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ABSTRACT. The correct identification of all human genes, and their
derived transcripts, has not yet been achieved, and it remains one of the
major aims of the worldwide genomics community. Computational pro-
grams suggest the existence of 30,000 to 40,000 human genes. How-
ever, definitive gene identification can only be achieved by experimental
approaches. We used two distinct methodologies, one based on the align-
ment of mouse orthologous sequences to the human genome, and an-
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other based on the construction of a high-quality human testis cDNA
library, in an attempt to identify new human transcripts within the human
genome sequence. We generated 47 complete human transcript se-
quences, comprising 27 unannotated and 20 annotated sequences. Eight
of these transcripts are variants of previously known genes. These tran-
scripts were characterized according to size, number of exons, and chro-
mosomal localization, and a search for protein domains was undertaken
based on their putative open reading frames. In silico expression analy-
sis suggests that some of these transcripts are expressed at low levels
and in a restricted set of tissues.

Key words: Novel human transcripts, Mouse orthologous sequence,
Testis cDNA

INTRODUCTION

Due to the complexity of the human genome, the main objective of the Human Genome
Project, the correct identification of all human genes and their derived transcripts, has yet to be
achieved. The human genome is estimated to contain 30,000 to 40,000 genes (Lander et al.,
2001; Venter et al., 2001). This number of genes is only slightly higher than what is found in
much simpler organisms, such as Caenorhabditis elegans (The C. elegans Sequencing Con-
sortium, 1998), suggesting that the greater complexity found in vertebrates might be due to a
variety of mechanisms involving regulation of gene expression. Such mechanisms might include,
for example, inhibition of gene expression by antisense transcripts (Shendure and Church, 2002;
Yelin et al., 2003) and alternative splicing (Modrek and Lee, 2002).

The coding sequences of the human genome, comprising only 3% of the entire se-
quence, are separated by large intergenic regions, and they are composed of short transcribed
exons, normally interrupted by numerous, very long non-transcribed introns. Gene prediction
programs have been used to recognize patterns and predict genes within the genome sequence.
These programs are based not only on ab initio gene prediction, but they also make use of
orthologous sequences, motif and domain structure, and the presence of polyadenylation sites
and/or signals (Burge and Karlin, 1997; Rogic et al., 2001; Solovyev, 2001; Blanco et al., 2002).
Despite the progress in this area, genomic structural complexity does not allow such programs
to correctly predict all human genes without experimental confirmation. As a result, the correct
identification of all human genes, and their derived transcripts, remains a real challenge.

Many large-scale sequencing projects have contributed to the global identification of
human genes and their variants by generating expressed sequence tags (ESTs) (Adams et al.,
1991; Houlgatte et al., 1995) and open reading frame (ORF) ESTs (ORESTES) (Dias-Neto et
al., 2000; de Souza et al., 2000; Camargo et al., 2001; Brentani et al., 2003). ESTs are partial and
single-pass sequences derived from the 5’ or 3’ extremities of cDNA clones (Adams et al.,
1991), whereas the ORESTES approach is biased towards the central portion of the coding
regions of transcripts (Dias-Neto et al., 2000; Camargo et al., 2001). Nevertheless, full-length
transcript sequences are crucial for final confirmation of gene structure. Considerable effort
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has been made in the generation of full-length transcript sequences (Strausberg et al., 1999;
Wiemann et al., 2001; Kikuno et al., 2002; Nakajima et al., 2002; Strausberg et al., 2002) directly
from high-quality cDNA libraries (Bonaldo et al., 1996; Carninci et al., 2000). The transcript
finishing strategy, developed by Sogayar and collaborators (2004), utilized RT_PCR experi-
ments to bridge gaps between EST clusters mapped to the human genome to achieve final
confirmation of the structure of transcripts.

Our involvement with this latter project motivated us to further explore the complete
characterization of new human transcripts through integrative approaches involving experimen-
tal and in silico strategies. We used mouse transcript sequences and cDNA molecules derived
from a human testis library to identify new human transcripts. We completed the sequence of 47
transcripts, including 27 that were first annotated by us in the human genome.

MATERIAL AND METHODS

Testis cDNA library generation and clone selection

A unidirectional human testis cDNA library was constructed from polyA RNA using
the SuperscriptTM Plasmid System GatewayTM Technology for double-strand cDNA synthesis
and cloning. Cloned fragments were selected by size on Sepharose CL-2B (Pharmacia) col-
umns (40 cm long, 1 mm ID) according to the protocol described by Vettore and collaborators
(2001). Fractions containing cDNA molecules larger than 800 bp were ligated into pSPORT6
vectors (Invitrogen) at the SalI-NotI site and the resulting plasmids were transformed in DH10B
cells (Invitrogen) by electroporation (BioRad). The transformants were spread on LB agar
medium containing ampicilin (100 µg/ml), IPTG (100 mM) and X-Gal (20 mg/ml), and plasmid
DNA was purified using the alkaline lysis method (Sambrook et al., 1989). In order to estimate
the frequency of full-length clones, putative new transcripts, and the level of redundancy in the
library, 5’ sequences from 192 clones were generated, resulting in 153 high-quality sequences
(300 bp with Phred >20) suitable for further analysis.

The 5’ sequences were aligned to the human genome using the BLAT search tool
provided by the University of California, Santa Cruz (UCSC) (http://genome.ucsc.edu/cgi-bin/
hgBlat, version Nov. 2002), and the annotation tracks corresponding to Known Genes, human
mRNA and RefSeq genes were used for the comparison. The sequences that aligned with
already identified full-length human mRNAs were used to estimate the frequency of full-length
clones within the library. A sequence was considered a full-length clone when the 5’ end aligned
with, or upstream of, the start codon site of a corresponding CDS-annotated mRNA molecule.
The sequences that did not align with any full-length human mRNA were used to assess the
frequency of putative new human transcripts. The CAP3 assembler program with default pa-
rameters (Huang and Madan, 1999) was used to join sequences with a high-identity level into
contigs. The number of contigs and singletons obtained were divided by the total number of
reads, and the redundancy level was assumed as 1 minus the value obtained in the previous
calculation.

cDNA evaluation and sequencing

Inserts were amplified by PCR using the primers (SP6 Promoter primer - 5’ ATTTAG
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GTGACACTATA 3’ - and T7 Promoter primer - 5’ CCCTATAGTGAGTCGTATTA 3’) in a
standard reaction containing 1X Taq polymerase buffer, 0.25 mM dNTP, 1.5 mM MgCl

2
, 1.0

mM each primers and 2 U Taq DNA polymerase (Invitrogen) in a final volume of 25 µl. Reac-
tions were carried out at 94°C for 30 s, 55°C for 45 s and 72°C for 4 min for 35 cycles. An initial
cycle of 94°C for 4 min and a final extension at 72° for 6 min were used. For generation of the
complete sequence, two strategies were used: primer walking for clones smaller than 1,500 bp
and shotgun libraries for clones larger than 1,500 bp. For the primer walking strategy, direct
sequencing was undertaken, using internal primers designed approximately 100 bases from the
end of the available high-quality sequence. For the shotgun strategy, the inserts were amplified
by PCR and randomly fragmented by sonication. Fragments of 500 bp to 1,000 bp were isolated
from agarose gels (1%) and cloned using the TOPO Shotgun Cloning Kit (Invitrogen).

Identification of human transcripts using mouse cDNA sequences

Mouse mRNA sequences available from UniGene were analyzed by the Laboratory of
Computational Biology, Ludwig Institute for Cancer Research, São Paulo Branch. All mouse
sequences were mapped onto the human genome sequence using Blast, and those that did not
correspond to a full-length human mRNA were selected for further analysis. A total of 672
sequences of the list were manually checked, and those sequences that presented a functional
annotation and size less than 4.0 kb were selected for evaluation by RT_PCR.

RT_PCR amplification of human transcripts identified with mouse sequences

Following selection of the mouse orthologs of interest, their sequences were aligned to
the human genome sequence (http://genome.ucsc.edu/cgi-bin/hgBlat, version Nov. 2002), and
RT_PCR primers were designed from conserved regions using Primer3 with default param-
eters (www-genome.wi.mit.edu/cgi-bin/primer/primer3.cgi). Since most sequences were larger
than 500 bp, the construction of one or more pairs of primers was necessary to cover the entire
transcript. Each pair of primers delimited a fragment of up to 1,000 bp, with 100 bp overlapping
between pairs of primers to facilitate assembly of a consensus sequence. In order to determine
from which tissue the cDNA should be used as the RT_PCR template, mouse mRNA se-
quences were aligned against dbEST (http://www.ncbi.nlm.nih.gov/BLAST/). PCR was under-
taken using a mixture that contained 1X Taq polymerase buffer, 0.20 mM dNTP, 1.5 mM MgCl

2
,

1.0 mM primers, and 2 U Taq DNA polymerase (Invitrogen) in a final volume of 25 µl. Reac-
tions were carried out with a basic cycle consisting of 94°C for 30 s for denaturating, primer
annealing at calculated temperature for 45 s and extension for 1 min at 72°C for 35 cycles,
together with an initial denaturating at 94°C for 4 min and a final extension at 72°C for 6 min.
Modifications in the PCR conditions for candidates showing no specific amplification were
attempted including the addition of betaine (1 M) (Henke et al., 1997), alteration of annealing
temperature and adjustments of MgCl

2 
concentration.

RNA extraction and cDNA synthesis

Total RNA was prepared from cultured cells using the cesium chloride cushion tech-
nique (Chirgwin et al., 1979) and subsequently treated with 100 U DNAse I (FPLC-pure; Amer-
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sham). For cDNA synthesis, a reverse-transcriptase PCR was carried out, using 5 to 10 µg total
RNA, oligo(dt)12-18, random primer and Superscript II (Invitrogen), according to the
manufacturer’s instructions. Following the synthesis, cDNA molecules were treated with RNAse
H. Genomic DNA contamination and cDNA quality were evaluated through PCR amplifica-
tions using primers annealing to intronic sequences flanking exon 12 of the hMLH-1 gene (for-
ward: 5’TGGTGTCTCTAGTTCTGG3’ - reverse: 5’ CATTGTTGTAGTAGCTCTCG3’) and
primers located at the 5’ extremity of the Notch 2 transcript (11,433 bp) (forward: 5’ACTGTG
GCCAACCAAGTTCTC3’ - reverse: 5’CTCTCACAGGTGCTCCCTTC3’), respectively.

Template preparation and DNA sequencing

DNA templates were prepared for the testis cDNA clones in a 96-well plate, using the
alkaline lysis method. Transcripts identified with mouse sequences were sequenced di-
rectly following purification of PCR products with the QIAquick PCR Purification Kit
(QIAGEN). Sequencing reactions were carried out using ABI Prism BigDye Terminator v3.0
Cycle Sequencing Ready Reactions (Applied Biosystems) and an ABI Prism 3100 (Applied
Biosystems).

Sequencing analysis and database update

Chromatograms were classified into testis cDNA sequences (TESTIS) or mouse-de-
rived sequences (MO) and were processed with the PredPhrap package (including phred,
phd2fasta and cross_match, in this order) with default parameters. Before the Phrap was called
to assemble the data into one contig, the sequence reads were screened against the vector
sequence. The contig sequences, and their respective chromatograms, were visually analyzed.

Transcript characterization

Consensus sequences were aligned against the May 2004 version of the human ge-
nome sequence available at UCSC Genome Browser (Kent et al., 2002), using the BLAT
search tool (http://genome.ucsc.edu/cgi-bin/hgBlat). This allowed determination of overlap with
known genes and gene predictions. A transcript was considered novel if its alignment coordi-
nates did not match the coordinates of Known Genes, RefSeq Genes, MGC sequences, or
human mRNA annotation tracks available through the BLAT search tool. A transcript was
defined as a splicing variant if the alignments revealed intron retention and/or alternative exon
usage when compared to sequences available in the databases cited above. The following tracks
were used for comparison with prior gene prediction: Fgenesh++ (Solovyev, 2001), Geneid
(Guigó et al., 1992) and Genscan (Burset and Guigó, 1996), available through the BLAT search
tool in the July 2003 version. An exon was considered to be predicted if it aligned within the
coordinates defined by any of the three gene prediction programs (not necessarily sharing bor-
ders) and a transcript was considered not predicted if none of the exons were predicted by any
of the computer programs.

The consensus sequences corresponding to newly identified transcripts were translated
into amino acid sequences using TRANSLATE (http://us.expasy.org/tools/dna.html). The ORF
sequences were searched against Pfam and Prosite databases by the Hits tool (http://hits.isb-
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sib.ch/) to determine putative protein domains. ORFs from the TESTIS cDNA clones were
those with the longest amino acid sequences, containing at least 40 amino acids. In the case of
the MO transcripts, ORFs were selected on the basis of their match with those in the mouse
transcript.

SAGE

Virtual tags were assigned to the transcript sequences comprising the 10 bp down-
stream of the NlaIII site most proximal to the 3’ extremity. The extracted tags were then
analyzed using serial analysis of gene expression (SAGE) genie (http://cgap.nci.nih.gov/SAGE)
to generate a putative expression pattern for each transcript.

RESULTS

Library validation and selection of testis cDNA molecules

The testis cDNA library contained 2 x 106 cDNA clones. Approximately 35% (35 of
99) of cDNA molecules tested in an initial sample were judged to be full-length sequences,
based on alignment with CDS-annotated human transcripts available in the public databases.
This percentage was not as high as that achieved using special protocols for obtaining full-
length cDNA sequences (Carninci et al., 2000, 2001), but it was superior to what was
obtained with commercially available, high-quality cDNA libraries evaluated by our group
(data not shown). From an initial set of 153 sequences, we found 14 in which the 5’ ex-
tremity sequence did not match any known human transcript. This result indicated that up
to 9% of our set might correspond to previously unidentified transcripts. Redundancy, as
evaluated by CAP3 (Huang and Madan, 1999), was around 3.3%, with 145 singletons and
three contigs. Based on these results the library was judged adequate to search for unknown
transcripts.

We then generated 1,152 5’ sequences, 835 of which were of high quality. Fifty-nine of
these did not match known human transcripts, including 55 that were 500 bp or longer, based on
PCR amplification. In order to detect chimeric clones, the sequences of both extremities were
mapped to the Nov. 2002 version of the human genome sequence using BLAT (http://
genome.ucsc.edu/cgi-bin/hgBlat). Based on this, 4 clones were discarded, since their extremi-
ties did not align to the same genome region. Of the remaining 51 clones, 15 aligned discontinu-
ously to the genomic sequence (revealing the presence of exons and introns), whereas 36 aligned
continuously (indicating non-spliced structures). The presence of exons greatly increases the
probability that the sequence is a bona fide transcript (Sorek and Safer, 2003). However, recent
studies identified 3,500 single-exon human transcripts on the human genome sequence (approxi-
mately 10% of known genes) (Sakharkar and Kangueane, 2004), which appear to play an
important role in transcript regulation and cell differentiation (Hickox et al., 2002; Sakharkar and
Kangueane, 2004). We, thus, selected cDNA clones corresponding to putative single-exon tran-
scripts where at least one corresponding EST was available in dbEST (http://www.ncbi.nlm.nih.
gov/BLAST/). This was found to be the case for 31 sequences that mapped continuously to the
genome. These and the 15 sequences corresponding to multi-exon transcripts were then sub-
mitted to complete sequencing (Figure 1).
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The use of mouse sequences to identify human transcripts

One thousand four hundred and fourteen mouse sequences that had no match to any
full-length human cDNA were considered. Manual inspection of 672 randomly selected se-
quences indicated that 217 had no alignment to any full-length human mRNA sequence in the
public database. Several other criteria (See Methods) were then applied to reduce the dataset to
a list of 29 regions in the human genome likely to contain a human transcript. An overview of the
selection process is shown in Figure 2.

The source of ESTs matching those regions was used as a guide for tissue selection for
PCR amplification. A pool of cDNA molecules from different tissues was used when no EST
information was available. Among the 29 attempted amplifications, 28 generated at least one
fragment of the expected size, indicating that as many as 96.5% of our candidates had a corre-
sponding human ortholog.

Consensus sequence assembly

A total of 713 sequences were generated during the project, of which 305 were from
TESTIS cDNA clones and 408 from the cDNA molecules identified with MO sequences; these
were successfully assembled into 27 TESTIS cDNA molecules and 20 MO sequences. Fifteen
TESTIS cDNA molecules and 6 MO sequences were abandoned once full-length human mRNA

1152 sequences of 5’ extremities

835 high quality

59 clones did not match with any human mRNA molecules

PCR using vector’s primers

55 clones ≥500 pb

4 clones <500 pb - discarded

4 chimeric clones - discarded

51 clones aligning at the same chromosome region

5 clones with no similarity to 5’ or 3’ ESTs - discarded

36 intronless clones

31 introless clones15 spliced clones

46 human testis cDNA clones selected for complete sequencing

Figure 1. A general overview of the human testis cDNA library validation and the process of cDNA clone selection for
complete sequencing. ESTs = expressed sequence tags.
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sequences were submitted to the GenBank by other groups. In the case of 4 TESTIS cDNA
molecules and 3 MO sequences, it was impossible to generate a consensus sequence due to the
presence of repetitive sequences (in the case of TESTIS cDNA molecules) or due to nonspe-
cific amplification of fragments (in the case of MO sequences). Sequence discrepancies were
manually corrected based on the genome sequence. Less than 0.9% of the nucleotides in the
consensus assemblies required alteration. In the case of MO sequences, final confirmation
came from RT_PCR, using primers annealing to the extremities of the consensus to demon-
strate the existence of the complete transcript in the tissue (Figure 3). The 47 consensus se-
quences had an average size of 1,547 bp (1,721 bp for the TESTIS cDNA molecules and 1,312
bp for the MO sequences).

Analysis of the testis-derived transcripts

Alignment of the 27 TESTIS cDNA transcripts to the human genome sequence (UCSC
- May, 2004) revealed that 19 (70%) did not match full-length human mRNA sequences. Fur-
thermore, only 5% of these presented a structure predicted by ab initio gene prediction pro-
grams (Fgenesh++, Geneid and Genscan), thus representing totally unknown transcribed re-

Mouse mRNA sequences from UniGene

1414 sequences did not match with any full-length human mRNA molecules

672 sequences manually analyzed
BLAT tool - november/2002

217 sequences aligned to Human Genome Sequence

29 selected sequences

Mapping onto the Human Genome Sequence

Aleatory sequence selection for manual analyses

455 sequences matched with full-length human mRNA

Selection based on functional information and size less than 4.0 kb

Figure 2. A general overview of the process of orthologous sequence selection for complete sequencing.
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gions in the human genome. Five TESTIS cDNA molecules comprised previously unknown
splicing variants of known genes. Overall our data revealed 46 previously unidentified tran-
scribed exons in the human genome, corresponding to 33,487 bp. The average size of the new
exons was 727.9 bp. However, when single-exon transcripts were excluded the exon average
size decreased to 438.0 bp (12 of 19 transcripts were single exon).

Analysis of transcripts identified using mouse sequences

A similar analysis for the 20 MO transcripts revealed that 8 did not match to full-length
human mRNA sequences (40%) and one corresponded to a splicing variant of a known gene.
Half of the novel transcripts had been predicted by ab initio gene prediction programs
(Fgenesh++, Geneid and Genscan). Our data delimited 22 previously unknown exons in the
human genome sequence comprising 9,060 bp. The average size of the new exons was 411.8
bp. When the six single-exon transcripts were excluded, the average exon size decreased to
231.8 bp.

Transcript annotation

Of the 27 full insert transcripts, 22 were found to contain an ORF of at least 40 amino
acids, with the average ORF size being 129 amino acids. In 6 of these, the transcript contained
an identifiable protein domain, such as a serine-rich region profile, a zinc finger C

2
H

2
 type

domain and G-protein-coupled receptor family 1 profile. Amongst the MO transcripts, five of
eight contained such profiles, while amongst the TESTIS transcripts the proportion was much
lower, being 1 of 19. A complete listing of the characteristics of the TESTIS cDNAs is shown in
Table 1 and another of the MO transcripts is shown in Table 2.

2000

1500

600

400

300

200

100

L MO-32 F1 F2 F3

Figure 3. Final confirmation of the MO-32 (AY726601) consensus assembly. Agarose gel showing RT_PCR of MO-32
entire transcript and the three individual fragments using placental cDNA as a template. L: Ladder 100 bp; MO-32:
RT_PCR using extremity primers (size: 1,287 bp); F1: fragment 1 (size: 368 bp); F2: fragment 2 (size: 458 bp); F3:
fragment 3 (size: 628 bp).
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In silico analysis of transcript abundance

In order to have a general view of the transcript expression profile from the human
transcripts identified here, we performed an in silico analysis based on SAGE. The virtual tags
corresponded to the 10 nucleotides immediately downstream of the 3’most NlaIII site in a given
transcript. These virtual tags were then submitted to SAGE Genie (Boon et al., 2002) in order to
establish transcript expression profiles (available at http://gdm.fmrp.usp.br/cgi-bin/tagmap/
index.pl?template_file=view_sequence). We were able to obtain expression information for 41
of 47 sequences. Among these, 18 had less than 50 tags per 200,000, and were thus relatively
lowly expressed (Figure 4A). Thirteen of the 41 transcripts were expressed in 5 or less tissues,
as judged by the source of SAGE tags (Figure 4B). Amongst the TESTIS cDNA molecules
analyzed, 14 of 24 had less than 50 tags per 200,000, whereas amongst the MO transcripts, only
4 of 17 presented this profile, and these were judged as rare messages. Similar results were
found in tissue distribution analysis where 10 of 24 TESTIS cDNAs, and 3 of 17 MO transcripts
were expressed in only 5 or less tissues.

DISCUSSION

There is currently a worldwide effort to complete the catalogue of human genes and
derived transcripts, involving several independent initiatives and distinct approaches.

Full-length cDNA sequences are the gold standard for the definition of transcripts.
Progress has been made in full-length sequence generation, using standard and full-length en-
riched cDNA library from many human tissues (Bonaldo et al., 1996; Carninci et al., 2000;
Strausberg et al., 1999, 2002; Nakajima et al., 2002). A total of 28,256 UniGene clusters cur-
rently include at least one full-length cDNA sequence (UniGene Build #171 - http://www.ncbi.
nlm.nih.gov/entrez/query.fcgi?db=unigene).

To contribute to the definition of the human transcript catalogue, we have used two
alternative strategies: the construction of a unidirectional human testis cDNA library and the
alignment of mouse sequences to the human genome. Testis is a highly specialized tissue that
expresses a large number of transcript species, which makes it suitable as a potential source for
unidentified transcripts (Warrington et al., 2000; Yao et al., 2004). The strategy using mouse
sequences is powerful, due to the high degree of conservation between human and mouse
observed both in the coding sequence (Makalowski et al., 1996) and in 3’ and 5’ UTR (Makalowski
et al., 1996; Shabalina et al., 2004).

We identified and completely sequenced 47 previously unknown human transcripts, of
which 27 had still not been annotated in the May 2004 version of the UCSC genome browser.
The use of a cDNA testis library was found to be more effective (19 novel transcripts) than the
use of mouse mRNA sequences (8 novel transcripts) for the identification of unknown human
transcripts.

Intronless transcripts have increasingly been perceived as playing an important role in
the regulation of transcription (Hickox et al., 2002; Sakharkar and Kangueane, 2004), and they
represent a significant proportion of the human gene catalogue (Sakharkar et al., 2002; Sakharkar
and Kangueane, 2004). A significant proportion of our candidates were intronless transcripts
(24 of 47). Many of them had still not been reported by others by the end of the project (18 of 24
intronless transcripts and 9 of 23 transcripts with multiple exons). The high number of novel
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intronless transcripts identified in this project may be due to the fact that many groups have been
using strategies for transcript identification that exclude intronless sequences (Sogayar et al,
2004).

Our analysis of the novel transcripts revealed that 22 of 27 were not identified by any of
the commonly used ab initio gene prediction programs. Amongst the TESTIS transcripts, 18 of
19 were not predicted, while in the case of MO transcripts 4 of 8 were not predicted. This leads
us to suggest that most of the unidentified transcripts have atypical structures that are difficult to
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identify using ab initio computational prediction programs.
Amongst the novel human transcripts, only 9 of 27 had an ORF of more than 100 amino

acids, precluding extensive analysis of predicted protein structure and function. Short ORF
transcripts may be more difficult to predict by computational programs, and consequently their
experimental characterization might have been delayed. Moreover, only 6 transcripts exhibited
recognizable protein domains, 5 of which were MO transcripts. Whether the transcripts con-
taining short ORFs without the presence of a known protein domain produce a functional pro-
tein remains to be determined.

Recent technological advances in large-scale gene expression analysis have been made,
including SAGE (Velculescu et al., 1995). Currently there are around 15 million tags available in
the SAGE Genie database. These tags can be associated with a human transcript, providing a
global expression portrait of the human genome, and the use of bioinformatics tools allows a
general view of individual transcript distribution. The TESTIS cDNA molecules had a higher
frequency of transcripts expressed at a low level and a restricted number of tissue types, when
compared to MO transcripts. This result is supported by the higher proportion of novel human
transcripts identified by the testis library approach, since this expression pattern could have
made their previous identification more difficult.

We conclude that there are still unidentified human transcripts, many of which might be
found using the testis as a tissue source. Surprisingly, we also found that even genes fully
annotated in the mouse genome remained cryptic in the human genome, although many of these
transcripts either may not encode proteins or they could produce rather short polypeptides.
Nevertheless, continued efforts at human gene identification would appear to be worthwhile.
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