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ABSTRACT uiheted o
Q
It is possible to perform a combined amplification and fomplate «— 3
sequencing reaction (‘DEXAS’) directly from complex g
DNA mixtures by using two thermostable DNA poly- — | 8
merases, one that favours the incorporation of e / g
deoxynucleotides over dideoxynucleotides, and one Lo =
which has a decreased ability to discriminate between Aoc e T g
these two nucleotide forms. During cycles of thermal — aan g
denaturation, annealing and extension, the former e ddA «— )
enzyme primarily amplifies the target sequence whereas g
the latter enzyme primarily performs a sequencing S
reaction. This method allows the determination of polymerase  H—> é
single-copy nuclear DNA sequences from amounts of - (FE67Y) «— »
human genomic DNA comparable to those used to c
amplify nucleotide sequences by the polymerase 8
chain reaction. Thus, DNA sequences can be easily Figure 1. Schematic illustration of DEXAS and the ‘two polymerase’ concept. =
determined directly from total genomic DNA. Each reaction tube contains (among other components) template DNA, o

labeled and one unlabeled primer, dNTPs, one of the four ddNTPs, one DN

olymerase carrying a mutation reducing its discrimination against ddNTP&
Cycle sequencing’'lj generates a sequence reaction durm@f here F667Y), and one DNA polymerase which does not. The former enzyms;
repeated cycles of thermal denaturation and extension of all incorporate dNTPs as well as ddNTPs, thereby creating a sequencing.

oligonucleotide primer usmg a thermostable DNA polymeraseladder, while the latter polymerase will incorporate preferentially dNTPs, thuss
One of its advantages is that it requires drastically less temp|a¢f@atmg mainly full-length products, which supply the reaction with additional X!
DNA than other DNA sequencing approaches. However, since it quencing template.
does not exponentially amplify the target sequence, as is achieved

by the polymerase chain reaction (PCB) it has hitherto been in spite of these measures, impractically high amounts of genor%tc
impossible to use cycle sequencing procedures to directly determiblA (>0.8 ug) are needed to determine single-copy sequenc@s
nucleotide sequences from complex genomes. Attempts itothe human genome by DEXAS)(

develop such methods have yielded two-stage protocols, e.gWWe speculated that the requirement for large amounts &f
‘coupled amplification and sequencing’ or CAS4f, where in  template DNA in DEXAS might be due to the fact that mang
a first stage a sequencing template is generated by PCR, and @xgnsion products are terminated through the incorporation d¢a
second stage sequencing as well as additional amplification of th@NTP rather than extended to the other primer binding sifg,
target sequence is achieved. Recently, a further developmeahgreby stifling the exponential amplification of the targe%
‘direct exponential amplification and sequencing’ or DEXB)S ( sequence. Therefore, we investigated whether a combinatiorgof
achieved the amplification of the template DNA as well as thevo DNA polymerases that differ in their ability to mcorporatél’,
sequencmg reaction simultaneously in a single reaction, usiddNTPs might solve this problem by uncoupling the producthg
two primers, a mixture of deoxynucleotides (ANTP) and dideoxysf templates from the production of sequencing laddersX{fig. H
nucleotides (ddNTP), and a thermostable DNA polymerase Two oligonucleotides spanning a 382 bp region of the CCR5
carrying the F667Y mutatior6) (e.g. ThermoSequendds  gene {) were synthesized, one of which (CCR5-2) was labeled
Taquenast™, AmpliTagFSM), which allows the enzyme to at the 5end with fluorescein, whereas the other (CCR5-1) was
incorporate ddNTPs with an efficiency approaching that afinlabeled. Three pairs of DEXAS reactions were set up, each
dNTPs. Of importance for the generation of readable sequenastaining 6 pmol of the labeled primer, 3 pmol of the unlabeled
by DEXAS is that unequal ratios of the two primers are used apdmer, 2ul ThermoSequena8¥ reagents, containing thermostable
that these are of sufficient length (>25mers) to allow a higpNA polymerase with the F667Y mutatid),(reaction buffer,
temperature to be maintained throughout the reaction. HowevdNTPs, ddNTPs as well as 500, 120 and 60 ng of whole genomic
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Figure 2. Sequencing reactions from 120 ng of template DNA with and without
Tag DNA polymerase. The following oligonucleotides were used: (CCR5-1)
5-GGC TGG TCC TGC CGC TGC TTG TCA T:3CCR5-2) 5CTG CTC

CCC AGT GGA TCG GGT GTA AAC-3Two 24pl mixtures containing 6
pmol labeled and 3 pmol unlabeled primers, 120 ng whole genomic DNA and
either 0.5 U of AmpliTad™ DNA Polymerase (Perkin-Elmer, Norwalk, CT,
USA) or no extrdaqpolymerase were prepared, and aliquotspdfe@ided to
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Figure 3. The effect of adding various amountsTafj DNA polymerase to
DEXAS reactions. Aliquots of 60 ng of whole genomic DNA were subjected2-
to a DEXAS reaction using 6 pmol of a FITC labeled primer (CCR5-2) and &
pmol of an unlabeled primer (CCR5-1). The region depicted in the windows i€
20 bp away from the end of the DEXAS product. The amourfag®NA

polymerase added to the reactions are indicated. TheWlls6ftware was not

2 Wl reagent mix (A, C, G and T, the supplier of the ThermoSequethast able to process a sequence in cases where 0 orTAg@RNA polymerase had

does not provide information on the contents of these solutions). Sequenciné’een added.

reactions were performed in a thermal cycler with heatable lid (MJ Research,

Watertown, MA). The reactions were stopped by the addition jaf &

formamide containing 20 mM EDTA (pH 7.4) and 6 mg/ml dextran blue, when 60 ng of genomic DNA was used, no readable signal
followed by denaturation for 4 min at95. Sequence reactions were analyzed
onan A.L.F”M (Pharmacia Biotech, Uppsala, Sweden). In all cases, HydroLink
Long Rangef™ (FMC, Rockland, ME) gels and 30 cm glass plates were used.
Gel conditions were as recommended by the supplier.
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obtained withouTag DNA polymerase whereas 348 bases Wi\t,%l
six ambiguities were called in its presence. THas} DNA @
polymerase drastically increases the ability of DEXAS t&
determine DNA sequences from small amounts of genomic DNg.

In order to determine the optimal amount T#g DNA S
DNA, respectively. One of the two reactions in each pair was jmlymerase necessary to enhance the DEXAS reactions, fﬁ/e
addition supplied with 0.5 U of unmodifiddq DNA polymerase.  reactions were performed to which 0.0, 0.25, 0.50, 1.0 and 2.02U
The reactions were incubated at@3or 3 min to allow complete of TagDNA polymerase were added. The results @jighow that =
denaturation of the template DNA before 45 cycles, eadlhereas no readable sequencing reaction is generated in §he
composed of 30 s at 8 and 40 s at 9%, were performed. The absence dfagDNA polymerase, a clear and processable signal g
reactions were terminated by the addition of formamide, heaténl 20 bp away from the end of the template is generated in e
at 95 C for 4 min, and loaded on an A.L"® sequencing device. presence of 0.25 or 0.50 UTaf DNA polymerase. Where 1.0 U 2,

In all cases wherBagDNA polymerase had been added to théhad been added a readable signal was generated but a numbgr ¢
reactions, the signals towards the end of the sequencing reacfighstops as well as an increase in the background resulted indan
that correspond to full length amplification products weréncrease in ambiguous bases called. Where 2.0 TAoDNA 8
enhanced (FigR). In addition, the artefacts within the first 40 polymerase were added, the sequence reaction was clearly infesior.
bases of the DEXAS reactioriy (vere reduced in intensity and In subsequent experiments, the combinationbo? ThermoSe-
the signal strength was higher and more uniform throughout thheenast" and 0.5 U offag DNA polymerase has been used to
reaction than where only ThermoSequefdsgas used. When routinely sequence a segment of the p53 gene directly from total
500 ng of genomic DNA was used as a template, both reactiogsnomic DNA as well as inserts in plasmid vectors from the total
allowed the calling of approximately equally many bases (35@NA released from bacterial colonies. In general, DEXAS
and 344, respectively) with similar numbers of ambiguities (1Rerforms well on amplification products from single copy genes of
and 8, respectively). In contrast, when 120 ng of genomic DN#Ap to at least 700 bp. The requirement to use different concentra-
was used to initiate the reactions, the AIMoftware was able tions of the two primers seems less stringent than when a single
to process only a few bases when only ThermoSequéhhad DNA polymerase is used) Furthermore, DEXAS is routinely
been added whereas 340 bases with five ambiguities were calletd to determine a 521 bp segment of the human mitochondrial
whenTagDNA polymerase was also present (Rjg.Similarly,  control region using 0.8l (units not defined) of AmpliTagF¥
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(Perkin-Elmer, Norwalk, CT, USA), 0.5 Tag DNA polymerase = ACKNOWLEDGEMENTS
(Perkin-Elmer, Norwalk, CT, USA), a 2#®uffer consisting of 160 ] ) o
mM Tris—HCI (pH 9.5), 40 mM MgG) 2.8% Tween-2tM, 0.26% We are indebted to Karin Bauer, Beate Stiening and Walter
NP-40'M, 0.56 mM 2-mercaptoethanol, and nucleotide mixeSchartau for expert technical help and oligonucleotide synthesis.
consisting of 1. mM dATP, 1 mM dCTP, 1 mM dGTP and 1 mM
dTTP, respectively, where the A, C, G and T mixes contajiM2.5
of the respective dideoxynucleotides. REFERENCES
In conclusion, the combination @&gDNA polymerase and a o
DNA polymerase with a limited ability to discriminate between ; mm?’k\g‘(laﬁgl’:\gﬁﬁ;é?f;;;;;&gzgézymmss 335330,
dNTPs and ddNTPs allows the DEXAS procedure to determing Ruano,G. and Kidd,K. (199Froc. Natl. Acad. Sci. US#8, 2815-2819.
DNA sequences of single-copy genes in mammalian genomes Sarkar,G. and Bolander,M.E. (199)cleic Acids Re®3, 1269-1270.
directly from amounts of total genomic DNA that are comparable> Kilger,C. and Paabo,S. (19Bipl. Chem378 99-105.

to those conventionally used to initiate PCR amplification. Thus® ggggﬁgéjgd Richardson,C.C. (198%)c. Natl. Acad. Sci. US2,

amplification and determination of target sequences can Now be raport,c.J., Gosling,J., SchweickartV.L., Gray,P.W. and Charo,|.F. (1996
routinely performed in one single reaction. J. Biol. Chem271, 17161-17166. 3
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