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Abstract
The utility of using genomic DNA directly in agarose, i.e. cloneless libraries, in place of large clone libraries, radiation hybrid panels, or

chromosome dissection was demonstrated. The advantage of the cloneless library approach is that, in principle, a targeted genomic resource

can be developed rapidly for any genomic region using any genomic DNA sample. Here, a human chromosome 20 Not I fragment library was

generated by slicing a pulsed field gel lane containing fractionating Not I cleaved DNA from a monosomic hybrid cell line into 2 mm pieces. A

reliable PCR method using agarose embedded DNA was developed. InterAlu PCR generated unique patterns of products from adjacent slices

(e.g. fractions). Further, the specificity of the interAlu products was demonstrated by FISH analysis and in other hybridization experiments to

arrayed interAlu products. STS content mapping was used to order the fractions and also demonstrate the unique content of the library

fractions.
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1. Introduction

Top-down sequencing of large genomes uses clone

libraries that either are completely or partially ordered (e.g.

[1–7]) by fingerprinting or cross-hybridization methods [8–

10]. In the past, we developed a top-down approach for

mapping genomes without the use of clone libraries. Our

most extensive mapping experiments effort to date, created a

Not I restriction map of human chromosome 21 by ordering

60 fragments in 9 different cell lines and locating 11

chromosomal breakpoints using 80 markers [11]. The major

focus of these experiments was to link adjacent fragments.

Several strategies were used to prove adjacency including

linking libraries, partial digest, and polymorphism linkup

and overlap (see [12,13] for discussion). Several hundred
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time-consuming and labor-intensive hybridizations were

done to complete this work.

During the course of the chromosome 21 mapping

experiments, gap filling was done using interAlu PCR

generated probes from Not I fragments isolated in gel slices

[11,14]. These experiments generated clone libraries from

specific genomic restriction fragments. At the same time, we

used electrophoretically fractionated DNA fragments in

agarose slices for fingerprinting and ordering of �1700

Schizosaccharomyces pombe cosmid clones [15]. Complete

cosmid library ordering was done in �60 hybridization

experiments and represented an eight-fold reduction in the

amount of work needed to order similar genomic libraries.

These experiments demonstrated the utility of using gel

slices as fractions as hybridization probes for ordering clone

libraries. Here, the utility of using gel slices containing

genomic restriction fragments directly, i.e. cloneless

libraries, for large scale analysis is further demonstrated

in studies on human chromosome 20.
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2. Materials and methods

2.1. Cloneless library generation

Genomic DNA from a monosomic hybrid cell line,

A9neo20 cell line [16] was used to generate the cloneless

library. This cells line was made from mouse fibroblasts

resistant to neomycin. The genomic DNA samples were

purified in agarose, digested with the restriction enzyme Not

I (or others as indicated), and fractionated by pulsed-field gel

electrophoresis (PFG) as described (summarized in [17,18]).

These procedures involve embedding live cells into molten

agarose that has been tested to be free of enzyme inhibitors

(e.g. InCert Agarose, FMC Corporation). Low gelling

temperature agarose was used in order to avoid a

temperature shock to the live cells. The molten agarose

was solidified in blocks using a mold. The chromosomal

DNA was purified by incubating samples in ESP (0.5 M

EDTA (pH 9.0–9.5), 1% sodium lauroyl sarkosyl, and 1 mg/

ml proteinase K). Before enzymatic manipulation, protei-

nase K was inactivated with a phenyl methyl sulfonate

treatment and the EDTA and detergent were removed by

dialysis with gentle agitation in TE buffer (10 mM Tris–Cl

(pH 7.5) and 0.1 mM ethylendiaminetetraacetic acid

(EDTA)). The gentle agitation insures rapid diffusion of

the molecules into the agarose. For restriction enzyme

digests, an extra 160 mg/ml bovine serum albumin (BSA:

nuclease-free Roche) was added to each 200 ml total volume

reaction that included the 100 ml agarose block and 10 U of

enzyme. The sample was incubated at the appropriate

temperature with gentle shaking at 37 8C. One sixth of an

agarose block was used per gel lane. In some experiments,

the distribution of genomic restriction fragments was

evaluated by hybridizing an Alu probe to genomic DNA

transferred to nylon membranes as described previously

[19].

Here, the complete cloneless library was generated from

three different PFG fractionations with different windows of

optimal resolutions at (a) 0.05–1 Mb, (b) �1–3 Mb, and (c)

�3–7 Mb. The gels were stained with 1 mg/ml ethidium

bromide for 30 min in water and destained 30 min in water.

The gel was cooled to 10 8C, and the entire gel lane,

including the well and compression region, was cut into

�2 mm thick slices. Exposure to ultraviolet light was

minimized and a fresh glass cover slip was used to generate

each slice in order to avoid cross contamination between the

slices.

The gel slices (�100 ml) were put into 100 ml TE buffer

to a final volume 200 ml. The samples were heated to 95 8C
for 15 min (to inactivate any nucleases), vortexed, and stored

frozen at �20 8C. When needed, the samples were heated to

95 8C for 5–15 min, vortexed and 2–10 ml used in PCR.

After testing (see results) of different preservatives, the

standard protocol used 20 mM HPLC grade ethanolamine

(final concentration) in the agarose DNA stored in TE, and

160 mg/ml DNase free BSA (Roche) in the PCR.
2.2. Long interAlu PCR

Long interAlu products were generated from PFG slices

as described [14] except that the long PCR enzyme mixture

used was from Roche. The first PCR done in 25 ml contained

1 mM interAlu primer TC65 [20], 3 mM MgCls, 300 mM

each of dCTP, dGTP, dATP and dTTP in 10 mM Tris–Cl (pH

8.3), 50 mM KCl and 0.001% gelatin, with 0.6 U of

Amplitaq DNA polymerase (Roche). The cycling program

was at 94 8C for 4 min, then 35 cycles of 94 8C for 1 min,

55 8C for 1 min, 72 8C for 4 min and a final incubation of

72 8C for 10 min. Two microlitres of the first PCR was added

to the second PCR carried out under the same conditions

except that the primer concentration was 10 mM.

For hybridization analysis, the PCR product was diluted

10-fold and 5 ml was spotted onto HybondN nylon filters

(Amersham). The DNA was denatured DNA and fixed to the

filters at 80 8C under vacuum [21]. The interAlu producted

were labeled with 32P using a random primer kit (PrimeIt II

Labeling Kit, 4 Stratagene). Filters with interAlu products

were prehybrized at 68 8C in 6� SSC, 5� Denhardt’s

solution, 0.5% sodium dodecyl sulfate, and 100 mg/ml

salmon sperm DNA for 4 h. Hybridization was carried out

under the same conditions with the addition of oligonucleo-

tides complementary to the primer and the repeat sequences

on the ends of each product in for 18 h. then the filters were

washed in 0.1% SDS, for 1 h at 68 8C after rinsing at room

temperature.

2.3. Fluorescent in situ analysis (FISH)

InterAlu products were analyzed by FISH as described

[22,23]. The interAlu sample was prepared as follows.

About 1 mg (e.g. 1 ml) of the interAlu PCR products were

labeled with Dig-11-dUMP (Roche) as described in a nick-

translation reaction. The reaction contained 20 mM Dig-11-

UTP, 20 mM each dATP, dGTP, and dCTP, 55 mM Tris–Cl

(pH 7.8), 5 mM MgCl2, 10 mM s-mercaptoethanol, 20 mg/

mg BSA, 0.5 mM magnesium acetate, 5% (v/v) glycerol,

7.25 U DNA polymerase I (Gibco), and 0.03375 U DNase I

(Gibco) in 50 ml incubated for at 15 8C for 2 h. Two

microlitres of the sample was mixed with 5 mg human Cot1

DNA, 2 mg salmon sperm DNA, precipitated, dried and

resuspended in 3 ml water added to 7 ml hybridization mix

[made up by combining 5 ml formamide, 1 g dextran sulfate,

and 1 ml 20� SSC]. The sample was denatured at 70 8C for

5–10 min, spun and repeats were blocked by prehybridiza-

tion at 37 8C for 1 h.

2.4. Sequence-tagged sites (STS)

The sequence-tagged sites, STSs (Table 1), that were

used for mapping the Not I fragments were taken from lists

developed by Gyapay et al. [24] and Hudson et al. [25]. The

STSs were chosen to span the entire length of chromosome

20 at approximately equal intervals. Two PCR approaches
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Table 1

Ordering of a cloneless Not I fragment library of chromosome 20 by STSs

mapping

STS I fragment

(kb)

Genetic map

position (cM)

Radiation hybrid

map position (cR)

D20S103 110

D20S117 530 3 –

D20S179 200 3 –

D20S105 no signal

D20S199 353 6 20

D20S113 180 8 21

D20S198 530 9 –

D20S181 100 9 –

D20S193 130 9 26

D20S116 180 11 31

D20S97 430 11 –

D20S95 530 16 –

D20S194 430 18 –

D20S192 940 18 –

D20S115 1630 21 58

D20S175 1950 26

D20S177 1950 27

D20S188 2800 31 –

D20S189 140

D20S186 130 33 –

D20S172 590 35 78

D20S104 1750 38 –

D20S98 710 37 86

D20S114 550 39 87

D20S118 130 39 89

D20S112 430 39 86

D20S182 430 40

D20S190 180 47 97

D20S180 180 47

D20S101 300 48 –

D20S184 320 48 101

D20S111 540 49 –

D20S195 630 50

D20S187 630 50

D20S191 350 51 –

D20S200 320 50 –

D20S174 1330 54 –

D20S107 1040 55 –

D20S170 410 56 –

D20S99 2000 56 250

D20S108 1600 57 256

D20S96 59 58 –

D20S169 430 58 281

D20S119 49 61 287

D29S197 1010

D20S178 140 66 310

D20S176 530 71 –

D20S109 140 73

D20S196 140 74 328

D20S185 130 77 331

D20S854 500

D20S211 130 79 337

WI-9939 880 –

D20S183 230 79 335

GATA7E09* 790 – –

WI-6578 500

AFM22420 500

D20S913 200 81 –

D20S120 160 82 338

WI-9227 620

D20S853 620 83

Table 1 (Continued )

STS I fragment

(kb)

Genetic map

position (cM)

Radiation hybrid

map position (cR)

WI-4228 49 – 337

D20S60 200 – –

D20S832 500

D20S469 49 – –

D20S100 660 83 –

WI-4119 49 – 340

D20S102 2170 86 –

UTR-9681 620

WI-8810 620

WI-3773 200 – 340

D20S552 500

WI-4119 50

GATAP6309 790

D20S467 50

D20S171 130 94 343

D20S173 420 96 346

Total length: 43.5 Mb; minimum tiling path = 39.7 Mb (assuming STSs

shown to be adjacent by genetic mapping experiments are on the same

fragment when assigned to same sized fraction); total number Not I

fragments = 67 unique Not I fragments (average length = 523 kb); total

number of STS = 75.
were used for the STS mapping. The first method used STS

primers with the following PCR reaction conditions: 2 ml of

molten agarose (�1 pg template) DNA, 1 mM of each

primer, 1� Taq Buffer II (Perkin-Elmer), 160 mg/ml

nuclease free bovine serum albumen (Roche), 125 mM

dNTP (Pharmacia), 1.5 mM MgCl2, containing DNA and

0.012 U/ml of AmpliTaq (Perkin-Elmer) in a 25 ml final

reaction volume. All the PCRs were done in a 96-well U-

bottom microtitre plate (Falcon) with heavy mineral oil in

the PTC-100 Programmable Thermo Controller (MJ

Research Inc.). The PCR cycling conditions were as

recommended.

The second approach STS content mapping approach

used two sequential PCRs. A degenerate oligonucleotide

primed polymerase chain reaction (DOP-PCR) [26] was

done first to increase the number of times each slice could be

used in a specific PCR experiments. The specific STS PCR

was done using 2 ml of the product of the first PCR.
3. Results

The goal of these experiments was to further establish the

cloneless top-down for genomic sequencing projects. The

experiments described below include methods for the

reliable PCR amplification of agarose embedded DNA

and a non-specific pre-amplification of template DNA for

increasing the cloneless DNA fraction available for analysis.

The cloneless libraries was constructed of �2 mm slices

(aka fractions) of PFG lanes. The uniqueness of DNA

contained in the slices was demonstrated by interAlu

fingerprinting of individual slices, hybridization of interAlu

products to interAlu products from a library of gel slices,

FISH analysis, as well as from clone STS content mapping.
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Fig. 1. Reliable and reproducible interAlu PCR directly from agarose

embedded A9 neo DNA. These experiments used agarose embedded

genomic DNA stored in TE buffer alone [lanes A 2, 3, 4, 5: B6, 7, 10,

11] or in TE containing 100 mg/ml BSA [lanes A6, 7, 8, 9: B2, 3], 20 mM

ethanolamine [lanes A10, 11, 12, 13, : B8, 9] or 100 mg/ml gelatin [lanes

B4, 5]. The clonesless DNA fractions were heated for 5 [lanes A2, 3, 6,7, 10,

11:B2, 4, 6, 8] or 15 min [lanes A4, 5, 8, 9, 12, 13: B3, 5, 7, 9, 11], vortexed

and then 2 ml used in a PCR. DNA template had been melting once before in

(A) and (C), and twice before in (B). Hence, the total melting times for the

samples in (A) and (C) were 15 min and 45 min in (B). BSA (160 mg/ml)

was added to the PCRs in lanes A3, 5, 7, 9, 11, 13 and in all (B) and (C)

samples. In (C), ethanolamine was present at 0.5 (lane 1), 1.0 (lane 2), 5

(lane 3), 10 (lane 4), 20 (lane 5), or 40 (lane 6) mM in the DNA embedded

DNA. Markers are in A1 and B1.
3.1. PCR with agarose embedded DNA

Many researchers report inconsistent results with DNA

embedded agarose and instead use DNA purified from

agarose. In contrast, our past interest in large DNA, lead to

the development of simple and reliable methods for

purifying and manipulating DNA in agarose. These

procedures eased a number of procedures. For instance,

simple methods were developed for the purification of intact

chromosomal DNA from a wide variety of organism (for

summaries see [17,18]). However, variable PCR results were

obtained with agarose embedded DNA treated by our

standard methods.

Testing of different conditions was done using whole

genome DNA embedded in agarose blocks as described in

Section 2. The 100 ml agarose block was diluted to 200 ml

by the addtion of 100 ml TE buffer. In these experiments, the

200 ml sample melting, then vortexed and a sample removed

for the PCR reaction. The 200 ml sample served as the DNA

stock. In general, the agarose embedded DNA sample would

serve as a template for the first time it was used as a stock.

However, subsequent use of this stock led to decreasing

yields of product. In these experiments, re-melted of the

DNA stock was done at 5–15 min at 95 8C. Hence, it was

postulated that the prolonged heating (perhaps some reactive

groups from the agarose) was degrading the template DNA.

A number of reagents were tested for their ability to

restore maximal PCR yield. For testing purposes, the

reaction was divided into two steps, melting of the ‘‘stock’’

DNA sample and the PCR reaction itself. The results with

ethanolamine, bovine serum albumin (BSA: nuclease free

from Roche) and gelatin (Gel) in each steps, independently,

is shown in Fig. 1. The best yields through 10 meltings of the

agarose embedded template were obtained in the presence of

10–20 mM ethanolamine in the melting step, and 160 mg/ml

of BSA in the PCR reaction itself. These conditions were the

only ones that led to a significant amount of product after the

third use (e.g. melting) of the agarose DNA stock (Fig. 1B).

The inclusion of BSA in the PCR reaction itself allowed the

production of more product from all samples tested where

the DNA had not ‘‘died’’ from overcooking. When

ethanolamine was present, the initial melting times of 5

and 15 min melting times gave similar results over multiple

reuses beyond those shown here. For instance, the same

samples of DNA with the same yield of PCR product could

be obtained for at least 5–10 reuses of the stock DNA

containing ethanolamine. These conditions also work on a

number of other DNA samples, PCR primers, and on various

DNA samples contained within various concentration of

low gelling and low endoosmosis (LE) agarose as would

be the case with electrophoretically fractionated DNA (data

not shown). In general, there is a broad ethanolamine

concentration and a narrow BSA concentration that

produces maximal product (Fig. 1C). The presence of

�20 mM ethanolamine (final concentration) in the stored

DNA in TE was necessary to avoid inhibition of PCR from
carry over of ethanolamine when large >10 ml amounts of

stock DNA was used.

It should be noted, that inconsistent results were obtained

if the DNA-agarose samples were added to the PCR reaction

without melting when, for instance, the agarose was diluted

enough to allow pipeting without melting (data not shown).

In the absence of the ethanolamine, a 15 min melting time

appeared to initially produce more PCR product than a 5 min

time (data not shown). These types of inconsistencies along

with the decreasing yield likely account for the published

problems reported for agarose embedded DNA. Also, note

that many researchers use stainless steel razor blades rather

than glass slides to generate slices. DNA is a strong chelator

of iron and iron can damage DNA. In summary, the

conditions described here appear to be quite simple and

robust and applicable to a wide range of samples.

3.2. Generation of a Not I cloneless library

DNA from a monosomic hybrid cell line containing

human chromosome 20 was used for these experiments.

First, experiments were carried out to test the suitability of a

number of restriction enzymes with infrequently occurring

recognite site (Fig. 2). DNA prepared in agarose was cleaved
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Fig. 2. Distribution of human chromosome 20 restriction fragments.

Human hybrid cell line A9-neo DNA was prepared intact in agarose and

cleaved with the restriction enzymes. (1) Asc I, (2) Fse I, (3) Pme I, (4) Pac I,

(5) Not I, or (6) SgrA I fractionated by PFG electrophoresis, transfered to

nylon membranes and hybridized to the human Alu sequence.

Fig. 3. Alignment of different PFG resolution conditions. The cloneless

library was generated from the minimal high resolution slices (fractions)

from three gels plus a group of slices extended to the well.
with a variety of enzymes and fractionated by PFG as

described previously (see above). In this experiments, the

fractionated DNA was transferred to a nylon membrane and

hybridized to a human specific Alu probe to visualize the

distribution of restriction fragments from chromosome 20.

There are �0.5 million copies of the Alu repeat sequence in

the human genome distributed at about 5000 bp intervals;

hence, it is expected that most fragments from this

chromosome will be visualized by this approach. As expected

from earlier experiments on chromosome 21 hybrid cell lines

[19], individual Not I restriction fragments could be isolated

in specific fractions. Further, the lack of smearing between

bands indicated the digestion had gone to completion. The

restriction enzymes Asc I, Fse I, SgrA I and Not I generated

large fragments with, what appeared to be, complete cutting.

Use of these enzymes to generate a library of fractions

minimizes the confounding effects of partial digest.

Genomic DNA from a monosomic hybrid cell line was

used to minimize the number of human fragments of

overlapping sizes contained in individual slices. Genomic

DNA purified in agarose was cleaved with the restriction

enzyme Not I and fractionated by PFG using standard

conditions reported by us previously. The total size of Not I
fragments identified, assuming each band contained a single

fragment, was 23.4 Mb. The gel was cooled to 10 8C, sliced

into �2 mm pieces placed in 100 ml TE plus 20 mM

ethanolamine (final concentration where agarose plus and

TE = 200 ml), given a heat treatment to inactivate any

contaminated nucleases and stored at 4 or �20 8C. The DNA

contained in each slice represents one fraction of the

genome. Note that in these experiments only �1% of the

DNA is human.

Three PFG fractionation conditions were used in these

experiments (Fig. 3). The conditions were chosen so that the

maximal resolution windows were �0.05–1, �1–3, or �3–

6 Mb. About 150 slices were generated from each gel. All

genomic DNA was on all gels. Hence, a minimum tiling set

of 81 fractions or slices with greatest resolution were

developed from the complete set of fractions after STS

analysis and alignment of the different gels (see below).

During the course of this work, some experiments were

done with human chromosome 21 as the robustness of our

results (data not shown) could be compared directly to the

previously constructed Not I restriction map [11]. In all

cases, the STS content mapping cloneless library of

chromosome 21, similar to that described here for

chromosome 20, were in agreement with the previously

constructed map. The data that will be described here will

focus on the chromosome 20 results.

3.3. InterAlu fingerprinting and analysis of cloneless

fractions

An issue when dealing with electrophoretic fractions is

whether there is ‘‘bleeding’’ of DNA between different

fractions. This was initially tested by interAlu fingerprinting
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Fig. 4. InterAlu fingerprinting of Not I cloneless library fractions. Adjacent

gel slices or Not I fractions was subjected to interAlu PCR and the products

were fractionated by conventional agarose electrophoresis.

Fig. 5. Hybridization of 32P-labeled interAlu PCR products from cloneless

gel fractions to arrayed interAlu products from a clone library. The same

interAlu primer was used to generate interAlu products from Not I and SgrA

I cloneless fraction containing the 20q13.2 region that was labeled with 32P

labeled and to interAlu products from a clone library arrayed onto a nylon

membrane.
of individual slices (Fig. 4). The data shows that unique

interAlu fragments (fingerprints) were generated from

adjacent fractions. This was not surprising as similar results

were obtained in past experiments focused on chromosome

21 [14]. In the past experiments, the interAlu products were

used for gap filling with Not I fragments having no known

STS. In subsequent experiments, interAlu PCR fingerprint-

ing was used as a quality control step and to help align

different gel runs.

In another set of hybridization experiments, interAlu

PCR products were used to overlap different cloneless and

clone libraries (Fig. 5). In these experiments, interAlu

products from (a) SgrA I and Fse I cloneless fractions (b)

YAC or (c) hncDNAs (generated as described in [27]) were

arrayed onto nylon membranes and probed with labeled

interAlu products generated from the cloneless library. Here,

the interAlu products were used so that the experimental

sample complexity was reduced and the hybridization signal

stronger. The results show that specific fractions were

identified that overlapped the Not I fragment.

Also, the specificity of the DNA contained in the same

Not I cloneless library fraction was tested by FISH analysis

(Fig. 6). Since most of the DNA in each fraction is mouse

DNA, these experiments used the products of an interAlu

PCR as a probe to metaphase chromosomes. The library

fraction used in these experiments was assigned to 20q13 (a

region amplified in some breast and other cancers (e.g. [28–

31]) by STS content mapping (see below)). The results show

the specificity of the signal in the FISH experiment matched

the STS result.

3.4. STS specific PCR on cloneless fractions

The uniqueness of DNA in gel slices was tested by

performing STS PCR. Typical results from adjacent gel

slices are shown in Fig. 7. In this experiment, two STS
produced product from a single slice, while one STS

produced product from adjacent slices.

Experiments were also done to extend the number of PCR

reactions that could be done on each slice. In these

experiments, the template contained in each fraction was

amplified in a nonspecific PCR reaction; then, STS specific

PCR was done using the products of the first PCR as

template. In the experiment shown in Fig. 8, 8/10 STS gave

positive results using the pre-amplification step. This

approach increased the number of specific PCRs that could

be done by �1000-fold. Previous experiments mapping the

S. pombe genome used a different random PCR primers to

generation hybridization probes from PCR slices [15,32].

3.5. Ordering of a Not I fractions by STS

content mapping

A tiered pooling strategy was used to minimize the

number of PCR reactions needed to assign each STS to a
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Fig. 6. FISH analysis of long interAlu products. The interAlu products were

from the Not I fraction containing STS D20S120. The probe hybridized to

region 20q13 (indicated with an arrow), with some minor hybridization

elsewhere, confirming the STS content mapping.

Fig. 8. STS content mapping using a nonspecific preamplification step.

Here, the yield of STS products using template from a DOP-PCR (left) or a

Not I fraction directly (right) can be compared. The end lanes contain

marker DNA.
fraction (Fig. 9). Although the chosen pooling strategy may

not be the most efficient, the number of PCR reactions need

for an STS assignment was reduced from 81 to 12. The first

tier PCR used DNA template from four superpools fractions

created from the �3–6 Mb gel that corresponded to <1 Mb,

�1–3 Mb, �3–7 Mb, and >7 Mb. Each STS was assigned to

one size range. If two pools were positive the STS was

assigned to the pools containing the smallest fragments.

Each STS was tested in a second PCR using three pools
Fig. 7. PCR results with three STSs using Not I fractions from a cloneless

library. Adjacent gel slices were analysis by PCR for STS content of three

different loci.
constituted from fractions making up the positive first tier

pool. The smallest fragment that contained each STS was

established by continue to divide each positive pool into

thirds (Table 1 and Figs. 9 and 10). This approach reduced

the number of fragments tested by two-thirds in each round.

The total length of the assigned Not I fragments was

39.7 Mb. This figures assumes that some STS (genetically

adjacent and located to the same size Not I fragment) are

located on the same Not I fragment. These experiments

located �63% of the Not I cleaved DNA of chromosome 20

(chromosome size = �63.6 Mb). (http://www.ncbi.nih.gov/

genome/seq/ (September 2003)). No STSs were assigned to

two different regions and only one STS produced no signal.

No STS was assigned to a fraction containing fragments

>7 Mb. The total Not I fragment size in the Alu

hybridization experiments was 23.4 Mb (as in Fig. 2). This

number is in remarkable close agreement with the actual

total seen in the experiments (see above).

Multiple cloneless libraries can be generated from

additional PFG fractionations. Hence, it was important to

determine the reproducibility of the slicing protocol and STS

assignment. The reproducibility was tested by comparing

the STS assignments on several cloneless libraries generated

by different individuals at different time. The results showed

that there was remarkable agreement between the cloneless

libraries generated at different times (data not shown).
Fig. 9. Scheme for STS content mapping of a Not I fragment cloneless

library of human chromosome 20. First, STS were mapped to superpools

corresponding to maximum resolution windows of >1 Mb, 1–3 Mb or

>3 Mb. The pools are successively broken down by thirds until each

STS was assigned to a specific fragment.

http://www.ncbi.nih.gov/genome/seq/
http://www.ncbi.nih.gov/genome/seq/
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Fig. 10. Summary of STS analysis of a chromosome Not I cloneless library. This table tabulates the results obtained with 56 STS content at different tiers as

described in Fig. 8 and text.
4. Conclusions

There are a number of reports on the usefulness of DNA

directly from agarose. Most involve removal of agarose

because of the perceived presence of inhibitors for enzyme

manipulations (e.g. [33–37]) that in other cases are not seen
(e.g. [38]). In some cases, enhanced sequencing results have

been reported for reaction products embedded in agarose

[39] and direct sequencing of agarose embedded DNA has

been reported [40].

However, besides our own work few researchers choose

to analyze DNA in agarose. Most other efforts are focused
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on genomic analysis of parasitic organisms of intermediate

genome size [1,3,41] because these chromosomes do not

condense during cell division and cannot be microscopically

visualized. Today’s technology allows sequencing of small

bacterial genomes in a bottom up approach that avoids the

ordered clone libraries because of the expense of creating

them. However, efficient ordering strategies, especially

those that can be automated could reduce sequencing of

small genomes. In contrast, sequencing of larger genomes

requires a top down approach where chromosomes are

broken into manageable parts.

There is increasing interest in developing inexpensive

and efficient approach [42] that allows sequencing of a large

number of different genomes. Several researchers are

approaches this problem by avoiding clone libraries and

instead sequencing individual DNA molecules. Thus far,

those approaches appear to be particularly useful for

resequencing experiments. In the future decreasing costs

in sequencing should enable do novo sequencing.

The most likely application of the cloneless library

approach is to reduce the cost of de novo sequencing for

new organisms especially with large genomes where no

ordered genomic library is available. Also, cloneless library

fractions can be cleaved with restriction enzymes for a

second size fractionation (and a second dimension cloneless

library), fingerprinted, used as hybridization probes, used to

create clone libraries, screened by PCR, and even

sequenced. Hence, a totally in vitro top-down genomic

sequencing project can be envisioned. For instance, low

complexity agarose embedded DNA could be digested to

sequencing size fragments, ligated to oligonucleotides of

known sequences for attachment to beads in a ‘‘polonies’’

approach that analyzes PCR generated foci in acrylamide

gels [43].
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