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Brazilian scientists
team up for cancer
genome project

[si0 paULO] Brazilian researchers have entered
the competitive field of human genome
sequencing with the signing of an agreement
between the state funding agency of Séo
Paulo (FAPESP) and the US-based Ludwig
Institute for Cancer Research.

Each will contribute US$5 million to a
two-year Human Cancer Genome Project.
According to FAPESP, the programme is
“aimed at providing sequences from genes
expressed in tumours that are important
within the context of public health in the
state of Sdo Paulo”
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the databases before the project was initiated. The
adoption of such a strategy proved to be extremely
valuable in the analysis of abundant gene transcripts
as well as in the discovery of new genes. How-
ever, there are some problems inherent to this
method, such as the sequencing of vectors without
insert and more importantly, the high level of re-
dundancy. For example, of the 429 clones se-
quenced, 46 (10.7%) represented vectors without
insert, and of 202 identified ESTs, homology with
only 77 different genes was found, indicating a
redundancy of 62% (Franco etal. 1995aloc. cit.).
Whilst the former problem can be overcome, there
is no simple way to solve the latter. These factors
reduce the number of useful sequences obtained
and thus increase the costs and the time required
to tag all of the genes expressed by the parasite. In
addition, to tag cDNAs derived from either rare,
tissue or stage-specific mRNAs requires complex
pre-processing of libraries, such as normalization,
subtraction or differential hybridization (C Hoog
1991 Nucl Acids Res 19: 6123-6127).

With the aim of increasing the overall efficiency
of EST generation, we have applied a technique of
RNA arbitrarily primed PCR (RAP-PCR) to this
process. RAP-PCR and its close relative “Differ-
ential Display”, were first described by J Welsh et
al. (1992 Nucl Acids Res 20: 7213-7218), and P
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CGCCAGCACTTCCGGGAAGTGACTTCGTCTCCGAAGCCGATTGGTTGTTGCTTTGCTCCCGCTCGCGTCGGTGGCGTTTTTCCTGCAGCGCGTGCGTGCTGCGCTACTGAGCAGCGCCATGGAGGACTCTG
AAGCACTGGGCTTCGAACACATGGGCCTCGATCCCCGGCTCCTTCAGGTACACGCGAGGGCTGGGGAGCCGGCTTACGGGCTCTGCGGGGCGCGCCATCGCTCTTCACGCCGCTTAAACCGCACTCCTGGT
CTCCTAGGCTGTCACCGATCTGGGCTGGTCGCGACCTACGCTGATCCAGGAGAAGGCCATCCCACTGGCCCTAGAAGGGAAGGACCTCCTGGCTCGGGCCCGCACGGGCTCCGGGAAGACGGCCGCTTATG
CTATTCCGATGCTGCAGCTGTTGCTCCATAGGAAGGCGGTGGGTAACGAGAGAGCTGAGGGGAGGAAGGAGGCAAGCTCCAAAAGCCTGGGAAGGGCGGTTCCCGTTTGTCTGAGGTTTTCTCTTGGCCCT
GTACCCGTGCAGGCCGGCCTGAGAACCTGGTGCTGTTGTGGCAAACACTCTGGGCTGGAGTTCAGGTTACCTGGATCCTTGTCCGGCCCTGCTACCACCAACCTTTGCGTAATCTTCGACAAAGCACTTTC
TTTTCTTTCTTACATAAAAAGGGAGCACATCTATCTTTTCTACTTACAGAATTATTGTGAGAATTTAGCTTCATAACTAGTATATTTAAAGTAGCTTCATAAACATCAGAGTACGTTATTCTTTTTGAGGG
TCAGTGCCTGGGGAAAGAACTCTCCACTCTGCATTCTGAGGCGGGCAGAGTGATAGATGATCAAAGTACTGCTAAGTAGTGTTGCAGCAGATGGGTCAGGTAGGCTGGAAGGGGTAGAGACACGTGGACAC
AGTGATGTGCACTGCTGGCTAAAGTCTTTAATTCATATTCTTACAGACAGGTCCGGTGGTAGAACAGGCAGTGAGAGGCCTTGTTCTTGTTCCTACCAAGGAGCTGGCACGGCAAGCACAGTCCATGATTC
AGCAGCTGGCTACCTACTGTGCTCGGGATGTCCGAGTGGCCAATGTCTCAGCTGCTGAAGACTCAGTCTCTCAGAGGTGGGTAAAAGCAGCAAAGCTGTACCTGAATGAAGCTACACAGTGTTGTGGGGTT
GGGTTTGTGTGTGGCAAAAAAGAGAGCAAATCCAGGGTGAGATCCCAGCTGCTACATTCTGCCTGATACTGATGTCTTGTCCACCTCCAGAGCTGTGCTGATGGAGAAGCCAGATGTGGTAGTAGGGACCC
CATCTCGCATATTAAGCCACTTGCAGCAAGACAGCCTGAAACTTCGTGACTCCCTGGAGCTTTTGGTGGTGGACGAAGCTGACCTTCTTTTTTCCTTTGGCTTTGAAGAAGAGCTCAAGAGTCTCCTCTGG
TAAGGCAGAGGTGGGTGTGATTCCTAGTGGAAACATCTGTGAGTAGGAGTTGGGACGAGAGCGGGGTGGCTGGAAGCCAGTTACTACAATTAGCGGCCCTTGGAGCTGGAATCTGATTGGATTCTTTCATT
TCAGTCACTTGCCCCGGATTTACCAGGCTTTTCTCATGTCAGCTACTTTTAACGAGGACGTACAAGCACTCAAGGAGCTGATATTACATAACCCGGTAAGAGGCACCATGGAAGTGTCTGGAGCTGCAGAC
ATGGGGGCACTCAAAGATCTTGATGCTCCTTCTTAGGGGATTCTTTGGTGTTTTGGGTGGGACAGTTGTCACTTAGTGTCTCATCCCTGGTCCTGAGGCACTAAAAGCCAGTGGTCTAAAATCACTATATA
TTTCCAAGTGTCCACAAGGGATGTCTCCCATTTCAGGCCATGCTTTGCCTAAAATCCTGAGCAAGGACCTCCCCTAAGGGGCAGCTTTGAGCAGCAGAGCCAAAATTCTAAGGCCAAGGTTCTCATCTTAA
GTAAACTTTACCTTTCAGAAGGCCTGTTGCTGTAGGCCTTCCCTTCTCAATGTAGTCCTTTATTGATGTGTTTCTCTTTGTTCTGTGCTTGGAAGTATTTTATATATGGTTTATATGGTATACTCTATATA
CCACAACAATAAGGGCATTTTGGGGTTTTAGGTTACAAAACTGGAGGAGAGTTAGGGTGCCAGGAATCCTTAAATGCATCTCTGCCCTGCACTAAAATGTTGATGCTTTGGTTGGTGAGTAAGTGGCCATA
CATCTCTGTGTTCTTTTCCTTTCTGACCACAGGCCTGTTTTCTCCCCCAGGTTACCCTTAAGTTACAGGAGTCCCAGCTGCCTGGGCCAGACCAGTTACAGCAGTTTCAGGTGGTCTGTGAGACTGAGGAA
GACAAATTCCTCCTGCTGTATGCCCTGCTCAAGCTGTCATTGATTCGGGGCAAGTCTCTGCTCTTTGTCAACACTCTAGAACGGAGTTACCGGCTACGCCTGTTCTTGGAACAGTTCAGCATCCCCACCTG
TGTGCTCAATGGAGAGCTTCCACTGCGCTCCAGGTCTGCCACAGCCAACATCTTGGTTGAAATAAGTTGAAGATAGAGATGGAAAGGGGACCCAGTTAATGTTCTGTTTCTTAAGCACTTAGTAGGGGCCA
GGTTCTAGATGTGACTGATACTGACTTCTCCCAACTCCAAAATACCTATCATGGCCGGGCACCATGGCTTATGCCTGCTGTAATCTCAGCACTTTGGGAGGCCGAGGTGGGCGGATCGCCTGAGGTCGGGA
GTTCAAGACCAGCCTGGCCAGCATGGTGAAACCCCGTCTCTACTAAAAATACAAAAATTAGCTGGACATGGTGGCAGGCACCTGTAATCCCAGCTACTCAGGAAGCTGAGATAGGAGAATTGCTTGAGCCC
GGGAGGTGGAGGTTGCAGTGAGCCAAGATCGTGCCATTGCACTCCAGCCTGGGCAACAGGAGTGAAACTCTGTCTCAAAAAAACAAAACCCTATAATTATTTCCAGCTGAGGAAACTGAGGCACAATGATT
AAGTAGGGAAAGAGATTAAGAAGAGGAAAAAGGAAAGGGTGATGGTTACTGTGATACTAGGGATGGCAGAGGGGCCTTGAGCTTGCTCTGCTGAGCTGATTCTCTGTCCGCTCTTGGCTGCAGGTGCCACA
TCATCTCACAGTTCAACCAAGGCTTCTACGACTGTGTCATAGCAACTGATGCTGAAGTCCTGGGGGCCCCAGTCAAGGGCAAGCGTCGGGGCCGAGGGCCAAAGGGGACAAGTGAGTCCATGCCTCTTTTT
CCATCCCTCCCCAGAAATGCCTGTGTTTTTAGCTTTTTGGAAGACTAAAACCAGAGTGCACAGAGCAGGGAGCCAAACCTTCCAGGCCTGGCTGGTAGTGTAGCCCAGAGAGCCCCACAGGTTCTTGCTCA
" GCTGCCTGGATATAGAGAAGGGAGTGGATGGTGCACACTGCACATGCACCACGAAGGGCARAACTGCCGGGGTTGT TGGCATGCAGAGCCCTGCAGGGGAGATGGCCCATCCTGCATTGGTGGTATGGCTG |
TGACTTGCAGGGAGCATATTTCTGAAGGGAAAAGGAACCCCCCAACTCTCCAGTCTCTGTCCAGCTGAAGGCTTGACTAGCTCAGAGTTGGTTTTCAGATCACCATGTAGGGCAATGAGTTCTGCTGTTGT
CCCAGAACAGAGGTCAGGCCGAGATTTGGGTACATGTCAAAGCTCCAGGCTGCCCCAGGAAACCCTGACTCCTGGAACGGTTCCATTGTTGGAGAGTCCTCTGTATGTCAGGGTCTTATGATCTACAGGCA
TTTAGAGGAAGTTTTGCTGATTCAGCGTGTGAATACGTGCCCAGAGGAGAGGAAGGGTCCGGCTGACATTGAGTTATCTCTGCAGGGCCTCTGATCCGGAAGCAGGTGTGGCCCGGGGCATAGACTTCCAC
CATGTGTCTGCTGTGCTCAACTTTGATCTTCCCCCAACCCCTGAGGCCTACATCCATCGAGCTGGCAGGTAGTAGTGTGACGGCCCAGGCATCTGCATGGTAGGCACACTGAGGGACTTGGGGTGTGCTGG
ACAGAGCCTGCGGGTTGGAGATGCAAGCTGCACTGTCTTCCCTTGCAGGACAGCACGCGCTAACAACCCAGGCATAGTCTTAACCTTTGTGCTTCCCACGGAGCAGTTCCACTTAGGCAAGATTGAGGAGC
TTCTCAGTGGAGGTAAGAGCCTGGCTCTTGTGGTCCTGGGCCAGGGTCAGGCTTCTTCCACAATGCTTTAAAACTCCATGATAATGATGACAGAGGTCACAACATAGTGTGACAGGCCACTTCCACCATCC
ATCCTTGTTCTGCCCTGAGTGGCAGGCACTGTCCCCCTTGAGAGATAAACAAATTGAGGTAATTTGTCCAAAGTTGTGTTTACTGTCTGCCTCATGAGCGTTGAGTGACCTGACAGGCTGCTGTGACAGCT
CAGGACAGCACCTGACCCCAGGGTGCTGGGTGGTCCTGGACTGCTCTCTGTGGCCGTCGTCATGGGGGTACCTTGACTCCCAAGGAATACCATGGGGTACTCCTTGGGAGAGGAGAAGAGAGTGGGTGACG
GGTTCTTGGGCTTGGGGCCACACAGGCCACCCCCATCCACACACGGGGACAGATGGGTCATCACTGTAAGAGGCCCAGGTGCAGCTAACCTGCATGTTCGGCATCCCAGGAAGGCGGTGGGTCCCCTGCTG
CTTTCCCCCAAGGGGGAGGTGCAGGAGGCCTCCAATGAAGACCCTATCCTAAGGCCTCAGCCTGTGGGACCCTCGCTGCTTTCTTCTCCACAGAGAACAGGGGCCCCATTCTGCTCCCCTACCAGTTCCGG
e e e e e e e e e e e e e D L D
TGGGGCAGCCTCACTGTCTTGACCTTCAGTGTCCACCCCCAGGATGCCATGCGCTCAGTGACTAAGCAGGCCATTCGGGAGGCAAGATTGAAGGAGATCAAGGAAGAGCTTCTGCATTCTGAGAAGCTTAA
GGTGAGTGGATGGGAGGTGAGAAGGGGATAGATCTTAGACGGCTGCCCTTTTTGGAGACTGGCTGAGCTCCGAGTGGTGAGAAGCAGAGAACTGGGCAGTTTTCTGGCCTTTGGCACGGAAGGGGAGGAAA
TGGACCCAGAATCATGGAAGGAAGCCAGTCTGTTCTGCTTGGTGGTAAATTGGCACAACCTTATGGTGGACACTGTCCAGCAGAATTACGAGCTCATGTGTCCTTTCATCCGAAATTCCACTTCTGGAACT
TAATCCTGGTCACGCTTGTGAATGTGCACAGTCAAGCATGTGCCTGCATTCATCCATCCATGGCATTATCATGGAACCAAAAGATGGAAACAGCCTGGGGCCACCATAGGGGGCTTGCTAGGTAAACTCAG
GTGCATTCAGAGCCGAAGGTTACATGGGAAGGAATGAGGTTGGTTGCGTGTCCATATGGAACAGTCTGTAAGATGATGCCCAGCAAAAAGGGGTACAGGGTACTGCCATGTGTGTCATGGAGAAGGGAARA
TGGAAACATCCACTCCCGGGAGGTTCTGAGAAATGCACAGAAGCAGCTGCCTCATGCCTTTTGAAACACATGAGTGTGTTATCCTTTGAAAAGCTAGGTCTGTGAAGTCACAGAAGAAAGATGCTCACTCT
GTGGCTCTCCCTCTTCCCCCGGCAGACATACTTTGAAGACAACCCTAGGGACCTCCAGCTGCTGCGGCATGACCTACCTTTGCACCCCGCAGTGGTGAAGCCCCACCTGGGCCATGTTCCTGACTACCTGG
GTGAGTGTGGCCTGACAGGGCAGGAGGCAGCAGGCTGGGGAAGTGGCATTAATTTCTCCACTGCTGGGTCAGCCCCTGTGCTTGGTGCTGGGGATGCTCAGGCAGAATAGAACCTGGAGACCCTGGCAGCA




AGCTGCCTGGATATAGAGAAGGGAGTGGATGGTGCACACTGCACATGCACCACGAAGGGCAAAAC
TGCCGGGGTTGTTGGCATGCAGAGCCCTGCAGGGGAGATGGCCCATCCTGCATTGGTGGTATGGC
TTGACTTGCAGGGAGCATATTTCTGAAGGGAAAAGGAACCCCCCAACTCTCCAGTCTCTGTCCAG
CTGAAGGCTTGACTAGCTCAGAGTTGGTTTTCAGATCACCATGTAGGGCAATGAGTTCTGCTGTT
GTCCCAGAACAGAGGTCAGGCCGAGATTTGGGTACATGTCAAAGCTCCAGGCTGCCCCAGGAAAC
CCTGACTCCTGGAACGGTTCCATTGTTGGAGAGTCCTCTGTATGTCAGGGTCTTATGATCTACAG
GCATTTAGAGGAAGTTTTGCTGATTCAGCGTGTGAATACGTGCCCAGAGGAGAGGAAGGGTCCGG
CTGACATTGAGTTATCTCTGCAGGGCCTCTGATCCGGAAGCAGGTGTGGCCCGGGGCATAGACTT
CCACCATGTGTCTGCTGTGCTCAACTTTGATCTTCCCCCAACCCCTGAGGCCTACATCCATCGAG
CTGGCAGGTAGTAGTGTGACGGCCCAGGCATCTGCATGGTAGGCACACTGAGGGACTTGGGGTGT
GCTGGACAGAGCCTGCGGGTTGGAGATGCAAGCTGCACTGTCTTCCCTTGCAGGACAGCACGCGC
TAACAACCCAGGCATAGTCTTAACCTTTGTGCTTCCCACGGAGCAGTTCCACTTAGGCAAGATTG
AGGAGCTTCTCAGTGGAGGTAAGAGCCTGGCTCTTGTGGTCCTGGGCCAGGGTCAGGCTTCTTCC
ACAATGCTTTAAAACTCCATGATAATGATGACAGAGGTCACAACATAGTGTGACAGGCCACTTCC
ACCATCCATCCTTGTTCTGCCCTGAGTGGCAGGCACTGTCCCCCTTGAGAGATAAACAAATTGAG
GTAATTTGTCCAAAGTTGTGTTTACTGTCTGCCTCATGAGCGTTGAGTGACCTGACAGGCTGCTG
TGACAGCTCAGGACAGCACCTGACCCCAGGGTGCTGGGTGGTCCTGGACTGCTCTCTGTGGCCGT
CGTCATGGGGGTACCTTGACTCCCAAGGAATACCATGGGGTACTCCTTGGGAGAGGAGAAGAGAG
TGGGTGACGGGTTCTTGGGCTTGGGGCCACACAGGCCACCCCCATCCACACACGGGGACAGATGG
GTCATCACTGTAAGAGGCCCAGGTGCAGCTAACCTGCATGTTCGGCATCCCAGGAAGGCGGTGGG
TCCCCTGCTGCTTTCCCCCAAGGGGGAGGTGCAGGAGGCCTCCAATGAAGACCCTATCCTAAGGC
CTCAGCCTGTGGGACCCTCGCTGCTTTCTTCTCCACAGAGAACAGGGGCCCCATTCTGCTCCCCT
ACCAGTTCCGGATGGAGGAGATCGAGGGCTTCCGCTATCGCTGCAGGGTGAGCTGCTGTGGTGGG
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In two large projects, extensive EST sequencing of human
tumor tissues has been undertaken: the Cancer Genome Anat-
omy Project (CGAP) (3) and the Fundacao de Amparo a
Pesquisa do Estado de Sao Paulo/Ludwig Institute for Cancer

Research-Human Cancer Genome Project (HCGP) (4, 3).
CGAP, launched in 1997 by the National Cancer Institute, has
used single-pass sequencing from the 5" and/or 3" extremities of
cDNA clones for sequence generation (6). The HCGP project
adopted an alternative EST-based strategy, termed ORESTES,
which generates sequences biased toward the central coding
regions of transcripts (7). The data gathered by these two
projects are thus complementary and have been combined into
an International Database of Cancer Gene Expression (3),
available at http://cgap.nci.nih.gov. They also constitute the
basis of the Human Cancer Index at TIGR (www.tigr.org/tdb/

tei/heei).
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Initial sequencing and analysis of the
human genome

International Human Genome Sequencing Consortium*

* A partial list of authors appears on the opposite page. Affiliations are listed at the end of the paper.

The human genome holds an extraordinary trove of information about human development, physiology, medicine and evolution.
Here we report the results of an international collaboration to produce and make freely available a draft sequence of the human
genome. We also present an initial analysis of the data, describing some of the insights that can be gleaned from the sequence.

The rediscovery of Mendel’s laws of heredity in the opening weeks of
the 20th century'™ sparked a scientific quest to understand the
nature and content of genetic information that has propelled
biology for the last hundred years. The scientific progress made
falls naturally into four main phases, corresponding roughly to the
four quarters of the century. The first established the cellular basis of
heredity: the chromosomes. The second defined the molecular basis
of heredity: the DNA double helix. The third unlocked the informa-
tional basis of heredity, with the discovery of the biological mechan-
ism by which cells read the information contained in genes and with
the invention of the recombinant DNA technologies of cloning and
sequencing by which scientists can do the same.

The last quarter of a century has been marked by a relentless drive

1 1 i 1 .7 it a1 [ B |
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However, the genes are more complex, with more alternative
splicing generating a larger number of protein products.

® The full set of proteins (the ‘proteome’) encoded by the human
genome is more complex than those of invertebrates. This is due in
part to the presence of vertebrate-specific protein domains and
motifs (an estimated 7% of the total), but more to the fact that
vertebrates appear to have arranged pre-existing components into a
richer collection of domain architectures.

® Hundreds of human genes appear likely to have resulted from
horizontal transfer from bacteria at some point in the vertebrate
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Table 1. HCGP and CGAP transcript sequence generation and

clustering

Form of gene representation

Number of sequences,
clusters, or genes

ORESTES submitted to GenBank
CGAP EST submitted to GenBank
TOTAL EST submitted to GenBank
Total clusters
Total clusters with known genes
Clusters without known genes
Clusters without known genes but
with coding potential

823,121 sequences
1,214,358 sequences
2,037,479 sequences
32,129 clusters
22,152 clusters
9,977 clusters

1,285 clusters

Estimated total genes based on
HCGP and CGAP data

23,437 genes
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A Transcript Finishing Initiative for Closing Gaps
in the Human Transcriptome

The Ludwig-FAPESP Transcript Finishing Initiative,’ Mari Cleide Sogayar,” and
Anamaria A. Camargo?

14:1413-1423 ©2004 by Cold Spring Harbor Laboratory Press ISSN 1088-9051/04; www.genome.org
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We report the results of a transcript finishing initiative, undertaken for the purpose of identifying and characterizing
novel human transcripts, in which RT-PCR was used to bridge gaps between paired EST clusters, mapped against the
genomic sequence. Each pair of EST clusters selected for experimental validation was designated a transcript finishing
unit (TFU). A total of 489 TFUs were selected for validation, and an overall efficiency of 43.1% was achieved. We
generated a total of 59,975 bp of transcribed sequences organized into 432 exons, contributing to the definition of
the structure of 21l human transcripts. The structure of several transcripts reported here was confirmed during the
course of this project, through the generation of their corresponding full-length cDNA sequences. Nevertheless, for
21% of the validated TFUs, a full-length cDNA sequence is not yet available in public databases, and the structure of
69.2% of these TFUs was not correctly predicted by computer programs. The TF strategy provides a significant
contribution to the definition of the complete catalog of human genes and transcripts, because it appears to be
particularly useful for identification of low abundance transcripts expressed in a restricted set of tissues as well as for
the delineation of gene boundaries and alternatively spliced isoforms.
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Table 1. Frequency of mRNA expression of CTSP family members
in tumor samples

Tumor CTSP-1 (%) CTSP-2 (%) CTSP-4 (%)

Breast 9/25 (36.0) 1/6 (16.5) 0/6 (0.0)
Colon 7/18 (39.0) 0/14 (0.0) 0/14 (0.0)
Esophagus 2/5 (40.0) 2/4 (50.0) 0/4 (0.0)
Glioblastoma 6/13 (46.0) Not done Not done

Lung 8/14 (57.0) 2/11 (18.8) 0/11 (0.0)
Melanoma 10/17 (59.0) 1/9 (11.0) 0/9 (0.0)
Prostate 14/24 (58.0) 8/17 (47.0) 0/17 (0.0)
Stomach 4/9 (44.0) 1/3 (33.3) 0/3 (0.0)
Thyroid 7/24 (29.0) 0/6 (0.0) 0/6 (0.0)
Uterus 8/20 (40.0) 4/14 (28.5) 0/14 (0.0)
Total 75/169 (44.4) 19/84 (22.6) 0/84 (0.0)

Table 2. Frequency of anti-CTSP-1 antibodies in plasma samples

from cancer patients

Tumor Antibody response (%)
Breast 3/18 (16.6)
Colon 0/20 (0.0)
Esophagus 0/4 (0.0)
Lung 1/13 (8.0)
Melanoma 1/22 (4.5)
Prostate 5/24 (20.8)
Stomach 1/8 (12.5)
Thyroid 2/10 (20.0)
Uterus 1/22 (4.5)
Total 14/141 (10.0)
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PCR-Assisted Contig Extension: Stepwise
Strategy for Bacterial Genome Closure

BicTechnigues 34:626-632 (March 2003)
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A.C.M. Salim, M. Grivet',
A.T. Vasconcelos®, and

A.J.G Simpson

Ludwig Institute for Cancer
Research. SP, 'CETUC - PUC,
RJ. and “LNCC/MCT. RJ. Brazil

INTRODUCTION

Bacterial genome projects typically
accrue most sequence data through
high-throughput shotgun sequencing.
The resulting shotgun draft is then con-
verted into a complete representation
of the organism’s DNA through a more
laborious completion phase. This phase
is devoted mainly to the generation of
additional sequence data to close gaps

that could. in principle, have been ex-
ploited for such a strategy. The majori-
ty of these have been utilized for the
isolation of 5 flanking genomic re-
gions of cDNA clones to clone inser-
tion-tagged genes and to isolate the ex-
tremities of the inserts of large clones
such as those in YACs (6—13). Howev-
er, none of these methods have been
previously evaluated as a strategy for
bacterial genome closure. The majority
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Figure 1. A schematic outline of the PACE reaction.

Table 1. Summary of Results Obtained with PACE in Extending C. vielaceum Shotgun Contigs

Amplification® Single Products® Sequencesd Specific Products® Largest Single
Contiga step 1 step 2 step 1 step 2 step 1 siep 2 step 1 step 2 Productf (kb) o r
1 24 48 6 10 1 4 1 4 21
2 20 72 8 29 3 17 3 17 25
3 27 69 6 12 0 2 0 2 1.5
4 34 76 12 27 0 4 0 4 25
5 23 40 1 7 0 3 0 3 1.5 7 A
6 43 7 16 25 4 17 4 17 2
7 14 58 2 15 0 8 0 7 1.6
8 30 46 7 19 0 4 0 4 1.7 2
9 32 54 11 19 4 3 0 2 15
10 32 72 15 21 2 7 0 7 1.3 &
11 40 56 3 17 0 7 0 7 3 -
12 33 45 10 22 3 8 3 8 1.5 | |
13 55 59 14 20 1 8 0 8 1.8
14 39 56 10 " 2 0 0 0 24
15 26 44 9 23 0 13 0 13 1.9 g
16 46 55 6 14 0 4 0 4 1.3 1 Y : — Sman
17 53 49 11 9 0 3 0 3 26
18 24 49 8 13 0 1 0 1 1.5 % 1 3 8 ] 2 14
19 15 56 1 15 0 3 0 3 1.7 oo ol
20 36 53 6 1 0 8 0 7 1.8
2; ?i zi 2 :g ? T g T 1': FigEu‘e 3'. Relative overall cost of a complete 3-Mb genome sequence generated using PACE
Total 688 1200 171 206 24 129 " 126 lowing different levels of shotgun coverage.
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Figure 1.
Circul: fC. i-NT gel d cl s. Predicted CDS ¢ 1 - . . . . .
et I S O T 47. Nuwaysir EF et al. Gene expression analysis using oligonucleotide arrays produced by maskless

coded based on functional classification. CDS in the transcriptome circles are also color
coded, with red representing the highest mRNA abundance, green the lowest and white the
intergenic regions. The G+C content and trinucleotide skew were determined using 2,000-nt
windows with 1.000-nt incremental shifts.

photolithographv. Genome Res. 12. 1749-1755 (2002). [PubMed: 124217621
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Brazil's biotech boom

Ten years ago, Brazilian bioscience was transformed by a bold initiative. Scientists and the
government must develop and extend the progress that has resulted.

nMay 1997, a pair of Brazilian scientists gpent 8 weskend in the coun-
try discossing a bold idea. José Fermand o Perez, the sclence direc-
tar at the Sko Paulo Research Foundation (FAPESP), a gate-funded
agency and one of Brazil's leading research sponsors, had been booddng
for game-changing research initiatives Biologist Fermando Reinach,
ong of his ad visers, had a sufficiently adventurous plan: kick -start
biotechniology research throughout Brazil by sequencing a genome.

For manmy risk-averse scientists in the old guard, whio were acutely
awanre of how far the country lagped behind the rest of the world
in biotechnology, this plan seemed overly ambiticzs. But the duo
pushed abead to build the capacity for genomics and bicinformatics
that Brazil lacked, quickly organizing a tesum to conduct the project
and then setiling on a bacteriwm to sequence. FAFPESP invested the
equivalent of US312 million, largel y dedicated to sequencers, com-
paters and resgents, while the team brought together and trained
researchers from a ramge of fields to develop a broad and bong-lasting
st of ddlls and knowhedge

o 13 July 2000 that effort paid off when the team, by then compris-
ing e than 100 researchers in 35 Brazilian labs, published the genetic
code for the cltrus pathogen Xylals fastldiosa In an artcle festumd on
the cover of Natwre (A. | G. Simpson o al. Natwre 406, 151-157; 20007,
Ten years later, the fruits of that project keep coming,

Bafore its Xplalla paper had even come out, for exmmpl e, the net-
work was busy sequencing another citrus pathogen while taking its
first stab at the complex sugarcans genomse and contributing to the

Brazilian biotechnology has matured to the point at which its
scientists are players on the international stage. And FAPESP is still
promoting blg ideas, Including & new programms 1 pim p money
intoa broed portfolio of bi cenergy research even as the Ministry of
Science and Technology constructs a bisethanol research centre;
bath initiatives seek to build on Brazil's lead in this field FAPESP is
also wording to overn omee one of the biggest impedimentsto progress
— i lack of doctoral ressarchers — by encouraging scientists to fill
the gaps with young stars from the United States and Barope, part
of a broader effort to internationali ze Brazilian scence.

All of this is good, but more efforts are neaded in the same vein
— more attitude, more risk-taking and more ent reprenewrialism
that puis public scence into private practice, an area in which Brazil
continues to lag. Unpermities and funding agen cies roust ontine
to advance technol ogy-transfer programmees, and the government
st streamline regnalations that slow even simple activities such as
il 'FF--. e @quipmee e Wl ircadl. Bt i There T "i.
holding Brazil bacdk, it is the same unjustified fear of failure that the
conntry overcame ten years ago with Xplafls. Although institutions
can promote, fand and eward bold thinking, it is worth notingthet
Kyilella was not simply a bricks- and-mortar ressarch centre run by a
foundation, but a scence project. Ultimately the task of prommoting
Brazilian blotechnology comes down 1o the sclence, and it will be
up to individuosl scentists to accept the challenge and expand their
research horizons.
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Poly-ICLC (Hiltonol®)

Polyriboinosinic acid — polyribocytidylic acid + poly-lysine + CMC
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Poly-ICLC is a stabilized form of double stranded RNA that mimics a viral genome and
acts as a potent and rapid activator of the imune response to be used either alone or
with an antigen to direct the immune response to tumors or infectious agents being

developed by Oncovir.
Supplied as a 1.8mg/ml sterile solution in saline in vials containing 1.2ml
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