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Abstract

Glucosinolates are sulfur-containing compounds presents in several Brassicaceae vegetables,
including B.oleracea. AOP2 is a glucosinolate pathway gene that plays a central role in the
conversion of methylsulfinylalkyl glucosinolates (glucoiberin and glucoraphanin) into alkenyl
glucosinolates (siningrin and gluconapin). The functional or not-functional allele of AOP2 directly
influences the accumulation of substrates and products, with ecological and practical implications,
such as plant-insect interactions, biofumigation and functional food applications. This project aims
to study the genomic regulation of the AOP2 gene involved in the glucosinolates pathway in
Brassica oleracea, through the transformation of B.oleracea var. DHAG1012 with the AOP2_2

gene from the wild-type Winspit 7. The GATEWAY ™ Binary Destination Vectors pH7WG2 and
pK7WG2D are the destination vectors used in this experiment, together with Agrobacterium
tumefaciens strain AGL1 used as transformation vector. A copy number polymorphisms analysis of
AOP2 among four different genotype of B.oleracea (Winspit, Double Haploid AG1012 (DHAG),
Savoy Cabbage var. Wintessa (Savoy), and Purple Sprouting Broccoli var. Sante (PSB) was
investigating, using both PCR and qRT-PCR. Moreover the presence of conserved elements in the
MYB29 regulator factor among four different genotype was carried out. No regeneration of
transformed Brassica oleracea DHAG1012 was obtained. Indeed most of the transformed
cotyledons either grew in dimensions without develop any callus or develop tissue culture
blackening. Concerning the isolation of MYBZ29 regulator factor, the final cloning procedure failed
and no results are available for this reasons. A 2-bp deletions was found in the AOP2 sequence of
Winspit, confirming the result of Li and Quiros (2003) and the functionality of AOP2 in Winspit. The
AOP2 polymorphisms analysis among the four genotypes showed that Winspit has three copies of
AOP2, PSB and DHAG1012 have two copies and Savoy has one copy. Dimension and number of
all of these copies are in agreement with Gao et al. (2004) expect for Winspit, that resulted with an
extra third copy of AOP2. Sequence analysis of key pathway genes, their promoter and/or
regulator factors analysis, as well as over-expression transformation of these genes in planta are
nowadays important and fundamental research methodologies. Therefore further research aimed
to demonstrate the functionality of AOP2 in B.oleracea is needed.



Index

Acknowledgment

Abstract

1. Introduction 1
1.1 Brassicaceae and Brassica oleracea 1
1.2 Glucosinolates: general aspects and biosynthesis 1
1.3 Metabolic engineering of glucosinolates 3
1.4 Characterization of AOP2 4
1.5 Project Background and Implications 6
1.7 Goal of this project 7
2. Materials and Methods 8
2.1 Over-expression transformation of Brassica oleracea DHAG1012 8
2.1.1 Construction of binary plant expression vectors
2.1.2 PCR amplification of AOP2

2.1.3 Transformation of E.coli (heat shock) and Agrobacterium tumefaciens
(electoporation)

2.1.4 Plant Materials
2.1.4 Agrobacterium preparation
2.1.5 Explant Isolation, inoculation, cocultivation and selection
2.2 AOP2 polymorphism analysis among different B.oleracea genotypes 10

2.3 Estimation of AOP2 gene copy number among different B.oleracea genotypes by
using gqRT-PCR on genomic DNA 11

2.4 MYB29 promoter analysis 11
3. Results 13
3.1 Over-expression transformation of Brassica oleracea DHAG1012 13
3.1.1 PCR amplification of AOP2
3.2 AOP2 polymorphism analysis among different B.oleracea genotypes 14

3.3 Estimation of AOP2 gene copy number among different B.oleracea genotypes by
using q-PCT on genomic DNA 14

3.4 MYB29 promoter analysis 15

Discussions and Conclusion 16



4.1 No regeneration of transformed Brassica oleracea DHAG1012 16
4.2 AOP2 polymorphism analysis among different B.oleracea genotypes 16

4.3 Estimation of AOP2 gene copy number among different B.oleracea genotypes by
using q-PCT on genomic DNA 17

4.4 No cloning of MYB29 cis-elements 18
4.5 PCR ampilification of AOP2 18
4.5 Conclusions 18

References 20

Appendix | 23

Appendix Il 36



1. Introduction

1.1 Brassicaceae and Brassica oleracea

The Brassicaceae family contains about 338 genera and more than 3,700 species (Hasan et al.,
2006; King, 2007; Warwick et al., 2009) in which Brassica and Arabidopsis represent the two major
genera. Brassica and Arabidopsis genera diverged approximately 14.5 to 20.4 million years ago
(Yang et al., 1999) and because of that they were subjected to comparative genomics studies.
Brassicaceae is one of the 10 most economically important plant families because of their wide
range of use (Warwick et al., 2009). Examples of their extended use are the oilseed species
Brassica napus (rapeseed), B.rapa (turnip rape), B.juncea (Indian mustard) and the cruciferous
species such as B.oleracea (broccoli, cabbage, cauliflower and collard green) and B.nigra
(mustard). Agricultural breeding and selection, as well as natural evolution have produced a large
diversity on species in the Brassicaceae family. A large part of these species resulted from crosses
between three major Brassica diploid plants: B.rapa (genome AA: n= 10), B.nigra (genome BB: n=
8) and B.oleracea (genome CC: n= 9). These crosses resulted in economically important
amphidiploid hybrids: B.napus (genome AACC: n= 19) from the cross between B.rapa and
B.oleracea, B.carinata (genome BBCC: n= 17) from the cross between B.nigra and B.oleracea and
B.juncea (genome AABB: n= 18) from B.rapa x B.nigra (Hayward, 2012). Brassica oleracea
represents the Brassica ‘C’ genome, with a genome size of 600-650 Mbp (King, 2007). B.oleracea
has been divided into six different phenfigureotypes: cabbage, kales, inflorescence kales,
branching bush kales, Chinese kales and kohlrabi (Rakow 2004; Warwick et al. 2009).

1.2 Glucosinolates: general aspects and biosynthesis

Glucosinolates (GSLs) are presents in several Brassicaceae vegetables, such as broccoli,
cauliflower, cabbage, Chinese cabbage, turnip, and oilseed rape among others (Gao et al., 2006).
The specific presence of glucosinolate within the Brassicaceae family is related to two relevant
applications among all these crops: cancer-prevention and biofumigation. Glucosinolate
compounds have a common chemical structure consisting of (Figure 1):

1. B-D-glucopyranose residue;

2. Sulphur atom acts a linker;

3. (2)-N-hydroximinosulfate ester;

4. Variable R group derived from 8 amino acids (Ala, Leu, lle, Met, Val, Phe, Tyr, Trp).

R.,.,,,,’U/s il

N0SOs

Figure 1 Glucosinolate
chemical structure

Glucosinolates are therefore thioglucosides consisting of B-thioglucose, a sulfonated oxime and a
variable side chain derived from an amino acid. Depending on the origin of amino acid side chain
they can be classified as either aliphatic, aromatic or indole glucosinolates (Larson 1981; Mithen

2001).
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Glucosinolates are synthesised in a three steps process (Figure 2) involving: (1) amino acid side
chain elongation (mostly derived from methionine), (2) synthesis of the core glucosinolate, and (3)
side chain modification. The primary (elongation) and secondary (oxidation, hydroxylation and
esterification) modifications give rise to methysulfinylalkyl-GSL (3-methylthiopropyl or 4-
methylthiobutyl) (Schranz et al., 2012). In the aliphatic glucosinolates pathway (Figure 2) different
genes are responsible for the expression of a series of enzymes that work in cascade. According
to Li and Quiros (2002) the expression of one of the two genes in the chain elongation step, either
BoGSL-ELONG or BoGSL-PRO, will respectively result in four-carbon (4C) or three-carbon (3C)
GSL. In a plant with dominant BoGSL-ELONG allele, methionine will be chain-elongated to form
glucoerucin (4-methylthiobutyl), whereas a dominant BoGSL-PRO allele will produce glucoibeverin
(3-methylthiopropyl). At this point glucoerucin and glucoibeverin will be oxidated by BoGSL-OX to
form glucoraphanin (4-methylsulphinylbutyl) and glucoiberin (3-methylsulphinylpropyl) respectively.
In the last step BoGSL-ALK will use glucoiberin as substrate to form sinigrin (2-propenyl). In
contrast, a plant with a strong 4C glucosinolate profile BoGSL-ALK will use glucoraphanin to
produce gluconapin (3-butenyl) that will be converted by BoGSL-OH into progoitrin (2-hydroxy-3-
butenyl). As the glucosinolate pathway elucidates, glucoiberin is the precursor of sinigrin and this
conversion is undertaken by BoGSL-ALK (AOP2) gene product. These side-chain modifications of
basic GSL have both biological and biochemical interest because they influence the direction of
hydrolysis and therefore the resulting activity of reaction’s product. Genetic studies in Arabidopsis
have characterized a cluster of three genes that is encoding 2-oxoacid-dependent dioxygenase
(AOP, previously called GSL-ALK) proteins and therefore responsible for the secondary oxidative
transformation of methionine-derived GSL (oxidation of the side chain of GSL): AOP1, AOP2 and
AOP3 (Hall et al, 2001, Kliebenstein et al., 2001). AOP2 controls the conversion of
methylsulfinylalkyl glucosinolates to alkenyl glucosinolates, AOP3 converts methylsulfinylalkyl
glucosinolates to their hydroxyalkyl form, whereas the function of AOP17 is unknown (Kliebenstein
et al., 2001). AOP2 is pointed out as one of the major genes that control the level of glucoraphanin
in Brassica crops. The presence of a non-functional allele of AOP2 in broccoli is responsible for the
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accumulation of glucoraphanin (Li and Quiros, 2003)._Sulforaphane (SF), hydrolic products of
glucosinolates has been identified as powerful cancer-prevention agent. SF is a phytochemical that
was isolated from broccoli in the early 1990s as an inducer of phase 2 enzymes, such as
NAD(P)H:quinone oxidoreducatase1 and glutathione S-transferase (Zhang et al., 2007). SF is
largely derived from glucoraphanin (B-thioglucoside N-hydroxysulfate) and the conversion is
catalyzed by myrosinase (thioglucoside glucohydrolase) an enzyme that is physically separated
from glucosinolates in normal plants (Zhang et al., 2007). SF is a promising antiangiogenic drug
that is able to inhibit the metastasis of cancer cells. No drugs presently available are able to inhibit
the metastasis of cancer cells (Fimognari and Hrelia, 2007). However antimetastatic effects of
sulforaphane were obtained in xenograft models, which cannot fully recapitulate the situation in
humans.

1.3 Metabolic engineering of glucosinolates

Presently is available a body of literature with several examples of glucosinolate-engineering
plants, aimed to improve favourable properties such as flavour taste, pathogens/insect resistance,
biofumigation and anti-cancer substance accumulation (Mikkelsen et al., 2000; Hansen et al.,
2001; Reintanz et al., 2001; Celenza et al. 2005; Halkier and Gershenzon, 2006; Gigolashvili et al.
2007; Hirai et al., 2007). Most of the studies concerning glucosinolates biosynthesis involve the
model plant Arabidopsis, as it contains more than 20 different glucosinolates and belong to the
Brassicaceae family. One of the first metabolic engineering experiment involving glucosinolates
aimed to alter the expression of cytochromes P450 of the CYP79 enzyme family, responsible for
the conversion of amino acids into aldoxime, during the first enzymatic reaction of GSL
biosynthesis (Hansen et al., 2001). Hansen et al., (2001) demonstrated that over- or down-
expression of CYP79F1 transcripts in A.thaliana respectively enhance or decrease the level of
aliphatic glucosinolate in the plant. They confirmed that CYP79F1 in A.thaliana converted
dihomomethionine and trihomomethionine into 5-methylthiopentanaldoxime and 6-
methylthiohexanaldoxime respectively. Moreover, in plants with a low content of aliphatic
glucosinolates there is accumulation of CYP79F1 substrates (dihomomethionine and
trihomomethionine), suggesting that this pathway is not subject to feed-back inhibition by products
of the chain elongation step. Reintanz et al. (2001) also confirmed these results, showing that GSL
that are formed from methionine are mediated by CYP79F1 gene (improve with analysis of
glucosinolate patterns). Celenza et al. (2005) tried a different approach in the metabolic
engineering of glucosinolates, aimed to overexpress GSL transcript regulator. In fact, they
demonstrated that an over-expression of atr1D, a MYB transcription factor of A.thaliana, activates
the expression of genes implicated in the production of indolic glucosinolate (CYP79B2, CYP79B3
and CYP83B1). Moreover, they proved a reduction of indolic glucosinolate synthesis genes
expression in atr1 loss-of-function mutant, and consequently a decline in the indolic glucosinolate
level. Arabidopsis plants transformed with 35S::ATR1 produced a much higher level of transcripts
than atr1D, but the level of indole glucosinolates is just two-fold higher compared with wild-type
plant (Celenza et al. 2005). Mikkelsen et al. (2000) found that 35S::CYP79B2 Arabidopsis plant
produced five times more indole glucosinolates than the wild-type. In this sense, glucosinolate
metabolic engineering with a specific gene conferring a gain-of-function is optimal than ectopic
expression of gene regulators (Halkier and Gershenzon, 2006). Zuluaga et al. (2012, data not
published) investigated the AGSL pathway of B.oleracea aiming to produce metabolic engineering
plants with an increased content of sinigrin, engineering the regulator factor MYB28 and MYB29.



MYB28 is a key positive regulator gene, that shown to regulate the aliphatic methionine-derived
glucosinolate biosynthesis in A. thaliana (Gigolashvili et al. 2007). Hirai et al, (2007)
overexpressed MYB28 in Arabidopsis cell suspension cultures and demonstrated that the
expression of this transcription factor is correlated with a large production of GSLs. MYB28 gene
from A.thaliana was over-expressed in the B.oleracea Double Haploid AG1012 (DHAG1012)
accession, resulting in the 2-fold up-regulation of all the target genes in B.oleracea (Transgenic
plant number 4, TP4) except for BoST5 (Zuluaga et al., 2012 data not published). BoPRO,
BoCYP79F1, BoCYP83A1, BoC-S lyase and BoST5b genes were up-regulated in three
35S::AtMYB28 B.oleracea plants, whereas BoST5c was still not expressed. During the over
expression experiment of AtIMYB28 the higher transcript level of the target genes were reach
during analysis of the plant when they were in vitro. Unfortunately after the transfer from the in-vitro
conditions to green-house, the level of transcript dramatically decreased in all the samples.
Because of that, the HPLC analysis for the glucosinolate showed only a small significant difference
(p=0.0275) between the TP4 and the wild type (WT2). MYB29, as well as MYB28, is a transcription
factor that regulates positively the aliphatic GSL in the cell, but it might play an accessory role in
the regulation (Hirai et al., 2007). Zuluaga et al., (2012, data not published) expressed WinMYB29
from WinSpit 7 in B.oleracea ‘DHAG1012’ genotype. qRT-PCR analysis shows that AOP2 and
MYB29(2) (the second copy of MYBZ29) expression levels are higher in Winspit if compared with
the other three genotypes, and these expression levels seem to be correlated. Because of that,
AOP2 expression can be hypothetically regulated by MYB29 transcription factor (Zuluaga et al.,
2012 data not published). A transformation experiment was carried out in order to test this
hypothesis. When MYB29(2) gene from Winspit was transformed into DHAG1012 plant a higher
expression of the transcription factor was detected together with an over-expression of AOP2 gene
(data compared with non-transformed plant). This result confirmed that AOP2 gene expression is
controlled by MYB29 transcription factor. After the transformation, gRT-PCR analysis of transcript
level of genes resulted in the over-expression of all the genes involved glucosinolate biosynthesis
pathway, with the exception of BoC-S lyase, BoUGT74B1, and BoUGT74C1. Concerning the
aliphatic glucosinolate profile of 35S::MYB29 plants, was reported a significant increase of
glucoraphanin and a radical increase of glucoiberin (transgenic plant MYB29-6 produce 8 times
more glucoiberin than Empty vector-1 and about 3 times more than wild-type-1). The accumulation
of methylsulfinylpropyl-GSL (glucoraphanin and glucoiberin in the case of 35S::MYB29
transformants) can be explained by the presence of a null allele in the DHAG1012 genotype, that
codifies for a non-functional copy of AOP2. This hypothesis has to be proven by the expression of
a functional copy of AOP2 in DHAG1012, that should convert methylsulfinylpropyl-GSL
(glucoiberin) into the correspondent alkenyl-GSLs (sinigrin).

1.4 Characterization of AOP2

In B.oleracea two tandemly repeated copies of AOP2 that contain 2 bp deletions at the third
exon are present (Zang et al., 2009). According to Zang et al., (2009) this is the reason for the high
accumulation of glucoraphanin in B.oleracea and therefore the glucoraphanin quantity both in
B.rapa and B.oleracea ‘could be elevated by inhibiting AOP2 expression via antisense or RNA
interference approaches.” Neal et al. (2010) identified three alleles of AOP2 in five Arabidopsis
accessions (Col, Cvi, Ler, Pi and St). The allele present in the Cvi and St accessions was named
allele 1 (AOP2-1), the allele presents in the Pi accession which contains two polymorphisms (18 bp
and 9 bp deletions) was named allele 2 (AOP2-2), and finally the allele present in the Col and Ler
accessories that contains these two polymorphisms and an additional 5 bp frame shift deletion was
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named AOP2-3. In AOP2-2 the two deletions (18 and 9 bp) cause a difference of nine amino acids
between the AOP2-1 and AOP2-2 encoded protein (432 and 423 amino acids, respectively). The 5
bp frame shift deletion in AOP2-3 allele results in the production of a truncated protein of 172
amino acids. This latter result agreed with the non-functionality of AOP2-3 allele in the Col
accession.

Table 1. Schematic representation about 5’ regulatory region analysis
(according to Neal et al., 2010)

Col(-) = Pi (+)
Ler () = St (-) ~ Cvi (+)

= identical sequences; = high similarity with only some minor differences

The AOP2-2 allele transcribed in the Pi accession contains two in-frame 18 bp and 9 bp deletion
polymorphisms, whereas the AOP2-3 contains a 5 bp deletion that causes the introduction of a
series of stop codons in the transcript. According to Neal et al. (2010) and Kliebenstein et al.
(2001) both AOP2-1 and AOP2-2 are coding for functional protein products. Interestingly, both Cvi
and St contain the AOP2-1 allele but this is only expressed in Cvi (Table 1). The St AOP2-1 does
not contain the 5 bp deletion and therefore other regulation mechanisms behind this not
expression to be investigated, because mRNA instability from shift mutation is not responsible for
the lack of expression in St. Gao et al., (2004) in his comparison study of a long genetic sequence
between B.oleracea and A.thaliana found a rearrangement of the AOP gene family in broccoli and
collard. In these two genotypes both AOP2 and AOP1 genes have been duplicated, while AOP3 is
absent. The arrangement of the AOP gene family found in the research is as follows: Bo-AOP2.1
(BoGSL-ALKa) — pseudogene — AOP2.2 (BoGSL-ALKb) — AOP1.1 — AOP1.2. In Brassica both
AOP1 and AOP2 have three exons as well as in Arabidopsis. The two copies of AOP2 that are
present in functional-AOP2 plants, such as collard, do not have a 2-bp deletion in exon 2 that
indeed characterized non-functional plants, such as broccoli (Li and Quiros, 2004). Neal et al,,
(2010) analysed the regulatory regions upstream (2kb) the AOP2 structural gene in four
accessions of Arabidopsis, two expressing (Cvi/Pi) and two not-expressing (Ler/St) the gene. In
this work they aim to identify any polymorphisms in the promoter regions that could explain the
differences in AOP2 gene expression. Northern blot analysis of AOP2 transcript level in the leaves
of Col, Cvi, Ler, Pi and St indicated that Pi and Cvi have high level of gene expression, whereas
Ler, St and Col show low or no detectable expression. Surprisingly Col (AOP2-) and Pi (AOP2+)
accessions have identical 5 regulatory region sequences; this result diverges with the difference in
AOP2 gene expression of the two accessions. Ler (AOP2-) and St (AOP2+) accessions were also
found to have identical AOP2 5’ regulatory region sequences and highly similar to Cvi regulatory
sequence (Tab.1) (Neal et al., 2005). Regulatory regions in expressing (Cvi/Pi) and non-expressing
(Ler/St) accessions shown to have only small differences (single/double bp substitutions and
insertion/deletion) and all clustered between nucleotides 1184 and 1232 upstream the ATG. The
comparison of the 5’ regulatory regions of the two expressing accession (Cvi and Pi) shows a 37bp
deletion and 45bp and 3 bp insertions. However, these differences are not crucial for AOP2
expression profiles of the two alleles. Cis-elements were not identified in this region and because
of that reasons behind the difference in the leaf level of AOPZ2 transcript are missing (Neal et al.,
2010). Therefore further investigation concerning regulatory cis-elements is needed. Wang et al.
(2011) conducted a comparative analysis of the genome of A. thaliana and Brassica rapa and
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identifying 52 homologous glucosinolate biosynthetic genes of Arabidopsis. Concerning the
transcription factors, three copies of MYB28 were identifying (Bra012961, Bra035929, Bra029311)
with 79.1, 81.5, 72.5% identity respectively. MYB29 was found to have two copies (Bra009245,
Bra005949) with 92.1 and 75.7% of identity. Concerning the regulation of AOP2 gene expression,
no proof of transcriptional regulation was found by Neal et al. (2010), therefore the AOP2 gene
regulation can be a post-transcriptional (RNA interference) or a post-translation
(dephosphorylation, glycosilation, acetylation etc.) event, or might occur during translation
(presence of 5’ cap or 3’ poly adenosine monophosphate tail).

1.5 Project Background and Implications
Biofumigation is the practice in which harvested plant material is cut and incorporated in the
soils in order to suppress pathogens, nematodes or weeds (Brown and Morra, 1995; Zasada and
Ferris, 2004; Vaughn et al., 2005). Crops from the Brassicaceae family are able to release, upon
mechanics damage of cells, toxic compounds for soil organisms and therefore influence both the
direct and indirect nutrients balance in the soil, the so-called ‘detritus food web’ (Zuluaga et al.,
2012, data not published). Zuluaga et al. (2012, data not published) used cruciferous plants able to
affect the detritus food web (through GSLs degradation products) in order to develop a soil quality
monitoring system. This cruciferous monitoring system is used as decision matrix in agriculture
policy for assessing the impact of GM or not-GM crops on soil ecosystem processes. More
precisely, the project aims to establish a decision matrix that can be used as tool for analysing the
risk of GM crops on beneficial soil invertebrates (Collembolans, Isopods and Earthworms). A cross
collaboration between the Department of Genetic of Wageningen University Research (WUR) and
the Department of Animal ecology of the Free University of Amsterdam (VU) was established in
order to meet this objective. In the specific case WUR has to produce an over-expressing GSLs
metabolic engineering B.oleracea plant. This plant would be successively used by VU in order to
determine direct and indirect effects of increased level of glucosinolates on four target soil
invertebrates (in the specific case Folsomia candida, Protaphorura armata, Porcellio scaber and
Eisenia fetida). Four Brassica oleracea accessions were used in this study and were either wild
species Winspit, Double Haploid AG1012 (DHAG) or obtained from commercial varieties: Savoy
Cabbage var. Wintessa (Savoy), and Purple Sprouting Broccoli var. Sante (PSB). AGDH1012
accession (B.oleracea italica x B.oleracea albogabra) was selected as the most efficient genotype
for transformation with A.fumefaciens, based on the following parameters: A.tumefaciens
susceptibility, shoot regeneration potential (expressed with the percentage of inoculated explants
that successfully produced transgenic plants) and shoot regeneration. The last parameter was
considered the most relevant. In fact the transformation success depended both on multiple shoot
regeneration through swelling of callus and abscence of tissue culture blackening (Sparrow et al.
2004). Moreover, this study aims to characterise the glucosinolate synthesis pathway in B.oleracea
investigating the AOP2 gene, and consequently provide a better understanding of the biochemical
and molecular mechanisms behind glucosinolates synthesis. Elucidations on glucosinolates in
Brassica have several practical implications. GSL knowledge can be used to establish a model
system for understanding secondary plant products pathways. In this sense the impact of a
modification in specific part of the biosynthetic pathway can be assess both at the whole metabolic
processes level (accumulation, transport, turnover), and at the related compounds level (Selmar,
2010). A better knowledge about GSL will enable the modification of the quantity and of the
distribution of glucosinolates in plants. Genetic engineering plants, with a modified glucosinolate
profile can be indeed used for delineate the complex ecological interactions among herbivores,
pathogenic microorganisms and plants. Moreover GSL-engineering plants will find interesting
6



opportunities in the functional food sector. Increase of beneficial glucosinolate product (e.g.
glucoraphanin) in commercial Brassicacea plants, as well as rapeseed with low content of anti-
nutritional glucosinolates, will produce various commercially valuable products, both for human
(e.g. chemoprotection SF-content products against cancer) and animal nutrition (e.g. low-GSL
content rapeseed meal). In fact according to Hansen et al. (2001) the presence of 2-hydroxy-3-
butenylglucosinolate in B.napus limits the use of rapeseed meal as animal feed. The bio-
fumigation use of metabolic engineering plants, together with the functional food application,
represents a major implication of this study. In fact, an optimal combination of myrosinase and
glucosinolates in plants will make the pest-control in field less dependent by pesticides, with both
ecological and human health benefits. According to Halkier and Gershenzon (2006) an optimal
metabolic engineering strategy should aims for the combination of chain-elongation pathway
genes, aldoxime-production CYP79s genes and key chain modification genes transformation, in
order to obtain crops plants with higher preferred glucosinolate and not improper glucosinolates.

1.7 Goal of this project
This project aims to study the genomic regulation of the AOP2 gene involved in the

glucosinolates pathway in Brassica oleracea. Such information will clarify the genetic basis that
control important agronomic traits such as nutritional properties, resistance to pests and to abiotic
stress. Based on the hypothesis that a functional or not-functional AOP2 gene in B.oleracea
caused a production or non-production of the product sinigrin, and in order to characterise the
modulation of glucosinolates pathway, the goals of this projects are 1) to transform B.oleracea var.
DHAG1012 with AOP2_2 gene from Winspit 7, in order to demonstrate that the over-expression of
AOP2 2 in Brassica enhances the production of Alkenyl-GSLs (sinigrin), 2) to investigate the
presence of conserved elements, distal regulatory elements and corresponding frans-activating
factors (transcriptional factors) among the four accessions for the promoter of MYB29 regulator
factor and, 3) to analyze copy number polymorphisms of AOP2 using two primers from Gao et al.,
(2004) and quantitative RT-PCR in order to assess a direct correlation between quantitative
number of AOP2 copies and expression of the gene product.
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Materials and Methods

2.1 Over-expression transformation of Brassica oleracea DHAG1012

2.1.1 Construction of binary plant expression vectors

Agrobacterium tumefaciens strain AGL1 was used as transformation vector. The
GATEWAY ™ Binary Destination Vectors pH7WG2 and pK7WG2D were the destination vectors
used in this experiment. These destination vectors contain the CaMV35S promoter followed by
CmR-ccdB selection gene flanked by attR1 and attR2 recombination sites, that allow the
recombination of the CmR-ccdB gene with the gene of interest contained in the entry clone (in
this experiment pENTR/D-TOPO). Vector pH7WG2 contains the hygromycin
phosphotransferase (hpt) gene selection marker, whereas pK7WG2D contains the kanamycin
resistance gene for selection of transformants plant with kanamycin. The pENTR™ Directional
TOPO® method (Invitrogen) was used for cloning AOP2 gene inside pENTR/D-TOPO entry
vector (2580 bp, Invitrogen). AOP2 gene was amplified by PCR using a CACC sequence
upstream of the forward primer. This 4-bases sequence allowed compulsory directional cloning
of AOP2. The pENTR/D-TOPO entry vector has the entry site flanked by atfL1 and attlL2

sequences. After the GATEWAY " LR clonase enzyme mix reaction the gene flanked by attL1

and attL.2 in the entry vector is recombined in the destination vector where it replaces the CmR-
ccdB selection gene.

2.1.2 PCR amplification of AOP2

To amplify AOP2 gene, genomic DNA from Winspit accession number 7 was used as
template. According to Zuluaga et al., (2012, data not published) Winspit accession 7 is the
accession that among others showed a higher content of total aliphatic GSL (from 2 to 4 times
more than the other accessions) and higher content of the specific aliphatic GSL sinigrin as well
as gluconapin. In the present work the AOP2_2 gene sequence (second copy of AOP2) was
isolated from the wild species Winspit 7 and transformed into B.oleracea var. DHAG1012.
Specific primers were designed to amplify AOP2_2 with a CACC sequence upstream the
forward primer. Amplification was carried out in a 30uL total volume reaction containing 3uL of
Pfu 10x buffer, 1,8uL of ANTP, 1,5uL of each primer (10 ymol), 3 pL of cDNA (1ng/uL) template,
0,6uL of Pfu DNA polymerase and demineralised water (DW) to the total volume. The primers
used were AOP2 D-TOPO FW and AOP2 D-TOPO RV (Table 11). This amplification mixture
was used to amplify AOP2 for cloning as well as confirming the transformed colonies. The PCR
preceded with 95°C for 2 min, followed by 35 cycles of 95°C for 0,5 min, 75°C for 0,5 min, 72°C
for 3 min and with a final extension of 72°C for 10 min. The PCR products were checked by 1%
agarose gel electrophoresis for 1,5 h at 90V. cDNA was obtained from Dr.Diana Zuluaga,
Department of Genetics, WUR, and where either obtained from different RNA’'s accession mix
or from one accession. The samples used were Winspit 7 (RNA from accession number 7),
Savoy 2 (mix RNA from accession number 2, 5, 14), PSB 3 (mix RNA from accession number 3,
11,14) and DHAG1012 1 (mix RNA from accession number 1, 2, 3). The expected band (Winspit
band of around 1300 bp, Figure 10) was cut and extracted with QIAquick gel extraction kit
(QIAGEN). To check the orientation, primer odd12 reverse was used together with AOP2 D-
TOPO forward. Primer odd12 attached in the first intron of AOP2, sequencing the sequence
upstream the insert. PCR products from these amplifications were aligned using Lasergene®
SegMan™ program and compared with GS-ALK gene from Brassica rapa (EF611253.1) and the
sequence of the destination vector (pH7WG2 and pK7WG2D).



A second PCR amplification of AOP2 was repeated and run in agarose 1% for 1,5 hours at
90V (Figure 10). The expected band of ~1300bp for all the four genotypes was excised and
isolated from the gel, as well as the second band (~900bp) of Winspit. These bands were
extracted with QIAquick gel extraction kit (QIAGEN) and sequenced with Eurofins MWG Operon
(Ebersberg, Germany). The sequences were analyzed using DNAStar Lasergene Segman
program. Thereafter, the conting sequences were compared with the on-line program
CLUSTAL 2.1. multiple sequence alignment (http://www.ebi.ac.uk/Tools/clustalw2/index.html).
The PCR reaction, the extraction and the sequencing was repeated four times for each PCR
fragments obtained.

2.1.3 Transformation of E.coli (heat shock) and Agrobacterium tumefaciens
(electoporation)

E.coli DH5a competent cells (from Dr.Diana Zuluaga, Department of Genetics, WUR, The
Netherlands) were mixed with AOP2 DNA on ice for 30 minutes. In this phase was used a 2:1
molar ratio of PCR product: TOPO® vector (total amount: 5ng of DNA). The mixture was heat-
shocked for 50 seconds in a water bath at exactly 42°C and immediately return in ice for 2
minutes. The cells were mixed with 950uL of S.0.C. medium and incubated without antibiotics
for 1.5 hours at 37°C with shaking (150-200 rpm). The mixture was afterwards spread on
Lysogeny Broth (LB) agar plate with kanamycin selection (50mg/L) and growth overnight at
37°C. A total of 24 colonies were picked (20 colonies of E.coli with pENTR/D-TOPO and 4
‘vector only’ control colonies) and cultured in 3 mL LB containing 50mg/L kanamycin at 37°C
overnight in a shaker (300rpm). The plasmid DNA was extracted using QlAprep Spin Miniprep
Kit (QIAGEN) and check by double restriction enzyme digestion with Ascl and Notl (Fermentas),
followed by the analyze of their sequence (using ‘Greenomics’ company, Wageningen, The
Netherlands). The sequences were aligned with GSL-ALK gene of B.rapa (NCBI ID:
EF611253.1) and pENTR/D-TOPO sequence to confirm the presence of AOP2. The colonies

with a positive alignment were used for the GATEWAY " LR clonase enzyme mix reaction,

obtaining as products two expression vector: pH7WG2::AOP2 and pK7WG2D::AOP2 (Figures 3
and 4, for sequences see Appendix Il). These expression vectors were transformed in E.coli

DH5a competent cells according to the method in the protocol (GATEWAYTNI LR clonase
enzyme, Invitrogen), and the resulted transformed bacteria were plated on LB plates containing
spectinomycin (100mg/L). 20 colonies were picked up and cultured in 3 mL LB containing
100mg/L of spectinomycin at 37°C overnight in a shaker (300rpm). The plasmid DNA was
extracted using QlAprep Spin Miniprep Kit (QIAGEN) and first analyzed with the restriction
enzyme Ncol (Fermentas), and second with sequencing (using ‘Greenomics’ company,
Wageningen, The Netherlands). Finally, the two desired constructs were transferred into
Agrobacterium tumefaciens by electroporation (electroporation protocol by Dr. Mark Aarts,
Department of Genetics, WUR, The Netherlands), and then plated in LB-agar plates with
spectinomycin (100mg/L) and carbenicillin (100mg/L) at 28°C for 48 hours. Positive colonies of
Agrobacterium were picked up (5 colonies containing pH7WG2::AOP2 and 5 colonies
containing pK7WG2D::AOP2) and cultured in 3 mL LB medium containing spectinomycin
(100mg/L) and carbenicillin (100mg/L) at 28°C for 48 hours in shaker (300rpm). The plasmid
DNA was extracted using QIAprep Spin Miniprep Kit (QIAGEN) and check by sequencing (using
‘Greenomics’ company, Wageningen, The Netherlands). For sequencing were used primer
0dd12 reverse and AOP2 D-TOPO forward, in order to check the right orientation of AOP2 in
the expression vectors.



2.1.4 Plant Materials

B.oleracea cv. ‘DHAG1012’ seeds were used for transformation. Seeds were sterilized with
surface-sterilization in 100% ethanol for 2 minutes, and in 100% sodium hypochlorite for 15 min.
Then, the seeds were rinsed three time for 10 minutes with distilled sterile water, sown on
gemination medium at a density of 20 seed per 90-mm Petri dish, sealed with Micropore tape,
and transferred to a 10°C cold room overnight. The seeds were transferred for 4 days to a 23°C
culture room under 16-h day length of 70 umol/m?2/s (Sparrow et al., 2006).

2.1.4 Agrobacterium preparation

A single colony of A.tumefaciens strain AGL1 containing pH7WG2::AOP2 as well as
pK7WG2D::AOP2 was cultured in 3 ml LB medium containing spectinomycin (100mg/L) and
carbenicillin (100mg/L) at 28°C for 48 hours in a shaker (300rpm). A 50uL aliquot of the culture
liquid was transferred to 10uL new LB medium containing no selection and grow overnight at
28°C in a shaker (300rpm). Overnight suspension of ODeso = 0.07-0.1 were used for inoculation.
Dilution were made with LB medium and the following formula: 1/Abs - 300 = XuL (where Abs
is the measurement of absorbance that is obtain from the overnight culture, and X the pL of
overnight liquid culture to use). The inoculation is done with 5 mL of LB medium and overnight
liquid culture (5000uL LB medium minus X pL obtained from the previous formula).

2.1.5 Explant Isolation, inoculation, cocultivation and selection

The explant isolation, inoculation, and cocultivation as well as the selection part was done
according to Sparrow et al., (2006) section 3.3 and 3.4. Concerning the selection medium, this
experiment deviate from Sparrow et al. (2006) protocol, because two types of selection medium
plates with antibiotics were made. For selection of A.tumefaciens pK7TWG2D::AOP2 were add to
the medium 15 mg/L of kanamycin and 500mg/L of ticarcillin. On the other hand, for selection of
A.tumefaciens pH7WG2::AOP2 were add to the medium 10 mg/L of hygromycin (according to
Kong et al. 2009) and 500mg/L of ticarcillin. In this work two transformation experiments were
undertaken, both resulted with no transformants plants. In the first transformation were used a
total of 540 cotyledons (excluded the control plates), 310 inoculated with A.tumefaciens
pK7WG2D::AOP2 and 230 inoculated with A.tumefaciens pH7TWG2::AOP2. In the second
transformation a total of 960 cotyledons were used (included the control plates), in which 890
cotyledons were inoculated with just A.tumefaciens pK7WG2D::AOP2. This experiment
included two kind of controls: one plate contains cotyledons inoculated with Agrobacterium
(500mg/L of ticarcillin; no kanamycin) and one with cotyledons not inoculated but transferred
directly to co-cultivation media (no ticarcillin; no kanamycin). Both experiments were ended after
three to five weeks from inoculation, due to no emergence of green shots and severe
blackening.

2.2 AOP2 polymorphism analysis among different B.oleracea genotypes

Gao et al. (2004) in their work designed two primers (odd12, odd48) based on the putative

promoter region and exon 1 of each BoGSL-ALK duplicate in order to confirm the two copies of the
BoGSL-ALK gene. In this work primers odd12 and odd48 (Table 8) were used in order to analyse
the polymorphism on AOP2 copy number in the four genotype of B.oleracea.

Genomic DNA was extracted from the four genotype (Winspit, PSB, DHAG1012 and Savoy)
according to Zuluaga et al., (2012, data not published). Amplification was carried out in a 30yL total
volume reaction containing 3uL of Pfu 10x buffer, 1,8uL of dNTP, 1,5uL of each primer (10 ymol), 3
ML of DNA (2ng/uL) template, 0,6uL of Pfu DNA polymerase and DW to the total volume. The PCR
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preceded with 95°C for 2 min, followed by 30 cycles of 95°C for 0,5 min, 50°C for 0,5 min, 72°C for
3 min and with a final extension of 72°C for 10 min. The PCR products were checked by 1,5%
agarose gel electrophoresis for 6 h at 70V (Figure 11). Bands were cut and extracted with
QlAquick gel extraction kit (QIAGEN) and sequenced with Eurofins MWG Operon (Ebersberg,
Germany). The sequences were analyzed using DNAStar Lasergene Segman program.
Thereafter, the conting sequences were compared with the on-line program CLUSTAL 2.1. multiple
sequence alignment (http://www.ebi.ac.uk/Tools/clustalw2/index.html).The PCR, the extraction and
the sequencing was repeated three times for each PCR fragments obtained.

2.3 Estimation of AOP2 gene copy number among different B.oleracea genotypes by
using qRT-PCR on genomic DNA

To estimate the copy number of AOP2 among different B.oleracea genotypes, genomic DNA
was isolated from leaf tissue for a quantitative gene expression analysis according to the
methodology of Zuluaga et al. (2012, data not published). The samples used for the DNA
extraction were stored at -80°C by Dr. Diana Zuluaga, Department of Genetics, WUR. For each
genotype, three different accessions were used and three replica of the gqRT-PCR were performed:
Savoy (accession number: 3, 6, 13), PSB (accession number: 2, 4, 8), DHAG1012 (accession
number: 9, 11, 12), Winspit (accession number 8, 9, 14) and B.rapa (DNA from recombinant inbred
line number: 97V, 64V, 113V, from Hedayat Bagheri, Department of Genetics, WUR, The
Netherlands). According to Livak and Schmittgen (2001) one internal control gene was selected as
reference gene: RPS2 (virus resistance gene) which is a single copy in Brassica oleracea and
A.thaliana according to Quiros et al. (2001).

Before starting the experiment, a preliminary trial was carried out with two purposes: validate
RPS2 as reference gene (check that is not affected by experimental treatment) and assess the
right set of primers to be used with gqRT-PCR. Zuluaga et al. (2012, data not published) developed
three sets of primers for qRT-PCR analysis, one for every copy of AOP2 (Tab.10). In this initial trial
were used only one genomic DNA from Savoy (accession nr. 2), PSB (accession nr. 3),
DHAG1012 (accession nr. 1), Winspit (accession nr. 7) and B.rapa (accession nr. 95V). All the
quantitative RT-PCR analyses were performed in a 10uL volume real time PCR of 5uL iQTM
SYBR® Green Supermix (Bio-Rad), 0.2 uL of each primers (10 pmol), 2uL of DNA (10ng/uL) and
2.6 uL of DW in CFX96™ Real-Time system machine (BIO-RAD). Ct values from samples of gRT-
PCR were analyzed according to Livak and Schmittgen (2001) ACt method. After the preliminary
trial, the experiment with three accessions for each genotypes was run. Each DNA sample (4
genotypes times 3 accessions each equal to 12 samples) was analysed three times in separate
reactions.

2.4 MYB29 promoter analysis
All the four genotypes of B.oleracea previously discusses were included in this MYB29 promoter

analysis (Winspit, DHAG1012, PSB, Savoy), that aims to gather knowledge about the regulation of
AOP2 by the transcription factor MYB29. In order to isolate the MYB29 promoter, the APAgene™
GOLD Genome Walking kit (BIOS&T) was used. This kit enables the isolation of unknown
sequences that flank known genetic sequences, and uses four degenerate random tagging primers
(DRT) together with two short universal tagging primers (UAP), both included in the kit, together
with 3 gene-specific primers (GSP) specifically designed for MYB29 promoter isolation (Table 6).
The APAgene™ GOLD Genome Walking Kit (RT) performed three reactions (primary PCR and two
nested PCR) in order to amplify targeted sequences. The first GSP primer (GSPa) was design to
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anneal 153 bp from the end of the known sequence, the second GSP primer (GSPb) anneals at
144bp from the end of the known sequence and the third primer (GSPc) at 69 bp from the end of
the know sequence. Wang et al. (2011) found two copies of MYB29 (Bra009245, Bra005949) with
92.1 and 75.7% of identity during their comparative study of the glucosinolate biosynthetic
pathways between A.thaliana and B.rapa. The two copies were analysed using the online
database BLASTn (nucleotide BAST — National Center of Biotechnology Information). Bra009245
highly matched with Brassica rapa subsp. pekinensis MYB domain protein 29-2 (gene partial cds;
GenBank: FJ584291.1), scoring 99% of max identity value. Bra005949 matched completely with
Brassica rapa subsp. pekinensis MYB domain protein 29-1 gene (complete cds; GenBank:
FJ584290.1), scoring 100% of max identity value. The cDNA sequence of MYBZ29 isolated from
Winspit (Zuluaga et al., 2012 data not published) was used to designed 3 sets of gene specific
primers (Table 6). Primer3plus and Net Primer programs were utilised during the design and the
evaluation of primers (right Tm temperature, absence or no presence of hairpins). These primers
were also tested with both copies of MYB29 (Bra009245, Bra005949) from Wang et al. (2011).
After the second nested PCR (Figure 22) a 1% agarose gel was run and 12 bands (respectively 6
bands for Winspit, 1 band for Savoy, 2 bands for DHAG1012 and 3 bands for PSB) were cut and
extracted with QlAquick gel extraction kit (QIAGEN). Purified fragment were cloned with pGEM®-T
Easy Vector System (Promega) cloning kit. The cloned fragments were transformed in E.coli DH5a
heat shock competent cells (Department of Genetics, WUR, The Netherlands). After the
transformation the colonies were incubate overnight at 37°C on LB agar plates containing 100 ug/
ml Ampicillin, 80pg/ml X-Gal and 0.5 mM IPTG. This transformation were repeated two times, but
unfortunately both time the transformation failed.
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3. Results

3.1 Over-expression transformation of Brassica oleracea DHAG1012

During the two transformation experiments carried out in this work (~1.400 cotyledons
inoculated with Agrobacterium) only one explant regenerate in the control (Figure 19). No
cotyledons inoculated with Agrobacterium was able to regenerate. Most of these cotyledons did
grow in dimension (Figures 14, 20, 21) or start to develop plant tissue blackening (Figures 15, 17).
A relevant observation is that all the cotyledons started to fold on themselves during the first weeks
of selection (Figure 12, 13, 14) and this made the following step in which they have to be dip in the
medium harder. Despite two transformation experiments, no transgenic B.oleracea plant was
obtained.

3.1.1 PCR amplification of AOP2

AOP2 gene from the genotypes Winspit, Savoy, PSB and DHAG1012 was amplified,
separated in gel electrophoresis and the resulted bands were sequenced. The different AOP2
sequences of Winspit (higher and intermediate bands), Savoy (higher band), PSB (higher band)
and DHAG1012 (higher band) were compared with Brassica oleracea 2-oxoglutarate-dependent
dioxygenase gene (Collard, complete cds of 2869bp, GenBank ID: AY044425.1), with Brassica
oleracea 2-oxoglutarate-dependent dioxygenase gene (Broccoli, null allele complete cds of
2939%bp, GenBank ID: AY044424.1), with Brassica rapa subsp. rapa glucosinolate GS-ALK
(GSL-ALK) gene (mRNA, complete cds of 1296 bp, GenBank ID: EF611253.1) and Brassica
rapa subsp.rapa glucosinolate GS-ALK (GSL-ALK) gene (genomic DNA, compled cds, 1781 bp,
GenBank ID: EF611252.1) with the on-line program CLUSTAL 2.1 multiple sequence alignment
(Appendix 1l). The AOP2 genomic DNA sequences of collard (AY044425.1) and broccoli
(AY044424.1) were compared with the AOP2 mRNA sequence of B.rapa (EF611253.1) and the
second exon of the gene was identified. According to Li and Quiros (2003) a 2-bp deletion
presents in exon 2 is responsible for the non-functional gene in broccoli, because it causes a
frameshift in the coding sequence and produces a shorted protein (the functional collard coding
sequence is 1,317 nucleotides; the non-functional broccoli coding sequence is 957 nucleotides).
Exon 2 of AOP2 in broccoli starts at nucleotide 938 and ends at nucleotide 1626. In this exon
was identified a 2-bp deletion in broccoli at nucleotides 1503-1504 (when broccoli sequence is
blasted with collard) replaced in collard with two adenine. The first band of Winspit presents
these 2 adenine at positions 926-927 (Appendix II, highlighted in blue), whereas the second
band does not (position 747-748, Appendix I, highlighted in blue). Savoy is presented as two
sequences (Savoy forward and Savoy reverse) due to not overlapping sequences during the
conting in DNAStar Lasergene Seqman. However is possible to identify just in the sequence
Savoy reverse the positions in which either the deletion of 2 base pair or the 2 adenine were
supposed to be (position 351-352 of Savoy reverse, Appendix Il highlighted in blue). Both PSB
and DHAG1012 are presented as only reverse sequence obtained from DNAStar Lasergene
Segman. This was due to not reliable results of the sequence in forward as well as the not
overlap of the forward and reverse sequences. For this reason at the position of the 2-bp
deletion in broccoli, no sequence of DHAG1012 and PSB is present and therefore no results
(Appendix I, highlighted in blue).
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3.2 AOP2 polymorphism analysis among different B.oleracea genotypes

Figure 11 shows the gel electrophoresis separation of the PCR products obtained from Winspit,
PSB, Savoy and DHAG1012 using odd12 and odd48 as primers. These two primers were
developed and previously used by Gao et al., (2004) to confirm the duplication of BoGSL-ALK
gene in their work. According to figure 11, three copies of AOP2 were obtained from Winspit
genotype, two copies from PSB and DHAG1012 and one copy from Savoy; the higher band of
Winspit, PSB, Savoy and DHAG1012 is ~580bp, the intermediate band of Winspit ~510-520bp,
and the lower band of Winspit, PSB and DHAG1012 ~490bp. However the sequenced band
obtained are much shorted if compared with the gel electrophoresis (Appendix Il: Contings of
sequenced bands from odd12/0dd48 PCR amplification) are this was due to not reliable results for
the first 50-60 bp at the beginning and at the end of each sequence. However the sequenced
bands from the odd12/0odd48 amplification were analysed using the online database BLASTn
(nucleotide BAST — National Center of Biotechnology Information) and compared with Brassica
oleracea 2-oxoglutarate-dependent dioxygenase gene, (Collard, complete cds of 2869bp,
GenBank ID: AY044425.1) in which AOP2 is known to be functional and Brassica oleracea 2-
oxoglutarate-dependent dioxygenase gene (Broccoli, null allele complete cds of 2939bp, GenBank
ID: AY044424.1) in which AOP2 is not functional.
Results (Appendix Il) show that all the bands scored a higher query coverage and max identity
when compared with the broccoli sequence. An interesting result is that also all the three bands of
Winspit (which have a functional AOP2 gene) have a higher identity with the broccoli sequence
(from 97 to 100% of query coverage and from 96 to 100% of max identity value) than with the
collard sequence (from 68 to 70% of query coverage and from 94 to 97% of max identity value).

3.3 Estimation of AOP2 gene copy nhumber among different B.oleracea genotypes by

using q-PCT on genomic DNA
To estimate the copy number of AOP2 among different B.oleracea genotypes, genomic DNA
was isolated from leaf tissue of three accessions for each genotype (samples from Dr. Diana
Zuluaga, Department of Genetics, WUR, stored at -80°C). A preliminary trial experiment was done
for the validation of the reference gene (RPS2) and for assessing the right set of primer to be used
(Table 7). In this preliminary experiment no amplification of the third copy of AOP2 was detected
for all the genotype analysed (data not shown), and neither for the Brassica rapa genotype
resulted when was used the set of primers AOP2_1 (Figure 5). A relevant result comes from the
second set of primers AOP2_2 (Figure 6) where around three copies of AOPZ2 for Brassica rapa
were identified. A second gRT-PCR with AOP2_2 was run in order to confirm these results (Figure
7). After validating the reference gene RPS2 and testing the primers, quantitative RT-PCR was run
with Savoy (accession number: 3, 6, 13), PSB (accession number: 2, 4, 8), DHAG1012 (accession
number: 9, 11, 12), Winspit (accession number 8, 9, 14) and B.rapa (accession number: 97V, 64V,
113V). For each genotypes three different accessions were used and three replica of the qRT-PCR
were performed. Figure 8 shows the results of this experiment for Savoy (accession number: 3, 6,
13), PSB (accession number: 2, 4, 8), DHAG1012 (accession number: 9, 11, 12), Winspit
(accession number 8, 9, 14) and B.rapa (accession number: 97V, 64V, 113V). The three accession
of Winspit are show in Figure 9, because of the great variability in this population. On the other
hand Savoy, PSB, DHAG1012 samples were homogeneous accessions, obtained as F1. Results
indicated that Savoy has relative 1.5-fold higher, PSB and DHAG1012 have relative two-fold higher
and Winspit and B.rapa have 3-fold higher (Figure 8). Figure 8 also shows that the value of Savoy
is significant different from the values of the other samples (Standard Errors bars). No significant
14



difference was observed between PSB and DHAG1012, whereas both were significantly different
from Savoy, Winspit and B.rapa. Finally the values of Winspit and B.rapa are not significant
different, but they are significant different from Savoy PSB and DHAG1012.

3.4 MYB29 promoter analysis

Figure 22 shows that 12 fragments were isolated by chromosome walking, respectively six
fragments from Winspit, one fragment from Savoy, two fragments from DHAG1012 and three
fragments from PSB. Cloning of these fragments failed two times.
The first time the antibiotic selection did not work, and no selection was possible on the plates. The
second time the ligation was probably suboptimal or failed, as showed by the positive control plate
(Figure 26) in which no white colonies are present. Therefore this experiment was stopped and no
further continued. Figure 25 shows the background control plate in this experiment. In the
appendix are included also two plates resulted from the transformation of respectively the first and
forth fragments of Winspit (figure 23 and 24).
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4. Discussions and Conclusion

4.1 No regeneration of transformed Brassica oleracea DHAG1012
With the aim to have a better understanding of the glucosinolate pathway, and especially

proving the essential role of AOP2 in the production of sinigrin, AOP2 gene from Winspit 7 was
engineering in two expression vectors (pH7WG2::AOP2 and pK7WG2D::AOP2). Two
transformation experiment were carried on in order to engineer B.oleracea cv. DHAG1012 with
AOP2. About 1.400 cotyledons were inoculated with Agrobacterium, but no plant regeneration was
obtained. On the other hand, most of the cotyledons either grew in dimensions without develop any
callus or develop tissue culture blackening. According to Sparrow et al. (2004) culture blackening
results in necrosis of the plant cells and is due to the contact between the cut part of the plant and
the culture medium. However, in the current work results showed how cotyledons developed
blackening from parts that were not damaged and either in contact or not in contact with the
medium (Figures 14, 15, 17). According to Sparrow et al. (2004) the absence of tissue blackening
is a key factor for a successful production of transgenic plants, mostly because the blackening
suppress shoot regeneration. However, B.oleracea genotype DHAG1012 showed to be the most
efficient genotype with an average of 15% of transgenic shoots regeneration. Zuluaga et al. (2012,
data not published) in her experiment utilised the same genotype as Sparrow et al. (2004), and
was able to obtain a transformation efficiency of 5%. The explant tissue blackening represented in
this experiment the main limitation factor, and probably the major reason of shoot regeneration
suppressions. During the transformation process, explants are under different stresses, such as
post-inoculation stress, antibiotic stress, Agrobacterium susceptibility as well as light stress. Each
explant had an increased dimensions and was folded and therefore it was deeply dipped in the
medium, during the transfer of the third week. This had increased the area of the explant in direct
contact with the antibiotic, and probably this could be an increasing factor to the blackening of the
cotyledons (for details about the procedure Sparrow et al., 2004). Figures 12 and 13 showed that
the cotyledons were inserted very deeply in the medium, and this increased the area of the
cotyledons that was in contact with the medium and therefore with the antibiotic, increasing the
stress for the explant. This hypothesis is supported by the different colour of explants in figure 12
(plate with 15 mg/L of kanamycin and 500mg/L of ticarcillin) and in figures 20 and 21 (control plate,
no kanamycin no ticarcillin). Moreover because of the tendency of the explant to fold on itself, the
cut surface of the cotyledon was either hanging outside of the medium or in contact with the plastic
of the bottom of the petri disc. In both cases it was not in contact with the media and this also
might results in necrosis of the tissue. However this experiment was done according to the
B.oleracea transformation protocol used by Zuluaga et al., (2012) and beside all the factors
previously discussed, the only difference between this experiment and the transformation
undertake by Zuluaga et al. is the period of the year. Although both explants were grow in a growth
chamber in the same light and temperature conditions as Zuluaga et al., the two transformations in
this experiment were carried out in winter, whereas Zuluaga transformed B.oleracea in spring.

4.2 AOP2 polymorphism analysis among different B.oleracea genotypes
In order to assess any correlation between quantitative number of AOP2 copies and expression

of this gene product, AOP2 was amplified in the four B.oleracea genotypes Winspit, DHAG1012,
Savoy, and PSB using odd48 and odd12 primers (Gao et al., 2004).

Based on the gel electrophoresis results of AOP2 (Figure 11) Winspit has three copies of AOP2,
PSB and DHAG1012 have two copies and Savoy has one copy. According to the dimension
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evaluated in the figure gel, the higher band for the four genotype is ~580bp, and this correspond
with BoOGSL-ALKb (567bp) in the paper of Gao et al., (2004). Winspit is the only genotype that has
an intermediate band at ~-510-520bp, that corresponds with the intermediate migration band
BoGSL-ALKc (510bp) of Gao et al., (2004). Finally, the lower band in Winspit, PSB and
DHAG1012 ~490bp corresponds with the smaller band (491 bp) BoGSL-ALKa of Gao et al.,
(2004). Therefore the sample DHAG1012 has BoGSL-ALKa and BoGSL-ALKb, and this is
supported by Gao et al., (2004). According Li and Quiros (2003), the BoGSL-ALKa and BoGSL-
ALKb copies in broccoli have a 2-bp deletion in the second exon, and this deletion could find place
also in the DHAG1012 sample analysed. Interestingly, no B.oleracea accessions analysed by Gao
et al., (2004) resulted to have three copies of AOP2 from the odd12/0dd48 analysis, as was
obtained in this experiment with Winspit. However, the intermediate band of Winspit cannot be
pointed out as the reason for the functionality of AOPZ2 in this wild-type genotype. As stated by Gao
et al., (2004) the polymorphisms of BoGSL-ALK in term of size and number is not related to the
functionality. Further analysis aimed to investigate the role of the third copy of AOP2 in Winspit 7
are necessary. According to the AGSL content analysis of Zuluaga et al., (2012, data not
published) Winspit 7 (the sample analyzed in this study) is the genotype with the higher production
of total AGSL (4.19 umol/g fresh weight) if compared with other wild-types (e.g. Winspit 9 has 1.36
pmol/g fresh weight). A relevant experiment in this sense could analysed the polymorphisms of
AOP2 among different wild-type accessions, and investigate any differences in copy number
related to higher or lower production of total AGSL. In fact, according to Kim et al. (2006) tandem
gene duplication in Brassica are controlling specific function and are acting in an additive manner.
According to the BLAST analysis of the sequences, all the samples resulted to be more similar to
the broccoli sequence than to the collard one. This result indicated that even if polymorphisms
analysis with odd12/odd 48 is an effective way for analysed the copy number of AOP2, sequencing
the short sequence amplified by odd12/0dd48 does not provide enough data to deduce if AOP2 is
functional or not.

4.3 Estimation of AOP2 gene copy nhumber among different B.oleracea genotypes by

using q-PCT on genomic DNA

The four different genotypes of B.oleracea were analyzed with qRT-PCR and results showed
that different copy numbers of AOP2 gene existing among Winspit, PSB, DHAG1012 and Savoy.
The data obtained were normalised using the cycle threshold (Ct) value of RPS2, a single copy
according to Quiros et al. (2001), which means that RPS2 copy number in the different samples
was defined as one. According to figure 8, three copies in of B.rapa were identified, and this
agreed with Wang et al. (2011). Moreover according to Gao et al. (2004) there are two copies of
AOP2 in the DH line of B.oleracea var. italica, and this results is confirmed using primers AOP2_2.
The higher value of Winspit is due to the heterogeneity of wild-type samples (Figures 9). An
increased copy number of glucosinolate is an important advantage of plant during evolution, firstly
because genes can active in an additive manner and therefore produce more transcripts, and
furthermore because it allows one of the copies of the gene to mutate, while other copies of the
gene are still maintaing the original function. AOP2 duplication in Winspit can be explained with the
two whole genome duplication (WGD) that the order Brassicales have undertaken during their
evolution (Soltis et al., 2009). In fact, genes that are involved in highly-connected signaling and
regulatory networks are preserved with WGDs events, instead of been just duplicated with no-

WGDs events.
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4.4 No cloning of MYB29 cis-elements

During this experiment the ligation of fragments failed and therefore should be repeated. An
upgrade experiment in this direction could aim at the MYB29 and AOP2 cis-elements comparison
in order to find correlation of the regulation between these two genes. However in doing such
experiment is important to take into account the paper of Neal et al. (2010) concerning the
regulation of AOP2 gene expression. In fact Neal et al. (2010) did not find any promoter
differences when they compared two kb of 5’ regulatory upstream region of AOP2 gene between
AOP2-expressing accessions and AOP2-no expressing accession. Therefore the AOP2 gene
regulation can be a post-transcriptional (RNA interference) or a post-translation
(dephosphorylation, glycosilation, acetylation etc.) event, or might occur during translation
(presence of 5’ cap or 3’ poly adenosine monophosphate tail).

4.5 PCR amplification of AOP2

The AOP2 sequences from Winspit, Savoy, PSB and DHAG1012 were amplified using AOP2 D-
TOPO FW and AOP2 D-TOPO RV primers, and the fragments were separated in gel
electrophoresis 1%. Figure 10 shows the gel electrophoresis separation of PCR-amplified
fragments performed with AOP2 gene-specific primer. The dimension of the first band of Winspit
genotypes is according to Li and Quiros (2003), and correspond to the functional BoGSL-ALK
described in their paper. In fact, band 1 of Winspit does not have a 2-bp deletion in exon 2 as
broccoli, but it has two adenine as the functional allele of collard (Appendix Il). Therefore this
results is supported by Li and Quiros (2003) but not by (Zang et al., 2009) who found a 2-bp
deletion in the third exon of AOP2. Li and Quiros (2003) stated that a non-functional BoGSL-ALK
gene has 957 nucleotides, and this is caused by the 2-bp deletions and the resulted sequence
frameshift. Therefore a band of this dimension was expected from amplification with the other three
genotypes, especially from the DHAG102 genotype (it carries a non-functional gene as broccoli),
but not obtained. Indeed a band of around 957 bp was obtained from Winspit, and the CLUSTER
analysis shows the presence of a base substitution (A into G, at position 747, Appendix I,
highlighted in blue) and a base deletion (at position 748, Appendix Il, highlighted in blue). This
band seems to correspond to the non-functional BoGSL-ALK allele of Li and Quiros (2003).
Sequencing inefficiency of the higher bands of PSB, of Savoy and of DHAG1012 made not
possible to infer any conclusion concerning these sequences. However this experiment confirmed
the functionality of the Winspit band isolated and cloned into the destination vectors (pH7WG2 and
pK7WG2D) in section 2.1.1. Further analysis of the PSB, Savoy and DHAG1012 sequences are
needed in order to confirm the presence of the 2-bp deletions.

4.5 Conclusions

This project major aim was the modulation of the glucosinolate pathway by regulation of AOP2
expression in B.oleracea. Despite two transformation experiments, no transgenic B.oleracea plant
was obtained and the hypothesis of a direct correlation between a functional AOP2 gene in
B.oleracea and an increase production of sinigrin is not answered. Moreover also the experiment
aimed at the promoter characterization of MYB29 did not succeed, and therefore no information
about the 5’ regulatory upstream region of MYB29 is available. Concerning the analysis of the
AOP2 sequences among the four B.oleracea genotypes (Winspit, Savoy, DHAG1012 and PSB), a
2-bp deletions was found in the first band of Winspit, confirmed the result of Li and Quiros (2003)
and the functionality of AOP2 in Winspit. The AOPZ2 polymorphisms analysis among the four
genotypes showed that Winspit has three copies of AOP2, PSB and DHAG1012 have two copies
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and Savoy has one copy. Dimension and number of all of these copies are in agreement with Gao
et al. (2004) expect for Winspit, that resulted with an extra third copy of AOP2. Sequence analysis
of key pathway genes, their promoter and/or regulator factors analysis, as well as over-expression
transformation of these genes in planta are nowadays important and fundamental research
methodologies. These methods are aimed to develop a correlation between metabolite production
and biosynthetic genes, as well as provide a deeper and wider understanding concerning the
regulation of important pathways in plants.
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Appendix |

Table 2. MS basal medium, pH 5.8 (Sparrow et al., 2004)

Murashige and Skoog salts 4.3 g/lL
Phytoagar (Duchefa, cat. nl. P1003) 8 g/lL
Sucrose 30 g/L

Autoclave at 120°C for 20 min

Table 3. Composition of germination medium (Sparrow et al., 2004)

MS basal medium 1L
10 g/L myoinositol (Sigma, cat. no. I1-3011) 1 mL
10 mg/L thiamine-HCI (Sigma, cat. no. T-3902) 1 mL
1 mg/L pyridoxine (Sigma, cat. no. P-8666) 1 mL
1mg/L nicotinic acid (Sigma, cat. no. N-0765) 1 mL

Vitamins are indicated with the stock solution concentration.
Vitamins are added before pouring the medium. All vitamins
are made with distilled water, filter sterilized and store at 4°C,
with the exception of myoinositol, store at room temperature.
One liter is typically enough for 30 Petri plates (15 x 90 mm)

Table 4. Composition of cocultivation medium (Sparrow et al., 2004)

MS basal medium 1L

10 g/L myoinositol (Sigma, cat. no. [-3011) 1mL
10 mg/L thiamine-HCI (Sigma, cat. no. T-3902) 1mL
1 mg/L pyridoxine (Sigma, cat. no. P-8666) 1mL
1mg/L nicotinic acid (Sigma, cat. no. N-0765) 1mL
4 mg/mL 6-Benzylaminopurine 0.5mL

(BAP; Sigma, cat. no. B-9395)

BAP is added before autoclaving the medium. Vitamins are
indicated with the stock solution concentration. Vitamins are added
before pouring the medium. All vitamins are made with distilled
water, filter sterilized and store at 4°C, with the exception of
myoinositol, store at room temperature. One liter is typically enough
for 30 Petri plates (15 x 90 mm)
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Table 5. Composition of selection medium (Sparrow et al., 2004)

MS basal medium 1L

10 g/L myoinositol (Sigma, cat. no. [-3011) 1mL
10 mg/L thiamine-HCI (Sigma, cat. no. T-3902) 1mL
1 mg/L pyridoxine (Sigma, cat. no. P-8666) 1mL
1mg/L nicotinic acid (Sigma, cat. no. N-0765) 1mL
4 mg/mL 6-Benzylaminopurine 0.5mL

(BAP; Sigma, cat. no. B-9395)
Kanamycin (15mg/L) or Hygromycin (10mg/L)
Ticarcillin 500mg/L

BAP is added before autoclaving the medium. Vitamins are
indicated with the stock solution concentration. Vitamins are added
before pouring the medium. All vitamins are made with distilled
water, filter sterilized and store at 4°C, with the exception of
myoinositol, store at room temperature. One liter is typically enough
for 30 Petri plates (15 x 90 mm)

Table 6. Gene Specific Primers (GSP) used for MYB29 walking to promoter isolation

GSPa 5 —TTCCCACATCGTTTTAGTCCAGCTTT -3’
GSPb 5 — CGTTTTAGTCCAGCTTTTTGGGGAATG - 3’
GSPc 5 —TGTCTTCTTCGATGGTCCATACTCCTT -3’
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Figure 3. Expression clone pH7WG2 containing AOP2 gene sequence.
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Figure 4. Expression clone pK7WG2D containing AOP2 gene
sequence.
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Figure 7. Relative AOP2_2 copy number in genomic DNA of difference
genotypes, second replica. The one copy gene RPS2 was used as Crt
normalization reference gene.

Table 7. Quantitative Real-Time PCR gene specific primers used
for copy number estimation of AOP2_1, AOP2 2, and AOP2_3.

FW 5 — CTTCGTCCACAAGCTCTTCC -3

AOP2 1*
RV 5 —ATTCTCCACGTCACCGAGTC -3
FW 5 — AGGAACTTGTGGACGAGCAG -3’
AOP2 2*
RV 5 — GGAGACGGCACAATAAGCAT -3
FW 5 — CAACTGCTACGCCCTGATTT -3
AOP2 3*

RV 5’ - CCCAAAGCTCTCCATAACCA -3’

* sequences from Diana Zuluaga et al. (2012, data not published)

Table 8. PCR gene specific primers used for AOP2 cloning and AOP2 polymorphisms
analysis.

BoAOP2D-TOPO FW 5 - CACCATGGGTGCAGACACTCCTCAACTTCCAG -3

BoAOP2 D-TOPO RV 5 — TTATGCTCCAGAGACGGCACAATAAGCGTG - 3’

odd48 forward 5 — TTCCATCATTTACTTTCTCAG - 3’

odd12 reverse 5 — TTGAATATCCAGTGTAAGGTT -3
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Figure 8. Genomic copy number of AOP2_2 in four genotypes of B.oleracea and in B.rapa
normalized with Ct values for BoRPS2, determined using quantitative real-time PCR. Error bars
represent + SEs.
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Figure 9. Genomic copy number of AOP2_2 in three accession of
Winspit normalized with Ct values for BoRPS2, determined using
quantitative real-time PCR. Error bars represent + SEs.
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Figure 10. Gel electrophoresis separation of PCR-amplified fragments
performed with AOP2 gene-specific primer. This PCR reaction used
genomic DNA from Winspit (A), PSB (B), Savoy (C), DHAG1012 (D).
Line E represents the negative control. M is the 1 kb DNA market
(GeneRuler™ 1 kb DNA Ladder, ThermoScientific).
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Figure 11. Gel electrophoresis separation of
PCR-amplified fragments performed with
odd12 and odd48 primers (Gao et al., 2004).
This PCR reaction used genomic DNA from
Winspit (A), PSB (B), Savoy (C), DHAG1012
(D). Line E represents the negative control.
Line M is the 1 kb DNA market (GeneRuler™
1 kb DNA Ladder, ThermoScientific).
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Figure 12. Plate with selection medium plus Figure 13. Plate with selection medium plus

15 mg/L of kanamycin and 500mg/L of 15 mg/L of kanamycin and 500mg/L of
ticarcillin. Figure was done after 3-4 weeks ticarcillin. Figure was done after 3-4 weeks
from inoculation. from inoculation.

Figure 14. Plate with selection medium plus Figure 15. Plate with selection medium plus
15 mg/L of kanamycin and 500mg/L of 15 mg/L of kanamycin and 500mg/L of
ticarcillin. Figure was done after 3-4 weeks ticarcillin. Figure was done after 3-4 weeks
from inoculation. from inoculation.
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Figure 16. Control plate with selection Figure 17. Control plate with selection

medium with 500mg/L of ticarcillin and medium with 500mg/L of ticarcillin and
without kanamycin. Figure was done after without kanamycin. Figure was done after
3-4 weeks from inoculation. 3-4 weeks from inoculation.

Figure 18. Control plate with selection Figure 19. Control plate with selection

medium without antibiotics. Figure was done medium without antibiotics. Figure was done

after 3-4 weeks from inoculation. after 3-4 weeks from inoculation. Zoom in of
the only green shoot obtain in the control
plates.

31



Figure 20. Control plate with selection Figure 21. Control plate with selection

medium without antibiotics. Figure was done medium without antibiotics. Figure was done

after 3-4 weeks from inoculation. after 3-4 weeks from inoculation.

% agarose

Figure 22. Agarose gel (1%) of the amplified fragments of the
second nested PCR from MYB29 walking for promoter isolation.
Fragments labels with numbers were excised and isolated form
gel and cloned in E.coli. A: Winspit genotype; B: Savoy
genotype; C: DHAG1012 genotype; D: PSB genotype. E:
GeneRuler™ 1kb DNA ladder (ThermoScientific), marker used in
the gel electrophoresis.
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Figure 23. Cloning plate of Winspit band Figure 24. Cloning plate of Winspit band
1.1. (Figure 25). MYB29 promoter analysis 1.4. (Figure 25). MYB29 promoter analysis
experiement. experiement.

Figure 25. Background control plate from Figure 26. Positive control plate from
MYB29 promoter analysis. Medium MYB29 promoter analysis. Medium
according to pGEM®-T Easy Vector System according to pGEM®-T Easy Vector System
(Promega) cloning kit. (Promega) cloning kit.
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Appendix |

Sequence of Expression clone pH7WG2 with Winspit7_AOP2 gene
Circular Sequence

GTACAAAAAAGCAGGCTCCGCGGCCGCCCCCTTCACCATGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
CTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAAAGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATCA
TGATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTCTCGGATGCCATGATAGAGCTTTTCGAGTTACCAGTTGAGCTAAACAGAGAAACG
TGTCTCCGAAACCTTACACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCCAATGTTCTGGAGAAGTTA
ACGAATTTACTCAACTGCTACGCCCTGATTGTGAGGGTAACAAGACTATGACCGAAACATCCAAAGTTTAAGAGAAGTTAGCACAAGG
ATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGGATAGAAAACTACTTTGATGAACACCTCACCTCAACGAATTACCGTCTGCG
ACTGATGAAGTATGTAGCACCACCTGATGTTGATGCTTAATGTGCGGTTGGTACTAAACGATTCTGATGATGGGTGCTAATACGAATACA
ACTGCTAACGCTGATGCCGGTGAATATTTGCAATGGTATTGCTAAAGTTCATATTGATGACGATGCTNATGCCAAGGGTGACGTTTGCA
CTGGTGNTGGTACCAATCATAATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGACGTTGGTACTAATGTTA
GTGCTAAATCTAGTGTTGGTGCTGATGTTAAcaTtGgCacTAttgctgATGttaaggctaataCTGGTACTCGTACTAGTGCTAATGTTGGCGTTAG
TGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAAAACCTTTTGACGGTGC
TTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAAAAGTGGATCAGGTTAAAGCCATCTCATAACTCTTTCGTTGTTA
TGGCTGGAGATTCTCTATATGCACTTATGAATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAACGGAAAGAAAGAAGACAAGG
TATTCAATAGCATTGTTCTCGACTCCAAACGGAGATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCT
TCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCTGGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCG
TCTCTGGAGCATAAAAGGGTGGGCGCGCCGACCCAGCTTTCTTGTACAAAGTGGTGATATCCCGCGGCCATGCTAGAGTCCGCAAAAAT
CACCAGTCTCTCTCTACAAATCTATCTCTCTCTATTTTTCTCCAGAATAATGTGTGAGTAGTTCCCAGATAAGGGAATTAGGGTTCTTATAGG
GTTTCGCTCATGTGTTGAGCATATAAGAAACCCTTAGTATGTATTTGTATTTGTAAAATACTTCTATCAATAAAATTTCTAATTCCTAAAACCAA
AATCCAGTGACCTGCAGGCATGCGACGTCGGGCCCTCTAGAGGATCCCCGGGTACCGCGAATTATCATACATGAGAATTAAGGGAGTCA
CGTTATGACCCCCGCCGATGACGCGGGACAAGCCGTTTTACGTTTGGAACTGACAGAACCGCAACGTTGAAGGAGCCACTCAGCCGCG
GGTTTCTGGAGTTTAATGAGCTAAGCACATACGTCAGAAACCATTATTGCGCGTTCAAAAGTCGCCTAAGGTCACTATCAGCTAGCAAATA
TTTCTTGTCAAAAATGCTCCACTGACGTTCCATAAATTCCCCTCGGTATCCAATTAGAGTCTCATATTCACTCTCAACTCGNGATCCCTATG
AAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTGATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGG
GCGAAGAATCTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTACAAAGATC
GTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCTTGACATTGGGGAGTTCAGCGAGAGCCTGACCTATTGC
ATCTCCCGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTCTTCAGCCGGTCGCGGAGGCTATGG
ATGCGATCGCTGCGGCCGATCTTAGCCAGACGAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACACTACATGGCGTGAT
TTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTGTGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGA
TGAGCTGATGCTTTGGGCCGAGGACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGACAAT
GGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAACATCTTCTTCTGGAGGCCGT
GGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCGGAGGCATCCGGAGCTTGCAGGATCGCCACGCCTCCGGGCGTATATGCT
CCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTTGACGGCAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCG
TCCGATCCGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCGATGGCTGTGTAGAAGTACTCG
CCGATAGTGGAAACCGACGCCCCAGCACTCGTCCGAGGGCAAAGGAATAGAGTAGATGCCGACCGAACAAGAGCTGATTTCGAGAACG
CCTCAGCCAGCAACTCGCGCGAGCCTAGCAAGGCAAATGCGAGAGAACGGCCTTACGCTTGGTGGCACAGTTCTCGTCCACAGTTCGC
TAAGCCTAGAGTCAAGCAGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATCATATAA
TTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTTTTGATTAGAGTCCCGCAATTATA
CATTTAATACGCGATAGAAAACAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCGACCGGCAT
GCAAGCTGATAATTCAATTCGGCGTTAATTCAGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACACCA
CAATATATCCTGCCACCAGCCAGCCAACAGCTCCCCGACCGGCAGCTCGGCACAAAATCACCACTCGATACAGGCAGCCCATCAGTCCG
GGACGGCGTCAGCGGGAGAGCCGTTGTAAGGCGGCAGACTTTGCTCATGTTACCGATGCTATTCGGAAGAACGGCAACTAAGCTGCCG
GGTTTGAAACACGGATGATCTCGCGGAGGGTAGCATGTTGATTGTAACGATGACAGAGCGTTGCTGCCTGTGATCAATTCGGGCACGAA
CCCAGTGGACATAAGCCTCGTTCGGTTCGTAAGCTGTAATGCAAGTAGCGTAACTGCCGTCACGCAACTGGTCCAGAACCTTGACCGAA
CGCAGCGGTGGTAACGGCGCAGTGGCGGTTTTCATGGCTTCTTGTTATGACATGTTTTTTTGGGGTACAGTCTATGCCTCGGGCATCCAA
GCAGCAAGCGCGTTACGCCGTGGGTCGATGTTTGATGTTATGGAGCAGCAACGATGTTACGCAGCAGGGCAGTCGCCCTAAAACAAAGT
TAAACATCATGGGGGAAGCGGTGATCGCCGAAGTATCGACTCAACTATCAGAGGTAGTTGGCGTCATCGAGCGCCATCTCGAACCGACG
TTGCTGGCCGTACATTTGTACGGCTCCGCAGTGGATGGCGGCCTGAAGCCACACAGTGATATTGATTTGCTGGTTACGGTGACCGTAAG
GCTTGATGAAACAACGCGGCGAGCTTTGATCAACGACCTTTTGGAAACTTCGGCTTCCCCTGGAGAGAGCGAGATTCTCCGCGCTGTAG
AAGTCACCATTGTTGTGCACGACGACATCATTCCGTGGCGTTATCCAGCTAAGCGCGAACTGCAATTTGGAGAATGGCAGCGCAATGAC
ATTCTTGCAGGTATCTTCGAGCCAGCCACGATCGACATTGATCTGGCTATCTTGCTGACAAAAGCAAGAGAACATAGCGTTGCCTTGGTA
GGTCCAGCGGCGGAGGAACTCTTTGATCCGGTTCCTGAACAGGATCTATTTGAGGCGCTAAATGAAACCTTAACGCTATGGAACTCGCC
GCCCGACTGGGCTGGCGATGAGCGAAATGTAGTGCTTACGTTGTCCCGCATTTGGTACAGCGCAGTAACCGGCAAAATCGCGCCGAAG
GATGTCGCTGCCGACTGGGCAATGGAGCGCCTGCCGGCCCAGTATCAGCCCGTCATACTTGAAGCTAGACAGGCTTATCTTGGACAAGA
AGAAGATCGCTTGGCCTCGCGCGCAGATCAGTTGGAAGAATTTGTCCACTACGTGAAAGGCGAGATCACCAAGGTAGTCGGCAAATAAT
GTCTAGCTAGAAATTCGTTCAAGCCGACGCCGCTTCGCCGGCGTTAACTCAAGCGATTAGATGCACTAAGCACATAATTGCTCACAGCCA
AACTATCAGGTCAAGTCTGCTTTTATTATTTTTAAGCGTGCATAATAAGCCCTACACAAATTGGGAGATATATCATGCATGACCAAAATCCCT
TAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCT
GCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCA
GCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCG
CTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGG
CGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTG
AGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGA
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GGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCG
TCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTT
TCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCA
GCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGGTGC
ACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATACACTCCGCTATCGCTACGTGACTGGGTCATGGCTGCGCCCCGAC
ACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCT
GCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGGGTGCCTTGATGTGGGCGCCGGCGGTCGAGTGGCGACGGC
GCGGCTTGTCCGCGCCCTGGTAGATTGCCTGGCCGTAGGCCAGCCATTTTTGAGCGGCCAGCGGCCGCGATAGGCCGACGCGAAGCG
GCGGGGCGTAGGGAGCGCAGCGACCGAAGGGTAGGCGCTTTTTGCAGCTCTTCGGCTGTGCGCTGGCCAGACAGTTATGCACAGGCC
AGGCGGGTTTTAAGAGTTTTAATAAGTTTTAAAGAGTTTTAGGCGGAAAAATCGCCTTTTTTCTCTTTTATATCAGTCACTTACATGTGTGAC
CGGTTCCCAATGTACGGCTTTGGGTTCCCAATGTACGGGTTCCGGTTCCCAATGTACGGCTTTGGGTTCCCAATGTACGTGCTATCCACA
GGAAAGAGACCTTTTCGACCTTTTTCCCCTGCTAGGGCAATTTGCCCTAGCATCTGCTCCGTACATTAGGAACCGGCGGATGCTTCGCCC
TCGATCAGGTTGCGGTAGCGCATGACTAGGATCGGGCCAGCCTGCCCCGCCTCCTCCTTCAAATCGTACTCCGGCAGGTCATTTGACCC
GATCAGCTTGCGCACGGTGAAACAGAACTTCTTGAACTCTCCGGCGCTGCCACTGCGTTCGTAGATCGTCTTGAACAACCATCTGGCTT
CTGCCTTGCCTGCGGCGCGGCGTGCCAGGCGGTAGAGAAAACGGCCGATGCCGGGATCGATCAAAAAGTAATCGGGGTGAACCGTCA
GCACGTCCGGGTTCTTGCCTTCTGTGATCTCGCGGTACATCCAATCAGCTAGCTCGATCTCGATGTACTCCGGCCGCCCGGTTTCGCTC
TTTACGATCTTGTAGCGGCTAATCAAGGCTTCACCCTCGGATACCGTCACCAGGCGGCCGTTCTTGGCCTTCTTCGTACGCTGCATGGCA
ACGTGCGTGGTGTTTAACCGAATGCAGGTTTCTACCAGGTCGTCTTTCTGCTTTCCGCCATCGGCTCGCCGGCAGAACTTGAGTACGTC
CGCAACGTGTGGACGGAACACGCGGCCGGGCTTGTCTCCCTTCCCTTCCCGGTATCGGTTCATGGATTCGGTTAGATGGGAAACCGCC
ATCAGTACCAGGTCGTAATCCCACACACTGGCCATGCCGGCCGGCCCTGCGGAAACCTCTACGTGCCCGTCTGGAAGCTCGTAGCGGA
TCACCTCGCCAGCTCGTCGGTCACGCTTCGACAGACGGAAAACGGCCACGTCCATGATGCTGCGACTATCGCGGGTGCCCACGTCATA
GAGCATCGGAACGAAAAAATCTGGTTGCTCGTCGCCCTTGGGCGGCTTCCTAATCGACGGCGCACCGGCTGCCGGCGGTTGCCGGGA
TTCTTTGCGGATTCGATCAGCGGCCGCTTGCCACGATTCACCGGGGCGTGCTTCTGCCTCGATGCGTTGCCGCTGGGCGGCCTGCGC
GGCCTTCAACTTCTCCACCAGGTCATCACCCAGCGCCGCGCCGATTTGTACCGGGCCGGATGGTTTGCGACCGTCACGCCGATTCCTC
GGGCTTGGGGGTTCCAGTGCCATTGCAGGGCCGGCAGACAACCCAGCCGCTTACGCCTGGCCAACCGCCCGTTCCTCCACACATGGG
GCATTCCACGGCGTCGGTGCCTGGTTGTTCTTGATTTTCCATGCCGCCTCCTTTAGCCGCTAAAATTCATCTACTCATTTATTCATTTGCTC
ATTTACTCTGGTAGCTGCGCGATGTATTCAGATAGCAGCTCGGTAATGGTCTTGCCTTGGCGTACCGCGTACATCTTCAGCTTGGTGTGAT
CCTCCGCCGGCAACTGAAAGTTGACCCGCTTCATGGCTGGCGTGTCTGCCAGGCTGGCCAACGTTGCAGCCTTGCTGCTGCGTGCGC
TCGGACGGCCGGCACTTAGCGTGTTTGTGCTTTTGCTCATTTTCTCTTTACCTCATTAACTCAAATGAGTTTTGATTTAATTTCAGCGGCCA
GCGCCTGGACCTCGCGGGCAGCGTCGCCCTCGGGTTCTGATTCAAGAACGGTTGTGCCGGCGGCGGCAGTGCCTGGGTAGCTCACG
CGCTGCGTGATACGGGACTCAAGAATGGGCAGCTCGTACCCGGCCAGCGCCTCGGCAACCTCACCGCCGATGCGCGTGCCTTTGATC
GCCCGCGACACGACAAAGGCCGCTTGTAGCCTTCCATCCGTGACCTCAATGCGCTGCTTAACCAGCTCCACCAGGTCGGCGGTGGCC
CATATGTCGTAAGGGCTTGGCTGCACCGGAATCAGCACGAAGTCGGCTGCCTTGATCGCGGACACAGCCAAGTCCGCCGCCTGGGGC
GCTCCGTCGATCACTACGAAGTCGCGCCGGCCGATGGCCTTCACGTCGCGGTCAATCGTCGGGCGGTCGATGCCGACAACGGTTAGC
GGTTGATCTTCCCGCACGGCCGCCCAATCGCGGGCACTGCCCTGGGGATCGGAATCGACTAACAGAACATCGGCCCCGGCGAGTTGC
AGGGCGCGGGCTAGATGGGTTGCGATGGTCGTCTTGCCTGACCCGCCTTTCTGGTTAAGTACAGCGATAACCTTCATGCGTTCCCCTTG
CGTATTTGTTTATTTACTCATCGCATCATATACGCAGCGACCGCATGACGCAAGCTGTTTTACTCAAATACACATCACCTTTTTAGACGGCG
GCGCTCGGTTTCTTCAGCGGCCAAGCTGGCCGGCCAGGCCGCCAGCTTGGCATCAGACAAACCGGCCAGGATTTCATGCAGCCGCAC
GGTTGAGACGTGCGCGGGCGGCTCGAACACGTACCCGGCCGCGATCATCTCCGCCTCGATCTCTTCGGTAATGAAAAACGGTTCGTCC
TGGCCGTCCTGGTGCGGTTTCATGCTTGTTCCTCTTGGCGTTCATTCTCGGCGGCCGCCAGGGCGTCGGCCTCGGTCAATGCGTCCTC
ACGGAAGGCACCGCGCCGCCTGGCCTCGGTGGGCGTCACTTCCTCGCTGCGCTCAAGTGCGCGGTACAGGGTCGAGCGATGCACGC
CAAGCAGTGCAGCCGCCTCTTTCACGGTGCGGCCTTCCTGGTCGATCAGCTCGCGGGCGTGCGCGATCTGTGCCGGGGTGAGGGTAG
GGCGGGGGCCAAACTTCACGCCTCGGGCCTTGGCGGCCTCGCGCCCGCTCCGGGTGCGGTCGATGATTAGGGAACGCTCGAACTCG
GCAATGCCGGCGAACACGGTCAACACCATGCGGCCGGCCGGCGTGGTGGTGTCGGCCCACGGCTCTGCCAGGCTACGCAGGCLCCCGC
GCCGGCCTCCTGGATGCGCTCGGCAATGTCCAGTAGGTCGCGGGTGCTGCGGGCCAGGCGGTCTAGCCTGGTCACTGTCACAACGTC
GCCAGGGCGTAGGTGGTCAAGCATCCTGGCCAGCTCCGGGCGGTCGCGCCTGGTGCCGGTGATCTTCTCGGAAAACAGCTTGGTGCA
GCCGGCCGCGTGCAGTTCGGCCCGTTGGTTGGTCAAGTCCTGGTCGTCGGTGCTGACGCGGGCATAGCCCAGCAGGCCAGCGGCGG
CGCTCTTGTTCATGGCGTAATGTCTCCGGTTCTAGTCGCAAGTATTCTACTTTATGCGACTAAAACACGCGACAAGAAAACGCCAGGAAA
AGGGCAGGGCGGCAGCCTGTCGCGTAACTTAGGACTTGTGCGACATGTCGTTTTCAGAAGACGGCTGCACTGAACGTCAGAAGCCGAC
TGCACTATAGCAGCGGAGGGGTTGGATCAAAGTACTTTGATCCCGAGGGGAACCCTGTGGTTGGCATGCACATACAAATGGACGAACGG
ATAAACCTTTTCACGCCCTTTTAAATATCCGTTATTCTAATAAACGCTCTTTTCTCTTAGGTTTACCCGCCAATATATCCTGTCAAACACTGAT
AGTTTAAACTGAAGGCGGGAAACGACAATCTGATCCAAGCTCAAGCTAAGCTTGAGCTCTCCCATATGGTCGAGATNTCCTTTGCCCCGG
AGATCACCATGGACGACTTTCTCTATCTCTACGATCTAGGAAGAAAGTTCGACGGAGAAGGTGACGATACCATGTTCACCACCGATAATGA
GAAGATTAGCCTCTTCAATTTCAGAAAGAATGCTGACCCACAGATGGTTAGAGAGGCCTACGCGGCAGGTCTCATCAAGACGATCTACCC
GAGTAATAATCTCCAGGAGATCAAATACCTTCCCAAGAAGGTTAAAGATGCAGTCAAAAGATTCAGGACTAACTGCATCAAGAACACAGAG
AAAGATATATTTCTCAAGATCAGAAGTACTATTCCAGTATGGACGATTCAAGGCTTGCTTCATAAACCAAGGCAAGTAATAGAGATTGGAGT
CTCTAAGAAAGTAGTTCCTACTGAATCAAAGGCCATGGAGTCAAAAATTCAGATCGAGGATCTAACAGAACTCGCCGTGAAGACTGGCGA
ACAGTTCATACAGAGTCTTTTACGACTCAATGACAAGAAGAAAATCTTCGTCAACATGGTGGAGCACGACACTCTCGTCTACTCCAAGAAT
ATCAAAGATACAGTCTCAGAAGACCAAAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCCTCGGATTCCATTGCCCA
GCTATCTGTCACTTCATCAAAAGGACAGTAGAAAAGGAAGGTGGCACCTACAAATGCCATCATTGCGATAAAGGAAAGGCTATCGTTCAA
GATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAA
AGCAAGTGGATTGATGTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAG
TTCATTTCATTTGGAGAGGACTGCAGGACGATCCGTATTTTTACAACAATTACCACAACAAAACAAACAACAAACAACATTACAATTTACTAT
TCTAGTCGACCTGCAGGCGGCCGCACTAGTGATATCACAAGTTT
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Sequence of Expression clone pH7WG2 with Winspit 7_AOP2 gene
Circular Sequence

GTACAAAAAAGCAGGCTCCGCGGCCGCCCCCTTCACCATGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
CTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAAAGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATCA
TGATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTCTCGGATGCCATGATAGAGCTTTTCGAGTTACCAGTTGAGCTAAACAGAGAAACG
TGTCTCCGAAACCTTACACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCCAATGTTCTGGAGAAGTTA
ACGAATTTACTCAACTGCTACGCCCTGATTGTGAGGGTAACAAGACTATGACCGAAACATCCAAAGTTTAAGAGAAGTTAGCACAAGG
ATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGGATAGAAAACTACTTTGATGAACACCTCACCTCAACGAATTACCGTCTGCG
ACTGATGAAGTATGTAGCACCACCTGATGTTGATGCTTAATGTGCGGTTGGTACTAAACGATTCTGATGATGGGTGCTAATACGAATACA
ACTGCTAACGCTGATGCCGGTGAATATTTGCAATGGTATTGCTAAAGTTCATATTGATGACGATGCTNATGCCAAGGGTGACGTTTGCA
CTGGTGNTGGTACCAATCATAATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGACGTTGGTACTAATGTTA
GTGCTAAATCTAGTGTTGGTGCTGATGTTAAcaTtGgCacTAttgctgATGttaaggctaataCTGGTACTCGTACTAGTGCTAATGTTGGCGTTAG
TGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAAAACCTTTTGACGGTGC
TTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAAAAGTGGATCAGGTTAAAGCCATCTCATAACTCTTTCGTTGTTA
TGGCTGGAGATTCTCTATATGCACTTATGAATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAACGGAAAGAAAGAAGACAAGG
TATTCAATAGCATTGTTCTCGACTCCAAACGGAGATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCT
TCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCTGGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCG
TCTCTGGAGCATAAAAGGGTGGGCGCGCCGACCCAGCTTTCTTGTACAAAGTGGTGATATCCCGCGGCCATGCTAGAGTCCGCAAAAAT
CACCAGTCTCTCTCTACAAATCTATCTCTCTCTATTTTTCTCCAGAATAATGTGTGAGTAGTTCCCAGATAAGGGAATTAGGGTTCTTATAGG
GTTTCGCTCATGTGTTGAGCATATAAGAAACCCTTAGTATGTATTTGTATTTGTAAAATACTTCTATCAATAAAATTTCTAATTCCTAAAACCAA
AATCCAGTGACCTGCAGGCATGCGACGTCGGGCCCTCTAGAGGATCCCCGGGTACCGCGAATTATCATACATGAGAATTAAGGGAGTCA
CGTTATGACCCCCGCCGATGACGCGGGACAAGCCGTTTTACGTTTGGAACTGACAGAACCGCAACGTTGAAGGAGCCACTCAGCCGCG
GGTTTCTGGAGTTTAATGAGCTAAGCACATACGTCAGAAACCATTATTGCGCGTTCAAAAGTCGCCTAAGGTCACTATCAGCTAGCAAATA
TTTCTTGTCAAAAATGCTCCACTGACGTTCCATAAATTCCCCTCGGTATCCAATTAGAGTCTCATATTCACTCTCAACTCGNGATCCCTATG
AAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTGATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGG
GCGAAGAATCTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTACAAAGATC
GTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCTTGACATTGGGGAGTTCAGCGAGAGCCTGACCTATTGC
ATCTCCCGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTCTTCAGCCGGTCGCGGAGGCTATGG
ATGCGATCGCTGCGGCCGATCTTAGCCAGACGAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACACTACATGGCGTGAT
TTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTGTGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGA
TGAGCTGATGCTTTGGGCCGAGGACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGACAAT
GGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAACATCTTCTTCTGGAGGCCGT
GGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCGGAGGCATCCGGAGCTTGCAGGATCGCCACGCCTCCGGGCGTATATGCT
CCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTTGACGGCAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCG
TCCGATCCGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCGATGGCTGTGTAGAAGTACTCG
CCGATAGTGGAAACCGACGCCCCAGCACTCGTCCGAGGGCAAAGGAATAGAGTAGATGCCGACCGAACAAGAGCTGATTTCGAGAACG
CCTCAGCCAGCAACTCGCGCGAGCCTAGCAAGGCAAATGCGAGAGAACGGCCTTACGCTTGGTGGCACAGTTCTCGTCCACAGTTCGC
TAAGCCTAGAGTCAAGCAGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATCATATAA
TTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTTTTGATTAGAGTCCCGCAATTATA
CATTTAATACGCGATAGAAAACAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCGACCGGCAT
GCAAGCTGATAATTCAATTCGGCGTTAATTCAGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACACCA
CAATATATCCTGCCACCAGCCAGCCAACAGCTCCCCGACCGGCAGCTCGGCACAAAATCACCACTCGATACAGGCAGCCCATCAGTCCG
GGACGGCGTCAGCGGGAGAGCCGTTGTAAGGCGGCAGACTTTGCTCATGTTACCGATGCTATTCGGAAGAACGGCAACTAAGCTGCCG
GGTTTGAAACACGGATGATCTCGCGGAGGGTAGCATGTTGATTGTAACGATGACAGAGCGTTGCTGCCTGTGATCAATTCGGGCACGAA
CCCAGTGGACATAAGCCTCGTTCGGTTCGTAAGCTGTAATGCAAGTAGCGTAACTGCCGTCACGCAACTGGTCCAGAACCTTGACCGAA
CGCAGCGGTGGTAACGGCGCAGTGGCGGTTTTCATGGCTTCTTGTTATGACATGTTTTTTTGGGGTACAGTCTATGCCTCGGGCATCCAA
GCAGCAAGCGCGTTACGCCGTGGGTCGATGTTTGATGTTATGGAGCAGCAACGATGTTACGCAGCAGGGCAGTCGCCCTAAAACAAAGT
TAAACATCATGGGGGAAGCGGTGATCGCCGAAGTATCGACTCAACTATCAGAGGTAGTTGGCGTCATCGAGCGCCATCTCGAACCGACG
TTGCTGGCCGTACATTTGTACGGCTCCGCAGTGGATGGCGGCCTGAAGCCACACAGTGATATTGATTTGCTGGTTACGGTGACCGTAAG
GCTTGATGAAACAACGCGGCGAGCTTTGATCAACGACCTTTTGGAAACTTCGGCTTCCCCTGGAGAGAGCGAGATTCTCCGCGCTGTAG
AAGTCACCATTGTTGTGCACGACGACATCATTCCGTGGCGTTATCCAGCTAAGCGCGAACTGCAATTTGGAGAATGGCAGCGCAATGAC
ATTCTTGCAGGTATCTTCGAGCCAGCCACGATCGACATTGATCTGGCTATCTTGCTGACAAAAGCAAGAGAACATAGCGTTGCCTTGGTA
GGTCCAGCGGCGGAGGAACTCTTTGATCCGGTTCCTGAACAGGATCTATTTGAGGCGCTAAATGAAACCTTAACGCTATGGAACTCGCC
GCCCGACTGGGCTGGCGATGAGCGAAATGTAGTGCTTACGTTGTCCCGCATTTGGTACAGCGCAGTAACCGGCAAAATCGCGCCGAAG
GATGTCGCTGCCGACTGGGCAATGGAGCGCCTGCCGGCCCAGTATCAGCCCGTCATACTTGAAGCTAGACAGGCTTATCTTGGACAAGA
AGAAGATCGCTTGGCCTCGCGCGCAGATCAGTTGGAAGAATTTGTCCACTACGTGAAAGGCGAGATCACCAAGGTAGTCGGCAAATAAT
GTCTAGCTAGAAATTCGTTCAAGCCGACGCCGCTTCGCCGGCGTTAACTCAAGCGATTAGATGCACTAAGCACATAATTGCTCACAGCCA
AACTATCAGGTCAAGTCTGCTTTTATTATTTTTAAGCGTGCATAATAAGCCCTACACAAATTGGGAGATATATCATGCATGACCAAAATCCCT
TAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCT
GCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCA
GCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCG
CTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGG
CGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTG
AGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGA
GGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCG
TCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTT
TCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCA
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GCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGGTGC
ACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATACACTCCGCTATCGCTACGTGACTGGGTCATGGCTGCGCCCCGAC
ACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCT
GCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGGGTGCCTTGATGTGGGCGCCGGCGGTCGAGTGGCGACGGC
GCGGCTTGTCCGCGCCCTGGTAGATTGCCTGGCCGTAGGCCAGCCATTTTTGAGCGGCCAGCGGCCGCGATAGGCCGACGCGAAGCG
GCGGGGCGTAGGGAGCGCAGCGACCGAAGGGTAGGCGCTTTTTGCAGCTCTTCGGCTGTGCGCTGGCCAGACAGTTATGCACAGGCC
AGGCGGGTTTTAAGAGTTTTAATAAGTTTTAAAGAGTTTTAGGCGGAAAAATCGCCTTTTTTCTCTTTTATATCAGTCACTTACATGTGTGAC
CGGTTCCCAATGTACGGCTTTGGGTTCCCAATGTACGGGTTCCGGTTCCCAATGTACGGCTTTGGGTTCCCAATGTACGTGCTATCCACA
GGAAAGAGACCTTTTCGACCTTTTTCCCCTGCTAGGGCAATTTGCCCTAGCATCTGCTCCGTACATTAGGAACCGGCGGATGCTTCGCCC
TCGATCAGGTTGCGGTAGCGCATGACTAGGATCGGGCCAGCCTGCCCCGCCTCCTCCTTCAAATCGTACTCCGGCAGGTCATTTGACCC
GATCAGCTTGCGCACGGTGAAACAGAACTTCTTGAACTCTCCGGCGCTGCCACTGCGTTCGTAGATCGTCTTGAACAACCATCTGGCTT
CTGCCTTGCCTGCGGCGCGGCGTGCCAGGCGGTAGAGAAAACGGCCGATGCCGGGATCGATCAAAAAGTAATCGGGGTGAACCGTCA
GCACGTCCGGGTTCTTGCCTTCTGTGATCTCGCGGTACATCCAATCAGCTAGCTCGATCTCGATGTACTCCGGCCGCCCGGTTTCGCTC
TTTACGATCTTGTAGCGGCTAATCAAGGCTTCACCCTCGGATACCGTCACCAGGCGGCCGTTCTTGGCCTTCTTCGTACGCTGCATGGCA
ACGTGCGTGGTGTTTAACCGAATGCAGGTTTCTACCAGGTCGTCTTTCTGCTTTCCGCCATCGGCTCGCCGGCAGAACTTGAGTACGTC
CGCAACGTGTGGACGGAACACGCGGCCGGGCTTGTCTCCCTTCCCTTCCCGGTATCGGTTCATGGATTCGGTTAGATGGGAAACCGCC
ATCAGTACCAGGTCGTAATCCCACACACTGGCCATGCCGGCCGGCCCTGCGGAAACCTCTACGTGCCCGTCTGGAAGCTCGTAGCGGA
TCACCTCGCCAGCTCGTCGGTCACGCTTCGACAGACGGAAAACGGCCACGTCCATGATGCTGCGACTATCGCGGGTGCCCACGTCATA
GAGCATCGGAACGAAAAAATCTGGTTGCTCGTCGCCCTTGGGCGGCTTCCTAATCGACGGCGCACCGGCTGCCGGCGGTTGCCGGGA
TTCTTTGCGGATTCGATCAGCGGCCGCTTGCCACGATTCACCGGGGCGTGCTTCTGCCTCGATGCGTTGCCGCTGGGCGGCCTGCGC
GGCCTTCAACTTCTCCACCAGGTCATCACCCAGCGCCGCGCCGATTTGTACCGGGCCGGATGGTTTGCGACCGTCACGCCGATTCCTC
GGGCTTGGGGGTTCCAGTGCCATTGCAGGGCCGGCAGACAACCCAGCCGCTTACGCCTGGCCAACCGCCCGTTCCTCCACACATGGG
GCATTCCACGGCGTCGGTGCCTGGTTGTTCTTGATTTTCCATGCCGCCTCCTTTAGCCGCTAAAATTCATCTACTCATTTATTCATTTGCTC
ATTTACTCTGGTAGCTGCGCGATGTATTCAGATAGCAGCTCGGTAATGGTCTTGCCTTGGCGTACCGCGTACATCTTCAGCTTGGTGTGAT
CCTCCGCCGGCAACTGAAAGTTGACCCGCTTCATGGCTGGCGTGTCTGCCAGGCTGGCCAACGTTGCAGCCTTGCTGCTGCGTGCGC
TCGGACGGCCGGCACTTAGCGTGTTTGTGCTTTTGCTCATTTTCTCTTTACCTCATTAACTCAAATGAGTTTTGATTTAATTTCAGCGGCCA
GCGCCTGGACCTCGCGGGCAGCGTCGCCCTCGGGTTCTGATTCAAGAACGGTTGTGCCGGCGGCGGCAGTGCCTGGGTAGCTCACG
CGCTGCGTGATACGGGACTCAAGAATGGGCAGCTCGTACCCGGCCAGCGCCTCGGCAACCTCACCGCCGATGCGCGTGCCTTTGATC
GCCCGCGACACGACAAAGGCCGCTTGTAGCCTTCCATCCGTGACCTCAATGCGCTGCTTAACCAGCTCCACCAGGTCGGCGGTGGCC
CATATGTCGTAAGGGCTTGGCTGCACCGGAATCAGCACGAAGTCGGCTGCCTTGATCGCGGACACAGCCAAGTCCGCCGCCTGGGGC
GCTCCGTCGATCACTACGAAGTCGCGCCGGCCGATGGCCTTCACGTCGCGGTCAATCGTCGGGCGGTCGATGCCGACAACGGTTAGC
GGTTGATCTTCCCGCACGGCCGCCCAATCGCGGGCACTGCCCTGGGGATCGGAATCGACTAACAGAACATCGGCCCCGGCGAGTTGC
AGGGCGCGGGCTAGATGGGTTGCGATGGTCGTCTTGCCTGACCCGCCTTTCTGGTTAAGTACAGCGATAACCTTCATGCGTTCCCCTTG
CGTATTTGTTTATTTACTCATCGCATCATATACGCAGCGACCGCATGACGCAAGCTGTTTTACTCAAATACACATCACCTTTTTAGACGGCG
GCGCTCGGTTTCTTCAGCGGCCAAGCTGGCCGGCCAGGCCGCCAGCTTGGCATCAGACAAACCGGCCAGGATTTCATGCAGCCGCAC
GGTTGAGACGTGCGCGGGCGGCTCGAACACGTACCCGGCCGCGATCATCTCCGCCTCGATCTCTTCGGTAATGAAAAACGGTTCGTCC
TGGCCGTCCTGGTGCGGTTTCATGCTTGTTCCTCTTGGCGTTCATTCTCGGCGGCCGCCAGGGCGTCGGCCTCGGTCAATGCGTCCTC
ACGGAAGGCACCGCGCCGCCTGGCCTCGGTGGGCGTCACTTCCTCGCTGCGCTCAAGTGCGCGGTACAGGGTCGAGCGATGCACGC
CAAGCAGTGCAGCCGCCTCTTTCACGGTGCGGCCTTCCTGGTCGATCAGCTCGCGGGCGTGCGCGATCTGTGCCGGGGTGAGGGTAG
GGCGGGGGCCAAACTTCACGCCTCGGGCCTTGGCGGCCTCGCGCCCGCTCCGGGTGCGGTCGATGATTAGGGAACGCTCGAACTCG
GCAATGCCGGCGAACACGGTCAACACCATGCGGCCGGCCGGCGTGGTGGTGTCGGCCCACGGCTCTGCCAGGCTACGCAGGCCCGC
GCCGGCCTCCTGGATGCGCTCGGCAATGTCCAGTAGGTCGCGGGTGCTGCGGGCCAGGCGGTCTAGCCTGGTCACTGTCACAACGTC
GCCAGGGCGTAGGTGGTCAAGCATCCTGGCCAGCTCCGGGCGGTCGCGCCTGGTGCCGGTGATCTTCTCGGAAAACAGCTTGGTGCA
GCCGGCCGCGTGCAGTTCGGCCCGTTGGTTGGTCAAGTCCTGGTCGTCGGTGCTGACGCGGGCATAGCCCAGCAGGCCAGCGGCGG
CGCTCTTGTTCATGGCGTAATGTCTCCGGTTCTAGTCGCAAGTATTCTACTTTATGCGACTAAAACACGCGACAAGAAAACGCCAGGAAA
AGGGCAGGGCGGCAGCCTGTCGCGTAACTTAGGACTTGTGCGACATGTCGTTTTCAGAAGACGGCTGCACTGAACGTCAGAAGCCGAC
TGCACTATAGCAGCGGAGGGGTTGGATCAAAGTACTTTGATCCCGAGGGGAACCCTGTGGTTGGCATGCACATACAAATGGACGAACGG
ATAAACCTTTTCACGCCCTTTTAAATATCCGTTATTCTAATAAACGCTCTTTTCTCTTAGGTTTACCCGCCAATATATCCTGTCAAACACTGAT
AGTTTAAACTGAAGGCGGGAAACGACAATCTGATCCAAGCTCAAGCTAAGCTTGCATGCCTGCAGGTTAGCTTGCATGCTGCAGGTCGA
CTCTCTAGGAATTTGTTCGTGAACTATTAGTTGCGGGCCTTGGCATCCGACTACCTCTGCGGCAATATTATATTCCCTGGGCCCACCGTGA
ACCCAATTTCGCCTATTTATTCATTACCCCCATTAACATTGAAGTAGTCATGATGGGCCTGCAGCACGTTGGTGAGGCTGGCACAACTCAT
CCATATACTTTCTGACCGGATCGGCACATTATTGTAGAAAACGCGGACCCACAGCGCACTTTCCAAAGCGGTGCCGCGTCAGAATGCGC
TGGCAGAAAAAAATTAATCCAAAAGTACCCTCCAAGCAGCCCATATAAACGCGTTTACAAATCCGCTAACCTCAACAATTTGAGCAGAGAA
AATTCGCTAGAGGATCCCCGGGTACCGAGCTCGAATTCTCAACACAACATATACAAAACAAACGAATCTCAAGCAATCAAGCATTCTACTT
CTATTGCAGCAATTTAAATCATTTCTTTTAAAGCAAAAGCTATTTTCTGAAAATTTTCACCATTTACGAACGATAGCCATGGTGAAGACTAATC
TTTTTCTCTTTTTCATCTTTTCACTTCTCCTATCATTATCCTCGGCCGACATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGC
CCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAG
CTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGC
TTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTT
CAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGA
CTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGA
ACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCAT
CGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCA
CATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGAAGGACGAGCTGTAAGCGCCGCC
CGGCTGCAGCCCGGGGGATCCACTAGTTCTAGAGTCCGCAAAAATCACCAGTCTCTCTCTACAAATCTATCTCTCTCTATTTTTCTCCAGA
ATAATGTGTGAGTAGTTCCCACATAAGGGAATTAGGGTTCTTATAGGGTTTCGCTCATGTGTTGAGCATATAAGAAACCCTTAGTATGTATTT
GTATTTGTAAAATACTTCTATCAATAAAATTTCTAATTCCTAAAACCAAAATCCAGTGACCTGCAGGCATGCAAGCTTGAGCTCTCCCATATG
GTCGAGATNTCCTTTGCCCCGGAGATCACCATGGACGACTTTCTCTATCTCTACGATCTAGGAAGAAAGTTCGACGGAGAAGGTGACGAT
ACCATGTTCACCACCGATAATGAGAAGATTAGCCTCTTCAATTTCAGAAAGAATGCTGACCCACAGATGGTTAGAGAGGCCTACGCGGCA
GGTCTCATCAAGACGATCTACCCGAGTAATAATCTCCAGGAGATCAAATACCTTCCCAAGAAGGTTAAAGATGCAGTCAAAAGATTCAGGA
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CTAACTGCATCAAGAACACAGAGAAAGATATATTTCTCAAGATCAGAAGTACTATTCCAGTATGGACGATTCAAGGCTTGCTTCATAAACCA
AGGCAAGTAATAGAGATTGGAGTCTCTAAGAAAGTAGTTCCTACTGAATCAAAGGCCATGGAGTCAAAAATTCAGATCGAGGATCTAACAG
AACTCGCCGTGAAGACTGGCGAACAGTTCATACAGAGTCTTTTACGACTCAATGACAAGAAGAAAATCTTCGTCAACATGGTGGAGCACG
ACACTCTCGTCTACTCCAAGAATATCAAAGATACAGTCTCAGAAGACCAAAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGGAAA
CCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTCATCAAAAGGACAGTAGAAAAGGAAGGTGGCACCTACAAATGCCATCATTGCGA
TAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAAAAGAA
GACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAA
GACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGGACTGCAGGACGATCCGTATTTTTACAACAATTACCACAACAAAACAAACA
ACAAACAACATTACAATTTACTATTCTAGTCGACCTGCAGGCGGCCGCACTAGTGATATCACAAGTTT
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BLAST B.oleracea collard (AY044425.1), B.oleracea broccoli (AY044424.1), B.rapa mRNA
(EF611253.1) B.rapa genomic DNA (EF611252.1) and the first band of Winspit.

AY044425.1: Brassica oleracea 2-oxoglutarate-dependent dioxygenase gene,
Complete cds (2869bp)

AOP2 Winspit Band1

Color key for alignment scores
80-200

Query Coverage 34%
E value 0.0
Max identity 99%

AY044424 .1: Brassica oleracea 2-oxoglutarate-dependent dioxygenase gene,
null allele, Complete cds (2939bp)

AOP2 Winspit Band1

Color key for alignment scores

<40 40-50 80-200 >=200

Query #
1 1650 2200

Query Coverage 34%
E value 0.0
Max identity 99%

EF611253.1 Brassica rapa subsp. rapa glucosinolate GS-Alk (GSL-Alk) mRNA,
complete cds (1296bp)

AOP2 Winspit Band1

Color key for alighment scores

Query Coverage 91%
E value 0.0
Max identity 91%
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EF611252.1 Brassica rapa subsp. rapa glucosinolate GS-Alk gene, complete
cds (1781bp)

AOP2 Winspit Band1
Color key for alignment scores
<40 4050 . 80-200 >=200
aueny | ] | ] |
1 350 700 1050 1400 1750
Query Coverage 56%
E value 0.0

Max identity 97%
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BLAST B.oleracea collard (AY044425.1), B.oleracea broccoli (AY044424.1), B.rapa mRNA
(EF611253.1) B.rapa genomic DNA (EF611252.1) and the second band of Winspit.

EF611252.1 Brassica rapa subsp. rapa glucosinolate GS-Alk gene,
complete cds (1781bp)

AOP2 Winspit Band2
Color key for alignment scores
<40 40-50 80-200 >=200
Query I mm————————
| I | I I |
1 550 1100 1650 2200 2750

Query Coverage 19%
E value 0.0
Max identity 100%

AY044424 1: Brassica oleracea 2-oxoglutarate-dependent dioxygenase gene,
null allele, Complete cds (2939bp)

AOP2 Winspit Band2

Color key for alignment scores
80-200

Query Coverage 18%
E value 0.0
Max identity 100%

EF611253.1 Brassica rapa subsp. rapa glucosinolate GS-Alk (GSL-Alk) mRNA,
complete cds (1296bp)

AOP2 Winspit Band2

Color key for alignment scores

Query Coverage 41%
E value 0.0
Max identity 97%
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EF611252.1 Brassica rapa subsp. rapa glucosinolate GS-Alk gene, complete cds
(1781bp)

AOP2 Winspit Band2

Color key for alignment scores

Query Coverage 30%
E value 0.0
Max identity 99%
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BLAST B.oleracea collard (AY044425.1), B.oleracea broccoli (AY044424.1), B.rapa mRNA
(EF611253.1) B.rapa genomic DNA (EF611252.1) and the forward sequence of the band of
Savoy.

EF611252.1 Brassica rapa subsp. rapa glucosinolate GS-Alk gene, complete cds
(1781bp)

AOP2 Savoy band - forward sequence

Color key for alignment scores
80-200

Query Coverage 7%
E value 8e-82
Max identity 89%

AY044424 1: Brassica oleracea 2-oxoglutarate-dependent dioxygenase gene, null allele,
Complete cds (2939bp)

AOP2 Savoy band - forward sequence

Color key for alignment scores

<40 40-50 80-200 >=200
Query II—

| |
1 1650 2200

Query Coverage 7%
E value 8e-82
Max identity 89%

EF611253.1 Brassica rapa subsp. rapa glucosinolate GS-Alk (GSL-Alk) mRNA, complete
cds (1296bp)

AOP2 Savoy band - forward sequence

Color key for alignment scores

<40 40-50 80-200 >=200
Qu e ry |
| | | | | |
1 250 500 750 1000 1250

Query Coverage 15%
E value 3e-78
Max identity 88%
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EF611252.1 Brassica rapa subsp. rapa glucosinolate GS-Alk gene, complete cds (1781bp)

AOP2 Savoy band - forward sequence

Color key for alignment scores
80-200

Query Coverage 11%
E value 4e-78
Max identity 88%
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BLAST B.oleracea collard (AY044425.1), B.oleracea broccoli (AY044424.1), B.rapa mRNA
(EF611253.1) B.rapa genomic DNA (EF611252.1) and the reverse sequence of the band of
Savoy.

EF611252.1 Brassica rapa subsp. rapa glucosinolate GS-Alk gene, complete cds
(1781bp)

AOP2 Savoy band - reverse sequence

Color key for alignment scores
80-200

Query Coverage 15%
E value 7e-99
Max identity 93%

AY044424 1: Brassica oleracea 2-oxoglutarate-dependent dioxygenase gene, null allele,
Complete cds (2939bp)

AOP2 Savoy band - reverse sequence

Color key for alignment scores

<40 40-50 : 80-200 >=200
Query II—

| |
1 1650 2200

Query Coverage 15%
E value 9e-98
Max identity 93%

EF611253.1 Brassica rapa subsp. rapa glucosinolate GS-Alk (GSL-Alk) mRNA, complete
cds (1296bp)

AOP2 Savoy band - reverse sequence

Color key for alignment scores
<40 40-50 80-200 >=200
Qu e ry |
I | | | | |
1 250 500 750 1000 1250
Query Coverage 35%

E value 0.0
Max identity 92%
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EF611252.1 Brassica rapa subsp. rapa glucosinolate GS-Alk gene, complete cds
(1781bp)

AOP2 Savoy band - reverse sequence

Color key for alignment scores
80-200

Query Coverage 25%
E value 2e-102
Max identity 94%
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BLAST B.oleracea collard (AY044425.1), B.oleracea broccoli (AY044424.1), B.rapa mRNA
(EF611253.1) B.rapa genomic DNA (EF611252.1) and the reverse sequence of the band of PSB.

EF611252.1 Brassica rapa subsp. rapa glucosinolate GS-Alk gene, complete cds (1781bp)

AOP2 PSB band - reverse sequence

Color key for alignment scores

<40 40-50 80-200 >=200
Q u e ry |
| | | | | |
1 550 1100 1650 2200 2750

Query Coverage 18%
E value 8e-179
Max identity 98%

AY 044424 1: Brassica oleracea 2-oxoglutarate-dependent dioxygenase gene, null allele,
Complete cds (2939bp)

AOP2 PSB band - reverse sequence

Color key for alignment scores

<40 40-50 80-200 >=200
Q u e ry |
| | | | | |
1 550 1100 1650 2200 2750

Query Coverage 18%
E value 0.0
Max identity 98%

EF611253.1 Brassica rapa subsp. rapa glucosinolate GS-Alk (GSL-Alk) mRNA, complete
cds (1296bp)

AOP2 PSB band - reverse sequence

Color key for alignment scores
<40 40-50 80-200 >»=200
Query [,
| | | | | |
1 250 500 750 1000 1250
Query Coverage 39%

E value 0.0
Max identity 90%
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EF611252.1 Brassica rapa subsp. rapa glucosinolate GS-Alk gene, complete cds (1781bp)

AOP2 PSB band - reverse sequence

Color key for alignment scores
<40 40-50 B 80-200 >=200
Query I m——————y
| | | | | |
1 350 700 1050 1400 1750
Query Coverage 30%

E value 2e-172
Max identity 97%



BLAST B.oleracea collard (AY044425.1), B.oleracea broccoli (AY044424.1), B.rapa mRNA
(EF611253.1) B.rapa genomic DNA (EF611252.1) and the reverse sequence of the band of
DHAG1012.

EF611252.1 Brassica rapa subsp. rapa glucosinolate GS-Alk gene, complete cds
(1781bp)

AOP2 DHAG1012 - Reverse sequence

Color key for alighment scores
<40 40-50 : 80-200 >=200
Query *
1 550 1100 1650 2200 2750
Query Coverage 27%
E value 0.0

Max identity 96%

AY044424 1: Brassica oleracea 2-oxoglutarate-dependent dioxygenase gene,
null allele, Complete cds (2939bp)

AOP2 DHAG1012 - Reverse sequence

Color key for alignment scores
<40 40-50 80-200 >=200
Query I,
| | | | | |
1 550 1100 1650 2200 2750
Query Coverage 26%

E value 0.0
Max identity 96%

EF611253.1 Brassica rapa subsp. rapa glucosinolate GS-Alk (GSL-Alk) mRNA,
complete cds (1296bp)

AOP2 DHAG1012 - Reverse sequence

Color key for alignment scores
<40 40-50 80-200 >=200
Query I ——————————
| | | | | |
1 250 500 750 1000 1250
Query Coverage 58%

E value 0.0
Max identity 91%



EF611252.1 Brassica rapa subsp. rapa glucosinolate GS-Alk gene, complete cds
(1781bp)

AOP2 DHAG1012 - Reverse sequence

Color key for alignment scores
<40 40-50 0-8 80-200 >=200
Query .
| | | | | |
1 350 700 1050 1400 1750
Query Coverage 43%

E value 0.0
Max identity 94%
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BLAST B.oleracea collard (AY044425.1), B.oleracea broccoli (AY044424.1), B.rapa mRNA

(EF611253.1) B.rapa genomic DNA (EF611252.1) and the three bands of Winspit obtained with

PCR amplification with primer odd12/0dd48.

Winspit band 1 - odd12/0dd48 primers amplification

AY044425.1: Brassica oleracea 2-oxoglutarate- Query Coverage 68%

dependent dioxygenase gene, complete cds E value 4e-130
(2869bp) Max identity 94%
AY044424 1: Brassica oleracea 2-oxoglutarate- Query Coverage 97%
dependent dioxygenase gene, null allele, E value 0.0
Complete cds (2939bp) Max identity 96%

Color key for alignment scores

<40 40-50 80-200
Query —

| 1
1 a0

| |
160 240 320 400

Winspit band 2 - odd12/0dd48 primers amplification

AY044425.1: Brassica oleracea 2-oxoglutarate- Query Coverage 70%

dependent dioxygenase gene, complete cds E value 4e-140
(2869bp) Max identity 96%
AY044424 1: Brassica oleracea 2-oxoglutarate- Query Coverage 99%
dependent dioxygenase gene, null allele, E value 0.0
Complete cds (2939bp) Max identity 98%

Color key for alighment scores
<40 40-50 80-200
Query [
I I I |

| |
1 a0 160 240 320 400
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Winspit band 3 - odd12/0dd48 primers amplification

AY044425.1: Brassica oleracea 2-oxoglutarate- Query Coverage 69%

dependent dioxygenase gene, complete cds E value 2e-138
(2869bp) Max identity 97%
AY044424 1: Brassica oleracea 2-oxoglutarate- Query Coverage 100%
dependent dioxygenase gene, null allele, E value 0.0

Complete cds (2939bp) Max identity 100%

Color key for alignment scores

<40 40-50 80-200 >=200

B Oy S R—
1 80 160 240 320 400
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BLAST B.oleracea collard (AY044425.1), B.oleracea broccoli (AY044424.1), B.rapa mRNA
(EF611253.1) B.rapa genomic DNA (EF611252.1) and the two bands of PSB obtained with PCR
amplification with primer odd12/0dd48.

PSB band 1 - odd12/0dd48 primers amplification
AY044425.1: Brassica oleracea 2-oxoglutarate- Query Coverage 70%

dependent dioxygenase gene, complete cds E value 3e-136
(2869bp) Max identity 97%
AY044424 1: Brassica oleracea 2-oxoglutarate- Query Coverage 100%
dependent dioxygenase gene, null allele, E value 0.0

Complete cds (2939bp) Max identity 99%

Color key for alignment scores

<40 40-50 80-200 =200
Q u e ry |
| | | | | |
1 a0 160 240 320 400

PSB band 2 - odd12/0dd48 primers amplification
AY044425.1: Brassica oleracea 2-oxoglutarate- Query Coverage 69%

dependent dioxygenase gene, complete cds E value 2e-139
(2869bp) Max identity 97%
AY044424 1: Brassica oleracea 2-oxoglutarate- Query Coverage 100%
dependent dioxygenase gene, null allele, E value 0.0

Complete cds (2939bp) Max identity 100%

Color key for alignment scores

<40 40-50 80-200

Query I ——————————,
| | | | | |
1 a0 160 400
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BLAST B.oleracea collard (AY044425.1), B.oleracea broccoli (AY044424.1), B.rapa mRNA

(EF611253.1) B.rapa genomic DNA (EF611252.1) and the two bands of DHAG1012 obtained with

PCR amplification with primer odd12/0dd48.

DHAG1012 band 1 - odd12/0dd48 primers amplification

AY044425.1: Brassica oleracea 2-oxoglutarate-
dependent dioxygenase gene, complete cds
(2869bp)

Query Coverage 67%
E value 4e-135
Max identity 96%

AY044424 1: Brassica oleracea 2-oxoglutarate-
dependent dioxygenase gene, null allele,
Complete cds (2939bp)

Query Coverage 98%
E value 0.0
Max identity 98%

<40 40-50

|
1 a0 160

Color key for alignment scores

80-200 =200

Q u e ry |
| |

| |
240 320

|
400

DHAG1012 band 2 - odd12/0dd48 primers amplification

AY044425.1: Brassica oleracea 2-oxoglutarate-
dependent dioxygenase gene, complete cds
(2869bp)

Query Coverage 69%
E value 7e-138
Max identity 97%

AY044424 .1: Brassica oleracea 2-oxoglutarate-
dependent dioxygenase gene, null allele,
Complete cds (2939bp)

Query Coverage 98%
E value 0.0
Max identity 99%

<40 40-50

1 a0

Color key for alighment scores

80-200

Q u e ry | —
| | | | |

400
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BLAST B.oleracea collard (AY044425.1), B.oleracea broccoli (AY044424.1), B.rapa mRNA

(EF611253.1) B.rapa genomic DNA (EF611252.1) and the one band of Savoy obtained with PCR
amplification with primer odd12/0dd48.

Savoy band 1 - odd12/0dd48 primers amplification

AY044425.1: Brassica oleracea 2-oxoglutarate- Query Coverage 71%

dependent dioxygenase gene, complete cds

(2869bp)

E value 2e-138
Max identity 97%

AY044424 1: Brassica oleracea 2-oxoglutarate- Query Coverage 100%

dependent dioxygenase gene, null allele,

Complete cds (2939bp)

E value 0.0
Max identity 99%

1

<40

|
a0

Color key for alignment scores

40-50 80-200

Qu e ry |
|

| | |
160 240

|
400
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Contings of sequenced bands from odd12/0dd48 PCR amplification.

LEGEND:
K: T/IG
Y: T/IC
R: G/A
M: A/C
S: G/C
W: AIT

Winspit band1 — 464 bp
TGCGCGGACMGTTCTCTGTTtAGCCTCACTGGTAACCSAAAAGCTCTATCATGGCATCCAAAACTGACTTCTTAAGCTCTTCTGACWCTCT
ATCATATGACACCTCAAAAGCGCCGKASTCTKCARGAGCTYTACGGACATCACTCCTCACTTCAACCCACTTCTCACCTCCTGGTTTTAG
GGTTTGGTCCGAGAGATAGATGACTGGAAGTTGAGGAGTGTCTGCACCCATTCTTTTYKICCTTTGGTGCAAATCCAAAAATATATTYATAA
AAKGTTAATTAGCTTTATATTTTAACCCGAAAGAAAATRTTTAAGTRRCTCTTTAATCATCACAACAAAAGAAAACATTAAAAACTCATAAGAC
AAaCTACCTTTGGAGTTTTTCTTTGATTCAAAaGAGATCAAGCTGGT

Winspit band2 — 426 bp
GYYtCGGAGAcacGTTTTtCTGTTAGCCTCACTGGKWACTCGAAAAGCTCTATCATGGCATCCAAAACTGACTTCTTAAGCTCTTCTGACAC
TCTATCATATGACACCTCAAAAGCGCCGTAGTCTTCAAGAGCTTTACGGACATCACTCCTCACTTCAACCCACTTCTCACCTCCTGGTTTT
AGGGTTTGGTCCGAGAGATAGATGACTGGAAGTTGAGGAGTGTCTGCACCCATTCTTTTTTTCCTTTGGTGCAAATCCAAAAATATATTTAT
AAAATGTTAATTAGCTTTATATTTTAACCCGAAAGAAAATGTTTAAGTMSCTCTTTAATCATCACWACAAAAGAAAACATTAAAAACTCATAAR
ACAACTACCTTTGGAGTTTTTCTTTGATTCAAAGAGATCAAGCTGGTTTIC

Winspit band3 — 408 bp
TGTTtAGCCTCAaCTGGTAaCTCGaAAAGCTCTATCATGGCATCCAAAACTGACTTCTTAAGCTCTTCTGACACTCTATCATATGACACCTCA
AAAGCGCCGTAGTCTTCAAGAGCTTTACGGACATCACTCCTCACTTCAACCCACTTCTCACCTCCTGGTTTTAGGGTTTGGTCCGAGAGA
TAGATGACTGGAAGTTGAGGAGTGTCTGCACCCATTCTTTTTTTCCTTTGGTGCAAATCCAAAAATATATTTATAAAATGTTAATTAGCTTTAT
ATTTTAACCCGAAAGAAAATGTTTAAGTAGCTCTTTAATCATCACAACAAAAGAAAACATTAAAAACTCATAAGACAACTACCTTTGGAGTTT
TTCTTTGATTCAAAGAGATCAAGCTGGTTTICTTTC

PSB band1 — 400bp
GTTtAGCCTCaACTGGTAACTCGAAAGCTCTATCATGGCATCCAAAACTGACTTCTTAAGCTCTTCTGACACTCTATCATATGACACCTCAA
AAGCGCCGTAGTCTTCAAGAGCTTTACGGACATCACTCCTCACTTCAACCCACTTCTCACCTCCTGGTTTTAGGGTTTGGTCCGAGAGAT
AGATGACTGGAAGTTGAGGAGTGTCTGCACCCATTCTTTTTTTCCTTTGGTGCAAATCCAAAAATATATTTATAAAATGTTAATTAGCTTTATA
TTTTAACCCGAAAGAAAATGTTTAAGTAGCTCTTTAATCATCACAACAAAAGAAAACATTAAAAACTCATAAGACAACTACCTTTGGAGTTTT
TCTTTGATTCAAAGAGATCAAGCTGGTTTIC

PSB band2 - 406bp
AAGaaAACCAGCTTGATCTCTTTGAATCAAAGAAAAACTCCAAAGGTAGTTGTCTTATGAGTTTTTAATGTTTTCTTTTGTTGTGATGATTAA
AGAGCTACTTAAACATTTTCTTTCGGGTTAAAATATAAAGCTAATTAACATTTTATAAATATATTTTTGGATTTGCACCAAAGGAAAAAAAGAAT
GGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACCCTAAAACCAGGAGGTGAGAAGTGGGTTGAAGTGAGGAGT
GATGTCCGTAAAGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATATGATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGATGCC
ATGATAGAGCTTTtCGAGTTACCAGTtGAGGCTAAaCAGA

DHAG1012 band1 — 466bp
ACTAAgGGAAAAGAAAACYAGCTTGATCTCTTTGAATCAAAGAAAAACTCCAAAGGTAGTTKTCTTATGARTTTTTAATGITTTCTTTTGTTGT
GATGATTAAAGAGCTACTTAAACATTTTCTTTCGGGTTAAAATATAAAGCTAATTAACATTTTATAAATATATTTTTGGATTTGCACCAAAGGAA
AAAAAGAATGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACCCTAAAACCAGGARGTGAGAAGTGGGTTGAAG
TGAGGAGTGATGTCCGTAAAGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATATGATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTTT
TGGATGCCATGATAGAGCTTTTCGAGTACCAGTGAGCTAMACAGAGAACKTBC
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DHAG1012 band 2- 419bp
MCASGTgTTCTCtGgTTTAGCCTCACTGGTaACTCGAAAAGCTCTATCATGGCATCCAAAACTGACTTCTTAAGCTCTTCTGACACTCTATCA
TATGACACCTCAAAAGCGCCGTAGTCTTCAAGAGCTTTACGGACATCACTCCTCACTTCAACCCACTTCTCACCTCCTGGTTTTAGGGTTT
GGTCCGAGAGATAGATGACTGGAAGTTGAGGAGTGTCTGCACCCATTCTTTTTTTCCTTTGGTGCAAATCCAAAAATATATTTATAAAATGT
TAATTAGCTTTATATTTTAACCCGAAAGAAAATGTTTAAGTAGCTCTTTAATCATCACAACAAAAGAAAACATTAAAAACTCATAAGACAACTA
CCTTTGGAGTTTTTCTTTGATTCAAAGAGATCAAGCTGGTTTICT

SAV - 409bp
TTCTCTGTHAGCCTCaACTGGgTAACTCGCAAAAGCTCTATCATGGCATCCAAAACTGACTTCTTAAGCTCTTCTGACACTCTATCATATGAC
ACCTCAAAAGCGCCGTAGTCTTCAAGAGCTTTACGGACATCACTCCTCACTTCAACCCACTTCTCACCTCCTGGTTTTAGGGTTTGGTCC
GAGAGATAGATGACTGGAAGTTGAGGAGTGTCTGCACCCATTCTTTTTTTCCTTTGGTGCAAATCCAAAAATATATTTATAAAATGTTAATTA
GCTTTATATTTTAACCCGAAAGAAAATGTTTAAGTAGCTCTTTAATCATCACAACAAAAGAAAACATTAAAAACTCATAAGACAACTACCTTTG
GAGTTTTTCTTTGATTCAAAGAGATCAAGCTGGT
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CLUSTAL 2.1 multiple sequence alignment

WINSPIT Bandl AOP2
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ACTTTCTCAGTACGGAAGCAAAAAAAAAACTAAGGAAAAGAAAACCAGCT
————————————————————— AAAAAAACCTAAGGAAAAGAAAACTAGCT

TGATCTCTTTGAATCARAGAAAA - ——————=——=—=—=—————————————
TGATCTCTTTGAATCAAAGAAAACTCCAAAGGTAATTTTGGTARAATGTT

-———-ACTCCAAAGGTAGTTGT-CTTATGAGTTTTTAATGTTTTCTTTTGT
AAATACTCCAAAGGTAGTTTTTCTTATGAATTTTGAATGTTTCTTTTGTT

TGTGATGATTAAAGAGCTACTTAAACATTTTCTTTCGGGTTAAAATA-——
GTGGGTGATTAAAGAGTTACTTAAATATTTTCTTTCGGGTTAAAATAAAG

——————————————————————————————————————— TAAAGCTAATT
CTAATTAATTAGTTTACTAAAAAAAAATTAAAAAAAAAATAAAGCTAATT

AACATTTTATAAATATATTTTT--GGATTTGCACCAAAGGAAAAAAAGAA
AACATTTTATGAATATATTTTTTTGGATTTGCACCAAAGGCGAAAA-GAA

TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
————————— WAWAWNNT--NCDTGSWTTCTACTCTSTCT-GRACGCRWCM

* * K * x Xk Kk kkk Kk Kk*k *

CTAAAACCAG---GAAGTGAGAAGT-GGGTTGAAGTGAGGAGTGATGTCC
CTAAAACCAG---GAAGTGAGAAGT-GGGTTGAAGTGAGGAGTGATGTCC
CTAAAACCAG---GAGGTGAGAAGT-GGGTTGAAGTGAGGAGTGATGTCC
CTAAAACCAG---GAAGTGAGAAGT-GGGTTGAAGTGAGGAGTGATGTCC
CTRWRRCCAGAGARATGTGAGAAGTAGGGTTGAAGTGAGGAGTGATGTCC

* K * Kk Kk Kk Kk AAkA KA A KA KR AKXk A A hA XA A XA Adk A A kA kA Ak rkxkk

50

100
29

123
79

168
129

215
179

226
229

274
278

51
51
324
328
38

97
97
370
374
88

58



BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
WinspitBandl

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
WinspitBandl

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
WinspitBandl

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
WinspitBandl

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
WinspitBandl

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
WinspitBandl

BrCompleteCDSGenomicDNA
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BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
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BrCompleteCDSGenomicDNA

GTAAAGCTCTTGAAGACTACGGCGGTTTTGAGGTGTCATATGATAGAGTG
GTAAAGCTCTTGAAGACTACGGCGGTTTTGAGGTGTCATATGATAGAGTG
GTAAAGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATATGATAGAGTG
GTAAAGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATATGATAGAGTG
GTAAAGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATATGATAGAGTG

KKRKAKXKAKRAKAKAAANKAAKAAKNKAXAAAXNAAX KA A A A AAAA XA AA A A IR A XA R A A XAk

TCAGAGGAGCTGAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGA
TCAGAGGAGCTGAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGA
TCAGAAGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGA
TCAGAAGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGA
TCAGAAGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGA

KKK KA KAhAKk AAAA KA I AA XA XA IAA I AA A AR A AR AR A AR AR KA KA XAk

GTTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCGTACACTG
GTTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCGTACACTG
GTTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTACACTG
GTTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTACACTG
GTTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTACACTG

LR R I b b b b b b S b S Sh S 2b I Sh SR S Sb S b b 2b S b b Sh b S 2b S b S S b b I 2 b 4

GATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGAATTCC
GATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGAATTCC
GATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCC
GATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCC
GATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCC

KK A KK AKRA KA KA AKAAKAAKNKAAAA AR AR A AR A A A AN A A AR A A AR AR, A xA Xk %k

AATGTTTT-GGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATT
AATGTTTT-GGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATT
AATGTTTT-GGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATT
AATGTTTT-GGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATT
AATGTTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATT

KAKIAKAKKAA AA KA IAAA KA A AA I A AN A IR A A AR A AR AR A AR AR AR A* kK

GTGAGGGTAACAAGAGTATGAGGTAACGTCATGTCAAAAAAAAAAAAACT
GTGAGGGTAACAAGAGTATGAG- —— === =—=—==—=————————————
GTGAGGGTAACAAGACTATGAGGTAACGTCATGTCAAAAAAAAAAAAACT
GTGAGGGTAACAAGACTATGAGGTAACGTCATGTCGAAAAAAAAAA—-CT
GTGAGGGTAACAAGACTATGAG- ——=—=—=—=—==—=—————————————

Ak hkkkhkhkkhkhkkkhhkkhkk *kkkkx

AAGTAATGCTTCGTAGAGTATATT----GTTCGTAAACTCCTGTTATTTT

CAGTAATGCTTCATAGAGTAAATTAATTGTTCGTAAATTCCTGTTAATCT
CAGTAATGCTTCATAGAGTAAATTAATTGTTCGGAAATTCCTGTAA--TC

TTCATCAAAAATATTTTCGTAACTTTTT-GCTAGTTGTTTTTCATAAGTT
TTCATCAAAAATATTT-CGTAACTTTTT-GCTAGTTGTTTTC-ATAAGGT

ATGTGACAAATTTCTATAAAAAACCTTGTTTTTATCTTTATTTTTTTGGA
ATGTGACAAATTTCTATA-AAAACCTTGTTTTTATCTTTATTTTTTTGGA

AAAATGTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTTTTCAATC
AAAATGTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTTTTCAATC

TCACGTTTCTCGCATTTTATTTTCTTGTTTCTATTAAAATAGCTATATAA

147
147
420
424
138

197
197
470
474
188

247
247
520
524
238

297
297
570
574
288

346
346
619
623
338

396
368
669
671
360
442

719
719

491

768
766

541

818
815

591
868
865
641
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TCACGTTTCACGCATTT---TTTTTTGTTTCTATTAAAATAGCTATATAA
TCACGTTTCACGCATTT---TTTTTTGTTTCTATTAAAATAGCTATATAA

-—TTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAATTTTTCAGAGAA
——————————————————————— CGAAACGATCCAGAATTTTTCAGAGAA
A-TTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAAGTTTTCAGAGAA
ATTTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAAGTTTTCAGAGAA
——————————————————————— CGAAACGATCCAGAAGTTTTCAGAGAA

KAk hkAhhkkhk kA krkhkkhhk *Akrkkhkrkkkxkx

GTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTG
GTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTG
GTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTG
GTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTG
GTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTG

KK AR KA KR AR KA AR KA AR A A KA AR A AR AR A AR A AR AN A A AR A A AR A AR XX kK

GGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAA-TTACCGTTT
GGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAA-TTACCGTTT
GGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAA-TTACCGTTT
GGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAA-TTACCGTTT
GGATAGAAAACTACTTTGATGAAYWCCTCWMGTCMWCGAAGTTRSCGTCW

KA A X ARkAARAX A AR KAk Ak hk kK KKk kK * KKk Kk ok kK kK * KKk

GCGACTGATGAAATATGTAGCACCACCTGACGTTGATGCTAATGTTGCGG
GCGACTGATGAAATATGTAGCACCACCTGACGTTGATGCTAATGTTGCGG
GCGACTGATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTGCGG
GCGACTGATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTGCGG
GCSACTGATGAASTMTGYASCMCCACYKARTGTTSATGSTAATGTTGCGG

Kk kkkkkhkkhkkkhkk k Kk Kk Kk Kkkk*k *kkhkk Khkk KAk Akkhkhkkkk kK

TTGGTACTAAAGATTCTGATGATGGTGCTAATACGAATACAACTGCTAAC
TTGGTACTAAAGATTCTGATGATGGTGCTAATACGAATACAACTGCTAAC
TCAGTACTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCTAAC
TCAGTACTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCTAAC
TTGGTACTAAAGATTCTGATGATGGTGGTAATACGAATACAACTGCTAAC

* KKK KAKNKAAKAAXAKAAKAA KA AAAAA K, *hAAAAAAArAAd A A XA Ak Xk k%

GCTGATGCTGATGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGA
GCTGATGCTGATGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGA
GCTGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGA
GCTGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGA
GCTGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGA

KAKIAKARKAAKA KA IAAA KA I AA XA A AR AA AR A AR AR A AR A A AR, Kk K

CGATGCTGATGCCAAGGGTGACGTTTGCACTGGTGCTGGTACCAATCATA
CGATGCTGATGCCAAGGGTGACGTTTGCACTGGTGCTGGTACCAATCATA
CGATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATCATA
CGATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATCATA
CGATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATCATA

Ak hkkkhkx KhhkhhAkdhkhAAhAhkhhhAkddhAhhkkhhkhkkhrdhhrkhkh hrxkdhrkhhr,hkrk,xt%

ATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTC
ATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTC
ATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTC
ATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTC
ATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTC

KK AR KA KR AR KA A AR AR A KR KA AR A AR AR A AR A A A AR A A AR A A AR AR AR A X kK

GACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAA
GACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAA
GACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAA
GACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAA
GACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAA

LR R I b b b b S b S b S b b b S R S b S b b 2b S b I Sb S S Sh S b b Sb b b I 2 b 4

915
912

689
395
964
962
387

739
445
1014
1012
437

788
494
1063
1061
487

838
544
1113
1111
537

888
594
1163
116l
587

938
644
1213
1211
637

988
694
1263
1261
687

1038
744
1313
1311
737

1088
794
1363
1361
787
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BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA

CACTGGCACTATTGATGATGTTAATGCTAATGCTGGTACTCGTAGTAGTG
———————————————————————— TGCTAATGCTGGTACTCGTAGTAGTG
CATTGGCACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTAGTG
CATTGGCACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTAGTG
CATTGGCACTATTGCTGATGTTWAGGCTAATACTGGTACTCGTACTAGTG

AKhkkhkkhkhkk KAk kAkkkkhkkhkhkkhkkkk, K Kkkk%

CTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGAT
CTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGAT
CTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGAT
CTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGAT
CTACTGTTGGCGTTAGTGATAGTGTTCAAGCTAATGGTGGCGCAGATGAT

KKK AAKAAKRAXAKAARAA KA AR AA XA AR KA AhA XA AR A A AR A AR A XA R A h kK

GAGGAGAAGAAATTAGGTCTACCTTCTCATACTGAT MACCTTTTGAC
GAGGZ—\GZ—\AGAZ—\ATTAGGTCTACCTTCTCZ—\TZ—\CTGATiﬁﬁACCTT TTGAC
GAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAA--ACCTTTTGAC
GAGGAGAAGAAATTAGGTCTACCTTCTCATACTGAT MACCTTTTGAC
GAGGZ—\GZ—\AGAZ—\ATTAGGTCTACCTTCTCZ—\CZ—\CTGATiﬁﬁACCTT TTGAC

Ak Ak kA khkhkhkkhhAdhkhrkhkhkdhhhkkhhkhrkhhkkhhhk *hkkkxk% kkkkkkkkkk

GGTACTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATG
GGTACTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATG
GGTGCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATG
GGTGCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATG
GGTACTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAAMCAAAGATG

KhKK K KAKRAKAKAAAKAAKAAKNKAAAAXAKAA KN A A A A XAA AN AR AR A AKX, KAk h Ak xh k%

AAAAGTGGATCAGGTT-AAAACCATCTCATAACTCTTTCGTTGTTATGGC
AAAAGTGGATCAGGTT-AAAACCATCTCATAACTCTTTCGTTGTTATGGC
AAAAGTGGATCAGGTT-AAAACCATCTCATAACTCTTTCGTTGTTATGGC
AAAAGTGGATCAGGTT-AAAGCCATCTCATAACTCTTTCGTTGTTATGGC
AAAAGTGGATCAGGTTTAAAACCATGTCMTAACTCTTTYGTTGTTATGGC

KAAkKAkARAAkhARAAhkAk  Khkhkhk *hkkhkk *hk *hAkkhkk khkhkhkx *hAkhkhkhkkhkrkxhi%k

TGGAGATTC-TCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGGA
TGGAGATTC-TCTATATG-— === == === === === ———————
TGGAGATTC-TCTATATGTAAGTTCTAACTTATTTTATTTTTARATGGGA
TGGAGATTC-TCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGGA
TGGAGATTCSTCTATATGCA - — === === == === === ——————— =

khkkhkkkhkkkhk KAk khkkkkk

TGCACCATAATATCTTAATTGCGATCATCATAATAATCATAACTTTTTTA
TGCACCATAATATCTTAATTGCGATCATCATAATAATCATAACTTTTTTA

TGATATATATTATAACTTTATGATATACATATTCATAACTTTATGATATA
TGATATATATTATAACTTTATGATATACATATTCATAACTTTATGATATA

AATATTACATAATTCACCTTTTTATTATTTCTTATCACTTTCACAAATGC
AATATTACATAATTCACCTTTTTATTATTTCTTATCACTTTCACAAATGC

ATGTCG--ACGTTACTAAAGTGTTTATACATTAACATTA--TGTTTTCTT
ATGTCG--ACGTTACTAAAGTGTTTATACATTAACATTA--TGTTTTCTT

1138
820
1413
1411
837

1188
870
1463
1461
887

1238
920
1511
1511
937

1288
970
1561
1561
987

1337
1019
1610
1610
1037

1386
1036
1659
1659
1057
1392

1709
1709

1759
1759

1424
1809
1809
1474

1855
1855

1523
1038
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CTCATCATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCAGGCA
CTCATCATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCAGGCA

CTTATGAATGGTAGA-CTGT-CTCGTCCG-TTTCATAGAGTAAGAGTAAC
CTTATGAATGGTAGA-CTGT-CTCGTCCG-TTTCATAGAGTAAGAGTAAC
CTTATGAATGGTAGA-CTAT-CTCGTCCG-TTTCATAGAGTAAGAGTAAC
CTTATGAATGGTAGA-CTAT-CTCGTCCG-TTTCATAGAGTAAGAGTAAC
CTTATGAATGGTAGAACTATTCTCGTCCGATWTCATAGAGTAAGAGTAAC

KAKAkKAARAAIAKRAARA *k * *hAkkhkkhkhkhk K, KAk AkkhAAhkhAkhkhkhkhkrkhhhx

GGAAAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACG
GGAAAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACG
GGAAAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACG
GGAAAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACG
GGAAAGAAASMMGACAAGGTATTCAATAGCATTGTTSWSGACTCCAAWCS

Kk k Kk kK khk Kk kK Ak kA k kA khkhkh Ak hkkrkhkhkkhkhxkxk* Kk Kk Kk khkkkk K

G-AGATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCC
G-AGATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCC
G-AGATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCC
G-AGATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCC
RGAGAKTACATCATCGAAYYACCAAAAGASCWTGTGGACGAGAAGCACCC

khkk KAk Akkkkkkhk KXk k%K KAhkKkkAkKAKhkKkk Kk Kk KAAkAkAkhkkAkhkhkAkrAkAAkhk Kk kk%

ACGTCTCTTCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACA
ACGTCTCTTCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACA
ACGTCTCTTCAAATCATTCACTTACGTTGACTTGATGAGTTTCTATCACA
ACGTCTCTTCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACA
AYGTCTSWTCAAACCRTKCWCKTAMRYTGACTTGAYGMGTYTCTATCMCA

*  kk Kk khkkKkk kK Kk Kk Kk K%k KAk Akkhkk Kk Kk kKk Khkhkkkk K%k

CTGAGGCTGGTCGTAGAGCTCGTTCTACTCTTCACGCTTATTGTGCCGTC
CTGAGGCTGGTCGTAGAGCTCGTTCTACTCTTCACGCTTATTGTGCCGTC
CTGAGGCTGGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTC
CTGAGGCTGGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTC
VYGAGGCTGGTCGTAGACCTACGWMTAY-SYSTRGGHGNANNBY ----TB

khkkhhkkkhkkkhkkhkkkhkrkkkx k% * K * * *

TCTGGAGCATAA———————————mm—
TCTGGAGCATAA———————————mm e
TCTGGAGCATAAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTA
TCTGGAGCATAAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTA

AGTAGTTTCATGGTTCAACTAATATCAAGAACTGCATGTAGTACTAAA-T
AGTAGTTTCATGGTTCAACTAATATCAAGAACTTCATGTAGTACTAAAAT

AAGAGTTTTTGGATTAGTTGAGTATATGTGTTTTATTTCGGGAGAAGCAA
AAGAGTTTTTGGATTAGTTGAGTATATGTGTTTTATTTCCGGAGAAGCAA

TCAAGTCTCTCTTTTGTATGAAAAATCAATAAAA-ATATGTGTATGAGCA
TCAAGTCTCTCTTTTGTATGAAAAATCAATAATGTGTATGTGTATGAGCA

TGTTCAATAATGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTC
TGTTCAATAATGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTC

1905
1905
1058

1570
1085
1952
1952
1108

1620
1135
2002
2002
1158

1669
1184
2051
2051
1208

1719
1234
2101
2101
1258

1769
1284
2151
2151
1303

1781
1296
2201
2201
1306

2250
2251

2300
2301

2349
2351

2399
2401
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WinspitBandl

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA

AAGATCGTAAATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAA
AAGATCGTAAATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAA

ACTAAATTAAATTCATTTTTTTTTATAAAAAAATACTAGTTTAATTTCAG
ACTAAATTAAATTCATTTTTTTTTCTAAAAAAATACTAGTTTAATTTCAG

GAGATGGGAAACGAGTGTGGAACATATAAAAACTGGTGTTTGCGATTTCA
GAGATGGGAAACGAGTGTGGAACATATAAAAACGGGTGTTTGCCATTTCA

AACATTAAACGCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCG
AACATTAAACGCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCG

ACAGTGGTTTTGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTT
ATAGTGGTCTTGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTT

TGTTTGCAAAATGCCAAAATCGTAAATAGTAGTAAATTAGTAATGTTATT
TGTTTGCAAAATGCCAAAATCGTAAATAGT---AAATTAATAATGTTATT

TAAAGTTTGACTGGTTTAATTGCAGTAGGTGTATGTGCTGTGGTCCAAAA
TAAAGTTTGACCGGTTTACTTGCAATAGGTGTATGTGCTGTGGTCCAAAA

ATTAGTGAAACGAATAATT-CAATTGTAAATTAGTAATGTTATTTAAAAT
ATTAGTGAAACTAATAATTACAATTGTAAATTAGTAATGTTATTTAAAAT

ATAGACATGCATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAA
ATAGACATGCATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAA

GTGCCAACTCTCTTCTTATGAACAACGTTACAAATTAGGACCGGCTTGGG
GTGCCAACACTCTTCTCATGA——— === =—=—=—=——————————

2449
2451

2499
2501

2549
2551

2599
2601

2649
2651

2699
2698

2749
2748

2798
2798

2848
2848
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CAAAACCTAACGAAACATTACCTTTAATAAATCACCTTTGC 2939
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CLUSTAL 2.1 multiple sequence alignment

WINSPIT Band2 AOP2
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————————————————————— AAAAAAACCTAAGGAAAAGAAAACTAGCT
ACTTTCTCAGTACGGAAGCAAAAAAAAAACTAAGGAAAAGAAAACCAGCT

TGATCTCTTTGAATCAAAGAAAACTCCAAAGGTAATTTTGGTAAAATGTT
TGATCTCTTTGAATCAAAGAAAA-——————————————————————————

AAATACTCCAAAGGTAGTTTTTCTTATGAATTTTGAATGTTTCTTTTGTT
-———-ACTCCAAAGGTAGTTGT-CTTATGAGTTTTTAATGTTTTCTTTTGT

GTGGGTGATTAAAGAGTTACTTAAATATTTTCTTTCGGGTTAAAATAAAG
TGTGATGATTAAAGAGCTACTTAAACATTTTCTTTCGGGTTAAAATA-——

CTAATTAATTAGTTTACTAAAAAAAAATTAAAAAAAAAATAAAGCTAATT
——————————————————————————————————————— TAAAGCTAATT

AACATTTTATGAATATATTTTTTTGGATTTGCACCAAAGGCGAAAA-GAA
AACATTTTATAAATATATTTT--TGGATTTGCACCAAAGGAAAAAAAGAA

TGGGTGCAGACACTCCTCAACTTC-CAGTCATCTATCTCTCGGACCAAAC
TGGGTGCAGACACTCCTCAACTTC-CAGTCATCTATCTCTCGGACCAAAC
TGGGTGCAGACACTCCTCAACTTC-CAGTCATCTATCTCTCGGACCAAAC
TGGGTGCAGACACTCCTCAACTTC-CAGTCATCTATCTCTCGGACCAAAC
—————————————— CGCCGATTTCACAGTTTTTTTTGTCTCGAGCGA- -~

* *x kK kkk kkkK *x ok ok kk Kk kK * K

CCTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTA
CCTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTA
CCTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTA
CCTAAAACCAGGAGGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTA
———————— TAGGAGAAGAAAAATCG--CGCACCCCCCGGCTCTG--CG-A

* k k x *kx kK x  * * ok * * * **x X

50

29
100

79
123

129
168

179
215

229
226

278
274

50
50
327
323
33

100
100
377
373
70
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BrCompleteCDSGenomicDNA

AAGCTCTTGAAGACTACGGCGGTTTTGAGGT--GTCATATGATAGAGTGT
AAGCTCTTGAAGACTACGGCGGTTTTGAGGT--GTCATATGATAGAGTGT
AAGCTCTTGAAGACTACGGCGCTTTTGAGGT--GTCATATGATAGAGTGT
AAGCTCTTGAAGACTACGGCGCTTTTGAGGT--GTCATATGATAGAGTGT
GAGCGTCACAAGGTAATA--GATTGTGTGGTCCATCATCTAAACACGCGT

* Kk Kk * Kk Kx * * kk kK kK%K *kKkkKk Kk Kk * Kk x

CAGAGGAGCTGAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAG
CAGAGGAGCTGAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAG
CAGAAGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAG
CAGAAGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAG
CA-—————————— AGTACTCCTTTTT-———— CTGTGGCTTAGACTTTCTAT

* K kK ok kK KKk kK * * K * K KAk KAk K

TTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCGTACACTGG
TTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCGTACACTGG
TTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTACACTGG

TTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTACACTGG
TT----GTT----CTAATCCTTCATAAATATCTTTGAG-CTAT-TGCTGT
* x * kK * Kk kK Kk *  x *  kk Kk * K * * * kK

-ATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGAATTCC
-ATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGAATTCC
-ATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCC
-ATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCC
TATTTTTGGTTT-TACTCTTTCCCCCTGGGG----GGGATCAGGAGATTT

* Kk kK * * Kk K * * K * K )k kKk kK * *

AATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTG
AATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTG
AATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTG

AATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTG
--TCTTTTA---AAAGTT-—————————————— CCCCCATTTCCTGTTTC
* okokokox * K ok Kk Kk x *  x % *okkk Kk

TGAGGGTAACAAGAGTATGAGGTAACGTCATGTCAAAAAAAAAAARACTA
TGAGGGTAACAAGAGTATGAG-—=——==——==—==—=———————————
TGAGGGTAACAAGACTATGAGGTAACGTCATGTCGAAAAAAAAAA--CTC
TGAGGGTAACAAGACTATGAGGTAACGTCATGTCAAAAAAAAAAAAACTC
TCCGAGCTCCCCGA-CAT———————————————————— o

* *  x * * x * x

AGTAATGCTTCGTAGAGTATATT----GTTCGTAAACTCCTGTTATTTTT

AGTAATGCTTCATAGAGTAAATTAATTGTTCGGAAATTCCTGTAATCTTC
AGTAATGCTTCATAGAGTAAATTAATTGTTCGTAAATTCCTGTTAATCTT

--ATCAAAAATATTT-CGTAACTTTTT-GCTAGTTGTTTTC-ATAAGGTA
TCATCAAAAATATTTTCGTAACTTTTT-GCTAGTTGTTTTTCATAAGTTA

TGTGACAAATTTCTATA-AAAACCTTGTTTTTATCTTTATTTTTTTGGAA
TGTGACAAATTTCTATAAAAAACCTTGTTTTTATCTTTATTTTTTTGGAA

AAATGTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTTTTCAATCT
AAATGTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTTTTCAATCT

CACGTTTCTCGCATTTTATTTTCTTGTTTCTATTAAAATAGCTATATAA-

148
148
425
421
118

198
198
475
471
153

248
248
525
521
193

297
297
574
570
238

347
347
624
620
268

397
368
672
670
285
443
722
720
289
492

767
769

542

816
819

592
866
869
641

66



BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

CACGTTTCACGCATTT---TTTTTTGTTTCTATTAAAATAGCTATATAAA
CACGTTTCACGCATTT---TTTTTTGTTTCTATTAAAATAGCTATATAAA

-TTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAATTTTTCAGAGAAG
—————————————————————— CGAAACGATCCAGAATTTTTCAGAGAAG
TTTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAAGTTTTCAGAGAAG
-TTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAAGTTTTCAGAGAAG

913
916

690
396
963
965

———————————————————————— AAACGACCC----CCCCTCGAGGA—309

kkkkkk k% Xk k3

TTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGG
TTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGG
TTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGG
TTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGG
TTATCTTC-TTGTGTGGAACTTTATTTTTTTTTTTCCTGTAA--TTCTAA

* Kk Kk K * Kk Kx * Kk kK * * *k Kk * * X

GATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGC
GATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGC
GATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGC
GATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGC
TCAGGAAAACTCCTCTCCCACGTCCCCC---CCAAAGGGGTTTCATTTAC

khkkkAkkkKk Kk Kk * Kk Kk * Kk Kk K * *x kKK Kk

GACTGATGAAATATGTAGCACCACCTGACGTTGATGCTAATGTTGCGGTT
GACTGATGAAATATGTAGCACCACCTGACGTTGATGCTAATGTTGCGGTT
GACTGATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTGCGGTC
GACTGATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTGCGGTC
——————————— TTTTTAACACCATC---CTTAGGTGT--ACCCCCCACCC

* k kk kkkkk Kk * ok k% * *

GGTACTAAAGATTCTGATGATGGTGCTAATACGAATACAACTGCTAACGC
GGTACTAAAGATTCTGATGATGGTGCTAATACGAATACAACTGCTAACGC
AGTACTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCTAACGC
AGTACTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCTAACGC
GG-GCCGGTGGTTTTCCTCACCATGGT--CGCAGAT-CAGTT--—-—-—-—-— C

* * *x kK Kx *x X *x Kk Kk * * Kk kK * *

TGATGCTGATGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACG
TGATGCTGATGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACG
TGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACG
TGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACG
TCATTTCCCTTACCTTTCT——————— TCCCCACCGTCCAT---——- GGAA

* kK *x K% * Kk kK * *x K% * Kk kKK *

ATGCTGATGCCAAGGGTGACGTTTGCACTGGTGCTGGTACCAATCATAAT
ATGCTGATGCCAAGGGTGACGTTTGCACTGGTGCTGGTACCAATCATAAT
ATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATCATAAT
ATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATCATAAT
TTTTTGCCCCCAAAGCT--CTCCATAACCAGT-—---- CATCTATCACCAT

* * * Kk kK ok k * * x * x * ok kkkk * x

- —GGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTC
--GGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTC
--GGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTC
- —GGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTC
TGGGTCA-GACACTCMTM-————————————— AACTTCCMGTCATCTATC

*kkk kK kK%K * * * x * * kK R

740
446
1013
1015
356

790
496
1063
1065
403

840
546
1113
1115
437

890
596
1163
1165
476

940
646
1213
1215
513

990
696
1263
1265
556

1038
744
1311
1313
591
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GACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAA
GACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAA
GACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAA
GACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAA
--TCTCGG-ACCAA-—-—-—— ACCCTAAAACCAGGA--GGTGA-GAAGTGGG

* kk kk kK kKkkKkk kK kK * Kk Kk Kk * Kk kK

CACTGGCACTATTGATGATGTTAATGCTAATGCTGGTACTCGTAGTAGTG
———————————————————————— TGCTAATGCTGGTACTCGTAGTAGTG
CATTGGCACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTAGTG
CATTGGCACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTAGTG
———————————————————— TTGAAGTGAGGAGTGATGTCCGTAA-AGCT

* * Kk K * Kk Kk Kk * K

CT--AATGTT--GGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGA
CT--AATGTT--GGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGA
CT--AATGTT--GGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGA
CT--AATGTT--GGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGA
CTTGAAGACTACGGCGCTTTTGA-GGTGTCATA--——- TGATAGAGTGTC

* x * x * Kk Kk k Kk Kk * kK * Kk kK kK **x x Kx 0k

TGATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAARNNCCTTT
TGATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAARNNCCTTT
TGATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAARNNCCTTT
TGATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAA--CCTTT
AGAAGAGCTTAAGAAGTCAGTTTTGGATGC—CAT———GATAGAEICTTTT

kK Kk Kk kkkkkk kK kk Kk X * Kk kK% *kkKk K * kk Kk

TGACGGTACTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAA
TGACGGTACTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAA
TGACGGTGCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAA

TGACGGTGCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAA
CGAG—————- TTACCAGT-TGAGGCTAAACAGAGAAACGTGTCT-CCGAA
* K khkk Ak ok Ak kKk * kK * kK kk KKk kK

GATGAAAAGTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTAT
GATGAAAAGTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTAT
GATGAAAAGTGGATCAGGTTAAAGCCATCTCATAACTCTTTCGTTGTTAT
GATGAAAAGTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTAT
ACCTTACACTGGAT-----——-— ATTCAACTCATAATGGTCTCTCTGAGA-

* k kkkkk * * Kk Kk Kk kk kK * k% * * *

GGCTGGAGATTC—--—- TCTATATGTAAGTTCTAACTTATTTTATTTTTA
GGCTGGAGATTC--—-- TCTATATG-———————=———=—————————————
GGCTGGAGATTC---—- TCTATATGTAAGTTCTAACTTATTTTATTTTTA
GGCTGGAGATTC—--—- TCTATATGTAAGTTCTAACTTATTTTATTTTTA

GTCTAGGGATCCAGGATTCCA-ATGT-—————-—-——————=——————————

* kk ok kkk X Kk Kk Kk Kk

AATGGGATGCACCATAATATCTTAATTGCGATCATCATAATAATCATAAC
AATGGGATGCACCATAATATCTTAATTGCGATCATCATAATAATCATAAC

TTTTTTATGATATATATTATAACTTTATGATATACATATTCATAACTTTA
TTTTTTATGATATATATTATAACTTTATGATATACATATTCATAACTTTA

TGATATAAATATTACATAATTCACCTTTTTATTATTTCTTATCACTTTCA
TGATATAAATATTACATAATTCACCTTTTTATTATTTCTTATCACTTTCA

CAAATGCATGTCTTTTCTTTACTAAAGTGTTTATACATTAACATTATATG

1088
794
1361
1363
630

1138
820
1411
1413
659

1184
866
1457
1459
703

1234
916
1507
1507
748

1284
966
1557
1557
790

1334
1016
1607
1607
831

1379
1036
1652
1652
856

1392

1702
1702

1752
1752

1417
1802
1802
1467
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BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand2

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand2

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

CAAATGCATGTCG--ACGTTACTAAAGTGTTTATACATTAACATTA--TG
CAAATGCATGTCG--ACGTTACTAAAGTGTTTATACATTAACATTA--TG

TTTTCTTCTCATCATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTT
TTTTCTTCTCATCATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTT

GCAGGCACTTA-TGAAT--GGTAGACTGTCTCGTCCGTTTCAT-AGAGTA
————— CACTTA-TGAAT--GGTAGACTGTCTCGTCCGTTTCAT-AGAGTA
GCAGGCACTTA-TGAAT--GGTAGACTATCTCGTCCGTTTCAT-AGAGTA
GCAGGCACTTA-TGAAT--GGTAGACTATCTCGTCCGTTTCAT-AGAGTA
GGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTGTGAGGGTA

*  kk Kk * Kk kK * * Kk K * Kk kK * * kk kK%

A---GAGTA---ACGGAAAGAA--AGAAGA---CAAGGTATTCAATAGCA
A---GAGTA---ACGGAAAGAA--AGAAGA---CAAGGTATTCAATAGCA
A---GAGTA---ACGGAAAGAA--AGAAGA---CAAGGTATTCAATAGCA
A---GAGTA---ACGGAAAGAA--AGAAGA---CAAGGTATTCAATAGCA
ACAAGACTATGAGCGAAACGATCCAGAAGTTTTCAGAGAAGTTAGCAGAA

* * Kk kK KKk Ak kK * ok kKK * K *x ok Kk K * Kk Kk

TTGTTCTCGACTCCAAACGGAGATTACATCATCGAACCACCA-AAAGAGC
TTGTTCTCGACTCCAAACGGAGATTACATCATCGAACCACCA-AAAGAGC
TTGTTCTCGACTCCAAACGGAGATTACATCATCGAACCACCA-AAAGAGC
TTGTTCTCGACTCCAAACGGAGATTACATCATCGAACCACCA-AAAGAGC
TTG----- GATGT--AATGGTGAGAA-—————— GAATGGTCATAGAGAGC

* kK * x * Kk Kk k* * * K Kx *k kK kkkkk

TTGTGGACGAGAAGCACCCACGTCTCTTCAAACCATTCACTTACGTTGAC
TTGTGGACGAGAAGCACCCACGTCTCTTCAAACCATTCACTTACGTTGAC
TTGTGGACGAGAAGCACCCACGTCTCTTCAAACCATTCACTTACGTTGAC
TTGTGGACGAGAAGCACCCACGTCTCTTCAAATCATTCACTTACGTTGAC
TT-TGGGATAGAA-—————————-—————— AACTACT----—--——-——-

* Kk kKK * Kk Kk Kk * K * K

TTGATGAGTTTCTATCACACTGAGGCTGGTCGTAGAGCTCGTTCTACTCT
TTGATGAGTTTCTATCACACTGAGGCTGGTCGTAGAGCTCGTTCTACTCT
TTGATGAGTTTCTATCACACTGAGGCTGGTCGTAGACCTCGTTCTACTCT
TTGATGAGTTTCTATCACACTGAGGCTGGTCGTAGACCTCGTTCTACTCT
TTGATGAGTTTCTATCACACTGAGGCTGGTCGTAGACCTCGTTCTACTCT

KAKAKA KA AKRAAKAAIRAA KA R AA XA RN A I AA XA AR A AR A AR A Ak A kA A hk K

TCACGCTTA-TTGTGCCGTCTCTGG--AGCAT-AA-———————————————
TCACGCTTA-TTGTGCCGTCTCTGG--AGCAT-AA-———————————————
TCACGCTTA-TTGTGCCGTCTCTGG--AGCAT-AAATGTGTGCGCTTACT
TCACGCTTA-TTGTGCCGTCTCTGG--AGCAT-AAATGTGTGCGCTTACT
TCACGCTKNATTGTKCCGTCTCTGGSMAYCATCAARRRRCYAGCCTWWWK

Kk ok ok kK kk kkkhk khkkhkkkKhkk kK *x kKK k%

TACGAGAGTTTCAACAATGTTTAAGTAGTTTCATGGTTCAACTAATATCA
TACGAGAGTTTCAACAATGTTTAAGTAGTTTCATGGTTCAACTAATATCA
ATTYTGAKGWTSTTSMWWMTMSCAGTM-—-—-——————— CMASTKMTAAMRT

1848
1848

1516

1898
1898
859

1562
1077
1944
1944
909

1601
1116
1983
1983
959

1650
1165
2032
2032
995

1700
1215
2082
2082
1014

1750
1265
2132
2132
1064

1781
1296
2178
2178
1114

2228
2228
1154
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BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand2

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand2

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA

AGAACTTCATGTAGTACTAAAATAAGAGTTTTTGGATTAGTTGAGTATAT
AGAACTGCATGTAGTACTAAA-TAAGAGTTTTTGGATTAGTTGAGTATAT
CSGACTGCAGGTGATTTTGGCAAAGGGAG-—————————————————————

GTGTTTTATTTCCGGAGAAGCAATCAAGTCTCTCTTTTGTATGAAAAATC
GTGTTTTATTTCGGGAGAAGCAATCAAGTCTCTCTTTTGTATGAAAAATC

AATAATGTGTATGTGTATGAGCATGTTCAATAATGTAATGAATTTGGTTG
AATAA-AAATATGTGTATGAGCATGTTCAATAATGTAATGAATTTGGTTG

GATCTGTTGGTTCACAAGATGTCAAGATCGTAAATAGGTTAATTAAATAG
GATCTGTTGGTTCACAAGATGTCAAGATCGTAAATAGGTTAATTAAATAG

GTTAATTTCTTCTTCTTTTTTAAACTAAATTAAATTCATTTTTTTTTCTA
GTTAATTTCTTCTTCTTTTTTAAACTAAATTAAATTCATTTTTTTTTATA

AAAAAATACTAGTTTAATTTCAGGAGATGGGAAACGAGTGTGGAACATAT
AAAAAATACTAGTTTAATTTCAGGAGATGGGAAACGAGTGTGGAACATAT

AAAAACGGGTGTTTGCCATTTCAAACATTAAACGCTAAATAAGTGAATGA
AAAAACTGGTGTTTGCGATTTCAAACATTAAACGCTAAATAAGTGAATGA

TTTACTTTCATGTTATCGTAGCGATAGTGGTCTTGAGTCGACATGTAGAT
TTTACTTTCATGTTATCGTAGCGACAGTGGTTTTGAGTCGACATGTAGAT

CCCCCTTACCTTAGGAATTTGTTTGTTTGCAAAATGCCAAAATCGTAAAT
CCCCCTTACCTTAGGAATTTGTTTGTTTGCAAAATGCCAAAATCGTAAAT

AGTA---AATTAATAATGTTATTTAAAGTTTGACCGGTTTACTTGCAATA
AGTAGTAAATTAGTAATGTTATTTAAAGTTTGACTGGTTTAATTGCAGTA

2278
2277
1183

2328
2327

2378
2376

2428
2426

2478
2476

2528
2526

2578
2576

2628
2626

2678
2676

2725
2726
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BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand2

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
WinspitBand?2

GGTGTATGTGCTGTGGTCCAAAAATTAGTGAAACTAATAATTACAATTGT
GGTGTATGTGCTGTGGTCCAAAAATTAGTGAAACGAATAATT-CAATTGT

AAATTAGTAATGTTATTTAAAATATAGACATGCATTGTCTCATGAACAAA
AAATTAGTAATGTTATTTAAAATATAGACATGCATTGTCTCATGAACAAA

GTGTTTGAAATAGCGATTTGCAAGTGCCAACACTCTTCTCATGA-—————
GTGTTTGAAATAGCGATTTGCAAGTGCCAACTCTCTTCTTATGAACAACG

2775
2775

2825
2825

2869

2875

2925
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CLUSTAL 2.1 multiple sequence alignment
Savoy Bandl AOP2 - Forward Sequence

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA

————————————————————— AAAAAAACCTAAGGAAAAGAAAACTAGCT
ACTTTCTCAGTACGGAAGCAAAAAAAAAACTAAGGAAAAGAAAACCAGCT

TGATCTCTTTGAATCAAAGAAAACTCCAAAGGTAATTTTGGTAAAATGTT
TGATCTCTTTGAATCAAAGAAAA-——————————————————————————

AAATACTCCAAAGGTAGTTTTTCTTATGAATTTTGAATGTTTCTTTTGTT
-———-ACTCCAAAGGTAGTTGT-CTTATGAGTTTTTAATGTTTTCTTTTGT

GTGGGTGATTAAAGAGTTACTTAAATATTTTCTTTCGGGTTAAAATAAAG
TGTGATGATTAAAGAGCTACTTAAACATTTTCTTTCGGGTTAAAATA-——

CTAATTAATTAGTTTACTAAAAAAAAATTAAAAAAAAAATAAAGCTAATT
——————————————————————————————————————— TAAAGCTAATT

AACATTTTATGAATATATTTTTTTGGATTTGCACCAAAGGCGAAAA-GAA
AACATTTTATAAATATATTTT--TGGATTTGCACCAAAGGAAAAAAAGAA

TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGAC-CAAAC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGAC-CAAAC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGAC-CAAAC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGAC-CAAAC
———————————————— GNAATTTC------WCTATCTCTCGNGCACAAAC

* Kk kKKK kAKhkkKhkKkkkkkk Kk * Kk Kk kK

CCTAAAAC-CAGGAAGTGAGAAGTGGGTTGAAGTGAGGAG--TGATGTCC
CCTAAAAC-CAGGAAGTGAGAAGTGGGTTGAAGTGAGGAG--TGATGTCC
CCTAAAAC-CAGGAAGTGAGAAGTGGGTTGAAGTGAGGAG--TGATGTCC
CCTAAAAC-CAGGAGGTGAGAAGTGGGTTGAAGTGAGGAG--TGATGTCC
CTTAAAACACCGNAGGTGAGWAGTGGGTTGAAGTKAGVMGGTCGAYG-CC

Kk Ak AkkAkk kA kK kK khkkhkkAk hAkKRAAkKkAKRkAAKAKX kK * KKk kK kK

GTAAAGCT---CTTG-AAGACT-ACGGCGGTTTTGAGGTGTCATATGATA
GTAAAGCT---CTTG-AAGACT-ACGGCGGTTTTGAGGTGTCATATGATA
GTAAAGCT---CTTG-AAGACT-ACGGCGCTTTTGAGGTGTCATATGATA
GTAAAGCT---CTTG-AAGACT-ACGGCGCTTTTGAGGTGTCATATGATA

50

29
100

79
123

129
168

179
215

229
226

278
274

50
50
327
323
28

97
97
374
370
77

142
142
419
415
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SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

KBAAMGYTTGCMTYSTRASACTTAYGG-GSTTKTSASGKGTCATATGATA

**k k* X * kX kkk kA kk A kK kK kK ok Ak AkkhkAKkAkkKhkKk

GAGTGTCAGAGGAGCTGAAGAAGTCAGTTTTGGATGCCATGATAGAGCTT
GAGTGTCAGAGGAGCTGAAGAAGTCAGTTTTGGATGCCATGATAGAGCTT
GAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTT
GAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTT
GASTGTCRGARGASCTTAAGAASTYWKTTTTGGATGCCMTGATAKAKCTT

Kk kkkk kk kK Kk Kkkhkkkk K kAhkkkkhkhkkhkkhkhkkhkkx krxkkhkkhkk Kk Kkk*k

TTCGAGTTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCGTA
TTCGAGTTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCGTA
TTCGAGTTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTA
TTCGAGTTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTA
TTCSAGTY-CCAGTTGAGGCTAWHCM-AGAAACGTGTCTCCRAAACCTTA

kK Kk Kk Kk KAk KAk Kk Khkhk KX Kh k%) * AKhkkkkhkk kA kkhkhkk kkhkk* K*khkkk*k K%

CACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGA
CACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGA
CACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGG
CACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGG
CWCTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGG

K AR A AR A KR A AR A A A AN A A A A KA A A R A A A AR A AR AR A AR A A AR A kK

ATTCCAATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCT
ATTCCAATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCT
ATTCCAATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCT
ATTCCAATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCT
ATTCCAATGTTTTGGAGAAAGTTCACAAATTTACTCAACTGCTACG-—--

Ak hkk kA khhkhhkkhhkhAkhkhkkhkhkhkhrkx *k *,khhkdrhAkhhrkkhhkhrkhrxkxhxk,kx*k

GATTGTGAGGGTAACAAGAGTATGAGGTAACGTCATGTCAAAAAAAAAAA
GATTGTGAGGGTAACAAGAGTATGAG-———————————————————————
GATTGTGAGGGTAACAAGACTATGAGGTAACGTCATGTCGAAAAAAAARA
GATTGTGAGGGTAACAAGACTATGAGGTAACGTCATGTCAAAAAAAAAAA

-—-CTCAGTAATGCTTCATAGAGTAAATTAATTGTTCGGAAATTCCTGTAA
AACTCAGTAATGCTTCATAGAGTAAATTAATTGTTCGTAAATTCCTGTTA

TCTTC--ATCAAAAATATTT-CGTAACTTTTT-GCTAGTTGTTTTC-ATA
ATCTTTCATCAAAAATATTTTCGTAACTTTTT-GCTAGTTGTTTTTCATA

AGGTATGTGACAAATTTCTATA-AAAACCTTGTTTTTATCTTTATTTTTT
AGTTATGTGACAAATTTCTATAAAAAACCTTGTTTTTATCTTTATTTTTT

TGGAAAAATGTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTTTTC
TGGAAAAATGTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTTTTC

AATCTCACGTTTCACGCATTT---TTTTTTGTTTCTATTAAAATAGCTAT
AATCTCACGTTTCACGCATTT---TTTTTTGTTTCTATTAAAATAGCTAT

126

192
192
469
465
176

242
242
519
515
224

292
292
569
565
274

342
342
619
615
320

392
368
669
665

438

717
715

487

762
764

537

811
814

587

861
864

637

908
911
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BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA

ATAA--TTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAATTTTTCAG
——————————————————————————— CGAAACGATCCAGAATTTTTCAG
ATAAATTTTTCTTTGTGTTGAAAACAGCGARACGATCCAGAAGTTTTCAG
ATAAA-TTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAAGTTTTCAG

AGAAGTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGC
AGAAGTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGC
AGAAGTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGC
AGAAGTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGC

TTTGGGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCG
TTTGGGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCG
TTTGGGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCG
TTTGGGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCG

TTTGCGACTGATGAAATATGTAGCACCACCTGACGTTGATGCTAATGTTG
TTTGCGACTGATGAAATATGTAGCACCACCTGACGTTGATGCTAATGTTG
TTTGCGACTGATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTG
TTTGCGACTGATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTG

CGGTTGGTACTAAAGATTCTGATGATGGTGCTAATACGAATACAACTGCT
CGGTTGGTACTAAAGATTCTGATGATGGTGCTAATACGAATACAACTGCT
CGGTCAGTACTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCT
CGGTCAGTACTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCT

AACGCTGATGCTGATGATATTGCTAATGGTATTGCTAAAGTTCATATTGA
AACGCTGATGCTGATGATATTGCTAATGGTATTGCTAAAGTTCATATTGA
AACGCTGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGA
AACGCTGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGA

TGACGATGCTGATGCCAAGGGTGACGTTTGCACTGGTGCTGGTACCAATC
TGACGATGCTGATGCCAAGGGTGACGTTTGCACTGGTGCTGGTACCAATC
TGACGATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATC
TGACGATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATC

ATAATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAAT
ATAATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAAT
ATAATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAAT
ATAATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAAT

GTCGACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGT
GTCGACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGT
GTCGACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGT
GTCGACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGT

TAACACTGGCACTATTGATGATGTTAATGCTAATGCTGGTACTCGTAGTA
TAA---————————————————————— TGCTAATGCTGGTACTCGTAGTA
TAACATTGGCACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTA
TAACATTGGCACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTA

GTGCTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGAT

685
391
958
960

735
441
1008
1010

785
491
1058
1060

835
541
1108
1110

885
591
1158
1160

935
641
1208
1210

985
691
1258
1260

1035
741

1308
1310

1085
791

1358
1360

1135
817

1408
1410

1185
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BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA

BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS

GTGCTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGAT
GTGCTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGAT
GTGCTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGAT

GATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATA ACCTTTT
GATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAARNACCTTTT
GATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAARNACCTTTT

GATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAA--CCTTTT

GACGGTACTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAG
GACGGTACTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAG
GACGGTGCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAG
GACGGTGCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAG

ATGAAAAGTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTATG
ATGAAAAGTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTATG
ATGAAAAGTGGATCAGGTTAAAGCCATCTCATAACTCTTTCGTTGTTATG
ATGAAAAGTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTATG

GCTGGAGATTCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGG
GCTGGAGATTCTCTATATG-——=——=—==—=—=—=—=—————————————
GCTGGAGATTCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGG
GCTGGAGATTCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGG

ATGCACCATAATATCTTAATTGCGATCATCATAATAATCATAACTTTTTT
ATGCACCATAATATCTTAATTGCGATCATCATAATAATCATAACTTTTTT

ATGATATATATTATAACTTTATGATATACATATTCATAACTTTATGATAT
ATGATATATATTATAACTTTATGATATACATATTCATAACTTTATGATAT

AAATATTACATAATTCACCTTTTTATTATTTCTTATCACTTTCACAAATG
AAATATTACATAATTCACCTTTTTATTATTTCTTATCACTTTCACAAATG

CATGTCG--ACGTTACTAAAGTGTTTATACATTAACATTA--TGTTTTCT
CATGTCG--ACGTTACTAAAGTGTTTATACATTAACATTA--TGTTTTCT

TCTCATCATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCAGGC
TCTCATCATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCAGGC

ACTTATGAATGGTAGACTGTCTCGTCCGTTTCATAGAGTAAGAGTAACGG
ACTTATGAATGGTAGACTGTCTCGTCCGTTTCATAGAGTAAGAGTAACGG
ACTTATGAATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAACGG

867
1458
1460

1235
917

1508
1508

1285
967

1558
1558

1335
1017
1608
1608

1385
1036
1658
1658

1392

1708
1708

1758
1758

1423

1808
1808

1473

1854
1854

1522
1037
1904
1904

1572
1087
1954

75



BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

ACTTATGAATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAACGG

AAAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGA
AAAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGA
AAAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGA
AAAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGA

GATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACG
GATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACG
GATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACG
GATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACG

TCTCTTCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTG
TCTCTTCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTG
TCTCTTCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTG
TCTCTTCAAATCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTG

AGGCTGGTCGTAGAGCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCT
AGGCTGGTCGTAGAGCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCT
AGGCTGGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCT
AGGCTGGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCT

GGAGCATAA—————————m e
GGAGCATAA—————————
GGAGCATAAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTAAGT
GGAGCATAAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTAAGT

AGTTTCATGGTTCAACTAATATCAAGAACTTCATGTAGTACTAAAATAAG
AGTTTCATGGTTCAACTAATATCAAGAACTGCATGTAGTACTAAA-TAAG

AGTTTTTGGATTAGTTGAGTATATGTGTTTTATTTCCGGAGAAGCAATCA
AGTTTTTGGATTAGTTGAGTATATGTGTTTTATTTCGGGAGAAGCAATCA

AGTCTCTCTTTTGTATGAAAAATCAATAATGTGTATGTGTATGAGCATGT
AGTCTCTCTTTTGTATGAAAAATCAATAA-AAATATGTGTATGAGCATGT

TCAATAATGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTCAAG
TCAATAATGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTCAAG

ATCGTAAATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAAACT
ATCGTAAATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAAACT

1954

1622
1137
2004
2004

1672
1187
2054
2054

1722
1237
2104
2104

1772
1287
2154
2154

1781
1296
2204
2204

2254
2253

2304
2303

2354
2352

2404
2402

2454
2452
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BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFW

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyFwW

AAATTAAATTCATTTTTTTTTCTAAAAAAATACTAGTTTAATTTCAGGAG
AAATTAAATTCATTTTTTTTTATAAAAAAATACTAGTTTAATTTCAGGAG

ATGGGAAACGAGTGTGGAACATATAAAAACGGGTGTTTGCCATTTCAAAC
ATGGGAAACGAGTGTGGAACATATAAAAACTGGTGTTTGCGATTTCAAAC

ATTAAACGCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCGATA
ATTAAACGCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCGACA

GTGGTCTTGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTTTGT
GTGGTTTTGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTTTGT

TTGCAAAATGCCAAAATCGTAAATAGTA---AATTAATAATGTTATTTAA
TTGCAAAATGCCAAAATCGTAAATAGTAGTAAATTAGTAATGTTATTTAA

AGTTTGACCGGTTTACTTGCAATAGGTGTATGTGCTGTGGTCCAAAAATT
AGTTTGACTGGTTTAATTGCAGTAGGTGTATGTGCTGTGGTCCAAAAATT

AGTGAAACTAATAATTACAATTGTAAATTAGTAATGTTATTTAAAATATA
AGTGAAACGAATAATT-CAATTGTAAATTAGTAATGTTATTTAAAATATA

GACATGCATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAAGTG
GACATGCATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAAGTG

CCAACACTCTTCTCATGA-————————————=——————————————————
CCAACTCTCTTCTTATGAACAACGTTACAAATTAGGACCGGCTTGGGCAA

2504
2502

2554
2552

2604
2602

2654
2652

2701
2702

2751
2752

2801
2801

2851
2851

2869
2901
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CLUSTAL 2.1 multiple sequence alignment
Savoy Bandl AOP2 - Reverse Sequence

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA

————————————————————— AAAAAAACCTAAGGAAAAGAAAACTAGCT
ACTTTCTCAGTACGGAAGCAAAAAAAAAACTAAGGAAAAGAAAACCAGCT

TGATCTCTTTGAATCAAAGAAAACTCCAAAGGTAATTTTGGTARAATGTT
TGATCTCTTTGAATCAAAGAAAA-——————————————————————————

AAATACTCCAAAGGTAGTTTTTCTTATGAATTTTGAATGTTTCTTTTGTT
-———-ACTCCAAAGGTAGTTGT-CTTATGAGTTTTTAATGTTTTCTTTTGT

GTGGGTGATTAAAGAGTTACTTAAATATTTTCTTTCGGGTTAAAATAAAG
TGTGATGATTAAAGAGCTACTTAAACATTTTCTTTCGGGTTAAAATA-——

CTAATTAATTAGTTTACTAAAAAAAAATTAAAAAAAAAATAAAGCTAATT
777777777777777777777777777777777777777 TAAAGCTAATT

AACATTTTATGAATATATTTTTTTGGATTTGCACCAAAGGCGAAAA-GAA
AACATTTTATAAATATATTTT--TGGATTTGCACCAAAGGAAAAAAAGAA

TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC

CTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAA
CTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAA
CTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAA
CTAAAACCAGGAGGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAA

* KKk *

AGCTCTTGAAGACTACGGCGGTTTTGAGGTGTCATATGATAGAGTGTCAG
AGCTCTTGAAGACTACGGCGGTTTTGAGGTGTCATATGATAGAGTGTCAG
AGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATATGATAGAGTGTCAG
AGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATATGATAGAGTGTCAG

50

29
100

79
123

129
168

179
215

229
226

278
274

51
51
328
324

101
101
378
374
14

151
151
428
424

78



SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

* Kk kK * kkk Ak Kk kK

AGGAGCTGAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAGTTA
AGGAGCTGAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAGTTA
AAGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAGTTA
AAGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAGTTA

CCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCGTACACTGGATA
CCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCGTACACTGGATA
CCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTACACTGGATA

CCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTACACTGGATA
CY-SCTGA=——————=————=————————— == TAGATR
* * Kk Kx *  kk Kk

TTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGAATTCCAATG
TTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGAATTCCAATG
TTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCCAATG
TTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCCAATG
HKCA--TCAN----GTC-—----—- RAYGTAAG----———---—- YGAATG

* % * kK * KK KKk K

TTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTGTGAG
TTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTGTGAG
TTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTGTGAG
TTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTGTGAG
GTYTGRAGA--GWYGWGGAGT——-—-—~ GCTTCT--——-—=—==—=—=——

*x kK Kk k%K * * k% * Kk Kk

GGTAACAAGAGTATGAGGTAACGTCATGTCAAAAAAAAAAAAACTAAGTA
GGTAACAAGAGTATGAG-——=——=——=—————————————— -
GGTAACAAGACTATGAGGTAACGTCATGTCGAAAAAAARAA--CTCAGTA
GGTAACAAGACTATGAGGTAACGTCATGTCAAAAAAAAAAAAACTCAGTA

ATGCTTCATAGAGTAAATTAATTGTTCGGAAATTCCTGTAATCTTC--AT
ATGCTTCATAGAGTAAATTAATTGTTCGTAAATTCCTGTTAATCTTTCAT

CAAAAATATTTCGTAA--CTTTTTGCTAGTTGTTTT-CATAAGGTATGTG
CAAAAATATTTTCGTAA-CTTTTTGCTAGTTGTTTTTCATAAGTTATGTG

ACAAATTTCTATA-AAAACCTTGTTTTTATCTTTATTTTTTTGGAAAAAT
ACAAATTTCTATAAAAAACCTTGTTTTTATCTTTATTTTTTTGGAAAAAT

GTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTTTTCAATCTCACG
GTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTTTTCAATCTCACG

TTTCACGCATTT---TTTTTTGTTTCTATTAAAATAGCTATATAAATTTT
TTTCACGCATTT---TTTTTTGTTTCTATTAAAATAGCTATATAAA-TTT

201
201
478
474
37

251
251
528
524
50

301
301
578
574
75

351
351
628
624
100

401
368
676
674

447

724
724

496

771
773

546

820
823

596

870
873

644

917
919
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BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA

TCTTTGTGTTGAAAACAGCGAAACGATCCAGAATTTTTCAGAGAAGTTAG
—————————————————— CGAAACGATCCAGAATTTTTCAGAGAAGTTAG
TCTTTGTGTTGAAAACAGCGAAACGATCCAGAAGTTTTCAGAGAAGTTAG
TCTTTGTGTTGAAAACAGCGAAACGATCCAGAAGTTTTCAGAGAAGTTAG

Kk kkkk kK * K

CAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGGATA
CAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGGATA
CAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGGATA
CAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGGATA
TGG--TTCGATG--ATG—————————— TAATCTCCG————— TTTGGAGTC

* * Kk Kk kK * KK * * K * Kk kA K *

GAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGCGACT
GAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGCGACT
GAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGCGACT
GAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGCGACT
GAGAACAATGCTATTGAATACCTT--GTC————-—- TTCTTTCTTTC————

*k kkk K * Kk Kk Kk kk kK * kK * K * kK

GATGAAATATGTAGCACCACCTGACGTTGATGCTAATGTTGCGGTTGGTA
GATGAAATATGTAGCACCACCTGACGTTGATGCTAATGTTGCGGTTGGTA
GATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTGCGGTCAGTA
GATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTGCGGTCAGTA

CTAAAGATTCTGATGATGGTGCTAATACGAATACAACTGCTAACGCTGAT
CTAAAGATTCTGATGATGGTGCTAATACGAATACAACTGCTAACGCTGAT
CTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCTAACGCTGAT
CTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCTAACGCTGAT
—————— ACTCT------—--TACT-----—---——---——CTA-—--TGAA

* kK * KKk * kK

GCTGATGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACGATGC
GCTGATGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACGATGC
GCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACGATGC
GCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACGATGC
ACGGACGA--—-———- GATAGT----CTACCATTCATA---————- AGTGC

* X * x *k kK * K * * Kk kk Kk k * K Kx

TGATGCCAAGGGTGACGTTTGCACTGGTGCTGGTACCAATCATAATGGTG
TGATGCCAAGGGTGACGTTTGCACTGGTGCTGGTACCAATCATAATGGTG
TAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATCATAATGGTG
TAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATCATAATGGTG
--ATATAGAGAAT-—-—-—-—-—-———- CT-—--——————- CCAGCCATAACAACG

* K * x * * x * kK * ok ok kK *

ATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGACGTT
ATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGACGTT
ATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGACGTT
ATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGACGTT
AAAGAGTTA--—————— KGACAKGGTT----TTAA-CCTGAT-———-—-————

* * Kk kK * K *  x * Kk Kk Kk * Kk KK

GGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAACACTGG
GGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAA——————
GGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAACATTGG
GGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAACATTGG
--—-CCACTTTTC------- ATCT----TTGGT-——=——=———=—=————=~

* kK Kk k% * Kk Kk Kk * Kk ok kK

CACTATTGATGATGTTAATGCTAATGCTGGTACTCGTAGTAGTGCTAATG
—————————————————— TGCTAATGCTGGTACTCGTAGTAGTGCTAATG
CACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTAGTGCTAATG

CACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTAGTGCTAATG
————————————————————— TARCAC--—--CTC-—=-—==——=—————
* x * * kK

TTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAGGAG

694
400
967
969
120

744
450
1017
1019
151

794
500
1067
1069
189

844
550
1117
1119
193

894
600
1167
1169
209

944
650
1217
1219
240

994
700
1267
1269
268

1044
750
1317
1319
297

1094
794
1367
1369
315

1144
826
1417
1419
324

1194

80



BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA

BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS

TTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAGGAG
TTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAGGAG
TTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAGGAG

*k Kk kK

AAGAAATTAGGTCTACCTTCTCATACTGATAARARMCCTTTTGACGGTACT
AAGAAATTAGGTCTACCTTCTCATACTGATAAARMCCTTTTGACGGTACT
AAGAAATTAGGTCTACCTTCTCATACTGATAAARBCCTTTTGACGGTGCT

AAGAAATTAGGTCTACCTTCTCATACTGATAAA--CCTTTTGACGGTGCT
——————————— TCAA---TCTCATATTGATAAA-—--—-—-----GTAC-
**x K *hkkhkkhkhkhkk Kkhkkkkkk *x ok

TTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAAAAGT
TTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCARAGATGAARAGT
TTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAARRAGT
TTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAAAAGT
-CGTCAA--——--—--- AAGGTTY---—--— TTA-———————————————

* Kk kK )k Kk Kk kK * kK

GGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTATGGCTGGAGAT
GGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTATGGCTGGAGAT
GGATCAGGTTAAAGCCATCTCATAACTCTTTCGTTGTTATGGCTGGAGAT
GGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTATGGCTGGAGAT

TCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGGATGCACC-—
TCTCTATATG-———————————————————— - - ———————————————
TCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGGATGCACCAT
TCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGGATGCACCAT

AATATCTTAATTGCGATCATCATAATAATCATAACTTTTTTATGATATAT
AATATCTTAATTGCGATCATCATAATAATCATAACTTTTTTATGATATAT

ATTATAACTTTATGATATACATATTCATAACTTTATGATATAAATATTAC
ATTATAACTTTATGATATACATATTCATAACTTTATGATATAAATATTAC

ATAATTCACCTTTTTATTATTTCTTATCACTTTCACAAATGCATGTCG--
ATAATTCACCTTTTTATTATTTCTTATCACTTTCACAAATGCATGTCG——

ACGTTACTAAAGTGTTTATACATTAACATTA--TGTTTTCTTCTCATCAT
ACGTTACTAAAGTGTTTATACATTAACATTA--TGTTTTCTTCTCATCAT

GAAACTTGTTTTGATTTTTGTATTATT-TTTGTTTGCAGGCACTTATGAA
———————————————————————————————————————— CACTTATGAA
GAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCAGGCACTTATGAA
GAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCAGGCACTTATGAA

TGGTAGACTGTCTCGTCCGTTTCATAGAGTAAGAGTAACGGAAAGAAAGA
TGGTAGACTGTCTCGTCCGTTTCATAGAGTAAGAGTAACGGAAAGAAAGA
TGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAACGGAAAGAAAGA

876
1467
1469
331

1244
926
1517
1517
354

1294
976
1567
1567
370

1344
1026
1617
1617
378

1392
1036
1667
1667

1717
1717

1767
1767

1432

1815
1815

1482

1863
1863

1531
1046
1913
1913

1581
1096
1963
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BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

TGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAACGGAAAGAAAGA
——————————————————————————————————————————— AGAAGGW

* Kk kK Kk

AGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGAGATTACATC
AGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGAGATTACATC
AGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGAGATTACATC
AGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGAGATTACATC

* Kk Kk Kk * Kk Kk * )k Kk kK * kK * kK

ATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCTTCAA
ATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCTTCAA
ATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCTTCAA
ATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCTTCAA

ACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCTGGTC
ACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCTGGTC
ACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCTGGTC
ATCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCTGGTC
———————————— CATTAGCTTKAACA----CYATCAC--TAACGCCMACA

* k% * Kk Kk K * * kkk kK *x  k k%

GTAGAGCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAGCATAA
GTAGAGCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAGCATAA
GTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAGCATAA

GTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAGCATAA
GTA---——---- CCACTAGCTACG-—-————=====——————————————
* kK *  kk Kk * kK

ATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTAAGTAGTTTCATG
ATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTAAGTAGTTTCATG

GTTCAACTAATATCAAGAACTTCATGTAGTACTAAAATAAGAGTTTTTGG
GTTCAACTAATATCAAGAACTGCATGTAGTACTAAA-TAAGAGTTTTTGG

ATTAGTTGAGTATATGTGTTTTATTTCCGGAGAAGCAATCAAGTCTCTCT
ATTAGTTGAGTATATGTGTTTTATTTCGGGAGAAGCAATCAAGTCTCTCT

TTTGTATGAAAAATCAATAATGTGTATGTGTATGAGCATGTTCAATAATG
TTTGTATGAAAAATCAATAA-AAATATGTGTATGAGCATGTTCAATAATG

TAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTCAAGATCGTAAAT
TAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTCAAGATCGTAAAT

AGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAAACTAAATTAAAT
AGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAAACTAAATTAAAT

1963
385

1631
1146
2013
2013
408

1681
1196
2063
2063
419

1731
1246
2113
2113
451

1781
1296
2163
2163
466

2213
2213

2263
2262

2313
2312

2363
2361

2413
2411

2463
2461
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BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoCollardCompleteCDS
BoBroccoliNullAlleleGenomicDNA
SavoyRV

TCATTTTTTTTTCTAAAAAAATACTAGTTTAATTTCAGGAGATGGGAAAC
TCATTTTTTTTTATAAAAAAATACTAGTTTAATTTCAGGAGATGGGAAAC

GAGTGTGGAACATATAAAAACGGGTGTTTGCCATTTCAAACATTAAACGC
GAGTGTGGAACATATAAAAACTGGTGTTTGCGATTTCAAACATTAAACGC

TAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCGATAGTGGTCTTG
TAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCGACAGTGGTTTTG

AGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTTTGTTTGCAAAAT
AGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTTTGTTTGCAAAAT

GCCAAAATCGTAAATAGTA---AATTAATAATGTTATTTAAAGTTTGACC
GCCAAAATCGTAAATAGTAGTAAATTAGTAATGTTATTTAAAGTTTGACT

GGTTTACTTGCAATAGGTGTATGTGCTGTGGTCCAAAAATTAGTGAAACT
GGTTTAATTGCAGTAGGTGTATGTGCTGTGGTCCAAAAATTAGTGAAACG

AATAATTACAATTGTAAATTAGTAATGTTATTTAAAATATAGACATGCAT
AATAATT-CAATTGTAAATTAGTAATGTTATTTAAAATATAGACATGCAT

TGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAAGTGCCAACACTC
TGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAAGTGCCAACTCTC

TTCTCATGA-— === —————— === ==~ mm
TTCTTATGAACAACGTTACAAATTAGGACCGGCTTGGGCAAAACCTAACG

2513
2511

2563
2561

2613
2611

2663
2661

2710
2711

2760
2761

2810
2810

2860
2860

2869
2910
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CLUSTAL 2.1 multiple sequence alignment
PSB Bandl AOP2 - Reverse Sequence

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

ACTTTCTCAGTACGGAAGCAAAAAAAAAACTAAGGAAAAGAAAACCAGCT
————————————————————— AAAAAAACCTAAGGAAAAGAAAACTAGCT

TGATCTCTTTGAATCAAAGAAAA-——————————————————————————
TGATCTCTTTGAATCAAAGAAAACTCCAAAGGTAATTTTGGTAAAATGTT

—-——-ACTCCAAAGGTAGTTGT-CTTATGAGTTTTTAATGTTTTCTTTTGT
AAATACTCCAAAGGTAGTTTTTCTTATGAATTTTGAATGTTTCTTTTGTT

TGTGATGATTAAAGAGCTACTTAAACATTTTCTTTCGGGTTAAAATA-——
GTGGGTGATTAAAGAGTTACTTAAATATTTTCTTTCGGGTTAAAATAAAG

——————————————————————————————————————— TAAAGCTAATT
CTAATTAATTAGTTTACTAAAAAAAAATTAAAAAAAAAATAAAGCTAATT

AACATTTTATAAATATATTTTT--GGATTTGCACCAAAGGAAAAAAAGAA
AACATTTTATGAATATATTTTTTTGGATTTGCACCAAAGGCGAAAA-GAA

TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
———————————————— TCTACGACCAGCC-TCAGTGTGATAGA---AACT

*kx kK * Kk kK ok kK * ok * % * k%

CTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAA
CTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAA
CTAAAACCAGGAGGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAA
CTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAA
C-—---AKCAGTCWDYGT-AHSWGRRT-GATGTGCA-ARWGA----SKBKG

* *x kKK * * * *x kK kK%K * * K

AGCTCTTGAAGACTA-CGGCGGTTTTGAGGTGTCATATGATAGAGTGTCA
AGCTCTTGAAGACTA-CGGCGGTTTTGAGGTGTCATATGATAGAGTGTCA
AGCTCTTGAAGACTA-CGGCGCTTTTGAGGTGTCATATGATAGAGTGTCA
AGCTCTTGAAGACTA-CGGCGCTTTTGAGGTGTCATATGATAGAGTGTCA
GRCT-TTGMSGASWGTCKGC-MTTYTG--GTGTTCGATGATGTAATCTCC

* Kk kKK * K * Kk x * Kk kK * Kk Kk Kk * ok ok kK *x ok kK

50

100
29

123
79

168
129

215
179

226
229

274
278

51
51
324
328
30

101
101
374
378
69

150
150
423
427
115
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BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA

GA--GGAGCTGAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAG
GA--GGAGCTGAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAG

GA--AGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAG
GA--AGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAG
GTTTGGAGTCSAGAACAATGCTATTGAATACCTTG-—————— TCTTC---
* * Kk Kx * * * kkk kK Kk K%k *  kk Kk

TTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCGTACACTGG
TTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCGTACACTGG
TTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTACACTGG

TTACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTACACTGG
TTTC-————————————————————————— TTTCCG---—- TTACTCT--
*k % * kk k% Kk Kk Kk kK

ATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGAATTCCA
ATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGAATTCCA
ATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCCA
ATATTCAACTCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCCA
-TACTCTA--TGAAACGGAC-—-—-—-- GAGA---TAG---TCTACCATTCAA

*xk kK *x *xk kK *x * Kk kk * kK *x K *kkkx K

ATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTGT
ATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTGT
ATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTGT
ATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTGT
AAGT---GCATA----TAGAGAATCT--CCAGCCA--——-——=--——-——-

* Kk x *x k% * K * Kk kK Kk R

GAGGGTAACAAGAGTATGAGGTAACGTCATGTCAAAAAAAAAAAAACTAA
GAGGGTAACAAGAGTATGAG-——————————————————————————————
GAGGGTAACAAGACTATGAGGTAACGTCATGTCAAAAAAAAAAAAACTCA
GAGGGTAACAAGACTATGAGGTAACGTCATGTCGAAAAAAAAAA--CTCA

* Kk kk kK

GTAATGCTTCGTAGAGTATATT----GTTCGTAAACTCCTGTTATTTTTT

GTAATGCTTCATAGAGTAAATTAATTGTTCGTAAATTCCTGTTAATCTTT
GTAATGCTTCATAGAGTAAATTAATTGTTCGGAAATTCCTGTAA--TCTT

CATCAAAAATATTTTCGTAACTTTTTGCTAGTTGTTTTTCATAAGTTATG
CATCAAAAATATTT-CGTAACTTTTT-GCTAGTTGTTTTCATAAGGTATG

TGACAAATTTCTATAAAAAACCTTGTTTTTATCTTTATTTTTTTGGAAAA
TGACAAATTTCTATA-AAAACCTTGTTTTTATCTTTATTTTTTTGGAAAA

ATGTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTTTTCAATCTCA
ATGTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTTTTCAATCTCA

CGTTTCACGCATTT---TTTTTTGTTTCTATTAAAATAGCTATATAAA-T
CGTTTCACGCATTT---TTTTTTGTTTCTATTAAAATAGCTATATAAATT

TTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAATTTTTCAGAGAAGTT

198
198
471
475
155

248
248
521
525
172

298
298
571
575
208

348
348
621
625
234

398
368
671
673
240
444

721
721

494

771
769

544

821
818

594

871
868

642

917
915

692
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BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA

———————————————————— CGAAACGATCCAGAATTTTTCAGAGAAGTT
TTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAAGTTTTCAGAGAAGTT
TTTCTTTGTGTTGAARACAGCGAAACGATCCAGAAGTTTTCAGAGAAGTT
———————————————————————————————————————— CAAAAGAGTT

* Kk Kk * Kk Kk Kk

AGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGGA
AGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGGA
AGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGGA
AGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGGA
AGGAGA--TGGTTTTAA--————————— ACTGATC--—-———- CCCTTTTCA

* Kk kK% kK Kk kK Kk %k *x kk k% * k% *

TAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGCGA
TAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGCGA
TAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGCGA
TAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGCGA
T-——==——— CTTTGGTTAGCACCTC----CAA--ACCTTCAATCTCAGA

* khkkkk kK k khkkkKk*k * kK * * K * K * K

CTGATGAAATATGTAGCACCACCTGACGTTGATGCTAATGTTGCGGTTGG
CTGATGAAATATGTAGCACCACCTGACGTTGATGCTAATGTTGCGGTTGG
CTGATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTGCGGTCAG
CTGATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTGCGGTCAG
TTGATAAA----GCAGCGTC--CAAAGGTTTATCAGAATGACAAGGT---

*kkk Kk *  kk Kk * * *  kkk kK * Kk Kk Kk * kK

TACTAAAGATTCTGATGATGGTGCTAATACGAATACAACTGCTAACGCTG
TACTAAAGATTCTGATGATGGTGCTAATACGAATACAACTGCTAACGCTG
TACTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCTAACGCTG
TACTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCTAACGCTG
-——-AAA---CCTAAT----- TTCTTCTCCTCAT-CATCTGC--—-——-—

* kK * * * *  kkx *x X *k kK Kk kK

ATGCTGATGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACGAT
ATGCTGATGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACGAT
ATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACGAT
ATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACGAT
-—-GCCACCATTACCTTTAACACTATCACTATCGCCCACATTAG---CACT

* K * K * kK * kK * kK * * Kk kKK * *

GCTGATGCCAAGGGTGACGTTTGCACTGGTGCTGGTACCAATCATAATGG
GCTGATGCCAAGGGTGACGTTTGCACTGGTGCTGGTACCAATCATAATGG
GCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATCATAATGG

GCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATCATAATGG
ACT------- AGGAT------———--——- TACCGGTA----——---——--
* % *kk Kk * KKk Kk K

TGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGACG
TGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGACG
TGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGACG
TGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGACG
TGAT--CCTTAACATCAACGATAGTGCCAATGTTAA-——————-————— CA

* Kk Kk k * kkkk K kkk Khkhkkk KArkkkkkkkk *

TTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAACACT
TTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAA-———
TTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAACATT
TTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAACATT
TCAGCACCAA-—-—-- CACTGAATTTAGC--—————=-—=——————————-

* *x kK kK Kk kkk Kk Kk

GGCACTATTGATGATGTTAATGCTAATGCTGGTACTCGTAGTAGTGCTAA
———————————————————— TGCTAATGCTGGTACTCGTAGTAGTGCTAA
GGCACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTAGTGCTAA
GGCACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTAGTGCTAA
————————————————————————————————— ACTAACATTAGTACCAA

* KKk *x  kkkKk ok kK

TGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAGG
TGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAGG
TGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAGG

398
967
965
250

742
448
1017
1015
281

792
498
1067
1065
316

842
548
1117
1115
357

892
598
1167
1165
386

942
648
1217
1215
431

992
698
1267
1265
447

1042
748
1317
1315
483

1092
794
1367
1365
506

1142
824
1417
1415
523

1192
874
1467
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PSBrv
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PSBrv
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PSBrv
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BoBroccoliNullAlleleGenomicDNA
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PSBrv

BrCompleteCDSGenomicDNA
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BoBroccoliNullAlleleGenomicDNA
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PSBrv
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BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

TGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAGG
CGTCGACATTAG-——-—-———————— ACTTAACATTAGCACAA-————————
*x*k kK k kkk*x * * K kx *x kK k%

AGAAGAAATTAGGTCTACCTTCTCATACTGATAARNNACCTTTTGACGGTA
AGAAGAAATTAGGTCTACCTTCTCATACTGATAA--ACCTTTTGACGGTG
AGAAGAAATTAGGTCTACCTTCTCATACTGATAARMACCTTTTGACGGTG

AGZ—\AGAZ—\ATTAGGTCTACCTTCTCATACTGZ—\TCCTTTTGZ—\CGGTA

CTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAAAA
CTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAAAA
CTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAAAA
CTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAAAA
—-TCACCAGTAT---——=--——————————————- TAAC-————————-——

* Kk Kk k)%

GTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTATGGCTGGAG
GTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTATGGCTGGAG
GTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTATGGCTGGAG
GTGGATCAGGTTAAAGCCATCTCATAACTCTTTCGTTGTTATGGCTGGAG

* k% * Kk Kk Kk

ATTCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGGATGCACC
ATTCTCTATATG- ——=—— == === —— = m——m oo
ATTCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGGATGCACC
ATTCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGGATGCACC

ATAATATCTTAATTGCGATCATCATAATAATCATAACTTTTTTATGATAT
ATAATATCTTAATTGCGATCATCATAATAATCATAACTTTTTTATGATAT

ATATTATAACTTTATGATATACATATTCATAACTTTATGATATAAATATT
ATATTATAACTTTATGATATACATATTCATAACTTTATGATATAAATATT

ACATAATTCACCTTTTTATTATTTCTTATCACTTTCACAAATGCATGTCG
ACATAATTCACCTTTTTATTATTTCTTATCACTTTCACAAATGCATGTCG

-—-ACGTTACTAAAGTGTTTATACATTAACATTA--TGTTTTCTTCTCATC
--ACGTTACTAAAGTGTTTATACATTAACATTA--TGTTTTCTTCTCATC

ATGAAACTTGTTTTGATTTTTGTATTATT-TTTGTTTGCAGGCACTTATG
—————————————————————————————————————————— CACTTATG
ATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCAGGCACTTATG
ATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCAGGCACTTATG

AATGGTAGACTGTCTCGTCCGTTTCATAGAGTAAGAGTAACGGARAGARA
AATGGTAGACTGTCTCGTCCGTTTCATAGAGTAAGAGTAACGGARAGARA
AATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAACGGAAAGAAA
AATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAACGGARAGARA
AT TGGTA=— = === === == ——— e

1465
552

1242
924

1515
1515

1292
974
1565
1565
566

1342
1024
1615
1615
577

1392
1036
1665
1665

1715
1715

1765
1765

1430

1815
1815

1480

1861
1861

1529
1044
1911
1911
581

1579
1094
1961
1961
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BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

* kK k Kk kK

GAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGAGATTACA
GAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGAGATTACA
GAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGAGATTACA
GAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGAGATTACA

TCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCTTC
TCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCTTC
TCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCTTC

TCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCTTC
————————— CACCA-----====GTG-————————————————————=—C
* Kk k Kk kx * % % *

AAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCTGG
AAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCTGG
AAATCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCTGG

AAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCTGG
N it G
* kK *

TCGTAGAGCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAGCAT
TCGTAGAGCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAGCAT
TCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAGCAT

TCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAGCAT
TC-————————————- ACCCTTGGCATT----——=—-—————-——- AGCA-
* % *k kk*%x * * KKk kK

e
A== =

AAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTAAGTAGTTTCA
AAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTAAGTAGTTTCA

TGGTTCAACTAATATCAAGAACTGCATGTAGTACTAAA-TAAGAGTTTTT
TGGTTCAACTAATATCAAGAACTTCATGTAGTACTAAAATAAGAGTTTTT

GGATTAGTTGAGTATATGTGTTTTATTTCGGGAGAAGCAATCAAGTCTCT
GGATTAGTTGAGTATATGTGTTTTATTTCCGGAGAAGCAATCAAGTCTCT

CTTTTGTATGAAAAATCAATAAAA-ATATGTGTATGAGCATGTTCAATAA
CTTTTGTATGAAAAATCAATAATGTGTATGTGTATGAGCATGTTCAATAA

TGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTCAAGATCGTAA
TGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTCAAGATCGTAA

ATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAAACTAAATTAA
ATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAAACTAAATTAA

1629
1144
2011
2011
592

1679
1194
2061
2061
601

1729
1244
2111
2111
606

1779
1294
2161
2161
624

1781
1296
2211
2211

2260
2261

2310
2311

2359
2361

2409
2411

2459
2461
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BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSBrv

ATTCATTTTTTTTTATAAAAAAATACTAGTTTAATTTCAGGAGATGGGAA
ATTCATTTTTTTTTCTAAAAAAATACTAGTTTAATTTCAGGAGATGGGAA

ACGAGTGTGGAACATATAAAAACTGGTGTTTGCGATTTCAAACATTAAAC
ACGAGTGTGGAACATATAAAAACGGGTGTTTGCCATTTCAAACATTAAAC

GCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCGACAGTGGTTT
GCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCGATAGTGGTCT

TGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTTTGTTTGCAAA
TGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTTTGTTTGCAAA

ATGCCAAAATCGTAAATAGTAGTAAATTAGTAATGTTATTTAAAGTTTGA
ATGCCAAAATCGTAAATAGT---AAATTAATAATGTTATTTAAAGTTTGA

CTGGTTTAATTGCAGTAGGTGTATGTGCTGTGGTCCAAAAATTAGTGAAA
CCGGTTTACTTGCAATAGGTGTATGTGCTGTGGTCCAAAAATTAGTGAAA

CGAATAATT-CAATTGTAAATTAGTAATGTTATTTAAAATATAGACATGC
CTAATAATTACAATTGTAAATTAGTAATGTTATTTAAAATATAGACATGC

ATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAAGTGCCAACTC
ATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAAGTGCCAACAC

TCTTCTTATGAACAACGTTACAAATTAGGACCGGCTTGGGCARAACCTAR
TCTTCTCATGRA-— === == === === m—— e m e

2509
2511

2559
2561

2609
2611

2659
2661

2709
2708

2759
2758

2808
2808

2858
2858
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CLUSTAL 2.1 multiple sequence alignment
DHAG1012 Bandl - Reverse Sequence

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

ACTTTCTCAGTACGGAAGCAAAAAAAAAACTAAGGAAAAGAAAACCAGCT
————————————————————— AAAAAAACCTAAGGAAAAGAAAACTAGCT

TGATCTCTTTGAATCAAAGAAAAACTCCAAAGGTAGTTG-——————————
TGATCTCTTTGAATCAAAGAAAACTCCAAAGGTAATTTTGGTAAAATGTT

————————————————————— TCTTATGAGTTTTTAATGTTTTCTTTTGT
AAATACTCCAAAGGTAGTTTTTCTTATGAATTTTGAATGTTTCTTTTGTT

TGTGATGATTAAAGAGCTACTTAAACATTTTCTTTCGGGTTAAAATA-——
GTGGGTGATTAAAGAGTTACTTAAATATTTTCTTTCGGGTTAAAATAAAG

——————————————————————————————————————— TAAAGCTAATT
CTAATTAATTAGTTTACTAAAAAAAAATTAAAAAAAAAATAAAGCTAATT

AACATTTTATAAATATATTTTT--GGATTTGCACCAAAGGAAAAAAAGAA
AACATTTTATGAATATATTTTTTTGGATTTGCACCAAAGGCGAAAA-GAA

TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
TGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCGGACCAAACC
-GGGT--AGACGAGGGTCTACGACCAGCC-TCAGTGTGATAGA--RACTS

* k k x * k k x *kx kK * Kk kK ok kK * ok * % *

CTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAA
CTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAA
CTAAAACCAGGAGGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAA
CTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTGATGTCCGTAA
RTCAAGTCARCGTAHGWGAR-TGATKTGMA--GAGRCGTGG-GTGCTT-~-

* Kk k * K *  kk * K * Kk Kk * Kk K * KKk R S . 4

AGCTCTTGAAGACTACGGCGGTTTTGAGGTGTCATATGATAGAGTGTCAG
AGCTCTTGAAGACTACGGCGGTTTTGAGGTGTCATATGATAGAGTGTCAG
AGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATATGATAGAGTGTCAG
AGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATATGATAGAGTGTCAG
-—-CTCGTCCASAM----GSTCTTTTGGTG-GTTCGATGATGTAATCTCCG

Kk Kk Kk K *x K% * * Kk kKK * kK kK kKK * ok kk* %

50

100
29

139
79

168
129

215
179

226
229

274
278

51
51
324
328
44

101
101
374
378
88

151
151
424
428
131
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BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA

A--GGAGCTGAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAGT
A--GGAGCTGAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAGT
A--AGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAGT
A--AGAGCTTAAGAAGTCAGTTTTGGATGCCATGATAGAGCTTTTCGAGT
TTTGGAGTCSAGAACAATGCTATTGAATACCTTGTCTTCTTTCTTTCCGT

* kK * * * kkk Kk kk k% * k% * K

TACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCGTACACTGGA
TACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCGTACACTGGA
TACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTACACTGGA

TACCAGTTGAGGCTAAACAGAGAAACGTGTCTCCGAAACCTTACACTGGA
TACTCTT-———————— AC-——————————~ TCTATGAAACGG---ACGARA
* KK * * K * KKk * ok k kK * K *

TATTCAAC--TCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGAATTCC
TATTCAAC--TCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGAATTCC
TATTCAAC--TCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCC
TATTCAAC--TCATAATGGTCTCTCTGAGAGTCTAGGGATCCAGGATTCC
TAKTCTACATTCATAAGTGCATATMK-AGAATC-—-———- TCCAG----CC

*k kK kK * Kk ok ok Kk k * *x X * Kk Kk kK * Kk Kk kK * *

AATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTG
AATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTG
AATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTG
AATGTTTTGGAGAAAGTTAACGAATTTACTCAACTGCTACGCCCTGATTG

TGAGGGTAACAAGAGTATGAGGTAACGTCATGTCAAAAAAAAAAAAACTA
TGAGGGTAACAAGAGTATGAG-————————————————————————————
TGAGGGTAACAAGACTATGAGGTAACGTCATGTCAAAAAAAAAAAAACTC
TGAGGGTAACAAGACTATGAGGTAACGTCATGTCGAAAAAAAAAA--CTC

*k Kk kKK

AGTAATGCTTCGTAGAGTATATT----GTTCGTAAACTCCTGTTATTTTT

AGTAATGCTTCATAGAGTAAATTAATTGTTCGTAAATTCCTGTTAATCTT
AGTAATGCTTCATAGAGTAAATTAATTGTTCGGAAATTCCTGTAA--TCT

TCATCAAAAATATTTTCGTAACTTTTTGCTAGTTGTTTTTCATAAGTTAT
TCATCAAAAATATTT-CGTAACTTTTT-GCTAGTTGTTTTCATAAGGTAT

GTGACAAATTTCTATAAAAAACCTTGTTTTTATCTTTATTTTTTTGGAAA
GTGACAAATTTCTATA-AAAACCTTGTTTTTATCTTTATTTTTTTGGAAA

AATGTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTTTTCAATCTC
AATGTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTTTTCAATCTC

ACGTTTCACGCATTT---TTTTTTGTTTCTATTAAAATAGCTATATAAA-
ACGTTTCACGCATTT---TTTTTTGTTTCTATTAAAATAGCTATATAAAT

TTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAATTTTTCAGAGAAGT

199
199
472
476
181

249
249
522
526
208

297
297
570
574
247

347
347
620
624
248

397
368
670
672
254
443

720
720

493

770
768

543

820
817

593

870
867

641

916
914

691
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BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA

————————————————————— CGAAACGATCCAGAATTTTTCAGAGAAGT
TTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAAGTTTTCAGAGAAGT
TTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAAGTTTTCAGAGAAGT
————————————————————————————————————————— CARAAAGAGT

KKk K KKKk

TAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGG
TAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGG
TAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGG
TAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGCTTTGGG
TAGGAGAG--GGTTTTAACC-—————-—-———— TGATC-—————— CCCTTTTC

Kk Kk Kk kkk *k ok kK kK *x ok k

ATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGCG
ATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGCG
ATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGCG
ATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCGTTTGCG
AT--——————— CTTTGGTTAACACCTC----CAA--ACCTTCAATCTCAG

* x kkkkk kK KAk KAkRkKkKk*K * kK * * K * K *

ACTGATGAAATATGTAGCACCACCTGACGTTGATGCTAATGTTGCGGTTG
ACTGATGAAATATGTAGCACCACCTGACGTTGATGCTAATGTTGCGGTTG
ACTGATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTGCGGTCA
ACTGATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTGCGGTCA
ATTGATAAA----GCAGCGTC--CAAAGGTTTATCAGAATGAGAAGGTAG

*  kk kK kK * kKK * * *  kkk kK KKk kK * KKk

GTACTAAAGATTCTGATGATGGTGCTAATACGAATACAACTGCTAACGCT
GTACTAAAGATTCTGATGATGGTGCTAATACGAATACAACTGCTAACGCT
GTACTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCTAACGCT
GTACTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCTAACGCT
AC-CTAAT--TTCTTCTC---——- CTCAT--————- CATCTGC-—-————-

* Kk kx * Kk Kk Kk * *k kK * Kk kK kK

GATGCTGATGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACGA
GATGCTGATGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACGA
GATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACGA
GATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGATGACGA
-—-—-GCCACCTTTACCTTTAACACTATCACTAA-—————————————————

* K * K * kK * kK * Kk Kk Kk

TGCTGATGCCAAGGGTGACGTTTGCACTGGTGCTGGTACCAATCATAATG
TGCTGATGCCAAGGGTGACGTTTGCACTGGTGCTGGTACCAATCATAATG
TGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATCATAATG
TGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATCATAATG

* Kk k kK *  kk kk Kk kK

GTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGAC
GTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGAC
GTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGAC
GTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAATGTCGAC
—————————————— ACTAG-GATTA--CCGGTATTAGCCTTAACATCAAC

Kk Kk kK Kk kK * * kKK * kK * Kk kK

GTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAACAC
GTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAA-——
GTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAACAT
GTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGTTAACAT
AATAGGGCCAATGTTA----- ACATC-AGCACCAACGCTGAT————————

* K *x Kk kKkKkKk K * kkk kK * ok kK kK

TGGCACTATTGATGATGTTAATGCTAATGCTGGTACTCGTAGTAGTGCTA
————————————————————— TGCTAATGCTGGTACTCGTAGTAGTGCTA
TGGCACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTAGTGCTA
TGGCACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTAGTGCTA
————————————————————————————— TTAGCACTAACATTAGTACCA

* ok Ak Kk * kkkk Kk Kk

ATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAG
ATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAG
ATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAG

397
966
964
263

741
447
1016
1014
294

791
497
1066
1064
329

841
547
1116
1114
373

891
597
1166
1164
400

941
647
1216
1214
429

991
697
1266
1264
445

1041
747
1316
1314
478

1091
794
1366
1364
514

1141
823
1416
1414
535

1191
873
1466
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BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA

BoCollardCompleteCDS

DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

ATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGATGATGAG
ACGTCGACATTAG-———————————— ACTTAACATTAGCACAA-———————
* kk k ok Kkkk*k * * kK * kkx  k %

GAGAAGAAATTAGGTCTACCTTCTCATACTGATAAINNACCTTTTGACGGT
GAGAAGAAATTAGGTCTACCTTCTCATACTGATAA--ACCTTTTGACGGT

GAGAAGZ—\AATTAGGTCTACCTTCTCATACTGATACCTTTTGACGGT

GAGAAGAAATTAGGTCTACCTTCTCATACTGATAANMACCTTTTGACGGT
—————————————— TC-----------ACCAGTA--------TTAACGTC
* % * K * % * Kk kk ok

ACTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAAA
ACTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAAA
GCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAAA
GCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAGATGAAA
A--TCACCATTATGA-—---——-- TT----GGTACCAAC----——---—-

* kK kk Kkkhkkk*k * x * KK * KK

AGTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTATGGCTGGA
AGTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTATGGCTGGA
AGTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGTTATGGCTGGA

AGTGGATCAGGTTAAAGCCATCTCATAACTCTTTCGTTGTTATGGCTGGA
————— ACCAGTGCAAA-------CGTCACCCTT--GGCATTAGCATCG--
*x kKK * K * *x k kk ki %k * * K Kx *

GATTCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGGATGCAC
GATTCTCTATATG-———— === === === ————————m
GATTCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGGATGCAC
GATTCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGGATGCAC
== TCATCAATATG- =~ === === === === —————m

* *k Kk Kk Kk kK

CATAATATCTTAATTGCGATCATCATAATAATCATAACTTTTTTATGATA
CATAATATCTTAATTGCGATCATCATAATAATCATAACTTTTTTATGATA

TATATTATAACTTTATGATATACATATTCATAACTTTATGATATAAATAT
TATATTATAACTTTATGATATACATATTCATAACTTTATGATATAAATAT

TACATAATTCACCTTTTTATTATTTCTTATCACTTTCACAAATGCATGTC
TACATAATTCACCTTTTTATTATTTCTTATCACTTTCACAAATGCATGTC

G--ACGTTACTAAAGTGTTTATACATTAACATTA--TGTTTTCTTCTCAT
G--ACGTTACTAAAGTGTTTATACATTAACATTA--TGTTTTCTTCTCAT

CATGAAACTTGTTTTGATTTTTGTATTATT-TTTGTTTGCAGGCACTTAT
——————————————————————————————————————————— CACTTAT
CATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCAGGCACTTAT
CATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCAGGCACTTAT

GAATGGTAGACTGTCTCGTCCGTTTCATAGAGTAAGAGTAACGGAAAGAA
GAATGGTAGACTGTCTCGTCCGTTTCATAGAGTAAGAGTAACGGAAAGAA
GAATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAACGGAAAGAA
GAATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAACGGAAAGAA
---TAGCAA--TA-————- CCATT-————- AGCAATATCACCAGCAT---

1464
565

1241
923
1514
1514
582

1291
973
1564
1564
606

1341
1023
1614
1614
640

1391
1036
1664
1664
651

1392

1714
1714

1764
1764

1429

1814
1814

1479

1860
1860

1528
1043
1910
1910
656

1578
1093
1960
1960
686

93



BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

* Kk kK * Kk kK Kk * kK kK %

AGAAGACAAGGTATTCAATAGCA-TTGTTCTCGACTCCAAACGGAGATTA
AGAAGACAAGGTATTCAATAGCA-TTGTTCTCGACTCCAAACGGAGATTA
AGAAGACAAGGTATTCAATAGCA-TTGTTCTCGACTCCAAACGGAGATTA
AGAAGACAAGGTATTCAATAGCA-TTGTTCTCGACTCCAAACGGAGATTA

* % * % kK Kkkk KAk K * KK

CATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCT
CATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCT
CATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCT

CATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTCT
——————— GCACCATCAACAGAATCTTT------—--AGTACTGAC-—----C
* kkhkkk Kkkhkk Kk*k * ok * *x Kk x * *

TCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCT
TCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCT
TCAAATCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCT

TCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGCT
GCAA-—---- CATTAGCATCAAC--—————=--—=-— ATCA---—--——--
* Kk Kk * Kk Kk * K * x * Kk Kk Kk

GGTCGTAGAGCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAGC
GGTCGTAGAGCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAGC
GGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAGC
GGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAGC
GGTGGTG-————--——————- CTACATACT----————————————————

*k*k k% * Kk kK * K

ATAAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTAAGTAGTTT
ATAAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTAAGTAGTTT

CATGGTTCAACTAATATCAAGAACTGCATGTAGTACTAAA-TAAGAGTTT
CATGGTTCAACTAATATCAAGAACTTCATGTAGTACTAAAATAAGAGTTT

TTGGATTAGTTGAGTATATGTGTTTTATTTCGGGAGAAGCAATCAAGTCT
TTGGATTAGTTGAGTATATGTGTTTTATTTCCGGAGAAGCAATCAAGTCT

CTCTTTTGTATGAAAAATCAATAAAA-ATATGTGTATGAGCATGTTCAAT
CTCTTTTGTATGAAAAATCAATAATGTGTATGTGTATGAGCATGTTCAAT

AATGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTCAAGATCGT
AATGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTCAAGATCGT

AAATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAAACTAAATT
AAATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAAACTAAATT

1627
1142
2009
2009
712

1677
1192
2059
2059
742

1727
1242
2109
2109
763

1777
1292
2159
2159
779

1781
1296
2209
2209

2258
2259

2308
2309

2357
2359

2407
2409

2457
2459
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BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmMDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

BrCompleteCDSGenomicDNA
BrCompleteCDSmDNA
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012rv

AAATTCATTTTTTTTTATAAAAAAATACTAGTTTAATTTCAGGAGATGGG
AAATTCATTTTTTTTTCTAAAAAAATACTAGTTTAATTTCAGGAGATGGG

AAACGAGTGTGGAACATATAAAAACTGGTGTTTGCGATTTCAAACATTAA
AAACGAGTGTGGAACATATAAAAACGGGTGTTTGCCATTTCAAACATTAA

ACGCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCGACAGTGGT
ACGCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCGATAGTGGT

TTTGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTTTGTTTGCA
CTTGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTTTGTTTGCA

AAATGCCAAAATCGTAAATAGTAGTAAATTAGTAATGTTATTTAAAGTTT
AAATGCCAAAATCGTAAATAGT---AAATTAATAATGTTATTTAAAGTTT

GACTGGTTTAATTGCAGTAGGTGTATGTGCTGTGGTCCAAAAATTAGTGA
GACCGGTTTACTTGCAATAGGTGTATGTGCTGTGGTCCAAAAATTAGTGA

AACGAATAATT-CAATTGTAAATTAGTAATGTTATTTAAAATATAGACAT
AACTAATAATTACAATTGTAAATTAGTAATGTTATTTAAAATATAGACAT

GCATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAAGTGCCAAC
GCATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAAGTGCCAAC

TCTCTTCTTATGAACAACGTTACAAATTAGGACCGGCTTGGGCAARACCT
ACTCTTCTCATGA-— === == === === —m———m——m o

2507
2509

2557
2559

2607
2609

2657
2659

2707
2706

2757
2756

2806
2806

2856
2856
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CLUSTAL 2.1 multiple sequence alignment

Winspit band 1, band 2, band 3 - odd12/0dd48 primers amplification

Wl odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

AAAAAAAAAAAATAGAATGTTTCTGTCTATAAATGGGCATTCCATCATTT
AAAAAAACCTAAGGAAAAG-———————— AAAACTAG--———- CTTGATCT

TGATCTCTTTGAATCAAAGAAAAACTCCAAAGGTAGTTGT-CTTATGAGT
TAATTTTGGTAAAATGTT-AAATACTCCAAAGGTAGTTTTTCTTATGAAT

TTTTAATGTTTTCTTTTGTTGTGA-TGATTAAAGAGCTACTTAAACATTT
TTTGAATGTTT-CTTTTGTTGTGGGTGATTAAAGAGTTACTTAAATATTT

TCTTTCGGGTTAAAATA- ———————————————————————— oo
TCTTTCGGGTTAAAATAAAGCTAATTAATTAGTTTACTAAAAAAAAATTA

————————— TAAAGCTAATTAACATTTTATAAATATATTTTT--GGATTT
AAAAAAAAATAAAGCTAATTAACATTTTATGAATATATTTTTTTGGATTT

GCACCAAAGGAAAAAAAGAATGGGTGCAGACACTCCTCAACTTCCAGTCA
GCACCAAAGGCGAAAA-GAATGGGTGCAGACACTCCTCAACTTCCAGTCA

TCTATCTCTCGGACCAAACCCTAAAACCAGGAGGTGAGAAGTGGGTTGAA
TCTATCTCTCGGACCAAACCCTAAAACCAGGAAGTGAGAAGTGGGTTGAA

GTGAGGAGTGATGTCCGTAAAGCTCTTGAAGACTACGGCGCTTTTGAGGT
GTGAGGAGTGATGTCCGTAAAGCTCTTGAAGACTACGGCGCTTTTGAGGT

GTCATATGATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGATGCCA
GTCATATGATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGATGCCA

50
35

100
61

149
110

198
159

215
209

254
259

304
308

354
358

404
408

454
458
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Wl odd

W2_odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2_odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2_odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2_odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

————————————————————————— TG--------CGCGGACM-GT----
——————————————————————— GYYT--------CGGAGACACGT----
TGATAGAGCTTTTCGAGTTACCAGTTGAGGCTAAACAGAGAAACGTGTCT
TGATAGAGCTTTTCGAGTTACCAGTTGAGGCTAAACAGAGAAACGTGTCT

CCGAAACCTTACACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCT
CCGAAACCTTACACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCT

——————————————————————————————— TTTAGC-------CTCA-C
——————————————————————————————— GTTAGC-------CTCA-C
——————————————————————————————— TTTAGC-------CTCAAC
AGGGATCCAGGATTCCAATGTTTTGGAGAAAGTTAACGAATTTACTCAAC
AGGGATCCAGGATTCCAATGTTTTGGAGAAAGTTAACGAATTTACTCAAC

* Kk Kk K * Kk kK Kk
TG-——————————————— - GTAAC--————————————————————— C
TG-—————————————————- GKWAC--———————————————————— TC
TG-—————————— GTAAC--———=——————————— - TC
TGCTACGCCCTGATTGTGAGGGTAACAAGACTATGAGGTAACGTCATGTC
TGCTACGCCCTGATTGTGAGGGTAACAAGACTATGAGGTAACGTCATGTC
* % * * % *
SAAAAG---—--- CTC--TA-—-—-- TCATGG-———=—-—————————--—-=
GARAAG--—---— CTC--TA-—--- TCATGG-———=—————==————————
GAAAAG--—---- CTC--TA-—--- TCATGG-———-—-——————————-—=

AAAAAAAAAAAAACTCAGTAATGCTTCATAGAGTAAATTAATTGTTCGTA
GAAAAAAAAAA--CTCAGTAATGCTTCATAGAGTAAATTAATTGTTCGGA

* Kk kx * K * * x *x Kk kK Kk

————————————————— CATCCAAAAC-----—-TGACTTCTTA--AGCT
————————————————— CATCCAAAAC-------TGACTTCTTA--AGCT
————————————————— CATCCAAAAC-----—--TGACTTCTTA--AGCT

AATTCCTGTTAATCTTTCATCAAAAATATTTTCGTAACTTTTTGCTAGTT
AATTCCTGT-AATCTT-CATCAAAAATATTT-CGTAACTTTTTGCTAGTT

kKkKkKk KKk Kk * kkkk k% * Kk Kk

CTTCT----—--——-——- GACW-—-CTCTAT--——-——=———————————
CTTCT---———-—————- GACA-—-CTCTAT--—————————————————
CTTCT---——--——-——- GACA-—-CTCTAT--——-——————————————

GTTTTTCATAAGTTATGTGACAAATTTCTATAAAAAACCTTGTTTTTATC
GTTTT-CATAAGGTATGTGACAAATTTCTATAAAAA-CCTTGTTTTTATC

* kK * KK * ok kKK

—————————————————————————————— CATATGACA-------———-
—————————————————————————————— CATATGACA--------—-~
—————————————————————————————— CATATGACA-------———=
TTTATTTTTTTGGAAAAATGTTAGTTCACTCATATAGTAATGAACTGAAR
TTTATTTTTTTGGAAAAATGTTAGTTCACTCATATAGTAATGAACTGAAA
* Kk ok kK *

———————————— CCTCA-——========————=——————————————-AAA
———————————— CCTCA-———=—=—====———————————————————-AAA
———————————— CCTCA-———————————————————————————__AMA
TTTTGTTTTCAATCTCACGTTTCACGCATTTTTTTTTGTTTCTATTAAAA
TTTTGTTTTCAATCTCACGTTTCACGCATTTTTTTTTGTTTCTATTAAAA

* Kk kK * kK
GCGCCGRA— === = === ——m oo oo s
GCGCCGTA—— === ===~ ——mm— G
GCGCCGTA—— === === ———mmm G

TAGCTATATAAATTTT-CTTTGTGTTGAAAACAGCGAAACGATCCAGAAG
TAGCTATATAAATTTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAAG

* % *

12
15

504
508

18
21

554
558

29
32
14
604
608

37
41
23
654
658

54
58
40
704
706

78
82
64
754
753

93
97
79
804
801

102
106
88

854
851

110
114
96

904
901

119
123
105
953
951
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W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2_odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2_odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2_odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd
W2_odd

TCTKCA-————————mmm e
TCTTCA————————mmm e
TCT T C A== = — e e e e e e
TTTTCAGAGAAGTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCAT
TTTTCAGAGAAGTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCAT

* Kk k%

--RGAGCTYT---ACGGACATC-——-—-—-—-—-——-—-— ACTCCTCACTTCAAC--
--AGAGCTTT---ACGGACATC-—————————-— ACTCCTCACTTCAAC--
--AGAGCTTT---ACGGACATC-——————————— ACTCCTCACTTCAAC--

AGAGAGCTTTGGGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGA
AGAGAGCTTTGGGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGA

kKR Kk Kk * * Kk kK * Kk kkkkKk * kK k Kk Kk
----CCACTT----CT---———--——==-— CACCTCCTGGTTTT----—-
----CCACTT----CT---——==-——==-— CACCTCCTGGTTTT----—-
—===CCACTT----CT---——=—————==—— CACCTCCTGGTTTT------

ATTACCGTTTGCGACTGATGAAGTATGTAGCACCACCTGATGTTGATGCT
ATTACCGTTTGCGACTGATGAAGTATGTAGCACCACCTGATGTTGATGCT

* K * K * K khkkk khkkk Kk kK

AATGTTGCGGTCAGTACTAAAGATTCTGTTGATGGTGCTAATACGAATAC
AATGTTGCGGTCAGTACTAAAGATTCTGTTGATGGTGCTAATACGAATAC

AACTGCTAACGCTGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTC
AACTGCTAACGCTGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTC

———————————————————————— AGGGT------------—---TTGGT
———————————————————————— AGGGT------------—---TTGGT
———————————————————————— AGGGT-------—----—---TTGGT

ATATTGATGACGATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGT
ATATTGATGACGATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGT

* ok ok kK Kk k kK

ACCAATCATAATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAA
ACCAATCATAATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAA

GTCTAATGTCGACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTG
GTCTAATGTCGACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTG

CTGATGTTAACATTGGCACTATTGCTGATGTTAAGGCTAATACTGGTACT
CTGATGTTAACATTGGCACTATTGCTGATGTTAAGGCTAATACTGGTACT

CGTACTAGTGCTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGG
CGTACTAGTGCTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGG

————————————— GAGA--—=-—=-—=—=——————————————-GATAGA-
————————————— GAGA--—-——-———————————————————GATAGA-

157
161
143
1053
1051

179
183
165
1103
1101

1153
1151

1203
1201

189
193
175
1253
1251

191
195
177
1303
1301

1353
1351

1403
1401

1453
1451

201
205
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W3_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2_odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2_odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2_odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

W1l odd

W2 odd

W3 odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd

W2 odd

W3_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

Wl odd
W2_odd
W3 odd
BoBroccoliNullAlleleGenomicDNA

————————————— GAGA---——-—-————-—————————————GATAGA-
CGCAGATGATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAA-
CGCAGATGATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAAA
* Kk kK *kkKk K
—————— TGAC----———-——————————————————————TGGAAGT----
—————— TGAC---——————————————————————————TGGAAGT----
—————— TGAC----——=——=—=—=—————————————————TGGAAGT----

-CCTTTTGACGGTGCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTA
ACCTTTTGACGGTGCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTA

* Kk Kk Kk KAk KKk kK

ACCAAAGATGAAAAGTGGATCAGGTTAAAACCATCTCATAACTCTTTCGT
ACCAAAGATGAAAAGTGGATCAGGTTAAAGCCATCTCATAACTCTTTCGT

* kK * Kk kk * K

TGTTATGGCTGGAGATTCTCTATATGTAAGTTCTAACTTATTTTATTTTT
TGTTATGGCTGGAGATTCTCTATATGTAAGTTCTAACTTATTTTATTTTT

———————— TGCACC--——---—==--——==————CATT----————————-
———————— TGCACC--———-——==-————————CATT-—--————-———-
———————— TGCACC--—==---—====——=————CATT——-—————————-
AAATGGGATGCACCATAATATCTTAATTGCGATCATCATAATAATCATAA
AAATGGGATGCACCATAATATCTTAATTGCGATCATCATAATAATCATAA
* Kk k kK k * KKk
CTTTTYK-——————————————————mm o= TC-—---CTTT
CTTTTTT-———=———=—==——————————————— o TC----CTTT
CTTTTTT-————————=————————————————— o= TC----CTTT
CTTTTTTATGATATATATTATAACTTTATGATATACATATTCATAACTTT
CTTTTTTATGATATATATTATAACTTTATGATATACATATTCATAACTTT
* Kk ok kK * * * Kk Kk Kk
—=GGTGCAAAT == —— == == ——m— oo cc
—=GGTGCAAAT —— = === == === —— - —m cc
—=GGTGCAAAT ————— == === —————mmm cc

ATGATATAAATATTACATAATTCACCTTTTTATTATTTCTTATCACTTTC

ATGATATAAATATTACATAATTCACCTTTTTATTATTTCTTATCACTTTC

* ok kkkk *
AAAAATATAT-—————— TYA-TAAAAKGTTAAT----TAGCTTTATATTT
AAAAATATAT-—————— TTA-TAAAATGTTAAT----TAGCTTTATATTT
AAAAATATAT-—————— TTA-TAAAATGTTAAT----TAGCTTTATATTT

ACAAATGCATGTCGACGTTACTAAAGTGTTTATACATTAACATTATGTTT
ACAAATGCATGTCGACGTTACTAAAGTGTTTATACATTAACATTATGTTT

* kk k% * K * ok kk kK KAk Kk kK KKk kA kkkKk kk Kk
T-——————————— AACCC————————mm—mmmmmmmm o
I AACCC————————mm——mmm e
T-——mmm——— - AACCC————————————mmmmmmm oo

TCTTCTCATCATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCA
TCTTCTCATCATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCA

* * k%

GGCACTTATGAATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAA
GGCACTTATGAATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAA

= GRARAAGAAA -~ ——mmmmm oo
= GRARAAGAAA -~ —————mm oo
== GRARAAGAAA -~ —— - - m e m o
CGGAAAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAAC

187
1502
1501

212
216
198
1551
1551

223
227
209
1601
1601

1651
1651

233
237
219
1701
1701

246
250
232
1751
1751

257
261
243
1801
1801

295
299
281
1851
1851

301
305
287
1901
1901

1951
1951

309
313
295
2001
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CGGAAAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAAC

Kk ok Kk ok Kk k kK

GGAGATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCC
GGAGATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCC

ACGTCTCTTCAAATCATTCACTTACGTTGACTTGATGAGTTTCTATCACA
ACGTCTCTTCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACA

CTGAGGCTGGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTC
CTGAGGCTGGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTC

——————————————————————————————————————————— ATRTTTA
——————————————————————————————————————————— ATGTTTA
——————————————————————————————————————————— ATGTTTA
TCTGGAGCATAAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTA
TCTGGAGCATAAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTA

* Kk Kk kK

AGTAGTTTCATGGTTCAACTAATATCAAGAACTGCATGTAGTACTAAA-T
AGTAGTTTCATGGTTCAACTAATATCAAGAACTTCATGTAGTACTAAAAT

* kK

AAGAGTTTTTGGATTAGTTGAGTATATGTGTTTTATTTCGGGAGAAGCAA
AAGAGTTTTTGGATTAGTTGAGTATATGTGTTTTATTTCCGGAGAAGCAA

———————— CTCTTT--——--——-AATCA--————————————————————
———————— CTCTTT---—--—--AATCA--————————————————————
———————— CTCTTT---—--—--AATCA--————————————————————

TCAAGTCTCTCTTTTGTATGAAAAATCAATAAAA-ATATGTGTATGAGCA
TCAAGTCTCTCTTTTGTATGAAAAATCAATAATGTGTATGTGTATGAGCA

* Kk ok ok kK * Kk ok kK

TGTTCAATAATGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTC
TGTTCAATAATGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTC

* Kk kK Kk

AAGATCGTAAATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAA
AAGATCGTAAATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAA

ACTAAATTAAATTCATTTTTTTTTATAAAAAAATACTAGTTTAATTTCAG
ACTAAATTAAATTCATTTTTTTTTCTAAAAAAATACTAGTTTAATTTCAG

*kk Kk kK

2001

2051
2051

2101
2101

2151
2151

316
320
302
2201
2201

321
325
307
2250
2251

2300
2301

332
336
318
2349
2351

338
342
324
2399
2401

2449
2451

346
350
332
2499
2501

100
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W3 odd
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W1l odd
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BoBroccoliNullAlleleGenomicDNA
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———————————————————— AACAT-TAAAAAC-—--—---—--—--TCA
———————————————————— AACAT-TAAAAAC----—---—---—--TCA
———————————————————— AACAT-TAAAAAC-—--—---—--—--TCA

GAGATGGGAAACGAGTGTGGAACATATAAAAACTGGTGTTTGCGATTTCA
GAGATGGGAAACGAGTGTGGAACATATAAAAACGGGTGTTTGCCATTTCA

kKkkhkhkk KAk kkkKk * kK

AACATTAAACGCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCG

AACATTAAACGCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCG
* KK * * KAk Kk kK

——————————— GAGTT---——--—————=————————————————TTTCTT

——————————— GAGTT---—--——-———————————————————TTTCTT

——————————— GAGTT---—=--—=—=——=————————————————TTTCTT

ACAGTGGTTTTGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTT

ATAGTGGTCTTGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTT

* Kk ok k * Kk k Kk
TGATT-CAAAA-—--GAGATC-———————————————————————————_
TGATT-CAAA--—-- GAGATC-——=——————————————m——m =
TGATT-CAAA--—-- GAGATC-————————————————— =

TGTTTGCAAAATGCCAAAATCGTAAATAGTAGTAAATTAGTAATGTTATT
TGTTTGCAAAATGCCAAAATCGTAAATAGTA---AATTAATAATGTTATT

Kk kK Kk kKk *  kk Kk

TAAAGTTTGACTGGTTTAATTGCAGTAGGTGTATGTGCTGTGGTCCAAAA
TAAAGTTTGACCGGTTTACTTGCAATAGGTGTATGTGCTGTGGTCCAAAA

* KK *  kk Kk

ATTAGTGAAACGAATAATT-CAATTGTAAATTAGTAATGTTATTTAAAAT
ATTAGTGAAACTAATAATTACAATTGTAAATTAGTAATGTTATTTAAAAT

ATAGACATGCATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAA
ATAGACATGCATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAA

GTGCCAACTCTCTTCTTATGAACAACGTTACAAATTAGGACCGGCTTGGG
GTGCCAACACTCTTCTCATGA-————————===—————————————————

361
365
347
2549
2551

379
382
364
2599
2601

390
393
375
2649
2651

406
408
390
2699
2698

414
420
407
2749
2748

2798
2798

2848
2848
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PSB band 1, band 2 - odd12/0dd48 primers amplification
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PSB1 odd
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PSB1 odd
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PSB1 odd
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PSB1 odd

PSB2_odd
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PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_ odd

————————————————————————————————————— AAGAA--AACCAG
ACTTTCTCAGTACGGAAGCAAAAAAAAAACTAAGGAAAAGAA--AACCAG
————————————————————— AAAAAAACCTAAGGAAAAGAA--AACTAG
—————————————————————————————————— GTTTAGCCTCAACTGG

* K * kK *

~=~CTTGATCTCTTTGAATCAAAGAAAA-———==——====—==———————
~=~CTTGATCTCTTTGAATCAAAGAAAA-———=————=—==———=———————
---CTTGATCTCTTTGAATCAAAGAAAACTCCAAAGGTAATTTTGGTAAA
TAACTCGAAAGCTCT-~ATCATGGCA-———==========—===——————

* Kk kK * Kk K * Kk kK *x K%

————————— ACTCCAAAGGTAGTTGT-CTTATGAGTTTTTAATGTTTTCT
————————— ACTCCAAAGGTAGTTGT-CTTATGAGTTTTTAATGTTTTCT
ATGTTAAATACTCCAAAGGTAGTTTTTCTTATGAATTTTGAATGTTT-CT

——————————— TCCAAAACTGACT-T-CTTAAGCTCTTCTGACACTCTAT
KKk kKKK * *x ok kkkk K * K * * *
TTTGTTGTGA-TGATTAAAGAGCTA----CTTAAACATTTTCTTTCGGGT
TTTGTTGTGA-TGATTAAAGAGCTA----CTTAAACATTTTCTTTCGGGT
TTTGTTGTGGGTGATTAAAGAGTTA----CTTAAATATTTTCTTTCGGGT
CATATGACACCTCA--AAAGCGCCGTAGTCTTCAAGAGCTT--TACGGAC

* K *x X% Kk Kk Kk Kk Kk kkKk kk ok * K *x kK%K
T e T
TARAAT A —— == == — = T
TAAAATAAAGCTAATTAATTAGTTTACTAAAAAAAAATTAAAAAAAAAAT
ATCACTCC-——— === == —————m o m oo T
*x X% *

AAAGCTAATTAACATTTTATAAATATATTTTT--GGATTTGCACCAAAGG
AAAGCTAATTAACATTTTATAAATATATTTTT--GGATTTGCACCAAAGG
AAAGCTAATTAACATTTTATGAATATATTTTTTTGGATTTGCACCAAAGG
CACTTCAACCCACTTCTCACCTCCTIGGTTTTA--GGGTTTGGTCCGAGAG

* * K Xk K kK * Kk kK *k kKKK kK K *

AAAAAAAGAATGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTC
AAAAAAAGAATGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTC
CGAAAA-GAATGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTC
ATAGAT-GACTGGAAGTTGAGGAGTGTCTGCACCCATTCTTTTTTTCCTT

* K kK Kk K * * K * K * kkk kk Kk Kk Kk * K

GGAC-CAAACCCTAAAACCAGGAGGTGAGAAGTGGGTTGAAGTGAGGAGT
GGAC-CAAACCCTAAAACCAGGAGGTGAGAAGTGGGTTGAAGTGAGGAGT
GGAC-CAAACCCTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGT
TGGTGCAAATCCAAAAATATATTTATAAAATGTTAATTAGCTTTATATTT

* kkhkkk kk kkAkkKk *x ok Kk k% * K * K *

GATGTCCGTAA--AGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATAT
GATGTCCGTAA--AGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATAT

GATGTCCGTAA--AGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATAT
TA-ACCCGAAAGAAAATGTTTAAG--TA-—--GCTCTTTAATCATCACA-
* KKk Kk kK * *  kk kKK * K *kk KAk Kk * Kk Kk K
GATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGA--—-TGCCATGA
GATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGA--—--TGCCATGA
GATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGA--—-TGCCATGA
-ACAAA---—- AGAAAACATTAAAAACTCA---TAAGACAACTACCTT--
*x k% KKk KkKk K kkkk kk kKK * * K * kk X

TAGAGCTTTTC---GAGTTACCAGTTGAGGCTAAACAGA-——————————

50

11
98
27
16

36
123
74
40

76
163
123
77

121
208
169
123

129
216
219
132

177
264
269
180

227
314
318
229

276
363
367
279

324
411
415
321

370
457
461
360
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PSB1 odd

PSB2_ odd

TAGAGCTTTTC---GAGTTACCAGTTGAGGCTAAACAGAGAAACGTGTCT
TAGAGCTTTTC---GAGTTACCAGTTGAGGCTAAACAGAGAAACGTGTCT
TGGAGTTTTTCTTTGATTCA--AA--GAGATCAAGCTGGTTTTC-—————

* kkk Kk Kk k%K R S 4 * * kK * Kk kK K

CCGAAACCTTACACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCT
CCGAAACCTTACACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCT

AGGGATCCAGGATTCCAATGTTTTGGAGAAAGTTAACGAATTTACTCAAC
AGGGATCCAGGATTCCAATGTTTTGGAGAAAGTTAACGAATTTACTCAAC

TGCTACGCCCTGATTGTGAGGGTAACAAGACTATGAGGTAACGTCATGTC
TGCTACGCCCTGATTGTGAGGGTAACAAGACTATGAGGTAACGTCATGTC

AAAAAAAAAAAAACTCAGTAATGCTTCATAGAGTAAATTAATTGTTCGTA
GAAAAAAAAAACTCAGTAATGCTTCATAGAGTAAATTAATTGTTCGGAAA

AATTCCTGTTAATCTTTCATCAAAAATATTTTCGTAACTTTTTGCTAGTT
TTCCTGTAATCTTCATCAAAAATATTTCGTAACTTTTTGCTAGTTGTTTT

GTTTTTCATAAGTTATGTGACAAATTTCTATAAAAAACCTTGTTTTTATC
CATAAGGTATGTGACAAATTTCTATAAAAACCTTGTTTTTATCTTTATTT

TTTATTTTTTTGGAAAAATGTTAGTTCACTCATATAGTAATGAACTGAAA
TTTTGGAAAAATGTTAGTTCACTCATATAGTAATGAACTGAAATTTTGTT

TTTTGTTTTCAATCTCACGTTTCACGCATTTTTTTTTGTTTCTATTAAAA
TTCAATCTCACGTTTCACGCATTTTTTTTTGTTTCTATTAAAATAGCTAT

TAGCTATATAAATTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAAGT
ATAAATTTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAAGTTTTCAG

TTTCAGAGAAGTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATA
AGAAGTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCATAGAGAGC

GAGAGCTTTGGGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAA
TTTGGGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGAATTACCG

504
508
400

554
558

604
608

654
658

704
708

754
758

804
808

854
858

904
908

954
958

1004
1008

1054
1058
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TTACCGTTTGCGACTGATGAAGTATGTAGCACCACCTGATGTTGATGCTA
TTTGCGACTGATGAAGTATGTAGCACCACCTGATGTTGATGCTAATGTTG

ATGTTGCGGTCAGTACTAAAGATTCTGTTGATGGTGCTAATACGAATACA
CGGTCAGTACTAAAGATTCTGTTGATGGTGCTAATACGAATACAACTGCT

ACTGCTAACGCTGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCA
AACGCTGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTCATATTGA

TATTGATGACGATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTA
TGACGATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGTACCAATC

CCAATCATAATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAG
ATAATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAAGTCTAAT

TCTAATGTCGACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGC
GTCGACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTGCTGATGT

TGATGTTAACATTGGCACTATTGCTGATGTTAAGGCTAATACTGGTACTC
TAACATTGGCACTATTGCTGATGTTAAGGCTAATACTGGTACTCGTACTA

GTACTAGTGCTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGC
GTGCTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGGCGCAGAT

GCAGATGATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAACC
GATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAAAACCTTTT

TTTTGACGGTGCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACC
GACGGTGCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTAACCAAAG

AAAGATGAAAAGTGGATCAGGTTAAAACCATCTCATAACTCTTTCGTTGT
ATGAAAAGTGGATCAGGTTAAAGCCATCTCATAACTCTTTCGTTGTTATG

TATGGCTGGAGATTCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAA
GCTGGAGATTCTCTATATGTAAGTTCTAACTTATTTTATTTTTAAATGGG

1104
1108

1154
1158

1204
1208

1254
1258

1304
1308

1354
1358

1404
1408

1454
1458

1504
1508

1554
1558

1604
1608

1654
1658
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TGGGATGCACCATAATATCTTAATTGCGATCATCATAATAATCATAACTT
ATGCACCATAATATCTTAATTGCGATCATCATAATAATCATAACTTTTTT

TTTTATGATATATATTATAACTTTATGATATACATATTCATAACTTTATG
ATGATATATATTATAACTTTATGATATACATATTCATAACTTTATGATAT

ATATAAATATTACATAATTCACCTTTTTATTATTTCTTATCACTTTCACA
AAATATTACATAATTCACCTTTTTATTATTTCTTATCACTTTCACAAATG

AATGCATGTCGACGTTACTAAAGTGTTTATACATTAACATTATGTTTTCT
CATGTCGACGTTACTAAAGTGTTTATACATTAACATTATGTTTTCTTCTC

TCTCATCATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCAGGC
ATCATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCAGGCACTT

ACTTATGAATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAACGG
ATGAATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAACGGAAAG

AAAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGA
AAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAACGGAGATT

GATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACG
ACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCCACGTCTC

TCTCTTCAAATCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTG
TTCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACACTGAGGC

AGGCTGGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCT
TGGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTCTCTGGAG

GGAGCATAAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTAAGT
CATAAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTAAGTAGTT

AGTTTCATGGTTCAACTAATATCAAGAACTGCATGTAGTACTAAATAAGA
TCATGGTTCAACTAATATCAAGAACTTCATGTAGTACTAAAATAAGAGTT

1704
1708

1754
1758

1804
1808

1854
1858

1904
1908

1954
1958

2004
2008

2054
2058

2104
2108

2154
2158

2204
2208

2254
2258
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BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

PSB2_ odd

GTTTTTGGATTAGTTGAGTATATGTGTTTTATTTCGGGAGAAGCAATCAA
TTTGGATTAGTTGAGTATATGTGTTTTATTTCCGGAGAAGCAATCAAGTC

GTCTCTCTTTTGTATGAAAAATCAATAAAAATATGTGTATGAGCATGTTC
TCTCTTTTGTATGAAAAATCAATAATGTGTATGTGTATGAGCATGTTCAA

AATAATGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTCAAGAT
TAATGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTCAAGATCG

CGTAAATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAAACTAA
TAAATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAAACTAAAT

ATTAAATTCATTTTTTTTTATAAAAAAATACTAGTTTAATTTCAGGAGAT
TAAATTCATTTTTTTTTCTAAAAAAATACTAGTTTAATTTCAGGAGATGG

GGGAAACGAGTGTGGAACATATAAAAACTGGTGTTTGCGATTTCAAACAT
GAAACGAGTGTGGAACATATAAAAACGGGTGTTTGCCATTTCAAACATTA

TAAACGCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCGACAGT
AACGCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCGATAGTGG

GGTTTTGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTTTGTTT
TCTTGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTTTGTTTGC

GCAAAATGCCAAAATCGTAAATAGTAGTAAATTAGTAATGTTATTTAAAG
AAAATGCCAAAATCGTAAATAGTAAATTAATAATGTTATTTAAAGTTTGA

TTTGACTGGTTTAATTGCAGTAGGTGTATGTGCTGTGGTCCAAAAATTAG
CCGGTTTACTTGCAATAGGTGTATGTGCTGTGGTCCAAAAATTAGTGAAA

TGAAACGAATAATTCAATTGTAAATTAGTAATGTTATTTAAAATATAGAC
CTAATAATTACAATTGTAAATTAGTAATGTTATTTAAAATATAGACATGC

ATGCATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAAGTGCCA
ATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAAGTGCCAACAC

2304
2308

2354
2358

2404
2408

2454
2458

2504
2508

2554
2558

2604
2608

2654
2658

2704
2708

2754
2758

2804
2808

2854
2858
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BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
PSB1 odd

PSB2_odd
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

PSB1 odd

ACTCTCTTCTTATGAACAACGTTACAAATTAGGACCGGCTTGGGCAAAAC
TCTTCTCATGA ——— === === = ——— oo

2904
2869
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DHAG1012 band 1, band 2 - odd12/0dd48 primers amplification

DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

———————————————————————————— ACTAAGGGAAAAGAAAACYAGC
ACTTTCTCAGTACGGAAGCAAAAAAAAAACTAAGG-AAAAGAAAACCAGC
—————————————————————— AAAAAAACCTAAGGAAAAGAAAACTAGC
———————————————————————————— MC--ASG----TGTTCTCTGGT

* * K * * *

TTGATCTCTTTG--AATCAAAGAAAA-———————————————————————
TTGATCTCTTTG-—AATCAAAGAAAA-———————————————————————
TTGATCTCTTTG--AATCAAAGAAAACTCCAAAGGTAATTTTGGTAAAAT
TTAGCCTCACTGGTAACTCGAAAAGCTCTATCATG-———————-———--—

* x * Kk Kx * K * x * Kk x

——————— AC-TCCAAAGGTAGTTKT-CTTATGARTTTTTAATGTTTTCTT
——————— AC-TCCAAAGGTAGTTGT-CTTATGAGTTTTTAATGTTTTCTT
GTTAAATAC-TCCAAAGGTAGTTTTTCTTATGAATTTTGAATGTTT-CTT

——————— GCATCCAAAACTGACTT--CTTAAGCTCTTCTGACACTCTATC
* kK k Kk kKK * * Kk Kk kK Kk * x * * *
TTGTTGTGA-TGATTAAAGAGCTA---~-CTTAAACATTTTCTTTCGGGTT
TTGTTGTGA-TGATTAAAGAGCTA-——-CTTAAACATTTTCTTTCGGGTT
TTGTTGTGGGTGATTAAAGAGTTA--—-CTTAAATATTTTCTTTCGGGTT

ATATGACACCTCA--AAAGCGCCGTAGTCTTCAAGAGCT--TTACGGACA

*x  x * K kX kkk K kKK Kk K * * Kk kKK
AAAATA - ——— = A
AARATA— ————— A
AAAATAAAGCTAATTAATTAGTTTACTAAAAAAAAATTAAAAAAAAAATA
71 TC

* K *

AAGCTAATTAACATTTTATAAATATATTTTT--GGATTTGCACCAAAGGA
AAGCTAATTAACATTTTATAAATATATTTTT--GGATTTGCACCAAAGGA
AAGCTAATTAACATTTTATGAATATATTTTTTTGGATTTGCACCAAAGGC
ACTTCAACCCACTTCTCACCTCCTGGTTTTA--GGGTTTGGTCCGAGAGA

* * K Kk kK Kk K * Kk Kk Kk K’k KKk kK * Kk Kk *

AAAAAAGAATGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCG
AAAAAAGAATGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCG
GAAAA-GAATGGGTGCAGACACTCCTCAACTTCCAGTCATCTATCTCTCG
TAGAT-GACTGGAAGTTGAGGAGTGTCTGCACCCATTCTTTTTTTCCTTT

*x  x * Kk kKK * * x * x * *kkk Kk Kk Kk X * K

GAC-CAAACCCTAAAACCAGGARGTGAGAAGTGGGTTGAAGTGAGGAGTG
GAC-CAAACCCTAAAACCAGGAGGTGAGAAGTGGGTTGAAGTGAGGAGTG
GAC-CAAACCCTAAAACCAGGAAGTGAGAAGTGGGTTGAAGTGAGGAGTG
GGTGCAAATCCAAAAATATATTTATAAAATGTTAATTAGCTTTATATTTT

* kkkk Kk kkk*k * Kk kK k% * x * K *

ATGTCCGTAA--AGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATATG
ATGTCCGTAA--AGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATATG
ATGTCCGTAA--AGCTCTTGAAGACTACGGCGCTTTTGAGGTGTCATATG
A-ACCCGAAAGAAAATGTTTAAG--TA----GCTCTTTAATCATCACA--

* * Kk Kk KX * * kk kX% * x kK Kk Kk * kK K

ATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGA----TGCCATGAT
ATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGA----TGCCATGAT
ATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGA----TGCCATGAT
ACAAA-—-——— AGAAAACATTAAAAACTCA---TAAGACAACTACCTT--T

* Kk K Kk Kk Kk Kk Kk kkkk kk kK%K * * x * kk K *

50

22
99
28
16

46
123
76
51

87
164
124
92

132
209
170
138

140
217
220
147

188
265
270
195

238
315
319
244

287
364
368
294

335
412
416
335

381
458
462
375
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DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

DHAG1012 1
BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
DHAG1012 2

AGAGCTTTTC---GAGT-ACCAGT--GAGCT-AMACAGAGAA-CKTBC--
AGAGCTTTTC---GAGTTACCAGTTGAGGCT-AAACAGAGAAACGTGTCT

AGAGCTTTTC---GAGTTACCAGTTGAGGCT-AAACAGAGAAACGTGTCT
GGAGTTTTTCTTTGATT---CAAA--GAGATCAAGCTGG--—--TTTTCT-
*kk kkkk*k **x K * K * Kk K *x K% *

CCGAAACCTTACACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCT
CCGAAACCTTACACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCT

421
504
508
415

554
558

No more alignment until the end of BoBroccoliNullAlleleGenomicDNA, BoCollardCompleteCDS.
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Savoy band 1 - odd12/0dd48 primers amplification

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

AAAAAAAAAAAATAGAATGTTTCTGTCTATAAATGGGCATTCCATCATTT
AAAAAAACCTAAGGAAAAG-———————— AAAACTAG--—-——- CTTGATCT

TGATCTCTTTGAATCAAAGAAAAACTCCAAAGGTAGTTGT-CTTATGAGT
TAATTTTGGTAAAATGTT-AAATACTCCAAAGGTAGTTTTTCTTATGAAT

TTTTAATGTTTTCTTTTGTTGTGA-TGATTAAAGAGCTACTTAAACATTT
TTTGAATGTTT-CTTTTGTTGTGGGTGATTAAAGAGTTACTTAAATATTT

TCTTTCGGGTTAAAATA- ———————————————————— oo
TCTTTCGGGTTAAAATAAAGCTAATTAATTAGTTTACTAAAAAAAAATTA

————————— TAAAGCTAATTAACATTTTATAAATATATTTTT--GGATTT
AAAAAAAAATAAAGCTAATTAACATTTTATGAATATATTTTTTTGGATTT

GCACCAAAGGAAAAAAAGAATGGGTGCAGACACTCCTCAACTTCCAGTCA
GCACCAAAGGCGAAAA-GAATGGGTGCAGACACTCCTCAACTTCCAGTCA

TCTATCTCTCGGACCAAACCCTAAAACCAGGAGGTGAGAAGTGGGTTGAA
TCTATCTCTCGGACCAAACCCTAAAACCAGGAAGTGAGAAGTGGGTTGAA

GTGAGGAGTGATGTCCGTAAAGCTCTTGAAGACTACGGCGCTTTTGAGGT
GTGAGGAGTGATGTCCGTAAAGCTCTTGAAGACTACGGCGCTTTTGAGGT

GTCATATGATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGATGCCA
GTCATATGATAGAGTGTCAGAAGAGCTTAAGAAGTCAGTTTTGGATGCCA

TGATAGAGCTTTTCGAGTTACCAGTTGAGGCTAAACAGAGAAACGTGTCT
TGATAGAGCTTTTCGAGTTACCAGTTGAGGCTAAACAGAGAAACGTGTCT

CCGAAACCTTACACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCT
CCGAAACCTTACACTGGATATTCAACTCATAATGGTCTCTCTGAGAGTCT
———————————————————————————————————— TTCTCTG----TTT

* Kk kk Kk Kk * X

AGGGATCCAGGATTCCAATGTTTTGGAGAAAGTTAACGAATTTACTCAAC
AGGGATCCAGGATTCCAATGTTTTGGAGAAAGTTAACGAATTTACTCAAC
AGC- === CTCAAC

* % Kk Kk k Kk k Kk

TGCTACGCCCTGATTGTGAGGGTAACAAGACTATGAGGTAACGTCATGTC
TGCTACGCCCTGATTGTGAGGGTAACAAGACTATGAGGTAACGTCATGTC

* K * ok ok kK Kk * K

50
35

100
61

149
110

198
159

215
209

254
259

304
308

354
358

404
408

454
458

504
508

554
558
10

604
608
19

654
658
29
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BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS

AAAAAAAAAAAAACTCAGTAATGCTTCATAGAGTAAATTAATTGTTCGTA

GARAAAAARAA--CTCAGTAATGCTTCATAGAGTARATTAATTGTTCGGA
GCARAAG-—---— CTC--TA-—--- TCATGG-——=—————=——————=————
* Kk Kk Kk * Kk Kk * K Kk kKk Kk

AATTCCTGTTAATCTTTCATCAAAAATATTTTCGTAACTTTTTGCTAGTT
AATTCCTGT-AATCTT-CATCAAAAATATTT-CGTAACTTTTTGCTAGTT
————————————————— CATCCAAAAC-------TGACTTCTTA--AGCT

Kk kK Kk kK * kkxkk k% **x K

GTTTTTCATAAGTTATGTGACAAATTTCTATAAAAAACCTTGTTTTTATC
GTTTT-CATAAGGTATGTGACAAATTTCTATAAAAA-CCTTGTTTTTATC

* Kk Kk Kk * ok kKK

TTTATTTTTTTGGAAAAATGTTAGTTCACTCATATAGTAATGAACTGAAA
TTTATTTTTTTGGAAAAATGTTAGTTCACTCATATAGTAATGAACTGAAA

* ok ok kK *

TTTTGTTTTCAATCTCACGTTTCACGCATTTTTTTTTGTTTCTATTAAAA
TTTTGTTTTCAATCTCACGTTTCACGCATTTTTTTTTGTTTCTATTAAAA

TAGCTATATAAATTTT-CTTTGTGTTGAAAACAGCGAAACGATCCAGAAG
TAGCTATATAAATTTTTCTTTGTGTTGAAAACAGCGAAACGATCCAGAAG
———————————————————————————————————— AAGCG---CCGTAG

* Kk KK * ok k%

TTTTCAGAGAAGTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCAT
TTTTCAGAGAAGTTAGCAGAATTGGATGTAATGGTGAGAAGAATGGTCAT
IO T T A~ == == — ——m——m o

*  kk k%X

AGAGAGCTTTGGGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGA
AGAGAGCTTTGGGATAGAAAACTACTTTGATGAACACCTCAAGTCAACGA
-—-AGAGCTTTACGG----ACATCACT--—-——————— CCTCACTTCAAC--

Kk kkkk kKK * * K * K * * Kk ok kK * Kk Kk kK

ATTACCGTTTGCGACTGATGAAGTATGTAGCACCACCTGATGTTGATGCT
ATTACCGTTTGCGACTGATGAAGTATGTAGCACCACCTGATGTTGATGCT
----CCACTT----CT---——==-——==-— CACCTCCTGGTTTT----—-

* % * % * K khkkk khkkk Kk kK

AATGTTGCGGTCAGTACTAAAGATTCTGTTGATGGTGCTAATACGAATAC
AATGTTGCGGTCAGTACTAAAGATTCTGTTGATGGTGCTAATACGAATAC

AACTGCTAACGCTGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTC
AACTGCTAACGCTGATGCTGGTGATATTGCTAATGGTATTGCTAAAGTTC

ATATTGATGACGATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGT
ATATTGATGACGATGCTAATGCCAAGGGTGACGTTTGCACTGGTGTTGGT

ACCAATCATAATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAA
ACCAATCATAATGGTGATGACGTTAATACTGGTGATTGTGCTAATGTTAA

GTCTAATGTCGACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTG
GTCTAATGTCGACGTTGGTACTAATGTTAGTGCTAAATCTAGTGTTGGTG

CTGATGTTAACATTGGCACTATTGCTGATGTTAAGGCTAATACTGGTACT
CTGATGTTAACATTGGCACTATTGCTGATGTTAAGGCTAATACTGGTACT

704
706
47

754
753
71

804
801
86

854
851
95

904
901
101

953
951
112

1003
1001
118

1053
1051
150

1103
1101
172

1153
1151

1203
1201

1253
1251
182

1303
1301
184

1353
1351

1403
1401
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SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

CGTACTAGTGCTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGG
CGTACTAGTGCTAATGTTGGCGTTAGTGATAGTGTTAAAGCTAATGGTGG

CGCAGATGATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAA-

CGCAGATGATGAGGAGAAGAAATTAGGTCTACCTTCTCATACTGATAAAA
————————————— GAGA--—=-—=-—=—=———————————————GATAGA-
* % k% * Kk kk Kk

~CCTTTTGACGGTGCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTA
ACCTTTTGACGGTGCTTTATCAATATGAGATTGAAGGTTTGGAGGTGTTA
—————— TGAC---——————————————————————————TGGAAGT----

KAk KKk kK

ACCAAAGATGAAAAGTGGATCAGGTTAAAACCATCTCATAACTCTTTCGT
ACCAAAGATGAAAAGTGGATCAGGTTAAAGCCATCTCATAACTCTTTCGT

* kK * Kk kK

TGTTATGGCTGGAGATTCTCTATATGTAAGTTCTAACTTATTTTATTTTT
TGTTATGGCTGGAGATTCTCTATATGTAAGTTCTAACTTATTTTATTTTT

AAATGGGATGCACCATAATATCTTAATTGCGATCATCATAATAATCATAA
AAATGGGATGCACCATAATATCTTAATTGCGATCATCATAATAATCATAA

CTTTTTTATGATATATATTATAACTTTATGATATACATATTCATAACTTT
CTTTTTTATGATATATATTATAACTTTATGATATACATATTCATAACTTT
CTTTTTT-—————=————————————————— TC----CTTT

Kk Kk k kK kK * K * Kk Kk Kk

ATGATATAAATATTACATAATTCACCTTTTTATTATTTCTTATCACTTTC
ATGATATAAATATTACATAATTCACCTTTTTATTATTTCTTATCACTTTC
—=GGTGCAAAT ————— == === — == cc

* K * Kk ok k *

ACAAATGCATGTCGACGTTACTAAAGTGTTTATACATTAACATTATGTTT
ACAAATGCATGTCGACGTTACTAAAGTGTTTATACATTAACATTATGTTT
AAAAATATAT-—————— TTA-TAAAATGTTAA----TTAGCTTTATATTT

*  kk Kk * K KAk khkkk khkkk K khkk kA Ak kk KKK

TCTTCTCATCATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCA
TCTTCTCATCATGAATCTTGTGTTGGTTTTTTTATTATTATTTTTTTGCA

GGCACTTATGAATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAA
GGCACTTATGAATGGTAGACTATCTCGTCCGTTTCATAGAGTAAGAGTAA

CGGAAAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAAC
CGGARAGAAAGAAGACAAGGTATTCAATAGCATTGTTCTCGACTCCAAAC
= GAAAGAAA——— = ——mm e m o m oo

*kkkkkkk*k

GGAGATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCC
GGAGATTACATCATCGAACCACCAAAAGAGCTTGTGGACGAGAAGCACCC

ACGTCTCTTCAAATCATTCACTTACGTTGACTTGATGAGTTTCTATCACA
ACGTCTCTTCAAACCATTCACTTACGTTGACTTGATGAGTTTCTATCACA

1453
1451

1502
1501
194

1551
1551
205

1601
1601
214

1651
1651
217

1701
1701
226

1751
1751
239

1801
1801
250

1851
1851
288

1901
1901
294

1951
1951

2001
2001
302

2051
2051

2101
2101
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BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_ odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV_odd

BoBroccoliNullAlleleGenomicDNA
BoCollardCompleteCDS
SAV odd

BoBroccoliNullAlleleGenomicDNA

CTGAGGCTGGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTC
CTGAGGCTGGTCGTAGACCTCGTTCTACTCTTCACGCTTATTGTGCCGTC

TCTGGAGCATAAATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTA
TCTGGAGCATARATGTGTGCGCTTACTTACGAGAGTTTCAACAATGTTTA
——————————————————————————————————————————— ATGTTTA

K’k Kk kk kK

AGTAGTTTCATGGTTCAACTAATATCAAGAACTGCATGTAGTACTAAA-T
AGTAGTTTCATGGTTCAACTAATATCAAGAACTTCATGTAGTACTAAAAT

AAGAGTTTTTGGATTAGTTGAGTATATGTGTTTTATTTCGGGAGAAGCAA
AAGAGTTTTTGGATTAGTTGAGTATATGTGTTTTATTTCCGGAGAAGCAA

TCAAGTCTCTCTTTTGTATGAAAAATCAATAAAA-ATATGTGTATGAGCA
TCAAGTCTCTCTTTTGTATGAAAAATCAATAATGTGTATGTGTATGAGCA

* ok k kK Kk

TGTTCAATAATGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTC
TGTTCAATAATGTAATGAATTTGGTTGGATCTGTTGGTTCACAAGATGTC

AAGATCGTAAATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAA
AAGATCGTAAATAGGTTAATTAAATAGGTTAATTTCTTCTTCTTTTTTAA

ACTAAATTAAATTCATTTTTTTTTATAAAAAAATACTAGTTTAATTTCAG
ACTAAATTAAATTCATTTTTTTTTCTAAAAAAATACTAGTTTAATTTCAG

kK Kk Kk KKk

GAGATGGGAAACGAGTGTGGAACATATAAAAACTGGTGTTTGCGATTTCA

GAGATGGGAAACGAGTGTGGAACATATAAAAACGGGTGTTTGCCATTTCA
———————————————————— AACAT-TAAAAAC-------—----—--TCA
Xk khkkk Kkkhkkkkk*k * % %

AACATTAAACGCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCG
AACATTAAACGCTAAATAAGTGAATGATTTACTTTCATGTTATCGTAGCG

ACAGTGGTTTTGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTT
ATAGTGGTCTTGAGTCGACATGTAGATCCCCCTTACCTTAGGAATTTGTT
—————————— TAAGACAAC---—--—---—---TACCTTTGGAGTT--TT

* kkx Kk k% kAKhkkkkkk Kkkhkk kK * K

TGTTTGCAAAATGCCAAAATCGTAAATAGTAGTAAATTAGTAATGTTATT
TGTTTGCAAAATGCCAAAATCGTAAATAGTA-——AATTAATAATGTTATT
TCTTTG-——— === === == —m = ATT
* kk k% * % %

TAAAGTTTGACTGGTTTAATTGCAGTAGGTGTATGTGCTGTGGTCCAAAA
TAAAGTTTGACCGGTTTACTTGCAATAGGTGTATGTGCTGTGGTCCAAAA

ATTAGTGAAACGAATAATT-CAATTGTAAATTAGTAATGTTATTTAAAAT

ATTAGTGAAACTAATAATTACAATTGTAAATTAGTAATGTTATTTAAAAT
ATCA-————————————————— oo AGCTGGT---——-——=-————-
* Kk Kk * * Kk x

ATAGACATGCATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAA

2151
2151

2201
2201
309

2250
2251
314

2300
2301

2349
2351
325

2399
2401
331

2449
2451

2499
2501
339

2549
2551
354

2599
2601

2649
2651
378

2699
2698
387

2749
2748
394

2798
2798
405

2848
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ATAGACATGCATTGTCTCATGAACAAAGTGTTTGAAATAGCGATTTGCAA 2848

GTGCCAACTCTCTTCTTATGAACAACGTTACAAATTAGGACCGGCTTGGG 2898

GTGCCAACACTCTTCTCATGA-————————————————————————————

2869
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