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ABSTRACT

Spinach is an important vegetable crop grown in many parts of the world (Correll et al.
2011). It has become increasingly popular due to its nutritional value as it is very high in
antioxidants (Prior, 2003). Spinach production, however, is affected by many biotic stresses.
Downy mildew, caused by Peronospora farinosa f. sp. spinaciae (Pfs), is perhaps the most
important biotic constraint for spinach production worldwide (Correll et al, 1994). As of 2012, 14
races of Pfs have been reported (Correll et al., 2011). The rapid increase of new races is likely a
direct result of substantial changes in spinach production during the past decade, including a rapid
expansion of planted acreage, 12-month per year production cycles, high density plantings,
reduced usage of rotation crops, and possibly the global movement of the pathogen either as
mycelium in seed or as dormant oospores (Inaba and Morinaka, 1984; Inaba et al., 1983).
Very few studies have been published on the genetics of resistance to Pfs. However,
several more recent studies on the genetics of resistance have been conducted and it has been
hypothesized that there are at least six resistance loci (RPF1-RPF6) which control resistance to Pfs
races 1-14 (Correll et al., 2007; 2011; Irish et al., 2008). Irish et al. (2008) also identified a
molecular marker, designated Dm-1, which was closely linked to the resistance locus RPF1. The
Dm-1 marker was a co-dominant marker and the genetic distance between Dm-1 and RPF1 was
estimated to be 1.7 cM. In the current study, efforts were initiated to fine-map the Dm-1 marker
relative to the RPF1 locus. To address this objective, a spinach BAC library that was previously
developed from line NIL1 containing Dm-1 and RPF1 was evaluated. Southern blot hybridizations
identified 19 BAC clones that contained Dm-1. Dm-1 was subsequently confirmed in these 19
clones based on PCR analysis. Out of over 75,000 clones evaluated, BAC-end sequencing was
2

conducted on 14 of the 19 BAC clones and the sequence information was used to develop probes
for Southern hybridizations. Hybridizations with the 28 probes developed were conducted to
identify the BAC-end furthest from the Dm-1 marker. These activities provided important
sequence information about the region surrounding the Dm-1 marker, and refined a protocol to
map and ultimately clone the RPF1 locus through BAC-based chromosome walking combined
with genetic mapping.
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CHAPTER 1

IDENTIFICATION OF BAC LIBRARY CLONES CONTAINING Dm-1

1

INTRODUCTION

Spinach (Spinacia oleracea L.) is a popular and widely consumed vegetable crop around
the world. There were over 16,000 MT of spinach produced in 20 countries in 2007
(http://faostat.fao.org/site/339/default.aspx). China, the E.U., the U.S., Japan, and Turkey are the
top five spinach production areas. Globally, Asia is the largest production area where
approximately 1 million ha are grown. Other large production areas include the E.U., the U.S.,
Japan, and Turkey where approximately 35,000 ha each are grown (Jan de Visser, personal
communication). In the U.S., annual production of spinach is approximately 400,000 metric tons
harvested from approximately 35,000 ha valued at over $200 million (NASS, 2008). Demand for
spinach in convenient, pre-cleaned, and pre-packaged units has increased significantly over the
past decade, which has caused the dramatic changes to the U.S. spinach industry in recent years
(Lucier and Plummer, 2004). In the U.S., there has been an increase of over 200% in fresh market
spinach production between 1987 and 2007, and per capita consumption of fresh market spinach
has increased over 200% between 1995 and 2005 (Irish et al., 2007).
Spinach is a remarkably nutritious vegetable containing high beta carotene and folate, a
rich source of vitamin C, calcium, and iron, and high levels of lutein, a carotenoid that prevents
age-related macular degeneration (Dicoteau, 2000; Morelock and Correll, 2008). Spinach is also an
excellent source of antioxidants (Prior, 2003).
As with most agricultural commodities, diseases impose significant production constraints
on spinach, affecting both yield and overall quality (Correll et al., 1994). Spinach pathogens
include fungi, viruses, bacteria, and nematodes (Correll et al., 1994). Fusarium wilt of spinach,
2

caused by Fusarium oxysporum f. sp. spinaciae, is a serious disease in spinach production (Bassi
and Goode, 1978; Correll et al., 1994). It can devastate a planting and result in 100% crop loss if
not controlled in a field with a high inoculum level (Beckman, 1987). Verticillium wilt of spinach,
caused by Verticillium dahliae, was first reported in United States in 1962 by Snyder and Wilhelm
who documented seed transmission (Snyder et al., 1962). In Canada, Sackston and Sedun (1982)
achieved almost 100% infection of seed harvested from spinach plants inoculated with a
Verticillium spp. Despite these reports of Verticillium as a pathogen of spinach, Verticillium wilt
has not been observed in fresh or processing spinach crops in the United States (Correll et
al.,1994), even when spinach seed is planted into fields heavily infested with V. dahliae from
previous crops (du Toit et al., 2005). However, Verticillium wilt is a disease problem in spinach
seed production (du Toit et al., 2005).
Downy mildew of spinach, caused by Peronospora farinosa f. sp. spinaciae, (Pfs) is one
of the most important spinach diseases and occurs everywhere the crop is grown, including areas
used exclusively for seed production (Correll, et al, 1994). Pfs is an oomycete and an obligate
pathogen. Pfs reproduces asexually by the production of sporangia which are readily windblown.
The sporangia can disperse to leaves of healthy plants by air or rain splash. In cool and wet
conditions, sporangia germinate and infect healthy tissue. After a short latent period, lesions
appear on the surface of leaves. Sexual spores (oospores) of the pathogen have been observed
and are implicated in seed transmission (Inaba and Morinaka, 1984; Inaba et al., 1983), but the
overall importance of oospores in the epidemiology of spinach downy mildew is not well
understood.
Fourteen races of Pfs have been identified (Correll et al, 2011; Irish et al., 2008). With
3

changes in spinach production, such as year-round production in California and the use of much
higher seeding rates and population densities, new races of Pfs have been emerging rapidly. For
example, 11 new races of pathogens were identified between 1990 and 2012 (Irish et al, 2007).
Although spinach consumption and production are rapidly increasing, spinach has been
regarded historically as a minor crop in the U.S and other regions of the world, and the genomic
resources available for spinach are limited relative to many other crops (Correll et al., 2011).
Perhaps not surprisingly, relatively few studies regarding the genetic and molecular basis of
resistance to downy mildew have been conducted in spinach (Irish et al, 2008; Morelock and
Correll, 2008; Correll et al, 2007). Race 1 was first reported in 1824 (Greville, 1824), and
resistance to race 1 was identified in two accessions (PI 140467 and PI 140467) from Iran in 1950
(Smith, 1950). Eight years later, race 2 was first described, and afterward, resistance to race 2
controlled by a single dominant gene was discovered (Smith et al., 1961, 1962). However, this
resistance was later demonstrated to be two closely linked genes rather than a single dominant gene
(Eenink 1974, 1976a, 1976b). After race 3 was identified in 1976, new resistance hybrids were
developed rather quickly. After 1978, several hybrids resistant to race 3 were introduced
(Morelock, 1999).
Inoculation tests are routinely used to identify resistance to downy mildew in spinach
breeding programs (Morelock and Correll, 2008). However, disadvantages of inoculation tests
include that they are labor intensive and time consuming and are subject to specific environmental
conditions. In addition, and maintaining reference isolates of Pfs, which is an obligate pathogen, is
not a trivial matter. Thus, molecular markers linked to downy mildew resistance loci are urgently
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needed to provide a more robust means to expedite the introgression of resistance into advanced
spinach breeding material (Michelmore, 2003).
A total of at least six loci have been hypothesized to control resistance to the 14 known
races of the spinach downy mildew pathogen (Correll et al, 2007; 2011; Irish et al, 2008). One,
locus RPF1, was characterized from a spinach near-isogenic open-pollinated line (NIL1)
developed by crossing the resistant hybrid Lion with Viroflay as the susceptible backcross parent
by four backcross generations, selection of plants resistant to race 6, and three subsequent selfings
(Irish et al., 2008). The RPF1 locus is a single dominant locus and is resistant to multiple races
such as races 1-7, 9, 11 and 13 (Irish et al, 2008).
Molecular markers are fragments of DNA that co-segregate with the gene of interest,
pinpoint the location of desirable genetic traits, or indicate specific genetic differences. There are a
number of different types of molecular markers, including random-amplified polymorphic DNAs
(RAPDs), restriction fragment length polymorphisms (RFLPs), microsatellites, sequence
characterized amplified regions (SCARs), sequence-tagged sites (STS) and inter-simple sequence
repeat amplification (ISA), amplified fragment length polymorphic DNAs (AFLPs) and amplicon
length polymorphisms (ALPs), and Single Nucleotide Polymorphisms (SNPs) (Mohan et al.,
1997). They have been widely used to analyze agronomic traits including resistance to diseases,
insects, nematodes, and abiotic stresses. Molecular markers are also useful tools for gene mapping
(Yu et al., 1991).
The use of DNA markers in plant breeding is called marker-assisted selection (MAS),
whereby a desired phenotype is selected based on the detection of one or more molecular markers
(Bertrand et al., 2008) There are five main considerations for the use of DNA markers in MAS:
5

reliability; quantity and quality of DNA required; technical procedure for marker assay; level of
polymorphism; and cost (Mackill and Ni, 2000). Each of these considerations has important
parameters to consider. Markers should be tightly linked to target loci andpreferably less than 5 cM
genetic distance from the gene of interest. The use of flanking markers or intragenic markers will
greatly increase the reliable prediction of a phenotype. Some marker techniques require large
amounts and high quality DNA, which may sometimes be difficult to obtain in practice, and this
adds to the cost of the procedures. The level of simplicity and the time required for the technique
are critical considerations. High-throughput, simple, and quick methods are highly desirable. The
marker should be highly polymorphic in breeding material (i.e. it should discriminate between
different genotypes), especially in core breeding material. The marker assay must be cost-effective
in order for MAS to be feasible (Bertrand et al., 2008). Thousands of markers, either
morphological or molecular, have been used to construct high-density genetic maps in major
crops, such as maize, rice, and wheat. However, the genetic map of spinach is currently far from
saturated. Groben and Wricke (1998) developed 13 SSR markers based on the spinach sequence
information in Genbank and EMBL databases. Khattak et al. (2006) constructed a genetic map of
spinach with 101 amplified fragment length polymorphism (AFLP) markers and nine single
sequence repeat (SSR) markers. Seven linkage groups were found, with a total length of 585 cM,
and an average distance between the markers of 5.18 cM. The lack of a high-density genetic map
of spinach is due to a shortage of appropriate mapping populations and suitable molecular
markers. A good mapping population requires high levels of variation between parents, and the
population should be available for future use. The markers used for mapping should be
reproducible and reliable. Although AFLP markers are a type of PCR-based marker, their
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development is time consuming and laborious. SSR markers are a better choice for mapping.
However, the current pool of available SSRs of spinach is far from sufficient to construct more
than a rudimentary genetic map. Spinach sequences deposited into public databases are limited,
and many of them correspond to physiological genes that are relatively conserved compared to
non-coding regions (Correll et al., 2011). Approximately 100 SSRs from spinach were developed
from 2000 BAC end sequences (BES) (Feng, et al., 2010). A preliminary test of these SSRs
showed higher levels of polymorphism among commercial spinach cultivars or hybrids
compared to SSRs developed from coding regions.
A molecular marker, designated Dm-1, was shown to be linked to the RPF1 locus (Irish et
al., 2008). PCR primers developed from the Dm-1 sequence amplified a DNA fragment of
approximately 180 base pairs. Irish et al. (2008) reported that this DNA fragment was a codominant marker, closely linked to RPF1. This discovery provided the first viable molecular tool
for the cloning and characterization of RPF1.
Bacterial artificial chromosomes (BACs) are the vectors of choice for large insert genomic
libraries. Because DNA purification and sequencing from BACs is simple and straightforward,
BAC libraries provide a platform for the creation of physical maps and complete genome
sequences, which are powerful tools for gene discovery and elucidation of gene function (Shizuya
et al., 1992). BAC libraries are also important for map-based cloning of quantitative trait loci,
molecular cytogenetic, and comparisons of specific regions between different species or ecotypes,
including analyses of synteny and single nucleotide polymorphisms (SNP) (Farrar and Donnison,
2007). BAC libraries have been developed from many different crop plants. For example, Frijters
et al. (1997) constructed a BAC library of lettuce following the partial digestion of genomic DNA
7

with Hind III or EcoRI. The lettuce BAC library contained 50,000 clones with average insert sizes
of 111 Kb. Lijavetzky et al. (1999) constructed a BAC library of wheat using digestion product of
genome DNA of Triticum monococcum accession DV92 by Hind III. That library consisted of
276,480 clones with an average insert size of 115 kb.
A spinach bacterial artificial chromosome (BAC) library was recently built from the near
isogenic line NIL1 (Correll et al, 2009). Approximately 74,000 BAC clones comprised the BAC
library and each BAC clone contained an average insert size of 183 kb, thus providing
approximately 13-fold coverage of the spinach genome (Feng, et al, 2010). Feng et al. (2010) also
developed approximately 100 SSRs out of 2000 BAC end sequences (BES) from this BAC library,
and preliminary evaluations of these SSRs showed higher levels of polymorphism among
commercial spinach cultivars or hybrids compared to SSRs developed from coding regions. Thus,
the spinach BAC library is a good resource for creating maps of the spinach genome, fine mapping
genes of interest, and for map-based gene cloning.
The objective of the research described in this thesis was to establish protocols to utilize the
spinach BAC library for fine mapping and cloning the RPF1 locus. To this end, the BAC library
was screened to identify clones containing the Dm-1 fragment. To facilitate library screens, a
genome walker approach (Hirsch, Ridenour, and Bluhm, unpublished) was used to develop a probe
of sufficient size to selectively hybridize to BAC clones containing the Dm-1 locus. Subsequently,
Dm-1 was confirmed in the BAC library clones by PCR and sequence analysis. From this
information, protocols for subsequent library screens and BAC-based chromosome walking were
established for the spinach BAC library.

8

MATERIALS AND METHODS
Spinach Genomic DNA Extraction
Spinach genomic DNA was extracted from fresh leaves of spinach NIL1 plants with the
cetyltrimethylannonium bromide (CTAB) method (Feng et al., 2011). Fresh leaves were
ground to fine power in liquid nitrogen with a mortar and pestle, and 0.25 g of ground leaves
was put into a 1.5 ml tube containing 30 µl b-mercaptoethanol and 750 μl extraction buffer (0.1
mol/L Tris–HCl (pH 8.0), 1.4 mol/L NaCl, 0.02 mol/L Na2-EDTA, 2% (m/v) CTAB, 0.1%
(m/v) diethyldithiocarbamic acid, and 2% (m/v) polyvinylpyrrolidone). After incubation at
65 °C for 30 min, 750 μL chloroform – isoamyl alcohol (24:1, v: v) was added, followed by
vigorous mixing. The samples were centrifuged for 10 min at 20,800 × g, and the aqueous
phase was transferred to new tubes. Then, each tube received 2 μl of 1 mg/ml RNase A and
was incubated at 37 °C for 30 min. After incubation, 750 μl chloroform – isoamyl alcohol
(24:1) was added to each tube, mixed well, and again centrifuged at 20800 × g for 10 min. The
aqueous layers were transferred to new tubes and mixed with two volumes of cold (4°C)
absolute ethanol to precipitate DNA. The DNA pellets were transferred to new tubes with
pipette tips, soaked in 70% ethanol for 2 h, air dried, and then dissolved in 200 μL ddH 2O.
First Attempt to Amplify a Dm-1 Probe
The Dm-1 marker was used as a probe to hybridize to spinach BAC library membranes.
Fresh leaves of spinach near isogenic line (NIL1) were used for DNA extraction as described
above (Feng et al., 2011) and DNA was quantified with a Nanodrop ND-1000 spectrophotometer
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(Nanodrop Technologies, Wilmington, DE). The concentration of DNA was adjusted to 10 µg/µl
as template for PCR amplification with primer A/B (Table 1). PCR amplifications were performed
in 100 µl volumes containing: 66 µl sterile distilled water, 4 µl spinach genomic DNA, 10 µM of
each primer, 3.2 mM dNTPs, 8 mM MgCl2, 10 mM 10X reaction buffer, and 4 units of DNA Taq
polymerase. For amplification, an Eppendorf thermocycler was programmed for 5 min at 94ºC; 35
cycles of 30s at 94ºC, 30s at 57 ºC, and 30s min at 72ºC; with a final extension period at 72 ºC for
5 min. Then, 20 µl of PCR products were separated by electrophoresis on 1.0% agarose gels in
0.5X TAE buffer, and were detected under UV illumination after staining with GR-safe. Molecular
weights of the bands were determined by comparison with a standard 100 base-pair molecular
weight marker. The remaining 80 µl of PCR products were purified with a QIAquick PCR
purification Kit (Qiagen) following the manufacturer’s instructions. The purified PCR amplicon
was diluted to 10 ng/ul for southern hybridization. This probe was designated Dm-1-0.

Screening the Spinach BAC Library With the Dm-1-0 Probe
BAC clones predicted to contain the Dm-1 fragment were selected by hybridization from
the spinach BAC library. An ECL gene detection kit (Amersham Corp., Arlington Heights, IL) was
used to label the Dm-1-0 probe according to the manufacturer’s instructions, and control DNA
(Lambda/Hind III) was also labelled to detect the molecular weight marker on the blot. Prehybridization and hybridization reactions were conducted according to the manufacturer’s
instructions in a hybridization oven at 42°C. The membranes were washed twice for 20 min in
primary buffer (6 M urea, 0.4% SDS, 0.5X SSC) at 42 °C, followed by two 5-min washes in 2X
SSC at room temperature. Blots were incubated with detection reagents according to
manufacturer’s instructions and wrapped in plastic wrap. Film (Hyperfilm-ECL, Amersham) was
10

placed over the membranes and exposed for 10-60 min depending on strength of the enzyme
reaction signal. The film was developed and the resulting bands of DNA were evaluated visually.

Comparing RFLP Profiles of Selected Spinach Cultivars to Results from Southern
Hybridizations
RFLPs of spinach cultivars were used to assess how many copies of the Dm-1 locus are
present in the spinach genome. DNA was extracted from fresh leaves of 14 different spinach
cultivars, including NIL1, Lion, Viroflay, Gowan1, Gowan2, Whale, Bikini, 88-130, 80-5224, 501,
PV-7132, Polar Bear, Eagle, and Lazio, by CTAB method (Feng et al., 2011). DNA concentration
was quantified with a Nanodrop ND-1000 spectophotometer (Nanodrop Technologies,
Wilmington, DE). DNA (2 µg) from each cultivar was digested overnight in 50 µl reactions with
the restriction enzyme EcoRI. Digested DNA was separated in a 0.8% agarose gel for 18 h at 30
volts using a 20 × 25 cm gel electrophoresis apparatus. After electrophoresis, the gel was incubated
for 40 min in denaturation buffer (1.5 M NaCl, 0.5 M NaOH) and then for 55 min in neutralization
buffer (1.5 M NaCl, 0.5 M Tris HCl, pH 7.5). Unidirectional capillary transfer of DNA to a
positively charged nylon membrane (Hybond N+, Amersham, Arlington Heights, IL) was
conducted overnight with 10X SSC (0.55 M trisodium citrate; 1.5 M NaCl, pH=7.0) as the transfer
solution. After blotting, DNA was then fixed to the nylon membrane by UV cross-linking (FBUVXL-1000, Fisher Biotech-Fisher Scientific).

The Dm-1-0 probe, labelled with an ECL gene detection kit (Amersham Corp., Arlington
Heights, IL), was prepared and hybridized to blots as described in the previous section.
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Comparison of Dm-1 Loci from Spinach Cultivars Resistant or Susceptible to Downy
Mildew
DNA sequence analysis was used to compare Dm-1 loci in a downy mildew resistant
cultivar (NIL1) and a susceptible cultivar (Viroflay). DNA extracted from homologous resistant
and susceptible spinach plants (Loin and Viroflay) was amplified with primers A/B (Table 1). The
PCR amplifications were performed in 100 µl volumes containing: 66 µl sterile distilled water, 4
µl spinach genomic DNA, 10 µM of each primer, 3.2 mM dNTPs, 8 mM MgCl2, 10 mM 10X
reaction buffer, and 4 units of DNA Taq polymerase. For amplification, an Eppendorf
thermocycler was programmed for 5 min at 94ºC; 35 cycles of 30s at 94ºC, 30s at 57 ºC, and 30s
min at 72ºC; with a final extension period at 72 ºC for 5 min. The 20 µl of PCR products were
evaluated by electrophoresis on 1.0% agarose gels in 0.5X TAE buffer, and were detected by
staining with GR-safe and UV illumination. Molecular weights of the bands were determined by
comparison with a standard 100 base pair size marker. The remaining 80 µl of PCR product was
purified with a QIAquick PCR purification Kit (Qiagen) following the manufacturer’s instructions.
Purified DNA was quantified with a Nanodrop ND-1000 spectophotometer and sequenced with
forward and reverse primers separately at the University of Arkansas DNA Resource Center
(Fayetteville, AR), with the Applied Biosystems BigDye Terminator Cycle Sequencing Kit and an
automated DNA sequencer (ABI Prism 3100 Genetic Analyzer, Applied Biosystems).

Characterization of the Dm-1 Locus with Genome Walking PCR
In order to develop additional sequence for the Dm-1 locus, genome walking was
performed with a PCR-based method. The following protocol was used to create libraries for
12

genome walking PCR. Genomic DNA from NIL1 was digested overnight with EcoRV in a 100 µl
reaction containing 18 µl of sterile distilled water, 60 µl of spinach genomic DNA at a
concentration of 200 ng/µl, 10 µl of restriction enzyme, 10 µl of restriction enzyme NEB buffer 2,
and 2 µl of BSA. After digestion, 200 µl of chloroform was added to the reaction, mixed well, and
then centrifuged at 20,800 × g for 5 minutes at room temperature. The aqueous layer was
transferred to another tube, mixed with 2 volumes ethanol and 0.1 volume of 3 M sodium acetate,
and incubated at -20 °C for 1 hour. The mixture was then centrifuged at 20,800 × g for 10 minutes
and the DNA pellet was washed with 70% ethanol. After drying, the pellet was dissolved in 20 µl
of sterile distilled water. To create libraries, digested DNA was ligated at 16°C overnight with an
adapter, whose size is 48 base pairs. This adapter contained restriction enzyme sites for Mlu I, Sal
II, and Sma I/Xma I. Ligation reactions (8 µl) contained: 4 µl of digested spinach genomic DNA,
1.6 µl of 10X ligase buffer, 0.5 µl of T4 ligase, 1.9 µl of adapter at a concentration of 25 mM. The
ligation was stopped by incubating the reactions at 70°C for 5 min. Then, 72 µl of sterile distilled
water was added for a final volume of 100 µl.

PCR amplifications of the genome walking PCR library were performed in 50 µl
reactions containing: 34 µl sterile distilled water, 1 µl of ligated DNA, 1 µl of 10 mM adapter
primer as forward primer and 1 µl of 10 mM Dm-1 primer as reverse primer, 1 µl of 30 mM
dNTPs, 1 µl of 25 mM MgCl2, 10 µl of 5X reaction buffer, and 1 µl of DNA Taq polymerase. For
the first round of library amplification, an Eppendorf thermocycler was programmed for 7 cycles
of 25 seconds at 94ºC, 3 minutes at 72ºC; 32 cycles of 25s at 94 ºC, 3 minutes at 67 ºC. After
amplification, 1 µl of PCR product was diluted with 49 µl of sterile distilled water. For nested PCR
amplification, the diluted PCR product was used as template in 50 µl reactions containing: 34 µl
13

sterile distilled water, 1 µl of diluted PCR product, 1 µl of 10 mM of Dm-1 primer as forward
primer and 1 µl of 10 mM of adapter as reverse primer, 1 µl of 30 mM dNTPs, 1 µl of 25 mM
MgCl2, 10 µl of 5X reaction buffer, and 1 µl of DNA Taq polymerase. The thermocycler was
programmed for 5 cycles of 25s at 94ºC, 3 minutes at 72ºC; 20 cycles of 25s at 94 ºC, 3 minutes at
67 ºC.

PCR products were purified with a QIAquick PCR purification Kit (Qiagen) following
the manufacturer’s instructions. Purified DNA was quantified in a Nanodrop ND-1000
spectrophotometer and sequenced at the University of Arkansas DNA Resource Center
(Fayetteville, AR) with an Applied Biosystems BigDye Terminator Cycle Sequencing Kit and an
automated DNA sequencer (ABI Prism 3100 Genetic Analyzer, Applied Biosystems). Sequences
were analyzed with Chromas (Technelysium, Southport, Queensland, Australia) and aligned with
ClustalW2.

Designing and Evaluating New Dm-1 Probes with Higher Specificity
Based on the sequence data obtained from the procedure described above, five new Dm-1
probes were created. PCR amplifications were performed in 400 µl volumes containing: 269.2 µl
sterile distilled water, 5 µl of ligated DNA (700 ng), 32 µl of 10 mM of each primer (there were
two sets of the primers: adapter forward primer/Dm-1 reverse primer, and Dm-1 forward
primer/adapter reverse primer), 8 µl of 10 mM dNTPs, 5 µl of 25 mM MgCl2, 80 µl of 5X reaction
buffer, and 0.8 µl of DNA Taq polymerase. For amplification, an Eppendorf thermocycler was
programmed for 2 min 30 seconds at 95ºC; 39 cycles of 30s at 95ºC, 45s at 58ºC, and 1 min at
72ºC; with a final extension period at 72ºC for 5 min. PCR products were then purified with a
14

QIAquick PCR purification Kit (Qiagen) following the manufacturer’s instructions. Purified DNA
was quantified in a Nanodrop ND-1000 spectrophotometer and sequenced at the University of
Arkansas DNA Resource Center (Fayetteville, AR) with an Applied Biosystems BigDye
Terminator Cycle Sequencing Kit and an automated DNA sequencer (ABI Prism 3100 Genetic
Analyzer, Applied Biosystems). Sequences were analyzed with the BLAST algorithm against the
GenBank DNA sequence database.

Each potential probe was hybridized with blots containing genomic DNA from NIL1.
Standard hybridization protocols were followed (Sambrook et al., 2001). Briefly, each probe (50100 ng) was mixed with random 6- to 8-mer primers in a volume of 9µl. This mixture was boiled
for 5 minutes, and then cooled on ice. Next, a radioactive label was incorporated into each probe in
a reaction containing: 0.5 µl of 100 mM DTT, 2 µl of dNTPs-A, 2 µl of 10X RP buffer, 5 µl of 32PdATP, 9 µl of the mixture of DNA and primers, and 1 µl of Klenow (5U/µl). Labelling reactions
were incubated 1 hr at 37 ºC, and were stopped by adding 20 µl of buffer A (50 mM Tris pH 7.5,
50 mM NaCl, 5 mM EDTA pH 8.0, 0.5% SDS). After the eluate was checked for radioactivity
with the Geiger counter, the probes were boiled, flash frozen, and then added to the hybridization
solution. Southern blots were hybridized overnight, rinsed following standard protocols (Sambrook
et al., 2001), and visualized on a phosphor screen with a Storm 860 Molecular Imager (Molecular
Dynamics).
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Selecting BAC Clones Containing the Dm-1 Locus via Southern Hybridization
The Dm-1-2 probe, which provided the most robust results as determined above, was used
to hybridize filter arrays of the spinach BAC library following the hybridization protocol described
above (Sambrook et al., 2001).
Confirming the Presence of the Dm-1 Locus in Selected BAC Clones by PCR and DNA
Sequencing
1. DNA extraction from BAC clones
The original spinach BAC library was stored in 30% glycerol at -80oC. Each of the 43
BAC clones that hybridized with the Dm-1-2 probe was recovered from the original spinach BAC
library. Bacteria (10 µl) harboring each BAC clone were inoculated into 10 ml of LB liquid
medium containing 50 mg/L chloramphenicol and were incubated overnight at 250 RPM on an
orbital shaker at 37oC. From each culture, BACs were isolated with a GeneJETTM plasmid
Miniprep kit (Fermentas UK).
2. Confirmation of the Dm-1 locus in BAC clones
Two pairs of primers, primers A/B and primers C/D (Table 1) were used to confirm the
presence of the Dm-1 locus in each BAC clone. PCR was performed in 25 µl volumes containing:
20 ng fungal DNA, 5 µM of each primer, 0.8 mM dNTPs, 2.0 mM MgCl2, 2.5 mM of reaction
buffer, and 2 units of DNA Taq polymerase. For amplification, an Eppendorf thermocycler was
programmed for 5 min at 94ºC; 35 cycles of 30s at 94ºC, 30s at 57ºC, and 30s at 72ºC, with a final
extension period at 72 ºC for 5 min. Alongside BACs of interest, NIL1 genomic DNA was
amplified as a positive control. Negative controls were performed by amplifying a BAC clone that
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did not contain the Dm-1 locus, and a no-template control reaction in which water was substituted
for template DNA.
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RESULTS

Screening the BAC Library with Probe Dm-1-0
An amplicon of approximately 180 base pairs was obtained with primers A/B, as expected
based on sequence data previously obtained from the Dm-1 locus. This PCR product was used to
create probe Dm-1-0, which was then used to screen filter arrays of the spinach BAC library.
Unexpectedly, hundreds of BAC clones hybridized with the Dm-1-0 probe, with similar results
obtained even after repeating the experiment two more times (Fig 1).

Previous analyses of the spinach BAC library indicated that each clone contained an
average of 183 Kb of the spinach genome, and the whole spinach genome was represented 13
times by all the BAC clones (Feng et al, 2009). Based on these numbers, it was exceedingly
unlikely that hundreds of BAC clones would span a single-copy Dm-1 locus. Thus, these results
suggested the presence of spurious hybridization (false positive clones). One plausible reason for
spurious hybridization might be that the Dm-1-0 probe was too small to be specific for the Dm-1
locus.

Genomic Southerns of Assorted Spinach Cultivars with the Dm-1-0 Probe
In order to confirm the hypothesis that many of the BAC clones that hybridized with the
Dm-1-0 probe were false positives, genomic Southerns were performed with a wide range of
spinach cultivars. In this experiment, genomic DNA from 14 spinach cultivars resistant or
susceptible to downy mildew was digested with EcoRI. After hybridization with the Dm-1-0 probe,
at least 15 bands were observed for each spinach cultivar (Fig 2). In 13 of the cultivars, the size of
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the bands ranged from approximately 500 base pairs to over 20,000 base pairs. Additionally,
cultivar ‘Polar Bear’ contained a unique band of approximately 125 base pairs. These results
suggested that the Dm-1-0 probe hybridized to at least 15 loci in the spinach genome.

It was reported in previous studies that Dm-1 is a co-dominant marker closely linked to the
RPF1 locus (Irish et al., 2008). Primers A/B (Table 1) reliably amplified genomic DNA of
homozygous susceptible cultivars, heterozygous resistant cultivars, and homozygous resistant
cultivars. This previous study was confirmed by the results of RFLP analyses. Primers A/B also
were shown to amplify three different cultivars, and the amplicons were different in number and
size. Specifically, one smaller amplicon was observed in susceptible cultivars, and one larger
amplicon was observed in homozygous resistant cultivars. However, both amplicons were
observed in heterozygous resistant cultivars. Thus, it appeared that the Dm-1-0 marker was not
specific enough to be used in future analyses.

Comparison of Dm-1 Loci from Resistant and Susceptible Spinach Cultivars
To study variants of the Dm-1 locus, PCR products generated with primers A/B from a
homozygous resistant cultivar (NIL1) and a homozygous susceptible cultivar (Viroflay) were
sequenced. The amplicon from NIL1 was 155 base pairs, whereas the amplicon from Viroflay was
129 base pairs (Fig 3). Sequences were aligned with ClustalW2. The first 106 base pairs from the
two fragments were 97% similar. The next 26 base pairs from the NIL1 amplicon were not
homologous with any region of the Viroflay amplicon. Finally, base pairs 107-129 of the Viroflay
amplicion were 100% similar to base pairs 131-155 of the NIL1 amplicon. Thus, a 26 base pair
deletion differentiated the two amplicons.
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Additional Sequencing of the Dm-1 Locus with Genome Walking PCR
In order to eliminate false positive hybridizations, a larger probe was developed from
sequence data obtained by genome walking PCR. In this experiment, genomic DNA from spinach
NIL1 was digested with a restriction enzyme and ligated to adapters to create a specialized
genomic library suitable for genome walking PCR. Fragments containing the Dm-1 locus were
selectively amplified via nested PCR, and multiple amplicons were obtained. After assembling the
amplicons with the existing sequence for the Dm-1 locus, a 1.1 kb DNA contig was obtained (Fig
4-5). In relation to the previously existing Dm-1 sequence information, 362 base pairs were
extended beyond the 5’ end of the Dm-1 fragment and 631 base pairs were extended beyond the 3’
end.
Design and Evaluation of New Dm-1 Probes
Based on the sequence information obtained above, six primers were designed to amplify
five different probes for the Dm-1 locus (Fig 5). Probe Dm-1-1 (259 base pairs) was amplified with
primer 1 as forward primer (5’TTACCCTCTAAATTAAAGGGAAGACG3’) and primer 2 as
reverse primer (5’CATCACCACTTCCCTGCATG3’). This amplicon was located 55 base pairs
upstream of the original Dm-1 fragment. Probe Dm-1-2 (518 base pairs) was amplified with
primer

1

and

primer

B

which

was

the

original

Dm-

reverse

primer

(5’

CGCTCAGCTTCAAGTCCATT3’). Probe Dm-1-3 (716 base pairs) was amplified with primer A,
the original forward primer of the Dm-1 marker (5’ CTGTCTTGTTTGCTGGATGC3’), and
primer 4 (5’CTGAGTACTGAGCTCTTTGCTG3’). Probe Dm-1-4 (430 base pairs) was amplified
with primer 3 (5’TTCACAAATGATGATTTAGGTGCTG3’) and primer 4. Finally, primers 1 and
4 were used to amplify probe Dm-1-5 (1,150 base pairs).
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To identify the most robust probe for BAC library screening, all five probes were evaluated
for specificity with spinach genomic Southerns and were used as the query in BLASTn searches of
the GenBank database. Genomic Southerns indicated that probes Dm-1-2 and Dm-1-4 each
hybridized to a single locus in the spinach genome and both consistently yielded strong, signals.
BLASTn searches of the GenBank database indicated that probe Dm-1-2 shared high similarity
with plant DNA from several species, but results from the other probes were inconclusive. Based
on these results, probe Dm-1-2 was chosen to screen the spinach BAC library to identify clones
containing the Dm-1 locus. This approach identified 43 BAC clones that strongly hybridized to the
Dm-1-2 probe (Fig 6).
PCR- and Sequence-based Confirmation that Selected BAC Clones Spanned the Dm-1
Locus
To confirm the presence of the Dm-1 locus in BAC clones identified by Southern hybridizations,
clones were first evaluated by PCR. DNA of 42 of the 43 BAC clones was obtained and quantified
with a Nanodrop spectrophotometer. Among these samples, DNA concentrations were all higher
than 100.00 ng/µl (Table 2) and thus sufficient for PCR analyses. The ability of these DNA
samples to be amplified by PCR was determined with primers designed to amplify the
chloramphenicol resistance gene, which is part of the BAC vector backbone. The concentrations of
DNA samples were adjusted to 10 ng/µl and PCR was performed as described above. All of the
BACs yielded 500 base pair amplicons (Fig 7), which indicated that all of the DNA samples were
of sufficient quality for PCR amplification.
To confirm that selected BAC clones contained the Dm-1 locus, DNA from 19 of the 43
clones identified via Southern hybridization was amplified with primers A/B and primers C/D
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(Table 1). The sizes of DNA fragments amplified by primer A/B and primer C/D were 183 and
1,100 base pairs, respectively (Fig 8-9). Both of these amplicons contained the 156 base pairs
previously established to comprise the Dm-1 marker. All 19 of the BAC clones evaluated yielded
amplicons of the expected sizes. Finally, DNA was sequenced from three arbitrarily chosen clones
from the 19 BAC clones evaluated by PCR. The results of sequencing indicated that all three of
these clones contained the Dm-1 locus (Fig 10).

22

DISCUSSION

Downy mildew of spinach, caused by Peronospora farinosa f. sp.spinaciae, (Pfs) is one of
the most important spinach diseases and occurs everywhere the crop is grown, including areas used
exclusively for seed production (Correll, et al, 1994). Genetic resistance is thought to be the best
way to manage spinach downy mildew. Irish et al. (2008) described a major resistance locus,
named RPF1, which conveys resistance to race 1-7, 9, 11 and 13 (Irish et Al, 2008). However,
cloning and detailed characterization of this resistance locus had not been performed previously.
BAC libraries are powerful resources for genetic marker development as well as gene
cloning and characterization. When a closely linked genetic marker is available, it is possible to
clone a locus of interest through a process known as BAC-based chromosome walking. Three
critical components of BAC-based chromosome walking, however, are 1) developing a robust
probe from the marker sequence, 2) optimizing protocols for high-throughput library screening,
and 3) validating clones. In this study, probe Dm-1-0 was an amplicon of 155 base pairs that was
obtained with primers A/B (Table 1). This 155 base pair fragment was used as a co-dominant
marker (named Dm-1) because of its genetic linkage with the RPF1 locus (Irish et at., 2008). Thus,
probe Dm-1-0 was expected to be a viable probe for initial screens of filter arrays of the spinach
BAC library. Based on previous analyses (Irish et al., 2008), Dm-1 corresponds to a single-copy
locus in the spinach NIL1 genome. Feng et al. (2009) reported that each clone of the spinach NIL1
BAC library represented, on average, 183 Kb of the spinach genome, and the BAC library
contained 13X coverage of the spinach genome. Based on these parameters, 26 clones of the
approximately 74,000 clones in the BAC library should contain Dm-1. Surprisingly, hundreds of
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BAC clones hybridized with the Dm-1-0 probe, with similar results obtained in repeated
experiments. Even if the calculations above were somewhat inaccurate, it was still exceedingly
unlikely that hundreds of BAC clones would contain the Dm-1 locus. Therefore, probe Dm-1-0
was predicted to be too small, and thus many false positive hybridizations occurred. To test this
hypothesis, genomic Southerns were performed with a wide range of spinach cultivars. Multiple
bands were detected in each of the 14 spinach cultivars analyzed, including susceptible cultivars
that are known to lack the RPF1 locus. Additionally, the detection of multiple bands in resistant
cultivars conflicts with previous findings that Dm-1 is a single-copy locus. Thus, we concluded that
probe Dm-1-0 was not useful to select BAC clones.
In order to eliminate false positive hybridizations, an expanded contig containing Dm-1
(1.1 Kb) was developed by genome walking PCR and comprised three fragments: 5’ expanded
genomic flank, the original Dm-1 sequence, and 3’ expanded genomic flank. Then, 5 different
probes (from Dm-1-1 to Dm-1-5) were developed, which covered multiple combinations of the
three fragments comprising the new Dm-1 contig. In order to identify the most robust probe for
BAC library screening, all five probes were evaluated for specificity using spinach genomic
Southerns. The results indicated that probes Dm-1-2 and Dm-1-4 each hybridized to a single locus
in the spinach genome and both yielded strong, reliable signals. The sequences of all five probes
also were compared in the GenBank database, and the results showed that only probe Dm-1-2
shared high similarity with plant DNA from several species. Based on these two results, probe Dm1-2 was determined to be the most useful probe for selection of BAC clones containing the Dm-1
locus.
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To confirm that 43 BAC clones that hybridized with probe Dm-1-2 contained the Dm-1
locus, PCR was performed with primers A/B and C/D (Table 1), which produce 183 bp and 1,100
bp amplicons and both contain the original Dm-1 marker. Of the 43 BAC clones, 19 yielded
amplicons of the expected sizes. Finally, DNA was sequenced from three arbitrarily chosen clones
among the 19 BAC clones that tested positive by PCR. The sequencing results indicated that all
three clones contained the Dm-1 locus (Fig 10). Thus, the number of BAC clones ultimately
confirmed by PCR was less than half the total number of BAC clones identified via Southern
hybridization, even with the improved probe. This result could potentially be explained by
problems with the PCR confirmation, or artifacts in the hybridization reaction, such as insufficient
stringency, that produced false positive results.
In summary, the 19 BAC clones identified in this work were confirmed to contain the Dm1 locus. These 19 clones are a crucial resource to help achieve the long-term goal of cloning the
spinach downy mildew resistant locus RPF1. This, in turn, will clarify the molecular basis of
resistance to Pfs and will accelerate efforts to control the disease in agricultural settings.
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CHAPTER 2

A PROTOCOL TO FINE MAP THE RPF1 DOWNY
MILDEW RESISTANCE LOCUS IN SPINACH
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INTRODUCTION

Spinach downy mildew, one of the most important diseases impacting spinach production
worldwide, is caused by Peronospora farinosa f. sp. spinaciae (Pfs) (Correll et al. 2011). Spinach
has become an increasingly important vegetable crop in many parts of the world. Production
practices have changed significantly in recent years, particularly in the U.S. and E.U. Spinach is
now produced year-around in California and much higher seeding rates are used. Some of these
new practices may have influenced the rate at which new races of the spinach downy mildew
pathogen have emerged; eleven new races of the pathogen were identified between 1990 and
2010 (Correll et al., 2011; Irish et al, 2007). The rapid emergence of new races is problematic for
disease management. Resistance to race 1 was identified in two accessions (PI 140467 and PI
140467) from Iran in 1950 (Smith, 1950). Both sources of resistance imparted immunity to plants,
and the resistance from PI 140467 was conveyed by a single dominant gene (Smith, 1950). This
resistance gene was incorporated into hybrids ‘Califlay’ and ‘Dixie market’. Shortly after race 2
was first described in 1958, resistance was discovered that appeared to be a single dominant gene
imparting immunity to race 2 as well as race 1 (Smith et al., 1961, 1962). Later, this resistance was
demonstrated to be two closely linked genes rather than a single dominant gene (Eenink 1974,
1976a, 1976b). After race 3 was identified in 1976, resistance was incorporated into hybrids rather
quickly. The hybrids ‘Mazurka,’ ‘Polka,’ and ‘Rhythm’ were introduced in 1978, and additional
hybrids resistant to race 3 were introduced in subsequent years (Morelock, 1999). After race 4 was
identified in 1990 (Brandenberger et al., 1991), resistant hybrids ‘Bolero’ and ‘Bossanova’ were
introduced in 1991 (Morelock, 1999). Brandenberger et al. (1992) screened 707 spinach accessions
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for resistance to race 4 and found nine accessions that were at least partially resistant (9-38%
resistance). Accessions CGN09546 (60% of individual plants were resistant) and SP1 82/87 (80%
of individual plants were resistant) exhibited the highest levels of resistance to race 4
(Brandenberger et al., 1992).
Improving resistance to downy mildew is a critical breeding objective (Morelock and
Correll, 2008). However, relatively few studies of the genetic and molecular basis of resistance to
downy mildew have been conducted, despite the rapid recent increase in spinach consumption and
production (Irish et al, 2008; Morelock and Correll, 2008; Correll et al, 2007). A total of six loci
have been hypothesized to control resistance to the 14 known races of the spinach downy mildew
pathogen (Correll et al, 2007; 2011; Irish et al, 2008). One, locus RPF1, was characterized from a
spinach near-isogenic open-pollinated line (NIL1) developed by crossing the resistant hybrid Lion
with Viroflay as the susceptible backcross parent through four backcross generations, selection of
plants resistant to race 6, and three subsequent selfings (Irish et al., 2008). RPF1 is a single
dominant locus and is resistant to multiple races such as races 1-7, 9, 11 and 13 (Irish et al, 2008).
High-density genetic maps are useful for mapping genes of interest, map-based gene
cloning, and marker-assisted selection (MAS). Currently, thousands of markers, either
morphological or molecular, have been used to construct high-density genetic maps in many
crops, including maize, rice, and wheat. However, few genetic maps of spinach are available in
the public sector. In 1998, 13 SSR markers were developed based on the spinach sequence
information in Genbank and EMBL databases (Groben and Wricke, 1998). Subsequently, a
genetic map of spinach was constructed with 101 amplified fragment length polymorphism
(AFLP) markers and nine single sequence repeat (SSR) markers (Khattak et al., 2006).
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Subsequently, seven linkage groups were found, with a total length 585 cM, and an average
distance between the markers of 5.18 cM, the sex determination gene was closely linked to SSR
marker SO4 with a distance of 1.9 cM based on this study. However, there is a lack of a highdensity genetic map of spinach. To develop such maps, appropriate mapping populations need to
be developed as well as more molecular markers. A good mapping population developed from
diverse parents is essentialPhysical maps, as a useful tool to determine the physical location of a
gene or locus within a chromosome or genome, include three major categories such as
chromosomal or cytogenetic maps, radiation hybrid (RH) maps, and sequence maps
(www.ncbi.com). The chromosomal or cytogenetic maps are low-resolution maps and can only
map some specific regions of chromosomes which can be observed by microscopy. The number
of base pairs within regions these mapped regions cannot be determined. RH maps can provide
more accurate information about distance between genetic and physical markers than
chromosomal or cytogenetic maps. The best tool to determine physical distances are sequence
maps. The genomes of some spinach organelles have been sequenced. Spinach has a tripartite
mitochondrial genome that is 327 kb in size (Stern and Palmer, 1986). The spinach chloroplast
genome has been completely sequenced and is a circular molecule of 150 kb (SchmtizeLinneweber et al., 2001). Sequence homologs have been found among chloroplast,
mitcochondrial, and nuclear genomes (Timmis and Scott, 1983; Whisson and Scott, 1985).
Fine mapping involves the identification of markers that are very tightly linked to a
targeted gene. The development of DNA markers has made fine mapping possible in plants. There
are many advantages of DNA markers including the availability of a very large number of markers,
a relatively high rate of polymorphism in many populations, usually robust/routine technologies for
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scoring, clear dominance or co-dominance in most situations, and no problems with penetrance or
epistasis (Bennetzen, 2000).

To develop a genetic fine map of a specific locus, robust markers which flank the targeted
gene, and are within one or fewer centiMorgans (cM) of the target, are needed. Fine mapping of a
gene of interest greatly facilitates marker-assisted selection. Also, comparison of map positions
can be accurately made with other species to see if they share similar traits at that chromosomal
location. Finally, fine-mapping a gene is usually an essential step in map-based gene isolation,
whereby the gene of interest can be examined directly (Bennetzen, 2000).
The objective of the current research was to identify which BAC clones from the NIL1
genotype were furthest from the Dm-1 marker and therefore closer to the RPF1 locus. To address
this objective, the selected BAC clones which contained Dm-1 were end-sequenced, and probes
were developed based on the end sequences. Subsequently, the probes were used to hybridize the
selected BAC clones so they could be aligned relative to the Dm-1 marker.
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MATERIALS AND METHODS

Selection of BAC Clones Containing the Dm-1 Fragment
When using the Dm-1-2 probe to screen the spinach BAC library, 19 clones were
ultimately found to contain the Dm-1 locus. These clones were picked from the stored library,
and grown in 15 ml centrifuge tubes containing 10 ml LB medium with chloramphenicol (50
mg/L). Bacteria were cultured overnight with shaking at 175 RPM and 37oC, and were then
centrifuged at 5000 rpm for 1 min. BACs were extracted with the alkaline lysis method (Sambrook
and Russell, 2001) and quantified with a Nanodrop 1000 spectrophotometer (Thermo Scientific).
DNA of each BAC clone was adjusted to 100 ng/ul.
Sequence the Ends of BAC Clones Containing the Dm-1 Locus
The 19 BAC clones confirmed by PCR to contain the Dm-1 locus were sequenced with T7
(5’-TAATACGACTCACTATAGGG-3’) and Sp6 (5’-ATTTAGGTGACACTATAG-3’) primers
(Table 3) at the Genomics and Sequencing Laboratory, Auburn University, Auburn, AL. On
average, 400 bp of sequence was obtained from each end of the 19 clones.
Primer Design and Amplification from the 19 Dm-1 Containing Clones
Primers were designed from each BAC end sequence using web-based Primer3 software
(http://frodo.wi.mit.edu/Primer3). The primers were 25 to 28 bp long with the melting
temperatures ranging from 55oC to 60 oC. These primers were used to amplify the 19 BAC clones
in 25 µl reactions containing: 1X PCR buffer, 2 mM Mg2+, 320 µM each dNTP, 0.2 µM primer,
and 1 U Taq Polymerase. The PCR reactions were initiated at 94 oC for 2 min, followed by 40
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cycles of 94 oC 30 s denaturation, 60 oC 30 s annealing, and 72oC 1 min extension, and finished
with a 5 min extension step at 72oC. PCR products were separated in 2% agarose gels via
electrophoresis at 100 V for 2 hr.
Southern Hybridization of BAC Clones Containing Dm-1 Fragment
For each clone, 2 µg of DNA was digested with restriction enzyme HindIII at 37oC
overnight. The digested DNA was loaded on a 0.8% agarose gel and separated by electrophoresis
(30 V for 15 hr). Then, gels were treated with alkaline buffer (0.5 M NaOH + 1.5 M NaCl) for
denaturation, followed by neutralization with buffer containing 1.5 M NaCl + 0.5 M Tris base, pH
7.5. Then, DNA was blotted onto Hydrobond–N+ membrane (GE Healthcare). Fragments
amplified from the ends of the 19 clones containing the Dm-1 fragment were labelled with an ECL
labelling and detection kit (GE healthcare, Cat. No. RPN3001) according to the manufacturer’s
instructions, and hybridized at 42oC overnight with blots containing DNA fo the BAC clones. The
hybridized membranes were washed at 42oC for 20 min twice with primary wash buffer (6 M urea,
0.4% SDS, 0.5x SSC), followed by two secondary washes with 2x SSC buffer (0.3 M NaCl + 0.03
M sodium citrate) for 5 min at room temperature. The ECL signal was generated by soaking the
hybridized membrane in a mixture of equal parts detection reagents 1 and 2 for 1 min (GE
healthcare, Cat. No. RPN3001). Blots were then wrapped in plastic and exposed to X-ray film for 1
to 10 min before developing the X-ray film with regular developer and fixer (Kodak Company).
Contig Assembly of BAC Clones Containing the Dm-1 Locus
The 19 clones containing the Dm-1 locus should overlap with each other, and thus
theoretically represent a single contig. The contig was assembled from the BAC clones according
to PCR results with primers designed from the BAC end sequences and/or hybridization patterns
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when the PCR products were used as probes for Southern blots. If primers from a single BAC end
amplify all or most clones, then this BAC end is relatively close to the Dm-1 locus. However, if
primers from another BAC end only amplifies one or few clones, then the corresponding BAC end
is relatively far from the Dm-1 locus, and thus would be close to one end of the contig (see the
diagram below).

Dm-1 region

Dm-1
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RESULTS

Quantity Test of DNA Extracted from BAC Clones Containing Dm-1
DNA was extracted from the 19 BAC clones identified in the previous chapter by a midi
preparation method (Sambrook, 2001), and the quantity of each sample was detected with a
Nanodrop spectrophotometer. Among the 19 BAC clones, there were 12 DNA samples whose
concentrations were lower than 2000.00 ng/µl and 7 DNA samples whose concentrations were
higher than 2000.00 ng/µl. The maximum DNA concentration of 19 DNA samples was 2541.87
ng/µl, and it was extracted from BAC clone 125_J_13. 821.25 ng/µl was the minimum DNA
concentration, and this DNA sample was extracted from BAC clone 157_A_5 (Table 4).
Hybridization of 19 BAC Clones Containing Dm-1 with 14 Probes
The probes were amplified with 28 pairs of primers designed based on the end sequences of
BAC clones (Table 5, Fig 11). The sizes of probes ranged from 157 base pairs to 398 base pairs.
Seven of the probes contained fewer than 200 base pairs, which included 2_M_18 S, 111_ P_17 S,
5_B_14 T, 5_B_14 S, 35_P_10 T, 70_I_5 T, and 70_ I_5 S. The rest contained more than 200 base
pairs, which included 2_M_18 T, 52_K_11 T, 52_K_11 S, 58_H_1 T, 58_H_1 S, 192_L_12 T,
192_L_12 S, 125_J_13 T, 125_J_13 S, 161_M_10 T, 161_M_10 S, 77_P_15 T, 77_P_15 S,
91_E_22 T, 91_E_22 S, 132_H_20 T, 132_H_20 S, 111_ P_17 T, 35_P_10 S, 187_H_13 T, and
187_H_13 S.

Each probe was hybridized with the blot containing the 19 BAC clones digested with
HindIII, which was also used to build the spinach BAC library (Fig 12-15). In total, 17 out of 28
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probes hybridized to more than 10 BAC clones, and 6 probes hybridized all 19 BAC clones. Also,
11 out of 28 probes hybridized from 3 to 10 of BAC clones. Only one probe, 192_L_12 T,
hybridized 1 BAC clone (192_L_12; Table 6-7). Details of the hybridization results are described
below. For the probe 2_M_18 T, 14 BAC clones hybridized, including 102_I_19, 91_E_22,
187_H_13, 2_M_18, 17_H_7, 35_P_10, 58_H_1, 111_P_17, 161_F_1, 8_J_17, 161_M_10,
70_I_5, 52_K_11, 77_P_15, 125_J_13, and 157_A_5. The sizes of all hybridized DNA fragments
of 14 BAC clones were lower than 4.4 Kb, and higher than 2.3 Kb. There were 8 BAC clones that
hybridized with probe 2_M_18 S, including 91_E_22, 2_M_18, 17_H_7, 192_L_12, 132_H_20,
5_B_14, 125_J_13, and 157_A_5, and the sizes of the DNA fragments were between 2.3 Kb and
4.4 Kb. For probe 52_K_11 T, hybridizing fragments smaller than 2.0 Kb were observed in 9 BAC
clones, including 102_I_19, 35_P_10, 58_H_1, 111_P_17, 161_F_1, 8_J_17, 161_M_10, 70_I_5,
and 52_K_11. For the probe 52_ K_11 S, hybridization fragments smaller than 2.0 Kb were
observed in 9 BAC clones including 91_E_22, 2_M_18, 17_H_7, 192_L_12, 132_H_20,
52_K_11, 5_B_14, 125_J_13, and 157_A_5 . For probe 58_H_1 T, 3 BAC clones hybridized,
specifically 35_P_10, 58_H_1, and 161_F_1. All of these fragments were between 2.0 Kb and 4.4
Kb. With probe 58_H_1 S, hybridization fragments of approximately 4.4 Kb were observed in 14
BAC clones: 91_E_22, 187_H_13, 2_M_18, 17_H_7, 58_H_1, 111_P_17, 161_M_ 10, 192_
L_12, 132_ H_20, 52_ K_11, 77_P_15, 5_ B_14, 125_J_13, and 157_A_5. Probe 192_L_12 T
only hybridized BAC clone 192_L_12, with a band of about 4.4 Kb. However, the probe 192_
L_12 S hybridized to all 19 BAC clones, and all fragments were smaller than 0.5 Kb. Probe
125_J_13 T hybridized to 12 BAC clones: 102_I_19, 91_E_22, 35_P_10, 58_H_1, 111_P_17,
161_F_1, 8_J_17, 161_M_10, 70_I_5, 52_K_11, 77_P_15, and 125_J_13. The sizes of all the
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fragments were approximately 2.3 Kb. Fragments generally larger than 2.0 Kb were found to
hybridize with probe 125_J_13 S in 8 BAC clones, including 91_E_22, 2_M_18, 17_H_7,
192_L_12, 132_H_20, 5_B_14, 125_J_13, and 157_A_5. All 19 BAC clones hybridized with
probe 161_M_10 T. Among the 19 BAC clones, fragments larger than 2.0 Kb were obtained in 8
BAC clones: 102_I_19, 35_P_10, 58_ H_1, 111_P_17, 161_ F_1, 8_J_17, and 192_L_12.
Hybridization fragments of 4.4 Kb were obtained in 11 other BAC clones. Probe 77_P_15 T
hybridized with 10 BAC clones: 102_I_19, 58_H_1, 111_P_17, 161_F_1, 8_J_17, 161_M_10,
192_L_12, 132_H_20, 77_P_15, and 5_B_14. Hybridization fragments smaller than 2.3 Kb were
observed with probe 77_P_15 S in 12 BAC clones: 91_E_22, 182_H_13, 2_M_18, 17_H_7,
161_M_10, 192_L_12, 132_H_20, 52_K_11, 77_P_15, 5_B_14, 125_J_13, and 157_A_5. For
probe 91_E_22 T, 4 BAC clones hybridized: 91_E_22, 17_H_7, 192_L_12, and 132_H_20. For
probe 91_E_22 S, 12 BAC clones hybridized: 102_I_19, 35_P_10, 58_H_1, 111_P_17, 8_J_17,
161_M_10, 70_I_5, 52_K_11, 77_P_15, 125_J_13. Probe 132_H_20 T hybridized with 4 BAC
clones: 91_E_22, 17_H_7, 192_L_12, and 132_H_20, and all the fragments were between 4.4 Kb
and 2.3 Kb. For probe 132_H_20 S, all 19 BAC clones hybridized except 17_H_7. For the probe
111_P_17 T, hybridization fragments of about 2.0 Kb were observed in 7 BAC clones: 102_I_19,
35_P_10, 58_H_1, 111_P_17, 161_F_1, and 70_I_5. Similar sized hybridization fragments were
observed with probe 111_P_17 S in 13 BAC clones: 91_E_22, 182_H_13, 2_M_18, 17_H_7,
111_P_17, 161_M_10, 192_L_12, 70_I_5, 132_H_20, 52_K_11, 77_P_15, 5_B_14, 125_J_13,
and 157_A_5. Probe 5_B14 T hybridized with 16 BAC clones, including: 102_I_19, 91_E_22,
182_H_13, 2_M_18, 35_P_10, 58_H_1, 111_P_17, 161_F_1, 8_J_17, 161_M_10, 70_I_5,
52_K_11, 77_P_15, 5_B_14, 125_J_13, and 157_A_5. The sizes of these hybridization fragments
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were between 2.0 kb and 6.6 kb. All 19 BAC clones hybridized with probe 5_B_14 S, and the
fragment sizes were larger than 2.3 kb. For probe 35_P_10 S, only 4 BAC clones hybridized:
35_P_10, 58_H_1, 161_F_1, and 70_I_5. The sizes of the hybridization fragments were between
2.3 kb and 4.4 kb. All 19 BAC clones hybridized with probe 70_I_5 T, and the sizes ranged from
6.6 kb to 9.9 kb. For probe 70_I_5 S, all BAC clones hybridized except 17_H_7, 192_L_12, and
132_H_20, with sizes of approximately 4.4 kb. Finally, 10 BAC clones hybridized with probe
187_H_13 T, and the sizes of hybridized fragments were about 9.4 kb. For the probe 187_H_13 S,
all 19 BAC clones hybridized.

Only one BAC clone, 192_L_12, hybridized with a single probe derived from the BAC end
sequences. Six of the probes hybridized with all 19 BAC clones. Thus, the DNA fragment
represented by probe 192_L_12 T was one of the furthest from the Dm-1 locus and represented one
end of the contig, and the six probes that hybridized with all 19 BAC clones represented the six
BAC end sequences closest to the Dm-1 locus.

Confirmation of Hybridization Results by PCR
The primers used to create the probes described above were also used to confirm the
hybridization results by PCR (Fig 16-18). All of the BAC clones that hybridized with specific
probes were amplified by the corresponding primers, and the sizes of the amplification products
were as expected. The primers amplifying probe 2_M_18 T amplified 15 BAC clones, which was
consistent with the hybridization results, and the sizes of the PCR products were 240 bp. The same
8 BAC clones that amplified by PCR with primers corresponding to probe 2_M_18 S also
hybridized with probe 2_M_18 T, and the sizes of the PCR products were 199 bp. The 203 bp PCR
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fragments produced from 9 BAC clones with primers corresponding to 52_K_11 T matched the
results obtained with DNA blots. Primers from probe 52_K_11 S amplified 9 BAC clones and
produced 215 bp fragments. The same 3 BAC clones that hybridized with probe 58_H_1 T were
amplified by primers derived from probe 58_H_1 T, and the amplicons were 349 bp. Only one
BAC clone was amplified with primers derived from probe 192_L_12 T to yield a 223 bp product.
For the primers derived from probe 192_L_12 S, all 19 BAC clones yielded a 200 bp product. For
probe 125_J_13 T, all 11 BAC clones that hybridized on a DNA blot also produced 348 bp
amplicons. Probe 125_J_13 S hybridized with 8 BAC clones, all of which amplified in the
corresponding PCR reaction to yield 312 bp fragments. For the primers derived from 161_M_10 T,
amplicons of 399 bp were obtained from all 8 BAC clones that hybridized with the 161_M_10 T
probe. There were 19 fragments obtained of 207 bp with primers derived from probe 161_M_10 S,
which matched the hybridization results. For probe 77_P_15 T, 349 bp PCR fragments were
obtained from all 10 BAC clones that hybridized with probe 77_P_15 T. For probe 77_P_15 S, the
same 12 BAC clones that hybridized with the probe also amplified via PCR and produced 209 bp
fragments. PCR fragments of 348 bp were obtained from 4 BAC clones with primers
corresponding to probe 91_E_22 T. For probe 91_E_22 S, 11 BAC clones amplified by PCR to
produce fragments of 398 bp. For probe 132_H_20 T, 4 BAC clones amplified, the size of each
fragment being 291 bp, and 18 BAC clones were amplified with primers from probe 132_H_20 S,
the size of each fragment being 347 bp. For probe 111_P_17 T, 7 BAC clones amplified with
fragments sizes of 347 bp. For 111_P_17 S, 13 BAC clones amplified, all of which hybridized with
probe 111_P_17 S, and the amplicons were 157 bp. All 16 BAC clones that hybridized with probe
5_B_14 T amplified via PCR with primers derived from the probe, resulting in the production of
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181 bp fragments. For the probe 5_B_14 S, all 19 BAC clones amplified, resulting in192 bp PCR
products; all 19 BAC clones also hybridized with the probe 5_B_14 S. For probe 35_P_10 S, 218
bp fragments were obtained by PCR from the same 4 BAC clones that hybridized with the probe.
For probe 70_I_5 T, 19 BACs amplified via PCR, with products of 180 bp. For probe 70_I_5 S, 16
BAC clones amplified and the sizes of all amplified fragments were 163 bp. Primers from probe
187_H_13 T amplified 10 BAC clones, with a consistent amplicon size of 328 bp. For probe
187_H_13 S, all 19 BAC clones amplified, and the size of each amplified fragment was 209 bp.
Contig Assembly of the Dm-1 Locus from 14 of the BAC Clones
The hypothesized contig relative to the Dm-1 locus was determined in 14 BAC clones
based on the above results (Fig 19). In the direction of end sequencing by T7 primer, the end
sequences of BAC clones 161_M_10 and 70_I_5 were closest to the Dm-1 locus, followed by
BAC clones 5_B_14 and 35_P_10. The end sequence of BAC clone 2_M_18 was further than
5_B_14 or 35_P_10 from the Dm-1 locus, and closer than BAC clones 125_J_13. The end
sequences of BAC clones 77_P_15 and 187_H_13 were further than BAC clone 125_J_13, and
closer than 52_K_11 from the Dm-1 locus. The end sequence of BAC clone 111_P_17 was further
than BAC clone 52_K_11 from the Dm-1 locus. The end sequence of 192_L_12 was the furthest
from the Dm-1 locus in the direction of end sequencing by T7 primer, followed by 58_H_1, which
was further than end sequences of BAC clone 91_E_22, and 132_H_20 was further than BAC
clone 111_P_17.
In the direction of end sequencing BAC clones by primer Sp6, the end sequence of BAC
clone 35_P_10 was the furthest one from the Dm-1 locus followed by BAC clone 2_M_18 and
125_J_13, which were further than 52_K_11. The end sequences of BAC clone 77_P_15 and
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91_E_22 were closer than 52_K_11 and further than BAC clone 111_P_17, followed by 58_H_1.
The end sequence of 70_I_5 was closer than BAC clone 58_H_1 and further than BAC clone
132_H_20 from the Dm-1 locus. The end sequences of BAC clones 192_L_12 and 161_M_10,
5_B_14, 187_H_13 were closest to the Dm-1 locus in the direction of end sequencing BAC clones
by primer Sp6.
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DISCUSSION

Spinach downy mildew is an important disease virtually everywhere the crop is grown
(Correll et al, 1994). However, the genomic resources available for spinach are limited relative to
many other crops and the genetic and molecular basis of resistance to downy mildew are not well
understood. Currently, six loci underlying resistance to downy mildew in spinach are hypothesized,
and only one (the RPF1 locus) has been characterized (Correll et al, 2007; 2011; Irish et al, 2007).
The RPF1 locus was identified by developing a near isogenic line (NIL1) using the hybrid Lion as
a resistant parent and Viroflay as the susceptible backcross parent (Irish et al, 2008). The line went
through four backcross generations with selection of plants resistant to race 6, followed by three
subsequent selfings before seed was produced for evaluation. The NIL1 line was resistant to
multiple races (races 1-7, 9, 11 and 13) and resistance segregated as a single dominant locus (Irish
et al, 2007). Recently, the molecular basis of resistance to downy mildew in Arabidopsis has been
examined. Several resistance genes (termed RPP genes) have been characterized and cloned
(Bittner-Eddy et al. 2000, Botella et al. 1998, Parker et al. 1997). All of the cloned RPP genes are
members of the plant disease resistance (R) gene family. Similar approaches could be employed to
define the molecular underpinning of resistance conveyed by RPF loci in spinach.

Irish et al. (2008) developed the co-dominant Dm-1 marker that was closely linked to the
downy mildew resistance locus RPF1. The genetic distance between the Dm-1 and the RPF1 locus
was estimated to be 1.7 cM. However, the physical distance between the Dm-1 marker and the
RPF1 locus is unknown as there is no consistent relationship between centimorgans in genetic
distance and base pairs in physical distance. Even within the same species, one centimorgan may
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be equal to a different number of base pairs (King et al, 2002). In Arabidopsis, one centimorgan
can represent between 30 to 550 Kb (Schmidt et al, 1995). In rice, one centimorgan is equal to
approximately 240 Kb, but the value ranges from 120 to 1000 Kb per cM (Kurata et al, 1994). In
wheat, the variation can be even more extreme with 118 Kb per cM in regions of high
recombination, but values as large as 22,000 kb per cM in regions of low recombination (Gill et al,
1996a). In sugar beet, the base pair to centimorgan ratio is estimated to be 677 Kb/cM for the
whole genome (Cai et al, 1997). However, there are no reports that clearly define the ratio between
physical distance and genetic distance. The value of 677 Kb/cM was employed as the approximate
ratio of physical distance and genetic distance for the spinach genome in the current experiments.
Thus, the estimated physical distance between the Dm-1 maker and RPF1 locus is roughly 1150
Kb.

In 2009, a spinach BAC library was developed from the spinach near isogenic line NIL1
that contains the RPF1 locus (Correll et al, 2009). Each BAC clone contains an average of 183 Kb
of spinach DNA and the whole spinach genome was covered 13 times by all the BAC clones (Feng
et al, 2009). Currently, 1920 clones from a total of 73,728 BAC clones of spinach BAC library
were end-sequenced, and 3405 high-quality sequences were obtained (Feng et al, 2010). Together,
the development of spinach NIL1, the Dm-1 marker, and the spinach BAC library provide valuable
resources to study the RPF1 locus. As previously mentioned, the Dm-1 marker is closely linked
with the RPF1 locus. However, the physical location of RPF 1 relative to the Dm-1 marker has not
been determined. Thus, two directions of genome walking from the Dm-1 locus need to be
performed in order to find the RPF1 locus. In the previous chapter, the probe Dm-1-0 developed
from Dm-1 was used for initial selection of BAC clones containing Dm-1. The aim was to select
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two probes (one probe for one direction from Dm-1) that were the furthest from Dm-1 among all
candidate probes developed from BAC end sequences from BAC clones containing the Dm-1
locus. In other words, two probes would be developed based on the end sequences of each selected
BAC clone, and there should theoretically be only one probe from each direction of Dm-1 that
could only hybridized its own clone; this result would indicate that this probe was furthest from
Dm-1. Once the two probes were selected, they would be used to start next round of BAC library
screening to select new subsets of clones, from which new probes would be developed and the
cycle would be repeated until reaching the RPF1 locus. In a rough estimate, the identification of
163 BAC clones is necessary to reach the RPF1 locus based on 1150 Kb of physical distance from
Dm-1 to the RPF1 locus and the requirement to “walk” in two directions from Dm-1 due to the
lack of an additional genetic marker to determine directionality. Unfortunately, the probe Dm-1-0
yielded many false positives, presumably because the size of the probe is too small for maximum
specificity. Therefore, by genomic walking outwards from the Dm-1 locus, a longer probe (518 kb)
was created to search for clones containing Dm-1 in the BAC library. This effort proved to be
successful, as 19 clones were ultimately identified, and most were able to be assembled into a
BAC-based contig centered on the Dm-1 locus.

In these experiments, 14 of the 19 BAC clones were end sequenced, which has been
proposed as a primary means for selecting minimally overlapping clones when sequencing large
genomic regions and pursuing gene discovery (Poulsen and Johnsen, 2004). T7 and Sp6 primers
(universe primer of bacterial vector) were used as end sequence primers for each end of the
fragment of spinach genome inserted in each BAC clone. In total, 28 probes were created based on
the BAC end sequences (2 end sequences for each of the 14 clones that were sequenced).
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DNA of all the 19 BAC clones was extracted and blotted for Southern analysis. Many
methods have been developed for plasmid extraction, and most them are invariable for three steps
to extract plasmid: (1) Growth of the bacteria, (2) Harvest bacteria and lyse the bacterial cells, (3)
Extract and purify plasmid. The midiprepartion method, a common method having been widely
applied to extract plasmids from bacteria, utilizes alkaline conditions and SDS to lyse bacterial
cells, and chloroform and phenol are then applied to remove contaminating proteins. This method
provided a rapid and inexpensive means to extract high quality DNA from BAC clones, which
proved to be suitable for molecular manipulations such as enzyme digestion, amplification by
PCR, and separation via gel electrophoresis.

Twenty eight probes with sizes larger than 150 bp were amplified by PCR and hybridized
with the blot containing all 19 BAC clones. Only one probe, amplified from BAC clone 192_L_12,
hybridized with only one of the 19 BAC clones. Five probes, however, hybridized with all 19 BAC
clones. In other words, probe 192_L_12 T was the furthest one from Dm-1 fragment among all 28
probes, and the five probes that hybridized with all 19 BAC clones were the nearest ones among all
28 probes.

Since only 14 of 19 clones had been end sequenced, only one clone, 192_L12_T, was
found which had the DNA fragment furthest to Dm-1 in T7 end sequencing direction among 19
selected clones. In the Sp6 end sequencing direction, clone 35_P_10 was furthest from Dm-1, but
we did not find the single furthest clone from Dm-1. Presumably, the furthest clone from Dm-1 in
Sp6 end sequencing direction would be found among the 5 clones that were not end sequenced.
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The clones furthest from Dm-1 in each end sequencing direction would be a valuable resource to
select the next round of clones in the genomic walk to the RPF1 locus.

In the future, the end sequences of all 19 clones should be obtained so that the two probes
furthest from Dm-1 can be identified. With the development of new DNA sequencing
technologies, more information about the spinach genome will become available. This new wealth
of sequence information will make cloning and characterizing the RPF1 locus considerably easier
and quicker.

45

REFERENCES

Arumuganathan, K. and Earle, E. D. 1991. Nuclear DNA content of some important plant species.
Plant Mol. Biol. Rep. 9:208-218.
Bassi A. Jr. and Goode M. J. 1978. Fusarium oxysporum f. sp. spinaciae seedborne in spinach.
Plant Dis. Rep. 62:203–205.
Beckman C. H. 1987. The nature of wilt diseases of plants. American Phytopathological Society
Press, St. Paul, Minnesota.
Bennetzen, J. 2000. Genetic fine-mapping technology. Training manual. International Crops
Research for the Semi-Arid Tropics (ICRISAT), Andhra Pradesh, India.
Bertrand, C., Collard, Y., and Mackill, D. J. 2008. Marker-assisted selection: an approach for
precision plant breeding in the twenty-first century. Philos. Trans. R. Soc. Lond B Biol. Sci.
363: 557-572.
Bittner-Eddy, P. D. and Beynon, J. L. 2001. RPP13-Nd an Arabidopsis LZ-NBS-LRR-type
resistance gene that is salicylic acid-independent and that does not require disease resistance
signalling pathways defined by EDS1 or Ndr1. Mol. Plant-Microbe Interact.14: 416–421.
Botella, M. A., Parker, J. E., Frost, L. N., Bittner-Eddy, P. D., Beynon, J. L., Daniels, M. J., Holub,
E. B. and Jones, J. D. G. 1998. Three genes of the Arabidopsis RPP1 complex resistance locus
recognise distinct Peronosporaparasitica (At) avirulence determinants. Plant Cell 10: 1847–
1860.
Brandenberger, L. P., Correll, J. C., and Morelock, T. E. 1991. Nomenclature of the downy mildew
fungus on spinach. Mycotaxon 41: 157-160.
Brandenberger, L. P., Correll, J. C., and Morelock, T. E. 1991. Identification of and cultivar
reactions to a new race (race 4) of Peronospora farinosa f. sp. spinaciae on spinach in the
United States. Plant Dis. 75:630-634.
Brandenberger, L. P. 1992. Studies to Quantify Disease Resistance in spinach to the white rust
(Albugo occidentalis) and downy mildew (Peronospora farinosa f sp. spinaciae) pathogens.
Ph.D. Dissertation. University of Arkansas, Fayetteville, AR. USA.
Cai, D., Kleine, M., Kifle, S., Harloff, H. J., Sandal, N. N. et al., 1997. Positional cloning of a gene
for nematode resistance in sugar beet. Science 275: 832–834.
Chen, M., Presting, G., Barbazuk, W. B., Goicoechea, J. L., Blackmon, B., et al. 2002. An
integrated physical and genetic map of the rice genome. The Plant Cell 14: 521–523.
46

Cook, H. T. 1935. Occurrence of oospores of Peronospora effusa with commercial spinach seed.
Phytopathology 25:11-12.
Correll, J. C., Bluhm, B. H., Feng, C., Lamour, K., du Toit, L. J., and Koike, S. T. 2011. Spinach:
better management of downy mildew and White rust through genomics. Eur. J. Plant Pathol.
129: 193-205.
Correll, J. C., Feng, C., Irish, B. M., Koike, S. T. et al. 2007. Spinach downy mildew: overview of
races and the development of molecular markers linked to major resistance genes. Advances in
Downy Mildew Research, Volume 3.
Correll, J. C., Feng, C. Kudrna, D. A., Ammiraju, J., and Wing, R. A. 2009. Construction of a
spinach (Spinacae oleracae) BAC library. Plant and Animal Genomes XVII Conference. San
Diego, CA.
Correll, J. C., Morelock, T. E., Black, M. C., Koike, S. T., Brandenberger, L. P., and Dainello, F. J.
1994. Economically important diseases of spinach. Plant Dis. 78:653-660.
Dicoteau, D. R. 2000. Vegetable Crops. Upper Saddle River, NJ: Prentice Hall.
Doyle, J. J. and Doyle, J. L. 1987. A rapid DNA isolation procedure for small quantities of
fresh leaf tissue. Phytochem Bull. 19:11-15.
Du Toit, L. J., Derie, M., and Hernandez-Perez, P. 2005. Verticillium wilt in spinach seed
production. Plant Dis. 89: 4-11.
Eenink, A. H. 1974. Linkage in Spinacia oleracea L. Between the loci for resistance to
Peronospora spinaciae Laub. and the locus for tolerance for cucumber virus 1. Euphytica 23:
485-487.
Eenink, A. H. 1976a. Linkage of Spinacia oleracea L.of two race-specific genes for resistance to
downy mildew Peronospora farinosa f.sp. spinaciae Byford. Euphytica 25:713-715.
Eenink, A. H. 1976b. Linkage in Spinacia oleracea L. of two race-specific genes for resistance
to downy mildew Peronospora farinosa f. sp. Spinaciae Byford. Euphytica 25: 713-715.
Ellis, J. R. and Janick J., 1960. The chromosomes of Spinacia oleracea. Am. J. Bot. 47: 210- 214.
Farrar, K. and Donnison, I. S. 2007. Construction and screening of BAC libraries made from
Brachypodium genomic DNA. Nat. Protocols 2:1661–1674.
Feng, C., Correll, J. C., and Bluhm, B. H. 2009. Marker development and gene discovery from
spinach BAC end sequences. Plant & Animal Genomes XIX Conference. San Diego, CA.
Feng, C., Correll, J. C., and Bluhm, B. H. 2010. A spinach BAC library for marker development,
gene discovery, and functional genomics. Phytopathology 100: S35.
47

Feng , C., Ulloa, M., Perez-M, C., and Stewart, J. McD. 2011. Distribution and molecular diversity
of Arborescent Gossypium species. Botany 89: 615-624.
Flybase C. 1998. FlyBase – a Drosophila database. Nucleic Acids Res. 26: 85–88.
Frijters, A. C. J., Zhang, Z., Damme, M. V., Wang, G. L., Ronald, P. C., and Michelmore, R. W.
1997. Construction of a bacterial artificial chromosome library containing large EcoRI and
Hind III genomic fragments of lettuce. Theor. Appl. Genet. 94: 390-399.
Frinking, H. D., Harrewijn, J. L., and Geerds, C. F. 1985. Factors governing oospore production by
Peronospora farinosa f.sp. spinaciae in cotyledons of spinach. Neth. J. Plant Pathol. 91:215223.
Gill, K. S., Gill, B. S., T. R. Endo T. R., and Boyko, E. V. 1996a. Identification and high density
mapping of gene rich regions in chromosome group 5 of wheat. Genetics 143: 1001–1012.
Greville, R. K. 1824. Flora Edinensis. Blackwood & Strand. Edinburgh, London.
Groben, R., and Wricke, G. 1998. Occurrence of microsatellites in spinach sequences from
computer datebases and development of polymorphic SSR markers. Plant Breeding 117: 271274.
Inaba T., and Morinaka, T. 1984. Heterothallism in Peronospora effuse. Phytopathology 74:214216.
Inaba T., Tkahashi, K. and Morinaka, T. 1983. Seed transmission of spinach downy mildew. Plant
Dis. 67:1139-1141.
Irish, B. M., Correll, J. C., Koike, S. T., and Morelock, T. E. 2007. Three new races of the spinach
downy mildew pathogen identified by a modified set of spinach differentials. Plant Dis.
91:1392-1396.
Irish, B. M., Correll, J. C., Feng, C., Bentley, T., and de los Reyes, B. G. 2008. Characterization of
a resistance locus (Pfs-1) to the spinach downy mildew pathogen (Peronospora farinosa f. sp.
spinaciae) and development of a molecular marker linked to Pfs-1. Phytopathology 98:894900.
Ito, Ohmido, M. N., Akiyama, Y., Fukui, K., and Koba, T. 2000. Characterization of spinach
chromosomes by condensation patterns and physical mapping of 5S and 45S rDNAs by FISH.
J. Amer. Soc. Hort. Sci. 125(1): 59-62.
Khattak, J. Z. K., Torp, A. M. and Andersen, S. B. 2006. A genetic linkage map of
spinaciaoleracea and localization of a sex determination locus. Euphytica 148: 311-318.
King, J., Armstead, I. P., Donnison, I. S., Thomas, H. M., et al. 2002. Physical and genetic
mapping in the grasses Lolium perenne and Festuca pratensis. Genetics 161: 315-324.
48

Lijavetzky, D., Muzzi, G., Wicker, T., Keller, B., Wing, R. and Dubcovsky, J. 1999. Construction
and characterization of a bacterial artificial chromosome (BAC) library for the A genome of
wheat. Genome 42 (6):1176–1182.
Lucier, G., and Plummer, C. 2004. Vegetable consumption expected to rise in 2004. Vegetables
and melons outlook, Electronic Outlook Report from the Economic Research Service, United
States
Department
of
Agriculture
VGS-302
April
21,
2004.
From
http://www.ers.usda.gov/publications/vgs/Apr04/vgs302.pdf.
Mackill, D. J., and Ni, J. 2000. Molecular mapping and marker assisted selection for major-gene
traits in rice. In Proc. Fourth Int. Rice Genetics Symp. Los Ban˜os, the Philippines:
International Rice Research Institute.
Martin, G. B., Williams, J. G. K., and Tanksley S. D. 1991. Rapid identification of markers linked
to a Pseudomonas resistance gene in tomato by using random primers and near isogenic lines.
Proc. Natl. Acad. Sci. USA 88: 2336–2340.
Michelmore, R.W. 2003. The impact zone: genomics and breeding for durable disease resistance.
Chit. Opin. Plant Biol. 6:397–404.
Michelmore, R. W., Paran, I., Kesseli, R. V. 1991. Identification of markers linked to disease
resistance genes by bulked-segregant analysis: a rapid method to detect markers in specific
genomic regions by using segregating populations. Proc. Natl. Acad. Sci. USA 88: 9828–9832.
Mishra, R. N., Singla-Pareek, S. L., Nair, S., Sopory, S. K., and Reddy, M. K. 2002. Directional
genome walking using PCR. Biotechniques 33: 830–834.
Mohan, M., Nair, S., Bhageat, A., Krishna, T. G., and Yano, M. 1997. Genome mapping,
molecular markers, and marker-assisted selection in crop plants. Molecular breeding 3: 87-103.
Mohan, M., Nair, S., Bentur, J. S., Prasada Rao, U., Bennett, J. 1994. RFLP and RAPD mapping of
the rice Gm2 gene that confers resistance to biotype 1 of gall midge (Orseolia oryzae). Theor.
Appl. Genet. 87: 782–788.
Morelock, T. E. 1999. Spinach: variety test and description. Hortscience 34(6):987-988.
Morelock, T. E., and Correll, J. C. 2008. Spinach breeding. J. Prohens and F. Nuez (eds.),
Vegetables I, Springer, New York.
Mozo, T., Dewar, K., Dunn, P., Ecker, J.R., et al. 1999. A complete BAC-based physical map of
the Arabidopsis thaliana genome. Nat. Genet. 22: 271–275.
Ochman, H., Gerber, A. S., and Hartl, D. L. 1988. Genetic applications of an inverse polymerase
chain reaction. Genetics. 120: 621–623.

49

Palakolanu, S. R., Srikrishna, M., Tanushri, K., Suresh, N., and Sudhir, K. S. 2008. A highthroughput genome-walking method and its use for cloning unknown flanking sequences. Anal
Biochem. 381: 248-253.
Parker, J. E., Coleman, M. J., Szabò, V., Frost, L. N., et al. 1997. The Arabidopsis downy mildew
resistance gene RPP5 shares similarity to the Toll and interleukin-1 receptors with N and L6.
Plant Cell, 9: 879–894.
Pingoud, A., and Jeltsch, A. 2001. Structure and function of type II restriction endonucleases.
Nucleic acids Res. 28 (18): 3705-3727.
Poulsen, T. S., and Johnse, H. S. 2004. BAC end sequencing. Bacterial artificial chromosomes
methods. Molecular biology 255: 157-161.
Prior, R. L. 2003. Spinach as a source of antioxidant phytochemicals with potential health effects.
National Spinach Conference .Fayetteville, AR. USA.
Sackston, W. E., and Sedun, F. S. 1982. Verticillium wilt of spinach: A useful experimental
system. Can. J. Plant Pathol. 4: 310.
Sambrook, J. and Russell, D. 2001. Molecular cloning. Cold spring harbour laboratory press. Cold
spring harbour, New York.
Schmidt, R., West, J., Love, K., Lenehan, Z. et al. 1995. Physical map and organisation of
Arabidopsis thaliana chromosome 4. Science 270: 480–483.
Schmitz-Linneweber, C., Maier, R. M., Alcaraz, J. Cottet A., Herrmann, R.G. and Mache, R. 2001.
The plastid chromosome of spinach (Spinacia oleracacea): complete nucleotide sequence and
gene organization. Plant Mol. Biol. 45: 307-315.
Shizuya, H. et al. 1992. Cloning and stable maintenance of 300-kilobase-pair fragments of human
DNA in Escherichia coli using an F-factor-based vector. Proc. Natl. Acad. Sci. 89: 8794–
8797Smith, P. G. 1950. Downy mildew immunity in spinach. Phytopathology 40: 65-68.
Smith, P. G., Webb, R. E. and Luhn, C. H. 1962. Immunity to race 2 of spinach downy mildew.
Phytopathology 52: 597-599.
Smith, P. G., Webb, R. E., Millett, A. M., and Luhn, C. H. 1961. Downy mildew on spinach. Calif.
Agric. 15: 5.
Sneep, J. 1958. The present position of spinach breeding. Euphytica 7:1-8.
Snyder, W. C., and Wilhelm, S. 1962. Seed transmission of Verticillium wilt of spinach.
Phytopathology 52:365.

50

Stern, D. B., and Palmer, J. D. 1986. Tripartite mitochondrial genome of spinach: physical
structure, mitochondrial gene mapping, and locations of transposed chloroplast DNA
sequences. Nucleic Acids Res. 14: 5651-5666.
Tang, D., Ando, S., Takasakil, Y., and Tadano, J. 1999. Mutational analyses of restriction
endonuclease- Hind III mutant E86K with higher activity and altered specificity. Oxford
Journals, protein engineering design & selection. 13 (4): 283-289.
Timmis, J. N. and Scott, N. S. 1983. Sequence homology between spinach nuclear and chloroplast
genomes. Nature 305: 65-67.
Whisson, D. L. and Scott, N. S. 1985. Nuclear and mitochondrial DNA has sequence homology
with a chloroplast gene. Plant Mol. Bio. 4: 267-273.
Wright, C. M. and Yerkes, W. D. 1950. Observations on the overwintering of the pathogen causing
downy mildew of spinach in the Walla-Walla area. Plant Dis. Reptr. 34: 28.
Yu, Z. H., Mackill, D. J., Bonman, J. M., Tanksley, S. D. 1991. Tagging genes for blast resistance
in rice via linkage to RFLP markers. Theo. Appl. Genet. 81: 471–476.
Zadoks, J. C. and Schein, R. D. 1979. Epidemiology and plant disease management. Oxford
University Press, New York.

51

Table 1. Primers used to confirm selection of BAC clones
Primer

Size of

Forward/Reverse

Sequence 5’ - 3’

Primer A

Forward

CTGTCTTGTTTGCTGGATGC

155 bp

Primer B

Reverse

CGCTCAGCTTCAAGTCCATT

155 bp

Primer C

Forward

TTACCCTCTAAATTAAAGGGAAGACG

1.1 kb

Primer D

Reverse

CTGAGTACTGAGCTCTTTGCTG

1.1 kb

name
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amplification

Table 2. Quantity of DNA extracted from 43 BAC clones hybridized by Dm-1-2 probe1
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Clone name
187_H_13
186 I 18
176 O 11
52_K_11
167 A 21
35_P_10
97 O 19
163 M 6
16 B 23
77_P_15
17_H_7
91_E_22
11 L 3
71 M 4
126 J 24
161_M_10
10 K 23
70_I_5
125_J_13
161 F 1
8P1
70 B 13
111_P_17
157_A_5
8_J_17
65 N 19
111 D 18
145 H 18
109 J 15
5_B_14
58_H_1
110 F 21
132_H_20

DNA quantity ( ng/µl )
120.31
181.25
124.21
109.25
134.45
158.79
151.36
135.00
135.48
145.65
185.26
147.56
141.39
156.25
184.26
154.12
115.41
139.21
143.65
103.54
154.28
152.65
141.87
125.45
144.23
181.45
157.25
187.26
165.48
142.37
113.21
153.54
178.24
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Table 2 continued
Number
34
36
37
38
39
40
41
42
43
1

Clone name
2_M_18
133 P 21
132 G 16
102_I_19
1D6
128_J_17
130 M 3
130 O 5
192_L_12

DNA quantity ( ng/µl )
163.12
142.32
128.26
154.26
118.02
136.09
185.32
115.21
168.32

DNA was extracted by using GeneJETTM plasmid Miniprep kit (Fermentas UK).
The size of Dm-1-2 probe was 518 bp.
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Table 3. Primers used for BAC end sequencing
Primer name

Forward/Reverse

Sequence 5’- 3’

T7

Forward

TAA TAC GAC TCA CTA TAG GG

Sp6

Reverse

GAT TTA GGT GAC ACT ATA G
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Table 4. Quantity of DNA extracted from 19 BAC clones
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Clone name
2_M_18
52_K_11
58_H_1
192_L_12
125_J_13
161_M_10
77_P_15
91_E_22
132_H_20
111_P_17
5_B_14
35_P_10
70_I_5
187_H_13
161_F_1
8_J_17
102_I_19
17_H_7
157_A_5

DNA quantity (ng/ul)
1200.31
1824.21
1009.25
2004.45
2541.87
1258.79
2451.36
1435.00
1735.48
1245.65
985.265
1547.56
2410.39
2006.25
1984.26
2354.12
2015.41
1239.21
821.25
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Table 5. Primers designed based on BAC end sequences
Name of
BAC clones
2_M_18
52_K_11
58_H_1
19_ L_12
125_J_13
161_M_10
77_ _P15
91_E_22
132_H_20
111_P_17
5_B_14
35_P_10
70_I_5
187_S_13

Forward primer

Reverse primer

Size
(base pairs)

TM
(0C)

Size
(base pairs)

TM
(0C)

Size of
amplified
product

2_M_18 T

28

56

26

59

240

Sp6

2_M_18 S

28

58

25

56

199

T7

52_K_11 T

25

58

28

58

203

Sp6

52_K_11 S

25

60

26

58

215

T7

58_H_1 T

28

58

26

58

349

Sp6

58_H_1 S

25

58

28

58

280

T7

19_ L_12 T
19_ L_12 S

25

59

25

60

223

24

60

26

60

200

125_J_13 T
125_J_13 S

25

59

28

58

348

27

60

26

60

312

28

59

25

58

299

Sp6

161_M_10 T
161_M_10 S

27

58

25

59

207

T7

77_ _P15 T

28

59

26

59

349

Sp6

77_ _P15 S

28

56

25

58

209

T7

25

60

28

59

348

Sp6

91_E_22 T
91_E_22 S

25

61

27

60

398

T7

132_H_20 T

28

57

28

57

291

Sp6

132_H_20 S

25

60

25

58

347

T7

111_P_17 T

28

56

28

56

347

Sp6

111_P_17 S

25

58

28

56

157

T7

5_B_14 T

28

56

28

57

181

Sp6

5_B_14 S

28

58

28

58

192

T7

35_P_10 T

28

55

28

56

175

Sp6

35_P_10 S

25

57

27

58

218

T7

70_I_5 T

27

59

26

58

180

Sp6

70_I_5 S

29

55

28

55

163

T7

187_S_13 T

27

59

25

59

328

Sp6

187_S_13 S

28

56

30

55

209

Direction of
end sequence

Names of
primers

T7

Sp6
T7
Sp6
T7
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Table 6. Hybridization of 19 BAC clones containing Dm-1 region by the probes designed based on the T7 end sequences1
Name of BAC clones DNA
161_F_1

+

-

+

-

+

+

+

+

+

+

-

+

15

52_K_11 T

-

+

+

-

-

+

-

-

-

+

-

+

+

-

+

+

+

-

-

8

58_H_1 T

-

-

+

-

-

-

-

-

-

-

-

+

-

-

+

-

-

-

-

9

192_L_12 T

-

-

-

+

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1

125_J-13 T

-

+

+

-

+

+

+

+

-

+

-

+

+

-

+

+

+

-

-

12

161_M_10 T

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

19

77_P_15 T

-

+

+

-

-

+

+

-

-

+

-

+

+

-

+

+

+

-

-

10

91_E_22 T

-

-

-

+

-

-

-

+

+

-

-

-

-

-

-

-

-

+

-

4

132_H_20 T

-

-

-

+

-

-

-

+

+

-

-

-

-

-

-

-

-

+

-

4

111_P_17 T

-

-

+

-

-

-

-

-

-

+

-

+

+

-

+

+

+

-

-

7

5_B_14 T

+

+

+

-

+

+

+

+

-

+

+

+

+

+

+

+

+

-

+

16

35_P_1 0T

+

+

+

+

+

+

+

+

+

-

+

+

+

+

-

+

+

+

+

17

70_I_5 T

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

19

187_H_13 T

+

+

-

+

+

-

-

+

+

-

+

-

-

+

-

-

-

+

+

10

58

1.

2_M_ 18

157_A_5

187_H_13

+

17_H_7

5_B_14

+

102_I_19

111_P_17

+

8_J_17

132_H_20

-

70_I_5

77_P_15

+

35_P_10

161_M_10

+

91_E_22

125_J_13

+

58_H_1

2_M_18 T

Probe Name

52_K_11

192_L_12

Number
of
hybridize
d clones

“T” stands for one sequencing direction by using T7 primer; “S” stands for one sequencing direction by using Sp6 primer; the same
primer was used to do southern blot and PCR..“+” stands for showing hybridization bands; “-” stands for no hybridization bands.
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Table 7. Hybridization of 19 BAC clones containing Dm-1 region by the probes designed based on the Sp6 end sequences1

58_H_1

192_L_12

125_J_13

161_M_10

77_P_15

91_E_22

132_H_20

111_P_17

5_B_14

35_P_10

70_I_5

187_H_13

161_F_1

8_J_17

102_I_19

17_H_7

157_A_5

Number of

2_M_18 S

+

-

-

+

+

-

-

+

+

-

+

-

-

-

-

-

-

+

+

9

52_K_11 S

+

+

-

+

+

-

-

+

+

-

+

-

-

-

-

-

-

+

+

3

58_H_1 S

+

+

+

+

+

+

+

+

+

+

+

-

-

+

-

-

-

+

+

14

192_L_12 S

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

19

125_J_13 S

+

-

-

+

+

-

-

+

+

-

+

-

-

-

-

-

-

+

+

8

161_M_10 S

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

19

77_P_15 S

+

+

-

-

+

-

+

+

+

-

+

+

-

+

-

-

+

+

+

12

91_E_22 S

-

+

+

-

+

+

+

+

-

+

-

+

+

-

+

+

+

-

-

12

132_H_20 S

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

-

+

18

111_P_17 S

+

+

-

+

+

+

+

+

+

+

+

-

-

+

-

-

-

+

+

13

5_B_14 S

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

19

35_P_10 S

-

-

+

-

-

-

-

-

-

-

-

+

+

-

+

-

-

-

-

4

70_I_5 S

+

+

+

-

+

+

+

+

-

+

+

+

+

+

+

+

+

-

+

16

187_H_13 S

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

19

Probe
Name

59

1.

2_M_ 18

52_K_11

Name of BAC clones DNA
hybridized
clones

“T” stands for one sequencing direction by using T7 primer; “S” stands for one sequencing direction by using Sp6 primer; the
same primer was used to do southern blot and PCR..“+” stands for showing hybridization bands; “-” stands for no hybridization bands.
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1
2

4

3

5

Fig 1. A picture of a portion of a BAC hybridized membrane containing about 200 clones
blotted onto the membrane in duplicate. The portion of BAC membrane was hybridized with
the Dm-1 fragment (155 bp) amplified from NIL1 with primer A and B (see table 1). The
Dm-1 fragment labeled with ECL according to the manufactures recommendation. Note the
BAC clones which the Dm-1 hybridized to. For example, BAC clones labeled 1=15_H_5,
2=9_I_8, 3=45_N_13, 4=27_E_13, 5=15_K_17.
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Fig 2. Genomic Southern of spinach cultivars. DNA was digested with EcoRI, blotted
onto a nylon membrane, and hybridized with the Dm-1-0 probe amplified from NIL1.
The controls included NIL1 (RR at locus RPF 1), Lion (Rr at locus RPF 1), and Viroflay
(rr at locus RPF 1). Unexpectedly, the data indicated that there were many copies of Dm1.
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Fig 3. Comparison of Dm-1 fragment sequences from a homozygous resistant cultivar (NIL1)
and a homozygous susceptible cultivar (Viroflay). Both sequences were obtained from the
amplification product of primers A and B (Table 1) with spinach genomic DNA extracted from
NIL1 and Viroflay. Primer A was used to sequence the amplification products. A 26 bp deletion
can be found in the amplicon from Viroflay.
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After genome walking PCR, a 1.1 kb DNA fragment was obtained.

Fig 4. Diagram of the development of a new probe for BAC clones selection by genome walking
PCR. Red “X” represents for the enzyme cutting site; the green bars represent the Dm-1
fragment; the blue bars represent the adaptors. The primer of adaptor (forward primer) and
primer B (reverse primer) were used to produce the amplicons including 5’ genomic flank, and
primer A (forward primer) and the primer of adaptor (reverse primer) were used to amplify the
amplicons including 3’ genomic flank. Five different probes (from probe Dm-1-1 to probe Dm1-5) were developed. Probe Dm-1-1 includes 5’ genomic flank; probe Dm-1-2 included 5’
genomic flank and Dm-1 fragment; probe Dm-1-3 included Dm-1 fragment and 3’ genomic
flank; probe Dm-1-4 included Dm-1 fragment and 3’ genomic flank; and probe Dm-1-5 included
5’ genomic flank, Dm-1 fragment, and 3’ genomic flank.
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Fig 5. Genome walking sequence. The whole sequence is the sequence of 1.1 kb of genome
walking PCR product. The red highlight is the primer 1 which is forward primer of probe Dm-11, Probe Dm-1-2 and Probe Dm-1-5; the green highlight is a complement of primer 2 which is
the reverse primer of probe Dm-1-1; the yellow highlight is the primer 3 which is the forward
primer of probe Dm-1-4; blue highlight is the complement of primer 4 which is the reverse
primer of probe Dm-1-4 and Dm-1-5; the purple highlight is the primer A which is the forward
primer of Dm-1 fragment and probe Dm-1-3; gray highlight is the complement of primer B
which is the reverse primer of Dm-1 fragment and probe Dm-1-2; the bold characters are the
sequence of the Dm-1 fragment.
CGACGGCCCGGGCTGGTACTATTCAAAGGAAAGAACAAAAAACAGATAATTACCCT
CTAAATTAAAGGGAAGACGAACGGAAATGTAGAAAAAGAAAGCAAAGATGGAATT
TTTGTAGATGCTGAGAATCGAACTCCAATTATTTGGTTTTACATTCAACTTCCAAACC
ACTGCAGCAACCTCAATTCCTTGCCTATAGTCACTAGAGATAACACTATATAAACTG
TTTCAGATTTCTGACAGGGGCCGGGGCCACCTTGGGCCCCAACGTAGCTTCGTCCCT
GGTTCCATGCAGGGAAGTGGTGATGTAGGTTTCATTCATAACATAATCACTCACTTT
TATGCACGAAAGTGAATTCACTGTCTTGTTTGCTGGATGCATTTTATGCACAAGA
CAACCTGACACTTGGTTGATGGTGTATAAATTTTGTGGTTTCAGAAAGAAATAG
GACTACAACTTACACCTCCAACAGGAAAGCAAAGAGCGGAAACCTGGAATGGA
CTTGAAGCTGAGCGCATGTTGCAGTTAAGATTTGATGACCCAGATAGGTATATTCC
ATTGTAAATTTGTAATCACTATTGTTTACCTGGTAATAAAACTTGTTTTGTGATATCT
TAGGTCAATTTTGTAATAATTTCCATCAAATTCACAAATGATGATTTAGGTGCTGTTT
GGTTGACATAAAAAAACATAGGAAAGTTGGACTTCATAGGAATTGCAAAGTATATG
AGTTGTTTGGTTGACAAAGTTTTGGTGAAAAGGGGGAATTTGCTTACCTAGTCCCCC
TAGGTAAAGTAGAAATTCCCATAGGAAGTTACTTTCCAGTTCCCACATTATCAACCA
AACAATTTTAGGAAATTCCCAGAATTTAATCAAAGAATCCAGTTCCTGTCATCTTGT
ATTTCATGGGAAATTCTACTTCCTATGTGAACTAAACGATACCTTATTTATACTCTAG
TGTCATACTGTCATCTAATATCTTCATTTCTTTTCATGCAGACCGTCTTCTGATATAG
CAATTTCGGGTTTGGGATGGATTGCTATTGAACCAATCAGCAAAGAGCTCAGTACTC
AGGTATTGGATTTATGGGATTGGTTCATAAAATGAATAGTTCGCCCATTTTTTTGACT
CTGTACCAGCCCGGGGCCGTCG
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1

2
3

4
5

Fig 6. A picture of a BAC membrane hybridized by Dm-1-2 probe, containing 43 clones
blotted onto the membrane in duplicate. The BAC membrane (C) was hybridized with the
probe Dm-1-2 (517 bp) amplified from NIL1 with primer 1 (5’ TTACCCTCTAAATTAAA
GGGAAGACG 3’) and B (5’ AATGGACTTGAAGCTGAGCG 3’). The probe Dm-1-2
labeled with ECL according to the manufactures recommendation. Note the BAC clones
which the probe Dm-1-2 hybridized to. For example, BAC clones labeled 1=125_J_13,
2=132_H_20, 3=126_J_24, 4=109_J_15, 5=97_O_19.
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Fig 7. Gel picture of amplification product of DNA extracted from 43 BAC clones. In order to
test the quality of DNA extracted from 43 BAC clones which were hybridized by probe Dm-1-2,
the DNA of all 43 BAC clones were amplified with antibiotic primers designed based on the
sequence of the Chloramphenicol resistant gene. The size of the target was 500 base pairs. The
spinach genome DNA from Vrioflay, Lion and NIL1 was used as negative control.
1= Ladder,

11= 192_L_12,

21= 1_D_6,

31= 10_J_15,

41=65_N_19,

2= 111_P_17,

12= 8_J_17,

22= 130_O_5,

32= 97_O_19,

42= 126_J_24,

3= 187_H_13,

13= 125_J_13,

23= 130_M_3,

33= 163_M_16,

43= 167_A_21,

4= 157_A_5,

14= 91_E_22,

24= 186_I_18,

34= 55_J_5,

44= 132_G_10,

5= 132_H_20,

15= 161_M_10,

25= 8_P_1,

35= 145_H_8,

45= 186_K_14,

6= 17_H_7,

16= 107_I_19,

26=176_O_11,

36= 71_M_4,

46= 186_I_4,

7= 5_B_14,

17= 161_F_1,

27=10_K_23,

37= 128_J_17,

47= 186_G_10,

8= 77_P_15,

18= 52_K_11,

28= 11_L_3,

38= 133_P_21,

48= Viroflay,

9= 70_I_5

19= 58_H_1,

29=16_B_23,

39= 110_F_21,

49= Lion,

10= 35_P_10

20= 2_M_18,

30= 70_B_13,

40= 111_D_18,

50= NIL1
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Control

Fig 8. Amplification of DNA from selected spinach BAC clones with primers (primer A and B
see table 1). Viroflay, Lion and NIL1 were used as positive controls and 186_G_10, 186 K 14
and water were used as negative controls. The sizes of targets were 180 base pairs.
1= Ladder,

5= 111_P_17,

9= 17_H_7,

13= 167_A_21,

2= Viroflay,

6= 187_H_13,

10= 111_D_18,

14= 132_G_10,

3= Lion,

7= 157_A_5,

11=65_N_19,

15= 186_K_14,

4= NIL,

8= 132_H_20,

12= 126_J_24,

16= Water
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Control

Dm-1 present

Fig 9. Amplification of DNA from selected spinach BAC clones with primer C and D (see table
1). Viroflay, Lion and NIL1 were used as positive controls and 186_G_10, 186_K_ 14 and water
were used as negative controls. The size of targets was 1.1 kb.
1= Ladder,

5= 187_H_13,

9= 111_D_18,

13= 132_G_10,

2= Lion,

6= 157_A_5,

10=65_N_19,

14= 186_K_14,

3= NIL,

7= 132_H_20,

11= 126_J_24,

15= Water

4= 111_P_17,

8= 17_H_7,

12= 167_A_21,
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Fig 10. Three PCR products amplified by the primer C/D out of 19 PCR products which were
amplified by both primer A and B and primer C and D (see table 1) were randomly selected for
sequencing. The directions of the sequences below were from 5’to 3’. The sequence of Dm-1
fragment was highlighted in the sequences of three PCR products.
52_K_11
AGAAAGCAAAGATGGAATTTTTGTAGATGCTGAGAATCGAACTCCAATTATTTGGTT
TTACATTCAACTTCCAAACCACTGCAGCAACCTCAATTCCTTGCCTATAGTCACTAG
AGATAACACTATATAAACTGTTTCAGATTTCTGACAGGGGCCGGGGCCACCTTGGGC
CCCAACGTAGCTTCGTCCCTGGTTCCATGCAGGGAAGTGGTGATGTAGGTTTCATTC
ATAACATAATCACTCACTTTTATGCACGAAAGTGAATTCACTGTCTTGTTTGCTGGAT
GCATTTTATGCACAAGACAACCTGACACTTGGTTGATGGTGTATAAATTTTGTGGTTT
CAGAAAGAAATAGGACTACAACTTACACCTCCAACAGGAAAGCAAAGAGCGGAAA
CCTGGAATGGACTTGAAGCTGAGCGCATGTTGCAGTTAAGATTTGATGACCCAGATA
GGTATATTCCATTGTAAATTTGTAATCACTATTGTTTACCTGGTAATAAAACTTGTTT
TGTGATATCTTAGGTCAATTTTGTAATAATTTCCATCAAATTCACAAATGATGATTTA
GGTGCTGTTTGGTTGACATAAAAAAACATAGGAAAGTTGGACTTCATAG
111_P_17
ACTGCAGCAACCTCAATTCCTTGCCTATAGTCACTAGAGATAACACTATATAAACTG
TTTCAGATTTCTGACAGGGGCCGGGGCCACCTTGGGCCCCAACGTAGCTTCGTCCCT
GGTTCCATGCAGGGAAGTGGTGATGTAGGTTTCATTCATAACATAATCACTCACTTT
TATGCACGAAAGTGAATTCACTGTCTTGTTTGCTGGATGCATTTTATGCACAAGACA
ACCTGACACTTGGTTGATGGTGTATAAATTTTGTGGTTTCAGAAAGAAATAGGACTA
CAACTTACACCTCCAACAGGAAAGCAAAGAGCGGAAACCTGGAATGGACTTGAAGC
TGAGCGCATGTTGCAGTTAAGATTTGATGACCCAGATAGGTATATTCCATTGTAAAT
TTGTAATCACTATTGTTTACCTGGTAATAAAACTTGTTTTGTGATATCTTAGGTCAAT
TTTGTAATAATTTCCATCAAATTCACAAATGATGATTTAGGTGCTGTTTGGTTGACAT
AAAAAAACATAGGAAAGTTGGACTTCATAGGAATTGCAAAGTATATGAGTTGTTTG
GTTGACAAAGTTTTGGTGAAAAGGGGGAATTTGCTTACCTAGTCCCCCTAGGTAAAG
TAGAAATTCCCATAGGAAGTTACTTTCCAGTTCCCACATTATCAACCAAACAATTTT
AGGAAAT
2_M_18
CACTATATAAACTGTTTCAGATTTCTGACAGCGGCCGGGGCCACCTTGGGCCCCAAC
GTAGCTTCGTCCCTGGTTCCATGCAGGGAAGTGGTGATGTAGGTTTCATTCATAACA
TAATCACTCACTTTTATGCACGAAAGTGAATTCACTGTCTTGTTTGCTGGATGCATTT
TATGCACAAGACAACCTGACACTTGGTTGATGGTGTATAAATTTTGTGGTTTCAGAA
AGAAATAGGACTACAACTTACACCTCCAACAGGAAAGCAAAGAGCGGAAACCTGG
AATGGACTTGAAGCTGAGCGCATGTTGCAGTTAAGATTTGATGACCCAGATAGGTAT
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ATTCCATTGTAAATTTGTAATCACTATTGTTTACCTGGTAATAAAACTTGTTTTGTGA
TATCTTAGGTCAATTGTAATAATTTCCATCAAATTCACAAATGATGATTTAGGTGCTG
TTTGGTTGACATAAAAAAACATAGGAAAGTTGGACTTCATAGGAATTGCAAAGTAT
ATGAGTTGTTTGGTTGACAAAGTTTTGGTGAAAAGGGGGAATTTGCTTACCTGATCC
CCCTAGGTAAAGTAGAAATTCCCATAGGAAGTTACTTTCCAGTTCCCACATTATCAA
CCAAACAATTTTAGGAAATTCCCAGAATTTAATCAAAGAATCCAGTTCCTGTCATCT
TGTATTTCATGGGAAATTCTACTTCGTGAACTAAACGATACCTTATTTATACTCT
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Fig 11. 14 BAC clones containing Dm-1 region as confirmed by PCR were end sequenced in two
directions. Primers T7 and Sp6 were used to sequence the selected 14 BAC clones from two
directions. Based on the end sequences of all 14 BAC clones, 14 pairs of primers were designed
and used to amplify probes. The directions of all sequences below are from 5’ to 3’. The
sequences of each primer are highlighted.
2_M_18- T7 1027 bp
ATCAAGGCGGATCCCGGGAGGTCCTCTAGAGTCGACCTGCAGGTACCAAGCTTGAA
AAAAGGGATATGATGCCTTAGGTTGTACCCTACATAGACCTAGTCGATGCAAATCTA
CATGACCACAATTCCATAACCCTAATATATGGCTTCGGCTCCTAATAGCGTACTAGA
CCTAATCGATTATAGCCCGGCTGGCTCGACCAGGCCCGGTCTGGAAAAGTGCGGGT
AATTTGGGTAGCCTTAAATATGCATTTGTAGACCAAACTCCGAGCCCAGCCCGAAAA
GCTTGGTTCGGCCTGAGAACCCTCCCCAAATTTATGGGTTTTGGCATGTTTTTTGGGT
TAAAGCTCGGCCTTACTCGAATTTTGATCACCTCTATACCGTACATATCATTTAATTT
GTACATGGTACGGAGTAAGCTCTGAACACGAGAGGCTAATTAAACAAGATATCTTA
TAGAGTTATAGTGCAGAGATTGCTTCTTCCAAAGAGTCTAACCTGATTTAATCTTTCG
TTATAAAATTTTTTGGTAGCTCTAGCTAAATTCCACATAGTGAAAAACAAAATAAAG
AAAATTGAACAAGACAAAAAATATTAAAAAAATGAAGGGGAAAAAGTACATTAGT
TTTTGGCAAAAAATGTGGGGTTTGATGAAATATTCACCATTTTATTTGGAAATTAATT
GGTTGGAAGCCCTATCTTTTAATTTTCAAGGGCAAAAAAGGGGAATTTAATTTATTG
GCATGGCATTGCCCCTATTACTACCGTTAATTTTTCCCCAAATAAACTTTTTTTAAAG
GGGGATTTAAATTTTTTGCCATCCCCTATTAAACTTTTCCCAAAAAAAAAAAGCGGA
GATTTCCCAAAAACCTTCACAACTCCCGTTTATTTAAAAATAAAATAGGGGGGGTTT
TTTCTAAACCGGCGACCCCCAGATTACCCCCCTTAAAGGGGTTAAAAAAATTCACCC
ATAACACTTTTTTTTTCTGGGGCGGCCGCCCCCTTTAAAATTTTTATAAAATTTTGCC
2_M_18-Sp6 749 bp
AACTTAGCCGTAAAAAAGAAAAAAGCTTCCTGGACAATGAAAAAAAAAATGGAATT
GGATTTATGTTGGCCACCTTCATAGAAAAACAACTTGCCCATCTCAAGACCTCGCCT
TTATGATTTGACAAAGTTGGAGTACATACAAATCAGTCCATCAGAGTTTCAATGCAC
GCCTGGAGTTGGATTGGGGAGTGCTGAAGGTATTCCATTTTTTGCCTCCCTGAAACG
CCTTGGGTTAAATTGTTTGCCAAAGTTGAAAGGGTGGGCAGGAGTAAGCGCGGCGG
GAGATGATCTTCTGTTCCTTGATGATTGTGAAAACATACCATTGCAATCACCACTCC
GCCTTTCTCCATTGAAGTTACTGGAAATAAAAGAGTGCCCGAAGTTGACATGCATGT
TGCCTTGTCCTTTGTTGGAAAACCTAAAGTTTAAAGAAATTCAATACAAGGCTGCAA
TGAAAAAAAAGTTGCGGCCACAAAACCAAAGGAGGAAAAATCAGGAATGACCTAT
CCTTGTCTATCCTCCGCCCCCGCCCATTGGTCCAATCCTTGAAAATGTCAACGAGAA
ATAAAAGTGTTACTGGTTCTCATTCCCCACCTTTAAGAAAAGGTATTCTATTGAACA
ATGGGGGCGGGAGTAAAATTCCCCCTGCCCATTGGAAACTTTTTCACGGGTCTTATA
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AAGTCTTGAATATATAACCGGAAGGGGCAAAATTAAAAAAAATTTGGAAAGAAAAT
CCAAGAAAACACG
52_K_11- T7 448bp
CCCCCATACGGCTCAGCGACCGGGGCTCCTCTGAATGCAACATGGAGGTTTGCCACG
CTTTATAGATGAGTATCCTACTGTACTCAGTCATCATCATCATTTTTACGCAGTACTA
TTATGGCTTCAAGCCTACTACCGTGACTAGCAGGTGTTAATGAGCCGATCCTTCTCG
AGCCAGAAACTCGTGAGCACAGGCTCGACTCGGGCTAGAATCTCGTTCGAGTGGGT
TCGAGCTTGAGCTTGAAACATTAAAATTGAACTTGGTTCGGCTCGATAGGCAAGTTG
AGGCTTGATAGGCTTGCTCGAGGTTGAATTATCAAATGTTTAATTAAGAAACATGTT
TATCAATTTTTTCATGTTTTATATGTTAAATAAATATCTATTAAAAGAACTTTTGTGA
AAATTTTTTTTTTATAAAAAAACCCCTTTATAAAGGAGGAAAAAACCG
52_K_11- Sp6 1241bp
TTAAAGCTTAACGCAAAACTGAGTATCGTTTGCATTAGCATCCAGATGTTTCTTGATT
TTGTTAACCCCTCTAGACATCCTGTAAGCAACGCCTAACAGGGTTAGGAAGTAGGAA
CAGAAGCGGCACACCTTTTCAGAGAGACTCCCACCAACCTCGAAGAGTTGCAGCTG
CTCGGCAAGAGTAGCAAACTCGTCTAACAGATCATCTGCTAAGGAAGACAAGGACT
CTTAAGCTCCTCCAACCAATGCTGTGCTTCATGGGAGAGTTCCTGCTTGGCCTCTGCA
TCAAGAAGCACAGCATTGATGGCAAAGACGGTGCGGTGGAGATCATCAAGTTGGGA
TTTGTAGCCAAAGATTGAAAGAATCACTTGCAGCTCTGAACATTGCAGGCCTCAAGA
AAAAGTTAGCAACAATAAGCTTCGGCACAAAAAATCTTTTTTTTGGGCGGGGGATTA
AAAACAAAGGATGGGGATGAACAAAATAAAGGATCCCAACTTTCTGCTATTTTTCC
ACTTAAACAAAAGTACAATAATGCAAAAAGTTTCAGCATCAATAAAGGCTTGGTTG
CAATAATACAAGATCAATTTGTCTCATTATGACCAATTCAATGGCTATATGTTAAGT
CATAACAGTGCAGGGCCCAGGGTTAAAATAATTAGTGTAAAGAAGAAGGAAAAATA
AAGTTTATGAAGGTTTTTGCTTTTTATTTGGGGTATCGGTGGACCCATACTTAACGTG
GGCTGGCCCACTTGTTCATAACAACATTCCATGAACTTGGATATTTCTTTCCTGGGTG
TTCCCTCGTCAATTGGGGTACTAACTTAGTAACTGAAATAATTTCTGGGAACATGGA
AAGGACTAACCCCCATACTGAACTACCGCATGGGGCCCACTTGTAGAACCCAATGG
ACCAAAAGGATTGGGAATGAACCAAGATAATTTTTCACCAATTTTCTGTCTTATTTTC
CCTCTAACCATTAGGTACATTAATGGAAAAAGTTTCCCCAATATTAAAGCGTTGTGT
GGATTTTTCCAGGATACAATTTTGTCTTTTGTGGGGGACCCAATTTCATTAGGCGCTT
TTTTCGGTTAGGGGAGGTGGCCTCCTTTTGGTCACTCTCGTCCTCGTCACTTTATAAA
ATAAGAGGACGGGGGCGCACCCCCGACTATTTTTTTTAAAGAAGTGTGGGGGGGGG
AGATTCTACCTCGGCCCCTTTAGTTGTAATGGAAAAAAAAATAAT
58_H_1- T7 1131bp
GGGGGAGAGTAAATAAAGGGGGCTTCAAGTCGTGCCCGGATCCTCATAGCGACCTG
CAGGCATTGCTTGTAAATACTGAACGTGGAATGGGTTGAAGAAACTGTATTTGCTAC
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AAGCAGTGTGATGATGATGATGATAAGGAGAGACTGAAATCCAGCAGGAAAACCA
ACGAACGTCATTTCTATTTTAGCCATTCTGGGAAAAAAGATTAAGAAAGCTGTTATG
CGAATTTGGTGTATATTGTGATTTGTGAGAGAAGAAGAGTGGAGGTTGGGATAAAA
AAAAAAAAAGGTTTCCGATGCCGGGAATCGAACCCGGGTCCCCTGGGTGAAAGCCA
GATATCCTAACCGCTGGACGACATCGCAATTTGATGTCAATTAGTTTCACTTAAAAA
TTCTAACATTGTATTTATGTATTCGTTTCATGCATTGTTTATCAACCAAACTTTTGATT
TTCTTGTAGTGAGTAGCTCACGTTCTGTATAAGAAAATACATCTTGAATCAATTGAA
TTTTCTATAACTACTTTAAATCAATTATAAATTATGTACTCATTTTGAAATAATTGAT
GTCACAATACGACAGAGGCGGTGCCAATAAGGATTCAGTTTATAACCTCGAGCGAG
CCTATCGAGCATCAACGACCCCTATCGAGCCTCGAGCCGAACCGAGTTCGATTTTAA
TGTTTCTAGCTCGAGCTCGAGCACAAATTTCCCAGGCTCGACGAAGCTTCGAGCTCA
AGCCGAGCCTGTGCTCACAAGTTTCAAGCTCGAGCCGAGCCTATAAGGCTTGGGCTC
GGGCTCGGCTCGGGCTCGGCTCATTGACTCCCCTAGGCTTAATATTTGCATATTGCAT
AAAGAAACAAGTTCCCAAATTACATCAGTTATCTTAAAATCATCATCAAACAACGGT
GTAAATAAAACTCTAACAAGTATTCCAACTATTTCAAGCAATGGAGTGGGTTCAGGG
GGAGTTTAAAAGATCATGGTTTCCTTTTATTGAAACTTAAAGAACAGGCATTCAATG
GATGGTATCTGGGAAATCAACTATGCAAAAACTAGAAATGTTAAAAAGAGTGACAT
GAAAGGGACCCTCCACATTTAGGCTAAAATTGGAACACACCTTTATATTCT
58_H_1-Sp6 1128bp
GGCCGAAGAGCACGATTGCGTTGCTATGAGCTAGATGCTGTAGGTACAGAATGCGT
AGTCGAAAAGATCCAGGATTGGCAGTGCAGTCAGATGTGTCTGGCAATGTAAAGGC
CTGGTACATTGGAGAGTCCTAGTAACCACTAACAAAGTTTGAATATAATGAAGCCAC
TTAGCAAGAATGGACTAAGAAAAGTTACCCCACACTAGAAGGCGGACTGGACTGGA
CTGGACTGGACTGGACTGAAGTTTGCGTTCAGTTTCTGATGTCAAACTGCAATTGTC
TGAAGAACCATGAGTTGGACTTGACTTGCAGTAAAGAAAGCAGGAAAGGTTTCCAT
TCAGCTTCAGAGAAGCCCTATTGATGTAAATGCATGCAAGTTTTCATAGGTCACGGA
TATTTAGCACCTAAGGGCCCGTTCGGTATCATTTTTTGTTACCAGTTTTCTGTTTTTTT
CACAAAATATGAAAACCACAAAAAGTAGTTTCAACTTTCAAGTTTTTTGTTATCAGT
TTTCAAAATCAATATGAGTATTTAGTTATAGGTATGGCTATTTTTTAATTCACGTTTC
AATCTCAATCATGACTTACAGAATAAAAAAACTGATACCGAACGAGCCCTAAGGTA
CAGGAAAAACTGAGCAACAAAGTCCCTGAACCAGAGAGTTACCTTACTAACAGAGA
CACGTAGGCCACGCAGCAGTTGAATATTTTCTTGCGTACCCCCAGCATGATCAAAAA
GATGTAGCATTTAATCCAACAAACTAAAGTTAAACTATACGTAAAATTACAACGATG
AAGTTTTACCTACCTCAATCCCTTTGACCTCTAATAAGATTGGTTGAAAGGAAGACA
GTTAAGTCCTCAAACACTGTGAGGACAAATAAAAGAAAAGTTTTAACCCCCATAAG
ACTGGCAAATCTGGCAATGCACCACCTTGAAAAAGGAATACAAAACATCTTGGAGA
TAATATAAATGTAACTACCTCAAGCAGTAATACCGCAACGGACTTTAGTACCTCCGG
GGGGCCGGGGCTAACAGGGGAACGGAACTGGCTCTTATCCGGCATAGAACTGTTTC
CCCAACCCCATTCCTTCATACCAGGACCTTGCTCTTCAGAGGCCATTCCCT
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192_L_12 –T7 523bp
TGCCCGGGCTTTAAGGGTGCAATGGAAAGGAGACATAAACTCGAGGGCGGGGACGT
CGTGCGCGACTGGAGGATACCTCCGTTATTCGAAACTGAGCATTAGACTTGGGCCAC
GATGAGACAAGAAACATGATGTTATTGGGAAGCACTAGTGATGTGATGAAGCGATC
TAACATGTTTGGGGCCACCACATTAATAATGCAATGATCCTTTTTGTTCGCCTATGGA
AAACTAAAAAAGAAAAAACTATCCGAAATTTTGAGTATTTATTTTCTTATTTTATTTC
TTTAGAAGAGGTAGAATACAATCTTGAAAAAATACTACCTTTTATTTTTGTATACTTT
TTTTTTCTTATTTTATGTAGTACTCTCTCCGTTCCTTAATACTCGCACCGGTTTGACCG
GTGCGGAGTTTAAGACATTTAAATTGACTTATTAATTTAATGGGTGTTAGTTGATAG
TGAAGTATTTTTTTTATTATAGTTAGTGGGAAATGGGTAAGAGGTGGAGAGTGGTGA
ATGGTGA
192_L_12- Sp6 1138 bp
AGGCCGAAGGCTACTAGCTGCTGATGCCCTGTACACACTGCGGTCTATGTAATCATA
AAAGGAGAGAGAAAGGGGTTTCACCTTCTTTCCACACAATTCCTCAACAGGTGTCCT
CTTAAAGCTTGCATAGTAACTATTGTTGCAAGAAATTCAATAGACTCTAGGTGGTTT
TCCCAATTACCCTTAAAGTCAATAACACAGAATCTCAACATATATTTCGTAGCTTGG
TTAGTCCTCTCAGGCTGACCATCAATTGCAGGGTGGAAAGCAGTGCATTTTTCGATG
TTGTCCCCAAGATTCAACTGGACCTTATTGCCAAAGTTTCAGATTTTTGTAGTCGATA
AGGATCTCAAATGGTGCCCCATAAAATAATGTCTCCAAATCATTCAAAGCAAACGC
ACTAGCAGCTAGCTTTAGGTCATGGGTAGGGTAATTGGTTTCATAAAGTTTCAATTG
ACACGACAACGAGTGCGGAAGTCAAACGTTCTTTTAAACTCTGGAAAGCTTCTTCAC
ATTTCTCACTCCACTTGAATTTCGATTCCTTTTTCAACAAGTTGGTCACTGGTTTTGCT
TTCTTTGAAAAGTCTTTCACAAACTCCCATAATAGTCATCTAGGCTTAGAAAACTTC
AAATATCGGACACGGTTCTTTGGAGTAGGTCACTCACTCACAGCTTGAATCTTAGCA
TGATCTACAGAAACTCCTTCTGGTCAATTTTTTCCCTTTTGTTACCAAACCTCATTAT
GCCTTTCATGGGTGTATAACTTTTGGCACAACTCCTAGCTCTTCACCAATTTCATATA
TTTCTTTTCATCTTTTCAGAACAACAATGATTTTCCTGAACATCCTGGACACTCAAAT
CATCTCTTAAATTTATTCCCCTTAGGAACATAGGTCTCAAACACATTAGGCCCTTCAC
TTTTCCGGGCGGGGTCACTTTAACCCGGAAGGGCTCCAAGATTGTAAACTCTCCTTT
AATAAAACCTAGTTTCTTCCTAAGCGTCTCCGAGAATATCCTCAAGGGGTTGGGCAG
GGGCTTTTCCCTTTCCTTTGATAAAATGGGGAATTCTTCCATACCCCTGTAACCGAAC
TTAATTTCGGATCCGTGGAAAAATCTTCTTCTCAAAATCCTAATAATA
125_J_13- T7 1149bp
CCGTTCAAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCAGGTACCGTT
ATAAGAGGGGGATTTCAAATATTGCCTACTAAAGAGCCAATAGTATAAAAGATAGT
ACTGTATTTAACTATCTACCTGACGTGCTTGCTCTGGTAACTGAGCTTTCTCAACCCA
TGAGACAGCACGGTCAATATCATTTCGGGTTTCTCCCAGAAGTGTCAATGCATAAAA
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TTCAACAACTTTGAGATATTGTTCTACTTCTAATGCGAAATGCCTAGCAGATGCAAC
ATCATTTTTCCGCACATCCGGACTGGCAAAAACATAATGGTTCTCATTGTTAAACTG
CCATTTTGCAAGATAATCCTCCAGGAAATCACGAACTTTTGAGGGGTGCCCACCTGA
AACCTGCACACATGCGCTAGAAGAAAACATGAAAGGTGGAAATTAGAATCTTGGTA
GTTTCTCTCGTCGTCTTTAAAAGAACATGTACGGAGTATAACTCAACTAAGAGTCTG
AGCTCACATAGTTGCTTGTTGCTTTGATGCTGCCACTAGTAACCTTTGCTTATTGGTA
CTCTACTATATCAAGAAGACAGTAAGTACTAAGAGCAAACAGAAGAGAAACAAGG
GGCTTTTGCATAAAAGGATAGGTGAGCTTATGCAACTTTGGAAGAGGGGGGGAAAC
TGAGGAGTTTTGAGAGTCCTGGATTGAGTCTTCAGACACACCATACAGACAATTTAA
TACTCATTTTACACAGTATATGAAAGAAGTTATGAATGTATTCCAAAAAGATCACAG
AACACAGGAAAACAGGAACATATGAAGATACCCGGGTAAGAACAACTTGAAACAG
GAATTTCAGCTACTGGATCCAAAATAAACATTCAAGCTCATTCAATAAATCTGATGG
ACCTTGCATGAGCCAGAGTCAAGTAACATCATATATTTAGAGCCGGAAAAATATGCT
TACATCAGTAACGCATTAAAATAATTCATCATATCACAAAAATCTACGTTTCTACGC
CCAGACCATTCAGGCGGAACTGTATAAAGGCAGTACCTCCCGTTTCCTCACAGAATG
ACGGCCAATGCGAAAGATCCCACCTCGGCAAAAAACTCCCCTCCATGCCAAAGTGC
AATTCCTATAACCGG
125_J_13- Sp6 1125bp
CCAACTAAAGTCAGGCTGGTCCCGAGCCTATACGGAAGATAAGGCCCAAGACCTGA
CTACTGTGGATGAGGGGGAGATCATTTGGAACAGAGGGTGACTTGGAGAACATTGT
TGGTATGATGCTAGATTCTGATGTGCAACGCGATGTATCTGTTCTCACGATTGTGGG
AATTGGGGGGTTAGGAAAAACAACCCTTGCTCAACTTGTGTATAACGATCCGAGGG
TTAAAACTGCATTTCCATTGAGGTTGTGGACTTGTGTCTCTGATCAAGATCAGAAGC
AACTAGATGTAAAAGAGATTCTTGGAAAGATTTGGCTTCAGCTATTGGCCAAGCTAG
TGTGCACTGCATAAGGGATCCGGTACAAAAAAAACTACGCGATGAATTAGAAGGCG
AGAAATACTTGCTTGTTTTGGACGATGTATGGTCTGAGAAGCGTGATCAGTGGCTTG
CCCTGGCAAGTTTCTTAAATGGAGGTGAACGAGGAAGCTGGATTGTGGTAACAACG
CGTTCACTAGGGACAGCTGTAATTATAGATGATGGTGTAACATACGAGCTCCAAGGC
TTGTCAGAGGAGAATTCTTGGTGCTTATTTGAAAGGATGGCTTTTGGACTACAATCG
TCTAACCCTCCTGAAGACATCGTCGAGATTGGGGCAAGAGATTGTTTAAAGGGATGT
GCTCGAGTCCCTCTTGCTATAGAGTGGTAGGGAAGTCTGTTATATGGGTCAAGACAT
GAGTAAGTGGCTATTATTTTCGAGATTTTGGGATTAGCCCAACCTCAGAAGAGAGCC
AAATTGACCTTCTTGCCTATTATTGAAGTTGAGTTATCATAATCTCGAGTCTCCACTT
GAAAAGTTGCTTCAGTTATTGTTGCATTGTTTCCTAGGATCCCGAGAATAGAGAAAA
AGATGGTAATAAGCCTTTGGAATGGGACCAGGGCCTATATTGGCCTTTAGATTGAAA
GTCAAGGATAAAAGGATGCCGGGAGGATATTCCTCAGTTTGCTGGCGAGATGTTTTC
CCAGATTGAACCCCAGTAAATGCGGCGAATTTGAGTTAATACATGATCTCTAGTCCC
GATGTGTCATCGGGTACGGGAGGGATTGGCCCAAAAACCTGCCCAT
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161_M_10- T7 1081 bp
CCGTCATCGTCGGTACCCGGGCTCCTCTAGAGTCGACCTGCAGGCATGTCACCGCTT
GTTTAATACTTCAGCACTCAAAGATAATCTTGACATCAAAAGGAAACCAATTTCAAT
TTCAGACATCACTCTTATTCACCAACCTTCTGATCTGCTAAAGTCTTTGTATCCTCCA
GCACTTCTCCAGTTTCTACGAGAATTAGCCGCTGGTTATCAACAGGCTGTTCAATAA
GTCCGTGTATTTTCTGCTTTATTTCCAGAATTTTTTCAGTAGGATCACACTGAATGAA
GTAGGTTGTCTTACACCGCTTAACACGAATGTACATGGCCTGAATAAAATACCCAAA
TCAAAAATAAGAATCAATTCAGCTTCAATCACTCAACTAGCTCGTGTAAATATTATG
CACAGGTTCAAACTTTGTCTGTCATTCGACATTTAAGATGCTTTCATTTCCCATACTC
CGCACAATTAATCAATTATTTAAAGTTGTAATTGTATACTCAGTAAAAAGTGTTTGC
ACAATGACCCATCACAAGCAAAGACTCTCATCGAGCTAACACAGATAGACAGATAT
AATCCTATTCAATACCAAAAAAAATGGAAATTTGCAGGAATTTTTTTAAAAAAAATC
TTCAACATAACTTGACATCAGTGTATCAACATATAATTCACATTATCATGACCTACC
AGTCTACCACAATTCCAAGAACCTCAATTATACTCATCAAAACCAAAAATAACCTAA
AAAAAAACTGGAATCCCACCTCCTAACCACTCCCATACTATCATATCAATTATGATC
ATCAAACTAAGTAAATAAAAACCATGTCAGAGCCGTGCAATTCGCATAAAAACAAT
CAATTGGACTAGATATGAAGGGGAAAAAAAAAGGGAACAAATTAGAAATTGGAAA
AATTAATTATGGGTAGAAAGTTGCTTACCATCTTTCAATGGAAGGGACGAAGCTGCA
AGCAACCAAACCCTCAAGCTGGAAGAAAGATGATGCTTCATTTCCTAGACAGAAAT
TAACATGATTAAGGGTAAGAACCAAAAAGGGGTTACGGGGTGGGGAAAAAATATTT
G
161_M_10- Sp6 1131bp
GTTAAGATCGATAGTTGCATACTGGTCTATTTGCCCATCGAATCTTTCATGAGATTCA
TAGTTGTTTACTGATCCTGCCACCACGTTGGGGTTAGGGATAATCTATCGTTTAGATA
TACCCCTTTCCTGTCCCCCATCGTGAAATAGAATTGATTAATGCTAACCCAACAATTT
GATCAATATAACGTATTCTAGGAAACAACTTAGGGCTTGTTTATGGGGTCTTTGCTC
GGTAGTTCGACTAGGTTATATACAAACATTCTCCTTCACACGAACTCTTCGGACCTT
GTTGCCATTCTGCTCGGCCATCTTTTGGATTCTATCTCGGTTATTTGGACACTTTCTG
AACCGGACCCTGTTGACATTCTGCTCGGCCATCTTTTAGATTCCATCTTTGTTATTTG
GATACTTTTTAACCTTAGACAACTTCTTCAATCCTTATTGTTCCATTCGGGTCGACAA
GGTGTCTCGTTCTTCGGTGGTCGTGGCTCGCGATTTTTCTACGAGTCCGTGGCGTCGT
CTTCGGCTTCTTTCTTTCGGTGTTTAATTATGTTTCGTTTTTTCTTACTTTGTTAGTCCT
TTTTAGCATAAAAAAAAACTTAGAGCTTATTCCATTCACCTTCTTTTTCTTACGCGGT
GAACGAAAAACGTCCTAGAACTCAAGAGTTTGTATACAATAAAATCTTAGGTTCGTA
TTTCCGACTCGATTTTTAATTTATGCTTCCCTTGTGGCTCGTGGTAGACCCGGAATTA
AAAATAAAAGTAAAATGGAAATTTCTTGTCATAGAGGTAAAGGAGAAACTTTGAGG
GAAGAGTTCCACCCAGAAAACCAAAAACAACCCCCTTCGAATCAAATTTGGAAAAT
TCAATTTTGAAGGGGAAGAAACAACCGAAAATAGAAGCCAATTTGGAAATCAAATT
TTGAGGGGAAAGAACAACGAAAGGTAAGAAGAAGCTCTCAAAAAAAATGGGGAAA
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TAAGGGAAAGAAGCTGGCTTCTCATTTCATTGGCGGGGGCCAAAATTACCGGGGGG
TTTATTAATCGCCCGAAAATTCAAAGGTTCCCCGAAGGTTTCAAAAAGTTTGTTTCC
ACCCCCCCTCTCTTCTTGTGGGGGGGGAGTTTCGGGGGGGAA
77_P_15- T7 1014bp
GTGTGTTAAATATTCGTCGACTCGGTCCCGGGGATCCTCTAGAGTCGACCTGCAGGC
CATGCAGCTTCCAAAAGTCCACCAACGTCTGTTTCAGCATTAACACTCGCCTTTGAA
CAACCCTGGAAGAAAAAGGATATTATTACAATTTTTGGTGTAGTTGTTATTTTACTTT
AGGAAAATTTGTCATAAAGGACCTTATATAAGGTCGACTTTGTCAGAAAAGACCTTA
TATAAGGTCGACTTTGTCAGAAAGGACCTTATATAAGGTCGACTTTGTCAGAAAGGA
TCTCATATAAGGTCGACTTTGGTTTTGGAGGGAAAAGGGAGCAGAAAATTAAAAGA
AAGATTTTCTGGTTTTTAAAATGTGCCGGTCACGTGATGGAGTCAATGCCGGAAATT
TGTGGTTAATGCCCATTTCCCGACAAAAGGTCCTAGTCAACAAAAAAAAAGTTCATT
AAGGTCCCAATTTGCCACTTTGCTTATATAAGGTCATTTTCCGCAAGTATATCCTGGT
ATTAGTTAGCAACTTAATATACAGAGCTCGTTCTTGAATTCAAGTTTATGCAAATTTT
AATATAAGATGAATGTCTCTCATGCGACCAGAAAAAAAACAACATATGAGAACTGA
GTTGACTTGCCTTTTTTATGGTTTCCCGTTTCTTCTGAATGAAATAGCTGATCACAAA
GATCAAACAACCCAAGAAGATCTTCCCTTTTAGAATGCAATAAAGAACTGCAAGAC
CTTTTAATCATGCTCTGCAACATTATCCAAAATGATTTTTTTTGTATCAACAACTTCA
CTGTGACATTGGGTGCTCATGACTGTCACGGCTTGTCCGATTGCTTAACTTCTTTTAA
GGAAAGCACGGGATTCAGGTTCCTCGACCGTTGTTACGAAACAGCACCGGGGTGGT
TTGAGCTAGATTAATTTGGGAGGGATTCAGAAAGAAGGGGATTCTTTTCAGGAGATC
CTGCGAAAGAATTGGAATCCGGATTAGGAAAAAGAATGCCTTT
77_P_15- Sp6 1049bp
TGAGGGTGGACACAAGGCAGCTTGATTCGGGTTTAATGGTGTTCTCTGATATTTGTC
TGTCACTGTCTCGAAGATCTTTGTATTTTATCCGAATGGATGTTTCAAGAGCTGAAA
GGAATTTGGTTTCCTTCTCTTTTACCTAAAAAATCACTATATTTGTAGAGCAACTATG
ATGTGCAATTAGAAAAGGAACAACTGAGCTATTAGTTTGCTGCTGTTGTTAGGCAAT
GTAGAATGCAGTTGTATGTAACTATGTGCGCATAAACAAATGTCAGCCTGCCTCGGG
TTAGGGTGAGCTTATGAAGTTGTGATTGTAGGAGTTTAGGTTAAGAGAATAAGAGG
ATTTGAGACATGAGAGCTTTCATTTATGGCCCGTTTGGTAGCTAGTAAAAATTGGTA
GGAATGAGAATAAGTCTTAGTCTTATTTGGCAAGAAAATAACATCATGATGTCCACG
GTAATGAAACTTTGTCTCAAACTTGATGTTTTTCTTCATAAATTTGCATTCCACCTAA
TCTCATTCCCCAAATGGTAGTAGATGGTAATGAAAATTTATAAAGAAAAAGAGATA
ATTGAGTGAACTACCATTACCATGAGAATGAATATTGATTTTTCTTTAGAAATTTAC
ATATAAAATCATTCCCATTTGACACTATATATAGCTCGGGCTACTAAACAGGCCGTT
TAGTTTCCTTTGTAAAACTGGGGGTTGGGGGTAAGTCCGAAGCTTGAATTTCAGCTT
CCAATTGGTGTTCTTCGAATTTTAGTATTACTGTCTCGAAGTCGTTGTATTTTCATTCT
GAACAGATGTGAACCTTAATAGAAGTTTGAAAGAAGTTTTGTTTAGTTCCCTTTTTTT
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ACCTCCAAAATTCCCTCTTATTTTGGTTTGAGCAACTATGATGGGGCAATTTAAAAA
AAAGAACAACTTAAGTCTGAAACCTATTATTTTGGCTGCGGTTGTTAGCCAATGAAA
AGGCAGTTGATTGTAACTGAAGCTGAACCTAATTATTTGGCTGCGGCCCGTGGGGGT
TAGAAAAGGCAAATGCG
91_E_22- T7 1021bp
CCATTCCAAGTGGGGTCCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCCAGCTT
CTTTTGCAGGTTAAGTTGGTTTCATAACTTGGTTACCTCTTTTTGTTCTCTTTTCCCTG
TTTCTGCAAGTTTCTTTCTGCCCCACAAAAACATCAAGTTTGCCTGTCCCTTTAGTGC
TTGTTTGGTTCACCTGGGTAGTAACTTCCCATGGGAAGTTTCATTTTATGTGAAGTTA
ATTCCTTAGTTAACTTCTTAGGAAATAGCTTGATGATGTTTGGTTGAACTTCGGCATT
TGTAATTTGTGGGAATTGTGACTTACCAAGGGGAATGGCCCGAAAGCTCGGTATTGT
AGGCCCAAAATAGCGGGTATGAGCACAAAATTTCGTCCCGAATTGTGGCCCAACCC
GACAGGATGGGCTGATTTTTATGTCCCAGTCCGGCCCGCCTGCCTTTTGATCAGGTCT
AACTTATGATAGGTTTATTGAAACAGGTTCATGATGAAGTGATACTGGAGGGACCTT
CTGAATCAGCAGAAGAAGCAAAAGCTCTGGTAGTTGAATGCATGTCCAAACCTTTTC
ATGGTAAAAACATTCTCACAGTTGAGCTTGCTGTTGATGCCAAATGTGCTCAAAACT
GGTATGCTGCCAAATAAGCACACATCTATTTCTGTTTTTTTGGGGTCAATTTTGTTTA
TGGGTTCCAAAGAACAGTTAATTCACTCGGGGCAGCCAGGTTAATTCACTCGGGCAA
GCTAGATAAAACTACAACGAGATGTGGCCGTTGTTTCAAAGTGCTTGATTATTGGGC
CAGTTTTGGGTGTTGGGGCCGGGCCGGGCCCTGAAATTTAACCTAGCATGGCCCTCG
GAAGAATCAAACGGCTCCGAATTTTCCATTTTTGGATTTTGGCTGCCATGAAAACGA
AGGTTCGGCAATTGGAATAGATAAGGGGCTGCTGGAAGGGAAACCCTTTTTTTAATT
TTGGAAATTGCCTTGGGTTTATATAGGAAAATAAAACCGGGTTGC
91_E_22- Sp6 1059bp
CCGGGGTCACATTAGCTTTAGCTCATTTTCAATATGATTCTAAAGAGCCATAGTATC
GAAAGATAGTACTGTATTTAACTATCTACCTGACGTGCTTGCTCTGGTAACTGAGCT
TTCTCAACCCATGAGACAGCACGGTCAATATCATTTAGGGTTTCTCCCAGAAGTGTC
AATGCATAAAATTCAACAACTTTGAGATATTGTTCTACTTCTAATGCGAAATGCCTA
GCAGATGCAACATCATTTTTCCGCACATCCGGACTGGCAAAAACATAATGGTTCTCA
TTGTTAAACTGCCATTTTGCAAGATAATCCTCCAGGAAATCACGAACTTTTGAGGGG
TGCCCACCTGAAACCTGCACACATGCGCTAGAAGAAAACATGAAAGGTGGAAATTA
GAATCTTGGTAGTTTCTCTCGTCGTCTTTAAAAGAACATGTACGGAGTATAACTCAA
CTAAGAGTCTGAGCTCACATAGTTGCTTGTTGCTTTGATGCTGCCACTAGTAACCTTT
GCTTATTGGTACTCTACTATATCAAGAAGACAGTAAGTACTAAGAGCAAACAGAAG
AGAAACAAGGGCTTTTGCATAAAAGGATAGGTGAGCTTATGCAACTTTTGGAAGAG
GGGGGAAACTGAGGAGTTTTTGAGAGTCCTGGATTGAGTTTTCAGACACACATACA
GACAATTTAATACTCATTTTACACAGTATATGAAAGAGTTATGAATTGTATTCCAAA
AAAGATCACAGAACACAAGAAACAGGACATATGAAGATACCCGGAAAGAACAACT
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TGGAACAGGAATTTCCAGCTACTGATCCCGAAATAACATTCAAGCTCATTCCAATAA
ATCTGATGACCTGCATGAAGCAGAAGTTAAGGGACCATCATATATTAAAAGCCCAA
AAAATATGGCCTACACCGAGTAACCGAATTAAAAAAATTCATCAAATATCCACAAA
TACCTTCCATTTTCTAACCTCAAAGACCATCCATGGCGAACCTGTAATGCATGGTCC
CTTCCCAGTTTCTTCAAAATTGACCCAATTGCAAGATCC
132_H_20- T7 1161 bp
GAATGGAGTTAAATATCCTTCAGGTCGGTTCCCGGGGATCCTCTAGAAGTCGACCTG
AGGTTGCAAGCTTGTTGAACAAACATCAGGAAATCGTATCAGCATAAAGAAACAGA
GAAAACACTATATGGACTTCAAAGTTTTTTGCACATCATTCAAAACTTTCACAATCT
ATAGATAATTAGTAGGGAAGTATTGCAACAAAGCTTTAAACTGACCAAATGGCCTA
ACATCATTCAACATGGACTGTTAAAAAGGAAAAGATACATTCCGTCAAACGGCTCA
AACCTACCTAACCCATGCACTGTTTATAACTCTCCCATTTCCATATTTCAGCATTTCA
TTTCTTCCTAGAAGCCACCTAAACAAGGAACAAAGTTCTCTTCTCCACTAATTTCCCA
TAATTCAGATCTCATCATTAACAATGTCAGCTGAACTAGACTGCTCTGAGTGCTTGA
CAAACTTAGATACAGTTAGAGATAAAGCTATGAATTAAGATCAATAATTTGAGACA
GCTCTCAGTTGCCAAAAAGTAACCACTATCAGTACCGAACCGATTAAAGCCCTCCCA
ATCTTCTAGGACTACCATATCCATCTGATCAATCATTTTTTCAGCATGCAGTCTGCAA
ATAACACCAGCTCACAAGATATTCAAAAACCCAAAGAAACCAGTTCAAGTGGGTCA
GTACACCAAGTAAAATCGGAACCTCGGCATCTCACAATTCTCACCCGCGACTCCATA
CAAATTGGGCCCGTTGTCATTTGCTTTCAAACTCAGGGATCACCATAAACCAGGTAT
ATCGATATAAGACGGGCCGAAGTCACCCCAAATCTCATAATAGTCGCAACAAAAGC
TATCCCATATGCCGTAAGAACTCACTGGTACGTTTACTTAACACTATTATCACTGAAT
TCTTACACCAAATCATCACATTGGCTTCCAACAACCAATCCCAAACAAATGACACCT
AACAACCAACTTACCCAAACCAAACAAATTAACCAAAACGGCCAAAAAAGAAGGA
TATCCTGGGCAATGGCTTCCAAACCAATTTTCAGCAAACCTTTATACCCAAATCAAT
ACATGGCTTTCGGCCCGAATCCCACAGAGATAAACCAACAAACAATTTCTAACGAG
ACCTTTTACCCTTTTCACCGACGAT
132_H_20- Sp6 1122 bp
GGGGGGGGGCAATAAGCAAAGCTTGCATGCTACTAATTGTTGCAAGAAATTCAATA
GACTCTAGGCTCGGTTTTCCCAATTACCCTTAAAGTCAATAACACAGAATCTCAACA
TATATTTCGTAGCTTGGTTAGTCCTCTCAGGCTGACCATCAATTGCAGGGTGGAAAG
CAGTGCATTTTTCGATGTTGTCCCCAAGATTCAACTAGGACCTTATTGCCAAAGTTTC
AGATTTTTGTAGTCGATAAGGATCTCAAATGGTGCCCCATAAAATAATGTCTCCAAA
TCATTCAAAGCAAACGCACTAGCAGCTAGCTTTAGGTCATGGGTAGGGTAATTGGTT
TCATAAAGTTTCAATTGACACGACAACGAGTGCGGAAGTCAAACGTTCTTTTAAACT
CTGGAAAGCTTCTTCACATTTCTCACTCCACTTGAATTTCGATTCCTTTTTCAACAAG
TTGGTCACTGGTTTTGCTTTCTTTGAAAAGTCTTTCACAAACTCCCATAATAGTCATC
TAGGCTTAGAAAACTTCAAATATCGGACACGGTTCTTTGGAGTAGGTCACTCACTCA
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CAGCTTGAATCTTAGCATGATCTACAGAAACTCCTTCTGGTCAATTTTTCCCTTTTTT
ACCAAACCTCATTATGCCTTTCATGGGTGTATAACTTTTGGCACAACTCCTAGCTCTT
CACCAATTCATATATTTCTTTTCATCTTTTCCAGACAACAATGATTTCTAACATCCTG
ACCACTCAAATCATCTCTTAGATTTATTCCCTTACGTAACATAGTTCTCAATCAATTT
AGTCCTTCACTTTTCCGTCGTGTGACTTATACACGTATGGCTTCAGATTGTATACTTC
ATTTAATAAAACTAGATTCTTCCTAAGCGTCTCCAGTAATCTCAAGTGTTTGTCATGC
TCTTTCTCATCCCTTGAATAAATAGGAATCATCAATACATCCATAACGACCTTATCCG
GATTCGTTGAAATCTCATTCATCAATCATTATTTAATGCAGGTGCATGGTTACCAAA
AGACGTTAACCTTTAACCCTAATTGAAAATGGCGAAAATCTTAATAGGGCTTAAGCT
CTTACGCAATTCCCACTGGTGACCTCTCA
111_P_17- T7 1020bp
CAAATCGAGTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCATGCATGCAAGCTTA
GGCTTTGGAGAGTGGTGGCCTCAAGCTAGTTAATATAATTTCTGCCTTTACTTTTATG
CTCAAATTTATCAGTTCATCACATAATAGGCCTACTTAGCAAGGGGCTTGGTTTAAT
TTACGGTCTATGAATAAAATACACACCAGGACGTGGTTGTCGTTCTCTATCCTTCTTT
CTGGTGTGTATATGTAAATGAAGCTCTGGTTGCTCATGATAATGACCTAGTTTGATA
TGTCTAAGCATATTATACTACATTCATGTAGACGACAGTTATTGGCAGGCATCAGTC
ATCGGTTGCAATGCTCTGAATTCTGTTTTTAATTGTGTCAGAAGACATATGTAGCTTG
CAATATGCCGCAACATTTACCTTAAGAATCTCTTTTTTGAAGTCTACAAACAGACAG
ACAGTATTTACTACCTCAAGTAGTTTTTTTTCAAAAAGAAATTTCTTACTTTTATGGT
TTTTGTATGATCTAAAATCAAATTTTAAAAAACTCAGATGAAAGTTGTTATAAGCTA
GCTCATCCAACTTATGAAATCATAGGTTGAAGCTAGTCATACTGTTCTTATTCATGCG
GCTGCGGGAGGAGTAGGTTCTCTGCTATGCCAATGGGCAAATGCTCTTGGTGCTACC
GTCATTGGTACCGTCTCGACAAAGAGAAAGCAGTTCAAGCTAGAGAAGATGGTTGT
CACCATGTAATAATCTACAAGAAGAAGATTTTTGTGTCTTGTGTTCAAAGAGATAAC
AGCTGGGACTAGCGCGTAAGAAAGTTGCCTATGATTCTGTGGGAAAAAGACCCTTTC
AGGTACTGTCACCCATTATTATCTTTCCCGTTATACTGTGTATTATCTTCCATGCCATT
TCTAGATTCCCACCACAACGGACTTATGAATGTTGTCCAAATCCAATACATGGTTGA
ATTTGTTCAATAACTTTGATCAACAGTTTGGTTCGGCTGTCTGG
111_P_17- Sp6 1028 bp
CCTAAAGCTTGATGAAAGTGTTCATTGATTTTAACATGGAGACTCCTTTAGTATAGT
AATCACTTCAATAAATGGAATATAATTTGATATTTTGATCCCTATTTTTTTTTTTTTTG
ATAAAATATTTTGATCCTCTAGTTAACCATTCAATAATAGATTATAGAATCAAGATC
TAAAATGGGCAAAGAAAAGCAAAGACCATGTACAAACAAAGTAAGCCGCCTTTTAA
CTATTAATCAAATACAGATTACATAAAACAATTAAATCAGTATCTATCACGGATTCC
AACGTGCTGTCATGAGATTAGCCATGCACATAAACCAAGTCAGACCAACCCTAACA
AAACAACAACTTCTATTAATCACAATTGTAATTATATACTCATATTTATATTAGCTGG
TTTTGTATATTTCTATAGGAAAATACGTATTATCTCCGTTTTTAAAAAAAAAATTTAC
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GTTTGGTATTTTATACGTGTTTTAACGATTAATTAATGTGCATTGAGATTTTTCTGTTT
TTTTATTAAACAAGTCAAATTATGTTAATTTATACGAAGTAATGTTTTCACTTTTATC
AAAATTCTGATATTGGGAAAATGAGAAAGATTAATGTCTCCATGAAAAAAGTGTAA
GAGATTAAATGACCAATTGAATTTAATTAGTTAAAATAATCATTTGAATACAAATTT
AATAGAATATTAAGACATTTATGTGATAATATAAAAGGGAAAATGTAAAAACCTTTT
GGTAGATCCAAAAAGACCGTAAATAACGGTCAAACCCGAGGCAAGTATTAAGAGAC
GGATGGAGGTTTTTTTTTTTTCTCTTACGGATCGAGACAGGTTCATTGGTTTGTTACC
GGCAATTCCCCTTTGGCTTTATTTAAAAAAGGAAATTCTACAAATTCGAAGGCATCA
AAGAATAAAGGAATGGTCCCCTTTTTTTTTCCATTTGGGGAGGAATGGAGAAAGTTT
CCATTAATTTGTTAATTAAGGAATTAGGATTTTTAAATAGGTGTAAAAAGCCTCCTA
CTTTCCTTTGGGGTGGTAGGGGAACCCAGCCTAATGGGACAAATTGGCCCA
5_B_14- T7 696 bp
AGTCCCCATAATGGGGCGTACCCGGGGATCCTTTAGAGTCGACCTGCAGGTACGAA
GCAAAGAGAGAGAAAAAAAATTTTAGCAGTTTTCCAGGAAGAACTTTTAGAGTAAA
AAATTAATCACACCTTGAAATCTTTATTAGGAATAGGATCTTTGTGGGCTAAGAGAA
TTTGAGATCACAACAAAAAGGTTGTAAATTATTGGGTCCATATTAATCATTACTTAA
GATGTTGAAGTATATCATTTGTTCTCCTAATAAAAGTTGCTTTGTTTTGAAGATAGTA
TTAGTAGCCATGAAATCAATTCACCACCCACTACATTTAAGAAATCAAAACAAGAC
AATTATATGATTTACATATTGTAAAGTAATCTTATAAAAATATGGTTTTATGAACAT
ATTACTTGTTTATATATTACAGAAAGACTAGTTTTGAGACCTTCTACAAGTTTTATTC
ACCATACTTCTTTTATATGCAATGTAAAATGTATTGTACTATTCCCTCCGTATTTATTT
AAGAGATACACTTGGTCGGACACGGGTATTAAGAAAAAGAATTGAAAGAAATAAA
GTAATAAAATAAGTGGGGGTTAAAGTAAATATTTTTATTAAGTAAAATAAGTGGAA
GACCAATGTTCATTTTTAAGGTGATTAGGGGGGTGGAAAATGGGGGTGTAGATAAA
ATTATTTTAAATTA
5_B_14- Sp6 1023 bp
TGGAGTGGTTACTACTGTGGTGAAGATCCATATCGATGAGTAGGAGAGATAGACTA
CTTCCCTAAATCTTGTTCAGAAAAAATTGGAAATTGTGAGGGTGTTGGCGCGCCCCC
TTCCATATCTTGGAAACTTGCCCCCTCTCGAATACCTCAGCCTTTATGATTTGACAAA
GTTGGAGTACATAGAAATTAGTCCATCAGTTTTCAATGCAACGCCTGGATTTGGATT
GGGGAGTGCTGAAGGTATTCCATTTTTTGCCTCCCTGAAACACCTTGAGTTAAATTG
TTTGCCAAAGTTGAAAGGGTGGGCAGGAGTAAGCGCGGCGGGAGATGATCTTCTGT
TCCTTGATGATTGTGAAAACATACCATTGCAATCACGACTACGCCTTTCTCAATTTAA
GTTACTGGAAATAAAAGAGTGCCCGAAGTTGACATGTATGTTGCCTTGTCCTTTGTT
GGAAGACCTAAGTTTAAAGAAATTCAATACAAGGCTGCGAATGATAAAAAGTTGTG
TCATCAAAACAGATGAGGAGAAATCAGGAGATGACATATCTTGTCTATCTCCGTCGC
GGTCATTGTTCGATCCTGAAAATTCAAGGGAGTAATAATAGTGTTACTGTTCTCATT
CCCTACATTTAAGAAAGGTATCTATAGACAATGTGGCGTGGTTAAATTCACCTGCCT
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ATGGAAGCTTTTCAGGGTCTTAAAAGTCTGACTAATAACCGGAGTGCCATTTAAAGA
GTTTGGAAGAAGTCAAGGAGGAGGGGTTTTTGCAACTGCTCGTCTTCTCTTGCAACC
CTTTGCGTATTAGTACTTGCAAAAACTTAGGGAGTTTCTCCGGAGGGTTGGACCTTTT
CACTGGCCTTTACGGAAGTTACGGATAGAATTGTCCTAATTTGAGCGCTTCTCAAAA
AAAGAAGGGAGGGACGCCCCATGGATTATCCCTTCAACACTATTCGGTCCCTGGAAT
TGGAACCCCCGTTAAGAAACTTTCCAATGTTAAAATTTGCCCCCCAACCAAAT
35_P_10- T7 965bp
AGGGGCGGGGTGGAATAAAGTCGGGGGCCTACGAATGGGTCCGGGGATCCTACGAA
GCGACCGGAAGCGATGTGCAGAGTAAAGCAAGAGAGAGGGAAGAGAAGGAGTTCA
CCTCGAGGTGGGTCGATAAACGATCGTTGTTTTGTTCGCCTTTACGTGAGATAGAGC
AAATGAGCCTTTAATAACCTTTAAAACAAAAGTGTTATACACCCGTTAATTTGATTC
AGTTTTTTTCCAATCTTTCTATGATAAAAAACTATGGCTAAATTTTAAACGTAACAAT
AACTTCAATTTCAATTTAAAAGATATAGACATAGACAACTACTACAACTAGTTTTAA
TTCCAAGAATGAACGAGTTTTAACAAGTTGTTCTGGAACATAAGCACACTTACGAAC
GAAGTTAACGAGTTGTTCACTAACAGTTAACGAGTCGGGAATGAAAGTTGTCCGAG
TTGGGCCTTTTATTAAGAGTTATTTTTTTTTTTTAAACTTTGTTAATAACTTACAAACG
AGTTTTTACCAGCTTGGTCCCTAGACTTCACCGATCAGTCCGAACACCCTAGCATGG
ACCCTACTTTGTTGTTACCTAGAATCAACTGTTTTTTATTCGAAGGTATAAGTTCCGT
TAAATCAGGCCTTTAGGGTTTAATTTGCTAAATAATTCCCAAATGGTTTTGGGAATT
AATATGTTGGACCTACTTTTGGTATACAATTAAGGATCAAGGGATCCTTTGACGCGA
CTTGGTTTAGAGAGGGCCCTCAGTGGGGGAAGAAGGAATTATAAAGGCCTTTTACT
GATGAGATTAAGGCATCGGGTATGAGTGGAAAGACCAAGGGAAAGTGTCGGCAAA
AGCGGAGGATTGGAAAAGGGTTTACTTTTTCTGCCCAGAAGGATTGGGCTTAACAAT
GAATGAAAAAATACCTGCCCGGGGGCAAATTTGCTGTTGGTTTTTGGGGAACATTA
35_P_10- Sp6 406bp
TGGGTGAATGCACATAAAACTTGAATGGGCTGAAGTCCTCTCTAGGAGTGACGAGA
ATAGCGGAGGAGGAAAGAAGGTTACCTTAGTTTGGAGAAGGCCAACTCTTTCAGCC
CCCCATCAACCACGTTCTCTTTTGCATCCTTGGCAAACGTCCCAGCTTGATTCCCCGC
TTCCTTAAGTTTAACCCCTTAATTTAAAAATAGATTGTAATTACAATCAAACACTTAG
TCACTTGCCAGTTACCACACTTAAAATTCAAAAAGAATTCATATGTTAAATAGAACA
AAATAAACCTGAAGCGGAAAAAAACCCACTAGCTTTGTCCTGCCATTGAGGAGATA
TCATTGAAGGCATTAAGTTTCAACCCAAAAGTTACACGTCCCCCCCTCCACTACCCC
AGAATACC
70_I_5- T7 1201bp
AGTGTGGACGAAAAAGGTTTGGGGGGAAGAGGCTAGACTCGGACACGGAACCCTA
AGGTCGACTGCGGATGCAAGGTTGAGGAATAAAATTGATAGCAAGTGTCTGTTGCA
TGAGTTACACTCTGGAACGCCAACAGGTTTAACAGTATGTATATTTGTACTATAATC
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TAATACCATAAGTCTGATATTGGCTAGGAATATATGATTCTGCTGCTTTATGAGTGG
CCTAAATCTTATCCCTTAAGTTAGTAACAAACCCTTCCCGGGAATTTCAGCTCAGGG
GGATGCCGTGGATCTGCTTCTTTAGAGTATTGGTCTGGCTCCACGGGAGTGGGGAGA
GGTGTGTGGGAGCTTATGACAAGACCTTATCTACCAACTCGGGTTTTTTTTATCTACC
AGGCCGCAAGGGGTTGATAAGGCCAGAATGCTTTAGCCTGGGGCATTATAAAACGG
GAAATTTAGAAAATTGGGCAAACTAAGGGTTTGGGGCTATTTGGGGGTGAAAAATA
ACTTGGGTGGATTCTTTAAACTAAGAAATATCTTAATTTCTAAATATTTGAGGGCCCT
TGGGTGCGCGCGCCATAACAAGAGTTTACCCCCTGGCTTATCCTTGTTTTTACAATG
GTAGTTCTTTTATTGGTTGAAGCTATGCCATGAAAGTTAAAAGTCTTTAGATCCCTGG
TAAGTGGACTGGTCCATTCAATTTTCCATGCGTAATAGAATGTTAGACTCAGCGGAA
ACCTGGTTGATGCTTTATTCATAAGAACATATTTTCTGCTATTTTAACAATTTTAAAA
AGTCTGGTAATGCCACCAATCCTTTTATCTCCCCCACTTATGTCCTATTTTCCTTTTTC
TGACAATACCTTGCCTATCCGGGGGGGTAGAAAAGGATAGTAACTCCTTTTTTTTGG
AAACCAATTAGGCCCCCAAATTTGACCTGGAATGGTTCCAAAGGTACATTGGACCCT
TTCAAATTGGCCTTGCCGAAAGTTACCGATTGGCCGTTAATCTGTTAAATAATACTCT
TTCAGGGTTACCCCTGAGAAAAAGGTTGAAAAGTGATTTTTTTAAAATTTTGGCCTA
TAATTTAAAAAAAAAAAAAATCGGATCTTTTCCAAAAATAGTGTTATTTGGGCCCCC
TTTTTAGAATGGGTTTATATATTTATGCCACCCCACAGAAAATTATTTGGGTCGGCAC
G
70_I_5- Sp6 1291 bp
GGGCGGAGTAGCATGCATAAATGCATGCTTTGCTTAAGCCCGTGCAGGTAAGGGGT
CGTACGTCCTAAGGAAATACTCTCTATGTGAGCGTTCCCTGGCATAGGCACAGTCCC
TTTTTGCAGCTACGAATTTCTCCTTTTCCACTTTTGCCAGCTCTTTGGCTTTTCCCTCC
TTTTCATTTATCTCTTTGAGTTTTGTTGCTTCCTCATTCCTTAGCTTGCTTAGATCACC
TAGCTGGTAATAGATAAAAATTCTGTAAATTAGTTTTTCTTGAAGCTTATCTCAGATA
ATTATATCAAAAGTTCTAAAGAAGATGCTCTTTAATAGATGAAACTTCTGCAAATTA
GTTTTTTTAGAAGCCTATATCAGATAATTATATCACAAGTTCTAAAGAAGATGCTGT
TTAATAGATAAATCCTCCTGCAAATAAATTTTTTTGGAAAACCCTTTTTTAATAATTT
TTTTCCAAAGTTCTAAAAAAAAATGTTCTTTAATAAAAAAAAACTTCTTGCAATTTT
GTTTTTCTAGAAACTTTACACAAATAAGTGGGGAATCCCAAAATTCTAAAATTCTAA
AATAAGATGGCTCGTTGTCTCAAAACCTCACCCCTTCTTTGTAAGCATCTAATTGCTT
TCATTTTGAGCTATTGGAATTACATGCCCGCCGTAAGTTGGCGCAATTTCAATTCCTC
ATCTTTCTCAAGCTCCTATATTGATATTTTCCCCTGTTAAAAATGTGAAACAAAATTA
CCAGTTTCAGGACCAAATTAAGAAGGCATGGAATTCACCTAAAATCCTAAAATAAG
GATCCCTAATTTTTTAATTTTTAAATTTTTAATTTTTTCACCTAATTAACTTGGAAGTA
ATAATTAATTAATACCCCAATAATAGAATGAAATGCTTGACTTGTGGTTTTCCGAAT
GAAAGCTTGTTTTGGGAATCTTGAGGGCAAGTTGCTTTGAACCCCCCAACCAAAAAA
TTCCCCGGGGGTGAAATGCCTTGGATACTGGGGAATCCCCGGGGAAATCCCTTTTTC
TCCGAAAATTTAAACCAGATCTTTGTGAAAAATTAAGAGCCTTCCAGAAAAAACATT
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ATCTCTTACCCCTTCCCTGGGGAAAAAAAAAACCCGGGATATGGAAAAACATATAT
GCCAAGGTTTTCCAAGTTTTAAATATCACATCATCCCCCGTTGAAAAAAGGGGGGGG
GGTGAAAAAATCCCCCCCTAGTTGTTGTTTTCCCCCCCCCCCACACAAGGGAGGGGG
AAAAAAAAAGGGAAAGAAAATTTATAAA
187_H_13- T7 1124 bp
ACTTACACTGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCT
TTTTGACCAAAATATAAGTCAATATAGAAAAAGGACTTCTAAGTAATTACAAAAAC
AGACAGCTCTTCTACAAACCAAAGCATCAACACACAAAAATAAGTTTCAAGTGCAT
AGGCTCTGAAAATTTCTGTACGCAATCTGAAAGTATAACTATAAATCGTGTAAGAGA
TGCAGCTGTAAGCCTGTAGTCATGTCAAAGTCACTGATAGCTAGTCTTCTTTGACAG
GATCTGAGTCTATAGCCAGTCTGCTTTGACAGGATCCGAGTACAGCCAGAGACAAA
ATACTGTAACCTTTGTTTGGTGTGCAGGGGATTGTATACCAAAGAGGACTCGGGGGA
GCAAGGTTCTAGTCAAGGAGAACCATTGCAGCAAAGAAACAAGCATTTTGATCAAC
TAGCCAAGGAAGCAAGGTTGGTAGCAAAATGGATCAACCAACTTGTTTACCTCATG
GCTGCTGATGAAGCAAAGACTAAGCAAAATTCTAAAAGCTGCCTGTTCGTTTATGTT
TAGAAACATTAATCATTGGAAGATAACATTGCATTCTATGTTAACATAGAAAGAGA
GGAACATAAAGAAACTATGACAAAACATAAGAAACTGACAAACATTATCTATCCCC
CCTCCCCCAAATAAATAAATAAGATATCAGGGTCGACATTTACTAAGCCATGTAGCA
GTATATTGCAATTATAGACAATAAGGCTCTAGATCTTCACTATACATAAGGTCAAAA
TAATCTAGCTACACTATAATCTCAAGCAATGGGTTGATGGGAGCCTAATTTTGGTTA
TTAGCTACCTAATAATTTAAAGGGACCAACTACTACTTGGAACACGCATTTTCATCC
GAGCAAGAACCCCCTTACCACTACCCAAAAGGGCAGTACCACCAGAAAATCCAGGC
ATTCCAAGTCCCACCTGGTGGAAAATAGGATCCCGGAAATACCCATAGAGAGGTCA
AAGGGACAAAACTAGCATTATTGGCTGGACAATACCCGGAAATGTGTCCAAGGGGG
GGGCCAAGGGAATTGCATTCCAACCGTTCAGACGGTCCTTGGCCCATGCCT
187_H_13-Sp6 1316 bp
CCCAAAGCTGGGACAAGAATATTAGCAACCTTGGAATTCAAAATTGTAGATTATTCG
AAAACTTGCAAAATGTGCTTGTATAAAATGATTCTAGGTAATAGATAGATCTTGCAT
CTGTTTAAAAACAATAAAACAATAGTACTTCCAAATAGGTCAATATAAGTAACAAT
ATTTTGTAGGATCGAAATTCAAACAAGTATTAACTAATAATCAAAATTCACCACCTA
TCTTTTACATAACAATACTAATGCAAGCACCTAATTTGCCTAAGTTTAATGACATTA
GATAAATGAGTAGGTAATAGGCTAACGACCGATACCATTTGTTACATAAGTAACTGC
GTCAAGTTAACTAGGTAATACTTGAGCCATGCTTATTTTTCAAAATTATAAAACTAA
AAATTTATTTATCTTTATTAACAGAAACATATGTGCAATCTCAATAAAGACTATAAA
TCCTTAAATTTTTGCCTAAGTACAAAAGATATGAAAATAAGATTAATTAGTAGGGAT
TATAATTGACAAAAAATAAAAAGGGGTAAAGAAAAGGGAAAGTAAAAGGAAATTA
CTATTACTATTTAGTCCCTATAAAACACAGGAGCAGGCTTTGTTTCTTGAGCAAAAA
GAATTCGCAAGTAAAAAGCTAAGTAAGGGGAGATCGAGAAATACAGAGAGAGAAT
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CGAAATTCAGAGATCGAAAAGTTTCAAGTTCAACTTCCATGGGATCCCAAGAAACA
CCAGCCCCTCCTTCTCGTCGACGAATATTTCAGCGAACTTCAGAATGTCACTTTTTCC
CCCCTCTTTTTTCTAATATCCCTACTTTCCCATTTTTACTTGCTTTTAGGGGGTTCAGG
TTCACTTCAAATTTCATTTTGGGGGTCGAACCCAAAAAATTTGGTTGATTTTTGGTTT
CTGGAATTCCGGTGGAGACGGCGCGATCACGGCGAGAGAATTGGGTAGATTATATG
GGAACCTGGGTTTTTGGGGTTGGAGAATTAATTTTAATTTAGTTGGGGAAAGGGGGT
TGGGAAAATTAGAGTGTAGAAGGGTTTTTGGTAATAAAAAAGGGGGATCCCCTTAT
GGGTGGGTAGGGGAAACTTTTTTGGTTTTTTTTTCCTCTTTTCTCGTGGGGTGTTTAA
TAGGGGGGAGGGGGGCGCCGATAAATTAAGTAAGAGGCGCGCCGCGTTTTGCGGGT
GATAGACCTTTCTTTCCTTCTCTCTCTCCTTCTTTTTATTTGTGTTGGTATTGTTGTGTA
TCCCTCCCCCCCCAGGCAGGGAGAGAGATGTAATATAATAATTAATACTCCGTCCAC
TACACG
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Fig 12. Agrose gel picture of Hind III digestion of 19 BAC clones. DNA was digested by Hind III
at 37 0C overnight. After that, the digestion products were assessed in 0.8 % agarose gels at 35 V.
1= Ladder,

6= 17_H_7,

11= 8_J_17,

16= 52_K_11,

2= 107_I_19,

7= 35_P_10,

12= 161_M_10,

17= 77_P_15,

3= 91_E_22,

8= 58_H_1,

13= 192_L_12,

18= 5_B_14,

4= 182_H_13,

9= 111_P_17,

14= 70_I_5,

19= 125_J_13,

5= 2_M_18,

10= 161_F_1,

15= 132_H_20,

20= 157_A_5
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Fig 13. Hybridization analysis of 19 selected BACs with probe 91_E_22 S (labeled with ECL
according to the manufactures recommendations). The probe hybridized with 12 clones.

1= Ladder,

6= 17_H_7,

11= 8_J_17,

16= 52_K_11,

2= 107_I_19,

7= 35_P_10,

12= 161_M_10,

17= 77_P_15,

3= 91_E_22,

8= 58_H_1,

13= 192_L_12,

18= 5_B_14,

4= 182_H_13,

9= 111_P_17,

14= 70_I_5,

19= 125_J_13,

5= 2_M_18,

10= 161_F_1,

15= 132_H_20,

20= 157_A_5
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Fig 14. Hybridization analysis of 19 selected BACs with probe 187_H_13 S (labeled with ECL
according to the manufactures recommendations).
1= Ladder,

6= 17_H_7,

11= 8_J_17,

16= 52_K_11,

2= 107_I_19,

7= 35_P_10,

12= 161_M_10,

17= 77_P_15,

3= 91_E_22,

8= 58_H_1,

13= 192_L_12,

18= 5_B_14,

4= 182_H_13,

9= 111_P_17,

14= 70_I_5,

19= 125_J_13,

5= 2_M_18,

10= 161_F_1,

15= 132_H_20,

20= 157_A_5
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Fig 15. Hybridization analysis of 19 selected BACs with probe 192_L_12 T (labeled with ECL
according to the manufactures recommendations). Only one clone hybridized with this probe.

1= Ladder,

6= 17_H_7,

11= 8_J_17,

16= 52_K_11,

2= 107_I_19,

7= 35_P_10,

12= 161_M_10,

17= 77_P_15,

3= 91_E_22,

8= 58_H_1,

13= 192_L_12,

18= 5_B_14,

4= 182_H_13,

9= 111_P_17,

14= 70_I_5,

19= 125_J_13,

5= 2_M_18,

10= 161_F_1,

15= 132_H_20,

20= 157_A_5
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Fig 16. PCR analysis of 19 BAC with primers derived from probe 91_E_22 S. An amplicon of 398
bp was amplified in 12 BAC clones, consistent with the hybridization results.
1= Ladder,

7= 35_P_10,

13= 192_L_12,

19= 125_J_13,

2= 107_I_19,

8= 58_H_1,

14= 70_I_5,

20= 157_A_5,

3= 91_E_22,

9= 111_P_17,

15= 132_H_20,

21= NIL1,

4= 182_H_13,

10= 161_F_1,

117= 77_P_15,

21= Viroflay,

5= 2_M_18,

11= 8_J_17,

18= 5_B_14,

22= Water

6= 17_H_7,

12= 161_M_10,

6= 52_K_11,
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Fig 17. Amplification of 19 BAC clones with primers derived from probe 187_H_13 S. Amplicons
of 209 bp were amplified in 19 BAC clones, consistent with the result of hybridization.
1= Ladder,

7= 35_P_10,

13= 192_L_12,

19= 125_J_13,

2= 107_I_19,

8= 58_H_1,

14= 70_I_5,

20= 157_A_5,

3= 91_E_22,

9= 111_P_17,

15= 132_H_20,

21= NIL1,

4= 182_H_13,

10= 161_F_1,

117= 77_P_15,

21= Viroflay,

5= 2_M_18,

11= 8_J_17,

18= 5_B_14,

22= Water

6= 17_H_7,

12= 161_M_10,

6= 52_K_11,
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Fig 18. Amplification of 19 BAC clones with primers derived from probe 192_L_12 T. An
amplicon of 223 bp was amplified in 1 BAC clone, and this result proved the results of
hybridization.
1= Ladder,

7= 35_P_10,

13= 192_L_12,

19= 125_J_13,

2= 107_I_19,

8= 58_H_1,

14= 70_I_5,

20= 157_A_5,

3= 91_E_22,

9= 111_P_17,

15= 132_H_20,

21= NIL1,

4= 182_H_13,

10= 161_F_1,

117= 77_P_15,

21= Viroflay,

5= 2_M_18,

11= 8_J_17,

18= 5_B_14,

22= Water

6= 17_H_7,

12= 161_M_10,

6= 52_K_11,
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Fig 19. The hypothesized sites of spinach fragments inserted in 14 BAC clones. The horizontal
black line represents the spinach genome, and the red line represents the site of DM-1. The blue
boxes represent the end sequences of the 14 BAC clones. The hypothesized site of each BAC end
sequence was determined by the results of hybridization of BAC clones.
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