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w={ (57) Abstract: The present invention relates to a method for the provision of mutagenised populations by the introduction of mu-
tations by chemically and or physically mutagens in a selected region of the genome of a plant and the subsequent selection of
inheritable mutations by analysis of at least one section of a mutagenised primary M1 plant for the presence of a mutation in the
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Title: Method for the selection of plants with specific mutations

The present invention relates to a method for the selection of plants with specific
mutations. In particular, the method relates to a method for the selection of plants that have a
mutation in a desired genomic area that may lead to improved genetic variation and improved
phenotypes.

Breeding of elite germplasm is a time consuming and costly process. Once elite lines
are established, breeders will avoid conventional crossing and selection methodologies with
non-adapted germplasm, as this will disintegrate the optimal genetic make up of the lines.
Conversely, there is an increasing interest in creating genetic variation in speciiic breeding
lines through the use of mutation induction techniques. The impact of induced mutation on
crop improvement is reflected in the 2316 officially registered varieties (IAEA's database on
officially registered mutant varieties) carrying novel induced variation. Moreover, about three-
quarters of these are direct mutant varieties derived from treatment with gamma rays, thus
highlighting the importance of the creation of genetic variety through mutation. All this
translates into a tremendous economic impact on agriculture and food production that is
currently valued in billions of dollars and millions of cultivated hectares. However, while the
agronomic potential of induced mutation is well understood, there are still problems to solve
with respect to the use of mutations.

Mutagenic agents can be classified into three categories: physical (e.g., gamma
rays), chemical (e.g., ethyl methane sulphonate, EMS) ana transposable elements (such as
transposons, retrotransposons, T-DNA, retroviruses). At present, limited data are available on
the scope of genetic effects induced at the molecular level in plants and on the specificity and
relative efficiency of these different categories of agents and the mutations they cause.
These effects involve DNA damage, which results in base pair changes (single/simple
nucleotide polymorphisms, SNPs), small insertions and deletions (indels) and chromosomal
rearrangements. Even less is known about how induced mutation interact with epigenetic
orocesses, such as methylation, activation of retro-elements, anad perturbation of higher order
DNA structure.

While breeders have been using mutation induction to broaden the genetic base of
germplasm, and have used the mutant lines directly as new varieties or as sources of new
variation in cross-breeding programmes, knowledge of the precise nature of the Induced
mutations was not necessary. Intuitively a conservative level of small base pair
rearrangement and deletion was considered to be ideal. Nowadays, the use of mutation

techniques has expanded beyond applications in breeding to gene discovery and reverse
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genetics. These new high-throughput applications require specific classes of mutations that
are induced with high efficiency over entire crop plant genomes, and consequently knowledge
of the precise nature of induced mutation is becoming an issue.

Classic high-throughput gene discovery methods depend heavily on insertional
‘knockout’ lines, the now classical ‘gene machines’, and deletion ‘knockout’ libraries.
Insertional mutagenesis involves inducing activity of transposition of known transposable
elements to produce series of lines in which, in theory, every gene in the genome will have
been inactivated by the transposon insertion. These lines can be used to identity genes that
cause particular phenotypes or, conversely, can be used to identify gene function by
searching for a phenotype associated with the inactivation of a particular known gene.
However, insertional mutants have the drawback that gene function is heavily perturbed,
usually presenting full gene knockout In many cases, mutations are desired that modify a
gene rather than eliminate it. In comparison to insertional mutagenesis, conventional
mutation induction (particularly chemical agents such as EMS) provides the advantage of
inducing point mutations and therefore a wide range of potential allelic variation.

A relative novel and important reverse genetics approach is ‘targeting induced local
lesions in genomes’ (TILLING). Here, large numbers of small changes, either DNA base pair
substitutions or small deletions spanning no more than a few base pairs, are induced in a
series of lines. In these lines gene function can be ascertained by associating a phenotype
with changes in a particular gene and novel alleles of known genes can be generated.

Over the coming years, new technologies such as these will have increasing impact
in practical plant breeding. In order to tailor the mutation process, there will be a need for
techniques that makes the selection of mutants that contain a mutation in a desired section of
the genome easier. Furthermore there will be a need for techniques to select from a large
number of mutants, those mutants in which mutations have been introduced in a stable form,
i.e. can be used in breeding and distributed over genomes. In the past, this has not been
possible because of lack of analytical tools and methodologies. Today, high-throughput DNA
sequencing methods, comprising inter alia parallel sequencing methods, single molecule
sequencing provide part of the above described missing links. A good example is for instance
provided in applicants’ technology and co-pending application depicted as Keypoints
(W0O20070376738).

However, the use of Keypoints to select induced mutations In specific genes may in
oractice be restricted to specially made mutagenised populations that are stored as M2 or
even later generation inbred populations. At least one selfing of primary mutagenised M1
seed is in practice deemed necessary to eliminate somatic chimerism prior to DNA analysis.
Because the investment in time and resources for construction and propagation of such a

mutagenised population is considerable, they are scarce and do typically not comprise a
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significant portion of the elite germplasm of a crop of a breeder. For the practical use of
mutagenised populations Iin the improvement of elite breeding material, this is a serious
drawback. There is a need, therefore, to invent methods that allow mutagenesis and mutant
selection in any breeding line, and in any stage or pedigree in a breeding program.

The present inventor has now found a solution to the above problems. The solution
is based on the insight that primary mutagenised seeds give rise to chimeric plants, and that
sector analysis can be used to specifically select heritable mutations. Only those mutations
that occur in the embryonic apical stem cells will be incorporated in the entire body of the
plant and will ultimately be transmitted to progeny. Non-stem cell mutations will generally not
occupy a major portion of the different parts of the plant, such as the first series of true
leaves or flowers in young plantlets, and generally will not extend into the germline. This
insight is exploited in the present invention to screen for heritable mutations in any M1
population of plants, directly after seed mutagenesis.

The method uses a specific multidimensional (more than 2) gridding strategy which
pools different parts of the plants, such as the first true leaves in the first coordinate (x) of a
multidimensional matrix, the second true leaves in the second coordinate (y), and, in the case
of 3D pooling, the third true leaves in the third coordinate (z) (see figure). Instead of the true
leaves one may also use the flowers or other parts (e.g. pollen) of the plant. Mutations
detected in all three coordinates after KeyPoint (Tilling technology employing high throughput
sequencing technology for the detection and identification of mutations instead of enzymes
such as Cel1) analysis are considered to have originafed in the stem cells, because they are
consistently present in all consecutive leaves or other organs. Mutations detected in just one
or two coordinates and lacking from a third are somatic sectors.

The present invention provides for the sampling and sequencing of mutagenised
populations in limited time. The individual mutant plants can be selected from a population of
any desired size, and propagated with a large chance of carrying a specific heritable
mutation. The rest of the population can be discarded. The advantage of this approach is that
specific mutations can be made In different crops and their elite line(s), depending on actual
needs. Also, long generation plants ((fruit) trees, grapes, etc) become amenable, because
mutant selection only requires seed to grow individual mutant plants, and no progeny or
generation times.

In a first aspect, the present invention relates to a method for the introduction ana
selection of a specific mutation in plants, comprising the steps of:

(a) provide a plurality of mutagenised seeds ;

(b) sow the mutagenised seeds in a N-dimensional grid, wherein N = 1,

preferably 2, more preferably 3;

(C) grow plants (or seedlings) from the seeds;
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sample DNA-containing material from one section of the plant;

(e) pool the DNA-containing material in a first dimension of the N dimensions of
the N-dimensional grid;

(f) isolate DNA from the pool;

() repeat steps (d)-(f) for any second and further dimension of the N-
dimensional grid for a different section of the seedling;

(h) amplify the pooled DNA with a set of primers that amplify (part of) the DNA
containing the position of the mutation of interest, whereby at least one of the
orimers contains a pool-specific tag, to obtain reaction products for each of
the pools;

() pool the reaction products;

(j) determine the nucleotide sequence of the reaction products;

(K) deconvolute the sequences from the pool of step (h) using the pool-specific
tags to identify each plant (or seedling ) in the grid.

(1) Select the plants (or seedlings) that carry the desired mutation.

The method of the present invention is directed to the introduction and selection of a
specific mutation in plants. Preferably the mutation is a stable mutation, i.e. will be inherited
indefinitely over generations of conventional crossing. The specific mutation is preferably
located in a gene or at least a coding region. Typically the mutation that will be selected is
located in the protein-coding region of a gene of interest. Likewise the selected mutation can
be located in any other DNA sequence that is not coding for protein but represents any other
desirable or undesirable function such as gene regulatory sequences, promoters, enhancers,
etc. The gene can be selected from virtually any gene of interest such as a resistance gene
or a disease related gene, yield or any developmental, physiological or biochemical function
for which a specific gene is known, including its gene regulatory sequences, promoters,
enhancers, etc . Preferably, the mutation is located in a genetic region of Interest. The
selection of the specific mutation can be performed without ény prior phenotypic
characterization, i.e. without prior analysis whether the introduced mutation leads or does not
lead to a change in the phenotype of the plant.

The invention also provides a first step in the analysis of gene function by permitting
identification of a mutation in a gene of interest which may not have an ascribed function, but
for which at least some nucleotide sequence information is known, i.e., at least enough to
provide a unique probe for the gene. The invention thus provides a reverse genetic ool
similar to TILLING and KeyPoint that can be applied in any species of plant .

Thus, in the first step, a plurality of mutagenised seeds is provided. Such a plurality
can be at least 100 seeds, or at least 1000 seeds or even as large as at least 5000 or 50,000

seeds, depending on the case at hand. The seeds can be from any plant. The seeds can be



10

15

20

29

30

35

CA 02700563 2010-03-23
WO 2009/041810 PCT/NL2008/000209

mutagenised by any known means, but with a preference for chemical means. The plurality of
seeds can for instance be made up of batches of seeds, whereby each batch has been
mutagenised using the same or different mutagenizing means or that has been subjected to
subsequent or parallel mutagenisations. Mutagenizing means in the terms of the present
invention are chemical or physical means and are for instance selected form amongst for
instance a chemical agent such as ethyl methanesulfonate (EMS), DMS, N-ethyl-N-
nitrosourea (ENU), N-methyl-N-nitrosourea (MNU), PRC, methyl methanesulfonate (MMS),
chlorambucil, melphalan, sodium azide, ethidium bromide, bromouracil, bromine or nitrous
acid, procarbazine hydrochloride, cyclophosphamide, diethy! sulfate, acrylamide monomer,
triethylene melamin (TEM), nitrogen mustard, vincristine, dimethylnitrosamine, N-methyl-N'-
nitro-Nitrosoguanidine (MNNG), 7,12 dimethylbenz(a)anthracene (DMBA) , ethylene oxide,
hexamethylphosphoramide (HMPA), bisulfan, diepoxybutane (DEB).

In general, X-rays, gamma rays, neutrons, etc., cause DNA breakage. Cellular repair
mechanisms of DNA breaks result in regions of DNA which contain large lesions, including
rearrangements and deletions. Although analysis of other types of mutations are preferred
according to the invention, analysis of radiation induced mutations, which tend to be larger In
that they encompass more bases, are also encompassed by the invention. UV light-induced
mutations are largely single nucleotide alterations.

In a preferred embodiment, the mutated organism has been mutagenized such that
at least about 1 mutation occurs in every 10,000-1,000 genes. Preferably, the mutagenizing
step in comprises inducing a (genetic) mutation into a gene of interest in an organism at an
average frequency of 1/500, preferably 1/100, more preferably 1/10 organisms. The
mutagenisation procedure can be adapted to achieve these rates, for instance by prolonging
the exposure to the mutagenizing means. Preferably, the mutation in any of the above-
described methods is a single base pair mutation or a short insertion or deletion mutation, for
example, in the range of about 1-10 base pairs

The seeds are subsequently grown in an N-dimensional grid. The grid is at least 1D,
i.e. N>=1, with N=1 implying analysis of single plants individually The grid can have higher
dimensions if desired or considered useful, depending on the case at hand as the more
dimensions are seen to carry a specific mutation, the higher the possibility that it is heritable.
In practice, there will be a trade off between sequencing costs (higher with larger N because
of the increased redundancy required) and confidence levels for heritability. At which N the
optimum will be can be determined on a case by case basis, but typically N>= 3 is preferred .
In a preferred embodiment, N is selected from the group consisting of 3, 4, 5, 6, 7, 8, 9, 10,
oreferably 3, 4, 5, 6, more preferably 3. From the seeds, seedlings are grown into plants. The
seedlings (or parts of the resulting plants) can be sampled for instance by taking leaf or

flower punches, but if possible entire true leaves or flowers are preferred. From each plant or
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seedling, a sample of DNA-containing material is taken from one section of the plant. For
each plant or seedling obtained from sowing the mutagenised seéds, the sample is taken
from the same section, for instance from the first true leaf or the first flower. For each
dimension in the grid, DNA-containing material is sampled. For each dimension, the DNA-
containing material is sampled from another section of the plant. Thus, for the second
dimension, the material is sampled from, for instance, the second true leaf etc. In one
embodiment of the invention, each of the sections of the plant is independently selected from

the flowers, leaves, branches, stem or other parts of the plant located above ground and

combinations thereof. In one embodiment of the invention the section is a leaf, preferably a

true leaf. In one embodiment of the invention, the section for the first dimension of the grid is
the first true leaf, for the second dimension is the second true leaf, for the third dimension IS
the third true leat.

The DNA-containing material is pooled, whereby each section is pooled in one
dimension of the pool. Thus, for a 3-dimensional grid, the DNA-containing material from the
first section of the plants is pooled in the first dimension of the pool, the DNA-containing
material from the second section of the plants is pooled in the second dimension of the pool
etc. subsequently the DNA is isolated from the pool, using any conventional method and
means for the isolation of DNA.

The pooled DNA can now be amplified using conventional means for the
amplification of DNA, such as PCR, but other technologies may suffice as well. In the case of
PCR amplification, the pooled DNA is amplified with a set of primers that amplify (or span)
(part of) the DNA containing the region or gene of interest. Preferably at least one of the
primers contains a tag, preferably a nucleotide tag that identifies the pool. In this way reaction
products are obtained for each of the pools, whereby the reaction products can be linked {o
the pool from which they were amplified using the pool-specific tag. Thus a pool of reaction
products is now obtained, all containing DNA-fragments, stemming from different planis and
possibly containing a variety of mutations in the region of interest.

The term ‘ tag’ or ‘ nucleotide tag’ , verb ‘ tagging’ refers to the addition of a tag to a
nucleic acid sample in order to be able to distinguish it from a second or further nucleic acid
sample or amplification product . Tagging can e.g. be performed by the addition of a
sequence identifier during amplification or by any other means known in the art. Such
sequence identifier can e.g. be a unique base sequence of varying but defined length
uniquely used for identifying a specific nucleic acid sample. Typical examples thereof are for
instance ZIP sequences. Using such tag, the origin of a sample can be determined upon
further processing. In case of combining processed products originating from different nucleic
acid samples, the different nucleic acid samples can be identified using different tags.

Sometimes the tag is also called an identifier sequence. As discussed above, such identitier
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sequence may be of varying length depending on the amount of nucleic acid samples to be
compared. A length of about 4 bases (4* = 256 different tag sequences possible) is usually
sufficient to distinguish between the origin of a limited number of samples (up to 256),
although it is preferred that the tag sequences differ by more than one base between the
samples to be distinguished. As needed, the length of the tag sequences can be adjusted
accordingly. The tag is located preferably at the 5’ end of the primer.

The reaction products can now be pooled if desired and subjected to sequencing.
Sequencing can be performed using any known method for sequencing in the art. In view of
the large numbers of sequences that have to be sequenced it is preferred that high
throughput sequencing methods, such as the methods disclosed in WO 03/004690, WO
03/054142, WO 2004/069849, WO 2004/070005, WO 2004/070007, and WO 2005/003375
(all in the name of 454 Life Sciences), by Seo et al. (2004) Proc. Natl. Acad. Sci. USA
101:5488-93, and technologies of Helios, Solexa, US Genomics, etcetera, which are herein
incorporated by reference. The 454 technology described currently allows sequencing of up
to 100 million bases in a single run and is 100 times faster and cheaper than competing
technology. This will increase with increasing read length per reaction and/or increasing
numbers of parallel reactions. The sequencing technology roughly consists of 5 steps: 1)
fragmentation of DNA and ligation of specific adaptor to create a library of single-stranded
DNA (ssDNA); 2) annealing of ssDNA to beads, emulsification of the beads In water-in-oil
microreactors and performing emulsion PCR to amplify the individual ssDNA molecules on
beads: 3) selection of /enrichment for beads containing amplified ssDNA molecules on their
surface 4) deposition of DNA carrying beads in a PicoTiterPlate®; and 5) simultaneous
sequencing in a plurality of wells by generation of a pyrophosphate light signal.

After sequencing, the sequences of the fragments that are directly obtained from the
sequencing step may be trimmed, preferably in silico, to remove any bead annealing
sequence, sequencing primer, or adaptor related sequence information. By doing this In
silico, the information provided by the tag may be preserved in a separate database field so
as to later on connect the discovered heritable mutation (gene) to the address in the DNA
pools.

Typically, the alignment or clustering is performed on sequence data that have been
trimmed for any added adaptors/primer and/or identifier sequences i.e. using only the
sequence data from the fragments that originate from the nucleic acid sample.

Methods of alignment of sequences for comparison purposes are well known in the
art. Various programs and alignment algorithms are described in: Smith and Waterman
(1981) Adv. Appl. Math. 2:482; Needleman and Wunsch (1970) J. Mol. Biol. 48:443; Pearson
and Lipman (1988) Proc. Natl. Acad. Sci. USA 85:2444; Higgins and Sharp (1988) Gene
73:237-244: Higgins and Sharp (1989) CABIOS 5:151-153; Cor'pet et al. (1988) Nucl. Acids



Res. 16:10881-90; Huang et al. (1992) Computer Appl. in the Biosci, 8:155-65; and Pearson
et al. (1894) Meth. Mol. Biol. 24:307-31. Altschul et al. (1994) Nature Genet. 6:119-29
present a detailed consideration of sequence alignment methods and homology
calculations.

5 The NCBI Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990} is
available from several sourcas, including the National Center for Biological Information
(NCBI, Bethesda, Md.) and on the Internet, for use in connection with the sequence analysis
programs blastp, blastn, blastx, tblastn and tbiastx. It can be accessed at
<http:/fwww.ncbi.nim.nih.gov/BLAST/>. A description of how fo determine sequence identity

10 using this program is available at <http://www.ncbi.nlm.nih.gov/BLAST/blast_help.html>. The
database preferably comprises EST sequences, genomic sequences of the species of
interest and/or the non-redundant sequence database of GenBank or similar sequence
databases. |

High throughput sequencing methods can be used as described in Shendure et al.

15  Science, Vol 309, Issue 5741, 1728-1732. Examples thereof are microglectrophoretic
sequencing, Hybridization sequencing/seguencing by hybndization (SBH), cyclic-array
sequencing on amplified molecules, cyclic-array sequencing on single molecules, non-
cyclical, single-molecule, reai-time methods, such as , polymerase sequencing, exonuclease
sequencing, nanopore sequeancing.

20 For an optimal result, it is of interest that the fragments or the amplified praducts are
sequenced with sufficient redundancy. Redundancy is what enables making the distinction
between sequencing errors and genuine genome sequences. In certain embodiments, the
redundancy of the sequencing is preferable at least 4, more preferably at least 5, but,
redundancies of more than 6, preferably more than 8 or even more than 10 are considered

25  advantageous, although not essential for the inventive concept.

In a subseguent step after sequencing, each seedling In the grid is identified by the
deconvolution of the sequences of step (h) by using the pool specific tags. For each seedling
or plant is determined whether the combination of the same mutation and the pool-associated
tag can be retrieved commensurate with the number of dimensions of the grid. In other

30  words, if the grid contains three dimensions, and the same mutation is retrieved three times
together with three tags that idenlify a pool address that is linked to a particular seedling or

plant, the induced mutation has likely been introduced in a manner that is considered for

further processing. See also the schematic representation of the method in Fig 1. These
selected seedlings or plants may be grown and the inheritance of the mutation can be

confirmed in a following generation. The seedling or plant may also be grown and used in

Lo
&3

breeding. The selected seedling or plant can now be analysed for the presence or absence of

a phenotype of interest, in other words, the selected mutations can be assessed whether it is
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capable of providing a different phenotype or that the mutation is indifferent to the phenotype
studied. Part of the original population of the mutagenised seeds that do not carry a mutation
in the region of interest that is heritably present, i.e. is retrieved in every section of the plant

that is analysed, can be discarded.

Description of the figures
Fig 1.Schematic representation of the method of sampling and distribution over the grid

Fig 2 chimaerism patterns in mutants for AN7 and RT. Circles correspond to flower corollas.
Black indicates mutant tissue, white indicates wild type tissue. Each vertical stack of circles
denotes an inflorescence, with the bottom circle being the first flower formed and the top
circle the 5th flower. Partially black circles depict chimaeric flowers, with the actual
pigmentation pattern as observed in the greenhouse.

Fig 3 positions of EMS-induced point mutations as detected by Sanger sequencing of
individual F1-mutant plants for the gene RT. Mutations are indicated in red, with the canonical
WT nucleotide in turquoise.

Fig 4 Fragment of the RT gene, used for high throughput mutation analysis. Arrows denote
the primers used for amplification of this fragment from pools of genomic DNA (see also table
1). Nucleotides marked black are positions of mutations in phenotypically selected EMS
mutants m2 and m17, with the base change indicated in brackets.

Fig 5 Resulis of high throughput sequence analysis of pooled plants in a three-coordinate
grid. The X-axis denotes the coordinate axes (X, Y, Z, respectively in black, grey and striped).
The Y-axis denotes the number of times a specific point-mutation of the RT fragment
occurred in the sequence reads derived from each coordinate. It can be seen that for the two
mutants m2 and m17, a unique combination of three (X,Y,Z) coordinates stands out from

background. These combinations correspond to single plants, and match the predetermined

‘positions of these mutants in the grid.

Examples
Mutagenesis and analysis of chimaerism

To demonstrate the described method and to estimate the tissue sampling
parameters that contribute to its success, we used a genetic scheme in Petunia hybrida, as
depicted in fig.2. A magenta flowering F1 hybrid Petunia was produced from a cross between
the inbred lines W5 (act1, AN1.:dTph1, rt::dTph3) and M1 (act1, AN1, RT), resulting in a
doubly heterozygous genotype carrying a recessive allele at two flower color genes (AN17, ).
One of these two genes (ANT) is a transcription factor required for the production of
anthocyanin pigments in the corolla (Spelt et al. 2000). Null mutants at ANT give rise to white

flowers. The second gene (RT) is UDP rhamnose: anthocyanin-3-glucoside rhamnosyl
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transferase. In the genetic background used here, null mutants of RT produce red flowers, as
a consequence of the accumulation of cyanidin-3-glucoside (Kroon et al. 1994, Brugliera et
al. 1994). Note that both recessive color markers are transposon insertion alleles carrying
dTph1 and dTph3 insertions respectively (Spelt et al. 2000, Kroon et al. 1994). Transposition
of these elements does not occur because both parental lines and F1 hybrid lack the
activator of dTph1 (act?, Stuurman and Kuhlemeier 2005 The Plant Journal Volume 41 Issue
6, Pages 945 - 955) while dTph3 is transposition deficient (Kroon et al. 1994). Upon
mutagenic treatment of F1 hybrid seeds with ethylmethanesulfonate (EMS), some of the
resulting plants will carry novel mutations in the wild type alleles of ANT or RT. Such plants
will be chimaeras, and can be visually identified by a proportion of white or red corolias or
corolla parts on a magenta backgrounad.

A population of 3600 F1 plants was grown from EMS treated seed, and the sectoring
patterns for flower color were recorded visually on the primary inflorescence only. The
primary lnflorescence is defined as clonally derived from the embryonic shoot apical
meristem, as opposed to secondary inflorescences which grow from axillary meristems ana
are clonally derived from their subtending leaf (Furner and Pumfrey 1992). The results are
schematically given in fig.2. A total of 19 mutants were observed for AN7 and RT together. As
can be seen, chimaerism followed a predictable pattern in that only large sectors occurred
(mostly half flowers) and that chimaerism gradually disappeared with the age of the
inflorescence. After 5 flowers had been produced, chimaerism was lost and plants had either
stably acquired the mutant color or went on as fully wild type. Stable mutants and wild types
were approximately equal in number, probably reflecting two unstable initial cells (stem cells)
in the embryonic apical meristem

It is concluded from these data that a large, seed-mutagenized F1 population of
Petunia can be treated as non-chimaeric after the Sth flower on the primary inflorescence.
Practically, this implies that if mutations are 1o be sought in specific genes, by any DNA
screening method, it would suffice to sample intlorescence tissue from nodes at or after this
stage. |f these samples show a particular point mutation, the plant wili stably carry the
mutation in all tissues and branches that develop subsequently. As can be seen from fig. 2,
sampling may'also be done earlier, e.g. after the 2nd flower, with a fairly good chance of
identifying individuals that will develop as stable mutants
Molecular confirmation of mutations by Sanger sequencing

To demonstrate that the phenotypic screen for flower color was due to mutations In
the genes AN17 or RT, bracts from the 5th inflorescence node of fully mutant F1 individuals
were taken for isolation of genomic DNA and analysis of gene sequences. The RT gene does
not contain introns, allowing the entire coding sequence of ~1.5 kb to be PCR amplified with a

single primer pair. For convenience, only RT was analyzed in detail and results are assumea
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assumed to apply to AN7 by analogy. Primers for RT were designed in such a way, that only
the allele from the M1 parent was amplified and not from the W5 parent. This specificity Is
based on natural RT sequence polymorphisms between the two parents, for which the
designed oligonucleotide primers could discriminate (not shown). This allowed for the
sequencing of exclusively EMS-induced alleles from the M1 parent, and not the transposon
insertion alleles that were present in line WS.

Conventional Sanger sequencing of the entire RT coding region in all 7 red-flowering
F1 mutants was performed on PCR products that were cloned into a bacterial plasmid vector.
For each mutant F1 plant, RT products in 20 independent recombinant plasmids were
sequenced. This analysis revealed point mutations In all but one F1 plant. The kind and
position of these mutations is given in fig.3.

However, in all F1 plants, not all of 20 recombinant plasmids showed the mutation,
with frequencies ranging from 3 to 6 mutant inserts per plant. This indicates that the sampled

tissue was not genotypically homogeneous for the mutant allele. Given that the plants were

‘phenotypically homogeneous, the F1 mutants were thus periclinal chimaeras carrying a

mutation in one of the three clonal cell layers L1, L2, L3 that are the histogenic basis of the
plant body. The L1 layer constitutes the epidermis of the flower corolla, and it Is well known
that anthocyanin pigmentation is restricted to the epidermis (refs). Thus, the analyzed RT
mutants contained a fully mutant L1 layer, but a wild type L2 and L3 layer.

It is concluded that phenotypic F1 mutant selection identified periclinal chimaeras, and
that point mutations were found in the predicted genes. Thus, when genotypic mutation
screening is done on all 3600 F1 plants ana a particular mutation is found in at least two
consecutive floral nodes beyond the 4th node on the primary inflorescence of one individual

plant, that plant is a stable periclinal chimaera in (at least) one of the three cell-layers L1, L2
or L3.

High throughput sequencing identifies mutants correctly

To further demonstrate that the current invention allows for the F1-selection of
mutations in specific genes in a high-throughput mode, sequencing technology of 454 Lite
Sciences (Margulies et al. 2005) was used to analyze RT amplicon sequences in a large set
of individual plants. A subset of 1440 plants, taken from the total of 3600 EMS-mutagenized
F1 hybrids, was arranged in a grid in the greenhouse. The grid consisted of three coordinaie
axes (X, V, z = rows, blocks, columns) with 35 coordinates (x1-x9, y1-y10, z1-z16) totalling
Ox10x16=1440 individual plants. Each plant in the grid corresponds to a unique (X,V,2)
combination of one coordinate in each of the three axes. In this group of 1440 plants, two
periclinal RT mutants (m2 and m17 of fig.3) were included and positioned on a unique, Known
jocation (m2 = X10, Y2, Z8; m17 = X1, Y1, 72). These mutants were selected to contain

11



10

15

20

25

30

35

CA 02700563 2010-03-23

WO 2009/041810 PCT/NL2008/000209

contain EMS-induced point mutations within a 199 basepairs segment of the RT gene, which
is within the average read length of a GS-FLX Genome Sequencer (Roche, 454 Life
Sciences).

Tissue sampling was done from bracts on the Ath, 5th and 6th floral nodes on the
inflorescence of all 1440 plants in the grid, with the 4th node representing the blocks, the 5th
node the rows, and the 6th node the columns. Care was taken fo take equal amounts of
tissue for each plant and each sample. Tissue samples were pooled according to their
coordinate, resulting in 9+10+16=35 tissue pools. These pooled tissues were homogenizeaq,
followed by extraction of genomic DNA. All 1440 plants are thus represented by 35 DNA
samples. The level of pooling thus corresponds to 1440/9=160 plants per row, 1440/10=144
olants per block, and 1440/16=90 plants per column.

Of each of these 35 DNA samples, a specific 199 bp segment (fig.4) of the RT gene
was amplified by PCR using RT-specific primers. These primers were extended at their &'
ends by a specific 5-base nucleotiae sequence (henceforth termed tag), with each of the 35
coordinates in the grid defined by a different sequence of the tag. Primers were designed so
as to amplify only the RT allele derived from the M1 parent, which must carry the EMS-
induced point mutations identified by the phenotypic screening. The resulting set of 35 PCR
products are mixtures of products from the individual plants that constituted the DNA
samples. All 35 PCR products were pooled and sequenced on a GS-FLX Genome Analyzer
(Roche) to produce a total of 549646 individual sequence reads. Because individual reads
carry a coordinate-specific 5'-tag immediately preceding the sequence of the RT-specific
amplification primers, they can be assigned to one of the 35 single coordinates of the grid. If
a particular sequence variant (l.e. EMS-induced point mutation) occurs in a unique
combination of the three coordinate axes (e.g. x1, y1, z1), this variant can be assighed as a
true point mutation to one individual plant. All other mutations, which occur in just one (or
rarely in two) coordinate must be sequencing errors, provided that DNA samples are taken
from tissue beyond the 4th inflorescence node, in this particular example of Petunia.

For the two RT mutants with known sequence (m1, m2, and m17, fig.3) that were
included in the grid on predetermined positions, their particular nucleotide mutation was
<earched for in the dataset of sequences by looking for a perfect match of a 12 base
sequence string that included the mutant hase. These searches were done for both the
forward (5'->3") orientation and the reverse complement (3'->5'). Subsequently, of the
sequence reads that contained the mutant base, the 5-base tags were identified and counted.
As can be seen from fig.5, the positions of these plants could be readily identified by a unique
combination of (x,y,z) coordinates, in which the mutation occurred much more frequently than

in any other coordinate. These data indicate that the stably mutant plants can be correctly

~ identified from a total of 1440 plants in the absence of any phenotypic selection. This number

12
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This number of plants can be increased.

Materials and Methods
EMS mutagenesis

360 mg dry petunia seed (approximately 5000 seeds) of the (W5 x M1) F1 hybrid was
submerged in 5 ml 0.5 % (v/v) ethylmethanesulfonate (EMS, Sigma-Aldrich) in a 10 ml tube,
and mixed thoroughly. Seeds were left in EMS solution for 14 hours at room temperature.
Seeds were then washed thoroughly with 10 times 10 ml of water, and sown on soil. After
seedlings had produced the first two true leaves they were transplanted into 40 pot (8x5)
trays and arranged in a three dimensional grid in a greenhouse in January 2008. They were
grown at 16 hrs light at 24°C.

Sanger sequencing of chimaeric RT mutant plants

Bract tissue subtending the 5th flower was harvested of an individual plant. Total genomic
DNA was isolated using a Qiagen DNeasy Plant Mini Kit. The complete RT coding sequence
was PCR amplified using primers 08A281 and 08A282 (see table 1) which are located in the
5' and 3' non-coding leader and trailer of the RT gene respectively. Reactions consisted of 25
pmol of each primer, 0.2mM dNTP, 1X PCR buffer, 50ng genomic DNA, 1 unit AmpliTaq

Gold DNA polymerase (Applied Biosystems) in a total volume of 50 microliter. Thermal

- ¢ycling was done after an initial 10 minutes at 95°C for 35 cycles of 30 sec 95°C, 60 sec

55°C. 60 sec 72°C, followed by a final extension of 6 min. 72°C. Products were checked for
being a single band on agarose gel electrophoresis, and cloned in a bacterial plasmid vector.
Recombinant plasmids from twenty randomly picked colonies were sequencea using an
automated capillary sequencer using standard Sanger chain terminator methodology. An
EMS-induced mutation (SNP) was declared if the same base change occurred more than

twice in the set of 20 sequences.

High throughput mutation detection by GS FLX sequencing technology

Plants were kept in a strictly maintained position in the greenhouse. Bracts subtending the
4th, 5th or 6th flower were harvested for each individual plant and pooled according to the 35
coordinates in the system. All 35 pools of bract tissue were homogenized in liquid nitrogen
and stored at -80°C. Samples of tissue powder were taken for isolation of total genomic DNA
using a Qiagen DNeasy Plant Mini Kit. PCR amplification of a single segment of the RT gene
was done using the primers listed in table 1. For each of the 35 coordinates, a pair of forward
and reverse primers was used that carried the same 5-base tag, such that each coordinate Is
specified by a single tag on both ends of the PCR product. Reactions were carried out with
30ng genomic DNA, 0.5mM dNTPs, 25pmol of each primer, 1 unit AmpliTag DNA

13
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polymerase (Applied Biosystems) in a total volume of 25 microliter. Cycling was done with an
initial 5 min. 95°C, followed by 35 cycles of 30 sec 94°C, 30 sec 65°C and 30 sec 72°C. PCR
oroducts were purified using the QlAquick PCR purification kit (Qiagen), and checked for
being a single band after agarose gel electrophoresis.

All 35 PCR products were made blunt by incubation with 0.5 unit Klenow enzyme in the
oresence of 1 mM dNTPs in a total volume of 40 microliter for 15 minutes at 25°C. Reactions
were stopped by adding EDTA to a final concentration of 10mM, followed by heating at 72°C
for 20 minutes. Samples were then purified using the QlAquick PCR purification kit (Qiagen)
and eluted in 10mM Tris pH=8.5. All 35 blunt-ended products were subsequently 5'-
phosphorylated by incubation with 20 units T4 polynucleotide kinase in the presence of 0.25
MM ATP in total volume of 40 microliter for 30 minutes at 37°C, followed by purification using
the QlIAquick PCR purification kit (Qiagen) and eluted in 10mM Tris pH=8.59.

Blunt-ended, phosphorylated amplification products from the 3D pools were subjected to high
throughput sequencing on a GS-FLX sequencer (Roche) using 454 Life Sciences technology
as described by Margulies et al. (2005). All 35 PCR products were separately ligated to 454
adaptor sequences, by incubating 50 ng PCR oroduct in 1x ligase buffer (Roche Lite
Sciences, GS DNA library preparation kit), 0.1 microliters of adapter (Roche Life Sciences,
GS DNA library preparation kit) and 1 Weiss unit T4 DNA ligase, in a total volume of 12
microliters for 4 hours at 25°C. Subsequently, ligated products were subjected to PCR
amplification using standard PCR amplification primers (Roche Life Sciences GS, DNA library
preparation kit). Cycling was done with 4 microliter of ligation mix, 0.5mM dNTPs, 25pmol of
each primer, 1 unit AmpliTag DNA polymerase (Applied Biosystems) in a total volume of 25
microliter. Cycling was done with an initial 60 sec. 72°C, 5 min. 95°C, followed by 25 cycles of
30 sec 94°C, 30 sec 55°C and 30 sec 72°C. Amplification products were analyzed by agarose
gel electrophoresis, and pooled into one final sample. This sample was then processed and
sequenced using GS-FLX equipment (Roche Liie Sciences) according to the instructions of
the manufacturer.

To detect mutations among the sequence output, raw sequences (549646 reads) were
searched for the presence of the SNP mutation present in mutants m2 and m17. Searches
were performed by identifying a 100% match to the strings "'m2 forward": GGTTTAGTTCAG
[ISEQ ID 1] and "m2 reverse": CTGAACTAAACC [SEQ ID 2] and "m17 forward".
GGTGACCAGATT [SEQ ID 3] and "m17 reverse™: AATCTGGTCACCISEQ ID 4]. Reads that
matched these strings were grouped according the sequence of their 5' tag for coordinate

identification, and counted. Counts were then displayed as in fig.95.
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Claims

1. Method for the introduction and selection of a specific heritable
mutation in M1 plants, comprising:

(a) providing a plurality of mutagenised seeds;

(b) sowing the mutagenised seeds;

(c) growing plants from the seeds;

(d) sampling DNA-containing material from a first section of the plant;

(e) pooling the DNA-containing material from each first section, wherein
said pooled DNA from the combined pools of the first section comprises a first
dimension of a N-dimensional grid;

(f) isolating DNA from the pool;

(g) repeating steps (d)-(f) for a second and any further dimension of
the N-dimensional grid for a different section of the plant, wherein each
section comprises a different growth and/or developmental stage of the plant
and each section is pooled into a plurality of pools and the combination of
nools for each section comprises its own dimension in the N-dimensional grid;
wherein the combination of pools for the N section constitutes the N
dimension in the N-dimensional grid;

(h) amplifying each pooled DNA with a set of primers that amplify a
region of the DNA containing the position of the mutation of interest, whereby
at least one of the primers contains a pool-specific tag, to obtain reaction
products for each of the pools;

(i) pooling the reaction products;

(j) determining the nucleotide sequence of the reaction products;

(k) deconvoluting the seguences from each pool of step (h) using the
pool-specific tags to identify each plant in the grid; and

(1) selecting an M1 plant having the desired mutation in at least N-1 of

the N sampled sections.

2. Method according to claim 1, wherein the selected plant is grown and

the inheritance of the mutation is confirmed in a following generation.

3. Method according to claim 1, wherein samples are obtained from at

least two sections and N is at least 2.
18
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4, Method according to claim 1, wherein the section of the plant is

selected from the flowers, leaves, branches, stem, polien or other parts of the

plant located above ground and combinations thereof.

5. Method according to claim 4, wherein the section is a leaf or a flower.
6. Method according to claim 4, wherein the section is a true leaf.
7. Method according to claim 1, wherein the section for the first dimension

of the grid is the first flower or true [eaf, the section for the second dimension
IS the second true leaf, and the section for the third dimension is the third true

leaf.

8. Method according to claim 1, wherein the plurality of seeds is at least
100 seeds.

9. Method according to claim 1, wherein the plurality of seeds is at least
1000 seeds.

10. Method according to claim 1, wherein the plurality of seeds is at least
5000 seeds.

11. Method according to claim 1, wherein the mutagenised seeds are

mutagenised by a mutagenising agent.

12. Method according to claim 11, wherein the mutagenising agent is a

chemical or physical mutagenising agent.

13. Method according to claim 12, wherein the chemical agent is selected
from EMS, DMS, ENU, MNU, PRC, DEB, MMS, chlorambucil, melphalan, sodium

azide, ethidium bromide, bromouracil, bromine or nitrous acid.

14. Method according to claim 12, wherein the physical mutagenising agent

IS ionizing radiation.
19



CA 02700563 2016-04-27

15. Method according to claim 12, wherein the physical mutagenising agent

is UV radiation, radioactive alpha or gamma radiation.

16. Method according to claim 1, wherein the tag is a nucleotide tag,

containing at least 4 nucleotides.

17. Method according to claim 16, wherein the nucleotide tag is located at

the 5’ end of the primer.

18. Method according to claim 1, wherein the step of nucleotide sequencing

in step (j) is based on high-throughput seguencing.

19. Method according to claim 1, wherein the selected plant is correlated to

the presence or absence of a desired phenotype.

20. A method for plant breeding, comprising selecting a plant produced by

the method of claim 1 and either selfing said plant or crossing said plant with
another plant, thereby generating a progeny plant carrying a desired

mutation.

21. Method according to claim 1, wherein N is selected from the group

consisting of 2, 3, 4, 5, and 6.

22. Method according to claim 1, wherein N is 3.

20
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1 60
£1 (mlxw5) col5
ATCGAGATGAAGCACTCAAATGATGCACTTCATGTGEGTAATGTTCCCATTTTTTGCTTTTG
ml collO
ATGAGATGAAGCACTCAAATGATGCACTTCATGCTGGETAATGETTCCCATTTTTTGCTTTTG
m2 col3

CAGATGAAGCACTCAAATGATGCGCACTTCATGTGETAATGETTCCCATTTTTTITGCTTTTG
m4 collé

ATCGAGATGAAGCACTCAAATGATGCACTTCATGTGGETAATGTTCCCATTTTTTGCTTTTG
mlée col4
ATGAGATGAAGCCACTCAAATGCGATGCACTTCATGTGGTAATGTTCCCATTTTTTGCTTTTG
ml7 colll

ATGAGATGAAGCACTCAAATGATGCACTTCATGTGGTAATGTTCCCATTTTTTGCTTTTG
m20 coll9

ATGAGATGAAGCACTCAAATGATGCACTTCATGTGGTAATGTTCCCATTTTTTGCTTTTG

61 120
f1 (mlxwb) col5
GCCATATTAGTCCATTTGTGCAGCTTGCTAACAAGTTGTCCTCTTATGGTGTCAAAGTTT
ml coll0
GCCATATTAGTCCATTTGTGCAGCTTGCTAACAAGTTGTCCTCTTATGGTGTCAAAGTTT
m2 col?3
GCEATATTAGTCCATTTGTGCAGCTTGCTAACAAGTTGTCCTCTTATGGTGTCAAAGTTT
m4d collé
GCCATATTAGTCCATTTGTCGCAGCTTGCTAACAAGTTGTCCTCTTATGGTGTCARAAGTTT
mlé cold
GCCATATTAGTCCATTTGTGCAGCTTGCTAACAAGTTGTCCTCTTATGGCTGTCAARAAGTTT
ml7 colll
CCCATATTAGTCCATTTGTGCAGCTTGCTAACAAGTTGTCCTCTTATGGTGTCAAAGTTT
m20 coll®
GCCATATTAGTCCATTTGTGCAGCTTGCTAACAAGTTGTCCTCTTATGGTGTCAAAGTTT

| .

121 180
f1 (mlxwb) col5

CTTTCTTCACAGCATCTGEGCCAATGCCAGCAGAGTCAAATCTATGTTAAATTCTGCTCCCA
ml collO0

CTTTCTTCACAGCATCTGCCAATGCCAGCAGAGTCAAAT CTATGTTARATTCTGCTCCCA
m2 col3

CTTTCTTCACAGCATCTGGCAATGCCAGCAGAGTCAAATCTATGTTAAATTCTGECTCCCA
m4 collé6 "

CTTTCTTCACAGCATCTGGCAATGCCAGCAGAGTCAAATCTATGETTAAATTCTGCTCCCA
mlé col4d

CTTTCTTCACAGCATCTGGCAATGCCCAGCAGAGTCAAATCTATGTTAAATTCTGCTCCCA
ml7 colll

CTTTCTTCACAGCATCTGGCAATGCCAGCAGAGTCAAATCTATGTTAAATTCTGCTCCCA
m20 collS

CTTTCTTCACAGCATCTGGCAATGCCAGCAGAGTCAAATCTATGTTAAATTCTGCTCCCA

181 240
£f1 (mlxw5) colb
CTACTCATATAGTCCCTCTCACACTTCCTCATGTTGAAGGTCTACCTCCTGGTGCAGAAA
ml coll0

CTACTCATATAGTCCCTCTCACACTTCCTCATETTGAAGGCTCTACCTCCTGETGCAGAAA
m2 col3

CTACTCATATAGCTCCCTCTCACACTTCCTCATGTTGAAGGTCTACCTCCTGGETGCAGAAA
m4d collé

CTACTCATATAGTCCCTCTCACACTTCCTCATGTTGAAGGETCTACCTCCTGGTGCAGAAA
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mlé colé

CTACTCATATAGTCCCTCTCACACTTCCTCATGTTGAAGGTCTACCTCCTGGTGCAGAAA
ml7 colll

CTACTCATATAGTCCCTCTCACACTTCCTCATGTTGAAGGTCTACCTCCTGGTGCAGAAA
m20 coll9

CTACTCATATAGTCCCTCTCACACTTCCTCATGTTGAAGGTCTACCTCCTGGTGCAGAAA

241 300
f1 (mlxw5)_col5
GTACTGCAGAATTGACACCAGCTAGTGCTGAGCTTCTCAAGGTTGCTTTAGACCTAATGC
ml collO

GTACTGCAGAATTGACACCAGCTAGTGCTGAGCTTCTCAAGGTTGCTTTAGACCTAATGC
m2 col3

GTACTCCAGAATTGACACCAGCTAGTGCTGAGCTTCTCAAGGTTGCTTTAGACCTAATGC
m4 collé
GTACTGCAGAATTCGACACCAGCTAGTGCTGAGCTTCTCAAGGTTGCTTTAGACCTAATGC
mié col4d
GTACTGCAGAATTGACACCAGCTAGTGCTGAGCTTCTCAAGGTTGCTTTAGACCTAATGC
ml7 colll
GTACTGCAGAATTGACACCAGCTAGTGCTGAGCTTCTCAAGGTTGCTTTAGACCTAATGC
m20 coll9S

GTACTGCAGAATTGACACCAGCTAGTGCTGAGCTTCTCAAGGTTGCTTTAGACCTAATGC

301 360
f1 (mlxw5)_col5

AACCACAAATCAAGACTTTACTTTCCCATCTCAAACCCCATTTTGTTCTCTTTGATTTTG
ml collO
AACCACAAATCAAGACTTTACTTTCCCATCTCAAACCCCATTTTGTTCTCTTTGATTTTG
m2 col3

AACCACAAATCAAGACTTTACTTTCCCATCTCAAACCCCATTTTGTTCTCTTTGATTTTG
m4 collé

AAECACAAATCAAGACTTTACTTTCCCATCTCAAACCCCATTTTGTTCTCTTTGATTTTG
mlé col4é
AACCACAAATCAAGACTTTACTTTCCCATCTCAAACCCCATTTTGTTCTCTTTGATTTTG
ml7 colll

AACCACAAATCAAGACTTTACTTTCCCATCTCAAACCCCATTTTGTTCTCTTTGATTTTG
m20 coll9

AACCACAAATCAAGACTTTACTTTCCCATCTCAAACCCCATTTTGTTCTCTTTGATTTTG

36l 420
£1 (mixw5)_colb

CTCAAGAATGGCTTCCTAAAATGGCCAATGGATTGGGTATCAAGACTGTTTATTACTCTG
ml coll0
CTCAAGAATGGCTTCCTAAAATGGCCAATGGATTGGGTATCAAGACTGTTTATTACTCTG
m2 col3
CTCAAGAATGGCTTCCTAAAATGGCCAATGGATTGGGTATCAAGACTGTTTATTACTCTG
md collé6
CTCAAGAATGGCTTCCTAAAATGGCCAATGGATTGGGTATCAAGACTGTTTATTACTCTG
mlé col4
CTCAAGAATGGCTTCCTAAAATGGCCAATGGATTGGGTATCAAGACTGTTTATTACTCTG
ml7 colll
CTCAAGAATGGCTTCCTAAAATGGCCAATGGATTGGGTATCAAGACTGTTTATTACTCTG
m20 coll?
CTCAAGAATGGCTTCCTAAAATGGCCAATGGATTGGGTATCAAGACTGTTTATTACTCTG
4271 480
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£1 (mlxw5) colS
TTGTTGTTGCACTTTCCACTGCTTTTCTTACTTGTCCTGCTAGAGTTCTTGAACCCARAA
ml collO
TTGTTGTTGCACTTTCCACTGCTTTTCTTACTTGTCCTGCT*
m2 col3

TTGTTGTTGCACTTTCCACTGCTTTTCTTACTTGTCCTGCT*&AGTTCTTGAACCCAAAA
m4 collo

TTOTTGTTGCACTTTCCACTGCTTTTCTTACTTGTCCTGCTAIAGTTCTTGAACCCAAAA
mlé col4

TTGTTGTTGCACTTTCCACTGCTTTTCTTACTTGTCCTGCTALAGTTCTTGAACCCAAAA
ml7 colll

TTGTTGTTGCACTTTCCACTGCTTTTCTTACTTGTCCTGCT*%AGTTCTTGAACCCAAAA
m20 coll9

TTGTTGTTGCACTTTCCACTGCTTTTCTTACTTGTCCTGCTAAAGTTCTTGAACCCAAAA

GAGTTCTTGAACCCAAAA

481 540
f1 (mlxw5) colb

AGTATCCAAGTCTCGAAGACATGAAGAAACCTCCACTTGGGTTTCCTCAGACCTCTGTTA
ml coll0

AGTATCCAAGTCTCGAAGACATGAAGAAACCTCCACTTGGGTTTCCTCAGACCTCTGTTA
m2 col3

AGTATCCAAGTCTCGAAGACATGAAGAAACCTCCACTTGGGTTTCCTCAGACCTCTGTTA
m4 collé6

.AGTATCCAAGTCTCGAAGACATGAAGAAACCTCCACTTGGGTTTCCTCAGACCTCTGTTA
mlée col4d

.AGTATCCAAGTCTCGAAGACATGAAGAAACCTCCACTTGGGTTTCCTCAGACCTCTGTTA
mi7 colll

AGTATCCAAGTCTCGAAGACATGAAGAAACCTCCACTTGGGTTTCCTCAGACCTCTGTTA
m20 coll®

.AGTATCCAAGTCTCGAAGACATGAAGAAACCTCCACTTGGGTTTCCTCAGACCTCTGTTA

541 600
£f1 (mlxw5) colb

CCTCAGTCAGAACCTTTGAGGCTAGAGATTTTCTATATGTTTTCAAGAGTTTCCATAATG
ml coll0O

CCTCAGTCAGAACCTTTGAGGCTAGAGATTTTCTATATGTTTTCAAGAGTTTCCATAATG
m2 col3

CCTCAGTCAGAACCTTTGAGGCTAGAGATTTTCTATATGTTTTCAAGAGTTTCCATAATG
m4 collé

CCTCAGTCAGAACCTTTGAGGCTAGAGATTTTCTATATGTTTTCAAGAGTTTCCATAATG
mlé col4

CCTCAGTCAGAACCTTTGAGGCTAGAGATTTTCTATATGTTTTCAAGAGTTTCCATAATG
ml7 colll

CCTCAGTCAGAACCTTTGAGGCTAGAGATTTTCTATATGTTTTCAAGAGTTTCCATAATG
m20 coll?®

CCTCAGTCAGAACCTTTGAGGCTAGAGATTTTCTATATGTTTTCAAGAGTTTCCATAATG

601 660
£f1 (mlxw5)_ col5
GTCCOTACTTTATATGACEGTATACAGTCAGGACTCAGGCGGTGCTCAGCTATACTAGCAA
ml collO
GTCCTACTTTATATCACEGTATACAGTCAGGACTCAGGGGGTGCTCAGCTATACTAGCAA
m2 col3
GTCCTACTTTATATGACEGTATACAGTCAGGACTCAGGGGGTGCTCAGCTATACTAGCAA
m4d collé

GTCCTACTTTATATGACEGTATACAGTCAGGACTCAGGGGGTGCTCAGCTATACTAGCAA
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mlé col4é
GTCCTACTTTATATGACAGTATACAGTCAGGACTCAGGGGGTGCTCAGCTATACTAGCAA
ml7 colll |
GTCCTACTTTATATGAC%GTATACAGTCAGGACTCAGGGGGTGCTCAGCTATACTAGCAA
m20 coll?®

GTCCTACTTTATATGACE

GTATACAGTCAGGACTCAGGGGEGTGCTCAGCTATACTAGCAA

661 720
£1 (mlxw5)_col5
.AAACTTGTTCACAAATGGAGGGTCCTTATATAAAATACGTAGAAGCACAATTCAATAAAC
ml coll0
LAAACTTGTTCACAAATGGAGGGTCCTTATATAAAATACGTAGAAGCACAATTCAATAAAC
m2 col3d
'AAACTTGTTCACAAATGGAGGGTCCTTATATAAAATACGTAGAAGCACAATTCAATAAAC
m4d collé
.AAACTTGTTCACAAATGGAGGGTCCTTATATAAAATACGTAGAAGCACAATTCAATAAAC
mlée colé
.AAACTTGTTCACAAATGGAGGGTCCTTATATAAAATACGTAGAAGCACAATTCAATAAAC
ml7 colll
AAACTTGTTCACAAATGGAGGGTCCTTATATAAAATACGTAGAAGCACAATTCAATAAAC
m20 coll?®
.AAACTTGTTCACAAATGGAGGGTCCTTATATAAAATACGTAGAAGCACAATTCAATAAAC

721 780
£1 (mlxw5)_col5
CTGTTTTTCTAATCEGACCCEGTAGTTCCGGACCCGCCTTCGGGTARATTGCGAAGAGAAART
ml coll0
CTGTTTTTCTAATCE
m2 col3
CTGTTTTTCTAATCE
m4 colle
CTGTTTTTCTAATCAGACCCGTAGTTCCGGACCCGCCTTCGGGTAAATTGGARGAGARAT
mlé col4

CTGTTTTTCTAATCE

mi7 colll
CTGTTTTTCTAATCEGACCCGTAGTTCCGGACCCGCCTTCGGGTARATTGGARGAGAAAT
m20_ colld
CTGTTTTTCTAATcgeACCCGTAGTTcCGGACCCGcCTTCGGGTAAATTGGAAGAGAAAT
781 840

fi (mlxw5)_col5
GGGCTACTTGGTTAAACAAGTTTGAAGGTGGAACAGTTATTTACTGTTCTTTTGGAAGTG
ml collO

GGGCTACTTGGTTAAACAAGTTTGAAGGTGGAACAGTTATTTACTGTTCTTTTGGAAGTG
m2 col3

GGGCTACTTGGTTAAACAAGTTTGAAGGTGGAACAGTTATTTACTGTTCTTTTGGAAGTG
mé4 collé "

GGGCTACTTGGTTAAACAAGTTTGAAGGTGGAACAGTTATTTACTGTTCTTTTGGAAGTG
mlé col4d

GGGCTACTTGGTTAAACAAGTTTGAAGGTGGAACAGTTATTTACTGTTCTTTTGGAAGTG
mi7 colll

GGGCTACTTGGTTAAACAAGTTTGAAGGTGGAACAGTTATTTACTGTTCTTTTGGAAGTG
m20 colld

GGGCTACTTGGTTAAACAAGTTTGAAGGTGGAACAGTTATTTACTGTTCTTTTGGAAGTG
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841 900
£1 (mlxw5)_col5

AAACTTTCTTGACTGATGATCAGGTCAAAGAACTGGCTTTAGGTTTGGAACAGACAGGGC
ml collO

AAACTTTCTTGACTGATGATCAGGTCAAAGAACTGGCTTTAGGTTTGGAACAGACAGGGC
m2 col?3

AAACTTTCTTGACTGATGATCAGETCAAAGAACTGGCTTTAGGTTTGGAACAGACAGGGC
m4d collé

AMACTTTCTTGACTGATGATCAGGTCAAAGAACTGGCTTTAGGTTTGGAACAGACAGGGC
mlée cold -

AAACTTTCTTGACTGATGATCAGGTCAAAGAACTGGCTTTAGGTTTGGAACAGACAGGGC
ml7 colll

AAACTTTCTTGACTGATGATCAGGTCAAAGAACTGGCTTTAGGTTTGGAACAGACAGGGC
m20 coll9

AAACTTTCTTGACTGATGATCAGGTCAAAGAACTGGCTTTAGGTTTGGAACAGACAGGGC

901 960
f1 (mlxw5) col5
TTCCTTTCTTTCTTGTCTTAAATTTTCCTGCAAATGTTGATGTTTCAGCGGAGCTAAACC
ml collO

TTCCTTTCTTTCTTGTCTTAAATTTTCCTGCAAATGTTGATGTTTCAGCGGAGCTAAACC
m2 col3 '

TTCCTTTCTTTCTTGTCTTAAATTTTCCTGCAAATGTTGATGTTTCAGCGGAGCTAAACC

mlé col4

TTCCTTTCTTTCTTGTCTTAAATTTTCCTGCAAATGTTGATGTTTCAGCGGAGCTAAACC
ml7 colll

TTCCTTTCTTTCTTGTCTTAAATTTTCCTGCAAATGTTGATGTTTCAGCGGAGCTAAACC
m20 coll®S

TTCCTTTCTTTCTTGTCTTAAATTTTCCTGCAAATGTTGATGTTTCAGCGGAGCTAAACC

261 1020
£1 (mlxw5)_col5

GAGCTTTACCTGAAGGGTTTCTGGAAAGAGTGAAAGACAAGGGGATTATTCATTCAGGTT
ml collO

GAGCTTTACCTGAAGGGTTTCTGGAAAGAGTGAAAGACAAGGGGATTATTCATTCAGGTT

m4 collé

GAGCTTTACCTGAAGGGTTTCTGGAAAGAGTGAAAGACAAGGGGATTATTCATTCAGGTT
mlée col4d

GAGCTTTACCTGAAGGGTTTCTGGAAAGAGTGAAAGACAAGGGGATTATTCATTCAGGTT
ml7 colll

GAGCTTTACCTGAAGGGTTTCTGGAAAGAGTGAAAGACAAGGGGATTATTCATTCAGGTT
"m20 coll9

GAGCTTTACCTGAAGGGTTTCTGGAAAGAGTGAAAGACAAGGGGATTATTCATTCAGGTT

1021 : 1080
£1 (mlxw5)_col5
GGGTGCAACAGCAGAATATATTAGCTCATTCTAGTGTAGGTTGTTATGTATGTCATGCAG
ml collQ
GGGTGCAACAGCAGAATATATTAGCTCATTCTAGTGTAGGTTGTTATGTATGTCATGCAG
m2 col3 |

GGGTGCAACAGCAGAATATATTAGCTCATTCTAGTGTAGGTTGTTATGTATGTCATGCAG
m4 colle

GGGTGCAACAGCAGAATATATTAGCTCATTCTAGTGTAGGTTGTTATGTATGTCATGCAG
Fig 3 cont’d 8/11
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mlé col4d
GGGTGCAACAGCAGAATATATTAGCTCATTCTAGTGTAGGTTGTTATGTATGTCATGCAG
ml7 colll
GGGTGCAACAGCAGAATATATTAGCTCATTCTAGTGTAGGTTGTTATGTATGTCATGCAG
m20 coll?®
GGGTGCAACAGCAGAATATATTAGCTCATTCTAGTGTAGGTTGTTATGTATGTCATGCAG

1081 1140
£1 (mlxw5)_col5

BT TCAGTTATABAGGCACTGETGAATGACTGTCAAGTAGTTATGTTGCCCCAGA
ml coll0
GGTTTABTTCAGTTATAAAGGCACTGGTGAATGACTGTCARGTAGTTATGTTGCCCCAGA
m2 col3
GGTTTAATTCAGTTATABAGGCACTGGTGAATGACTGTCAAGTAGTTATGTTGCCCLAGA
m4 collé
gTTCAGTTATamAGGCACTGGTGAATGACTGTCAAGTAGTTATGTTGCCCCAGA
mlé col4
GGTTTABTTCAGTTATABAGGCACTCGCGTGAATGACTGTCAACTAGTTATGTTGCCCCAGA
ml7 colll
GGTTTABTTCAGTTA
m20 coll9

i*GGCACTGGTGAATGACTGTCAAGTAGTTATGTTGCCCCAGA

1141 1200
f1 {(mlxw5) col5
AAGRTGACC%GATTTTGAATGCAAAGCTGGTGAG3THTGGTGATATGGAAGCTGGGGTGG
ml coll0
.AAGGTGACCQGATTTTGAATGCAAAGCTGGTGAGDTHTGGTGATATGGAAGCTGGGGTGG
m2 col3
.AAGGTGACCﬁGATTTTGAATGCAAAGCTGGTGAGDTHTGGTGATATGGAAGCTGGGGTGG
m4 collé6
.AAGGTGACCéGATTTTGAATGCAAAGCTGGTGAGDTHTGGTGATATGGAAGCTGGGGTGG
mlé col4

AAGGTGACCE THTGCTGATATGGAAGCTGGGGTGG
ml7 colll

AAGGTGACCTGATTTTGAATGCAAAGCTGGTGAGDTHTGGTGATATGGAAGCTGGGGTGG
m20 coll9

AAGGTGACC§GATTTTGAATGCAAAGCTGGTGAGDTHTGGTGATATGGAAGCTGGGGTGG

1201 1260
f1 (mlxw5) colb

AGATTAATAGGAGGGATGAAGATGGTTATTTTGGTAAAGAAGATATTAAGGAAGCTGTGG
ml collO

.AGATTAATAGGAGGGATGAAGATGGTTATTTTGGTAAAGAAGATATTAAGGAAGCTGTGG
m2 col3

.AGATTAATAGGAGGGATGAAGATGGTTATTTTGGTAAAGAAGATATTAAGGAAGCTGTGG
m4 collé

.AGATTAATAGGAGGGATGAAGATGGTTATTTTGGTAAAGAAGATATTAAGGAAGCTGTGG
mlée col4d

AGATTAATAGGAGGGATGAAGATGGTTATTTTGGTAAAGAAGATATTAAGGAAGCTGTGG
ml7 colll

AGATTAATAGGAGGGATGAAGATGGTTATTTTGGTAAAGAAGATATTAAGGAAGCTGTGG
m20 coll9

.AGATTAATAGGAGGGATGAAGATGGTTATTTTGGTAAAGAAGATATTAAGGAAGCTGTGG

1261 1320
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f1 (mlxwb5) col5

.AAAAGGTGATGGTGGATGTTGAAAAGGASCCAGGTAAATTAATTAGGGAAAATCAGAAGA
ml collO
.AAAAGGTGATGGTGGATGTTGAAAAGGAGCCAGGTAAATTAATTAGGGAAAATCAGAAGA
m2 col3
AAAAGGTGATGGTGGATGTTGAAAAGGAGCCAGGTAAATTAATTAGGGAAAATCAGAAGA
m4 collé6

'AAAAGGTGATGGTGGATGTTGAAAAGGAGCCAGGTAAATTAATTAGGGAAAATCAGAAGA
mlé col4d

AAAAGGTGATGGTGGATGTTGAAAAGGAGCCAGGTAAATTAATTAGGGAAAATCAGAAGA
ml7 colll

.AAAAGGTGATGGTGGATGTTGAAAAGGAGCCAGGTAAATTAATTAGGGAAAATCAGAAGA
m20 coll®

'AAAAGGTGATGGTGGATGTTGAAAAGGAGCCAGGTAAATTAATTAGGGAAAATCAGAAGA

1321 1380
f1 (mlxw5) colb

.AATGGAAGGAGTTTCTGTTGAACAAGGATATCCAGTCCAAATATATTGGGAATTTAGTTA
ml collD

.AATGGAAGGAGTTTCTGTTGAACAAGGATATCCAGTCCAAATATATTGGGAATTTAGTTA
m2 col3

.AATGGAAGGAGTTTCTGTTGAACAAGGATKTCCAGTCCAAATATATTGGGAATTTAGTTA
m4 collé6

.AATGGAAGGAGTTTCTGTTGAACAAGGATATCCAGTCCAAATATATTGGGAATTTAGTTA
milé col4

AATGGAAGGAGTTTCTGTTGAACAAGGATATCCAGTCCAAATATATTGGGAATTTAGTTA
ml7 colll

.AATGGAAGGAGTTTCTGTTGAACAAGGATATCCAGTCCAAATATATTGGGAATTTAGTTA
m20 c¢collS

.AATGGAAGGAGTTTCTGTTGAACAAGGATATCCAGTCCAAATATATTGGGAATTTAGTTA

1381 1397
£1 (mlxw5) col5 ATGAAATGACAGCCAT-
ml coll0 ATGAAATGACAGCCATG
m2 col3 ATGAAATGACAGCCA- -
m4 collé ATGAAATGACAGCCAT -
ml6_ cold ATGAAATGACAGCCA- -
ml7 colll ATGAAATGACAGCCATG

m20 coll9 ATGAAATGACAGCCAT-
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FIG 4

TCATTCAGGTTGGGTGCAACAGCAGAATATATTAGCTCATTCTAGTGTAGGTT

M2 (G->A)
GTTATGTATGTCATGCAGGGTTTAGTITCAGTTATAGAGGCACTGGTGAATGAC

M17 (A->T)
TGTCAAGTAGTTATGTTGCCCCAGAAAGGTGACCIIGATTTTGAATGCAAAGC

TGGTGAGTGGTGATATGGAAGCTGGGGTGGA
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