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Abstract New members of a satellite DNA family (Sat-
121), specific for wild beets of the section Procumbentes
of the genus Beta, were isolated. Sequence analysis showed
that the members of Sat-121 fall into two distinct classes.
The organization of Sat-121 in the vicinity of a beet cyst
nematode (Heterodera schachtii Schm.) resistance locus
(HslI)in B. patellaris and B. procumbens was investigated
by pulsed-field gel electrophoresis (PFGE) using DNA
from a series of resistant monosomic fragment additions,
each containing an extra chromosome fragment of B. pa-
tellaris chromosome-1 (pat-1) in B. vulgaris. In this way
several clusters of Sat-121 flanking the Hs1°*! locus were
identified. In nematode resistant diploid introgressions
(2n=18), which contain small segments of B. procumbens
chromosome-1 (pro-1) in B. vulgaris, only two major Sat-
121 clusters were detected near the HsI?"° locus.
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Introduction

Repetitive DNA sequences constitute a large fraction of
plant genomes varying from 14% in the genome of Arab-
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idopsis (Leutwiler et al. 1984) to as much as 60-80% in
the genomes of maize and wheat (Hake and Walbot 1980;
Flavell 1986} and 63% in species of the genus Beta (Fla-
vell et al. 1974). These repetitive DNA sequences are ar-
ranged in tandem arrays (i.e., satellites, rDNA, 55 DNA,
and telomeric repeats) or are interspersed with unrelated
repetitive-or unique-DNA sequences (Flavell 1986).

In the genus Beta several repetitive DNA sequences
have been identified. Three satellite DNA families were
1solated from sugar beet (B. vulgaris) consisting of, respec-
tively, two EcoRI monomers of 157-160 basepairs (bp)
and a BamHI monomer of 327-360 bp (Schmidt and Metz-
laff 1991; Schmidt et al. 1991; Santoni and Bervillé 1992).
Both EcoRlI satellite DNA families are found in the sec-
tions Beta and Procumbentes. In addition, one of the EcoR1
satellites is present in the section Corollinae (Schmidt et
al. 1991; Santoni and Bervillé 1992); the BamHI satellite
DNA family is restricted to the section Beta (Schmidt and
Metzlaff 1991; Santoni and Bervillé 1992). Members of
yet-another satellite DNA family specific for wild beets of
the section Procumbentes were isolated from B. procum-
bens (Jung et al. 1990; Schmidt et al. 1990; Jung and Herr-
mann 1991; Jung et al. 1992) and B. patellaris (Salentijn
et al. 1992). The Procumbentes -specific satellite DNAs
were also detected in different nematode-resistant mono-
somic additions and introgressions of B. patellaris, B. pro-
cumbens and B. webbiana, which contain a beet cyst nem-
atode (Heterodera schachtii Schm.) resistance locus (Hs/
locus) present on the introduced wild beet DNA (Jung et
al. 1992; Salentijn et al. 1992). This Hs/ locus is consid-
ered to be a single dominant locus (Savitsky and Price
1965; Yu 1978).

The present study describes the isolation and analysis
of new members of the Procumbentes -specific satellite
DNA family (Sat-121). The long-range organization of
Sat-121 in the vicinity of the HsI locus on chromosome-1
of B. patellaris (Hs1”*')y was investigated by PFGE . Us-
ing a series of related monosomic fragment additions of
chromosome pat-1 (AN3, AN5-90, AN5-109 and ANS-
203b) several large clusters of Sat-121 couid be mapped
relative to the HsI?*! Jocus. In addition, the long range
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organization of Sat-121 close to the Hs/-locus on B. pro-
cumbens chromosome-1 (HsI?"°?) was studied using a
beet cyst nematode (BCN)-resistant monosomic fragment
addition, AN1-89, and two resistant diploid introgressions,
B883 and AN1-65-2, containing small segments of chro-
mosome pro-1 (nomenclature according to Lange et al.
1993).

Materials and methods

Plant material

The beet cyst nematode (BCN)-resistant plant material consisted of
monosomic fragment additions of B. vulgaris carrying a chromo-
some fragment of either chromosome pro-1 or chromosome pat-1.
The B. patellaris fragment additions AN5-90, AN5-109 and ANS-
203b, with alien chromosome fragments of respectively 8, 13 and 12
megabasepairs in size, were recovered from backcrossing ANS, atel-
osomic addition carrying the long arm of chromosome pat-1, with
diploid B. vulgaris (Speckmann et al. 1985; Lange et al. 1990; Sa-
lentijn et al. 1992). The size of the chromosome fragments was es-
timated by microscopical measurements on mitotic metaphase chro-
mosomes (De Jong et al. 1986) as a percentage of the total haploid
genome, which is 750 Mbp (Arumuganathan and Earle 1991). The
B. procumbens fragment addition, AN1-89, was recovered from
backcrossing AN1, a monosomic addition carrying chromosome
pro-1, with B. vulgaris (De Jong et al. 1986). The resistant diploid
introgression B883 contains a segment of chromosome pro-1 har-
boring the HsIP™/ resistance locus incorporated into the B. vulgar-
is genome. This homozygous introgression shows 90-100% stabil-
ity for transmission of the nematode resistance (Heijbrock et al. 1988;
Lange et al. 1990). AN1-65-2 is a diploid introgression recovered
from backcrossing AN1 with B. vuigaris. This homozygous intro-
gression shows 64—100% transmission of BCN-resistance. Other
plant material, viz., the BCN-resistant wild Beta species, as well as
the B. vulgaris plants used in the backcrosses, were obtained from
the CPRO-DLO Beta collection. The satellite DNA probes 121, 208,
342 and 551 were isolated from the B. patellaris fragment addition
ANS5-90 as described previously (Salentijn et al. 1992).

PCR

PCR was carried out with the primers REP: CGTAAGAGACTAT-
GA and REPINV: TGAACACCTTTCAAAT. Thirty rounds were
performed with denaturation at 92 °C for 1 min in the first round and
for 0.5 min. in the following rounds; annealing was for 1 min at 35
or 37 °C and elongation for 2 min at 72 °C. The products were run
on agarose gels. This resulted in a ladder of products, each step cor-
responding to a specific number of repeat units. For cloning, kinat-
ed oligos were used and the products were filled out with Klenow
enzyme and subcloned into pUCI9.

B883 genomic library

A B883 genomic library was constructed in the A DASHII vector by
partial Sau3A digestion of leaf DNA and cloning into the BamH]1
site of the vector.

Isolation of genomic clones

Approximately 2x 10° recombinants were screened by plaque hy-
bridization to a >*P-labelled insert of clone B3-2 isolated with PCR
from B883 DNA. EcoRI fragments of the genomic clones were sub-
cloned into PUC19.

DNA-sequence analysis

DNA sequence analysis was carried out using the dideoxy chain-ter-
mination method according to Sanger et al. (1977).

DNA-isolation

Total DNA was isolated from leaf tissue, sampled from at least five
individual plants, using an upscaled version of the method of Della-
porta (1983).

High-molecular-weight DNA from Bera was obtained basically
as described by Schwartz and Cantor (1984) for the preparation of
yeast chromosomal DNA. Mesophyll protoplasts (pps) were isolat-
ed from young leaves (20-50 mm) taken from at least five individ-
uals kept under greenhouse conditions. The pps were isolated ac-
cording to a method described by Krens et al. (1990) with the fol-
lowing modifications. No preplasmolysis was performed and n-pro-
pylgallate was omitted from the enzyme mixtures [1% (w/v) cellu-
lase R-10 and 1.5% (w/v) macerozyme R-10]. After an incubation
time of 3 h the pps were collected from the enzyme mixture and
washed once with CPW salts containing 9% mannitol. After isola-
tion the pps were concentrated by centrifugation (800 rpm) to a fi-
nal concentration of 8x10° pps per 100 ul, mixed (1:1) with 1.5%
Incert agarose (FMC) in 0.25 M EDTA, and quickly poured into
molds (V=100 ul). The final concentration in the agarose plugs of
4x10° pps is equivalent to 6.3 ug of DNA based on a DNA content
of 1.57 picograms for the diploid Beta genome (Arumuganathan and
Earle 1991). After solidification the plugs were immediately incu-
bated twice for 24 h in 0.5 M EDTA supplemented with 1 mg/ml of
proteinase K and 0.02 M sodium bisulphite (V=15 ml per eight
plugs) at 50°C, until the green color had disappeared. For subsequent
enzyme treatment, the proteinase K activity was inhibited by incu-
bation in TE-buffer (10 Mm Tris, 10 mM EDTA, pH 7.5) supple-
mented with 1 mM of PMSF (V=15 ml per eight plugs) during 12 h
at 50 °C. Restriction enzyme digestion of high-molecular-weight
DNA was performed according to Van Daelen et al. (1989), using 30
units of restriction enzyme per plug. The enzyme was added in three
portions during a total incubation time of 6 h.

Pulsed-field gel electrophoresis

Pulsed-field separations of high-molecular-weight DNA were per-
formed using a Rotaphor (type IV, Biometra). Restriction fragments
in the size range of 100- 1,000 kbp were separated using a linear in-
creasing pulse time of 50— 70 s and a field strength of 180 V (6 V/cm)
during a run of 20 h. The angle between the two fields was 120 °.
The agarose gels (1%, SeaKem UltraPure, FMC) were run in
0.25xTBE buffer at 14 °C.

Southern analysis

For Southern analysis cloned DNA fragments were purified by
agarose-gel electrophoresis (SeaKem GTG, FMC), isolated and la-
belled by random priming (Random primed DN A labelling kit, USB)
with [*2P]ad ATP. Prior to Southern blotting the DNA in the agarose
gels was nicked by UV-treatment (5 s, UV-crosslinker, Hoefer).
Washing stringencies used after hybridization were respectively
1xSSC, 0.1% SDS at 65 °C for analysis of the PFGE gels, and up to
0.1xSSC, 0.1% SDS at 65 °C for the DNA separated by convention-
al electrophoresis.

Results

Identification of new members of a satellite DNA family
(Sat-121) in B. procumbens

In a previous study, a member (121-3) of a Procumbentes-
specific satellite DNA family, Sat-121, was isolated from
a genomic subtraction library of AN5-90, a BCN-resistant
fragment addition of chromosome pat-1 (Salentijn et al.
1992). Here the DNA-sequences of three additional mem-
bers of Sat-121 (208 and 551, each containing two repeat
units, and 342, containing three repeat units) are presented
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Fig. 1 Sequence alignment of satellite DNA family Sat-121. Only
nucleotides differing from the consensus sequences of subfamilies
Sat-121.1 and Sat-121.2 are shown. Identical sequences are repre-
sented by dashes (-); x indicates positions with deletions. The direct
and inverted (INV) primer sequences used for the isolation of
Sat-121 elements from B883 are given below. ¥ indicates basepair
changes used to discriminate between the subfamilies. (I, (2) and
(3) indicate first, second, and third repeat unit from the indicated Sat-
121 clones. In the Sat-121.2 subfamily only one repeat unit of the
isolated clones is shown

(Fig. 1). Using PCR with primers constructed according to
conserved regions of Sat-121, new members of Sat-121
(B3-2; B3-4; B2-5; B2-6; B2-7; B2-8; and B2-10) were
cloned from B883, a nematode-resistant diploid introgres-
sion of chromosome pro-1 (Fig. 1). The approximately
159-bp monomeric units of Sat-121 show a mutual se-
quence homology of 70%-90%. Based on basepair changes
at positions 59, 61, 78, 111, 116, 132 and 140 two subfam-
ilies can be discriminated within Sat-121 (Fig. 1).
Southern analysis confirmed the specificity of Sat-121
for the section Procumbentes within the genus Bera. No
hybridization was found with B. lomatogona, B. corolli-
flora, B. intermedia and B. trigyna of the section Corolli-
nae or with the B. vulgaris subspecies maritima accession
BMH, the sugar beet variety ‘Hilde’ or the heterogenous

B. vulgaris material that was used for breeding the mono-
somic addition material (data not shown).

Organization of Sat-121 near the Hs/”* locus

The organization of Sat-121 on chromosome pat-1 near the
Hs 1" _Jocus was examined by Southern-blot analysis of
DNA from a series of nematode-resistant monosomic frag-
ment additions (AN5, AN5-203b, AN5-109 and AN5-90)
each containing a fragment of chromosome pat-1 of re-
spectively 42, 12, 13 and 8 megabasepairs. Using Sau3A
and Ncol, two different types of hybridization patterns spe-
cific for elements arranged in tandem arrays were ob-
served. A hybridization profile (type A ; Hortz and Zachau
1977) starting with a basic repeat unit of 160 bp was ob-
tained with Sau3A (Fig. 2A) while a profile starting with
a640-bp fragment (rype B) resulis as a consequence of Ncol
digestion. The Ncol ladder, with repeats of 160 bp, in-
creases up to a size of 16 repeat units (2,560 bp) where-
after the ladder pattern becomes less pronounced (Fi 2. 2B).
Digestion with EcoRI generates yet another hybridization
profile since it does not result in a typical ladder pattern.
Interestingly, hybridization of Sat-121 with AN5-90is con-
fined to a single EcoRI restriction fragment in the high-
molecular-weight region (>50 kbp) (Fig. 2C).
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The long-range organization of Sat-121 near the
Hs 7% locus was investigated by pulsed field gel electro-
phoresis (PFGE) using EcoRI- and Ncol-digested DNA.
After hybridization with Sat-121 to EcoRI-digested
DNA from the different fragment additions, three discrete
hybridizing EcoRI fragments were evident. Fragments of

100 kbp and 325 kbp are present only in AN5-109, whereas
a 250-kbp EcoRI fragment is present in all three fragment
additions (Fig. 3A, C). Three Ncol fragments in the size
range of 50-250 kbp hybridize to the probe. One of these
(250 kbp) is only present in AN5-109; a band ranging from
50 to 150 kbp is present in AN5-109 and ANS5-203b



Fig. 4 Assignment of markers Bpt
to different chromosomal re- ' '
gions (/- VII) of the long arm

463

Bp6

telosome of chromosome pat-1
(ANS), relative to the Hs 7%/
locus. Chromosomal break-
points (Bpl—6) are indicated

ANS5-203b (12 Mbp)

: ' j AN5-108 (13 Mbp)

by arrows. 101-105, single- H :
copy sequences CPRO101-105; * +

; H : AN5-90 (8 Mbp)

E: Sat-121 clusters located on v T
EcoRlI fragments and N on Neol
fragments; sizes are given in
kbp. <50 E and <50 N: Sat-121
sequences located on EcoRI-
and Ncol-fragments <50 kbp.
#=assignment to either region [
or VII

103# 104#
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(AN1-65-2 and B883) of chro-
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whereas a Ncol fragment of 175 kbp is present in AN5-90
and AN5-203b (Fig. 3B). Double digestions with EcoRI
and the ‘rare cutters” Miul and Clal, respectively, result in
the EcoRI pattern (Fig. 3C) while double digestion with
Ncol and EcoRI give rise to the Ncol pattern (Fig. 3B).
The results indicate a possible localization of the
Hs1P* T locus relative to the Sat-121 clusters. A necessary
qualification for this hypothesis is that the addition frag-
ments presentin AN5-90 (8 Mbp), AN5-109 (13 Mbp) and
AN5-203b (12 Mbp) have originated without rearrange-
ments by chromosomal breakage from the large telosomic
addition fragment in ANS5 (42 Mbp) during backcrossing
of ANS5 with B. vulgaris. In this model (Fig. 4) Sat-121
units are assigned to regions I to VII of the long arm telo-
some of chromosome pat-1, based on their presence or ab-
sence in the different fragment additions. As all fragment
additions are resistant against H. schachtii the Hs1?* 1o-

cus is assigned to region IV defined by the chromosomal
breakpoints 3 and 4 (Bp3 and Bp4) (Fig. 4). A cluster of
Sat-121, hybridizing to a 250-kbp EcoRI fragment and 19
Ncol fragments of smaller size (< 50 kbp) is also present
in all fragment additions and thus can be assigned to the
same chromosomal region as the Hs/ locus (region IV).
Also the single copy markers CPRO101-CPRO105 (Salen-
tijn et al. 1992) have been put to the model. CPRO103 and
CPRO104 are only present in AN5 and must therefore be
located in either region 1 or VIIL.

Organization of Sat-121 near the Hs7?"! locus
The organization of Sat-121 on chromosome pro-1 was ex-

amined by Southern-blot analysis of DNA from a fragment
addition (AN1-89) and from two diploid introgressions
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101 Bp
Y

Hs1

AN1-89

Fig. 6 Assignment of markers to the short arm telosome of chro-
mosome pro-1 (AN1-89) relative to the Hs P! locus. 101, the sin-
gle-copy marker CPRO101; E; Sat-121 clusters located on EcoRI
fragments and on N, Ncol-fragments. The sizes are indicated in kbp.
The dotted horizontal line represents flanking B. vulgaris DNA.
Bp =introgression breakpoint in AN1-65-2

(AN1-65-2 and B883) of chromosome pro-1, all of which
contain the HsI?! locus. The EcoRI- (Fig. 2 C), Neol-
and Sau3A-hybridization profiles (data not shown) of
AN1-89 in the low molecular weight region are similar to
that of chromosome pat-1.

The long range organization of Sat-121 near the
Hs17° locus was investigated by PFGE analysis of
ANI1-89 and the diploid introgressions AN1-65-2 and
B88&3. In AN1-89, clusters of Sat-121 are present on three
Ncol fragments of 50 kbp, 100 kbp and 175 kbp respec-
tively (Fig. SA, B). EcoRI digestion of AN1-89 DNA gen-
erates hybridizing fragments extending from approxi-
mately 100 to 325 kbp (Fig. 5A). In addition, Sat-121 units
with sizes below 50 kbp were detected on approximately
15 EcoRI-fragments (Fig. 2C) and 16 Ncol-fragments (Fig.
5A). Analysis of the resistant diploid introgressions of
chromosome pro-1, AN1-65-2 and B883, indicates that the
copy number of Sat-121 is reduced in these introgressions
compared to AN1-89. Only clusters of Sat-121 DNAs on
Ncol fragments of respectively 50 kbp and 100 kbp and
EcoRI-fragments in the size range of 100 to 150 kbp, are
present in AN1-65-2 and B883 (Fig. 5A, C). The reduc-
tion in copy number of Sat-121 in AN1-65-2 is also de-
tected with the restriction enzymes Hpall, Clal and Mlul.
Sat-121 copies are present on single Hpall and Clal frag-
ments of respectively 200 and 245 kbp and two Mlul frag-
ments of 250 and 370 kbp in AN1-65-2 (Fig 5 A). In ad-
dition, the difference between the introgressed chromo-
some pro-1 segments of AN1-89 and both diploid intro-
gressions was confirmed by the absence of the single-
copy sequence CPRO101 from the DNA of B883 and
AN1-65-2 (data not shown). Although the B883 material
is derived from a different monosomic addition of chro-
mosome pro-1 (Heijbroek et al. 1988) than is AN1-65-2,
the EcoRI-, Ncol- and Clal- hybridization patterns with
Sat-121 are identical (Fig. 5).

The pro-1 fragment addition (AN1-89) and the diploid
pro-1 introgression (AN1-65-2) are both derived from
crossings of the same monosomic addition of chromosome
pro-1 (AN1) with B. vulgaris. The absence of Sat-121 on
a 175-kbp Ncol fragment from AN1-65-2 (Fig. 5A), as well
as the absence of the CPRO101 sequence, therefore reflects
a chromosomal breakpoint on chromosome pro-1 (Fig. 6).

AN1-65-2

Hs1

The linkage of Sat-121 to the HsI?"* locus was tested
in backcross populations of B883 and AN1-65-2. In the
B883 backcross population (187 plants) three resistant
plants had lost all Sat-121 sequences, while one suscepti-
ble plant was found which contained Sat-121. In the
AN1-65-2 backcross population (174 plants) eight resist-
ant plants had lost all, or nearly all, copies of Sat-121, but
no susceptible plants carrying Sat-121 sequences were ob-
tained. The occurrence of 11 resistant plants which have
lost Sat-121 sequences, and only one susceptible plant with
the Sat-121 sequence, suggests that most of the resistant
plants without Sat-121 do not represent crossover events,
but more-likely represent deletions within the introgressed
B. procumbens DNA.

Organization of Sat-121 in genomic B883 A clones

A genomic library of the diploid introgression B883 was
constructed and several clones were isolated using Sat-121
(clone B3-2) as probe. Southern analysis with EcoRI and
Ncol digests of the clones showed that normally only one,
but in a few cases two, of the restriction fragments of each
clone hybridized with Sat-121. This indicates that the clus-
tered Sat-121 sequences can be interrupted by other kinds
of sequences. Further analysis showed that these sequences
involve other types of middle- and highly- repetitive se-
quences which are also found in Beta vulgaris (data not
shown).

Discussion

In the present study a distinct satellite DNA family (Sat-
121) specific for the section Procumbentes of the genus
Beta has been characterized. Since Sat-121 is present in
BCN-resistant fragment additions and introgressions of
chromosome-1 of both B. patellaris and B. procumbens it
can be used as a marker for the presence of the BCN-re-
sistance loci (Hs]p“” and Hs17°!; nomenclature accord-
ing to Lange et al. 1993).

Several Sat-121 copies were isolated from fragment ad-
ditions of B. patellaris and from an introgression of B. pro-
cumbens. Based on the nucleotide sequences, the different
copies could be placed into two subfamilies. The repeti-
tive sequences TS1 and TS2, described by Schmidt et al.
(1990) from B. procumbens, belong to subfamily Sat-121.2
while the repetitive sequence RK643 isolated from B. pro-
cumbens material by Jung et al. (1992), belongs to the Sat-



121.1 subfamily. From this it can be concluded that the two
Sat-121 subfamilies are not specific for either of the two
beet species.

The genomic organization of Sat-121 was studied in
more detail. The Sau3A monomers are approximately 159
bp in length and concatemers up to 12-mers were observed.
Part of the Ncol-hybridization pattern exhibiis the charac-
teristics of a tandemly-arranged sequence which can be ex-
plained by the presence of a Ncol site generated by an A-
T substitution at position 3 in the sequence 208(1). The
Sat-121 sequences are typical satellite sequences with tan-
demly-arranged copies of a core sequence. In general, sat-
ellite DNAs are predominantly found near the centromeres
and telomeres and at a few interstitial sites (Lapitan 1991;
Maluszynska and Heslop-Harrison 1991; Roder et al.
1993). The Sat-121 satellite family seems to be distributed
in several large clusters over the chromosome and is inter-
rupted by other types of repetitive sequences. This organ-
ization is in good agreement with results obtained by Jung
et al. (1992) who found a similar arrangement for the
RK643 repeat in B. procumbens.

PFGE analysis of a series of related monosomic frag-
ment additions of chromosome pat-1 revealed the presence
of several Sat-121 containing Ncol- and EcoRI fragments,
in the size range of 50 to 325 kbp, in different regions of
the long arm telosome of pat-1. All fragment additions
(AN5-203b, AN5-109 and AN5-90) have in common a
cluster of Sat-121 on a 250-kbp EcoRI fragment and on
several Ncol fragments of low molecular weight, indicat-
ing a tight linkage of these clusters with the Hs/?“ locus.
Apart from these mutnal fragments the “fingerprints” of
ANS35-109 and AN5-90 are different showing that the chro-
mosome fragments extend in different directions and
cover different chromosomal regions [as was previously
observed for the RFLP-markers CPRO101 and CPRO102
{Salentijn et al. 1992)]. A single cluster of Sat-121 on a
Neol fragment of 175 kbp present in AN5-90 flanks the
Hs1P*Jocus on one side whereas two other clusters of
50-150 kbp and 250 kbp on Ncol-fragments present in
ANS5-109 are flanking the locus on the other side. All these
clusters of Sat-121 occur on larger fragment additions
(ANS and ANS5-72). The exact physical distances between
the satellite clusters and the resistance gene cannot be de-
duced from the proposed model of the HsI?* region, as
the exact locations of the breakpoints in this model are un-
known. However, the maximum distance between any
cluster and the resistance gene equals the measured size of
the addition fragments.

The organization of Sat-121 near the HsI?™ locus
present on chromosome-1 in B. procumbens was studied
using a resistant fragment addition (AN1-89) and resistant
diploid introgressions {(AN1-65-2 and B883) of chromo-
some pro-1. By adding the sizes of Sat-121-containing
Ncol fragments the satellite was assigned to about 450 kbp
in AN1-89 and approximately 220 kbp in the diploids. This
reduction in copy number is mainly due to the deletion of
a large cluster of Sat-121 located on a 175 kbp Ncol frag-
ment from the diploids. Since AN1-89 and AN1-65-2 orig-
inate from the same plant line the deletion of a cluster of
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Sat-121 on a 175-kbp Ncol fragment and the CPRO101 se-
quence from AN1-65-2 reflects a chromosomal break-
point. The Sat-121-containing Mlul fragments (250 and
370 kbp) in ANT1-65-2 most likely harbor at least one in-
trogression breakpoint. Clusters of Sat-121 on Ncol frag-
ments of 50 and 100 kbp and the Hs 7" locus, are present
in both AN1-89 and the introgressions AN1-65-2 and
B883. Data derived from the mapping populations of B883
and AN1-65-2 show a tight linkage between these satellite
clusters and the resistance gene in B. procumbens.

Homology between the long arm telosome of chromo-
some pat-1 and the assumed short arm telosome of chro-
mosome pro-1 was observed previously at the nucleotide
level (Salentijn et al. 1992). In the present study homol-
ogy between both resistance-bearing telosomes (AN1-89
and ANS5) is evident from the presence of clusters of Sat-
121 on Ncol-fragments of 50-100 kbp and 175 kbp flank-
ing the Hs/-locus on chromosome pat-1. The homology,
however, is not complete since a cluster of Sat-121 on a
Ncol fragment of 250 kbp, as well as RFLP-marker
CPRO102 (Salentijn et al. 1992), are present only on the
long arm telosome of chromosome pat-1 (ANS). Since the
only available cytogenetic mutants containing small seg-
ments of B. procumbens chromosome-1 are AN1-89, B883
and AN1-65-2, and the homology between the pro-1 and
pat-1 chromosomes is not complete, it is not possible to lo-
calize the clusters of Sat-121 DNAs present in the diploid
introgressions of chromosome pro-1 with respect to the
Hs1P Jocus.

The elucidation of the long-range organization of Sat-
121 near the HsI locus will be of great value for the isola-
tion of the beet cyst nematode resistance gene by positional
cloning (Wicking and Williamson 1990). Recently, the en-
tire 250 kbp EcoRI Sat-121 cluster which is present in all
B. patellaris fragment additions, and is thus tightly linked
1o the resistance locus, has been cloned in a single yeast
artificial chromosome (YAC) (Klein-Lankhorst et al., in
preparation). Currently, end-clones from this YAC are
being used to build a YAC contig spanning the entire
Hs 7% Tocus.
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