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Abstract A 823-bp Sau3AI fragment (pSau3A10) was
subcloned from a sorghum bacterial artificial chromo-
some (BAC) clone, 13I16, that contains DNA sequences
specific to the centromeres of grass species. Sequence
analysis showed that pSau3A10 consists of six copies of
an approximately 137-bp monomer. The six monomers
were organized into three dimers. The monomers with-
in the dimers shared 62—72% homology and the dimers
were 79—82% homologous with each other. Fluore-
scence in situ hybridization (FISH) analysis indicated
that the Sau3A10 family is present only in the cen-
tromeres of sorghum chromosomes. Sequencing,
Southern hybridization, and Fiber-FISH analyses in-
dicated that the Sau3A10 family is tandemly arranged
and is present in uninterrupted stretches of up to at
least 81 kb of DNA. Slot-blot analysis estimated that
the Sau3A10 family constitutes 1.6—1.9% of the sor-
ghum genome. The long stretches of Sau3A10 se-
quences were interrupted by other centromeric DNA
elements. Southern analysis indicated that the Sau3A10
sequence is one of the most abundant DNA families
located in sorghum centromeres and is conserved only
in closely related sorghum species. Methylation experi-
ments indicated that the cytosine of the CG sites in
sorghum centromeric regions is generally methylated.
The structure and organization of the Sau3A10 family
shared similarities with centromeric DNA repeats in

other eukaryotic species. It is suggested that the
Sau3A10 family is probably an important part of sor-
ghum centromeres.
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Introduction

The centromere is a specialized subdomain of the
eukaryotic chromosomes. The principle function of
centromeres is to ensure proper chromosome segrega-
tion during cell division by serving as the site for
kinetochore assembly and sister chromatid attachment.
Organization of centromeric DNA has been analyzed
in detail in yeast, Drosophila melanogastor, and hu-
mans. The centromeres of budding yeast (Saccharomy-
ces cerevisiae) chromosomes consist of 125 base pairs
(bp) of DNA without any repetitive elements (Clarke
1990). In contrast, the centromeres of the fission yeast
(Schizosaccharomyces pombe) chromosomes include
several classes of repetitive sequences spanning 40—100
kilobases (kb) of DNA (Clarke et al. 1986; Nakaseko
et al. 1986, 1987; Fishel et al. 1988; Chikashige et al.
1989). Single-copy and repetitive DNA sequences speci-
fic to each centromere were also detected (Clarke and
Baum 1990). The repetitive elements in fission yeast
centromeres are arranged in chromosome-specific pat-
terns and the repetitive element K was found to be
critical for centromere function (Baum et al. 1994).

Molecular analysis of minichromosomes from D.
melanogastor revealed that the essential core of the
centromere is contained within a 220-kb region
(Murphy and Karpen 1995). This essential core, called
the Bora Bora island, contains significant amounts of
complex DNA, consisting of single-copy and middle-
repetitive sequences (Le et al. 1995). Normal chromo-
some stability also requires about 200 kb of DNA on



either side of the essential core. The flanking DNA
predominantly contains the AATAT satellite family in
Drosophila.

Human centromeres predominantly contain alpha
satellite (alphoid) DNA. The approximately 170-bp
basic unit of the alphoid DNA is tandemly arranged
and diverged into chromosome-specific patterns
(Willard and Waye 1987; Wevrick and Willard 1989;
Oakey and Tyler-Smith 1990). Some centromeres con-
tain up to 4 megabases (Mb) of alphoid DNA. Harrin-
gton et al. (1997) constructed fully functional human
artificial chromosomes by combining long alphoid
DNA arrays with telomeric and genomic DNA. This
result showed that a long stretch of alphoid DNA alone
can act as a functional human centromere. Alphoid
DNA contains a 9-bp motif (B-box) that binds human
centromere protein B (CENP-B) in vitro. This motif is
present in centromeric DNA from divergent mam-
malian species (Kipling 1997).

Jiang et al. (1996 b) reported a repetitive DNA ele-
ment conserved in the centromeres of grass species.
This element is a 745-bp fragment (pSau3A9) that was
subcloned from a bacterial artificial chromosome
(BAC) clone, 13I16 (re-named from 52A4), of sorghum,
Sorghum bicolor. Its repetitive nature and its conserva-
tion in distantly related plant species suggest that the
Sau3A9 family may play a role in centromere function.
Aragon-Alcaide et al. (1996) reported a similar repeti-
tive DNA element that is located in the centromeric
regions of cereal chromosomes. Here we report the
cloning and characterization of a second repetitive
DNA element, pSau3A10, from sorghum centromeres.

Materials and methods

Plant materials

The genus Sorghum is generally divided into five sections (Garber
1954). Cultivated sorghum [S. bicolor (2n"20)] is included in the
section Sorghum. Sorghum cultivar 607E was used in this study.
Wild and weedy species of section Sorghum analyzed in this study
include Sorghum sudanense (2n"20), Sorghum halepense (Johnson-
grass) (2n"40), Sorghum propinquum (2n"20), and Sorghum ver-
ticilliflorum (2n"20). Sorghum versicolor (2n"10), from the section
Parasorghum, and Zea mays (2n"20, line B73) were also included.

Plasmid cloning and sequencing

DNA fragments were excised from agarose gels and purified using
a Geneclean II kit (Bio 101). The DNA fragments then were ligated
to linear pUC18 plasmids and transformed into Escherichia coli
strain DH5a. White, recombinant, clones on 5-bromo-4-chloro-3-
indolyl b-D-galactoside/isopropyl b-D-thiogalactoside plates were
analyzed for insert presence by plasmid minipreparation, restriction
enzyme digestion and agarose-gel electrophoresis.

Double-stranded plasmid DNA was prepared for sequencing with
a QIAprep spin miniprep kit (Qiagen Inc.). Cycle sequencing reac-
tions were performed using Applied Biosystems Ampli¹aq DNA
polymerase, FS Dye Terminator Ready Reactions kit and a Perkin-

Elmer Thermocycler (model 2400). Reaction products were analyzed
on an Applied Biosystems DNA sequencer (model 373).

Southern blotting

Genomic DNA was isolated from young leaf tissue following proto-
cols described by Giannatasio and Spooner (1994), except that 6]
was substituted for 2]CTAB solution. DNA was digested with
restriction enzymes according to the manufacturer’s instructions
and transferred to a Gene-clean nef-988 membrane. Pre-hybridiza-
tion and hybridization were performed at 65°C in 5]SSC, 0.5%
SDS, 0.02 M NaPO

4
(pH 6.5), 2 mM EDTA, 10 mM Tris pH 7.4,

and 0.02% denatured salmon-sperm DNA. Probes were labeled
with 32P and hybridized overnight at 65°C. All washes were per-
formed at 65°C in 0.1% SDS with the stringency controlled by
varying concentrations of SSC (from 2] to 0.1]). Membranes were
exposed to X-ray film.

Slot-blot hybridization

Copy numbers of the Sau3A10 repeat in the sorghum genome and
within BAC clone 13I16 were determined by slot-blot hybridization.
Standard dilutions of the pSau3A10 probe were compared to known
quantities of genomic DNA and BAC DNA. All DNA samples were
quantified with a spectrophotometer. DNA denaturation and neut-
ralization followed Zhao et al. (1989). DNA was transferred through
a slot-blot template onto a Gene-clean nef-988 membrane. Pre-
hybridization and hybridization followed the procedure outlined in
the previous section. Filters were washed for 15 min each in 2]
SSC, 0.1% SDS; 0.5] SSC, 0.1% SDS; and 0.2] SSC, 0.1% SDS at
65°C and then exposed to X-ray film for 24 h. Band intensities were
measured on the autoradiographs by IPLab Spectrum v3.1 software.

Fluorescence in situ hybridization (FISH)

Detailed protocols for chromosome preparation, probe labeling, in
situ hybridization, and signal detection were described previously
(Jiang et al. 1996 a). Isolation of sorghum nuclei and preparation of
extended DNA fibers were according to Liu and Whittier (1994) and
Fransz et al. (1996), respectively. Images were captured with
a Photometrics SenSys CCD (charge coupled device) camera
coupled to a Macintosh computer. IPLab Spectrum v3.1 software
was used to capture fluorescent signals and to measure the size of
FISH signals on extended DNA fibers.

Results

Cloning and sequencing of the Sau3A10
repetitive DNA family

DNA of BAC clone 13I16 was digested with several
restriction enzymes and blotted to a nylon membrane.
A Sau3A I fragment strongly hybridized to sorghum
genomic DNA was subcloned and named pSau3A10.

Sequencing analysis showed that pSau3A10 contains
an 823-bp insert consisting of three copies of a tandem-
ly arranged repeat with a consensus sequence of 277 bp
(Fig. 1A). The sequence has a 42% GC content. The
three tandemly arranged members are 79—82% homo-
logous with each other (Table 1). The entire clone is
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Fig. 1A,B Complete sequence of the 823-bp clone pSau3A10. A The
clone consists of three tandemly arranged dimers (A—C) of 276, 272,
and 275 bp, respectively, with a consensus sequence of 277 bp. In the
consensus sequence, lower case represents the majority nucleotide
and upper case indicates that nucleotide found in all sequences.
A * indicates that there is no consensus nucleotide. About 72% of
the sites are conserved among the three dimers. Each dimer is
defined by the mutated Sau3AI (GATC) sites marked in bold and
located at the end of the dimers (273—276). The monomers are
defined by the mutated Sau3AI sites marked in bold and located in
the middle (134—137) of the dimers. A HindIII restriction site
(AAGCTT) is found in dimer A (262—267). B The six monomers,
A1—C2, have a consensus sequence of 149 bp. The order of the six
monomers in pSau3A10 from 5@-3@ is A1, A2, B1, B2, C1, C2; 14 of
the 15 sites marked by a * show conservation at the dimer level but
not at the monomer level

Table 1 Comparisons of homology between different repeats within
the 823-bp clone pSau3A10. A Homology of the 277-bp dimer
sequences given as a percentage of the aligned sequences. B Homo-
logy of the 137-bp monomer sequences given as a percentage of the
aligned sequences
A

Sequence B C

A 79% 81%
B — 82%

B

Sequence A2 B1 B2 C1 C2

A1 64% 83% 70% 83% 63%
A2 66% 76% 66% 76%
B1 72% 84% 65%
B2 69% 79%
C1 62%

flanked by Sau3A I (GATC) restriction sites. The inter-
nal sites correlating to Sau3A I differ only at the second
base (A) (Fig. 1A). Areas of high homology (base pairs
71—89 and 206—221 of the consensus sequence) are
spread throughout the sequence and are separated by
areas of less homology (32—43 and 239—268).

The 277-bp repeat is structurally a dimer consisting
of two tandemly arranged members of a basic monomeric
repeat. The length of the six sequenced monomers
varied from 135 to 139 bp. The consensus sequence of
the monomers is 10 bp longer (149 bp) than the longest
monomer (139 bp), due to numerous small inser-
tion/deletion events. The Sau3AI sites defining the
monomers have conserved TC dinucleotides; five of six
of these have G at the first base and four of six have
G at the second base, indicating that the ancestral
GGTC mutated into the Sau3AI site (Fig. 1 B). The
homology among monomers within the dimers is from
62% to 72% (Table 1) and is less than among dimers.

For example, the first half of the first dimer, A1, has
a 64% similarity to A2 but a 83% homology to B1.
There are 14 nucleotide sites that are conserved in the
dimers but not in the monomers (Fig. 1 B). These re-
sults suggest that the dimer is the primary unit of
amplification. Searches of the GenBank database
found no significant matches with the pSau3A10 se-
quence.

Organization of the Sau3A10 family

Southern-blot analysis of sorghum genomic DNA di-
gested with the HindIII restriction enzyme and probed
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Fig. 3A–C FISH analysis of
sorghum prometaphase
chromosomes using pSau3A10 as
a probe. A prometaphase
chromosomes; B FISH signals;
C a merged image from A and B.
Ten chromosomes show stronger
centromeric signals than the
other ten chromosomes. D Fiber-
FISH analysis using pSau3A10
as a probe. The Sau3A10 family is
organized into blocks of different
sizes. Bar represents 20
micrometers. Gaps smaller than
2 micrometers may represent
continuous sequences

Fig. 2 Sorghum genomic DNA
was digested with three
methylation-sensitive restriction
enzymes (HpaII, MspI, SalI) and
one methylation-insensitive
enzyme (HindIII) and the blot
was hybridized with pSau3A10

with pSau3A10 showed ladder-like patterns which are
characteristic for tandem repeats (Figs. 2 and 4). A
HindIII restriction site (AAGCTT) is found at nucleo-
tides 262—267 of the first dimer (Fig. 1A). Southern
hybridization showed multiples of the 277-bp repeat as
dimer, tetramer and higher-level tandem arrays in the
HindIII digest (Fig. 2 and 4). Monomer (137 bp) and
trimer (411 bp) bands were not found. This result indi-
cates that the dimer, rather than the monomer, is the
basic unit of amplification of this DNA family in the
sorghum genome.

FISH results showed that pSau3A10 hybridized ex-
clusively to the centromeric regions of all sorghum
chromosomes (Fig. 3A—C), indicating that the
Sau3A10 family is specific to the centromeric regions.

Fiber-FISH analysis revealed that the Sau3A10 se-
quence is organized into blocks of different sizes
(Fig. 3D). The largest observed block, with small inter-
spersed gaps ((2 lm) was 27.36-lm long. Using
known Arabidopsis thaliana cosmid clones, the resolu-
tion of Fiber-FISH was calibrated in our laboratory as
2.96 kb/lm, and gaps that are smaller than 2 lm are
considered as continuous DNA sequences (our unpub-
lished data). The resolution of Fiber FISH in A.
thaliana suggests that a 27.36—lm-long block repres-
ents about 81 kb of DNA and contains approximately
590 monomers of the Sau3A10 family. Fiber-FISH sig-
nals as long as 350 lm, corresponding to about 1 Mb of
DNA, with various sizes of gaps were observed, indicat-
ing that the Sau3A10 family may be distributed
throughout the sorghum centromeric regions.

Specificity of the Sau3A10 family

The pSau3A10 probe hybridized only to the sorghum
genomic DNA and not to the DNA from several other
grass species, including, rice, sugarcane, bamboo, rye
and wheat (data not shown). A number of wild species
in the genus Sorghum were analyzed for the presence of
DNA families homologous to the Sau3A10 family.
pSau3A10 hybridized strongly to five species in the
section Sorghum, including S. bicolor, S. sudanense, S.
verticilliflorum, S. halepense and S. propinquum. How-
ever, pSau3A10 did not hybridize to genomic DNA
from S. versicolor (section Parasorghum) or to maize
DNA (Fig. 4). All the Sorghum species analyzed shared
similar hybridization patterns.
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Fig. 4 DNA from sorghum,
maize, and five wild Sorghum
species was digested with HindIII
and the blot was hybridized with
pSau3A10

Fig. 5 DNA from sorghum BAC clone 13I16 was digested with
HaeII and HindIII (left). The same blot was probed with pSau3A10
(center) and sorghum genomic DNA (right)

Fig. 6 Slot-blot analysis. Copy numbers of the monomer of the
Sau3A10 family in the sorghum genome and BAC 13I16 were
determined by the comparison of known quantities of sorghum
genomic DNA (top) and BAC 13I16 DNA (bottom) to a serial
dilution of known quantities of the 137-bp monomer using probe
pSau3A10

FISH analysis in S. bicolor showed that 10 of the 20
sorghum chromosomes had strong signals at the cen-
tromeres. The signals on the other ten centromeres
were relatively weak (Fig. 3B). There are two possible
explanations for these results: (1) half of the sorghum
centromeres contain more copies of the Sau3A10 family
than the other half, or else (2) ten sorghum chromo-
somes have a subset of the Sau3A10 family which is
only partially homologous to pSau3A10; this partial
homology then resulted in the relatively weak FISH
signals.

Abundance of the Sau3A10 family
in the sorghum genome

Southern blotting of BAC 13I16 DNA digested with
HaeII and HindIII and probed with pSau3A10 showed
that about half of the fragments, excluding those de-
rived from the BAC vector, hybridized to pSau3A10
(Fig. 5). When the same blot was probed with sorghum
genomic DNA, the hybridization patterns were almost
identical to those probed by pSau3A10 (Fig. 5). About
ten distinct DNA elements have been identified in BAC
13I16. The amount of DNA from other centromeric
families in the sorghum genomic DNA probe (about 50
ng) are possibly negligible as compared to the DNA
from the Sau3A10 family (1.6—1.9% of the sorghum
genome, see below). Thus, only fragments containing
the Sau3A10 sequence were lit up when sorghum
genomic DNA was used as a probe. These results
suggest that Sau3A10 is possibly one of the most abun-
dant DNA families located in sorghum centromeres.

The copy numbers of the Sau3A10 family in the BAC
clone 13I16 and in the sorghum genome were estimated
by slot-blot analysis (Fig. 6). The copy number was deter-
mined by comparing the band intensities of known
amounts of pSau3A10 to known amounts of genomic
DNA and BAC 13I16 DNA. The hybridization inten-
sity of genomic DNA equivalent to 2000 sorghum
genomes was close to that from 2]108 monomers of
the Sau3A10 family, suggesting 88 000 monomers
per haploid genome. Based on a sorghum genome size
of 772 Mb (Arumganathan and Earle 1991), the

Sau3A10 family comprises 1.6% of the sorghum
genome. A second comparison found that 5000 sor-
ghum genome-equivalents was close to 6]108 mono-
mers, suggesting 109 000 copies/haploid or 1.9%
of the sorghum genome. Therefore the Sau3A10 family
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comprises between 1.6 and 1.9% of the sorghum
genome. BAC 13I16 was estimated to contain 240 co-
pies of the monomer because 1.2]107 copies of the
BAC DNA has a similar hybridization intensity to
6]108 copies of the Sau3A10 monomer. This corres-
ponds to 33 kb of clone 13I16 which is approximately
90 kb long.

A sorghum BAC library (Woo et al. 1994) was
screened with probes pSau3A9 and pSau3A10. About
5.4% of the BAC clones in the library (13 440 clones in
total) hybridized to pSau3A10, while only 0.6% of the
clones hybridized to pSau3A9.

Methylation of the centromeric regions in sorghum

The cytosine nucleotide is the most common site for
methylation in plant genomes. The most common
dinucleotide site for cytosine methylation is CG, but
methylation occurs at lower frequencies when the C and
G are separated by one to two A or T bases (Gruenbaum
et al. 1981). Figure 2 shows different levels of cytosine
methylation in the centromeric regions of Sorghum.
MspI and HpaII are isoschizomer restriction enzymes
that recognize the 5@CCGG3@ sequence. Neither can cut
when the 5@C is methylated. Only MspI, not HpaII, can
cleave when the internal cytosine is methylated. When
HpaII- and MspI digested sorghum DNA was transfer-
red to a nylon membrane and probed with the cen-
tromeric DNA probe pSau3A10, a relatively faint ladder
as compared to the HindIII lane was found in the MspI
lane but not in the HpaII-lane (Fig. 2). This result
indicates that 5@CCGG3@ sites are present in some of
the Sau3A10 monomers even though they are not
found in the probe pSau3A10. Detection of bands in
the MspI lane, but not in the HpaII lane, suggests that
the internal cytosine of the 5@CCGG3@ sequence is gen-
erally methylated. The restriction enzyme SalI contains
the CG motif (GTCGAC) and fragments hybridized to
pSau3A10 were not detected in the SalI lane (Fig. 2).

Discussion

Highly repetitive tandem repeats specific to centromeric
regions have been identified in both mammalian and
plant species. Human alphoid DNA is a tandemly re-
peated family with a basic 170-bp unit comprising 3% of
the human genome. Alphoid DNA can exist in uninter-
rupted stretches of thousands of copies of the 170-bp
repeat (Warburton and Willard 1990). Tandem groups
of the basic repeat can sometimes become an amplified
unit. For example, a dimer consisting of two tandem
170-bp human-alphoid DNA monomers has been iden-
tified due to a mutation in the EcoRI site that separates
the monomers. This dimer is a major unit of amplifica-
tion and 60% of the alphoid DNA exists as this dimer.
The dimers share 80—87% homology with each other,

while adjacent monomers within a dimer share 55—70%
homology (Shmookler Reuse et al. 1985). Higher-level
units, such as tetramers defined by the same EcoRI site,
comprise 30% of alphoid DNA. Chromosomal areas
can have unique arrangements of higher- and lower-
level repeat units (Warburton and Willard 1990). Old
world and new world primates are thought to have
diverged 45—50 million years ago. Their alphoid DNA
maintains an overall 64% sequence identity with small
highly conserved areas within the repeat. The predomi-
nance of dimers and tetramers is also maintained in
new world primates (Alves et al. 1994).

A 180-bp tandem repeat family, pAL1, isolated from
A. thaliana (Martinez-Zapater et al. 1986), is the most
abundant repetitive DNA family in this species. The
pAL1 family has about 5000 copies comprising 1—1.5%
of the A. thaliana genome. Homology among mono-
mers range from 87% to 92% (Martinez-Zapater et al.
1986). Estimations of the length of the uninterrupted
pAL1 repeat ranges from 50 kb (Martinez-Zapater
et al. 1986) to 1200 kb (Murata et al. 1994). FISH
analysis showed that the pAL1 family is located at the
paracentromeric regions of all five A. thaliana chromo-
somes (Maluszynska and Heslop-Harrison 1991). Un-
like human alphoid DNA, the pAL1 family is
interrupted by other repetitive sequences (Brandes et al.
1997). Southern hybridization of pAL1 to Arabidopsis
arenosa DNA showed a very weak ladder as compared
to A. thaliana, reflecting the high divergence of this
DNA family within these closely related species (Kamm
et al. 1995). A centromeric tandem repeat (pAa214) was
isolated from A. arenosa. This repeat maintains 58%
sequence identity to the pAL1 family (Kamm et al.
1995).

The Sau3A10 family identified in this study shared
many characteristics with the human alphoid DNA
and the A. thaliana pAL1 family. The Sau3A10 family is
also tandemly arranged in large arrays. As in the pAL1
family, the Sau3A10 sequence is disrupted by other
sorghum centromeric DNA elements, including the
Sau3A9 family (unpublished data). The Sau3A10 se-
quence is present only in closely related sorghum
species, indicating a fast divergence of this repeat. The
monomer (137 bp) of the Sau3A10 family is shorter
than monomers of the Arabidopsis pAL1 repeat
(180 bp) and human alphoid satellite DNA (170 bp).
Like the human alphoid DNA, the majority of the
Sau3A10 family is organized as dimers in the sorghum
genome. The homology among Sau3A10 monomers
within the dimers (62—72%) is similar to adjacent
monomers of alphoid DNA (55—70%). Likewise,
homology among Sau3A10 dimers (79—82%) is similar
to adjacent dimers of alphoid DNA (80—87%; Shmook-
ler Reuse et al. 1985).

Centromeric regions usually consist of hetero-
chromatin that is thought to be highly methylated.
Human alphoid centromeric arrays are highly methyl-
ated at the CG dinucleotide as shown by the lack of
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hybridizing bands in methylation-sensitive HpaII-
digested DNA when compared to MspI-digested DNA
(Shmookler Reuse et al. 1985). Cytosine methylation
is also common in plants, with the CG motif most
commonly methylated (Gruenbaum et al. 1981). The
A. thaliana genome has only about 15% repetitive
DNA sequences, the lowest known in plants. This
low amount of repetitive sequences correlates to low
rates of methylation, as shown by digestion profiles
of enzymes with differential methylation sensitivity.
Leutwiler et al. (1984) determined that only 4.6% of A.
thaliana cytosines are methylated compared to 20.1%
in wheat germ (Gruenbaum et al. 1981). However, when
the digested A. thaliana DNA was blotted and probed
with the pAL1 repeat, only MspI, and not HpaII, had
the characteristic ladder of a repeated sequence (Marti-
nez-Zapater et al. 1986). This indicated that methyla-
tion of the internal cytosine of the MspI/HpaII
restriction site, CCGG, is a prominent feature of the A.
thaliana centromeres.

The methylation status of sorghum centromeric re-
gions has been analyzed in the present study. Although
CCGG sites are not present in the pSau3A10 sequence,
a faint ladder pattern derived from MspI-digested sor-
ghum DNA indicated that CCGG sites are present in
some of the Sau3A10 monomers. Comparison of
Southern hybridization patterns from MspI-, HpaII-,
and SalI-digested sorghum DNA suggested that the
cytosine of CG sites in sorghum centromeres is gener-
ally methylated. The DNA fragments hybridized to
pSau3A10 in the MspI-digested sorghum DNA were
faint and bands corresponding to dimers and tetramers
were not clearly visible (Fig. 2). At present we cannot
determine whether this is the result of partial methyla-
tion of the external cytosine of the CCGG sites in
sorghum centromeres or lack of pairs of CCGG sites
flanking dimers or tetramers.

The function of cloned centromeric DNA can be
tested using the elegant genetic systems of budding and
fission yeast (Clarke and Carbon 1980; Clarke and
Baum 1990). However, functional analysis of cloned
centromeric DNA is difficult in other eukaryotic spe-
cies. Because of the lack of convincing functional re-
sults, the centromeric role of the human alphoid DNA
was debated for many years until the construction of
human artificial chromosomes (Harrington et al. 1997).
Although there is no evidence to indicate that the pAL1
family is part of A. thaliana centromeres, its nature as
the most dominant DNA component in the cen-
tromeric regions suggests that it may play a role in
centromere function. The organization of the Sau3A10
family in sorghum shares a number of similarities with
human alphoid DNA and the pAL1 family in A.
thaliana. The present study also indicates that the
Sau3A10 family is probably the most abundant DNA
family in sorghum centromeres. These results suggest
that the Sau3A10 family is probably an important part
of the sorghum centromeres.
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