATTACTTITTATCTTTCATGTGCTT
TAATAATAGAATTATGATTGTIGTICTITGTGACTCTGAAATTTTGTTGGGTTGAACTGTTGAAGCTATTC
TTATTGTGGTGTACTTTGTGCATGATGCAGTTCTAGTTATTITGGTTCTGAAGCTTTTGTTTCAATGGA
AAAGGACAAGCCTGTITTICTGTCAAAGATGCTGTTTTCAAATTGCAAATGTCGCTCCTTGAAGGCATTC
AAAATGAAGACCAGCTGTTTIGCTGCTGGGTCTCTGATGTCAAGGAGTGACTACGAAGACATTGTAACC
GAACGATCCATTACAAACGTGTGIGGTTATCCGCTCTGCAGCAATGCTTTIGCCATCCGATCGCCCACG
GAAGGGTAGATACCGGATTTCACTGAAGGAGCACAAGGTCTATGACTTACACGAGACTTACATGTTTT
GTTGTITCAAATTGTGTTGTTAGCAGCAAAGCTTTTGCTGGGAGCTTGCAAGCAGAGAGATGCTCAGGT
TTAGACCTGGAAAAACTAAACAATATTCTTAGCTTGTTTGAGAATTTGAATCTGGAACCAGCGGAGAA
TTTGCAAAAGAATGAAGATTTCGGTTTGTCTGATTTGAAAATCCAGGAGAAGACAGAAACAAGCAGTG
GGGAGGTGTICTTTAGAGCAGTGGGCTGGACCTTCAAATGCAATTGAGGGTTATGTACCAAAACCAAGA
GACCATGATTCTAAGGGTTTGCGGAAAAATGTTAAAAAAGGTGAGGATTTTITTITTTTIGGGTGTTCTAG
AGTCTAGACAATTGTGAGAAACTATAGATAAATAGATAGCCTTATGCAATTTCTTGCTTAAGAGTGTIC
CIGTTTATTATCATGTTTAATGTTAAGCCTATGGATGATTGTGGCGTGACTGTGAAGTCTGAAGCTGA
GGCTTAATTTATGTGAAATGGCATACTATAATTACTGTTTCTTATCCTTTITCCACTATCCAACCAAGT
GAGCTTTGATTICTIGCATTGCAGGGTCCAAAGCTGGTCATGGCAAGCCAATTAGTGACATAAATTTAAT
TAGCAGTGAGATGGGCTTTGTGAGTACTATAATTATGCAAGATGGGTATAGTGTTTCAAAAGTACTGC
CAGGTCAAAGAGACGCAACCGCTCATCATCAAATTAAACCAACAGCTATAGTCAAGCAGTTAGGAAAG
GTTGATGCTAAAGTGGTCAGGAAAGATGATGGTAGCATTCAAGATTTGTCTTCATCTTTTAAGAGCAG
TTTAATTTTAGGTACCTCAGAAAAAGAGGAGGAATTAGCCCAATCATGTGAAGCTGCGCTCAAATCCT
CTCCCGATTIGTGCTATTAAAAAGAAAGATGTTTATTCCGTICTCCATATCAGAAAGACAATGTGATGTG
GAACAGAATGATTCTGCTAAGAAATCTGTACAAGTCAAAGGGAAAATGAGTAGAGTTACTGCTAATGA
TGATGCTTCCACTTCCAATTTAGATCCTGCCAATGTTGAAGAGAAATTCCAAGTGGAAAAAGCAGGTG
GATCATTAAACACTAAACCCAAATCTTCCCTITAAATCTGCAGGTGAAAAGAAACTTAGTCGCACTGTT
ACTTGGGCAGATAAGAAAATCAACAGCACTGGGAGTAAAGATCTTIGTGGGTTTAAAAATTTTGGAGA
TATTAGAAATGAATCTGACTCAGCAGGAAATAGTATAGATGTTGCCAATGATGAAGATACATTACGTC
GCGCGTCAGCAGAAGCTTGTGTTATTGCATTGAGCTCAGCATCAGAAGCAGTTGCTTCTGGAGACTCG
GATGTCAGTGATGCTGGTATAATTACTGTTTICTCTTACAAGTTTTCTATTTAAATTGATTGGTTTGTA
AAAGGTTTTTTCGCCTATGAATGAAACTTGTGCAGTTTCTGAAGCTGGAATCATTATATTGCCACCAC
CACATGATGCTGGTGAGGAAGGTACTCTGGAGGATGTTGATATACTACAAAATGATTCAGTTACTGTG
AAATGGCCTAGAAAGCCTGGAATTTCTGAAGCTGATTTCTTITGAATCTGATGACTCATGGTTTGATGC
TGCACCAGAGGGTTTCAGTTTAACTGTAAGTTTAGTGAAAATTTTAGAAACATTCAAACCTGTATTAT
TTTTCAGTATATTCTATGGCATAACTTTAAACTTGTIGCTTTTTICTITTTCTTTCTTTITTTTAATTTTTT
TGTTIGITTGITIGTITTIGTIGTGTGTIGTAACTTTCTTTCAGTTGTCACCTTITTGCAACTATGTGGAATA
CCCTCTTITTCTTGGATAACATCATCTTCTTTIGGCATATATATATGGGAGGGATGAAAGTTTTCAAGAA
GAATATCTATCAGTTAATGGCAGAGAATATCCCTGCAAAGTTGTICTTGGCAGATGGTCGCTCATCTGA
AATAAAACAAACTTTAGCCAGTTIGTCTTGCTCGAGCTTTACCTACACTTGTTGCTGTGCTCCGGCTGC
CAATACCAGTATCTACCATGGAGCAAGGGATGGTAGGATCTTGGAGTTATCAGTTTTGTAGTTTATGT
TGTAGTATAGTTGTCCCAAATTAAGTCATCAGAGATTTATTATACTTCACCAGGCATGGTGGGACTTC
TCTCATATGTTCATAAGCTCCCCTTICCCACAAAACATGCACATAGTCACACATATTICACAAAATATGA
GATTGATAAATTTGATGTTAAAAATGAACTTTCAAACAGTGGTAAAGGAAAATCAGTTAATATAAGCA
TATGAATGCTACTTTTTGTGAGAATAGAGATGGATCCATTGCTTGAAATAAGAGACACATGGAAATTA
AAATATTAAGCCTGTAGGATAAATACTTTTTATTIGATTGAAAATAAAAGAAATCGAATGGGAATTCCC
CCCCCCCCCCCCCAGAGTAGATCCIGCCTGCATAATCCTTATTATTTCAATTCCTTGATTGTCATGTG
GTTCAATTCAGGGAAAATCTGCAAGAATTGCAAGATCTAGTTGCAAAATTATGCCTTATTGTCCGAGA
AGACAAAATATGTTTTCTGAGAATCAGTTTAGAAATTTGTGAAAGTAGGGGAGTCTTGGCACAGGGGT
TTCAAGCAATGGCATCAGCCCCTTGCAAAGACAATACTGGCTACTATACTTCCCACACATATTGGGTC
CTATGCTTCCCTGACCCAGCACATAGCTTTATAGCACAAGGTTCCCTATTTTTAGAAGTTCAGAAATT
TGTAAATTCATGAGTTTTTAGGCTATAAGTTIGCAGATAGATTTAATCTTCATATCTTTATTGAAAATT
CTTTAATATATCCAATTACTTGGTICTGTGGATGGGTTATATGTTAATTCTICGTGACTTTCTATTAGGC
ATGCTTGCTGGAGACAATGTICATTTGTGGACGCACTTCCAGCTTTCAGAACAAAACAATGGCAAGTGG
TTGCTICTITTTGTITTATTGATGCATTIGTCCGTATGTAGATTACCTGCTCTTATCTCATACATGACGGAT
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AGGAGGGCTTCATTTCACAGGGTGAGAACCTTTGTTTATATCATACTGATTITATTATTTTATTTACAT
GATGGATAGAAGGAAACTGTTTGCTIGTGCATGAAGCATTATATAATGATGTTGGGTTGTATATAGATC
GATGCATTCCCTTATTACGGCACATGATCTTTTGGTTGGGGTAGTTCAGTTAACATCTGATATCTCCG
TTATTTCAATTGCTAAAATTTTGGTTACTTTTCATCTGCATTTCCTTITATAAATGTTGTCGCCTGATT
CTTGGTCCAAATGGGAGCTTAACAACATAAATCCCACACAACTTAGCTACCATGTGCTTAATGTTGTT
CTCCTICTATAGCTTTAGACTCGATGGCCTCATCTTATAGTTTAGTTCATCTAGTGTGGTTCTGCACT
TCTACCATGGCTGTGGACTTGAAATTCTTGTITTIGGTITTTCCATCTTGTATTTTCATGCTAAATTTATT
TGAATGCAGCTAGACCACAAGTCGTGCACATAGATTGCCATGGCACAAATTTATGGCACGCGGACACT
GAACCCAACTTIGGAAATTTTTTCCITCTAATTTGATTCCCTACATATATGTGTGTGTITGGGGTTGCAA
AAATTCCGATGACAGCTGGAATATGGAAGTTCATGATATATCTTATTIGTTTITGTTIGTITTITATCTCCTA
TGTCATGTCAGATTTTGATGTTCACTCTACTTTTAAATTTGTTAACCATTIGTTICTGTITATTGATTTGG
TGAAACAGGTTTTGAGTGGTTCTCAAATAGGTATGGAAGAATATGAGGTTTTGAAGGATCTTGCAGTG
CCACTGGGCCGAGCACCTCACATCTICTGCCCAAAGTGGGGCATGACAACAAATAGTGCATTTTITTTTT
TATTTGGGGAAAATTTACCTGTCAAGCATTGGAGTGCTTGTTTATAAACATAAAAAATATGCAATGAC
AATTATGCTAGGCCTCTAGCAACACGGGAACCAGATTTCTATATTICTCTAATGCTAGCTAGAGAGTGA
TGAATGCAAAATTGATATTCAAAATAGACATAGTTCTAAAATATTGTCTTCCAGTTAAATAGCAGTTT
GTATTTTTTTTAAAA

SEg ID No. 48 MINIYO promoter

TCATTTACCAAGTTTACAAAGATTATGGTCCAAGTCCTAAAACTGAATGAACATCACATACCCGTICTC
TTGAGTGATTTAATCATGTTCTTCATTGCACTAAAGCGACAACTTITTGGTTCAAATATAGACTATGAC
TATATGGTTTGTTTTGCACAGGATTAAAGTTGATGTTCCAATTTITATAATTAAAAAGTCAGAAAGGGG
TTTTICTIGTITATTTTTTACTTGTTICTTATAAGCTATCGGGACGACACGGAGTTTTAAAGAGTTTTICCG
TTTTGCTGAGCGGAGGCGAGAGAGGGTTTAGAGTGATGGAGCAAAGTAGCGGGAGAGTCAATCCGGAA
CAGCCGAACAACGTCTTGGCGAGCCTTGTCGGGAGCATCGTGGAGAAAGGAATATCGGAGAATAAGCC
TCCAAGCAAGCCGCTTCCCCCAAGGCCCTCCCTTICTTTCCTTCCCCGTCGCTCGTCATCGTTCTCACG
GACCCGTAAGCCAATCCAATCCTCTAGTGCGTGCTTTTTAGGTTTCCATCTTCCTTTTGTTGCCTTICT
TCTAGATTTTAAGCACCTTICTACTGTTGTTTAGTACTTGGGACTCCACAATTTITTCACCGTGCCTGAC
CTTGTAATTCAGCTTTCTGAGACATCTAATTITTTGTITICTCATGTTTGATTITTGTAGCATTTGGCTC

SEQ ID No. 49 AtRTR1 promoter

TGAATCATTTCTCAAAAAGAAAATGGGAAAAATGTCATTCAAATAATCAGTTTACCATTTTCGTTGGT
TTTAAACATAAATTTTGGACCTGGTGATTTAAATCCTCAATATTATGTTGACTTTCAGTTTAAACACA
AATTTTCATTGATTAAGAGACATCGTTAGAAATTCCCTAGATCACATACCCTTITATCCCAAAACCGAA
AACCGATTTTTGGATTCCCICTTCTTCTTCGAATTCGAAGTAATCTCTTGTCTGGAGGTTGACTGATG
GCGTAAAAAAAGAAGAATTTGTATCTCAATTAGTTTAGTTTACAAGAACTCGTGATTAAATTGAAAGT
CAAAATAAAAATGAGAATTTAAATTACCAAATCAAGAGTTTITCATATTTTAAATGGTAAACTGATGAC
ATTTTCCCTGTTGAACAATATTGGCCCATAATGTAACCCAATTACTCGGCCCAATTACGTGAACCGCC
TTTCACCTGGCTTAAGGAATAAGTAAGGACCATTCATGATCTCATCACTTTTAGCTTITCTGGCTTCTC
TGCTTAAGCTCICTCGAGTICTGCCTICAAGTGTTTTTGGGGGAAATTGATTTCGTTGAGAAAAACCCTA
AATTCCGAACTTGAAGCAATTTTTCAATTTCGTTTGCAGAAAAATGGCAAAGGATAATGAAGCAATCG
CCATTAACGATGCGGTTCACAAGCTTCAGCTICTATATGCTCGAAAATACCACTGATCAGAACCAGCTC
TTCGCGGCGAGGAAGTTAATGTCTCGATCAGATTACGAAGATGTCGTCACTGAACGAGCAATCGCTAA
GCTCTIGTGGTTATACTCTTTGCCAGAGATTTCTCCCTTCCGATGTTCTAGAAGAGGGAAGTATCGGAT
TTCGTTGAAGGACCATAAGGTTTACGATTTACAGGAGACGAGCAAGTTTTIGCTCCGCTGGTTGTTTAA
TTGATAGCAAAACGTTTTCGGGGAGTTTGCAAGAGGCTCGTACATTIGGAGTTTGATTCGGTGAAGTTG
AATGAGATTTTGGATTTIGTTTIGGTGATTCTTTGGAAGTGAAAGGTTCTTTGGATGTGAATAAGGATTT
GGATTTGTCTAAGCTTATGATTAAGGAGAATTTTGGAGTTAGAGGTGAAGAATTGTCTTTAGAGAAGT
GGATGGGTCCTTICTAATGCTGTTGAAGGTTATGTTCCTTTTGATCGAAGCAAATCAAGTAATGGTAAG
TTCGATGATGAACTATGGTGTGAGCAAAAAATTTCAGTTAACAAATGTTTTATCGATGTGTAATAATT
AAGTTTGGTTTTGGCAGATTCCAAGGCTACTACTCAAAGTAATCAAGAGAAGCATGAGATGGATTTICA
CTAGCACAGTAATTATGCCTGATGTTAATAGTGTTTCAAAGCTTCCACCGCAAACCAAGCAAGCTTICT
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ACTGTTGTGGAATCTIGTTGATGGCAAAGGGAAAACAGTTCTGAAAGAGCAAACTGTAGTTCCTCCCAC
CAAAAAAGTTTCGAGTAAGCATTAAGGAGTTTTTAAGAGTAATAGGCCTTATGACCAACATATCTICTA
AGAAATGTAGCTGTATATGTITATTTAGTCTTGCTTAAAGGTATTTGGATGGTATCATGAATGTTTTGA
TTTATTCGTCGGAGAGACAGATCTTITTGGTGGTTATTAGGCCATTTCTACTGATGGGTGAAGCAATAA
ATGTCGTITGTICCTTGCICTCTIGTITTATCTGAGTICTTAATGAATTCTAATGTGTGTCTGCAGGATTTCG
TCGTGAGAAAGAAAAGGAGAAGAAGACTTTCGGGGTTGATGGGATGGGTTGTGCCCAGGAAAAAACTA
CAGTTCTICCCCAGAAAAATATTGAGTAAGCACTTAGGAAGCTGTGAAGATAGTTAGGCCTTACTTTCA
AGATATCTICTTAAAATAATCTIGTATATGTTACGTTTTITTTICATTTIGCTGTATTCATTTGGTATCTICG
AATGAGATTCTTTATTCCTIGGGTCTCTAAGTTGTTCTAATGATTGTITAGGCAGTITTTTGTGCCTGTG
TGACTCIGTTTATCTGTICTAACATATGCAGGTTTTTGTAATGAAATAGAGAAGGATT
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CLAIMS

1. An isolated nucleic acid segquence comprising a nucleotide
sequence encoding for an amino acid sequence of SEQ ID NO: 5

or an orthologue thereof.

2. An isolated nucleic acid sequence according to claim 1
wherein said orthologue is at least 30% identical to SEQ ID
NO: 5.

3. An isolated nucleic acid sequence according to claim 1 or 2

wherein said nucleic acid sequence is SEQ ID No. 1.

4. An isolated nucleic acid seguence comprising a nucleotide
sequence encoding for amino acid sequence of SEQ ID NO: 11 or

an orthologue thereof.

5. An isolated nucleic acid sequence according to claim 4
wherein said orthologue is at least 30% identical to SEQ 1ID
NO: 11.

6. An isolated nucleic acid sequence according to claim 4 or 5

wherein said nucleic acid sequence is SEQ ID No. 8.

7. An expression vector comprising the isolated nucleic acid
sequence as defined in any of claims 1 to 6 characterised in
that expression of the nucleic acid sequence 1s under the

control of a promoter sequence.

8. A host <cell which comprises the expression vector

defined in claim 7.

9. A transgenic plant wherein the activity of a MINIYO and/or

RTR1 polypeptide is inactivated, repressed or down-regulated.

10. A transgenic plant wherein the expression of a gene
encoding a MINIYO and/or RTR1 polypeptide is inactivated,

repressed or down-regulated.
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11. A transgenic plant according to any of claims 9 or 10
wherein said MINIYO protein 1is at least 30% identical to the
sequences coded by SEQ ID NO:1.

12. A transgenic plant according to claim 11 wherein said
MINIYO protein comprises SEQ ID No. 5.

13. A transgenic plant according to any of claims 9 to 12
wherein said RTR1 protein is at least 30% identical to the
sequences coded by SEQ ID NO:8.

14. A transgenic plant according to claim 13 wherein said RTR1

protein comprises SEQ ID No. 11.

15. A transgenic plant according to any of claims 9 to 14
characterised in that in comparison with the wild phenotype
plant said plant has a reduction of between 50% and 100% in
the expression of an amino acid sequence of the MINIYO and/or

RTR1 protein.

16. A transgenic plant according to any of claims 9 to 15
wherein the endogenous MINIYO and/or RTR1 gene carries a

functional mutation.

17. A transgenic plant according to any of claims 9 to 16
wherein said plant expresses a transgene sald transgene
comprising a modified MINIYO and/or or RTR1 nucleic acid

sequence when compared to a wild type sequence.

18. A transgenic plant according to claim 17 wherein said
modification in the MINIYO nucleic acid results 1in a
polypeptide that has a substitution of the second conserved G
in the RGG motif.

19. A transgenic plant according to claim 17 wherein said

modification is a substitution or deletion of one or more
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residues within one or more of the nuclear localisation

signals present in the MINIYO and/or RTR1 protein.

20. A transgenic plant wherein the activity of a MINIYO
and/or RTR1 polypeptide is increased or up-regulated.

21. A transgenic plant wherein the expression of a gene
encoding a MINIYO and/or RTR1 polypeptide is increased or up-
regulated.

22. A transgenic plant according to claim 20 or 21 wherein
said plant overexpresses a nucleic acid encoding for a MINIYO
protein that is at least 30% identical to the sequences coded
by SEQ ID NO:1.

23. A transgenic plant according to claim 22 wherein said
MINIYO protein comprises SEQ ID No. 5.

24, A transgenic plant according to any of claims 20 to 23
wherein said RTR1 protein 1is at least 30% identical to the
sequences coded by SEQ ID NO:8.

25. A transgenic plant according to claim 24 wherein said RTRI1

protein comprises SEQ ID No. 11.

26. A transgenic plant according to any of claims 20 to 25
wherein said plant expresses a transgene sald transgene
comprising a modified MINIYO and/or RTRI nucleic acid sequence

when compared to a wild type sequence.

27. A transgenic plant according to claim 26 wherein said
modification 1is a substitution or deletion of one or more
residues within one or more nuclear export signal present in

the MINIYO and/or RTR1 protein.

28. A transgenic plant according to any of claims 9 to 27,
characterised in that the plant belongs to the superfamily

Viridiplantae.
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29. A transgenic plant according to claim 28, characterised

in that the plant is a crop plant.

30. A product obtained from the transgenic plant defined in
any of claims 9 to 29 wherein said product is selected from

seed, stem, leaf, flower, root, flour and fruit.

31. Use of an 1isolated nucleic acid sequence comprising a
nucleotide sequence coding for an amino acid sequence which is
at least 30% identical to the sequences coded by SEQ ID NO: 1
to control the initiation of cell differentiation in plant

apical, root and/or floral meristems.

32. A use according to claim 31 wherein said sequences 1s a
modified MINIYO nucleic acid sequence when compared to a wild

type sequence.

33. Use of an isolated nucleic acid sequence comprising a
nucleotide sequence coding for an amino acid sequence which is
at least 30% identical to the sequences coded by SEQ ID NO: 8
to control the initiation of cell differentiation in plant

apical, root and/or floral meristems.

34. A use according to claim 33 wherein said sequence 1is a
modified RTRI nucleic acid sequence when compared to a wild

type sequence.

35. A method for altering plant architecture by increasing or

decreasing activity of the MINIYO and/or RTR1 protein.

36. A method for delaying the onset of cell differentiation
and increasing the number of undifferentiated cells in a plant
said method comprising decreasing the activity of a MINIYO
protein which is at least 30% identical to the sequences
encoded by SEQ ID NO: 1 and/or 8.
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37. A method for increasing cell differentiation in a plant
said method comprising increasing the activity of a MINIYO
protein which is at least 30% identical to the sequences
encoded by SEQ ID NO: 1 and/or 8.

38. A method for increasing yield of a plant by increasing or

decreasing activity of the MINIYO and/or RTR1 protein.

39. An isolated nucleic acid sequence comprising SEQ ID No.
48.

40. An expression construct comprising a nucleic acid sequence
according to claim 37 operably linked to a gene sequence to
direct expression of the target gene in meristems and in cells

in the early stages of differentiation.

41. An isolated nucleic acid sequence comprising a nucleotide
sequence encoding for an amino acid sequence of SEQ ID NO: SEQ
ID No. 49.

42. An expression construct comprising a nucleic acid sequence
according to claim 39 operably linked to a gene sequence to
direct expression of the target gene sites of cell

differentiation and proliferation.

43, Use of an isolated nucleic acid sequence as define din
claims 39 or 41 or of a vector as defined in claims 42 in

directing spatial and temporal expression of a target gene.
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Arabidepsis thaliama
Arabidepsis lyrata
Erachypodium distachyron
Citrus clementina
Citrus sinensis
Manihot sculenta
oryza sativa

Populus trichocarpa
Prumus persica
Ricimus communis
getaria italica
Sorghum bicolor
Vitis rvinifera

Tea mays
Fhyscomitrella patens
Carica papaya
Glycine mee

Medicago truncatula
Eucalyptus gqrandis
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FIG. 21
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