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RESEARCH 

Bacterial Artificial Chromosome Cloning and 
Mapping of a 630-kb Human 
Extrachromosomal Structure 

Min Wang, 1 Stephanie Shouse, 1 Barbara Lipes, 1 Ung-Jin Kim, 2 
Hiroaki Shizuya, 2 and Eric Lai 1'3 

1Department of Pharmacology, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina 
27599-7365; 2Division of Biology, California Institute of Technology, Pasadena, California 91125 

We have cloned and mapped a circular 630-kb human extrachromosomal structure {termed amplisome} using 
the bacterial artificial chromosome {BAC) cloning system. Twenty-one BACs were isolated from an 
amplisome-enriched library by colony hybridization. The insert sizes range from 25 to 143 kb, with an 
average size of 82 kb. The coverage of the amplisome in clones is -2.7-fold. To construct a physical map of 
the amplisome, we used three different but complementary methods: hybridization, STS content mapping, 
and fingerprinting. In addition, we compared the advantages and the drawbacks of these techniques in 
mapping the amplisomal BACs. The 21 BACs were grouped into two contigs and the two small gaps {3.5 and 
26.5 kb) were filled by screening of a human genomic BAC library. The organization of the amplisome 
revealed by the BAC-based physical map is consistent with the long-range restriction map reported 
previously. Our results demonstrate that a 630-kb region can be rapidly cloned and mapped into contigs by 
use of the BAC system. Because of the low frequency {<0.1%) of chimerism and rearrangement, these BAC 
clones are ready for DNA sequencing and functional analysis. 

Human cell line HeLa-Bu25-10B3 was isolated by 
selection for growth in stepwise increases in 
methotrexate  (MTX) concentrat ion,  and al- 
though it contains 300 copies of the dihydrofo- 
late reductase (DHFR) gene, it lacks homoge- 
neously staining regions (HSRs) and contains few 
(0-3 per cell) double minutes (DMs) (Masters et 
al. 1982). Further studies have shown that the 
DHFR gene is located on a 630-kb extrachromo- 
somal element, termed an amplisome (Maurer et 
al. 1987). It has been found that the amplisome 
does not change in size and copy number during 
long-term culture with MTX selection, and its 
loss is much slower than that expected from 
simple dilution upon withdrawal of MTX (Pau- 
letti et al. 1990). The amplisome was found to 
have one copy of the DHFR gene per molecule, 
and no repetitive structure was observed (Esnault 
et al. 1994). To characterize further the structure 
and organization of the DNA sequences on am- 

3Corresponding author. Present address: GlaxoWellcome, 
Inc., Research Triangle Park, North Carolina 27709. 
E-MAIL eh121107@glaxo.com; FAX (919) 483-0315. 

plisomes, we have cloned amplisomal DNA in a 
large insert vector system. 

Recently, bacterial vectors based on the bac- 
teriophage P1 (Sternberg 1990) and on the Esch- 
erichia coli fertility plasmid IF-factor; bacterial ar- 
tificial chromosomes (BAC)] (O'Conner et al. 
1989; Hosoda et al. 1990; Shizuya et al. 1992) 
have been developed for the cloning of large 
DNA. These systems have a very low frequency of 
chimerism, and the inserts are very stable during 
propagation (Shizuya et al. 1992). BACs utilize 
the well-studied E. coli single-copy fertility plas- 
mid and have been shown to be able to accept 
human DNA inserts as large as 300 kb. Very little 
or no rearrangement of the inserts has been ob- 
served even after >100 generations of serial 
growth (Shizuya et al. 1992). The transformation 
efficiency of the BAC can be as high as 107 
clones/~g of DNA (Wang et al. 1994). Because of 
these advantages, we have used the BAC vector to 
construct an amplisome library and a physical 
map with hybridization, STS mapping, and fin- 
gerprinting. Our results demonstrate the effi- 
ciency and feasibility of the BAC cloning system 
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in genomic mapping. Finally, we have compared 
the structure and organization of the amplisomal 
DNA sequences to that of double minute chro- 
mosomes and homogeneous staining regions. 

RESULTS 

Cloning of the Amplisome DNA into Cosmid and 
YAC Vectors 

The 630-kb amplisome in HeLa-Bu25-10B3 cells 
contains a single NotI site permitting isolation of 
the complete sequence following NotI digestion 
and preparative pulsed-field gel electrophoresis 
(PGFE). This 630-kb linear fragment was ligated 
with NotI-digested pYAC4 vector and trans- 
formed into the yeast host AB1380 (Burke et al. 
1987). More than half of the recombinant clones 
(-50) obtained were positive for hybridization 
with a DHFR cDNA probe (pHD84; Maurer et al. 
1987) by hybridization. After streaking and rehy- 
bridizing colonies that had originally been posi- 
tive for DHFR hybridization, however, it was 
found that a large proportion of these clones lost 
their ability to hybridize the DHFR cDNA. PFGE 
analysis revealed that the size of the YACs in 
these clones decreased progressively with con- 
tinuous culturing on plates (data not shown). We 
failed in numerous attempts (more than three) to 
isolate a YAC clone with an insert size >600 kb. In 
an attempt to construct a physical map of this 
structure, the NotI 630-kb fragment was also par- 
tially digested with Sau3A and cloned into the 
BamHI site of the cosmid vector pWE15. About 
1000 clones were picked and screened by hybrid- 
ization with the DHFR cDNA clone pHD84 and 
gel-purified amplisomal DNA blocked with total 
placental human DNA. One hundred twenty am- 
plisomal cosmid clones were identified by this 
approach. However, we were not able to group 
these cosmids into contigs by either fingerprint- 
ing or hybridization experiments. Mapping of 
the cosmid clones onto the long-range restriction 
map and later onto the BAC-based physical map 
indicated that most of the cosmid clones were 
rearranged (data not shown; see Discussion). 

Amplisomal BAC Library Construction 

Twenty-one BAC clones containing amplisomal 
DNA were obtained as described in Methods. Of 
the 21 clones identified by hybridization to the 
amplisome, 5 were positive for the human DHFR 
cDNA probe. PFGE analysis of these amplisomal 
BAC clones has shown that the inserts range be- 
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tween 25 and 143 kb, with an average size of 82 
kb (Fig. 1 in Wang and Lai 1995). The coverage of 
this library is -2.7-fold (82 kb x 21 clones = 1722 
kb; 1722 kb/630 kb = 2.73). Restriction digestion 
and agarose gel analysis of the rest of the white 
colonies revealed that these clones contained 
only vector sequence and no human DNA insert. 
This is presumably caused by exonuclease activ- 
ity in the BamHI restriction enzyme digestion 
procedure. We have consistently observed very 
high background of white colonies containing 
no insert when BamHI was used as the cloning 
site. This problem is not observed when HindIII 
was used as the cloning site in our human chro- 
mosome-specific libraries (chromosomes 1 and 2; 
Wang et al. 1994). 

Grouping of the BAC Clones by Hybridization 

We first used hybridization to analyze the rela- 
tionship among the amplisomal BACs. BACs and 
cosmid clones containing amplisomal DNA were 
spotted on nylon membranes, and the mem- 
branes were hybridized with individual BAC and 
cosmid inserts as probes (data not shown). The 
amplisomal BAC clones can be quickly grouped 
in bins by this method. The five DHFR-positive 
clones (F5, G6, H12, I9, and I4) were chosen as 
the starting point to initiate walks to create con- 
tigs. In each round of walking, the entire cloned 
insert was used as a probe (with suppression of 
repetitive sequences), and with the sizes of all 
inserts having been determined previously, the 
largest clone could be used to continue the walk. 
Previous restriction enzyme analysis had shown 
that G6 and H12 contain a single NotI site that 
was mapped to 5' of the DHFR locus (Esnault et 
al. 1994), whereas F5, I9, and I4 mapped to the 3' 
direction from the DHFR locus. H12 and I9 were 
chosen as the next 5' and 3' hybridization 
probes, respectively, because of their large inserts 
(>129 kb). Hybridization with H12 detected A12 
as the overlapping 5' clone. Hybridization with 
I9 detected clones C12, D8, F2, and G1 being far- 
ther in the 3' direction. G1 was chosen as the 
next walking probe, which in turn detected D4. 
Clones A12 and D4 did not detect any additional 
clones and, thus, were considered to be at the end 
of this contig. We then attempted to group the 
remaining amplisomal BAC clones. A3 was cho- 
sen as the seed clone because it contains the larg- 
est insert of 130 kb. A3 hybridized with AS, B1, 
F3, I2, I10, B6, E8, and F3B at different intensities. 
Additional hybridization experiments revealed 
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that E8 and B6 were at the ends of this contig. 
Thus, hybridization experiments suggested that 
our coverage of the 630-kb amplisome resulted in 
two contigs, of -400 and -200 kb. Because the 
coverage of the amplisomal BAC library is <3 x, it 
is not surprising to have gaps in our initial map. 
Contig end clones A12, B6, D4, and E8 were used 
to screen a 5 • human genomic BAC library (Kim 
et al. 1996), resulting in the isolation of four ad- 
ditional BAC clones. Clones 692F8 and 762Ell 
hybridized to both A12 and E8, closing one gap, 
whereas clones 611A8 and 1014Cll  hybridized 
to both D4 and B6, closing the other. These re- 
sults suggest that we have successfully cloned the 
amplisomal DHFR locus by use of BACs (data 
summarized in Fig. 2). 

STS Content Mapping 

We have shown previously that both ends of BAC 
inserts can be sequenced directly by use of vector- 
specific primers (Wang et al. 1994). This ap- 
proach provides a quick and easy means of gen- 
era t ing  paired STS and walk ing  
probes. In addition, because the size 
of the inserts can be determined by 
PFGE, the exact distances between 
the STSs are known. We directly se- 
quenced insert ends from 10 ampli- BAC 
somal BACs. Of the 20 insert ends, 19 
yielded DNA sequences suitable for A12 
STS selection. One of the insert ends 
did not provide any readable se- A12 
quences even after numerous  at- 
tempts. 

The 19 sequences from the BAC 
insert ends were checked against B6 
GenBank by use of the program 
BLAST by e-mailing the sequences to D4 
the National Library of Medicine 
(Altshul et al. 1990). None of the se- D4 
quences matched known sequences 
in GenBank. Seven of the insert ends E8 
contained Alu repeats, and three con- 
ta ined LINE repeats in their  se- E8 
quences. After matching with Gen- 
Bank, the insert end sequences were 

H12 
analyzed by the oligonucleotide/STS 
se lec t ion  p rog ram PRIMER. Se- 

ll12 
quences from the insert ends of six 
clones (A5, A12, B6, D4, H12, I9) 
were chosen for generating STSs for 19 
confirmation of the hybridization 

data. These clones were chosen because of their 
position in the physical map and because the av- 
erage distance of these STSs should be -100 kb. 
STS primers were successfully selected from these 
sequences, and all but one (i.e., the T7 end of I9) 
gave a single band of the expected size when 
tested with human genomic DNA. The DNA se- 
quences of the STSs are shown in Table 1 and 
have been deposited in dbSTS. The STS content 
map of the BAC clones agrees completely with 
the hybridization data (see Fig. 2, below, for the 
location of the STSs). 

Fingerprint Mapping of the Amplisomal BACs 

Restriction enzyme fingerprinting experiments 
were performed on the amplisome BACs after hy- 
bridization experiments and STS content map- 
ping to measure the amount of overlap among 
clones. Fingerprinting has been developed for 
cosmid mapping (Branscomb et al. 1990; Lamer- 
din and Carrano 1993) and has been successfully 
applied to BAC and Pl-derived artificial chromo- 
some (PAC) (Ioannou et al. 1994) for closure of 

Table 1. Sequence of the Amplisome STS 

Insert Size of PCR 
end Sequences product 

T7F ACA ANG TAT ACA TGT l-rC TGGG 150 
T7R TCT GAA AAA "IrA GCC AGC TC 

SP6F l-rC ACT TCC Al-r TCC AGT TC 273 
SP6R AAA TCN 1-rc cl-r 133- GGC C 

T7F AAA AAA TCG GAN GAC TCA TC 126 
TTR TGG ACT CTA NI-E CAC CAA TC 

SP6F NGC ATA AGC CAT ATC ACT CT 126 
SP6R AGC AGT GTC ATA 1Tr ACC AT 

SP6F ACT AAN ACT AGG GAG Gl-r GG 325 
SP6R AAG AGG NAA CGG AAA ATA GT 

1-/F CAT CAT ATA CTG CCC AGG 1-r 208 
T7R TGT 1-rG CCA AGT CTG ATG T 

SP6F GAG GTG TGA CAT GAg CAG 1-1 105 
SP6R AGC CTC CTA ACT 1~C CTC C 

T7F CAA CCT CCA NGT GAC TAA TG 276 
T7R AGG GGG TAC AGG AAA GTA AG 

SP6F AGN AAG 1-rc GCT AGA GCC 254 
SP6R CTG GGT NTC CAA ACT CCT G 

T7F ACC TGC ATG AGG TGT CTG 222 
T7R AAT CCA CCT CTC CAG TCA G 

SP6F 1-rG Al-r 1-rN GCT CCT CTC C 187 
SP6R ACC TGA GTG AGA 1-rc ACC TG 
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physical maps (Ashworth et al. 1995a,b). The 
clones were digested with EcoRI, HindIII, and 
BamHI to check for the amount of overlap and 
with rare cutting enzymes (NotI, SalI, MluI, and 
SfiI) to correlate the physical map with the long- 
range restriction map (Esnault et al. 1994). Figure 
1 shows fingerprinting data resulting from EcoRI 
digestion. The order in which the samples were 
loaded on the gel reflects the order of the clones 
indicated by the hybridization and sequence- 
tagged site (STS)-PCR experiments. Comparison 
of the fingerprint and hybridization data indi- 
cated that the extent of overlap estimated by fin- 
gerprinting directly correlates with the intensity 
of the hybridization signal among the clones. 

The fingerprint data allowed us to estimate 
the size of the gaps in the original physical map 
based on clones derived directly from ampli- 
somal DNA. For the first gap between B1 and 
A12, all but a 6-kb HindlII restriction fragment of 
the BAC clones 762S8 and 692E8 could be ac- 
counted for by clones A5, A12, B1, and E8. This 
6-kb fragment hybridized to the 1.3-kb vector 

Figure 1 Fingerprinting of amplisome BACs by 
EcoRI digestion. BAC DNA was prepared by use of 
Qiagen columns and digested with EcoRI. The gel 
was run for 20 hr at 14~ in a Bio-Rad FIGE-MAPPER 
with voltage gradients of 9 V/cm forward and 6 
V/cm backward, linear switch time ramping from 
0.2 to 1 sec (Birren and Lai 1993). The gel was 1% 
LE agarose in 1 x TAE buffer. The names of the 
BACs are shown on top of the wells, and the size 
markers were high molecular weight (HMW) and 
1-kb ladder from Life Technologies. 
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containing a HindlII fragment of E8, the 1.2-kb 
vector containing a HindlII fragment of A12, and 
to the 630-kb amplisomal DNA. These results in- 
dicate that this fragment bridges the gap between 
E8 and A12, and the size of this gap is no more 
than 3.5 kb. Similarly, for the second gap, all ex- 
cept a 26.5-kb region in clones 611A8 and 
1014Cll  can be accounted for by clones B6 and 
D4, which suggests that the size of the gap be- 
tween B6 and D4 is no more than 26.5 kb. DNA 
fragments from the two gaps hybridized to the 
630-kb amplisomal DNA, indicating that the se- 
quences are also present in the amplisomes. Yang 
et al. (1984) and Chen et al. (1984) have reported 
the structure and organization of the 50-kb chro- 
mosomal region surrounding the DHFR gene. No 
other genomic clones flanking the DHFR region 
have been reported. We have initiated the clon- 
ing of the chromosomal DHFR region corre- 
sponding to the amplisomal contig. Preliminary 
fingerprinting data show an excellent correlation 
between the amplisomal BACs and their chromo- 
somal counterparts except in the middle of BAC 
clone I9 (B. Lipes, M. Wang, and E. Lai, in prep.). 
Thus, the amplisomal BACs can be used for ana- 
lyzing sequences in this chromosomal region, 
and we have sequenced clone D8 in collabora- 
tion with the Whitehead Genome Center (E. Lai, 
B. Birren, and T. Hawkins, in prep.). 

DISCUSSION 

The physical map of the amplisome is shown in 
Figure 2. This map integrates all of the hybridiza- 
tion, STS content mapping, fingerprinting, and 
long-range restriction data. The results from 
these independent approaches were totally con- 
sistent. Every region of the amplisome is covered 
by at least two BACs, except for a small region 
between G1 and D4. To ensure that the BAC- 
based physical map is a true representation of the 
amplisome, we have compared the BAC-based 
physical map with the long-range restriction map 
reported previously (Esnault et al. 1994). The 
BAC clones were digested with infrequent-  
cutting restriction enzymes used in the construc- 
tion of the long-range map. The position of the 
restriction sites in the BAC contigs were then cor- 
related with the long-range map. The restriction 
enzyme sites shown above the line in Figure 2 
represent sites found in both the long-range map 
and the BAC-based physical map. The restriction 
sites shown below the line represent sites found 
in the BAC clones only and not in the long-range 
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Figure 2 The physical map of the amplisome is represented by a series of overlapping BACs in the middle. The 
lengths of the BACs are drawn proportionally to their insert sizes. Thus, the amount of overlap between clones 
can be measured directly from the figure. The positions of the STSs are shown by the vertical lines. STSs 
generated from the SP6 and the T7 ends are represented as S and T, respectively. Clones 611A8 and 1014C11 
are shown twice because of the circular nature of the amplisome. The long-range restriction map of the ampli- 
some is represented by the line at the top. The restriction sites shown above the line are those sites identified by 
PFGE mapping of amplisomal DNA (Esnault et al. 1994), the sites shown below the line are those cleaved only 
after cloning of the amplisomal sequences into bacteria, where the cellular methylation pattern would be lost. All 
sites detected by PFGE were found in the BACs. 

map, presumably because of methylation of the 
sites in vivo. Thus, the BAC-based physical map is 
consistent with and can be confirmed by the 
long-range restriction map. 

The comprehensive physical mapping  ap- 
proach shown in this report is very efficient. The 
630-kb amplisome was mapped completely by 
use o f -20  hybridizations, 11 PCR assays for STSs, 
and three fingerprinting experiments. The ap- 
proach is also very rapid because both hybridiza- 
tion and STS content experiments can be carried 
out concurrently. There are advantages and dis- 
advantages associated with each of the mapping 
procedures used in this report. The advantages of 
hybridization techniques include the ability to 
screen massive numbers  of clones in parallel 
without pooling, the ability to perform multiplex 

probing at relatively low cost, and more impor- 
tantly, the ability to estimate the extent of over- 
lap from the hybridization signals. The physical 
map of the amplisome could be deduced after 
-10  hybridizations over 3 weeks at a cost of 
<$200. The major disadvantage of the hybridiza- 
tion as we performed it was the use of radioactiv- 
ity. Direct sequencing of the insert ends followed 
by STS-PCR screening is similar to the STS- 
mapping approach used by a number  of genome 
centers in the mapping of the whole human  ge- 
nome or for individual human  chromosomes. 
The cost of STS-mapping, however, is much  
higher than either hybridization or fingerprint, 
ing. The cost of developing the 11 STS sets in this 
report was -$1500 (-$500 for sequencing, and 
-$1000 for ol igonucleotide and enzymes for 
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PCR). This expla ins  w h y  we have  deve loped  on ly  
11 STSs f rom the  BACs for the  c o n f i r m a t i o n  of 
the  hybr id i za t ion  data. The cost of deve lop ing  
STSs f rom all the  BACs wou ld  have  been  >$ 7000, 
a p roh ib i t ive  a m o u n t  for a smal l  molecu la r  biol- 
ogy laboratory.  Finally,  we used f inge rp r in t ing  to 
es t imate  the  a m o u n t  of overlap a m o n g  clones. 
This  is the  quickest,  least expensive,  and  mos t  
rel iable m e t h o d  for the  e s t ima t ion  of c lone  over- 
lap a n d  provides  excel lent  c o n f i r m a t i o n  of the  
phys ica l  m a p  created by  hyb r id i za t i on  a n d  STS 
c o n t e n t  m a p p i n g .  This app l ica t ion  of the  tech- 
n ique ,  however ,  is m a r k e d l y  dif ferent  f rom the  
t e c h n i q u e  for w h i c h  restr ic t ion e n z y m e  finger- 
p r i n t i ng  is used as the  p r i m a r y  approach  for con- 
s t ruc t ing  cont igs  f rom a n o n y m o u s  clones.  In 
tha t  case, great care (and a h i g h  degree of over- 
lap) is needed  to p reven t  declara t ion  of false l inks 
b e t w e e n  clones. 

Our data demons t r a t e  clearly tha t  the  struc- 
ture of a m p l i s o m e  molecules  is h o m o g e n e o u s  in 
10B3 cells. There is one  copy of DHFR gene per 
amp l i some ,  a n d  no  large repet i t ive structure is 
detected.  This is in  sharp contrast  w i th  the  ob- 
served structure a n d  organ iza t ion  of the  o ther  cy- 
togenet ic  anoma l i e s  such as DMs, episomes,  or 
h o m o g e n e o u s  s t a in ing  regions tha t  are also asso- 
ciated wi th  ampl i f i ed  genes (Cowell  1982; Carroll  
et al. 1987; Looney  et al. 1988; Ma et al. 1988). 
M a n y  groups have  s tudied the  size of the  ampl i -  
f ica t ion  uni ts  a n d  the  o rgan iza t ion  of the  ampl i -  
f ied genes  on  DMs, ep isomes ,  a n d  HSRs. The 
structure of the  ampl i f i ed  DNA sequences  in  dif- 
ferent  loci has  been  s h o w n  to be organized  as 
head-to- ta i l  t a n d e m  arrays (Looney et al. 1988; 
Ma et al. 1988) or as inver ted  dupl ica t ions  (Car- 
roll et al. 1987). The structure a n d  organ iza t ion  
of the  ampl i f i ed  DNA sequences  in  DMs have  
also b e e n  s h o w n  to be h i g h l y  he te rogeneous ,  
even  in  a single cell or cell l ine.  For example ,  
None t  et al. (1993) have  d e t e r m i n e d  the  organi-  
za t ion  of the  e x t r a c h r o m o s o m a l  amp l i cons  of the  
m o u s e  B-1/50 cells to be - 2 5 0  kb. However,  there 
are m a n y  other  e x t r a c h r o m o s o m a l  e l emen t s  wi th  
d i f ferent  sizes in  B-1/50 cells. Other  expe r imen t s  
showed  tha t  n u m e r o u s  DNA rea r rangement s  can 
be f o u n d  in  cell l ines wi th  ampl i f i ed  DNA and  
tha t  the  ampl i f i ed  structure undergoes  c o m p l e x  
r ea r r angemen t s  c o n t i n u a l l y  (Hahn  et al. 1992a). 
Thus, the  case of 10B3 cells where  a single-size 
a m p l i s o m e  is f o u n d  a n d  m a i n t a i n e d  t h r o u g h  
h u n d r e d s  of genera t ions  is except ional .  H a h n  et 
al. (1992b) have  d e m o n s t r a t e d  that  DMs can be 
used as megabase  c lon ing  vehicles.  The ampl i -  
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somes m i g h t  be a more  sui table sys tem for this  
purpose because of thei r  smal ler  size a n d  s tabi l i ty  
as e x t r a c h r o m o s o m a l  e lements ,  a n d  our abi l i ty  to 
t ransfer  large DNA f ragments  in to  rec ip ient  cells. 
Thus, c lon ing  of the  a m p l i s o m e  in to  BACs will  
provide  the  m e a n s  to bet ter  u n d e r s t a n d  the  func-  
t ional  s igni f icance  of the  DNA sequences  on  the  
a m p l i s o m e s  and  its behav io r  in  vivo a n d  m i g h t  
enable  us to const ruct  a m a m m a l i a n  c lon ing  vec- 
tor. 

METHODS 

Construction of the Amplisomal BAC Library 

The amplisomal BAC library was constructed with the sec- 
ond-generation BAC vector pBeloBACll, which incorpo- 
rated the lacZ gene for color selection of insert-containing 
clones (Sheng et al. 1995). The amplisomal DNA was en- 
riched from HeLa-Bu25-lOB3 cell DNA by digestion of ge- 
nomic DNA with NruI, followed by separation in a PFG at 
2 V/cm, 1800-2700 sec linear switch time ramping for 18 
hr. Approximately 90% of the circular amplisomal DNA 
are methylated at their NruI sites and therefore remain 
uncut (Esnault et al. 1994). These circular molecules are 
trapped at the wells (Esnault et al. 1994) and can be recov- 
ered from the gel by Gelase (Epicentre Technologies, Madi- 
son, WI) digestion. About 50 ng of enriched amplisomal 
DNA was isolated from 15 lug of total genomic 10B3 DNA. 
The amplisomal DNA was then partially digested with 
Sau3A and ligated to BarnHI-digested and dephosphor- 
ylated pBeloBACll vector (1:10 molar ratio of insert to 
vector). The ligation mixture was drop-dialyzed against 5 
mM Tris-0.5 mM EDTA (0.5 x TE) with a 0.025 ~.m filter 
(Millipore VSMP 02500) for 30 min before electroporation. 
Electroporation into DH10B cells (Life Technologies) was 
performed with 0.2-cm cuvettes at 2.5 kV, 200 ohms resis- 
tance, and 25 p~F capacitance in the Bio-Rad Gene Pulser 
electroporator. The BAC clones were plated onto L plates 
with 12.5 txg/ml of chloramphenicol, 64 p.g/ml of X-gal, 
32 ~g/ml of isopropyl thiogalactopyranoside (IPTG), and 
incubated for 16-24 hr at 37~ About one thousand white 
clones (i.e., clones that contain inserts) were picked and 
gridded on nylon membranes (Amersham). Replicate fil- 
ters were prepared and hybridized with (1) human CotI 
DNA (Life Technologies, Gaithersberg, MD), (2) human 
DHFR cDNA, and (3) amplisomal DNA that had been 
blocked with total placental human DNA. Twenty-one am- 
plisomal BAC clones were identified by this approach. 
These BAC clones are available from Eric Lai. 

Detection of Overlapping BACs by Filter 
Hybridization 

The NotI-digested amplisomal BAC DNAs were separated 
in PFGs as described above. After staining with ethidium 
bromide, DNA inserts were excised, purified by use of a 
Geneclean II Kit (Bio 101, La Jolla, CA), and radiolabeled 
with 32p by random hexanucleotide labeling to a specific 
activi W of at least 1 • 109 cpm/~g of DNA. The replica 
filters of amplisomal BACs were hybridized under suppres- 
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sive conditions in which the amplisomal BAC insert 
probes were preannealed with unlabeled total placental 
human DNA before being added to the hybridization mix- 
ture. The labeled probe DNA was mixed with 500 lug of 
total placental human DNA (Sigma Chemical, St. Louis, 
MO) in 300 bd of 1 • SET (0.6 M NaC1, 0.03 M EDTA, 0.2 M 
Tris-C1 at pH 8.0, 2% SDS, 0.1% sodium pyrophosphate), 
boiled for 10 min, and preannealed at 68~ for 2.5 hr. The 
preannealed probe was then added to the filters that had 
been prehybridized in 1 x SET at 68~ for at least 2 hr. 
After overnight hybridization, the filters were washed for 5 
min at room temperature in 2 • SSC and 0.2% SDS, for 15 
min at 68~ in 2 x SSC and 0.2% SDS, and for 15 min at 
68~ in 0.1 x SSC and 0.2% SDS. 

STS Content Mapping of the Amplisomal BACs 
by PCR 

PCR conditions were 10 ng of BAC DNA or 1 pug of total 
human DNA as target DNA, 1 p.M of each primer, 0.2 mM 
dNTP, 10 mM Tris at pH 8.0, 50 mM KC1, 1.5 mM MgC12, 
0.1% Triton X-100, and 0.6 units of AmpliTaq polymerase 
(Perkin-Elmer) in a final volume of 100 p.l. The reactions 
were performed with a hot-start protocol. Amplifications 
were carried out in a Perkin-Elmer 480 Thermal Cycler 
with a denaturation step of 94~ for 2 min, an annealing 
step of 55~ for 2 min, and an extension step of 72~ for 2 
min for 30 cycles. A final elongation step of 72~ for 10 
min was used after the last cycle. Products from the PCR 
reactions were separated in 1% SeaKem LE agarose gel and 
detected by ethidium bromide staining. 

Fingerprinting of BAC clones 

BAC DNAs were prepared by use of Qiagen columns and 
digested with the restriction enzymes. EcoRI, BamHI, Hin- 
dIII, NotI, Sail, MluI, and SfiI (New England Biolabs, Bev- 
erly, MA). All gels were stained in ethidium bromide and 
photographed. Gel pictures were scanned by a GS-670 im- 
age densitometer, and the fragments were sized by the 
Molecular Analyst TM/PC image analysis software (Bio- 
Rad Laboratories, Richmond, CA). 
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