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[21] Construction of Bacterial Artificial Chromosome
Libraries for Use in Phylogenetic Studies

By Anprew G. McCusBInN and Eric H. RoALSON

Abstract

Bacterial artificial chromosome (BAC) libraries are emerging as valu-
able tools for investigating phylogenetic relationships at the level of
genome structure. To date, BAC library construction has been restricted
to a fairly small number of laboratories and species that represent a not
insignificant, but a fairly small, fraction of diversity in the plar}t kn}gdom.
This chapter is intended to contribute to rectifying this situation by
providing protocols that facilitate BAC library construction in laboratories
possessing basic molecular biology skills.

Copyright 2005, Flsevier Ing
All nghts 1escived
METHODS IN ENZYMOLOGY ., VOIS 0076 6RT/0N $38 0

[21] BAC LIBRARY CONSTRUCTION 385

Introduction

The development and deployment of methodologies for genomic
research is providing data that are greatly expanding our insight into the
nature of changes associated with the origin and diversification of taxa.
Studies at levels ranging from single genes to entire genomes have
provided information on interspecific differences in gene number and
location (Bernacchi and Tanksley, 1997; Bradshaw ez al., 1998; Westerbergh
and Doebley, 2002), the number and interactions of genes involved in
reproductive isolation (Reiseberg et al., 1996; Wu and Hollocher, 1998),
and synteny between diverse genera, which reveals a surprising degree of
structural conservation (Gale and Devos, 1998; Ku et al., 2000; Paterson
et al., 1996; Tanksley et al., 1988, 1992). Extending this research to changes
in chromosomal structure is an emerging facet of genomics (Nadeau and
Snakoff, 1998; Paterson et al., 2000), which promises to provide an avenue
to test models for reproductive isolation arising from genetic factors
associated with karyotypic alterations (Noor et al., 2001: Reiseberg,
2001). Data generated from such studies will improve our understanding
of the mechanisms by which diversification and speciation are initiated at
the genomic level.

Comprehensive, stable large-insert (>100-kb) DNA libraries are essen-
tial for the physical mapping and molecular analysis of complex eukaryotic
genomes. Initial efforts focused on yeast artificial chromosomes (YACs)
(Burke et al., 1987), but for several reasons, bacterial artificial chromo-
somes (BACs) (Shizuya er al., 1992) have become the method of choice.
The ease of construction and manipulation of BAC relative to YAC
libraries, combined with the fact that BACs do not suffer from the pro-
blems of deletions or chimeras associated with YACs, has contributed to
their widespread adoption in the scientific community. BACs are not
actually artificial chromosomes but are based on modified bacterial
F-factors. Potentially, these vectors are capable of carrying inserts ap-
proaching 500 kb, but for largely technical reasons, BAC libraries gener-
ally have insert sizes of 80-200 kb. Libraries have now been constructed
for a considerable number of crop species and their wild relatives (e.g.,
see http://hbz.tamu.edu) and have become an integral part of genome
mapping, sequencing, and gene identification.

Although the number of BAC libraries available is sizable, these re-
sources represent only a small fraction of taxonomic diversity in the plant
kingdom and it is frequently desirable to develop new BAC library
resources. In most cases, published protocols are not sufficiently detailed
to enable research groups without previous experience in BAC library
construction to easily adopt these techniques, with one recent notable
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exception (Peterson et al., 2000). This chapter is intended to contribute
to rectifying this situation, particularly with regard to protocol mod-
ifications to address additional challenges faced when using wild species
for which inbred lines are not available and plant material may be
limited.

General Considerations

Vector Choice

A considerable number of vectors are now available for constructing
BAC libraries, most possessing standard plasmid selection features such as
antibiotic resistance and a polycloning site within a reporter gene (allowing
insertional inactivation) (for a review of BAC vectors, see Choi and
Wing, 1999). Probably the most widely used vector has been pBeloBAC 11
(Shizuya et al., 1992; available from New England Biolabs), which allows
blue/white selection, although color development is not always distinct even
after extended incubation. Several vectors with enhanced blue/white selec-
tion have been developed, such as TrueblueBacll (Genomics One) and
pIndigoBac-5 (Epicenter), which significantly improve selection of insert-
containing clones and in addition are commercially available predigested
and dephosphorylated. A recent development in vector technology—that of
conditionally amplifiable BACs—provides additional advantages. Through
the incorporation of a conditional and tightly controlled oriV/TrfA amplifi-
cation system, Wild et al. (2002) have developed a vector that is maintained
as single copy but can be conditionally induced by L-arabinose to a yield of
about 100 copies/cell in Escherichia coli. This feature provides stability in a
single-copy state for library maintenance but has the considerable benefit of
allowing the induction of high copy number, leading to increased yield and
quality in downstream applications. This technology has been combined
with enhanced blue/white selection and is available commercially under the
name CopyControl pCC1BAC (Epicentre).

The preparation of high-quality digested, dephosphorylated vector
DNA is a critical step in BAC library construction. For laboratories expe-
rienced in molecular protocols, this is certainly attainable and we provide a
protocol later in this chapter. However, commercial sources of cloning-
ready vectors are available and are worth considering. We tested products
from several sources and found cloning-ready pIndigoBAC-5 and Copy-
Control pCCIBAC vectors (Epicentre) to be consistently effective and
high quality (McCubbin, unpublished data, 2004).
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Plant Material

The quantity of leaf material required to construct a BAC library
depends largely on genome size, a rough guide being about 30 g for species
with genomes of more than 2000 Mb to about 100 g for species with
genomes less than 200 Mb (the smaller the genome, the more nuclei
required to generate sufficient DNA for cloning). The ideal starting mate-
rial for BAC library construction is a genetically uniform population of
young preflowering plants, which have been dark treated for 3 days to
reduce starch content. This is easily attainable if inbred lines are available,
but for wild species, this would require multiple generations of inbreeding
before library construction. A more rapid alternative applicable to many
species is to bulk up particular lines by clonal propagation and to harvest
leaves from mature plants. This renders purification of high-quality large
DNA more challenging because of the increased levels of secondary com-
pounds, particularly polyphenolics, but is achievable using some of the
recently developed protocols, which incorporate polyvinylpyrrolidone
(PVP) and antioxidants during nuclei isolation and processing (Peterson
et al., 2000).

Library Size and Enzyme Choice

The number of clones (N) required for a particular library depends on
the desired genome coverage (C), the genome size (G) of the species in
question, and the average insert size of the library (I), the relationship
between them being represented by C = (N x 1)/G. Clearly, it is desirable
to have comprehensive genome coverage. Theoretically, the probability
(P) of any particular piece of the genome being represented in the library is
determined by the formula N = In(1 - P)/In(1 — [I/G]), three times genome
coverage providing approximately 95% probability of representation and
five times coverage 99%. In reality, restriction sites are not evenly
distributed throughout genomes and partial digestion is not completely
random, so it is advisable to generate libraries that are as large as is
technically feasible, with 7.5-10 times genome coverage generally being
adequate to provide a high probability of finding any sequence of interest.

The restriction enzyme used to construct the library should ideally cut
the genomic DNA randomly at 40-60 kb intervals. The optimum enzyme
varies according to species, but those most frequently employed are
BamH 1, EcoR 1, and Hind I1I. The protocols in this chapter are described
using Hind III but can readily be adapted for other enzymes simply by
substituting the appropriate restriction enzyme buffers.






