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ABSTRACT

Development of yeast artificial chromosome (YAC) vectors, molecular
cloning of large segments of chromosomal DNA, and their propagation in yeast
cells has become feasible. Overlapping YAC provides a route to the development
of physical maps of entire mammalian chromosomes. A rapid method was
developed toisolate and sequence termini of YACinserts quickly. The YAC clone
isdigested with arange of restrictionenzymes, and ligated with a linker at its ends.
Thedigested fragments were amplified using modified vector specific primers and
a universal linker primer. PCR products were sequenced and the information used
to drive new sets of primers for screening of YAC libraries to obtain overlapping

clones and construct existing YAC contig.
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INTRODUCTION

The development of yeast artificial chromosome (YAC)
cloning vectors' made it possible to clone large DNA
segments of up to 1 megabase and has provided swong
impetus to efforts of generating physical maps of large
genomes. Long range physical maps are often obtained
from large collections of YAC contigs,overlapping of YAC
clones mostly isolated by a process known as chromosomal
walking.? An important step in chromosome walking is
isolation and sequence analysis of YAC termini. Such
sequences can be used in restriction map construction of
YACs or as sequence tagged sites (STS), landmarks for the
mapping of complex genomes® or to screen YAC DNA
libraries by polymerase chain reaction (PCR). The PCR
products are in tum used as probes to identify individual
YAC clones by filtration hybridization in the final step of
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screening.

Severalmethodshave been describedaccording to which
terminal sequences of YAC inserts can be isolated. One
approach would be to clone encompassing termini of YAC
inserts intobacteriophage, plasmid orcosmid vectors through
subcloning.>* A major shortcoming of this approach is that
itis arather ime consuming and labor intensive procedure.
Others® have described a method in which the termini of
YAC inserts can be isolated via insertion of rescue plasmids
into the YAC vector. This method allows the isolation of
DNA fragments up to 20 Kb. However, this technique also
appears to be time consuming,.

Several more rapid methods also exist. They are based on
PCR technology. Inverse-PCR involves digestion of the
insert with a restriction enzyme, ligation of the Y AC-insert
end into a circular double-stranded DNA and production of
PCR products through amplification with primers. Primers
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are designed in such a way as to direct the amplification in
opposite direction from the vector region.”

Vectorette PCR isanothermethod toretrieve an unknown
sequence flanking a region of known sequence. The basic
vectorette PCR strategy has been decribed previously.®%
Briefly, a vectorette-linker library is constructed from
digested DNA for use in the PCR. The duplex vectorette
linker consists of two annealed oligonucleotides of
complementary sequenceflanking anonhomologousregion
resulting in a "bubble” in the DNA. The primer specific for
the vectorette has identical sequence to the nonhomologous
region of the linker. The specificity of the PCR is achieved
by performing primer extensionreactions from a sequence-
specific primer to a vectorette linker in the adjacent
unsequenced DNA (Figure 1). The synthesized sequence is
complementary to the vectorette-specific primer in
subsequent PCR cycles. Therefore, aspecific DNA fragment
can be amplified from a complex mixture of yeast genomic
DNA and yeast artificial chromosome and recovered for use
in sequencing reactions.

Variations of the vectorette PCR method have been
proposed where the oligonucleotide linker sequence is
designed to produce maximal amplification.?'?2

‘We report a rapid and improved vectorette PCR method
for the isolation of YAC-insert end and sequencing. The
primers are constructed in sucha way as to produce optimal
PCR products. The method offers an improvement on
previous reports and a large number of YAC ends can be
characterized in a short time.

MATERIALS AND METHODS

Construction of vectorette libraries

The construction of mouse genomic YAC and isolation
of YAC colonies has been described previously.?>*
Individual YAC colonies were used to innoculate 5 mL
aAHC medium (6.7g/L yeast nitrogen base without amino
acid, 10g/L casein hydrolysate-acid, low salt, 40 mg/L
adenine hemi-sulphate, pH 5.8), and shaken overnight at
200 rpm and 30°C. Yeast cells containing the YACs were
harvested by centrifugation (3,000 rpm, Smin), and washed
two times in 50 mM EDTA, pH 8.0. The cells were
resuspended to 3.5x108 cells/mL density in solution A (1.2
Msorbitol, 20mMEDTApH7.5,14mM B-mercaptoethanol)
containing 20 pL of 2 mg/mL zymolyase (ICN, Paris,
France). An equal volume of 2% Sea Plaque agarose (FMC
Bio Products, Hess.- Oldendorf, Germany) in solution A at
40°C was added. The two solutions were mixed gently and
80 uL blocks cast into cleaned, prechilled block formers.
The blocks were then placed at 4°C and allowed to set,
before they wereexpelledinto 2-3 volumes of solution A for

1 hourtoallow spheroplast formation. The blocks werethen
transfered to solution B(0.1MEDTA, 10 mM Tris-HCl, pH
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First round of PCR Amplification of vectorette ibraries
Fig. 1. Sequence of vectorette oligonucleotide showing the position
of the universal amplification, and the schematic
presentation of the first PCR reaction.

5‘CCGCCCAGTCCTGCTCGCTTCGCTACTI'GGAGCCACTATCGAIE)E':IJ
WCATGGCGACCACACCCGTCCTGTGGATCAATTCCCTTTA
GTATAAATTTCACTCTGAACCATCTTGGAAGGACCGGTAATTATTTC
‘ AAATCTCTTTTTCAATTGTATATGTGTTATGTTATGTAGTATACTCTT
TCTI'CAACAATTAAATACTCTCGGTAGCCAAGTTGGTTFAA&%CGC
‘AAGACTTTAATTTATCACTACGGAATTCCGTAATCTTGAGATCGGGC
@_T_TC_GATCGCCCCGGGAGA'I'IWRI'GTWTTATGTCTTCCA'ITCA
CTTCCCAGACTTGCAAGTTGAAATATTTCTTTCAAGGGAATTGATCC
TCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGT
GCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGAT
CGGGCTCGCCACTTCGGGCZ’ »

Fig. 2. Nucleotide sequences flanking the EcoRI cloning site in the
pYACH4 vector, which was used for the construction of the
first generation of YAC library, as shown. The relative
position of the primers LE-1, LE-2, RE-1, and RE-2 are
indicated.
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Table I. Sequences of the primers used for the vectorette PCR.

1. k Upper linker 5'-CTCTCCCTTCTCGAATCGTAACCGTTCGTACGAGAATCGCTGTCCTCTTCCTTC-3'
2. Lower linker 5'- GAAGGAGAGGACGCTGTCTGTCGAAGGTAAGGAACGGACGAGAGAAGGGAGAG-3'
3. 224 5'“CGAATCGTAACCGTTCGTACGAGAATCGCT-3'
4. RE-1 5'-GGTGATGTCGGCGCTCTCGGCGCCAGCAAC-3'
5. LE-1 5'-GCTACTTGGAGCCACTATCGACTACGCGAT-3'
6. RE-2 5'-“TCGAACGCCCGATCTCAAGATTAC-3'
7. LE-2 5'-TCTCGGTAGCCAAGTTGGTTTAAGG-3'
8. ngble sequencir]g 5'-CGCTGTCCTCTCCTT-3'

primer :
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Fig. 3. Agarose gel electrophoresis of end fragments recovered by vectorette-PCR. End fragments are shown fr

5 YAC end digested with six different enzymes (A: Alul; E: EcoRV; H: Hinclll; P: Puvl; R: Rsal; S: Scai;

M: 100 bp ladder; BRL).

8.0, 1.0% lithium dodecyl sulfate) and incubated at 37°C for
1 hour. The agarose blocks were transfered into a fresh
solution B and incubated at 37°C overnight. They were
washed in 5 mL of 1X NDS (5X NDS solution: 186 g/L
EDTA, 1.2 g/L Tris-base,pH 9.0, 10 g/ N-laurylsarcosine)
for 2 hours at room temperature. The blocks were transfered
into TE buffer and stored at 4°C. The agarose blocks are
stable for over two years.

Each agarose block was cut into 3 equal slices. Prior to
restriction digestion, blocks containing high molecular
weight yeast/YAC DNA were incubated in H,O for 20
minutes at 4°C to remove excess salt. Aqueous wash was
repeated two more times. Subsequently, the agarose slices
were placed in the appropriate 1X restriction enzyme
digestion buffer (500 yL) and incubated for 30 minutes at
the temperature at which digestion was supposed to be
carried out. The restriction enzyme digestion buffer was
removed and replaced with 200 pL of the fresh digestion
buffer containing 25 units of the appropriate restriction
enzymes. YAC miniprep DNA was digested with Alul,
EcoRYV, Hincll, Pvull, Rsal, and Scal (all from GibcoBRL,

Gaithersberg, MD, USA). Digestion of YAC slices were
carried out for 4 hours at the appropriate temperatures. At
the end of incubation the digestion buffer was removed and
the content of the tubes were heated to 65°C for 15 minutes
to denature the restriction endonuclease activities and melt
the agarose slices.

Two microliters of the melted agarose was added into
ligation mixture containing 10 pL 5X ligation buffer (0.25
MTris-HCl, pH7.5,50mM MgCl,,5mM ATP, SmM DTT,

- 25% polyethylene glycol PEG-8000), 1uL T4 DNA ligase
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¢5 U/uL), 1 pL of P-agarase (New England Bio Lab,
Beverlym, MA, USA), and 2 pL of linker oligonucleotides
(i.e., bottom strand + top strand).The final volume of the
ligation mixture was adjusted to SOML with H,0. Information
concerning the linker sequences is provided in Table I
Following incubation for 1 hour at 37°C (or overnight at
room temprature), the volume of the ligation mixture is
adjusted to 200 pL with HO and stored at -20°C. All
chemicals were of highest purity and purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Culture media were
obtained from Difco Laboratories (Detroit, MI, USA).
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Primers and linker oligonucleotides were purchased from
Genset (Paris, France).

PCR amplification of vectorette libraries

PCR amplification was carried out on a Perkin Elmer
Thermocycler (Norwalk, CT, USA). Priiners RE1 and 224
(Table I) were used for amplification of the right end and
LE1 and 224 were used for amplification of the left end. In
50 pL PCR reaction, containing 10 mM Tris-HCI, pH 8.3,
50mMKCI, 1.5 mMMgCl,,0.01% gelatin, 0.2 mM dNTPs,
1.0pmoleofeachprimerand 1.0unitof Tag DNA polymerase
{(Perkin Elmer), 100 ng of ligation mixture was added. In
total, 35 cycles of PCR were performed with primary
denaturation at 94°C for 9 minutes. Subsequent cycles
consisted of denaturation for 1 minute at 94°C, annealing for
1 minute at 62°C and extension for 1 minute at 72°C. The
PCR amplification reaction was completed by a final round
of extension at 72°C for 7 minutes. Aliquotes of the reaction
were analyzed on 2.0% agarosegel. Oneto 100-500dilutions
of the first PCR products were used as DNA templates for
the second round of PCR amplification (nested PCR) using
primer RE2 and 224 for the right end and LE2 and 224 for
left end amplification. The annealing temperature for the
second round of amplification was raised to 65°C. All the
other PCR conditions were similar to the first round of
amplification. The reaction mixture was analyzed by 2.0%
agarose gel and stored at -20°C. '

Direct sequencing of the amplified ends

For sequencing of the PCR products with fluorescent-
labeled dideoxyterminator (Prism Ready Reaction, Applied
BiosystemKit, Foster City, CA,USA),2 uL of thesecondary
PCR reaction products were added directly to a 18 pL
volume of sequencing reaction mixture containing 0.5 puL
(10 pmole) of the same specific primers, i.e. RE2 for the
right end and LEZ2 for the left end, used for the PCR
amplification of the ends, 8 pL of the dye terminator mix
from the kit and 9.5 pL of H,0. Cycle sequencing was
carriedout on a Perkin Elmer (Norwalk,CT,USA) geneAmp
System 2400 thermocycler using 25 cycles of 96°C for 10
seconds, 50°C for 5 seconds and 60°C for 4 minutes.
Sequencing of the dideoxy products was performed on an
automated DNA sequencer 373A (Applied Biosystem)
according to themanufacturer’s protocols and the sequences
were analyzed with Sequence Navigator Program on an
Apple Maclntosh computer.

RESULTS AND DISCUSSION

In order to facilitate and accelerate the isolation of a
series of overlapping YAC clone sequential screening
experiments, wesoughtarapid and highly reliable procedure
to isolate and sequence the terminal fragments of DNA
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inserts of YAC clones. Figure 1 provides the outline of the
method. Yeast spheroplasts were prepared andimm obilized
in agarose blocks and equilibrated in buffer to remove
impurities prior to restriction endonuclease digestion. Since
the size of most YAC clones are fairly large, i.e., more than
100 Kb, it is important to avoid degradation of the YAC
clones during the course of the reactions. For thisreason, the
YAC DNA was prepared in agarose blocks to reduce
degradation.

After digestion with an appropriate restriction
endonuclease, the resulting DN A fragments were ligated to
synthetic blunt-ended oligonucleotide duplexes. R estriction
endonucleases were chosen to produce blunt-ended cuts.
Although with this method it is also possible touse cohesive-
end producing restriction enzymes, various types of
oligonucleotides are needed for given cohesive-end
producing enzymes, whereas with the blunt-ended enzymes
one oligonucleotide pair can be used for all the restriction
endonucleases. The synthetic oligonucleotide duplexes are
called vectorettes and the ligation production of restriction
enzyme-digested DNA with vectorette duplex is known as
vectorette library. Enzymes that cut at the cloning site
(insertionsite) or cut between the cloning site and the primer
annealing region of the Y AC vector (bothin the right and the
left arms) are not suitable for the generation of libraries.”

Primer 224 has been designed in such a way that it is
identical to a non-complementary portion of the bottom
strand of the duplex. Only terminal fragments containing
vector sequences are produced from the yeast vector primer
and primer 224. Products can only be synthesized from
primer 224 if an initial round of synthesis has taken place
from the yeast vector primer (Figure 1). Therefore, only
specific amplification products can be amplified from the
termini of the YAC inserts. The sequence of YAC vectors
and the position of primers are shown in Figure 2. YACs
assigned by PCR screening to the mouse chromosome 15
were tested in this report. The Y AC clones were cut with
Alul, EcoRV, Hinclll, Pvull, Rsal, and Scal.

For most YAC clones, the first round of PCR reaction
did not provide enough DNA for sequencing, therefore a
second round of PCR reaction with inter-vectorette primers
was performed. The ability to recover specific vectorette
PCR products depends on the purity of YAC DNA (i.e.,
stable YACs), the complexity of genomic DNA, the
frequency of restriction sites in the DN A used to prepare the
vectorettelibraries, and the specificity of vectorette primers.
The latter was optimized by designing primers with a
relatively high GC content (54-58%), which permitted the
use of a high annealing temperature (65°C) during PCR.
Figure 3 shows the agarose gel electrophoretic separation of
the second PCR reaction products of mouse Y AC vectorette
PCR products.

For most YAC clones more than one amplified reaction
was obtained for a given end; therefore it was possible to
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verify the result of DNA sequencing of one YAC end with
the restriction digestion of at least two enzymes. The
sequencesobtained from the Y ACends were used to construct
anew set of primers and screen the existing YACs for the
overlapping region and/or screen YAC DNA libraries for
new YAC clones.

The present vectorette amplification of the YAC-insert
junction and construction of the vectorette library will
facilitate construction of YACcontigsandspeed up genomic
walking which is very important for any genome study.
With the protocol introduced in this report, it is possible to
produce Y AC-insertinformation in two days. The insertend
sequences will be helpful to retrieve new YAC, BAC, P1 or
cosmids from human and mammalian libraries.

REFERENCES

1. BurkeDT, Olson MV: Cloning of large segments of DNA into
yeast by means of artificial chromosome vectors. Science
236: 806-812, 1987.

Schlessinger D: Yeastartificial chromosome: tools for mapping
and analysis of compiex genomes. Trends Genet 6: 248-258,
1990.

OlsonM, Hood L, Cantor C, Botestein D: A common language
for physical mapping of the human genome. Science 245:
1434-1435, 1989.

Bronson SK, Pei J, Taillon-Miller P, Chorney MJ, Geraghty
DE, Chaplin DD: Isolation and characterization of yeast
artificial chromosome clones linking the HLA-B and HLA-C
loci. Proc Natl Acad Sci USA 88: 1676-1680, 1991.
Huxely C, Hagino Y, Schlessinger D, Olson MV: The human
HPRT gene on a yeast artificial chromosome is functional
when transfered to mouse cells by cell fusion. Genomics 9:
742-750, 1991.

Hermanson GG, Hoekstra MF, McElligott DL, Evens GA:
Rescue of end fragments from yeast artificial chromosome by
homologous recombinant in yeast. Nucleic Acid Res 19:
4943-4948, 1991.

Triglia T, Peterson MG, Kemp DJ: A procedure for in vitro
amplification of DNA segments that lie outside the boundries
of known sequences. Nucleic Acid Res 16: 8186, 1988.
Ochman H, Gerbe AS, Hartt DL: Genetic application of an
inverse polymerase chain reaction. Genetics 120: 621-623,
1988.

Silverman GA, Ye RD, Pollock KM, Sadler JE, Korsmeyer SJ:
Use of yeast artificial chromosome clones for mapping and
walking within human chromosome segments 18q21.3. Proc
Natl Acad Sci USA 86: 7485-7489, 1989.

Riley J, Butler R, Oglivie D, Finniear R, Jenner D, Powell S,
Anand R, Smith JC, Markham AF: A novel method for the
isolationofterminal sequence fromyeastarificialchromosome
(YAC) clones. Nucleic Acid Res 18: 2887-2890, 1990.

10.

133

11. Amold C, Hodgson 1I: Vectorette PCR: a novel approach to
genomic walking. PCR Methods Application 1:39-42, 1991.
Frohman MA, Dush MK, Martin GR: Rapid production of full-
length cDNAs from rare transcripts: amplification using a
single gene-specific oligonucleotide primer. Proc Natl Acad
Sci USA 85: 8998-9002, 1988.

LohEY, ElliotJF, CwirlaS, Lanier L, Davis MM: Polymerase
chainreaction with single-sided specificity: analysis of T-cell
receptor 8 chain. Science 243: 217-220, 1989.

Ohara O, DoriteRL, Gilbert W: One-sided polymerase chain
reaction: the amplification of cDNA. ProcNatl Acad Sci USA
86: 5673-5677, 1989.

Mueller PR, Wold B: In vivo footprinting of a muscle specific
enhancer by ligation mediated PCR. Science 246: 780-786,
1989.

Parker JD, Rabinovitch PS, Burmer GC: Targeted gene
walking polymerase chain reaction. Nucleic Acid Res 19:
3055-3060, 1991.

Isagawa Y, Sheng J, Sokawa Y, Yamanishi K, Nakagami O,
Ueda S: Selective amplification of cDNA sequence from total
RNA by cassette-ligation mediated polymerase chainreaction
(PCR): application to sequencing 6.5Kb genome segment of
hantavirus strain B-1. Cell Probes 6: 467-475, 1992.

Allen MJ, Collick A, Jettrey AJ: Use of vectorette and
subvectorette PCR to isolate transgene flanking DNA. PCR
Method Application 4: 71-75, 1994.
Moynihan TP, Markham AF, Robinson PA: Genomic analysis
of human multigene using chromosome-specific vectorette
PCR. Nucleic Acid Res 24: 4094-4095, 1996.

Lench NJ, Norris A, Bailey A, Markham AF: Vectorette PCR
isolation of microsatellite repeat sequences using anchored
dinucleotide repeat primers. Nucleic Acid Res 24: 2190-
2191, 1996.

Kete J, Nagaraja R, Mumm S, Ciccodicola A, D’Urso M,
Schlessinger D: Mapping human chromosomes by walking
with sequence-tagged sites from end fragments of yeast
artificial chromosome inserts. Genomics 14: 241-248, 1992.
Brownstein BH, Silverman GA, Little RD, Burke DT,
Korsmeryer SJ, Schlessinger D: Isolation of single copy
human genes from library of yeast artificial chromosome
clones. Science 244: 1348-1351, 1989.

Burker DT, Rossi JM, Leung J, Koos DS, Tilgman SM: A
mouse genomic library of yeast artifical chromosome clones.
Mammalian Genome 1: 65, 1991.

AnandR, VillansanteA, Tyler-Smith C: Constructionof yeast
artificial chromosome libraries with large inserts using
fractionation by pulsed-field gel electrophoresis. Nucleic
Acid Res 17: 3425-3433, 1989.

Anand R, Riley JH, Butler R, Smith JC, Markham AF: A3.5
genome equivalent multi-access YAC library: construction,
characterization, screening and storage. Nucleic Acid Res 18:
1951-1956, 1990.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.





