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Abstract

The SAGE (serial analysis of gene expression) method is sensitive at detecting the lower abundance
transcripts. More than a third of human SAGE tags identified are novel representing the low
abundance unknown transcripts. Using the GLGI method (generation of longer 3’ EST from SAGE
tag for gene identification), we converted 1,009 low-copy, human X chromosome-specific SAGE
tags into the 3" ESTs. We identified 3,418 unique 3’ ESTSs, 46% of which are novel and originated
from the lower abundance transcripts. However, nearly all 3' ESTs were mapped to various regions
across the genome but not X Chromosome. Detailed analysis indicates that those 3’ ESTs were
isolated by SAGE tag mis-priming to the non-parent transcripts. Replacing SAGE tags with non-
transcribed genomic DNA tags resulted in poor amplification, indicating that the sequence similarity
between different transcripts contributed to the amplification. Our study shows the prevalence of
novel low abundance transcripts that can be isolated efficiently through SAGE tags mis-priming.
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1. Introduction

Transcripts are the functional carriers of genes. Transcript isolation is essential for gene
identification and for functional study of genes. The abundance of different transcripts can vary
over a million-fold [1-4]. The higher abundance transcripts tend to be from a limited number
of genes with housekeeping functions, while the lower abundance transcripts tend to be from
most of the genes with specialized functions. Isolation of full sets of transcripts expressed from
a given genome, regardless of abundance, is an ultimate goal in transcriptome studies.

Transcript isolation has been highly successful during the last decade. For example, the large-
scale human EST collection has isolated over 7 million ESTs from the human genome [5-7.
http://www.ncbi.nIm.nih.gov/dbEST/dbEST_summary.html). However, recent evidence
shows that novel, low-abundance transcripts are widely present in yeast, fly, mouse, rat,
Arabidopsis, rice, and human [8-17], indicating that the transcriptome is far more complex

*These authors contributed equally to this study.

3Corresponding author: San Ming Wang, MD Center for Functional Genomics ENH Research Institute, Northwestern University, 1001
University Place, Evanston, IL 60201 Tel: 224-364-7491; Fax: 224-364-5003; Email: swangl@northwestern.edu


http://www.ncbi.nlm.nih.gov/dbEST/dbEST_summary.html

1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kim et al.

Page 2

than thought [18], and transcript identification is far from complete, even in these extensively
characterized model genomes.

The approaches used for large-scale transcript identification include the EST approach that
detects transcripts with several hundred bases [5-7] and the SAGE approach that detects
transcripts with 10-20 bases [19-20]. Over 7 million copies of human ESTs and 20 million
copies of human SAGE tags have been isolated
(http://lwww.ncbi.nlm.nih.gov/projects/SAGE/). While novel transcript identification by the
EST approach has decreased dramatically [14], the SAGE approach continues to detect more
low abundant transcripts due to its high sensitivity [21]. However, SAGE provides only short
sequence information for the detected transcripts. Identification of the original transcripts with
longer sequence information will be essential for annotation and functional studies. In this
study, we used the GLGI method to convert over a thousand human X chromosome-specific
SAGE tags into the 3' ESTs with the primary aim of identifying the novel transcripts from X
chromosome. While nearly half of the isolated 3' ESTs are novel, most of the 3' ESTs represent
the transcripts from non-X chromosomes. Further analysis reveals that those 3' ESTs were
isolated by SAGE tags through mis-priming mechanism. Here we report the details of the study.

2. Materials and methods
2.1. SAGE data analysis

Experimental 10-base SAGE tags and 17-base long SAGE tags were downloaded from NCBI
GEO (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=gpl4,
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=gpl1485). The reference 10-base and 17-
base long SAGE tags were downloaded from “SAGEmap-full” of the SAGEmap database
(ftp://ftp.ncbi.nlm.nih.gov/pub/sage/map/Hs/). Human genome sequences (NCBI 34) were
used for extracting 10-base and 17-base genomic tags at the CATG sites. For sense strand, tags
were extracted immediately after each CATG site; for anti-sense strand, tags were extracted
before each CATG site with reverse/complementary sequences. Human ESTs were
downloaded from NCBI dbEST (ftp://ftp.nchi.nih.gov/repository/dbEST/) and 10-base and 17-
base tags were extracted after the last CATG sites in the 3' ESTs. Different computational
programs written in Perl were used for the comparison between the experimental SAGE tags,
reference SAGE tags, and the genomic tags.

2.2. Selection of X chromosome-specific novel SAGE tags

The 315 human SAGE libraries containing 18,966,751 SAGE tags were downloaded
(http://www.ncbi.nlm.nih.gov/geo/, December 9, 2005). The SAGE tags were matched to the
human SAGEmap reference database (SAGEmap full, release 172, October 25, 2005) to
identify the non-matched SAGE tags as novel SAGE tag candidates. A chromosome-based
human genomic SAGE tag reference database was constructed by extracting 10-bases and 17-
bases after all CATG and before CATG (reverse complementary) using the human genome
sequences (NCBI 34). All novel SAGE tags were mapped to the genomic tag reference database
to identify those specifically mapped to the human X chromosome.

2.3. Conversion of SAGE tags into 3' ESTs

Each X chromosome-specific novel SAGE tag was used to design a primer with sequences
CAGGGACATGxxxxxxxxxx, where CAGGGA is used to increase the length of the primer,
CATG in the SAGE tag is the Nlalll restriction site used for releasing SAGE tags from cDNA
templates, and xxxxxxxxxx is the 10-bp SAGE tag sequence. RNA samples from brain and
placentatissues (Stratagene, La Jolla, CA) were treated by using DNase | digestion to eliminate
potential genomic DNA contamination, and the purity of digested RNA samples was tested by
PCR amplification of the beta-actin gene (GenBank ID NM_001101) using sense
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primerGGACTTCGAGCAAGAGATGG and antisense primer
AGCACTGTGTTGGCGTACAG that span the intron 4 of the beta-actin gene. The amplified
genomic DNA will be 329 bp, and the amplified mRNA will be 234 bp.

GLGl reactions were performed to convert SAGE tags into 3’ cDNASs following the procedures
described previously [22-23]. Briefly, mMRNAs were purified from total RNA samples using
oligo (dT),5 magnetic beads (Dynal, Brown Deer, WI). Double strand poly dA/dT (-) cDNAs
were synthesized using M-MLV Reverse Transcriptase (Invitrogen, Carlsbad, CA) and the 5’
biotinylated, 3’ anchored oligo (dT) primers (5’ biotin-ATCTAGAGCGGCCGC-T16-A/G/
CA/CG/CC), and digested by Nlalll. The 3’ cDNAs after the last CATG were then isolated
using streptavidin magnetic beads (Dynal). GLGI reactions were performed in 96-well plates
including Hotstart Tag polymerase (Denville, Metuchen, NJ), each sense primer, universal
antisense primer ACTATCTAGAGCGGCCGCTT and 3' cDNAs. The amplified products of
each reaction were cloned into the pPGEM-T vector (Promega, Madison, WI), transformed into
E.coli TOP10 (Invitrogen) and plated in a single well of the 48-well Qtrays (Genetix,
Hampshire, UK). Twelve clones from each transformation were selected for sequencing
collection. Plasmids were purified by using the Montage Plasmid Miniprepgg Kit (Millipore,
Billerica, MA). DNA sequencing reactions were performed using the Big-Dye Terminator v3.1
Cycle Sequencing Kit (ABI, Foster City, CA), and sequences were collected inan ABI 3730XL
DNA sequencer using Phred20 as the cut-off. Only the sequences containing the SAGE tag-
based sense primer in the 5’ end and the polyA tail at the 3’ end were considered as the qualified
3'ESTs. The same sequences originated from the same sense primer were combined as a unique
sequence. Poly A signals were identified in each sequence by searching the poly A signal
sequences AATAAA, ATTAAA AATTAA, AATAAC, AATAAT, AATACA, ACTAAA,
AGTAAA, CATAAA, GATAAA, and TATAAA upstream 100 bps from the 3’ end of each
sequence [24].

2.4. Confirmation of 3" ESTs by using RT-PCR

Sense primer and antisense primer were designed based on each selected 3' EST sequence to
generate the amplicons between 100 to 300 bases. One hundred ng of brain or placenta total
RNA were used as the templates for cDNA synthesis. For antisense confirmation, cDNA was
synthesized by using each antisense primer, and PCR was followed by adding each sense
primer. Conditions for PCR amplification were 35 cycles of 94°C for 30 sec, 60°C for 30 sec
(50°C was set for DR978181), and 72°C for 1 min, and then extended at 72°C for 7 min. PCR
products were checked on 1% agarose gels.

2.5. Estimation of the abundance of the identified transcripts by using real-time PCR

The same sequences and primers used for RT-PCR confirmation were used for real-time PCR.
The reactions were performed following the manufacturer’s protocol (Stratagene, La Jolla,
CA). Briefly, first-strand cDNA was synthesized by using oligo dT1,.1g primer and 1 ug of
DNase I treated total RNA in a total volume of 20 ul. Two ul of each primer set and two ul of
the synthesized cDNA were added to Full Velocity SYBR® Green QPCR master mix
(Stratagene) in a total volume of 25 ul. The mixtures were placed in an Mx3000P instrument
(Stratagene) and the PCR program was run at 1 cycle at 95°C for 5 minutes, 45 cycles at 95°
C for 30 seconds, 60°C for 60 seconds and 72°C for 60 seconds. Beta-actin transcripts were
used as a control representing the high abundance transcripts. The SAGE tag copies of beta-
actin in brain and placenta tissues were identified from brain SAGE library GSM763 and
placenta SAGE library GSM 14750 (http://www.ncbi.nlm.nih.gov/projects/geo/).

2.6. Control experiments using genomic tag primers and random primers

Genomic DNA sequences of 14-bps were extracted from the non-repetitive genomic regions
in the human X chromosome (NCBI 34) that are free from known genes, mRNAs, and ESTs.
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The 14-bp sequences were filtered through the SAGE tag databases (GPL4 and SAGEmap
187) to exclude any that match existing SAGE tags. Those without matches were used as the
sense primer. Six bases (CAGGGA), as used in the SAGE tag-based primers, were added to
the 5’ end of each primer to increase the length to 20 bp. The same universal primer, placenta
and brain 3’ cDNAs used in the GLGI were used for the reaction. For random priming PCR,
the random primers CAGGGACATGnhnnnnnnnnn were designed so that CAGGGACATG
used in the SAGE tag-based primers was added to the 5’ end to reach the length of 20. The
same placenta and brain 3' cDNAs used for the GLGI reactions were used as the templates for
the reaction.

2.7. Match 3'-ESTs to the known human transcripts

Each 3'-EST was searched in known human mRNAs in RefSeq database (ftp://ftp.ncbi.nih.gov/
refseq/H_sapiens/mRNA_Prot/) and ESTSs (ftp:/ftp.ncbi.nih.gov/repository/dbEST/). If the 3'-
EST could align with any mRNA or EST with over 95% identity with 90% coverage, the 3'-
EST was annotated as “known”. Otherwise, it was defined as “novel”. Each 3' EST was also
matched to the trEST database that contains the predicted human transcript contigs based on
UniGene and the EMBL databases [25-26]. Evalue 1.0e-15 was used as the cut-off to divide
the matched ones from the unmatched ones [27]. When we compared 3'-EST with trEST and
trGEN, we separated 3'-ESTs into five classes: a) known transcript, which the 3’-end of 3'-
EST matches less than 10 bp upstream of 3’-end of transcript in database, or the 3'-end of
transcript in database matches less than 10 bp upstream of 3'-end of 3'-EST; b) 3'-end shortened
transcript, which the 3'-end of 3'-EST matches more than 10 bp upstream of 3'-end of transcript;
c) 3'-end extended transcript, which the 3’-end of transcript in the database matches more than
10 bp upstream of 3'-end of 3'-EST; d) other alternative transcript, which are those 3'-ESTSs
that match transcript in the database with e-value lower than 1.0e-15 but don’t belong to any
of the above classes; €) unmatched 3'-ESTs.".

2.8. Map 3'-ESTs to the human genome

Each 3'-EST was mapped to the human genome by using BLAT with the default parameter
settings (NCBI 34). The 3' ESTs that could not be mapped by BLAT were mapped by BLASTN
with the e-value cutoff as 1.0e-1. For fine genomic mapping, we extracted the mapped genomic
DNA sequence, and ran the global alignment program ALIGN (from FASTA package) to align
the 3-EST with the corresponding genomic DNA sequences to calculate the global sequence
identity. A mapping was determined if more than 90% of a 3-EST mapped to the genome, and
the identity between genomic DNA and 3'-EST was at least 90%. In case of multiple mapped
regions, only those with a BLAT or BLAST score no more than 0.5% lower than the score of
the best-mapped region were kept, which is the cut-off value used in the human genome
browser (http://genome.ucsc.edu/). The 3'-ESTs with more than five mapped loci in the
genome were excluded for further analysis. The immediate downstream region of the mapped
genomic region was checked to identify potential genomic poly-A sequences. A 3'-EST was
marked as “internal poly A priming* if more than eight continuous As were located within the
20bp downstream flanking region [28]. Using the annotated RefSeqs and mRNAs in the
mapped regions, we classified each mapped 3' EST into the "Intergenic* or ”Intragenic* group.
The ”Intragenic* group was further classified into “sense” and “antisense” subsets. The “sense”
includes “known”, “intronic” (completely mapped in a single intron), “extended 5’

end” (extended more than 10 bp upstream of the annotated 5’-end), “extended 3’ end” (extended
more than 10 bp downstream of the annotated 3’ end), “shortened 3’ end” (the 3’-end of a 3'-
EST maps more than 10 bp upstream of the annotated 3’ end), “cross-conjunction” (the 3'-EST
overlaps the exon-intron conjunction), and “antisense” (the 3'-EST maps to the reversed
orientation of annotated gene). Genes mapped to the “intergenic” region were classified into
the “known” subset (with EST information) and “novel” subset (with no known transcript
information).
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3. Results and Discussion

3.1. SAGE data analysis

Three sets of data were used for the analysis, including 1) the experimental human SAGE tags
that represent the human transcripts detected by SAGE; 2) the reference human SAGE tags
extracted from well-annotated mMRNAS and ESTs that represent the known human transcripts
detectable by SAGE [29]; and 3) the reference human genomic tags extracted from the human
genome sequences that represent the possibly transcribed loci and detectable by SAGE in the
human genome. The experimental human SAGE data include the standard SAGE tags of 10-
bases (664,615 unique tags identified from 16,350,661 tag copies originated from 307 human
SAGE libraries), and long SAGE tags of 17-bases (630,837 unique tags identified from
3,616,090 copies originated from 29 human long SAGE libraries); the reference human SAGE
tags include reference 10-base standard SAGE tags and reference 17-base long SAGE tags
(577,224 10-base tags and 1,291,619 17-base tags, respectively); the reference human genomic
tags include standard 10-base and 17-base long SAGE genomic tags extracted from the human
genome sequences adjunct to CATG sites in sense and anti-sense orientations (957,056
standard and 19,618,123 long genomic tags from 26,201,271 genomic locations). The genomic
tags provide evidence for the genomic origin of SAGE tags and serve as a discriminator to
eliminate artificial SAGE tags from true SAGE tags. An experimental SAGE tag that matches
a reference SAGE tag and a reference genomic tag implies that this SAGE tag is originated
from a known transcript expressed from the genome; an experimental SAGE tag that has no
match to reference SAGE tag but maps to genomic tag implies that this SAGE tag is likely
originated from a novel transcript expressed from the genome; an experimental SAGE tag that
has no match to reference SAGE tag nor maps to genomic tag implies that the SAGE tag is
potentially an artificial tag generated by experimental errors.

Figure 1 shows the results of the comparison. For the 664,615 experimental standard 10-base
SAGE tags, 645,061 map to the reference genomic tags, 447,618 (69.4%) of which match to
both the reference SAGE tags of known transcripts and reference genomic tags, and 197,443
(30.6%) have no match to the reference SAGE tags but map to the reference genomic tags; for
the 630,837 long SAGE tags, 217,640 map to the reference genomic tags, 109,548 (50.3%) of
which match both the reference SAGE tags of known transcripts and genomic tags, and 108,092
(49.7%) have no match to the reference SAGE tags but map to the reference genomictags. The
abundance of these novel SAGE tags based on their copy numbers in the SAGE libraries shows
that the novel SAGE tags have low copy numbers, implying that most of the transcripts detected
by novel SAGE tags are the low-abundance transcripts.

The actual number of novel transcripts should be higher than that of the novel SAGE tags,
based upon the following considerations. Many low abundance transcripts are below the
threshold of SAGE detection; a third of the standard 10-base SAGE tags are shared by different
transcripts [30]; transcripts lacking the Nlalll site for tag releasing are not detected by SAGE;
and certain SAGE tags excluded from this analysis might be from true novel transcripts.

3.2. Conversion of human X chromosome-specific SAGE tags into 3' ESTs

By searching human SAGE data, we identified 1,009 novel SAGE tags that do not match known
human transcripts but map solely to the genomic sequences of the human X chromosome. All
these novel SAGE tags have low-copies in their original SAGE libraries. Using the GLGI
method, we converted these SAGE tags into 3’ ESTs using RNA samples from brain and
placenta. By sequencing 12 clones per GLGI reaction, we obtained 13,824 raw sequences.
After excluding unqualified sequences and combining redundant sequences, we identified
3,418 unique 3' ESTs, each of which contains the original SAGE tag at its 5’ end and polyA
tail at its 3’ end (Table 1A). A total of 945 of the 1,009 SAGE tags (94%) contributed these
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final sequences (Table 1B). The 3,418 3' ESTs have been deposited in GenBank with accession
numbers from DR977574 to DR980991.

3.3. Confirmation of the isolated transcripts

To verify that the isolated sequences were not from contaminated genomic DNA but rather
from transcripts, we performed PCR to test the RNA samples by using the sense and anti-sense
primers that span an intron of the beta-actin gene. No genomic DNA signal was detected in
the RNA samples treated after RNase A. Therefore, the isolated sequences likely originated
from RNA rather than genomic DNA contamination (Figure 2A). We then used RT-PCR to
verify the isolated transcripts. Sense and antisense primers were designed based on each
selected 3' EST (Supplementary table 1), and RNA samples from brain and placenta were used
as the template. To confirm the antisense sequences, cDNA was synthesized by using each
antisense primer for PCR amplification. Of the 30 selected 3' ESTSs, 28 were detected, including
all 5 antisense sequences detected in both RNA samples, 18 sense sequences detected in both
RNA samples and 5 sense sequences detected in either RNA sample (Figure 2B). The positive
detection reveals that most of the detected transcripts were indeed present in the RNA sample.
Those two negatively detected 3' ESTs might be related with the poor amplification efficiency
of the primers.

3.4. Estimation of the abundance of isolated transcripts

We used real-time RT-PCR to estimate the abundance of the same 30 isolated transcripts used
for RT-PCR confirmation (Supplementary Table 1). The beta-actin transcript was used as the
reference that was expressed at high abundance levels in both brain and placenta tissues (721
out of the total 63,208 SAGE tag copies in the brain SAGE library and 1,141 out of the total
118,083 SAGE tag copies in the placenta SAGE library). Of the 30 selected sequences, 29
(except DR978181) were detected in both placenta and brain RNA samples. All 29 in the
placentaand 28 in the brain (except DR979502) were detected after the beta-actin signal (Figure
3A). The abundance of these transcripts covered several orders of magnitude and most were
lower than that of beta-actin; DF979332 had the lowest abundance (Figure 3B). Transcripts
not visible in gel by regular RT-PCR at 35 PCR cycles (Figure 2B) were detected by real-time
PCR at 45 cycles, suggesting very low abundance levels for no. 6, 16, 17, 22, 23 in both placenta
and brain, 28 in placenta, 19, 24 and 30 in brain.

3.5. Annotation of the isolated transcripts

We compared the 3’ ESTs to the known human transcripts. The results show that 46% of the
3,418 unique 3’ ESTs represent novel transcripts not identified so far (Table 2). This rate is
significantly higher than the less than 5% novelty in large-scale EST collection [14]. We
mapped the 3’ ESTs to the human genome to determine their genomic origins (Table 3). Of
the 3,418 3’ ESTs, 2,503 are directly mapped to 2,630 loci in the genome, including 2,408
mapped to non-X chromosomes, 89 mapped to X-chromosome and 6 mapped to both X and
non-X chromosomes. Of the mapped loci, 28% are at the intergenic regions without annotated
genes. Although 72% map to the intragenic regions, 24% are in the antisense strand, 7% of
which are novel antisense transcripts. For the 47% mapped to the sense strand of the intragenic
regions, 21% map precisely to the annotated 3’ end of the known genes, while the rest map as
“intronic,” and different spliced variations. In total, 60% of the 3' ESTs provide various degrees
of novel transcriptional information for these mapped loci. For the 915 3’ ESTs that do not map
to the genome, some may represent the transcripts after complex splicing processes.

We also compared 915 3" ESTs which cannot be matched to genome with the predicted
transcript contigs in the trEST database and whole genome transcript prediction in trGEN
database [25-26]. The results show that 449 3'-ESTs have matches in trEST or trGEN under
E-value cutoff of 1.0e-15, and 466 3'-ESTs still cannot find significant matches in these
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databases. Based on the definition described in method (section 2.7), we found 173 out of those
449 matched 3'-ESTs belong to known transcripts, while 224, 21 and 81 3'-ESTs belong to
“3’-end shortened transcript”, “3'-end extended transcript”, and “other alternative transcript”
respectively. Of those 915 genome-unmapped 3'-ESTs, only 173 were related to the predicted
known transcripts while 742 (742/915=81%) were unrelated as “novel”.

We also analyzed those filtered sequences. We set a higher than 95% of the maximum score
as a tolerable cut-off for the analysis. There are a total of 1,455 loci mapped by 157 3'-ESTs
with the scores between 95% and 99.5%. Using 99.5% of maximum match score as cutoff, we
found only 231 loci in the genome for those 157 3'-ESTSs. The classification for those mapped
loci shows that 933 mapped to the intergenic region, and 522 mapped to the intragenic region
of which 319 mapped to antisense orientation. For the 203 mapped to the sense orientation,
only 25 mapped to known exon, and the rest mapped to intronic, and various regions in the
mapped genes. Those mapping results show that there are more novel transcribed loci detected
by those sequences although their precise loci cannot be assigned precisely due to the multiple

mapping.

3.6. Identification of the mismatched bases between the SAGE tag part of 3' ESTs and the
mapped genomic sequences

All SAGE tags used for the experiment map only to the X chromosome. However, the majority
of isolated 3' ESTs are the transcripts originated from non-X chromosomes. Using the 2,417
3' ESTs that map to single loci in the genome, we compared the 14-bp SAGE tag sequences
of these 3' ESTs and their mapped genomic sequences. Interestingly, we observed widely
spread mismatches/gaps between these 14-bp counterpart sequences (Table 4). Overall, 98%
of the mappings contain mismatches/gaps; mismatches account for 76% and gaps account for
24%. The numbers of mismatched/gapped bases are predominated by the 1- and 2-bases that
are located in the middle of the SAGE tag sequences. Because the 14-bp SAGE tag sequences
are from the synthesized sense primer, the mismatches/gaps between the 14-bp of the isolated
3’ ESTs and the genomic sequences cannot be related to the issue of fidelity for the
PCRamplification and DNA sequencing reaction. Therefore, these transcripts must have been
isolated by the SAGE tags through mis-priming.

3.7. Tags from non-transcribed genomic sequences provide poor amplification

To investigate if genomic sequence-based primers could also result in the amplification as seen
in the SAGE tag-based primers, we used the non-transcribed genomic DNA sequences in the
human X chromosome as the primers for the reaction (Supplementary table 2). The results
show that, of the 30 reactions tested, 28 reactions in placenta and 29 in brain generated negative
results (Figure 4). Those results show that genomic DNA sequences do not provide
amplification as efficiently as SAGE tag sequences. The results also imply that the sequence
similarity represented by the SAGE tag sequences between different transcripts might account
for their highly efficient amplification.

Our study shows that many identified transcripts are at low abundance levels from either the
unannotated regions in the genome, or from the annotated genes but with complex sequence
variations or from antisense of the annotated genes. The current definition of “higher” or
“lower” abundance of transcripts may largely reflect our ability for transcript detection rather
than biological significance of the detected genes. The quantitative range covering over six
orders of magnitudes between different transcripts determines that the depth of transcript
isolation depends largely upon the sensitivity of techniques used. The conventional EST
approach has limited power to isolate low abundance transcripts due largely to the issue of
cost-efficiency. The PCR approach is very sensitive at detecting the low abundance transcripts,
but the required sequence information for two-primer design restricts its use in detecting only
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the known transcripts. Random primer has been applied successfully for large-scale EST
isolation, but it mainly detects the middle region of the targeted transcript population without
the 5’ or 3’ end sequence information [31]. In this study, we used the PCR-based GLGI
technique for the detection that requires only one primer (a SAGE tag) to generate 3' ESTSs.
The observed mis-priming between a SAGE tag and multiple transcripts makes it possible for
pan-genome detection of low abundance transcripts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

The comparison between SAGE tags, reference SAGE tags of known human transcripts and

genomic tags of the human genome sequences. Figure 1A shows the analysis of the standard
10-bp tags. Figure 1B shows the analysis of the 17-bp long tags. Of the experimentally collected
SAGE tags that mapped to the genome, 30.6% of the 10-base tags and 49.7% of the 17-base

tags have no match to the corresponding reference SAGE tags. The histograms show the copy
number distribution of the matched SAGE tags and the novel SAGE tags in their original SAGE
libraries. In both types of SAGE tags, the novel SAGE tags have lower copies than the matched
SAGE tags.
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1 2 3 1 2 3
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Fig. 2.

Confirmation of the origin of the isolated sequences. A. Determination of genomic DNA
contamination. DNase | digested RNA samples were tested by direct PCR amplification of
beta-actin genomic DNA with primers spanning an intron. The amplicons from genomic DNA
will be 329 bps, whereas that from mRNA will be 234 bp. 1. RT-PCR with RNA samples. 2.
PCR with RNase A digested RNA samples. 3. Negative control without RNA. B. RT-PCR
confirmation of detected sequences. A total of 30 isolated sequences were selected for the
confirmation. Sense primer and antisense primer were designed based on each sequence. For
antisense confirmation, antisense primer was used for cONA synthesis; for other types of
confirmation, oligo dT was used for cDNA synthesis. No. 1, 2, 3, 4, and 5 are the antisense
confirmation. The order of the tested sequences is the same as listed in the Supplementary table
1. (+): positive control with beta-actin transcripts; (-): negative control with RNase A digested
RNA samples. Most of the sequences, except for a few cases, were detected in both RNA
samples with similar size distribution.
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Placenta

B. Abundance of the detected transcripts related to beta-actin transcripts*

Page 12

J'EST Abundance relative to beta-actin
Placenta Brain
Beta-actin 1.00000000 1.0000000
DR978919 0.04976404 0.0006009
DR978736 0.04859671 0.0833557
DR979502 0.02673751 1.1585132
DR978861 0.01136353 0.0526823
DR980876 0.00682757 0.0030340
DR977917 0.00360148 0.0048998
DR978587 0.00286511 0.0050359
DR978950 0.00242350 0.0006717
DR980720 0.00147706 0.0014133
DR980985 0.00099498 0.0015236
DR980934 0.00075838 0.0011697
DY633389 0.00050136 0.0022374
DR980429 0.00048372 0.0008532
DR980291 0.00047004 0.0001490
DR980629 0.00042093 0.0009625
DR980060 0.00035848 0.0000116
DR977597 0.00033308 0.0003278
DR980161 0.00022253 0.0009948
DR978161 0.00019625 0.0011532
DR979161 0.00015206 0.0006955
DR978688 0.00014486 0.0000953
DR9O77977 0.00013204 0.0002942
DR979782 0.00011486 0.0003199
DR977682 0.00002555 0.0011480
DR980739 0.00002267 0.0000035
DRO77754 0.00002019 0.0000351
DR979141 0.00000290 0.0000336
DR979498 0.00000214 0.0000021
DR979332** 0.00000001 0.0000002
DR978181 negative negative

*The numbers were sorted in descending order based on those in placenta RNA.
**This is the transcript detected after 45 cycles.

Fig. 3.

Comparison between SAGE tag-based primer, genomic sequence-based primer and random
primer for transcript detection. Reactions were performed by using 30 SAGE tag-based primers
(Supplementary table 1), 30 genomic sequence-based primers (Supplementary table 2), and
random primers. Placenta and brain samples were used as the templates. The last lanes of the
two gels marked by “SAGE tag” were the amplicons from random primers, the last lanes of
the two gels marked by “Genomic tag” were the positive control using the SAGE tag primer
(no. 16 in supplementary table 1). Note that in the genomic sequence-based reaction, only No.
22 and 28 in placenta RNA and 22 in brain RNA show positive amplification.
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Fig. 4.

Quantitative measurement of the abundance of the detected sequences by real time PCR. The
same sequences, primers and RNA samples used in Figure 2 were used for this analysis. See
supplementary table 1 for detailed sequence information. (No. 2 sequence DR978181 was not
used for this analysis, as its melting temperature is only 53°C, far lower than the 60°C
recommended for real-time PCR). The beta-actin transcripts were used as positive control. A.
Histogram of real-time PCR showing the amplification dynamics for each detected sequence.
B. Relative abundance of each sequence normalized to beta-actin. Note that the weakly
amplified templates by regular PCR in Figure 4 were well reflected by their lower abundance
detected by real time PCR.
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Summary of the resulting 3' ESTs converted from SAGE tags
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A. 3" ESTs isolated from X chromosome-specific SAGE tags

Items Numbers
X chromosome-specific SAGE tags 1,009
Raw sequences generated from SAGE tags 13,824
Sequences not qualified 3,614
Sequences qualified 10,210
Placenta 6,561
Brain 3,649
Final set of unique 3' ESTs 3,418
Placenta 2,328
Brain 1,090
Containing polyA signal 1,374
length distribution (bp) 30 to 688

B. Number of 3’ ESTs contributed by SAGE tags

Number of SAGE Tags (%) Contributed 3" ESTs Number of 3" ESTs (%)
134 (13) 1 134 (4)
180 (18) 2 360 (11)
185 (18) 3 561 (16)
176 (17) 4 692 (20)
123 (12) 5 645 (19)
77 (8) 6 474 (14)
31(3) 7 196 (6)
27 (3) 8 248 (7)
12 (1) 9 108 (3)

Total 945 (100)

Total 3,418 (100)
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Comparison of 3” ESTs with known transcripts

Table 2

Page 15

Class Number
Match to known transcripts . 1,857 (54)
Known mRNA 1,175
EST 1,857
No match 1,561 (46)
Total 3,418 (100)

*
RefSeq (ftp://ftp.ncbi.nih.gov/refseq/H_sapienssmRNA_Prot/)

**%
dbEST (ftp://ftp.ncbi.nih.gov/repository/dbEST/).
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Mapping 3’ ESTSs to the human genome (NCBI 34)
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Classification

No. of mapped 3’ ESTs (%)

No. of mapped Ioci*(%)

Intergenic region
Intragenic region
Sense
Known
Intronic
Shortened 3’-end
Cross conjunction
Extended 5’-end
Extended 3’-end
Antisense
Known
Novel
Total

691 (27)
1,855 (73)
1,234 (49)
555 (22)
382 (15)
250 (10)
40 (2)
4(0)
3(0)
621 (25)
390 (16)
231 (9)
2,546 (100)

743 (28)
1,887 (71)
1,248 (47)
565 (21)
383 (14)
253 (9)
40 (1)
4 (0)
3(0)
639 (24)
404 (15)
235 (8)
2,630 (100)

*
The number of subset may not equal to the sum, due to multiple mapped loci for some 3’-EST.
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