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Experimental
Vector and templates
The twenty DNA templates used to produce the fingerprints were housed in pMR1, a yeast (Saccharomyces cerevisiae) centromere vector. This vector is derived from a vector originally marketed by (but unfortunately no longer available from) R & D Systems, pYX131. pMR1 differs from the commercial vector in having the native promoter ("786") replaced with the S. cerevisiae ADH1 promoter and part of the S. cerevisiae -factor gene, MF1 (Fig. 1). In each template the MF1 segment is either intact (template 7), contains a deletion (template 20) or a deletion and an insertion (remaining templates).

To synthesise the smallest template, template 20, the parent vector pMR1 was sequentially digested with Hind III and Sal I (New England Biolabs) and the resulting sticky ends filled in with the Expand (Roche) DNA polymerase preparation (see Communication for reagent details) at 72˚C for 7 min. After each step the DNA product was purified with a Wizard DNA Clean-Up kit (Promega). The blunt-ended linearised vector was recircularised with T4 DNA ligase (New England Biolabs), regenerating the Hind III site but destroying the Sal I site.

Templates 9 and 11-19 contain synthetic peptide genes. These had been assembled from small, double-stranded blocks of DNA by a previously described technique.1 Templates 1-6, 8 and 10 were constructed by ligating various 5' open reading frame (ORF) gene segments into Hind III/Sal I-cut pMR1. These segments, which had the appropriate sticky ends, were derived from the bacteriophage P1 cre gene, the Escherichia coli lacZ gene, the human chemokine receptor gene CCR5, and odorant receptor genes from zebrafish (Danio rerio), rat (Rattus norvegicus) and human (Table 1). The cre gene was a gift from B. Sauer and the lacZ gene was part of the pYX lacZ vector supplied with pYX131. The other genes were cloned from the relevant genomic DNA. Zebrafish and human genomic DNA were gifts from R. Kelsh and J. Dixey, respectively; rat genomic DNA (Sprague-Dawley) was bought from Novagen.

Primers
The base sequences of primers used in the Communication, pPEP(SF) and pPEP(SB2), are 5' ACTATTGCCAGCATTGCTG 3' and 5' CAGTGGGAACAAAGTCGA 3' respectively. Their annealing sites on pMR1 are indicated in Fig. 1.

Template concentration in PCRs
The amount of templates 1-18 in the 20-template PCR was ~0.05 - 0.15 fmol each, and the amount of templates 19 and 20 was ~1 fmol each. The amount of each template in the trial 10-template reactions was ~0.01 - 0.1 fmol and in the 6-template reaction (the latter performed with the intention of subsequently digesting the amplified templates with the restriction enzyme Ear I) was ~0.3 - 1 fmol. In the case of the 10-template mixture that was used for labelling the letters the amount of each template was ~0.1 - 0.2 fmol.

Expected fragment sizes from Ear I digest of 6-template PCR products
The lengths of the expected fragments from the Ear I digest are (template origin in parentheses): 703 (2); 391 (4); 310 (5); 171 (10); 165 (5); 158 (4); 151 (14); 109 (18); 93 (10); 21 (14) base pairs. The fragment of 21 base pairs was barely detectable on the gel shown in Fig. 4 of the Communication and therefore the region below 90 base pairs has not been shown.

Comments on experimental strategy
A yeast/E. coli shuttle vector pMR1 was chosen to act as the template repository (Fig. 1) because the laboratory already had a number of suitable templates installed in this vector. These included templates based on ten synthetic peptide genes and the intact ORF of the S. cerevisiae -factor gene, MF1. Templates less than 200 base pairs were chosen such that no two templates differed by less than 12 base pairs: in preliminary work it had been noted that PCR products in the 100-150 base pair size range which differed by less than 12 base pairs could not be resolved by agarose gel electrophoresis. For the same reason, templates in the 200-350 base pair range were chosen such that successive templates differed by about 25 - 30 base pairs, and successive templates in the range 350 - 810 base pair range by about 60 - 100 base pairs.

Optimisation of PCR conditions
Conditions and reagents for template amplification were optimised with just a few templates (templates 9, 12, 14, 15, 17 and 19). Two factors significantly improved the intensity of the bands obtained. The first was the use of the Expand High Fidelity PCR System from Roche. The improvement observed with this system might have been due to the fact that, in addition to Taq DNA polymerase, the provided enzyme preparation contains Pwo DNA polymerase. Preparations of Taq DNA polymerase alone gave bands of weaker intensity. The second improvement came by using a slightly excessive number of cycles in the PCR. Roche recommends 25-30 cycles with the Expand System, whereas 32 cycles were used in this work.

A variety of primer combinations were tried for template amplification. All primers were designed to anneal within the region of pMR1 shown in Fig. 1. The primer pairs pPEP(SF)/pPEP(SB2) and pPEP(SF)/pPEP(SB1) worked best, in that they gave the desired bands in the absence of spurious bands, and the desired bands were bright and of comparable intensity. Other primer pairs either gave spurious bands, weak bands, bands of varying intensity, or combinations of all three. However, since pPEP(SF)/pPEP(SB1) would not have amplified templates 7 and 20, pPEP(SF)/pPEP(SB2) was the primer pair of choice.

The six templates used in these optimisation experiments all contained synthetic peptide gene inserts (Table 1). These genes had been built by ligating together a small number of short double-stranded blocks of DNA,1 some of which appeared several times in the same gene and different genes. There was the possibility, therefore, that the homology between these genes could lead to recombination between the original templates. However, this did not appear to be a problem either here (data not shown) or later, when the other four peptide gene-based templates were also present (Fig. 2, Communication).

Comment on the twenty-band fingerprint
To achieve simultaneous amplification of the 20 templates, the amounts of templates 19 and 20 had to be increased to 10 times that of the other templates; very weak bands were obtained when their amounts were comparable to the other templates.

Comments on the ten-band fingerprints
Despite the evident success of the 10-template reactions (Fig. 2, Communication), it should be pointed out that very occasionally faint anomalous bands were observed. The position of these bands suggested that they had arisen from templates (belonging to the master set) which were not supposed to be present in the mixture. Therefore when making up the template mixture, great care must be taken to avoid contamination from unwanted templates.

Reference
1.
S. J. Palmer, M. R. Redfern, G. C. Smith and J. P. L. Cox, Nucleic Acids Res., 1998, 26, 2560.

Template
Size (base pairs)
Origin of insert


1
804
Zebrafish odorant receptor gene 13 (AF012753)


2
703
Rat odorant receptor gene OR5 (Y07557)


3
628
Human odorant receptor gene OR17-228 (U04713)


4
552
Rat odorant receptor gene F6 (M64378)


5
478
Rat odorant receptor gene I7 (M64386)


6
406
Bacteriophage P1 cre recombinase gene (X03453)


7
347
Yeast -factor pheromone gene MF1 (J01340)


8
321
Human chemokine receptor gene CCR5 (NM_000579)


9
296
Synthetic peptide gene


10
267
E. coli -galactosidase gene lacZ (V00296)


11
238
Synthetic peptide gene


12
214
Synthetic peptide gene


13
190
Synthetic peptide gene


14
175
Synthetic peptide gene


15
157
Synthetic peptide gene


16
142
Synthetic peptide gene


17
127
Synthetic peptide gene


18
109
Synthetic peptide gene


19
97
Synthetic peptide gene


20
81
Yeast -factor pheromone gene MF1 (J01340)


Table 1. Origins and sizes of templates. Where appropriate, accession numbers of nucleotide sequences from which template inserts were derived are given in brackets. These sequences can be found at http://www.ncbi.nlm.nih.gov. The segment of zebrafish odorant receptor gene 13 contained three silent changes from the database sequence. The segment of human odorant receptor gene OR17-228 contained five changes from the database sequence.
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Table 2 Templates (indicated by a black spot) used to obtain the fingerprints shown in Figs. 2 (A-E), 3 (C) and 4 (Ear) of the Communication.
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Fig. 1 Vector and template details. The relevant part of the vector (pMR1) containing the templates used in this work is shown schematically in the box. The base sequences added by the primers pPEP(SF) and pPEP(SB2) to each insert used to make the different templates are shown in the main picture. Only small sections of the 5' and 3' regions of each insert are detailed, however. The base sequence of template 20, not indicated in the figure, can be formed by fusing the Hind III site to the 5' C of the partial Sal I site [in bold, just above the pPEP(SB2) arrowhead]. The other primers tried for PCR amplification were pPEP(SF1) (5' GATAAAAGAGAGGCTGAAGC 3'), pPEP(SB) (5' GAGCTAAAAGTACAGTGG 3') and pPEP(SB1) (5' GGGAACAAAGTCGAGTTAA 3'). These were used in the combinations pPEP(SF)/(SB), pPEP(SF)/(SB1), pPEP(SF1)/(SB), pPEP(SF1)/(SB1) and pPEP(SF1)/(SB2).

Nucleotide sequences of templates (5' to 3')

Template 1
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTGTACCATGTCAGCCGGGAACATCAGCTTTGTTAAGGAATTTTTTATCGTTGGTTTTCCTGGGCTTCAAAAGGGATACTTTGACTCAGTGGCTGCTCTGATGCTTTTTGTCTTTGTGTGTATCTTAGCAGGGAATGGAACATTTCTAATACTTTTTAGTCTGGAAAAAAGCCTCCATAAACCTATGTATTATGTCATCTTAAACTTAGTTGCAAGCGATATATTATTTAGCACTACTACCCTGCCAAAAATTATTGCTAGGTATTTGTTTCAAGATGGTGGTATTTCATTTATGGGTTGCTTCATTCAAATGTATTTTGTGCATTATTTTGGTACAGTCAATGCTTTTATCCTGGCAATAATGGCCTTTGATAGGTATGTAGCCATTTGTAATCCCTTAAGATATCCCAATATAGTCACAAAGTGGAATATTTTCTATCTTTGTCTCATTTCATGGGTTATAGCAAATGTAACCCCTTTAATGATGGTAATAAGAGCTTACCCTCTCCCATACTGCGCAGAAAACACCATTATACAATGTTACTGTGATCACATTTCTATAACATCGCTTGCATGCACCAATCGTGCACCATATAGTATTCCAGCTTTTGTTCTTGCTATGGTTGCGTTGCTTACTCCCCTGGCCTTTATAGTTTTCTCTTATTGTGCCATCATTTTGGCAGTTCTGCGTATATCAAGCACTCAAGCAAGACTGAAGACTTAACTCGACTTTGTTCCCACTG

Template 2
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTATGACAGAAAGGAACCAAACTGTCATCTCCCAGTTCCTTCTCCTGGGCCTGCCCATTCCCCCAGAGCACCAGCACGTGTTCTACGCCCTGTTCCTGTCCATGTACCTCACCACTGTTCTAGGGAACCTCATCATCATCATCCTCATTCTACTGGATTCCCATCTCCACACACCCATGTACTTGTTTCTCAGCAACTTGTCCTTCTCTGACCTCTGCTTTTCCTCTGTTACGATGCCCAAGTTGTTGCAGAACATGCAGAGCCAAGTTCCATCCATCCCCTATGCAGGCTGCCTGTCACAAATATACTTCTTTCTGTTTTTTGGAGACCTCGGGAACTTCCTGCTTGTGGCCATGGCCTATGACCGCTATGTGGCCATCTGCTTCCCCCTTCATTACATGAGCATCATGAGCCCCAAGCTCTGTGTGAGTCTGGTGGTGCTGTCCTGGGTGCTGACTACCTTCCATGCCATGCTGCACACCCTGCTCATGGCCAGATTGTCATTCTGTGAGGACAATGTGATCCCCCACTTTTTCTGTGACATGTCTGCTCTGCTGAAGCTGGCCTGCTCTGACACCCGTGTTAATGAGGTTGTGATATTTATTGTGGTCAGCCTCTTTAACTCGACTTTGTTCCCACTG

Template 3
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTATGGAGCCAGAAGCTGGGACCAATAGGACCGCTGTTGCTGAGTTCATTCTACTGGGCCTAGTGCAAACAGAAGAGATGCAGCCAGTTGTCTTTGTGCTCCTCCTCTTTGCCTATCTGGTCACAACTGGGGGCAACCTCAGCATCCTGGCAGCCGTCTTGGTGGAGCCCAAACTCCACGCCCCCATGTACTTCTTCCTGGGGAACCTGTCAGTGCTGGATGTCGGATGTATCACTGTCACTGTTCCTGCAATGTTGGGTCGTCTCTTGTCCCACAAGTCCACAATTTCCTATGACGCCTGCCTCTCCCAGCTCTTCTTCTTCCACCTTCTGGCTGGGATGGACTGCTTCCTGCTGACCGCCATGGCCTATGACCGACTCCTGGCCATCTGCCAGCCCCTCACCTACAGCACCCGCATGAGTCAGACAGTCCAGAGGATGTTGGTGGCTGCGTCCTTGGCTTGTGCCTTCACCAACGCACTGACCCACACTGTGGCCATGTCCACGCTCAACTTCTGTGGCCCCAATGAGGTCAATCATTCTATTAACTCGACTTTGTTCCCACTG

Template 4
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTATGGCTTGGAGTACTGGCCAGAACCTGTCCACACCAGGACCATTCATCTTGCTGGGCTTCCCAGGGCCAAGGAGCATGCGCATTGGGCTCTTCCTGCTTTTCCTGGTCATGTATCTGCTTACGGTAGTTGGAAACCTAGCCATCATCTCCCTGGTAGGTGCCCACAGATGCCTACAGACACCCATGTACTTCTTCCTCTGCAACCTCTCCTTCCTGGAGATCTGGTTCACCACAGCCTGCGTACCCAAGACCCTGGCCACATTTGCGCCTCGGGGTGGAGTCATTTCCTTGGCTGGCTGTGCCACACAGATGTACTTTGTCTTTTCTTTGGGCTGTACCGAGTACTTCCTGCTGGCTGTGATGGCTTATGACCGCTACCTGGCCATCTGCCTGCCACTGCGCTATGGTGGCATCATGACTCCTGGGCTGGCGATGCGGTTGGCCCTGGGATCCTGGCTGTGTGGGTTAACTCGACTTTGTTCCCACTG

Template 5
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTATGGAGCGAAGGAACCACAGTGGGAGAGTGAGTGAATTTGTGTTGCTGGGTTTCCCAGCTCCTGCCCCACTGCGAGTACTACTATTTTTCCTTTCTCTTCTGGCCTATGTGTTGGTGTTGACTGAAAACATGCTCATCATTATAGCAATTAGGAACCACCCAACCCTCCACAAACCCATGTATTTTTTCTTGGCTAATATGTCATTTCTGGAGATTTGGTATGTCACTGTTACGATTCCTAAGATGCTCGCTGGCTTCATTGGTTCCAAGGAGAACCATGGACAGCTGATCTCCTTTGAGGCATGCATGACACAACTCTACTTTTTCCTGGGCTTGGGTTGCACAGAGTGTGTCCTTCTTGCTGTGATGGCCTATGACCGCTATGTGGCTATTAACTCGACTTTGTTCCCACTG

Template 6
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTATGTCCAATTTACTGACCGTACACCAAAATTTGCCTGCATTACCGGTCGATGCAACGAGTGATGAGGTTCGCAAGAACCTGATGGACATGTTCAGGGATCGCCAGGCGTTTTCTGAGCATACCTGGAAAATGCTTCTGTCCGTTTGCCGGTCGTGGGCGGCATGGTGCAAGTTGAATAACCGGAAATGGTTTCCCGCAGAACCTGAAGATGTTCGCGATTATCTTCTATATCTTCAGGCGCGCGGTCTGGCAGTAAAAACTATCCAGCAACATTTGGGCCAGCTAAACATGCTTCATCGTCGGTCCGGGCTGCCACGACTTAACTCGACTTTGTTCCCACTG

Template 7
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTGGCATTGGTTGCAACTAAAACCTGGCCAACCAATGTACAAGAGAGAAGCCGAAGCTGAAGCTTGGCATTGGCTGCAACTAAAGCCTGGCCAACCAATGTACAAAAGAGAAGCCGACGCTGAAGCTTGGCATTGGCTGCAACTAAAGCCTGGCCAACCAATGTACAAAAGAGAAGCCGACGCTGAAGCTTGGCATTGGTTGCAGTTAAAACCCGGCCAACCAATGTACTAAGCCCGACTGATAACAACAGTGTAGATGTAACAAAGTCGACTTTGTTCCCACTG

Template 8
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTATGGATTATCAAGTGTCAAGTCCAATCTATGACATCAATTATTATACATCGGAGCCCTGCCAAAAAATCAATGTGAAGCAAATCGCAGCCCGCCTCCTGCCTCCGCTCTACTCACTGGTGTTCATCTTTGGTTTTGTGGGCAACATGCTGGTCATCCTCATCCTGATAAACTGCAAAAGGCTGAAGAGCATGACTGACATCTACCTGCTCAACCTGGCCATCTCTGACCTGTTTTTAACTCGACTTTGTTCCCACTG

Template 9
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTGCGTGGCATATTGTTGCTCTACCAAAGGTGAATGTGGTCCGAACGGTTTCTGCGTGGCATATTGTGAATTCACAATAGTTGTATGCGCAAGCTTGCGTGGCATATTGTGAATTCACAGTCGGAGTCCTGTTTGCAGAAACCGTTCGGACCACAATAGTTGTATGCGCAGAATTCTGCGCATACAACTATTGTGAATTCTGCCTCTTCTGTTAACTCGACTTTGTTCCCACTG

Template 10
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTATGGATCCTAGGGCCCCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTAACTCGACTTTGTTCCCACTG

Template 11
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTGCGAATTCTGCTGTTTCGGGTGCGCATACAACTATTGTGAATTCTGCAAACAGGACTCCGACTGTGAATTCACAATATGCCACGCAAGCTTCAGCCTCTCTTTTATCATAGTTGTATGCGCAGAATTCTGCCCGCGTATCTGGATGGAATGTTAACTCGACTTTGTTCCCACTG

Template 12
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTGCGTGGCATATTGTGAATTCTGCCCGCGTATCTGGATGGAATGTTGCTCTACCAAAGGTGAATGTGCCACCTATACGTGCGTGGCATATTGTGGTCCGAACGGTTTCTGCAAACAGGACTCCGACTGTTAACTCGACTTTGTTCCCACTG

Template 13
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTGCGCATACAACTATTGTGGTCCGAACGGTTTCTGCTGTGACGCCTCAGGCTGCGTGGCATATTGTGGTCCGAACGGTTTCTGCCCGCGTATCTGGATGGAATGTTAACTCGACTTTGTTCCCACTG

Template 14
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTGCGCATACAACTATTGTGCCACCTATACGTGCTGTGACGCCTCAGGCTGCGCATACAACTATTGTGCCACCTATACGTGCCTCTTCTGTTAACTCGACTTTGTTCCCACTG

Template 15
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTGCGCATACAACTATTGTTCGTGCTGTGGTCCGAACGGTTTCTGCAAACAGGACTCCGACTGTTCGTGCTGTTAACTCGACTTTGTTCCCACTG

Template 16
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTGCGAGCGGTGTGGTCCGAACGGTTTCTGCTGTGACGCCTCAGGCTGCGAGCGGTGTTAACTCGACTTTGTTCCCACTG

Template 17
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTGCCTCTTCTGTAAACAGTCTGGTGAAATGTGCCTCTTCTGTTAACTCGACTTTGTTCCCACTG

Template 18
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTGCCCGCGTATCTGGATGGAATGTTAACTCGACTTTGTTCCCACTG

Template 19
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTGCCTCTTCTGTTAACTCGACTTTGTTCCCACTG

Template 20
ACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTTTGGATAAAAGAGAGGCTGAAGCTTCGACTTTGTTCCCACTG
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