Genes Genet. Syst. (2005) 80, p. 233–236

Construction of a BAC Library for Chinese Amphioxus
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Amphioxus is a crucial organism for the study of vertebrate evolution. Although a genomic BAC library of Branchiostoma floridae has been constructed, we
report here another BAC library construction of its distant relative species Branchiostoma belcheri. The amphioxus BAC library established in present study consists of 45,312 clones arrayed in one hundred and eighteen 384-well plates. The
average insert fragment size was 120 kb estimated by Pulsed Field Gel Electrophoresis (PFGE) analysis of 318 randomly selected clones. The representation of
the library is about 12 equivalent to the genome, allowing a 99.9995% probability
of recovering any specific sequence of interest. We further screened the library
with 4 single copied Amphi-Pax genes and identified total of 26 positive clones
with average of 6.5 clones for each gene. The result indicates this library is well
suited for many applications and should also serve as a useful complemental
resource for the scientific community.
Key words: Amphioxus, Amphi-Pax genes, Bacterial artifcial chromosome
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Amphioxus, at the boundary between invertebrates and
vertebrates, occupies an extremely important phylogenetic position as a sister group to vertebrate within the
phylum Chordata (Gee, 1994). Its relative small genome
does not undergo the large-scale gene duplications took
place during the lineage divergence of vertebrates and
contains around only half the number of genes as that of
mammals, probably also lacks the extensive repeat elements in vertebrate genomes (Gibson-Brown et al., 2003).
This small genome should be relatively easy to characterize, thus can provide ideal out group references for understanding the evolutionary origin of vertebrate genome.
So far extensive efforts devoted toward the amphioxus
genes (Takahashi and Holland, 2004; Oda et al., 2004;
Zhang et al., 2004), particularly toward the large scale
cDNA sequencing (Mou et al., 2002; Panopoulou et al.,
2003; Suzuki and Satoh, 2000), have created a strong
demand for deep coverage large-insert genomic library,
especially for three widely studied species Branchiostoma
floridae, B. lanceolatum and B. belcheri. The first BAC
library constructed on B. floridae was reported (http://
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bacpac.chori.org) already and its whole genome sequencing is under way (http://www.jgi.doe.gov/). In addition,
NHGRI (National Human Genome Research Institute) is
considering sequencing species (B. lanceolatum) in the
future (http://www.genome.com). Although above three
species are now placed in a same genus taxonomically,
the genetic distance among those amphioxus far surpasses that between primate and rodent (Minguillon et
al., 2002; Wang et al., 2004). Considering of interspecies
divergence during the independent evolution, the genomic
information derived from single species only is insufficient to explore the last common ancestor of vertebrate
and cephalochordate (Minguillon et al., 2002). In addition, recent analysises based on mitochondrial genes
revealed that the West Pacific amphioxus is highly divergent from other two species (Nohara et al., 2004; Xu et al.,
2005). Therefore we constructed a BAC library of Chinese amphioxus B. belcheri and characterized the library
using Amphi-Pax genes in present study. The library
provides a very useful complemental resource for comparative genomic and evolutionary researches.
High-molecular-weight DNA (HMW DNA) was extracted from B. belcheri freshly collected from Xiamen beach.
Samples were homogenized in our modified extraction
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buffer (137 mM NaCl, 2.7 mM KCl, 10 mM NaHPO4, 2
mM KH2PO4, 60 mM EDTA pH 7.4). After three times
washing of homogenate, the cell density was adjusted to
5 × 108/ml, little bit higher than that in conventional
method because amphioxus genome is about 17% of that
in vertebrates, and mixed with 1% InCert agarose (BioWhittaker Molecular Applications) to generate plugs.
The plugs are treated with proteinase K and then
subjected to a brief pre-electrophoresis to remove the
degraded DNA. Genomic DNA was partially digested by
EcoR I/EcoR I methylase competition and selected in the
size ranging from 100 –180 kb by two successive pulsed
field gel electrophoresis (PFGE). Following the electroelution and desaltification, DNA segments were ligated to
vector pBACe3.6 and used to transform DH10B cells electrically. Total of 45,312 colonies are manually picked and
arrayed into one hundred and eighteen 384-well microtiter plates that contain LB medium supplemented with
10% glycerol and 12.5 µg/ml chloramphenicol. After
overnight incubation at 37°C, the plates were duplicated
and stored at –80°C.
To evaluate the quality of the amphioxus BAC library,
we extracted plasmid DNA from 318 randomly selected
single colonies completely digested the DNA with Not I
and separated them by PFGE. Figure 1a is a representative electrophoretic profile. Typically, the DNA fragments generated by Not I contained an 8.7 kb vector band
and one or more larger bands. It was estimated that the
recombination ratio of the library is about 90.3% and
average inserted fragment size is 120 kb with the largest
size at 330 kb. Figure 1b shows the size distribution of
inserts in the BAC library, and meanwhile, it also exhibits most recombined DNA fragments range of 100–150
kb. Based on the estimation of 400 Mb amphioxus
genome (http://bacpac.chori.org), we could deduce that the
BAC library represents at least 12 genome-equivalents of
amphioxus and allows a 99.9995% probability of recovering any specific sequence of the animal according to the
formulas R=N·I/GS and P=1–Exp[N· ln(1–I/GS)], where R
is genome representation of a library, N the number of
recombinant clones, I average insert fragment size and
GS the genome size of organism.
For further evaluation and interested clones selection,
we performed PCR-based library screening using primers
derived from Amphi-Pax gene family (Table 1). Previous
studies show that Pax family encode a family of transcription factors which play key roles in animal embryonic
development and there are four Pax genes in amphioxus,
namely Amphi-Pax 1 (Holland, 1996) Amphi-Pax 2/5/8
(Kreslova et al., 2002), Amphi-Pax 3/7 (Holland et al.,
1999) and Amphi-Pax 6 (Glardon et al., 1998), each represents one of the four well-defined Pax gene subfamilies
(Balczarek et al., 1997), suggesting that the members of
all four subfamilies were present in the genome of the
most recent common ancestor of vertebrate and amph-

(a)

(b)

Fig. 1. Estimation (a) and distribution (b) of insert fragment
size in BAC clones. Total of 318 randomly chosen BAC clones
were digested with Not I. Then the digested DNAs were analyzed by pulsed-field gel electrophoresis on 1% agarose gels in
0.5 × TBE at 6 V/cm, with linear pulse ramping from 0.1 to 40 s
for 14 hr at 14°C. The sizes of DNA markers (M) are indicated
in kb, and the arrow denotes the vectors.

ioxus. The exploration of Amphi-Pax genes is critical for
understanding the tempo and mode of evolutionary processes as well as the functional differentiation of the
genes. Present library screening identified a total of 26
positive clones carrying Amphi-Pax genes (Table
1). Sequencing verifications of those amplicons show
that they are 98%, 97%, 98% and 94% similar to AmphiPax 1, Amphi-Pax 2/5/8, Amphi-Pax 3/7 and Amphi-Pax
6 genes of B. floridae respectively confirming those clones
carry the Amphi-Pax genes of B. belcheri. Interestingly
however, although the library is estimated to represent
12-fold coverage of the amphioxus genome, the average
number of positive clones carrying the Amphi-Pax genes
is only 6.5. The disagreement between estimated clone
coverage and PCR-screening probably results from a bias
in clone coverage of the genome due to the use of single

BAC library construction of amphioxus and Pax gene
Table 1.
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PCR primers used for screening the BAC library in present study and number of positive clones revealed by each
primer pair

Gene
Amphi-Pax1
Amphi-Pax2/
5/8
Amphi-Pax3/7

Amphi-Pax6

Primer

5’-3’ primer sequence

P1F

CATTTGGGGAGGTGAACCAGC

P1R

GTGTTGCCGATCTTGTTGCG

P2F

TATGAGACAGGCTCAATCAAGC

P2R

GGAACTGTGTCGTTGTCACA

P3F

GCTCGGGGGAGTCTTCATCAA

P3R

CCGGGGTTGTCTCTCTTGTA

P6F

GCACAGTTCAAGCGGGAGTG

P6R

GGGATGTTCTCATTGGTACA

restriction enzyme (EcoR I) to generate large DNA fragments, which could contribute to under- or over- representation of certain regions of the genome (Hong et al.,
2003). Another explanation account for the phenomena
might be incorrect genome size estimation of B. belcheri.
If the fragments were randomly inserted to vector absolutely, we can calculate that the genome size of the
amphioxus should be 700 Mb instead of 400 Mb.
In summary, we describe here the construction of a B.
belcheri genomic DNA library with comprehensive coverage of the genome. The library quality is good enough
for applications like chromosome walking, specific gene or
region isolation, fluorescence in situ hybridization (FISH)
and genome sequencing (Ding et al., 1999; Ripoll et al.,
2000). As noted previously this is the second BAC
library from Branchiostoma. The availability of this
resource enables amphioxus interspecies comparison
which would provides a much more robust determination
of the latest common ancestor of extant chordates. Comparative genomic studies with vertebrate genomes would
lead to better understanding of the molecular mechanism
responsible for vertebrate novelties and provide insight
into the origins of modern species. The knowledge would
benefit both the biomedical and biological communities.
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