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A human bacterial artificial chromosome (BAC) library
was constructed with high molecular weight DNA extracted
from the blood of a male Korean. This Korean BAC
library contains 100,224 clones of insert size ranging from
70 to 150 kb, with an average size of 86 kb, corresponding
to a 2.9-fold redundancy of the genome. The average insert
size was determined from 288 randomly selected BAC
clones that were well distributed among all the chromosomes.
We developed a pooling system and three-step PCR screen
for the Korean BAC library to isolate desired BAC clones,
and we confirmed its utility using primer pairs designed
for one of the clones. The Korean BAC library and
screening pools will allow PCR-based screening of the
Korean genome for any gene of interest. We also
determined the allele types of HLA-DRA and HLA-DRB3
of clone KBS55453, located in the HLA class II region on
chromosome 6p21.3. The HLA-DRA and DRB3 genes in
this clone were identified as the DRA*010202 and
DRB3*01010201 types, respectively. The haplotype found
in this library will provide useful information in future
human disease studies.
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Introduction

Bacterial artificial chromosomes (BACs) are invaluable tools
for a variety of genomic and genetic applications, including
the physical mapping of chromosomes and large-scale genomic
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sequencing, because of their stability over hundreds of
generations, capacity to hold large genomic inserts, and ease
of manipulation (McPherson et al., 2001). BACs use F-factor-
based vectors and thus can propagate DNA segments up to
300kb in E. coli (Shizuya et al., 1992). Several human
genomic or chromosome-specific BAC libraries have been
constructed, mapped and sequenced (Kim ef al, 1996;
Osoegawa et al., 1998; Han et al., 2000). In 2001, the
International Human Genome Sequencing Consortium
announced the completion of the Human Genome Project,
and the sequence of the three billion base pairs of the human
genome was published (Lander et al., 2001; Venter et al.,
2001). As a result of the Human Genome Project, the majority
of human genes are available in a characterized and
sequenced BAC format. It is now important to systematically
identify the function of the genes and the information
contained in the intergenic regions of the human genome
(Kim, 2004).

No Korean genomic BAC library has previously been
available. Thus, we pursued BAC library construction of
Korean genomic DNA for two purposes. First, we wished to
establish a standard Korean genomic library to be able to
compare the nucleotide diversity of the Korean genome with
those of other ethnic groups. This is useful for molecular
anthropological studies; DNA sequence data from noncoding
regions may more accurately reflect human history than data
from coding regions, because noncoding regions are not
directly subjected to natural selection (Yu et al., 2001).
Secondly, we wished to support functional studies of specific
genes and to allow BAC-based comparative genomic hybridization
(CGH) analyses by generating a genomic resource for the
research community. The average size of human genes is 10
to 15 kb, and the average size of intergenic regions is 25-30
kb. Therefore, it is difficult to clone whole human genes by
PCR or other methods. The BAC clones will be useful for
obtaining information on entire genes. BAC-based CGH has
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already had a significant impact in cancer cytogenetics as a
powerful tool for detecting chromosome copy number
aberrations - even in epithelial solid tumors, in which tumor -
specific genome alterations are difficult to detect using
conventional cytogenetics (Veltman et al., 2002; Albertson
and Pinkel, 2003; Mantripragada ef al., 2004). In this respect,
BAC clones are useful resources for constructing a tiling
resolution BAC array for cancer research.

In this study, a standard Korean genomic BAC (KBAC)
library was constructed, and a three-step pooling PCR screen
was conducted to identify specific BAC clones. This library
will be a public genomic resource for mapped clones for
diagnostic and functional studies by Korean scientists and
investigators worldwide.

Materials and Methods

Preparation of insert DNA and BAC vector DNA. Genomic
DNA obtained from lymphocytes isolated from a single anonymous
male donor was embedded in 2% low - melting point agarose plugs
(10 pg/plug). The agarose plugs were incubated for 24 h in lysis
buffer and then stored in TE buffer at 4°C. All buffers were
prepared according to Asakawa et al. (1997). The agarose plugs
were partially digested with HindlIl and then subjected to pulsed-
field gel electrophoresis (PFGE) using a CHEF DRIII apparatus
(Bio-Rad) at 6 V/cm, for 22 h at 14°C in 0.5x TBE bulffer to isolate
70-150-kb DNA fragments. The pBAC-lac vector was provided by
Prof. N. Shimizu (Keio University of Medicine). To extract a large
volume of BAC vector DNA, a 2-liter bottle containing 500 ml LB
media with 6.25 pg/ml chloramphenicol was inoculated with a
colony of pBAC-lac-transformed bacteria. The culture was grown
overnight at 37°C with shaking and then extracted with a Large-
Construct kit (Qiagen, (Valencia, CA)) following the manufacturer’s
instructions. The detailed protocol for construction of a BAC
library was described previously (Asakawa et al., 1997).

Generation of BAC clones. Partially digested genomic DNA was
ligated to the pPBAC-lac vector. Ligation mixtures were transformed
into E. coli DH10B cells (ElectroMAX DH10B; Life Technologies)
with a GenePulser (Bio-Rad). After transformation, the cells were
resuspended in 500 pl SOC medium (2% Bacto tryptone, 0.5%
Bacto yeast extract, 10 mM KCI, 10 mM MgCl,, 10 mM MgSO,,
20 mM glucose, pH 7.0) and incubated for 1 h at 37°C with shaking
at 250 rpm. The cells were then spread on LB plates containing
12.5 pg/ml chloramphenicol, 50 pg/ml 5-Bromo-4-chloro-3-indolyl-
B-D-galactopyranoside (X-Gal) and 25 pg/ml isopropyl-thiogalactoside
(IPTG), and incubated at 37°C overnight. White colonies were
picked with a sterile toothpick, inoculated into 800 pl LB containing
7.5% glycerol and the appropriate antibiotic, and incubated for 16-
20 h.

Enzyme digestion and end sequencing of isolated BAC clones.
To analyze the KBAC clones, 336 clones were selected randomly
from the KBAC library. Individual BAC clones were inoculated
into 2 ml LB cultures with 12.5 pg/ml chloramphenicol using deep
48-well plates and incubated overnight. Supercoiled BAC DNA

was isolated using a BAC DNA extraction kit (Qiagen). BAC
DNAs were digested with Nofl and Hindlll to release the BAC
insert, and the digested clones were separated by PFGE. BAC ends
were sequenced using BigDye Terminators (Perkin-Elmer Applied
Biosystems) with an ABI3730 automated sequencer as follows:
0.5 ug DNA, 2 ul BigDye terminator mix, and 50 pmol M13
universal and reverse primers in a total volume of 20 pl (Oh ef al.,
2004). This mix was denatured at 95°C for 5 min followed by 50
thermal cycles of 95°C for 45 s, 55°C for 30 s, and 60°C for 4 min.
As part of the sequence analysis, a computational tool was designed
to provide information on the lengths and chromosomal locations
of the BAC clones and to manage BLAST search processes. This
tool consists of a process manager and map viewer.

Construction of the BAC clone pooling system and high-density
replica (HDR) membranes. BAC clones (100,224) were placed in
1,044 96-well plates and then spotted onto 261 384-well plates with
a BioRobotics Microgrid II total array system (TAS, Genomic
Solutions (Cambridge, UK)). Individual BAC clones were also
gridded onto 17 HDR membranes (22.5 x 7 cm) using a 4 x 4 array
pin. The libraries containing 12 pooled BAC clones were gridded
onto five HDR membranes (11 x 7 cm) using a 6 x 6 array pin. The
libraries containing 48 pooled BAC clones were gridded onto two
HDR membranes (11 x 7 cm) using a 5 x 5 array pin.

HLA-allele typing of a BAC clone. To analyze the HLA-DRA and
HLA-DRBS3 allele types in clone KB55453, the entire exons were
amplified with the appropriate primer pairs and sequenced.

1. DRA_E1 F: ctcactttaggtgtttccattgatt, R: tttgacttacttcagtttgtggtea
2.DRA_E2 F: cttcacaagactctgggttctttag, R: taagatatccaaggactteecttct
3. DRA E34 F: tatgggtttgatcctatcttgttgt, R: atacgaatgtctgattcgttctage
4. DRA E5(utr) F: aggtaaagcatggttgcttattatg, R: ttaggttttcctgatgagg
actaga

5.DRB3_El F: aatagctccccaattaaagtgtttt, R: tttattggtogagatttgagaagaa
6. DRB3 E2 F: ggaggtctccagaacaagetg, R: cacagaagtctccaaggataagaag
7. DRB3_E3 F: acctggctcaggtatcagttttaat, R: tttctacacactgttacagggctate
8. DRB3 FEA4.5 F: catcaaggctgtaatatttgaatga, R: cactcattggtgtgtitttacagag
9. DRB3_EG6 F: ggcatgagacagaaataataggaaa, R: titatgcactgcctttttaaatgtt
The sequences were verified by comparing them with those in the
IMGT/HLA Sequence Database using BLAST HLA (http:/www.

ebi.ac.uk/imgt/hla/blast.html).

Results

A total of 100,224 clones were prepared from the Korean
male donor DNA, and a 2.9 genome-equivalents KBAC
library was constructed. To analyze the insert sizes of the
KBAC clones, we selected 336 random clones and prepared
BAC DNAs. We sequenced the BAC clones and then
estimated their lengths by homology searches of GenBank
with BLAST. Of the 336 clones, 48 clones were not located
on chromosomes by BLAST, including the clones were too
much matched on chromosomes and the clones that did not
localize to any chromosome. The 288 clones were assigned to
a single chromosome. The distribution of 288 KBAC clone
sizes is shown in Fig. 1. The average clone size was 86 kb,
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Fig. 1. The size distribution of KBAC clones. Insert size
distribution of the 288 end-sequenced KBAC clones. The insert
length ranged from 70 to 150 kb, and the average insert size was
86 kb.

with the length ranging from 70 to 150 kb. The sizes of the
KBAC clones were also estimated by PFGE after digestion
with Nofl (Fig. 2). The KBAC clones were mapped to
chromosomes using a KBAC analysis program developed to

analyze the BAC end sequences; the clones were located on
all 23 human chromosome pairs (Fig. 3).

To efficiently and more accurately detect a specific BAC
clone from the KBAC library, four pooled KBAC libraries
were constructed and screened by colony PCR. The four
libraries were produced as follows. 1) Twelve KBAC clones
were pooled in each well of 87 96-well plates (12 x 87 x 96 =
100,224 clones). 2) Forty-eight clones were pooled in each
well of 21 96-well plates, and 36 clones were pooled in each
well of one 96-well plate (48 x 21 x 96 + 36 x 1 x 96 = 100,224
clones). 3) 1,044 clones were pooled in each well of one 96-
well plate (1,044 x 96 = 100,224 clones). 4) 4,608 clones were
pooled in each of 21 tubes, and 3,456 clones were pooled in
one tube (4,608 x 21 + 3,456 x 1 =100,224). Thus, the 100,224
KBAC clones were placed into two superpools, either in a
pooled 96-well plate or in 22 pooled tubes for the first screen.
This allowed faster screening of the library because large
numbers of clones could be eliminated with each pool that
gave a negative result during a screen, thereby reducing the
number of PCRs required.

To test the effectiveness of PCR pooling method for library
screening, we performed a screen using PCR primer pairs
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Fig. 2. Analysis of the KBAC clones by enzyme digestion. An ethidium bromide-stained agarose gel shows 24 random BAC clones
digested with Nofl. The sizes of DNA fragments were deduced by comparison with lambda DNA/Hindlll fragment sizes (lanes 1 and
15) and a lambda DNA ladder (lane 14).
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Fig. 3. Chromosome distribution of the 288 end-sequenced KBAC clones. (A) Chromosome mapping of the clones. Chr23 represents
the X chromosome, and Chr24 represents the Y chromosome. (B) The exact position and length of clone KB55453 located in

chromosome region 6p21.3.

designed for a known clone in the KBAC library (clone
KB1105). Figure 4A shows the PCR screening result for
KB1105 in the two superpooled libraries. A KB1105-positive
PCR product was detected in tube #01 (of 22 tubes) containing
4,608 pooled clones (Fig. 4Aa). A KB1105-positive PCR
product was also detected in well E1 of the 96-well plate
containing 1,044 pooled clones/well (Fig. 4Ab). We then
confirmed the presence of KB1105 in well E5 of plate #01
containing 48 pooled clones/well. The wells in plate #01 (48
pooled clones/well) contained pools from four plates of 12
pooled clones/well (#01~04), and clone KB1105 was detected
in plate #01 containing 12 pooled clones/well (Fig. 4Ba). The
clones in the wells of the 12-pooled clones/well plate #01
were pooled from 12 plates of single KBAC clones/well
(#01~12), and a positive clone was detected in plate #12 (Fig
4Ca). Therefore, we were able to find the KB1105-positive
clone located in KBAC 0012 E1.

Next, we screened for the presence of the Notch4 gene in
the BAC library. (This gene was not among the 288 randomly
selected clones.) In the same manner, we found a KBAC
clone containing the Notch4 gene by PCR screening. A
Notch4-positive PCR product was detected in tube #05 (of 22
tubes) containing 4,608 pooled clones (Fig. 4Ac). In addition,
a Notch4-positive PCR product was detected in well B3 of the
96-well plate of 1,044 pooled clones per well (Fig. 4Ad). We

also confirmed a Notch4-positive clone in well B3 of plate
#05 containing 48 pooled clones/well. We detected a positive
clone in plate #19 of four plates (#17-#20; 12 pooled clones/
well) and a Notch4-positive clone in well #219 of a single
clone/well plate (wells #217-228) (Fig. 4Bb, 4Cb). Thus, we
were also able to find the Notch4-positive clone located in
KBAC 0219 B3. These tests show that the screening pools
facilitate an efficient PCR-based screen of this human genomic
library for any gene of interest.

One of the 288 clones, KB55453, which is located on
chromosome 6, is very interesting because it includes the
HLA class II region. KB55453 has 101,988 bp and encompasses
the HLA-DRA, -DRBY and -DRB3 genes (Fig. 3B). We
identified the HLA-DRA and HLA-DRB3 allele types in
KB55453 (Fig. 5). Each exon region was sequenced with the
appropriate primers, and the sequences were compared to
those in the IMGI/HLA Sequence Database using BLAST
HLA. The HLA-DRA type was identical to DRA*010202,
and the HLA-DRB3 type was identical to DRB3*01010201
and DRB3*01010202 in the coding region (Fig. 5A). When
we searched for differences between the DRB3*01010201
and DRB3*01010202 allele types in HLA-DRB3, we found a
single base deviation (C/G) at nucleotide position -13 in intron
1 (Coquillard ef al., 2000). The HLA-DRB3 gene in our clone
was the DRB3*01010201 allele (Fig. 5B).
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Fig. 4. Identification of clone KB1105 and the Notch4 gene using a three-step PCR screen with optimized PCR primer sets. (A) PCR
screen against one 96-well plate containing wells of 1,044 pooled clones/well and against 22 tubes containing 4,608 pooled clones each
(the last tube contains 3,456 clones). The KB1105-positive PCR product was detected in tube #01 (a) and in well E1 of the 96-well
plate (circle in b). The Notch4-positive PCR product was detected in tube #05 (c) and well B3 of the 96-well plate (circle in d). (B)
PCR screening of four 96-well plates containing 12 pooled clones/well. Clone KB1105 was detected in plate #01 among plates #01-
#04 (a). Notch4 was detected in plate #19 of #17-#20 96-well plates containing 12 pooled clones/well (b). (C) PCR screening of a
single clone. The KB1105 clone was detected in plate #12 of a single-clone/well 96-well plate (out of 12 plates) (a). Notch4 was
detected in plate #219 (out of 12 plates) of a single-clone/well 96-well plate (b).
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Fig. 5. Identification of the HLA-DRA and HLA-DRB3 allele types in clone KB55453. (A) HLA-DRA and HLA-DRB3 coding region
sequences in KB55453 were compared with the IMGT/HLA Sequence Database using BLAST HLA. The HLA-DRA type was
identical to DRA*010202, and the HLA-DRB3 type was identical to DRB3*01010201 and DRB3*01010202 in the coding region. (B)
The nucleotide sequence (C) at position -13 of intron 1 of KB55453 corresponded to allele DRB3*01010201.

Discussion kb. To identify a faster means of screening the library, we

compared two screening methods to detect a specific BAC
We constructed a KBAC library with 2.9x coverage of the clone in the KBAC library. Colony hybridization of HDR
genome that contains 100,224 clones of average insert size 86 filters to detect positive clones, although a conventional
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procedure, is, in practice, a laborious technique because of
non-specific hybridization. However, we prepared HDR filters
to accommodate the 100,224 KBAC clones in order to
compare this screening method with the three-step PCR
pooling strategy we employed. We had to prepare as many as
17 HDR filters (22.5 x 7 cm) to screen all 100,224 KBAC
clones, although we were able to detect positive clones in
HDR filters that contained pooled KBAC clones. We also
developed a PCR-based screen that is a modification of
previously reported methods (Asakawa ef al., 1997; Han et
al., 2000; He ef al., 2004). The clones were pooled into sets of
various sizes using different combinations of plates. In this
study, we detected a known clone and the Notch4 gene
through a three-step PCR screen of the pools. Although this
method does not afford faster screening compared with the
two-step PCR method using four-dimensional PCR in the
previous study, the desired clone can be followed more
accurately through each screening step (Asakawa et al., 1997;
Suzuki ef al., 2000). Regardless, we think that the three-step
pooled PCR screen deserves special emphasis because PCR
screening for BAC identification is preferable to hybridization.

The HLA gene region is of great interest to many researchers
studying a variety of diseases, but some regions are complex
and have been difficult to genotype or clone. After a BLAST
search of the 288 clones, a BAC clone was found that
contains at least 100 kb of chromosomal DNA that was
confirmed to include the HLA-DRA, -DRB9 and -DRB3
genes. We typed the HLA alleles of the donor of the KBAC
library DNA. The allele type of the HLA-DRB3 gene in clone
KB55453 was DRB3*01010201 (Fig. 5). A single-base
deviation in intron 1 allowed us to distinguish between alleles
DRB3*01010201 and DRB3*01010202 for HLA-DRB3
(Coquillard et al., 2000). In this case, the sequence diversity
within introns can be used to separate alleles for unequivocal
typing. This implies that an intron-based sequencing approach
after exon-based pre-typing can determine exact gene alleles
and emphasizes that the sequence information of the KBAC
clones, which contain the intron, exon and intergenic regions,
is an important resource for genomics researchers. In this
study, we have constructed a Korean BAC library that should
be useful information for genomic regions that are difficult to
analyze by PCR-based methods or by whole-genome shotgun
sequencing.
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