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ABSTRACT

| A single base change in the Bn-FAE1.1 gene in the A genome and a
two-base deletion in the Bn-FAE1.2 gene in the C genome produce the nearly zero
content of erucic acid observed in canola. A BAC clone anchoring Bn-FAE1.1 from a
B. rapa BAC library and a BAC clone anchoring Bn-FAE1.2 from a B. oleracea BAC
library were used in this research. After sequencing the gene flanking regions, it was
found that the dissimilarity of the flanking sequences of these two FAE1 homologs
facilitated the design of genome specific primers that could amplify the corresponding
genome in allotetraploid B. napus. The two-base deletion in the C genome gene was
detected as a sequence characterized sequence region (SCAR) marker. To increase

the throughput, one genome specific primer was labeled with four fluorescence dyes
and combined with 20 different primers to produce PCR products with different
fragment sizes. Eventually, a super pool of 80 samples was detected simultaneously,
making it possible to analyze over half a million of samples per day using a medium
capacity ABI 3100 Genetic Analyzer. This dramatically reduces the cost of marker
detection. The single base change in the Bn-FAE1.1 gene was detected as single
nucleotide polymorphic (SNP) marker with an ABI SNaPshot kit. A multiplexing primer
set was designed by adding a polyT to the 5 primer end fo increase SNP detection
throughput through sample pooling. These multiplexed high throughput molecular
markers have been successfully implemented in our canolafrapeseed breeding

programs.
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High throughput genome specific molecular markers for erucic acid content
genes in Brassica napus (L.}

PRIOR APPLICATION INFORMATION
The instant application claims the benefit of US Provisional Patent Application

60/882,332, filed December 28, 2006.

BACKGROUND OF THE INVENTION

Canola/rapeseed (Brassica napus L.) is a major oilseed crop in Canada,

Europe, Australia, China and the Indian subcontinent. The quality of canola/rapeseed
oil is determined primarily by its constituent fatty acids. The major fatty-acid
constituents of Brassica oil are palmitic acid (C16:0), stearic acid (C18:0), Oleic
(C18:1), linoleic acid (C18:2), linolenic acid (C18:3), arachidic acid (C20:0),
eicosenoic acid (C20:1), erucic acid (C22:1). Erucic acid is one of the main faffy acids
in rapeseed oil. Low erucic acid in rapeseed improves the quality of the oil because
high erucic acid is relatively low in digestibility and has been associated with health
nroblems (Beare et al. 1963). On the other hand, high erucic acid rapeseed (HEAR)
has several potential applications in the oleo-chemica! industry for the production of
high temperature lubricants, nylon, plastics, slip and coating agents, soaps, painting

inks, surfactants (Topfer et al. 1995).
In B. napus, additive alleles at two gene loci control the erucic acid content in

seeds (Harvey and Downey 1964), and these two genes (E1 and E2) are mapped In
rapeseed (Ecke et al. 1995; Jourdren et al. 1996, [hormann ef al. 1996).
Development of low or high erucic acid content B. napus cultivars requires & long

process of crossing, backcrossing and selfing of the segregating generations followed
by identification of low or high erucic acid content lines from fatty acid profiles of seec

lots from individual seeds by gas chromatography (GC). However, DNA molecular
markers which are tightly linked to the erucic acid genes or inside the candidate
genes can be applied with high efficiency in marker assisted selection (MAS) for rapid
transfer of a character into an otherwise desirable genotype efficiently and effectively.
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For instance, 15 of 16 plants in the F2 generation of canocla/rapeseed crosses could
be discarded at the seedling stage by selecting homozygous Bn-FAE1.1 and Bn-
FAE1.2 genotypes with high or low erucic acid content instead of growing plants to full
maturity and then doing seed quality analysis and selection.

The pathway for erucic acid biosynthesis and the major reactions involved in
this pathway has been well characterized in Arabidopsis. Oleic acid is the main
nrecursor for erucic acid biosynthesis via an elongation process in the developing
embryos of B. hapus (Xiaoming et al., 1998). In seeds of Arabidopsis thaliana it was
reported that fatty acid elongase 1 (FAE1) is the candidate gene and that the gene
product was essential for elongation of C18:1 (oleic acid) to C22:1 (erucic acid)
(Lemieux et al. 1990; Kunst ef al. 1992). The elongation process has four different
steps. The first step is the condensation of oleoyl-CoA to malonyl-CoA to form a 3-
ketoacyl-CoA. The second step is the reduction of the 3-ketoacyl-CoA to produce3-
hydroxyacyl-CoA. The third step is the dehydration of the 3-hydroxyacyl-CoA to form
trans-(2,3)-enoyl-CoA. The final step it is the further reduction of the trans-(2,3)-enoyl-
CoA. These reactions are catalyzed by four different enzymes 3-ketoacyl-CoA
synthase, 3-ketoacyl-CoA reductase, 3-hydroxyacyl-CoA dehydratase and trans-—(2,3)-
enoyl-CoA reductase, respectively (Fehling and Mukherijee 1991). The role of FAE1
gene in producing erucic acid was genetically ascertained by genetic transformation
of a low erucic acid content rapeseed (Lassner et al. 1996). In rapeseed, the two locl
E1 and E2 of FAE1 homologs encode the rapeseed 3-ketoacyl-CoA synthases for the
elongation process to generate erucic acid from oleoyl-CoA (Barret et al. 1998 and
Fourmann et al. 1998). In B. napus, these two homologs of the FAE1 gene (Bn-
FAE1.1 and Bn-FAE1.2) have been characterized. These two homologs show 99.4%

nucleotide identity and a two-base deletion in the low erucic acid content line results
in a functional loss of Bn-FAE1.2 gene in the C genome (Fourmann et al. 1998).

Katavic et al. (2002) reported that single amino acid serine at 282 positions in high
erucic acid content line is substituted by phenyl-alanine in low erucic acid content line
due to one base change in the Bn-FAE1.1 gene in the A genome, In this report, BAC
clones containing Bn-FAE1.1 and Bn-FAE1.2 genes from the A and C genome
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libraries were used to extend the sequence on the outside of these two genes to
develop genome specific high throughput molecular markers. These markers will

considerably facilitate the selection of the four different erucic acid content control
alleles in canola/rapeseed breeding programs.

SUMMARY OF THE INVENTION

According to an aspect of the invention, there is provided a method of
identifying the erucic acid locus in a Brassica plant comprising:

admixing at least one of the primers of Table 1 with DNA from a
Brassica plant under conditions suitable for nucleic acid extension; and

analyzing the extension product produced from a given DNA sample,
wherein a single extension product having a first length indicates that the erucic acid

locus is homozygous high erucic acid content, a single extension product having a
second length indicates that the erucic acid locus is homozygous low erucic acid
content and two extension products of both first and second lengths indicates that the

erucic acid locus is heterozygous.
According to another aspect of the invention, there is provided a method

for determining the erucic acid content of a Brassica napus plant cell comprising:
determining the genotype of a Brassica napus plant cell at the Bn-FAE1.1 and

Bn-FAE1.2 loci, wherein a C to T substitution at position 846 of Bn-FAE1.1 and a two

nucleotide deletion at position 1425-1426 of Bn-FAE1.2 indicates low erucic acid

content.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 The upstream and downstream sequence comparison of the Bn-FAE1.1

and the Bn-FAE1.2 genes in the A-genome, B. rapa, and C-genome B. oleracea,
respectively.

Fig 2 Showing multiplexed SNP detection by GeneScan software in ABI 3100
genetic analyzer to analyze the SNaPshot data. The peak information has been
transformed manually for each loci [e.g. black for ‘C’ and the genotype is E1E1; red
for ‘T' and genotype is e1e1; and black/red for ‘C/T’ and genotype Ele1].
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Fig 3a Detection of C-genome specific High ER, F4, Fy’ and low ER lines using
C-genome specific primers FE42A/FE42F. The upper band is responsible for high ER
(E2E2), lower band is for low ER (e2e2) and double band is for intermediate ER
(EZ2e2). -

Fig. 3b identification of different erucic acid content segregating populations
using labeled FE42A primer with twenty different upstream unlabelied primers {0
produce various DNA fragments from 270bp to'484bp. The upper band is two bases
larger than the lower band for all pairs.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Unless defined otherwise, all technical and scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art to which
the invention belongs. Although any methods and materials similar or equivalent to

those described herein can be used in the practice or testing of the present invention,
the preferred methods and materials are now described. All publications mentioned

hereunder are incorporated herein by reference. .

In rapeseed, the wild type genotypes produce high erucic acid content in the
seed. Low erucic acid content genotypes possess mutations affecting both E1 and E2
loci controlling erucic acid content in the seed (Harvey and Downey, 1964). The fatty
acid elongation1 (FAE1) encoding 3-ketoacyl-CoA synthase has been characterized

in Arabidopsis thaliana {James et al. 1995) and jojoba (Lassner et al. 1996). Barret et
al. (1998) identified the FAE1 gene .in Brassica napus with two homologous

sequences (Bn-FAE1.1 and Bn-FAE1.2) from the embryo. The Bn-FAE1.1 gene has

~ been shown to be linked to the E1 locus for B. rapa, and Bn-FAE1.2 was assigned to

the E2 locus in B. oleracea. Only three nucleotide changes, a single base change in
Bn-FAE1.1 and a two-base deletion in Bn-FAE 2 account for the fatty acid difference
of canola and rapeseed (Barret et al., 1998; Fourmann et al., 1998, Katavic et al.
2002). By targeting these three base changes, high throughput gene-specific marxers
for both BnFAE1.1 and Bn-FAE1.2 were developed. These markers are perfect
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matches with erucic acid content and no recombinaticn occurs between the markers
and trait.

Sequence similarity among the homologous genes in the A and C genes in B.
napus is very high for most genes even in intergenic regions, which is an obstacle for

developing gene specific markers. The Bn-FAE1.1 gene in the A genome and the Bn-
FAE1.2 gene in the C genome have similar sequence similarities. Since the
sequence similarity of these two genes is very high, it is difficult to amplify the SNP
position for low ER in the A genome, because the same gene sequence is present in
the C genome for high erucic acid content. Similarly, it is difficult to separately amplify
the two-base deletion mutation for low erucic content genotypes in the C genome,
because the same gene sequence is present in the A genome for high erucic acid
which hinders the identification of genotypes with homozygous deletion alleles. To
overcome these problems, the extended sequence from the flanking regions of Bn-
FAE1.1 in the A genome and Bn-FAE1.2 in the C genome were determined.
Sequence dissimilarities outside the genes regions in the A and C genomes were
large enough for genome-specific primers to amplify the A genome specific Bn-
FAE1.1 containing a SNP position and the C genome specific Bn-FAE1.2 containing a
two-base deletion 'position. This is the first reported approach to amplify the A and C
genome specific FAE1 genes in B. napus for precise tagging of the high and low
erucic acid content genotypes in B. napus. '

Increasing throughput and reducing the cost for molecular marker detection is
critical for large scale application of MAS in canola/rapeseed breeding programs since
large number of plants have to be screened in a short time. In this report, multiplexea
SNP detection and muitiplexed SCAR markers were demonstrated using a series of
SNP detection primers varying in size by adding polyT at the primer 5 end. Twenty
two SNP detection primers allow a mixture of 22 reactions in one well. in theory,
17600 samples (22 x 16 x 50) can be done with a medium throughput DNA analyzer,
such as ABI 3100 DNA analyzer, within 24 hrs. Similarly with an ABI 3100 Genefic
analyzer, over half a million (4 x 20 x 16 x 48) samples can be detected with the
SCAR markers for Bn-FAE1.2 within 24 hrs since the genome specific primer labeled
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with four fluorescent dye colors can be used in our laboratory. Using this approach it
is possible to pool 80 PCR products for detection in an ABl genetic analyzer which
could reduce running time and cost by approximately 80 times.

The ABI 3100 genetic analyzer can be used with high efficiency to detect two-
base difference markers. The two base deletion in the C genome could also be
detected using SNaPshot, but using a SCAR marker is much cheaper than using
SNaPshot since only a small amount of specific PCR product is required for detection.
Additionally it is a one step PCR with a short PCR amplification program, about 15-20
cycles. Approximately 500,000 samples could be done with a medium throughput
DNA analyzer and three million samples could be done with a high throughput DNA
analyzer, such as ABI 3700 genetic analyzer, within 24 hrs, with a per sample cost of

just a few cents instead of more than one aoliar.
Thus, in one aspect of the invention, there is provided a method for

determining the erucic acid content of 3 plant cell comprising determining the
genotype of the plant cell at the Bn-FAE1.1 and Bn-FAE1.2 loci, wherein a C to T
substitution at position 846 of Bn-FAE1.1 and a two nucleotide deletion at position

1425-1426 of Bn-FAE1.2 indicates low erucic acid content.
In a preferred embodiment of the invention, a portion of the Bn-FAE 1.1 locus is

first amplified using FEAG4 (SEQ ID No. 1) and FEAS120 (SEQ ID No. 2) or FEAF1
(SEQ ID No. 3). Once this region has been amplified using means known in the art,
the single base substitution at position 846 can be determined using means known in
the art, as discussed below. In a preferred embodiment, a SNP detection primer
selected from FEAF1-FEAF22 (SEQ ID Nos. 3-24) is utilized.

In a preferred embodiment of the invention, a portion of the Bn-FAE1.2 locus s
first amplified using FE42A (SEQ ID No. 25) and a primer selected from SEQ 1D Nos.
26-45 as shown in Table 1. As discussed below, when paired with FE42A (SEQ 1D
No. 25), the respective primers designated SEQ ID Nos. 26-45 each produce
oroducts of different length, but in all cases will produce two products differing in
length by two nucleotides when the Bn-FAE1.2 locus is heterozygous within the cell
as discussed below. As will be appreciated by one of skill in the art, selection of a
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specific primer to pair with FE42A is accordingly a matter of choice and will depend on
reaction and resolution conditions.

According {o an aspect of the invention, there is provided a method of
identifying the erucic acid locus in a Brassica plant comprising:

admixing at least one of the primers of Table 1 with DNA from a
Brassica plant under conditions suitable for nucleic acid extension; and .

analyzing the extension product produced from a given DNA sample,
wherein a single extension product having a first length indicates that the erucic acid
locus is homozygous high erucic acid content, a single extension product having a

second length indicates that the erucic acid locus is homozygous low erucic acid

content and two extension products of both first and second lengths indicates that the

erucic acid locus is heterozygous.

Results
Study on erucic acid content of B, napus

Self-pollinated seeds of 279 F, and 159 BCs plants from a cross of
‘MillenniUMO3' and ‘SRYS-3’, were examined for erucic acid content. The parental
ines, ‘MillenniUM03' and ‘SRYS-3', have 56% and 0% erucic acid in seed,
respectively. Twenty out of 279 plants produced low erucic content in F2, and 39 out
of 159 BC, plants showed low erucic acid content in seed. These results were
consistent with a digenic (15:1 for F, and 3:1 for BC4) segregation ratio indicating that

two genes are responsible for erucic acid content (Table 2).

Gene specific SNP markers for Bn-FAE1.1 in the A genome in B. napus

Gene specific markers for the A-genome (Bn-FAE1.1 gene) were developed by
targeting a transition type base substitution at position 846 (C to T) from the starting
codon in low erucic acid content lines. Because of the high level of sequence
conservation between Bn-FAE1.1 and Bn-FAE1.2, some primers targeting the
sequence dissimilarities between the Bn-FAE1.1 and Bn-FAE1.2 coding regions were
found to be unreliable to produce genome specific PCR products. In order to design
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reliable primers for genome specific PCR products, chromosome walking 2.5 kb
upstream and 1.5 kb downstream of the flanking sequence of the Bn-FAE1.2 gene
from the broccoli BAC clone, and 750 bp upstream and 700 bp downstream flanking
sequences of the Bn-FAE1.1 gene from the B. rapa BAC clone was conducted. After
Clustalw analysis (http://www.ebi.ac.uk/clustalw), dissimilarities between the upstream
and downstream flanking sequences of Bn-FAE1.1 and Bn-FAE1.2 genes were founc
(Fig. 1). On the basis of these dissimilar sequences, one primer FEAG4 (SEQ D No.
1) in the upstream flanking region and another primer FEAF1 (SEQ ID No. 3) inside
the gene were designed to amplify a 1.2 kb A-genome specific fragment containing
the single nucleotide polymorphic (SNP) position. The SNP was detected by using
single bése extension method with ABlI SNaPshot Multiplex kit. The SNaPshot data
were analyzed by GeneScan software and peak information was transformed
manually for each loci. The polymorphic position containing homozygous ‘C’ for high
erucic acid content exhibited a black peak, homozygous ‘T’ for low erucic acid
content, a red peak, and ‘C/T’ for heterozygous plants, both a biack peak and a red
neak (Fig. 2). Genotypes were assigned accordingly with E1E1 for the biack peak,
elet for the red peak and E1e1 for both the black peak and the red peak. One
hundred and seventy four Fz plants were tested for the Bn-FAE1.1 gene using
SNaPshot. In this F, population, 43 plants exhibited the E1E1 genotype, 81 showed
the E1e1 genotype and 50 showed the ete1 genotype, a good fit to a 1:2:1 genotypic
ratio for single locus segregation for the Bn-FAE1.1 gene (x°=1.385, P =0.2 - 0.3).
Similarly, in the BC4 population 48 plants were found to be the E1e1 genotype and 59
were the e1el genotype, consistent with the 1:1 expected genotypic segregation for a
single locus inheritance for Bn-FAE1.1 gene (x“= 0.926, P = 0.3 - 0.5).

Gene specific SCAR markers for the Bn-FAE1.2 gene in the C genome in B.
napus

Gene specific markers for the Bn-FAE1.2 gene in the C genome were
developed after the genome specific primers were designed. The two-base deletion

is located at 1425-1426 bp position for low erucic acid content lines which result in a
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truncated protein due to an early stop codon (Fourmann ef al. 1898). Fortunately, this
deletion was close to the down stream dissimilarity region whera a C genome specific
primer FE42A (SEQ ID No. 25) was designed. Twenty different primers (SEQ ID Nos.
26-45) within the gene coding region from the upstream of the polymorphic region
(CAAAT/C--AT) were also designed to amplify various fragments of varying from 270
bp to 484 bp in size. The DNA fragment specific for high erucic acid content lines
consistently produced two-base larger fragments than those of low erucic acid content
lines. This small difference was easily detected by the AB! 3100 Genetic Analyzer
when the primer FE42A was labeled with a fluorescent dye. Therefore, the Bn-FAE1.2
gene for homozygbus high erucic acid content lines generated two-base larger
fragments, the low erucic acid content lines had two-base smaller fragments and the
heterozygous lines had both larger and smaller fragments (Fig 3a). Since these
twenty different primers combinations generated fragments that were different in size,
it was possible to pool the PCR products from 20 different primer combinations to
achieve multiplexed, high throughput markers. With one fluorescent dye color, 320
DNA samples (16 x 20) were separated in one run in 30 minutes with the ABI 3100
DNA analyzer (Fig 3b). |

A total of 174 F, plants were analyzed for the Bn-FAE1.2 gene in the C

genome. Of these, 46 were E2E2 genotype (single upper band for high ER), 45 were
e2e2 genotype (single lower band for low ER)} and 83 were E2e2 genotype (both

upper and lower band for intermediate band). The F; population fit a 1:2:1 genotypic
ratio for single locus inheritance for Bn-FAE1.2 for high, intermediate and low erucic
acid content alleles (x° = 0.378, P = 0.5 - 0.7). Similarly, 108 BC plants segregated
into two groups, 51 for the E2e2 genotype and 57 for the e2e2 genotype which also fit
a1 genotypic ratio for single locus segregation for Bn-FAE1.2 (¥*=0.334, P =0.5-
0.7).

Association of FAE1 molecular markers with erucic acid content
Erucic acid content in the F2 and BC; populations were associated with the two

FAE1 homologs present in the A genome and the C genome. On the basis of SNP
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and SCAR markers, the F» plants were classified into nine different genotypes:
E1E1E2E2, E1E1E2e2, E1E1e2e2, E1e1E2E2, E1e1E2e2, Elele2e2, elelkE2E2,
ele1E2e2 and eleleZe2 for Bn-FAE1.1 and BN-FAE1.2 genes in the A genome and
the C genome, respectively (Fig. 2 and 3b, and Table 3). A total of 174 F, plants
were tested for both genes, of which 10 were E1E1E2E2, 23 E1E1E2e2, 11
E1E1e2e2, 24 E1e1E2E2, 37 E1e1E2e2, 19 Efele2e2, 11 ele1E2E2, 24 elelE2e2
and 15 elele2e2 (Table 3). The segregation ratio was consistent with a
1:2:1:2:4:2:1:2:1 genotypic segregation ratio for two genes (x*=2.091, P =>0.95). Al
genotypic classes were tested for erucic acid content in seeds and it was found that
all four dominant alleles contributed to the highest erucic acid content with an average
of 41.2%, three dominant alleles contributed an average of 34.4% (average E1E" E2 =
34.5% and average E1E2E2 = 34.3%), two dominant alleles contributed an average
of 23.7% (E1E1 = 24.2%, E1E2 = 24.1% and E2E2 = 22.9%), one dominant ailele
contributed an average of 12.5% ( E1 = 12.0% and E2 = 13.0%) while elele2e2
nlants had an average 0.26% erucic acid content (Table 3). The results indicated that
all four alleles had almost identical contribution to erucic acid content in seed with an

average of 11.2% erucic acid per allele.
A further study was conducted to test the association of the two genes with

erucic acid content in 108 BC4 plants developed from a cross of ‘MillenniUMO03" and
‘SRYS-3', with ‘SRYS-3' {low ER) as recurrent parent. The genotyping was done on
the basls of SNP detection and two bases deletion detection in AB! 3100 genetic
analyzer with four groups obtained from the BC4 population as E1e1E2eZ, E1ele2e2,

e1e1E2e2 and elele2e2 (Fig. 2 and 3b, and Table 3). Of the 108 BC4 plants, 26
were E1e1E2e2 with an average 19.8% erucic acid content, 23 E1eie2e2 with and
average 10.5% erucic acid content, 22 e1etE2e2 with an average 10.4% erucic acid
content and 35 elele2e? with an average 0.18% erucic acid content. The four
different genotypic classes fit a 1:1:1:1 backcross segregation ratio for two genes (% =
3.373, P = 0.3 - 0.5). The contributions of each allele for erucic acid content in seed
in the BC4 population were similar to each other at 10.2%.
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Materials and methods
Plant materials

The pure breeding high erucic acid content cultivar ‘MillenniUM03' (~55%
erucic acid) was crossed with the pure breeding canola line ‘SRYS-3" (0% erucic acid)
and the Fy was backcrossed to SRYS-3. The F4, F3, F3 and BC4 generations were
grown in the greenhouse. Self-pollinated seeds of 279 F, and 159 BC4 planis were

examined for erucic acid content by gas chromatography (GC).

DNA extraction and sequencing of flanking sequence of the FAE1 genes
DNA was extracted using a modified version of the CTAB method according to

Li and Quiros (2001) from the flower buds of B. rapa, B. oleracea, B. napus. The
broccoli BAC library and library screening strategy, as described by Quiros et al.
(2001), was used to pick up the BAC clone anchoring the Bo-FAE1.2 gene. The B.
rapa BAC library, constructed from a male sterile line (kindly provided by Dr. Quiros,
University of California, Davis) was used to select the BAC clone containing the Br-
FAE1.1 gene. BAC DNA was prepared from the A-genome library and the C-genome
library of pooled cultures of all clones from each 384-well plate. Targeted positive
clones from positive plates were identified using a column and row (24x16) pooling
strategy. The primers were designed according the FAE1 sequence in the GenBank

data (U50771, AF009563, Y14974, Y14975, Y14980). The flanking sequences of the

FAE1 gene in the A-genome and C-genome were sequenced by primer walking with
the selected BAC clones. With the extended flanking sequences, the polymorphic
regions between the A-genome and C-genome were found and used to design

genome specific primers.

Multiplexing SCAR markers by targeting the two-base deletion in the Bn-FAE1.2

gene

The two-base deletion in the Bn-FAE1.2 gene is located at the end of this
gene. With the extended 3'-end flanking sequence of Bn-FAE1.1 and Bn-FAE1.2, a
polymorphic region was found and a genome specific primer FE42A targeting the Bn-
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FAE1.2 in the C genome was designed and another 20 primers were located inside
the gene to form 20 primer pairs for multiplexing detection (Table 1). The genome
specific primer was labeled with one of the four fluorescent dyes (6-FAM, VIC, NED
and PET, ABI, California) and the PCR products in a range of 200 to 500 bp were
separated with an ABI 3100 DNA analyzer (ABI, California).

SNaPshot detection of the Bn-FAE1.1 alleles

SNP markers were developed through targeting the single base change in the
Bn-FAE1.1 gene in the A genome. A genome specific primers, ‘FEAG4 and FEAST
were designed on the basis of the extended gene flanking sequence to amplify the
Bn-FAE1.1 gene in the A genome. For multiplexing, another 22 primers were
designed to detect the single nucleotide polymorphism (SNP) in the Bn-FAE1.1 by
adding polyT at the 5’ end of the primers (Table 1).

The first step for SNP detection was to produce genome specific PCR products
containing the SNP position. PCR reactions were performed in a 10 pl volume
containing 60 ng of genomic DNA, 100 uM of each dNTP, 0.15 uM of each primer, 1X
PCR buffer, 1.5 mM MgCl, and 1 Unit of Tag polymerase. The PCR program was:
94°C for 3 min. followed by 35 cycles of 94°C for 1.0 min, 55°C for 1.0 min, 72°C for
1.0 min and final extension 72°C for 10 min.

SNP detection was performed using single nucleotide primer extension method
in the ABI 3100 Genetic Analyzer using SNaPshot multiplex kit (ABI, California),

following the instruction in the Kit.
The SnaPshot products were pooled first and 2 pl pooled DNA was mixed with

8 pl formamide containing GeneScan™ 120 LIZ™ size standard (ABI, California).
After the DNA was denatured for 5 minutes at 95°C, the DNA fragments were

analyzed with an ABI 3100 Genetic Analyzer. Genotypes were scored manually, using

peak coior verification.
While the preferred embodiments of the invention have been described above,

it will be recognized and understood that various modifications may be made therein,
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and the appended claims are intended to cover all such modifications which may fall

within the spirit and scope of the invention.
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Table 1: List of primers used in this experiment

Primers amplifying the A-genome specific fragment containing SNP position
Forward: FEAG4: CTCATTCCCGAGAAACACTGA (SEQ ID No. 1)
Reverse: FEAS120: CTACGATCTCCAGGCTTGTT (SEQ ID No. 2)

SNP detection primers:
- FEAF1: TTTTTGCCGCTATTTTGCTCT (SEQ ID No. 3)

FEAF2: TTTTTTTTITTGCCGCTATTTTGCTCT (SEQ ID No. 4)

FEAF3: TTTTTTTTTTTITTTGCCGCTATTTTGCTCT (SEQ ID No. 5)

FEAF4: TTTTTTITITTTTTTTTTTTTGCCGCTATTTTGCTCT (SEQ ID No. 6)

FEAFS: TTTTTTTTTTTITITTTTTITTTTTGCCGCTATTTTGCTCT (SEQ ID No. 7)

FEAF6: TTTTTTTITTTTITITITTTITTITTITTTTGCCGCTATTTTGCTCT (SEQ ID No. 8)

FEAF7: TTTTTTTITTTTITITITITITTITTTTTTTITITGCCGCTATTTTGCTCT (SEQ ID No. 9)
FEAF8: TTTTTTTTTTTTTITTITITTTITITTITITTTITITITTITGCCGCTATTTTGCTCT (SEQ ID No. 10)

FEAF9: GCCGCTATTTTGCTCT (SEQ ID No. 11)
FEAFIQ: TTTTTTITTT GCCGCTATTTTGCTCT (SEQ ID No.
12)

FEAF11: CGCTATTTTGCTCT (SEQ
ID No. 13) - ~

FEAF12: TTTTTTCGATCTCCAGGCTTGTTG (SEQ ID No. 14)
FEAF13: TTTTTTTTTTTCGATCTCCAGGCTTGTTG (SEQ ID No. 15)

FEAF14: TTTTTTTTTTTTTTTCGATCTCCAGGCTTGTTG (SEQ ID No. 16)

FEAFIS: TTTTTTTTTITTTTITTTTTCGATCTCCAGGCTTGTTG (SEQ ID No. 17)

FEAF16; TTTTTTTTTTITTTITITTITITTCGATCTCCAGGCTTGTTG (SEQ ID No. 18)
FEAF17: TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCGATCTCCAGGCTTGTTG (SEQ ID No. 19)

FEAF18: TTTTTTTTTTTITTITIITTITTTTT I TTTTTTTTCGATCTCCAGGCTTGTTG (SEQ ID No. 20)
FEAF19: TTTTTTTITTITIITTIITTITTTT I TITTTTITTITT TTCGATCTCCAGGCTTGTTG (SEQ ID No. 21)

FEAF20: T CGATCTCCAGGCTTGTTG (SEQ ID No. 22)
FEAF2L: TTTTTTTITT T TTTITT I I T I T TITTITTT I ITITTITTIITITITITITTTCGATCTCCAGGCTTGTTG (SEQ ID
No. 23)

FEAF22: GATCTCCAGGCTTGTTG

(SEQ ID No. 24)

List of SCAR primers specific to C-genome amplify the two bases deletion position:
Reverse; FE42A (labeled): GACCATCTTTAACCCTAAAACC (SEQ ID No. 25)

Forward: FE42D: CAATGTCAAAGCTTCAA (SEQ ID No. 26)
Forward: FE42D1: GGCTCTAAACAATGTCAAAGC (SEQ ID No. 27)
Forward: FE42E1;: TGCAGTTTGGGTGGCTCT (SEQ ID No. 28)
Forward: FE42F: GTGTAACAGTGCAGTTTGGG (SEQ ID No. 29)
Forward: FE42F1: GGCTTTAAGTGTAACAGTGC (SEQ ID No. 30)
Forward: FE42G1: TTAGGGTCAGGCTTTAAG (SEQ ID No. 31)
Forward: FE4A2J: GGTAATAAAGTTTGGCAG (SEQ ID No. 32)
Forward: FE42K: GCAAAAGGAAGGATGAAG (SEQ ID No. 33)
Forward: FE41: GGCATACATAGAAGCAAAAG (SEQ ID No. 34)
Forward: FE42L: TGGTATGAGTTGGCATAC (SEQ ID Nao. 35)
Forward: FE42M1: CTAGCTCAATATGGTATGAG (SEQ ID No. 36)
Forward: FE42M: GGAAACACTTCATCTAGCTC (SEQ ID No. 37)
Forward: FE42N1: CATAGATTTGGAAACACTTC (SEQ ID No. 38)
Forward: FE42N2: CAACGTTACATAGATTTGG (SEQ ID Na. 39)
Forward: FE42N: GGCATCAAGATCAACGTTAC (SEQ ID No. 40)
Forward: FE420: TCGATGTAGAGGCATCAAG (SEQ ID No, 41)
Forward: FE42P: CCTAGCACCGATCGATGTAG (SEQ ID No. 42)
Forward: FE42Q: AGAACCTAGGCCTAGCACCG (SEQ ID No. 43)
Forward: FE42R: GTGCTAGAGAAGAACCTAGG (SEQ IID No. 44)
Forward: FE425: AGCCGTGATTGATGTGCTAG (SEQ ID No. 45)
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Table 2. Segregation for erucic acid in the F, and BC, generations of B. naepus.

v

B

Greneration

Ci

Genetic Analyzer as shown in Figure 2 and 3b.

Generation / Genotypes

£,
Bl1E1E2L:2
Bl1ETE2¢e2

EBiRRle2e2
ElelE2E2

ElelE2e2
Elele2e2
elelE2E2
elelE2e?
elele2el

BC;
ElelE2¢e2

Elele2e2
elelB2e2
elelele?

¥ Standard dewviation.

Expected Number of
genotypic individuals
ratio

— DD e DD B e DD et

| ¥ (F)=2358 (P=0050-0.95)

26
23
22
52

2(BCy)=12.358 (P=0.5-0.7)

0.401
0.01I9

and SD’

4.2+ 0.83
345+£221

24.2 + 1.88
343 + 1.94

24.1 £2.31
12.8+ 2.00
229+1.73
12.0+ 1.91
0.26x 0.25

19.84: 1.90
10.5 £ 1.61
104+ 1.11
0.18 £ 0.22

0.5-0.7
0.7-0.9

Table 3. Erucic acid content in different genotypic class of F» and BC, populations. The
genotyping were done on the basis of SNP and SCAR markers detected in ABI 3100

Mean Erucic acid (%)
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<130>

<150>
<151>

<160>
<170>
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<400>
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SEQUENCE LISTING

L1, Genys

High throughput genome specific molecular markers for erucic acid
content genes in Brassica napus (L.)

82402-13002

60/882,332
2006-12-28
45

PatentIn version 3.3

1

21
DNA

Artificial

primer

1

ctcattcccg agaaacactg a

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

20

DNA
Artificial

primer
2

ctacgatctc caggcttgtt

<210>
<211>
<212>

<213>

<220>
<223>

<400>

3

21

DNA R
Artificial

primer
3

tttttgccge tattttgcte t

<210>
<211>
212>

<213>

<220>
<223>

<400>

4
26

DNA
Artificial

primer
4 ,

tttttttttt gccgctattt tgctct

Page 1

21

20

21

26



<210>
<211>
<212>
<Z213>

<220>
<223>

<400>

5

31

DNA
Artificial

primer
S
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TTTTTTLLLE tttttgecege tattttgctce t

<210>
<211>
<212>
<Z213>

' <220>
<223>

<400>

6

36

DNA
Artificial

primer

6

ttrretttit trttttittt geccgetattt tgctct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

7
41

DNA
Artificial
primer

7/

tttttttttt tttttttttt tttttgccge tattttgctc t

<210>
<211>

<212>
<213>

<220>
<223>

<400>

8
46

DNA v ] -
Artificial

primer

8

tttttttttt tttttttttt tttttttttt gccgctattt tgctct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

tttttttttt tttttttttt trrtrtttit tttttgccge tattttgctc t

<210>
<211>

9

51

DNA
Artificial
primer

9

10
56

Page 2

31

36

41

46

51
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<Z1U>

LL
<211> 61
<212> DNA

<213> Artificial

<220> .
<223> primer

<400> 11
tttttttttt trtttttttt tttttttttt trtttttit ttitttgeccge tattttgcic 00

T 61

<210> 12

<211> 66

<212> DNA

<213> Artificial

<220>
<223> primer

<400> 12
tttttttttt tttttttttt tttttttttt tttttttttt ttittttttt gccgctattt 60

tgctct | 66

<210> 13

<211> 71

<212> DNA .
<213> Artificial

<220> .
<223> primer

<400> 13
tttttttttt tttttttttt ttrrtitttt tttrtttttt trrrrtrttt tttttgoccgc 60

tattttgcte t 71

<210> 14

<211> 24

<212> DNA

<213> Artificial

<220>
<223> primer

<400> 14
ttttttcgat ctccagg Ctt gttg 24

Page 3
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<223> primer
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<210>
<21l>
<212>
<213>

<220>
<223>

<400>

15

29
DNA

Artificial

primer
15
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tttttttttt tcgatctcca ggcttgttg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16

33

DNA
Artificial

primer
16

tttttttttt tttttcgatc tccaggettg ttg

<210>

<211>
<212>

<213>

<220>
<223>

<400>

17

37

DNA L
Artificial

primer
17

tttttttttt ttttttttte gatctccagg cttgttg

<210>
<211>

<212>
<213>

<220>
<223>

<400>

18
42

DNA ] ) -
Artificial

primer
18

tttttttttt tttttttttt ttttcgatct ccaggcttgt tg

<210>
<211l>
<212>
<213>

<220>
<223>

<400>

tttttttttt tttttttttt ttrttttttt cgatctccag gottgtty

<210>
<Z211>

19

48

DNA
Artificial

primer

19

20
53

Page 4

29

33

37

42

48



<212>
<213>

<220>
<223>

<400>
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DNA. o
Artificial

primer
20

tttttttitt tttttttttt tttttttttt tttttcgate tccaggettyg ttg

<210>
<211>
<212>

<213>

<220>
<223>

<400>

21

58

DNA
Artificial

primer
21

trtttttttt trttttttttt ttrttttttt tttttttttt cgatctccag gettgttg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

22

63

DNA
Artificial

primer
22

TTeLtttttt ttttittttt trttttttttt tttrtteitt tttttcgatc tccaggcettg

ttg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

23

68

DNA
Artificial

primer ‘

23

TTETEETLTC TTLETECTLT TELTTELTEL TTTTLCTTTE TTTTTITTIT cgatctccag

gcttgttg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

24

73

DNA
Artificial

primer
24

ttttrtittt ttrrtttttt trtttttittt tTTttetttt trtttitttt ttrttcgatc

tCcaggcttg ttyg

Page 5
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58

60
63

60
68

60
73



<210>
<211>
<212>

<213>

<220>
<223>

<400>

gaccatcttt aaccctaaaa cc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

25

22

DNA
Artificial

primer
25

26

17

DNA
Artificial

primer
26

caatgtcaaa gcttcaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

27
21

DNA_
Artificial

primer

27

ggctctaaac aatgtcaaag ¢

<210>
<211>
<212>
<213>

<220>
<223>

<400>

28

18

DNA
Artificial

primer
28

tgcagtttgg gtggctct

<210>
<211>
<212>

<213>

<220>
<223>

<400>

29

20

DNA
Artificial

primer
29

gtgtaacagt gcagtttggg

<210>
<211>

30
20
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<212>
<213>

<220>
<223>

<400>

DNA- » [
Artificial

primer
30

ggctttaagt graacagtgc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

31

18

DNA
Artificial

Brimer
31

ttagggtcag gctttaag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

32
18
DNA

Artificial

primer
32

ggtaataaag tttggcag

<210>

<211>
<212>
<213>

<220>
223>

<400>

33
18

DNA
Artificial
primer

33

gCdadaaggaa ggatgaad

<210>
<211
<212>
<213>

<220>
<223>

<400>

34

20

DNA
Artificial

primer
34

ggcatacata gaagcaaaag

<210>
<211>
<212>
<213>

35

18

DNA
Artificial
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<220>
<223>

<400

primer
35

tggtatgagt tggcatac

<210>
<21]1>
<212>
<213>

<220>
<223>

<400>

36

20

DNA
Artificial

primer

36 -

ctagctcaat atggtatgag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

37

20

DNA
Artificial

primer
37

ggaaacactt catctagctc

<210>

<211>
<212>
<213>

<220>
<223>

<400>

36

20

DNA
Artificial

primer
38

catagatttg gaaacacttc

<210>
<21l>
<21Z2>
<213>

<220>
<223>

<400>

39

19

DNA
Artificial

primer
39

caacgttaca tagatttgg

<210>
<211>
<212>
<213>

<220>
<223>

40

20

DNA
Artificial

nrimer
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<400>

ggcatcaaga tcaacgttac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

40

41

19

DNA
Artificial

primer
41

tcgatgtaga ggcatcaag

<210>
<211>
<212>
<213>

<220>
223>

<400>

42
20

DNA
Artificial
primer

42

cctagcaccyg atcgatgtag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

43

20

DNA
Artificial

primer
43

agaaCCtagg cctagcaccg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

44

20

DNA
Artificial

primer
44

gtgctagaga agaacctagg

<210>
<211>
<212>

<213>

<220>
<223>

<400>

45

20

DNA
Artificial

primer
45

agccgtgatt gatgtgctag
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CLAIMS |
1. A method for determining the erucic acid content of a Brassica napus

plant cell comprising:

determining the genotype of a Brassica napus plant cell at the Bn-FAE1.1 and
Bn-FAE1.2 loci, wherein a C to T substitution at position 846 of Bn-FAE1.1 and a ftwo
nucleotide deletion at position 1425-1426 of Bn-FAE1.2 indicates low erucic acid
content.

2. The method according to claim 1 wherein a portion of the Bn-FAE1.1
locus is amplified using FEAG4 (SEQ ID No. 1) and FEAS120 (SEQ ID No. 2) or
FEAF1 (SEQ ID No. 3) prior to determining the genotype of the Brassica napus plant
cell at Bn-FAE1.1.

3. The method according to claim 2 wherein the single base substitution at
position 846 is determined using a SNP detection primer selected from FEAF1-

FEAF22 (SEQ ID Nos. 3-24).
4. The method according to claim 1 wherein a portion of the Bn-FAE1.2
locus amplified using FE42A (SEQ ID No. 25) and a primer selected from SEQ D

Nos. 26-45.
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1. Upstream flanking region

FAEA AAATTATCTTATTCCGGTCATGTTGGCCTTAACTAAAC TTCCACACATTTGTTTA- CTGA-
FAEC ATGTGGTGACACGT-GGTTTGAAACCCACCAAATAATCGATCACAAAAMCCT AAGTTAA

W ek Xk x ¥ ¥ ¥+ ¥ ¥ ¥ ¥ ¥ X ¥ ¥ ¥ ¥

FAEA TATTCG AGTATAAACTTTGCGGGAAAACTCATTCCCGAGAAACACTGATCCCATAATTAG
FAEC GGATCGGTAATAACCTTT CTAAT'TAAT 'I"I'I'GATT’TAATT AAA TCACTC'I'I'I']' TA TTITA

* k¥ £k kK K ¥ k¥ * % ¥

FAEA TCAGAGTCTATGTCGGTTTAGCCTATC- ACTG- CTAAGTACAAAAATTCTCTCGAATTCA
FAEC  T- AAACCCCACTAAA’I’I‘A’I‘GCGATA’I’I‘GA’I"I‘GTCTAAGTACAAAAATTCTCI‘ CGAATTCA

* ¥ * % % R k¥ ok ok ok ok ok ok % % Bk ¥ ¥k k% ok k¥ kR ¥ ¥ %% ¥k

2. Downstream flanking region

FAEA GTATGTATCTCTTA - -- --- -TTTA - - CATGAAA - - -TTTTTAAACGCCT - - - -AACACT
FAEC GTATGTATCTCTTAGACCATCTTTAACCCTAAAACCCTTTTTGAGATCCTTAAGAAAATT
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Fig 2
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