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ABSTRACT

Libraries constructed in bacterial artificial chromo-
some (BAC) vectors have become the choice for clone
sets in high throughput genomic sequencing projects
primarily because of their high stability. BAC libraries
have been proposed as a source for minimally over-
lapping clones for sequencing large genomic regions,
and the use of BAC end sequences (i.e. sequences
adjoining the insert sites) has been proposed as a
primary means for selecting minimally overlapping
clones for sequencing large genomic regions. For this
strategy to be effective, high throughput methods for
BAC end sequencing of all the clones in deep coverage
BAC libraries needed to be developed. Here we describe
a low cost, efficient, 96 well procedure for BAC end
sequencing. These methods allow us to generate BAC

end sequences from human and  Arabidoposis libraries

with an average read length of >450 bases and with a
single pass sequencing average accuracy of >98%.
Application of BAC end sequences in genomic sequen-

cing is discussed.

INTRODUCTION

DDBJ/EMBL/GenBank accession nos'

This minimizes the opportunity for DNA rearrangements or
deletions and also minimizes any toxic effects of the cloning in
E.coli cells. However, the low abundance of BAC DNA poses a
challenge for high throughput direct sequencing of the BAC clone
ends due to the difficulty in obtaining sufficient quantities of high
quality template from standard minipreps. There has been some
success with obtaining BAC clone end sequences by inverse PCR
or end rescue PCR method$,( 1), but these involved multiple
complex steps. Previous successful attempts at direct BAC end
sequencing have relied either on large volume preps
(3,4,7,12-14) or on very expensive automation (Autogen 740,
Integrated Separation System$)7(8,12). Our aim was to
develop a 96 well template purification procedure that yielded
enough good quality BAC DNA for one or two sequencing
reactions and a DNA fingerprint. Using a basic alkaline lysis method
(15), combined with a protein-binding reagent, Procidifate
(LigoChem) (L6,17), we were able to develop an alkaline lysis
filter plate prep (TIGR Procipitafé Filter Method or TPF) that

is processed completely in a 96 well format.

The sequencing reactions are also processed in a 96 well
format, including the removal of excess dyes before loading onto
ABD 377XL automated sequencers, so that the entire direct end
sequencing of BAC clones can be performed in an efficient high
throughput manner.

A cloning system based on tscherichia colF factor, referred MATERIALS AND METHODS

to as bacterial artificial chromosomes (BACs), was initially

described by Shizuya and colleagugsl(ibraries constructed in BAC clones were inoculated into triplicate 2 ml 96 well blocks
BAC vectors have become the choice for high throughpwontaining 1.3 ml Luria Broth (LB)16) plus the appropriate
genomic sequencing projects because of their higher stability astibiotic (either 12.5ug/ml chloramphenicol or 2%ug/ml
compared with their YAC or cosmid counterpaitss]. The use kanamycin). The blocks were covered with breathable AirPore
of BAC end sequences (i.e. sequences adjacent to the insert sitag Strips (Qiagen) or plastic lids and incubatedf8~20 h at
has been proposed as a primary means for selecting minimady°C at 325 r.p.m. in a shaking incubator. The BAC DNA

overlapping clones for sequencing large genomic regi. (

purification method is described in FigdreQiagen reagents R1,

A necessary prerequisite of this is a collection of end sequend®2 and R3 are routinely used with the RNase concentrations listed
from all the clones in deep coverage BAC libraries. This is nowelow for Solution I. We have also used an alternate set of alkaline

being pursued for both the human afbidopsisgenomes

(1,2,9).

lysis solutions as followd.§). Solution I: 50 mM glucose, 25 mM
Tris—HCI (pH 8.0), 10 mM EDTA (pH 8.0). Solution | may be

TheE.coli F-factor replicon offers strict copy humber controlprepared in batches, autoclaved and stored®@t fér up to
which limits the number of BACs to one to two copies per cell6 months. Before use, RNase A was added to a final concentration
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TIGR Procipitate ™ Filter (TPF) BAC Multiprep TPF BAC Multiprep Method

Either the Qiagen alkaline lysis buffers R1, R, and R3 or the alkaline lysis
solutions 1, 11, and 11 listed in the Methods section give reliable resulls.
Volumes for both sets of alkaline lysis solutions are given in this protocol.,

Inoculate the same colomy into the
same well location in 3 growth blocks
containing 1.3 mlof LB + sclective
amtibiotic por well Incubate 18-20

1. Inoculate a single colony into 3 x1.3 ml per well of a 2 ml deep hr:m 37°¢ jnm orbital shaking
well block of LB plus the appropriate selective antibiotic, for example, TRSCKIRAD, AL -5 e
chloramphenicol (12.5 pg/ml) (or a single 4 ml culture) and incubate at .
37°C with shaking at 325-350 rpms for approximately 18-20 hours. (A} Peliet the cells by combining fhe grow il
r from all 3blecks inio a single plale, Discard

2. Pellet cells into a 96 well block {combining growths of clones if 1 v ot annd hobd ain o for 8l kst S
using the 3 x1.3 ml blocks), decant broth, and hold on ice for at least 5 mimubes.
iR (B} . m Add the lysis reagenl=
3. Resuspend each pellet in 300 pl Qiagen buffer R1 ( or 100 ul of “”:""” '_”“'““"““""“"-"‘“"““"""T'
iced Solytion 1) plus RNAse A (14 U/ml) and RNAse T1 ( 100 U/ml). ‘-.I;‘:,:Lml i .

It . 2 per well; eover and vorioy well 1o
4. Add 300 pl Qiagen buffer R2 (or 200 pl of Solution 11) per well. PSP

; . : t 2 3 R2 bwaffer: 300 15 prar will covor and mux by show
Seal wells with plastic scal tape and mix by genlle inversion 5 times.

. irversiang inoubate S minnbesal BT,
Incubate at room temperature for 5 minutes.

R bulfen 300 mi per well cover and mix by show

irversior; incubate S mimibes on KT,

5. Add 300 pl of Qiagen buffer R3 ( or 150 ul of ice cold Ammonium
acetale (7.5M) Solution 111) per well. Seal wells with plastic seal tape and s gl g (L
mix by gentle inversion 5 times. Incubate on ice for 5 minutes. (C)

por well; cover and mix by skow inversion far 5
[t mirubes; incababe | minale at BT,
6. Add 100 pl of Procipitate ™ per well. Inverl gently several limes j

during a 5 minule room lemperalure incubation. Lel stand at room
temperature for 1 minute before transferring to filter. (D) . l

7. Using a wide bore pipetle tip, transfer the lysale lo a Qiagen
Turbo filler plate positioned over 20 ml deep well collection plate inside a
vacuum manifold. Vacuum filler using approximately 250-350 mmHg for

: T
about 5-10 minutes. I‘L} Tramsfer Lhe lysates 1o s Ciagen Turbe filler platoe positiened over o
’ i 2l deop well reoever plale inside a vaoaum manifold, Yasaum
8 Add ice cold isopropanol (0.7 volume of filtrate) per well and mix. ller wsing 250350 mend g for shoul S10 ménuten unis! ysale has

Incubate for 30 minutes on ice or at -20 *C. pomphetely filiered.

a, Cenlrifuge for 20 minutes al 4 <C al 1900 xg (2700 rpms using a . Irecipitabe fhe [INA with jor cold isoprepanel and then wash
Beckmann GS6R and a PTS2000 rotor). Decant gently. with 70% ethamod.
10. Wash with 500 gl of 709% ethanol. Spin for 15 minutes al room '. Air dry or vacuum dry and resuspend pelle in 301 of | MM Tris, pHi &0

Load 3 pl cnba a 0A4% agarcee gol and run lor spprosemately 122 e, al 50
wol! b chek yiold and quabity of prep.

temperature al 1900 x g. Decant gently and blot dry. (F)

11. Air dry or speed vac just to dry and resuspend pellet in 30 pl of 1
mM Tris, pH 8.0. (G)

Figure 1.Procedure for the TIGR ProcipitateFilterplate prep.

of 14 U/ml and RNasejTto a final concentration of 100 U/ml. Rox500 Lane Standard (ABD/Perkin-Elmer) was loaded in lanes O

Solution 11: 0.2 N NaOH (freshly diluted from a 10 N stock), 1%and 49 as lane position markers.

SDS (diluted from 10% stock). It is important to prepare this BAC clones from the human libraries are available from Research

solution fresh daily. Solution Ill: 7.5 M ammonium acetate (maysenetics, Inc. (Huntsville, AL) (http:/Amww.resgen.com ), and BAC

be stored at room temperature for up to 1 month). clones from theArabidopsis libraries are available from the
After the DNA had been resuspended and checked by agar@wabidopsis Biological Resource Center, ABRC (Ohio State

gel (Fig. 2), dye terminator sequencing reactions were run adniversity, OH) (http:/Awww.aims.cps.msu.edu/aims/ ).

described in Figure8, and post-reaction removal of excess

dyes was performed using a Sephadex G50 mini-column filt§§ ey TS AND DISCUSSION

plate method as described by the Stanford DNA Sequence &

Technology Center (http://sequence-www.stanford.edu/protocolSkeveral steps in this BAC DNA prep method have been identified

dye-terms.html ). The reactions were then analyzed with an ABEBX critical to the success of the process. First, the growth blocks

377XL automated sequencer using 48 lanes and either 5.0%ust be shaken at a minimum of 325 r.p.m. and the incubation

premixed acrylamide gel mix (FMC) and 34 cm well-to-readimes must be adjusted for each cell line and vector combination

plates or 4.5% premixed acrylamide gel mix (FMC) and 48 crto insure that late log or early stationary phase has been reached

well-to-read plates. One pBluescript control reaction pewithout cell lysis and loss of the BAC plasmid into the media.

48 samples was included to aid in quality control and sampklthough rich media (2 YT broth and MacConnell) substituted

tracking. In addition, 0.5 of a 1:10 dilution of the Genescan for LB increased cell numbers, the increased amount of cellular
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TIGR Direct Sequencing of BAC Clones
Using ABD FS+ or BigDye Terminator Chemistry

Marker

Using approximately 0.5-1.0 ug DNA per reaction or
approximately 10-20 ul* of the template prepared by our
TIGR BAC Clone Multiprep (TPF): FS+ Dye Terminator
reactions in 40 ] total volume or Big Dye DyeTerminator
sequencing reactions in 30 I total volume with 4 mM extra
MgCl, and 10-20 pmoles of the T7 or Sp6 primers or of the

M13-21 or M13R primers, depending on the BAC vector used.

G Dk — B i

Bac DMA - =mesmEn - - - -

Per sequencing reaction: BigDye Term FS+ Term
terminator mix (+ 4 mM extra MgCl,) 12l 16 ul
primer @ 10-20 total pmoles/rxn x il x pl
. ar - BAC DNA (approx. 0.5-1 ug/rxn) 10 pl* 20 pl*
U ] = = = m——————— sterile H,O to bring up volume gs gs_
Bac DN _, [, total reaction volume 30 ul 40 ul

The following cycling protocol is used on a Perking Elmer
9600 thermocycler or a MJResearch PT-100 thermocycler.

96 °C 2 min initial denaturation

96 °C 10 sec

50 °C 5 sec x30 cycles

60 °C 4 min

] . ) 4°C hold

Figure 2. Agarose gel of TPF prep. Typical agarose gel electrophoresis results
of BAC purification using the TPF prep as described in the text and showing
the consistent well-to-well reproducibility and sufficient DNA presenbifb i ; . fone: ex
of the wells. BAC clones are from a human BAC library. Lanes marked M are 1 kb 5323 2;: rgetn]livzyﬂfﬁf‘ ;"sfgf,23‘3‘\’2%"&;3213?; %xecilel
molecular weight marker ranging from 500 bp to 12 kb (Life Technologies). The protocol. The samples are dried in a speed vacuum and
sample lanes contain |8 DNA (10% of the volume of the prep) andul stored covered at 4 °C until loading onto a ABD 377
electrophoresis loading buffer (OWL Separation Systems) per well. The gel Automated DNA Sequencer using a 5.0% LongRanger (FMC)
was 0.4% agarose (Gibco BRL) witlh TAE buffer run at 70 mV for 1 h. gel according to manufacturer's recommendation except that

the entire reaction sample is loaded by resuspending the
sample in 2.0 ul loading buffer and loading 1.8-2.0 sl per well
for 48 lanes.

proteins and RNA in the prep yielded less satisfactory sequencing

results and we recommend using LB for the growth media.

Several growth times were tested for yield of DNA and purity forFigure 3.Procedure for ABD FS+ DyeTerminator or ABD BigDye Terminator
sequencing for each host/ivector combination. The next criticdfFacions:

step is the thorough resuspension of the cell pellet in buffer R1 (or

Solution ). Complete resuspension is necessary for effective cell

lysis and release of maximum amount of BAC DNA at the next The most reliable method for determining the success of a BAC
step. Another important factor was increasing the concentrationultiprep has been by running0% of the final sample volume

of RNase relative to plasmid minipreps due to the larger startimap a 0.4% agarose gel at 80 mV for 2 h, staining with ethidium
culture volume. The fourth critical step is the addition of théoromide and viewing using a Biorad GelDoc system. A typical
Procipitaté] reagent to bind the additional protein, cell debriggel image (Fig2) shows that the prep success rate is >90%.
and membrane-associated chromosomal DNA before filtration. For the dye terminator sequencing reactions, ABD dichlororho-
Because of the low copy number and the triple volume of cells tiamine terminator or ABD BigDye terminator kits (FS+) are used
the starting culture, there is a much higher ratio of proteins andth the modifications indicated in FiguBe We found that with
cellular debris that must be removed to provide the clean DNt#he dichlororhodamine chemistry, a double volume reaction mix
required for fluorescent dye terminator reactions on large inserts. necessary for consistent high quality sequencing of BACs,
The Procipitatél aided in the removal of proteins and the propepossibly due to the fewer number of available priming sites or
flow through the filter plates. The last critical factor was the typ@on-specific polymerase binding. The total reaction volume of
and quality of the filter plates. Two alternative methods foAOpl includes 16ul of FS+ rhodamine dye terminator mix and
filtering the lysates, vacuum and centrifugation, were teste@0 pl of BAC template containingb00 ng DNA. Recently, we
Although centrifugation works, our method of choice is vacuunibegan sequencing both ends from a single 3.9 ml well prep using
filtration because it is faster, more amenable to automation a#BD BigDye Terminator chemistry. This new sequencing
produces more consistent results. We tested several filtratichemistry enables us to use [@0total reaction volume which
plates from a number of manufacturers and found the Qiageontains only 1511 of BAC DNA and 12ul of BigDye dye
TurboFilte] plate to be the most reliable in terms of flowterminator mix. We found that both of these dye terminator
through and consistency from well to well. Experiments on thehemistries do an excellent job of sequencing difficult regions in
stability of the BAC DNA isolated by TPF have shown templatethe template DNA (Fig4 and5).

to be stable for at least 12 weeks when stored@t(Big. 4A), Magnesium chloride is essential for optimum activity of the
and good sequencing results are obtained even on more difficliiq polymerase. We found improved signal to noise ratio and
templates as shown in Figureand5. consistency of reactions when the overall concentration of MgCl
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in the reaction premix is increased. Because a small amountld$e of BAC end sequences for selecting clones to sequence

Procipitaté] leaks through the filter and sequesters some of the . )
Mg2*in the reaction mix, MgGls routinely added to the reaction Ve have employed BAC end sequencing as a primary means of
premix to a final nominal concentration of 4 mM. constructing sequence-ready maps for human chromosome 16 and

Dye terminator reactions for plasmid vectors usually requirg’
[8.2 pmol of primer per reaction. For an equivalent amount
BAC DNA, there are 50-100 times fewer priming sites available,
In addition, the BAC target contains an increased number

imperfect binding sites which may titrate away some p”me%egan by screening the CalTech BAC libratywith 110 STSs

molecules. We found that using 12—20 pmol of primer in .
reaction prevents primer concentration from being a limitin rcirgstgsglaAglnLdﬁ?]ﬁch;!trrg%pi(}g Ic_)l_coafjezgeono?eer gggg git\clvifonn es
factor. Also, by increasing the initial denaturing temperature ar%al ' !

denaturing time to denature the BAC, the reaction yield is bettelrh\ée gsgrggj: nrtg;%?u?ig?] egfd:[ziqlljjrlllcl_e dsf[?s m:gglggl?(%

Due to the larger amount of dyes in the reaction mixtures, the.,\.~on markers. so it was expected that few, if any, contigs of
excess dyes cannot be removed completely using a simple eth3g8l>s "\ould be built from the primary screen based on
precipitation commonly used in plasmid dye primer and terminat@Ts. content and fingerprinting). We therefore selected 36 initial
reactions. Itis necessary to use a 96 well Sephadex G50 (SIgrBcs for sequencing spread throughout the region. End-probes
mini-column method that efficiently removes residual dy&,aye peen developed from each of the seed BACs and used to
labeled dideoxynucleotides from the reaction before analysis Bscreen the library to identify additional clones. From the 36 seed
ABD 377XL sequencers. , BACs, 33 new clones have been selected for sequencing based or
~ There are several advantages of the TPF prep. The entire proggag end sequence indications of overlap. In each case, the clone
is performed in a 96 well format, from clone storage and growtBelected based on the BAC end sequence match was a true overlay

through DNA purification, isopropanol precipitation and final clone. Table summarizes the BACs obtained for rabidopsis
resuspension. Sequencing reactions are also processed in a 96 gyl human projects.

format, including the removal of excess dyes before loading onto the

sequencers. Advantages of using the dye terminator chemistry rather, .
than the dye primer chemistry for direct end sequencing of BA e 1.Summary of BAC sequencing
clones include higher throughput setup and thermocycler use fora

oject, BACs were selected by screening the TAAfbidopsis

AC library (9) with YAC clones from the map constructed by
ward GoodmarQ; http://weeds.mgh.harvard.edu/goodman/

ac_bin/index.html ). For the human chromosome project, we

single tube reaction (as opposed to a four tube reaction) and t'?‘,'f‘ze of region ?;aasa()ps's gg r&zn
ability to use custom primers for more flexibility with primer No. of BACs identified N/A 3008
selection for various BAC vectors and to permit primer walking__ | BAC end 41 596 157 542
directly from BAC clones. Other advantages are better resolution opt@! BAC end sequences

GC rich areas with the elimination of hardstops commonly seen iff ™" -SPecific BAC end sequences  N/A 4328
direct BAC sequencing (FigiB) and the flexibility with primer ~ NO- Of seed BACs ii 3;6

concentration that can be adjusted to account for the small numbBP- of overlapping BACs
of priming sites relative to the total DNA in BACs. Both the prepAveérage size of overlaps 9.2 kb 12 kb
and reaction high throughput methods are amenable to fUtUnge of Chr2
automation. In addition, there I.S ho requirement for equment C'thetsombined total from TIGR (16 392), University of Pennsylvania (9230) and
than common laboratory centrifuges and vacuum manifolds, and thgnoscope (15 874).
relatively low cost per prep is <$1.40. To date, we have generatédial number of overlaps for tzabidopsisChr2 project identified using entire
106 916 human BAC end sequences and 1 AR&HdopsisBAC ~ BAC end database including data from TIGR, UPenn and Genoscope.
end sequences. Our end sequencing success rate for both projects is
[BO%. This percentage refiects both the template preparation ange BaC end sequence data are stored both in a relational
sequencing reactions. _ database structure and as searchable databases. In order t
As may be expected from the lower yield of DNA and the larg&pinimize the impact of repetitive elements in the human genome,
template size, BAC end sequencing reactions are not as robusfshyman BAC end sequence database is searched in two steps
those on plasmid DNA templates. \We have examined severfhe first step is a BLAST search of a database of BAC end
parameters of quality of the BAC end sequences. BAC enghquences which have been masked for repetitive elements by the
sequence reads are processed by the same vector- and qualyeatmaskeprogram 3). Liberal criteria are used to select
trimming routines as our plasmid sequence reads. A key featufgquences to be searched in the second phase. In the second pha:
of the processing is base-calling usiplared (18,19), which  search, a mini-database is constructed from unmasked copies of
reports quality values for each base-cafphedquality score of gl BAC end sequences from the BLAST search which may
=20 indicates that there is less than 1:100 chance that the base-galentially match the query sequence. FASTA is used to compare
is incorrect. These are called high quality bases or HQ bases. Tthe query to the mini-database of unmasked sequémabiiopsis
trimming software was calibrated to result in sequence data tr®\C end sequences are searched using the same two-step methoc
is accurate t@97% in each 50 bp sliding window. BAC end except unmasked sequences are used for both the BLAST and
sequences have, on average, 100 fewer HQ bases than plasAgTA stages. A WWW interface has been developed which allows
sequences trimmed by the same algorithm. The average qualitpmplete BAC sequences (or other sequences) to be used as
timmed read lengths for thArabidopsisand human BAC queries against the BAC end sequence database with the results
end-sequences are 533 and 515 bp, respectively. returned in both graphical and tabular formats (for human
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Figure 4. Direct BAC end sequencing electropherogram$.shows data from a sequencing reaction using a template after 3 months stot@gd ae4emplate
containedArabidopsisDNA reacted with FS+ DyeTerminator chemistry using the M13 -21 universal forward primer as described in Figure 3. Thesigismgoo

to noise ratio and clean data beyond 500 baBg¢shpws a comparison of the same template containing human DNA reacted with the BigDye DyeTerminator
sequencing chemistry (top) and the BigDye DyePrimer sequencing chemistry (bottom) as described in Figure 3. There i®lowd laackgood resolution in the

top panel compared with the increased background and base miscall in the lower panel (indicated b pstonws (two examples of long read data. The top
sequence reads >650 bases and was generated from a template containing human DNA reacted with the BigDye DyeTermimaarhssnisémnyciThe bottom
sequence reads >600 bases and was generated from another template containing human DNA reacted with the FS+ DyeTemuingtoheestey.
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Figure 5. Sequencing data from templates with difficult repeat aréaSéquencing data from a template containing human DNA reacted with FS+ DyeTerminator
chemistry using the Sp6 primer as described in Figure 3. This clone has repeat areas at the beginning of theBhSeqitecing data from a template containing
ArabidopsisDNA reacted with FS+ DyeTerminator chemistry using the M13 -21 forward primer as described in Figure 3. This clone heysean &Ea at the
beginning of the insertQ) Sequencing data from a template containing human DNA reacted with BigDye DyeTerminator chemistry using the T7 prinfeeds descr
in Figure 3. This clone has initial repeat areas and then more repeats at bases 300-400.

BACs: http:/mww.tigr.org/tdb/humgen/bac_end_search/bac_end An example of the alignments of a contig and several
search.html ; forArabidopsis BACs: http:/imww.tigr.org/tdb/at/  possible BACs to choose for contig extension is shown in
atgenome /bac_end_search/bac_end_search.html ). Figure®6.
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a a <a . - > — .
I i ! !
1800 1790 1780 1770 1760 1750 89860 89870 89880 89890 89900 89910
TO1BO8 ’I'IGAGGCAGCC'I‘G:\ACATMGMTTCCMCAWAGWGCGCTAGT'[’CMWGMTFCCAA TO6B20 AATCAGATCCTATAATTC! CAGTGTATACCMGCTTCC’XV‘:\TC’I'I'I‘AAAL ACTTTTAGGCA
" ATTAGTOGCGETAGTIERATTANTTC AR *e Acc&-'réc'i\é,ifc}ﬁ-fé\,;\déﬁﬁ;ééd
10 20 30 30
1740 1730 1720 1710 1700 1690 89920 89930 89940 89950 89960 89970
TO1B08 ATACTTAACACTATTATCTCTGATTAATACTTCAAACTACTCAACAATGTGCTTATATAT TO6B20 AATATAATTTCTTGTCCTTTCTTACTTAGAACCATTCTTCACATGAGAACCATCATTTGT
1 ATACTTAACACTATTATCTCTGATTAATACTTCNAACTACTCAACAATGTGCTTATATAT 6 AA%A%AA&%&&.&&&%&MA&TTA&A,&&cAﬁéivic’.ic’AxﬁAé,;Ac' CATCATTTGT
5 90 S0 60 80 90
1680 1670 1660 1650 1640 1630 89980 89990 90000 90010 90020 90030
TOLBO8 CAAATCAATTTGATACTTAAAATACTTCAAAAACTATTAGGCATTATGAGTAAGCAACCA TO6B20 GTATATATATTAATAACTTTCAAAACCTTAATAATGATCACGACATAAAATCTTTATAAT

#1 AA’I'I'I‘CATACT'X‘AA.NA’HI"NTCAGA.A.ACTR’I'X‘:\GGCATI‘ATGANTAANCAACCA #6 GTATATATATTAATAACTTTCAAAACCTTAATAATGATCACGACATAAAATCTTTATAAT

10 110 120 130 140 150 100 110 120 130 140 150

1620 1610 1600 1590 1580 1570 90040 90050 90060 90070 90080 90030
TO1BO8 TACCAGAGAAAGATAGGTACTTTACTTTATACTCAAGAACAACCAAAAATTTTCAGTCTA T06B20 GAGAGCGGGTCATTACAGGTGAACTCCTTTGTCCGTCATATCAGCCGTCTTAGAAGCTCG
3 TACcAGAGAAAGATAéCTAcmALMATA&&NAACAA&MMA&&A t6 GAGAGCGGGTCATTACAGGTGAACTCCTTTGTCCGTCATATCAGCCGTCTTAGAAGCTCG
70 180 190 210 160 170 180 190 200 210

1560 1550 1540 1530 1520 1510 90100 90110 90120 90130 90140 90150
TO1BOS AGCCTCTTCATTTCTCCGGCCTAACTGTCTCCCATGAATTTAATAGACGCGAATATGGAA TO6B20 TATGTGCCCAATACTCTCAGGACCAGCCCTGAGCTCGTATGCATTAATTACTGATCTSGT
I3 AGCCTCTTCATTTCTCCGGCCTAACTGTCTC LLA‘IV‘:;u.\'i‘C)\-LS\AT Q&Aéééé&ﬁﬁié;ﬁ t6 iAiéT'éééé}s.&fAééF'féAc'éAcCAGécc‘rééccrfcmmc&ﬁ@ﬁ:&c'%AT:”\&GT
220 230 240 25 270 24 50 270

1500 1490 1480 1470 1460 1450 90160 90170 90180 90190 90200 90210
TO1808 TTACTOCAATAACCACARACATTCAGAAAARAAAATGAGTGAGAAGACGCGTCCTATATA T06B20 TTTAAAATTTGTATATATACGTACATAGCCATATGGGATACTTCAAATGTATGATTTTGT

L3S "ﬂ‘Mr’X’GC . #6 ’FX'FAMAT'I'IGTATATATAC GTACATAGCCATATGGGATACTTCAAATSTATGATTTTGT
310 320 330

Figure 6. An example of BAC end sequence matches used to select clones for continued genome sequencing. Gapped alignments betveseu&iesand
genomic sequence identify possible BAC clones to extend sequencing contigs with a minimum amount of sequencing redusdaenyafithabove shows the
relative position of BAC end sequence matches to completed BAC sequences. The alignmeAtslufithesisBAC clones T01B08 and TO6B20 against the end
sequences numbered 1 and 6, respectively, are shown to illustrate the quality of the sequence data obtained from diresgiB&Qciergdusing the described
methods. The sequence indicated in bold represents the restriction enzyme cleavage sites in the genome that were usetbndeh BALC6 were constructed.

As noted above, each human BAC end sequence has beegwl these data are very useful in providing information that
analyzed by the repeatmaskmogram. Results of the repeat identifies new BAC clones to add to the genomic sequencing
content analysis are presented in Tabl€he overall fraction of efforts. BAC end sequences also can be made into STSs. The
DNA in each repeat class is as expect&s), (providing some  Stanford Genome Center is currently using BAC end sequences
indication that the BAC library and the end-sequence dataset a&& STS markers on the whole genome radiation hybrid map, thus
representative of the genome. Interestingly, >40% of the sequengesviding a link between chromosome location and a physical
are completely free of repetitive DNA and are thus likely to b&NA clone (E.Beasley, personal communication).
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