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Abstract The genome of the model plant Arabidopsis
thaliana has been sequenced to near completion. To fa-
cilitate experimental determination of the function of
every gene in the species, we constructed a large-insert
library from the Landsberg ecotype using a plant-trans-
formation-competent binary BAC vector, BIBAC2. The
library contains 11,520 clones with an estimated aver-
age insert size of 162 kb. Of a sample of 102 clones,
17.6% had no inserts; further, in the library as a whole,
287 clones contained chloroplast DNA, and 25 con-
tained mitochondrial DNA. Thus it is estimated that
9,295 clones originated from the nuclear genome, repre-
senting a 11.5 x coverage. The library was further char-
acterized by screening with probes corresponding to
180-bp repeats, 5SS rDNA, 18S5-25S rDNA and 23 sin-
gle-copy RFLP markers. The results showed that 92
clones contained 180-bp centromeric repeats, 78 con-
tained 5S rDNA and 95 contained 18S-25S rDNA, ap-
proximately 1%, 0.8% and 1%, respectively, of the nu-
clear clones in the library. Screening the library with the
23 RFLP markers showed that each one hybridized to an
average of seven clones. This library is the first large-
insert DNA library for the widely studied Landsberg
erecta strain. It will greatly facilitate gene identification
by complementation screening, and will enhance analy-
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Introduction

Previously, several genomic libraries have been con-
structed for Arabidopsis thaliana, nearly all derived
from the ecotype Columbia, the variety chosen for com-
plete genome sequencing (The Arabidopsis Genome Ini-
tiative 2000). These libraries include yeast artificial
chromosome (Ward and Jen 1990; Grill and Somerville
1991; Ecker 1992; YAC, Creusot et al. 1995), bacterial
artificial chromosome (BAC, Choi et al. 1995; Mozo et
al. 1998), bacteriophage P1 (Liu et al. 1995) and plant
transformation-competent artificial chromosome (TAC,
Liu et al. 1999; unpublished) libraries. Several of these
libraries were used to develop physical maps corre-
sponding to individual chromosomes or to the entire ge-
nome (Hauge et al. 1991; Schmidt et al. 1995; Zachgo et
al. 1996; Canilleri et al. 1998; Marra et al. 1999; Mozo
et al. 1999; Kotani et al. 1999; Chang et al. 2001). These
libraries have been proven useful for positional cloning
of a number of genes (e.g., Arondel et al. 1992; Giraudat
et al. 1992; Bent et al. 1994; Helliwell et al. 1998). In
addition to the Columbia ecotype, the Landsberg erecta
strain has been used by many laboratories for genetic
and molecular studies (Redei 1962). This variety differs
from Columbia by 1 to 0.5% at the DNA sequence level
(Chang et al. 1988), and polymorphisms between the
Landsberg and Columbia genes have been identified by
several laboratories (Konieczny and Ausubel 1993; Bell
and Ecker 1994; Cho et al. 1999). However, no large-
insert BAC or BIBAC library was previously developed
for Landsberg.

Following the release of the genome sequence of
A. thaliana the experimental determination of the func-
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tion(s) of every gene has been targeted as a goal for the
coming decade (Somerville and Dangl 2000). To this
end, several methods have been developed, includ-
ing T-DNA-(Azpiroz-Leehan and Feldmann 1997; Feld-
mann 1991; Sussman et al. 2000) or transposon-based
(Martienssen et al. 1998) gene tagging, DNA microarray
or gene-chip analysis (Schena et al. 1995; Desprez et al.
1998; Ruan et al. 1998) and genetic transformation
(Chang et al. 1994; Liu et al. 1999). Transformation of
A. thaliana via Agrobacterium is efficient and can be ac-
complished without tissue-culture procedures (Feldmann
and Marks 1987; Koncz et al. 1989; Bechtold et al.
1993). These methods allow routine complementation
studies to be performed with mutant lines identified
in natural or mutagenized populations (Redei 1970;
Koornneef et al. 1983; Feldmann 1991). Although many
complementation studies are performed with relatively
small-insert clones, recent investigations demonstrate
that very large DNA fragments (from 80 to 150 kb)
can be successfully transferred into the genomes of
several plants species, including tomato, tobacco and
A. thaliana, via Agrobacterium-mediated transformation
(Hamilton et al. 1996, 1999; Liu et al. 1999). As de-
scribed below, we developed a large-insert, direct plant-
transformation-competent BIBAC library from Lands-
berg erecta. This library will facilitate analysis and posi-
tional cloning of mutations identified in the Landsberg
ecotype, as well as a thorough examination of sequence
variations between Landsberg and Columbia (C. Wu et
al., submitted). These studies will provide important in-
sight into the structure, organization and evolution of the
Arabidopsis genome.

Materials and methods

Preparation of high-molecular-weight (HMW) DNA from nuclei

A. thaliana HMW nuclear DNA was prepared according to Zhang
et al. (1995). Twenty grams of tissue were collected from the
aerial portion of 14 day old Landsberg plants, frozen in liquid
nitrogen, and stored at —80 °C. The tissue was ground in liquid
nitrogen, nuclei were isolated, and HMW nuclear DNA was pre-
pared and purified in 100-pl of low-melting-point (LMP) agarose
plugs (Zhang et al. 1995).

Preparation of BIBAC2 vector

The BIBAC2 vector (Hamilton 1997) was purified by the alkaline-
lysis method, followed by two rounds of cesium chloride/ethidium
bromide ultra-centrifugation as described by Sambrook et al.
(1989). The vector DNA was completely digested and dephospho-
rylated as described by Zhang et al. (1996).

Library construction

The HMW DNA plugs were pre-run on a 1.0% agarose gel in
0.5 x TBE (Sambrook et al. 1989) by pulsed-field gel electorepho-
resis (PFGE) to remove the small fragments and some substances
that may inhibit restriction enzymes for partial digestion in the
plugs. PEGE was conducted with a 5-s pulse time at 4 V/cm, 14 °C
for 8 h, under which the DNA fragments smaller than 300 kb that

were not suitable for large-insert (>150 kb) cloning were run into
the gel, whereas the fragments larger than 300 kb remained in the
plugs. The plugs were collected from the gel, dialyzed in 50 ml of
TE (10 mM of Tris—HCI, 1 mM of EDTA, pH 8.0) on ice for 4 h,
with one change of TE per hour, and stored at 4 °C.

Eight 100-pl plugs containing HMW DNA were sliced into
small pieces of equal size at nine pieces per plug. The plug slices
were equilibrated in 24 ml of 1 x reaction buffer 3 (Life Technolo-
gies, USA) containing 2 mM of spermidine and 1 mM of dithio-
threitol (DTT) on ice for 1 h, with one change after 30 min. The
plug slices were then transferred into 24 1.5-ml tubes, three slices
per tube, each tube containing 170 pl of fresh 1 x reaction buffer
containing 0.5 mg/ml of BSA, 2 mM of spermidine and 1 mM of
DTT. The 24 tubes were divided into three groups on ice, eight
tubes per group, and to each group, 0.4, 0.6 and 0.8 units of
BamHI were added per tube, respectively. The tubes were incubat-
ed on ice for 60 min to allow the enzyme access to the DNA in the
plug slices. The digestion was conducted at 37 °C for 8§ min and
stopped by adding 1/10 vol of 0.5 M EDTA, pH 8.0. DNA frag-
ments ranging from 100 to 400 kb were selected by PFGE using
the CHEF DRIII apparatus (BioRad, USA). The size-selection
was first conducted on a 1% agarose gel in 0.5 x TBE buffer
(Sambrook et al. 1989) with a 90-s pulse time at 6 V/cm, 14 °C for
20 h. The agarose-gel zones containing DNA fragments from 100
to 200 kb, 200 to 300 kb, and 300 to 400 kb, respectively, were
excised. The DNA was eluted from the gel slices into dialysis tub-
ing (molecular-weight exclusion limit = 12,000-14,000 Daltons)
(Life Technologies, USA) by PFGE at 6 V/cm, 40-s pulse time
and 14 °C for 4 h, followed by reversing the polarity of the curren-
cy for 60 s. The DNA was collected carefully with wide-pore tips
and then size-selected again on a 1% agarose gel, 0.5 x TBE,
using 4 V/cm, and a 5-s pulse time for 12 h at 14 °C. Gel regions
containing DNA of each size range were excised, and the DNA
was electroeluted as above. The eluted DNA was dialyzed in the
same tubing in 0.5 x TE buffer (5 mM of Tris. HCI, pH 8.0,
0.5 mM of EDTA, pH 8.0) at 4 °C for 4 h, with one buffer change
per hour. The DNA was collected and ligated to the vector DNA at
a molar ratio of 1:4 at 16 °C for 18 h using T4 DNA ligase (Life
Technologies, USA). The recombinant DNA was transformed into
Escherichia coli DH10B competent cells using the Cell Porator
and Voltage Booster electroporation system (Life Technologies,
USA) using 375 V, 330 uF capacitance, low ohms impedance and
a fast charge rate, and 4 k€ resistance. The electroporated cells
were incubated in 1 ml of SOC medium (Sambrook et al. 1989) at
37 °C for 1 h, plated onto LB agar medium containing 50 mg/l of
kanamycin and 5% (w/v) sucrose, and then incubated at 37 °C for
24 h. After analyzing the insert sizes of clones from each ligation,
the ligation from the gel zone containing DNA fragments from
200 to 300 kb were selected for library assembly. Clones were ar-
rayed in 384-well microtiter plates containing a mixture of LB
medium, 1 x freezing buffer [36 mM of K,HPO,, 13.2 mM of
KH,PO4, 1.7 mM of Na citrate, 0.4 mM of MgSO,, 6.8 mM of
(NH,), SO, 4.4% (v/v) glycerol], and 50 mg/l of kanamycin. The
clones were incubated at 37 °C for 20 h and then stored at —80 °C.

Analysis of BIBAC clones

BIBAC clones were randomly selected from the library and grown
in LB medium containing 50 mg/l of kanamycin at 37 °C over-
night. DNA was isolated according to Zhang et al. (1996). The in-
sert DNA was released from the vector by digestion with Notl
(New England Biolabs, USA) and subjected to PFGE on 1% aga-
rose gels in 0.5 x TBE at a 5-s initial pulse time, a 15-s final pulse
time, at 14 °C, and 6 V/cm for 18 h. The insert size of each clone
was estimated using lambda-ladder PFG markers (New England
Biolabs, USA).

Library characterization

The library was screened with chloroplast DNA, mitochondrial
DNA, 18S-25S rDNA, 5S rDNA, 180-bp centromeric repeat and



23 RFLP marker probes, respectively. The three chloroplast DNA
probe clones, ndhA, rbcL and psbA, were derived from the barley
chloroplast genome (Baumgarther et al. 1993). The mitochondrial
DNA probe was generated from four mt DNA-derived IGF BAC
clones (F1022, F2A13, F2J23 and F418), and the 185-25S rDNA
probe from one 18S-25S rDNA-containing IGF BAC clone
(F1A18) of A. thaliana (Mozo et al. 1998). The 5S rDNA probe
was isolated from wheat DNA (Gerlach and Dyer 1980). The
180-bp centromeric repeats were cloned from Arabidopsis ge-
nomic DNA BACs in our laboratories (unpublished). The RFLP
markers, mi32, mi51, mi54, mi61, mi79a, mill12, mill6, mil23,
mil28, mil48, mil67, mi204, mi238, mi277, mi279, mi30l,
mi306, mi310, mi320, mi330, mi398, mi422 and mi465, were se-
lected from the Arabidopsis genetic map (Liu et al. 1996) and ob-
tained from the Arabidopsis Biological Resource Center (Ohio
State University, USA). The chloroplast and mitochondrial DNA,
and the rDNA probes were labeled with 32P-dCTP by random hex-
amer priming (Feinberg and Vogelstein 1983). The 180-bp repeats
and RFLP markers were labeled using the Dig Probe Synthesis Kit
(Roche Molecular Biochemicals, USA) by PCR (25 cycles of 40 s
at 95 °C, 70 s at 43 °C, 3 min at 72 °C, followed by a 7-min ex-
tended incubation at 72 °C).

The library was double-grided onto Hybond N+ membrane in a
3 x 3 format using the Biomek 2000 Automated Workstation
(Beckman, USA). The filters were processed as described by
Zhang et al. (1996). The filters were hybridized with the 180-bp
repeat and RFLP probes, and the hybridization signals were
detected as described by the manufacturer (Roche Molecular
Biochemicals, USA). The chloroplast DNA, mitochondrial DNA,
5S rDNA and 18S-25S rDNA probes were hybridized to filters at
65 °C overnight. After hybridization, filters were washed once in
2 x SSC, 0.1% (w/v) SDS at 65 °C for 20 min, once in 1 x SSC,
0.1% (w/v) SDS at 65 °C for 20 min, and once in 0.5 x SSC, 0.1%
(w/v) SDS at 65 °C for 20 min. The filters were exposed to Kodak
X-OMAT films to visualize the hybridization results.

Results and discussion
Construction of a BIBAC library

We constructed a BIBAC library for the A. thaliana
Landsberg ecotype in the BamHI site of BIBAC2,
an Agrobacterium-mediated, plant-transformation-com-
petent binary BAC vector (Hamilton 1997). BIBAC2
was designed to transform high-molecular-weight DNA
into plants to facilitate map-based gene cloning, func-
tional analysis of genomic sequence, and genetic engi-
neering (Hamilton et al. 1996, 1999; Hamilton 1997). To
construct the BIBAC library, we isolated nuclei from
plant tissues and embedded them into 100-pl plugs of
LMP agarose (Zhang et al. 1995). We pre-electrophore-
sed the agarose gel-embedded DNA on a pulsed-field gel
to eliminate small DNA fragments, resulting in high-
molecular-weight, readily digestible DNA that facilitated
subsequent BIBAC cloning. Because this treatment sig-
nificantly decreased the abundance of small fragments in
the plugs, it increased the efficiency of cloning large
inserts. Furthermore, after partially digesting the DNA
with BamHI, we size-selected the restricted fragments
twice on pulsed-field gels, further increasing the effi-
ciency of producing clones with large inserts. The large
DNA fragments were ligated to the completely restricted
and dephosphorylated BIBAC2 vector. BIBAC?2 contains
the sacB gene, which encodes levansucrase, allowing se-
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Fig. 1 Analysis of insert size in BIBAC clones randomly selected
from the Landsberg library. BIBAC DNA digested with Notl
and separated on a pulse-field gel was used to estimate the insert
size in each clone
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Fig. 2 Insert size distribution of 78 clones from the Landsberg
BIBAC library

lection for recombinants. In the presence of sucrose, the
levansucrase catalyzes hydrolysis of sucrose into levan,
a compound that is lethal to E. coli and Arabidopsis
tumefaciens (Pierce et al. 1992). Therefore, only clones
containing DNA inserts that interrupt the sacB gene are
expected to form colonies on medium containing su-
crose. All clones that grew on the selective medium were
arrayed in 384-well plates. For the Landsberg erecta li-
brary, we arrayed a total of 11,520 clones in 30 384-well
microplates, duplicated and stored at —80 °C.

Analysis of BIBAC clones

To estimate the insert sizes of the clones in the Lands-
berg erecta BIBAC library, DNA was isolated from 102
randomly selected clones, digested with Norl to release
the inserts from the vector, and subjected to PFGE. The
average insert size of randomly sampled clones was
162 kb (range 50 to 300 kb), with the majority of clones
having insert sizes between 140 to 200 kb (see Figs. 1
and 2). Thus, on average, the insert sizes of the clones in
this library are much larger than those in the previously
described tomato libraries constructed in the BIBAC2
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Fig. 3 Stability of Landsberg BIBAC clones. DNA isolated
from 1-day (1) and 7-day (2) cultures of each clone was digested
with HindIIl and fractionated on an agarose gel. “M” indicates
MHindIII DNA markers

vector (120 kb, Hamilton et al. 1999). Of the 102 clones
analyzed, 18 (17.6%) had no inserts, suggesting that
83.4% (approximately 9,607) of the 11,520 clones of the
library have DNA inserts. The number of clones without
an insert is higher than that typically found (<5%) in
plant BAC or BIBAC libraries constructed in the vectors
that rely on a lacZ blue/white selection for insert-con-
taining clones. However, it is consistent with the two to-
mato BIBAC libraries constructed in the same vector,
where approximately 13% of the clones lack an insert
(Hamilton et al. 1999). Surprisingly, we found that six of
the 102 clones produced many Nofl DNA fragments,
each smaller than 50 kb (Fig. 1). Some of the bands from
these clones hybridized to total genomic DNA and thus
may have originated from the G/C-rich portions of the
Landsberg genome. Similar results were also observed in
a new BIBAC library of the Columbia ecotype, for
which the tissues were grown and collected under sterile
conditions (unpublished). Alternatively, these clones
may be derived from abundant, contaminating microor-
ganisms. Of the remaining 78 clones (Fig. 2), 66 (85%)
yielded one fragment of insert DNA, 11(14%) yielded
two fragments and one yielded three fragments (1%)
when cut with Notl (Fig. 1) flanking the cloning site of
BIBAC2.

Stability of BIBAC clones

The stability of large-insert clones in the E. coli host is
critical for long-term maintenance and use of a library
for genome research. We examined the stability of the
Landsberg BIBAC?2 inserts, by growing 24 randomly se-
lected clones for 7 consecutive days. DNA was isolated

from each clone on the Ist and 7th days of growth, di-
gested to completion with HindlIIl, and fractionated on
agarose gels. The restriction patterns of each clone did
not change between the 1st and 7th days of culture
(Fig. 3), indicating that the large-insert BIBAC?2 clones
are highly stable in E. coli host cells.

Genome origin of the large-insert BIBAC2 clones

In order to assess the extent to which a large-insert libra-
ry represents the entire genome, it is important to ascer-
tain the fraction of clones that are derived from organel-
lar DNA. Libraries with few or no clones originating
from organelle genomes are typically preferred. Screen-
ing the Landsberg BIBAC library with three barley chlo-
roplast DNA clones (ndhA, rbcL. and psbA) showed that
287 clones originated from the chloroplast genome,
roughly 2.99% of the insert-containing clones in the li-
brary (Table 1). The percentage of clones with a chloro-
plast origin is similar to that found in BAC libraries de-
rived from nuclear DNA (e.g., Choi et al. 1995; Moullet
et al. 1999), but up to 10-fold less than that found in the
BAC or YAC libraries derived from protoplast DNA
(e.g., Grill and Somerville 1991; Martin et al. 1992;
Creusot et al. 1995). This supports the previous conclu-
sions that nuclear DNA preparations efficiently reduce
the contribution of chloroplast DNA to a large-insert li-
brary (Zhang et al. 1995). Screening the library with
mitochondrial DNA-derived BAC probes identified 25
BIBAC clones (0.26% of the library, Table 1). These
clones most likely originated from the mitochondrial ge-
nome, or from large insertions of mitochondrial DNA in-
to the nuclear genome, such as those characterized in the
Columbia ecotype (Lin et al. 1999; Stuper et al. 2001).
This percentage is about the same as that found in the
Arabidopsis IGF BAC library (0.3%, Mozo et al. 1998).
Taken together, these results predict that approximately
3.25% of the estimated 9,607 insert-containing clones in
this library correspond to organelle DNA. Thus, the
Landsberg BIBAC library contains approximately 9,295
clones derived from the nuclear genome, representing
11.5 x haploid genomes of A. thaliana. With a library of
this size, the probability of obtaining a particular nuclear
DNA clone is greater than 99%.

Identification of the clones containing nuclear
repetitive elements

In the Arabidopsis genome, several repetitive sequences
have been characterized, including 180-bp repeats
(Martinez-Zapater et al. 1986), 5S rDNA (Campell et al.
1992) and 18S-25S rDNA (Pruitt and Meyerowitz
1986). We screened the Landsberg BIBAC library with
probes corresponding to these repeat elements. Ninety
two clones hybridized to the 180-bp repeats, 78 to
5S rDNA and 95 to 18S-25S rDNA, representing 0.99%,
0.84% and 1.02% of the nuclear clones, respectively
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Table 1 Clones of the Landsberg BIBAC library originated from chloroplast and mitochondrial DNA

A. Chloroplast DNA-derived clones:

1B13, 1H4, 1112, 1115, 1J17, 1K8, 1L13, 1M19, 2D3, 2J8, 2K19, 2L.19, 2N17, 3A12, 3A23, 3B21, 3C24, 3122, 3J18, 3K17, 3M1,
3M18, 301, 3017, 3P9, 4A8, 4B23, 4G17, 4J9, 4L2, 4022, 4024, 4P8, 4P21, 4P22, 5C6, 5F10, 5H10, 5121, 5013, 5P5, 6B22, 6D13,
6D24, 6E2, 6E11, 6J4, 6L3, 6N3, 6N11, 7A4, 7B8, 7D15, 7E20, 7F21, 7F24, 7115, 7K13, 7L6, 7M10, 7N5, 8B21, 8C7, 8C14, 8D11,
8E13, 8E18, 8G5, 8I11, 8K1, 8K19, 8N23, 8N24, 8P1, 8P23, 9A13, 9B10, 9B23, 9H2, 915, 9119, 9L4, OM1, 9013, 10B17, 10D5,
10D14, 10E6, 11A7, 11A16, 11BS, 11D20, 11D23, 11E5, 11E11, 11F3, 11H1, 11111, 11J3, 11K1, 11K15, 11K22, 11L11, 11M22,
11P12, 11P17, 12A14, 12B24, 12C23, 12J10, 12J14, 12K2, 12K3, 12M12, 1207, 13B3, 13D20, 13K10, 13M9, 1304, 14D5, 14F4,
14G2, 14N22, 1403, 14P21, 15B5, 15B9, 15C22, 15H7, 15H11, 15J8, 15K12, 15K19, 15L12, 15M21, 16D12, 16D17, 16H13, 16I6,
16122, 16J23, 16K6, 16L7, 16N6, 16P11, 17C19, 17D19, 17E18, 17E24, 17H20, 17K4, 17L13, 17N22, 1706, 17024, 17P10, 18A21,
18B12, 18C24, 18D8, 18D13, 18E8, 18F7, 18H10, 18121, 18L5, 18L12, 18M10, 18M17, 18P1, 18P9, 19A4, 19A6, 19A16, 19B13,
19G9, 19M6, 19M22, 19020, 19P5, 20A19, 20E1, 20F21, 20K19, 20010, 20P10, 20P17, 21A3, 21C1, 21C14, 21E18, 21F22, 21M7,
21N10, 22B3, 22B11, 22D5, 22F8, 22G2, 22L5, 2205, 22023, 22P1, 23A17, 23D15, 23E14, 23E22, 23116, 23124, 23P18, 24A3,
24A22, 24B6, 24E2, 24E13, 24F1, 24G3, 24H1, 24117, 24J16, 24K18, 24L17, 24M17, 25C10, 25D1, 25D4, 25D9, 25E14, 25J11, 25L9,
25N24, 2505, 25P4, 26C10, 26F7, 26F8, 26G11, 26123, 26J19, 26M15, 26P4, 27A1, 27A20, 27D3, 27D10, 27F11, 27G4, 27G16,
27H20, 27H24, 27]2, 27J16, 27K1, 27L11, 2701, 27P15, 28A17, 28B24, 28E11, 2818, 28]3, 28]J9, 28L.13, 28L21, 28N15, 2809, 29D8,
29D19, 29E16, 29E20, 29F16, 29010, 29020, 29P6, 29P12, 30B6, 30B19, 30C13, 30D8, 30E9, 3019, 30123, 30J19, 30L6, 30L14,

30N2
B. Mitochondrial DNA-derived clones:

2L5, 6N2, 713, 9B7, 10A10, 11F17, 12M1, 13N13, 14A13, 14K12, 15P21, 16E9, 16P20, 18A9, 18A11, 18123, 18P4, 20J1, 23M?24,

23P11, 25K3, 27122, 29C11, 29118, 30C10

(Table 2). The combined percentage (2.85%) of clones
containing these abundant repeats is dramatically less
than that observed in the large insert libraries from the
Columbia ecotype (15.6%, IGF BAC library, Mozo et al.
1998; 18.3%, CIC YAC library, Creusot et al. 1995).
This disparity is most-likely a consequence of the re-
striction enzymes used for construction of the libraries.
BamHI, used to construct the library described here, is
G/C-rich in its recognition sequence, whereas the CIC
YAC and IGF BAC libraries were constructed with
EcoRI that is A/T-rich in its recognition sequence. In ad-
dition, there may be sequence differences between the
Landsberg and Columbia libraries that contribute to re-
peat representation. For example, Southern blotting of
5S rDNA repeats in the Columbia and Landsberg eco-
types revealed heterogeneity (Campell et al. 1992).

Representation of single-copy, nuclear sequences
in the Landsberg BIBAC library

To estimate the representation of single-copy nuclear se-
quences in the Landsberg BIBAC library, we hybridized
the filters of the library with probes corresponding to
23 RFLP markers from the Arabidopsis genetic map (Liu
et al. 1996; Table 2). Between 3 and 11 positive clones
(seven on average) were identified with each DNA
marker. Although this number is lower than the predicted
11.5 x haploid genome coverage, it is in agreement with
studies from other similar libraries (e.g., Choi et al.
1995; Zhang et al. 1996; Mozo et al. 1998; Budiman et
al. 2000; Meksem et al. 2000; Tao et al. 2001). Genome
coverage estimates that are based on results from library
screening with single-copy sequences often differ from
the estimates based on the number of clones in the libra-
ry, the average insert size of the clones and the species
genome size. Such differences may result from incom-

plete gridding of the library onto high-density colony
membranes, plate wells that lack clones, and/or from an
inaccurate estimate of the species genome size.

The BIBAC library described here represents the first
large-insert DNA library for the Arabidopsis Landsberg
ecotype. It contains very large inserts (162 kb on aver-
age), is stable in E. coli, has sufficient genome coverage
(11.5 x) and contains a low fraction of clones with mito-
chondrial or chloroplast DNA. These features indicate
that the BIBAC library is suitable for many applications
in genome research, including physical mapping, map-
based cloning, and functional and comparative geno-
mics. The 162-kb insert size of the library is larger than
the BAC and PI libraries used to complete the genome
sequence in the Columbia ecotype (Choi et al. 1995; Liu
et al. 1995; Mozo et al. 1998). It is also larger than other
BIBAC libraries reported to-date (Hamilton et al. 1999;
Moullet et al. 1999; Meksem et al. 2000; Wu et al.
2000). Importantly, the clones of the library were con-
structed in a binary vector (BIBAC2) (Hamilton 1997),
which is competent for plant transformation (Hamilton
et al. 1996, 1999). Therefore, use of the library in
Arabidopsis genomic research will streamline positional
cloning and functional analysis of the genome sequence.
Additionally, this library was constructed in the BamHI
site of the BIBAC2 vector. The G/C-rich recognition site
of BamHI provides a complement to the A/T-rich recog-
nition sites of HindIll and EcoRI used for the TAMU
(Choi et al. 1995) and IGF (Mozo et al. 1998) BAC
libraries. The Landsberg BIBAC library may, therefore,
provide an alternative tool for closing the remaining
gaps in the Arabidopsis genome sequence map (The
Arabidopsis Genome Initiative 2000).

The Landsberg BIBAC library is maintained at the
GENEfinder Genomic Resources, Texas A&M Universi-
ty, and at the Arabidopsis Biological Resource Center,
Ohio State University, USA, and is available to the pub-
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Table 2 Clones of the Landsberg BIBAC library identified by screening with 23 RFLP markers, 180-bp repeat, 5S rDNA and 18S-25S
rDNA

Probe Positive clones

A. RFLP marker-containing clones:

mi32: 3C6,4D1, 7011, 23N15

mi51: 1H22, 3014, 11F17, 18A11, 221.21, 27J22, 28F10

mi54: 11A17, 13F16, 13K22, 15A1, 19E1

mi61: 4C5, 4G22, 4M2, 6K22, 12]5, 14124, 2115, 25B5, 2716, 29M12, 29M13
mi79a: 4B11, 7F20, 8N9, 12E16, 17C10, 28]J13, 29F22

mill2: 4B12, 4C1, 5K11, 13B24, 16M12, 24M13, 29C1, 29F15, 2919

mill6: 3009, 15K20, 16E2, 2602, 27D8

mil23: 17E13, 22C3, 23E4, 2408, 2504, 26K12, 27G24

mil28: 315, 5M22, 9M10, 18N6, 18N15, 18P11, 20J3, 21N20, 23M23, 25L6
mil48: 6L.20, 7F10, 705, 11F18, 12P14, 16111, 26H22, 27G1, 27N17

mil67: 1A15, 3K5, 7P10, 8E4, 1312, 21F9, 24G9, 25D18, 25G1, 27M5, 28124
mi204: 3014, 5K10, 21J6, 24116, 24023

mi238: 1002, 18B17, 2202, 23J6, 26F18, 29L7

mi277: 6M24, 2408, 30H13

mi279: 5N3, 10H3, 12C9, 18G14, 21F3, 2408, 26H17, 26M20, 29N9, 30H8
mi301: 2K3, 2L6, 2M13, 6N2, 18]22, 23F4, 25013, 26K3

mi306: 2G5,9L17, 25D11, 29H6

mi310: 2D20, 8M2, 10E3, 12M22, 15110, 2408, 25N22, 26P14, 27E23, 27H3, 30A7
mi320: 9B2, 9B3, 16F10, 25K 19, 27P19, 28H5

mi330: 10P6, 15E24, 16L19, 29L10

mi398: 4E11, 5J22,9E12, 11A3, 16D13, 18P5, 29K11

mi422: 1H19, 7E23, 19A12, 28M19

mi465: 2F1, 8G6, 9B2, 13B6, 1807, 23114, 23M9, 24A21, 28G10

B. 180-bp repeat clones:

2A14, 2D7, 2G8, 2J1, 2J16, 2K24, 2N12, 2P17, 3B9, 4A2, 4E10, 5G13, 6G2, 6120, 6L16, 6M9, 7E23, TM20, 8J5, 8K9, 9A3, 9C20,
10H4, 1004, 10020, 11C18, 11D4, 1119, 11J10, 11L15, 13A18, 13C20, 1311, 13121, 14F8, 14H13, 14J16, 1407, 15D5, 16A9, 16L10,
16L16, 16N16, 1601, 17B12, 17H22, 17L11, 19A10, 20B11, 20B17, 20C1, 21F11, 21H15, 21H16, 21L13, 21L19, 21M10, 22A24,
2217, 22121, 22016, 22019, 22P16, 2306, 24122, 24]J8, 24N1, 2408, 24018, 25E16, 25E23, 25H16, 25J13, 25024, 26A7, 26B13,
26B19, 26F21, 26H22, 26L4, 27D21, 27K10, 28A19, 28L20, 29G16, 29G17, 29M15, 30A2, 30A9, 30B21, 30J9, 30K7

C. 5S rDNA clones:

1A11, 1G17, 2P17, 3C14, 3H13, 4C1, 4N16, 5G14, 5123, 6H22, 6M9, 7C17, 7P16, 8H11, 8L17, 8P5, 9G12, 9M19, 9N14, 9012, 10ES,
10H4, 11F7, 11MS5, 11M12, 12A6, 12K6, 13D13, 13121, 13N9, 14A13, 14B21, 14C11, 14E18, 1407, 15D16, 15119, 15K7, 16B3, 1618,
16L8, 16L15, 17H22, 1715, 17L11, 18L23, 18017, 19Gl1, 19L1, 20B17, 20F6, 21H13, 21H15, 22121, 22J17, 22N19, 23F11, 23G7,
23]J22, 24F19, 24122, 24M12, 25B1, 25J13, 25K3, 25K16, 26L.18, 26P5, 27C22, 28E3, 28E18, 2815, 28]5, 29E12, 29H21, 3011, 30J2,
30J15

D. 18S-25S rDNA clones:

1J13, 1L3, 1P6, 2A18, 208, 2P3, 3C3, 3K11, 3L21, 4G6, 413, 402, 4017, 4P2, 6B16, 6N8&, 7A10, 7N19, 8C3, 8H2, 8P6, 9D17, OE24,
9G18, 9J19, 9MS5, 9N17, 9P16, 10E9, 10F11, 10112, 10M21, 10N20, 12A18, 12F8, 12M1, 1209, 12020, 13E23, 13F20, 13G7, 14F3,
14K4, 15A21, 15C19, 15H16, 15J5, 16H12, 17D23, 17F23, 17G13, 17L15, 1702, 19H6, 19N8, 19012, 20AS5, 20L24, 20P11, 21D20,
21G19, 22121, 22M8, 22M11, 23A5, 23G8, 23M5, 23016, 23020, 24D14, 24E17, 24P22, 25B6, 25E12, 25F8, 25F20, 25GS5, 25H13,
26D10, 26E14, 26F2, 26M 14, 2609, 26P3, 2705, 27P4, 28F2, 28F10, 29D13, 2911, 29L15, 29P23, 30B18, 30B24, 3008

lic. To request the library, individual clones, or high-den-
sity colony filters, please contact either the GENEfinder
Genomic Resources at http://hbz.tamu.edu -BAC Library-
Library List, or the Arabidopsis Biological Resource
Center at http://aims.cps.msu.edu/aims.
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