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Abstract

The amino acid sequence of gene products is routinely deduced from the nucleotide sequence of the relative cloned cDNA, according to
the rules for recognition of start codon (first-AUG rule, optimal sequence context) and the genetic code. From this prediction stem most
subsequent types of product analysis, although all standard methods for cDNA cloning are affected by a potential inability to effectively
clone the 5’ region of mMRNA. Revision by bioinformatics and cloning methods of 109 known genes located on human chromosome 21 (HC
21) shows that 60 mRNAs lack any in-frame stop upstream of the first-AUG, and that in five cases (DSCRI, KIAA0184, KIAA0539, SON,
and TFF3) the coding region at the 5 end was incompletely characterized in the original descriptions. We describe the respective
consequences for genomic annotation, domain and ortholog identification, and functional experiments design. We have also analyzed the
sequences of 13,124 human mRNAs (RefSeq databank), discovering that in 6448 cases (49%), an in-frame stop codon is present upstream of
the initiation codon, while in the other 6676 mRNAs (51%), identification of additional bases at the mRNA 5’ region could well reveal some
new upstream in-frame AUG codons in the optimal context. Proportionally to the HC 21 data, about 550 known human genes might thus be
affected by this 5’ end mRNA artifact.
© 2003 Elsevier B.V. All rights reserved.

Keywords: Genomics; 5 UTR (5 untranslated region); Full-length mRNA; Human genome; Human chromosome 21

Abbreviations: 5 UTR, 5 untranslated region; BLAST, Basic Local
Alignment Search Tool; BLASTN, Blast nucleotide—nucleotide; BLASTP,
Blast protein—protein; bp, base pairs; cDNA, DNA complementary to RNA;
dbEST, EST database; dNTP, deoxyribonucleoside triphosphate; EST,
expressed sequence tag; GSS, genomic sequence survey; HC 21, human
chromosome 21; HTGS, high throughput genome sequence; mRNA,
messenger RNA; ORF, open reading frame; PCR, polymerase chain
reaction; RACE, 5 rapid amplification of cDNA ends; RT-PCR, reverse
transcription-PCR; SMART, Simple Modular Architecture Research Tool.

* GenBank accession numbers: KIAA0184, AF432263; KIAA0539,
AF432264; SON, AF435977; TFF3, AF432265.

* Corresponding author. Tel.: +39-51-209-4100; fax: +39-51-209-4110.

E-mail address: pierluigi.strippoli@unibo.it (P. Strippoli).

0378-1119/$ - see front matter © 2003 Elsevier B.V. All rights reserved.
doi:10.1016/S0378-1119(03)00835-7

1. Introduction

We will in general use the term “5" end mRNA artifact”
to refer to the incorrect assignment of the first AUG codon
in an mRNA sequence, due to the incomplete determination
of the mRNA 5 end sequence (Fig. 1). The amino acid
sequence of gene products is routinely deduced from the
nucleotide sequence of the relative cloned cDNA, according
to rules for recognition of start codon (first-AUG rule,
optimal sequence context) and the genetic code (Kozak,
2002). The identification of a more complete mRNA 5’ end
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Fig. 1. The 5 artifact problem. A schematic view of the conditions in which a known mRNA might lack coding sequences at its 5’ end (top) and might have a

longer 5 UTR, containing a new in-frame AUG and encoding a longer product.

could reveal an additional upstream AUG in-frame with the
previously determined one and in the optimal context, thus
extending the predicted amino terminus sequence of the
product.

One obvious cause of the incorrect assignment of the
first AUG codon is the fact that all standard methods for
cDNA cloning are affected by a potential inability to
effectively clone the 5 region of mRNA, owing to the
low processivity of reverse transcriptase, while methods
able to identify the actual mRNA 5 end (e.g. primer
extension analysis, oligo-capping) are not routinely per-
formed along with cDNA cloning. A concurrent cause is
often the lack, until recent years, of complete bioinformatics
analysis, which could reveal clues as to possible 5 end
mRNA incompleteness by systematic genomic and
expressed sequence tag (EST) databanks search, along with
phylogenetic comparison.

The translation start prediction based on incomplete
mRNA sequence may lead to incorrect prediction of the
product amino acid sequence, and to subsequent errors in the
experimental cloning and functional assay of the relative
cDNA.

This study was undertaken in order to establish the
number of genes that, in the absence of an in-frame stop
codon upstream the translation initiation codon, are possible
candidate for a refinement of their actual coding sequence.
A simple software tool was developed to assess the presence
or the absence of such a 5’ in-frame stop codon in the human
mRNA sequences collected in RefSeq database (http://
www.ncbi.nih.gov/RefSeq/). In particular, we focused on
the bioinformatic and molecular biology analysis of the
known, well characterized genes present in the original map
of human chromosome 21 (HC 21), to establish the actual
most 5 translation codon in the mRNAs candidate for a
possibly extended 5 region.

We show that the 5’ end mRNA artifact is not a rare event
in the analysis of the human genome, and that it is a

potential and sometimes actual cause of errors in the post-
genomic analysis of the human genome.

2. Materials and methods
2.1. Sequence analysis of the human mRNA 5' UTR

Each of the RefSeq mRNA sequences described for
the 109 loci catalogued as “category: known” by Hattori
et al. (2000), and linked to at least one published report,
was manually analyzed by DNAid (ftp://iubio.bio.indiana.
edu/molbio/mac) software for the presence of an in-frame
stop codon upstream of the described ATG. In 49 cases,
such a stop codon was found. The sequence of 60 mRNAs
in which bases in the 5’ untranslated region (5 UTR) could
be consistent with amino acid coding codons was system-
atically compared, with finished and unfinished genomic
sequences and with the ESTs, at both nucleotide and amino
acid levels. The comparisons were made by BLAST soft-
ware (http://www.ncbi.nih.gov/BLAST/) in Homo sapiens
databanks, as well as in all other species whose sequences
were available.

2.2. Development of sofiware for stop codon search

The search for the absence of any in-frame stop codon 5’
UTR of known mRNAs was extended to the mRNAs of the
RefSeq databank (http://www.ncbi.nih.gov/RefSeq/). The
RefSeq data file was downloaded via ftp (version September
12, 2001), then the file was treated by a word processor to
remove all newline and carriage return control characters. At
this point, the end record symbol “//”” was replaced by a
carriage return, to import each entry into a text field of a
FileMaker Pro 5 (FileMaker, Santa Clara, CA) database.
Some records were excluded from the subsequent analysis
in these cases: the entry was redundant with respect to this
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investigation in that the same gene symbol and the same 5’
UTR were present in more than one entry; the 5 UTR was
longer than 801 bases (340 genes lost, only 2% of the set
with the advantage of greatly simplified calculations; mean
5" UTR had been estimated at 240 bases—Lander et al.,
2001); the sequence was of DNA type or did not include an
AUG initiation codon. Following this cleaning, 13,124 out
of the original 13,997 entries were then analyzed. Calcula-
tion fields were programmed via the provided text functions
so as to extract each in-frame group of three letters (bases)
upstream of the AUG indicated in the “CDS” line of the
entry, as far as the minus 801 base. Finally, a calculation via
an “if” instruction gave a “stop” result if any stop codon
was found from — 3 position to — 801, and “no stop” in
the absence of any such stop codon. The FileMaker Pro 5
template which includes these calculation scripts is available
upon request from the corresponding author.

2.3. In vitro cloning of the mRNA 5 region

We designed an in vitro cloning approach to confirm the
sequence analysis predictions. We followed a reverse tran-
scription-polymerase chain reaction (RT-PCR) approach,
mainly based on amplification of a more complete AUG-
containing first exon, extended from the new putatively
defined 5 UTR and exon 2, in order to be sure that
amplified cDNA derives from mRNA. The human RNA
sources were placenta total RNA and heart total RNA
purchased from Clontech (Palo Alto, CA). The RT-PCR
standard conditions used were as previously described
(Strippoli et al., 2000a). A total of 20 genes out of a 60-
gene set were recognized as possible candidates for exten-
sion on the basis of bioinformatic data analysis and were
subjected to RT-PCR based on the presence of possible in-
frame upstream AUG (data not shown; see Section 3.2).

The primer pairs for the extended cDNAs were (5-3'
direction): #1-GGTTTCAAGAGCAGCTTAATACTC (for-
ward) and #2-CAAGAAGACTCCACAGCTGC (reverse),
#3-CTGTCTGACTGCCTTGGATACAAC (forward) and
#4-CACGCCATGCCACAGACCAGCATC (reverse), #5-
GGTACTCAGAAGCTGAAACATTAAC (forward) and
#6-GCCAGTTGCACTGGAACTGACGC (reverse) for
KI1440184; #7-CAGGAGTGTCTTCCGCTGTCATTC (for-
ward) and #8-GTAAAATCTTCTGATCTAGGAC (reverse)
for KIAA0539; #9-GACTAGCGAGGAGGAGTTGGAG
(forward) and #10-GATGTCTTATGAGCGGTCTATG
(reverse) for SON; #11-CTAGGAGGGCAATTGACACA-
CATC (forward) and #12-CAAAGCAGCAGCCCCGG-
TTGTTG (reverse) for TFF3.

2.4. Amino acid sequence analysis

The predicted extended amino acid sequences for the five
genes on HC 21 were searched in several domain databases
(SMART—http://www.smart.embl-heidelberg.de/; CDD—
http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) to

identify novel domains not present in the described gene
product. Alignment of the human and mouse DSCRI
products was made by ClustalW software (version 1.81).

3. Results and discussion

3.1. Translation initiation codon assignment in DSCRI
mRNA

Our first observation was casually made in studying the
DSCRI gene (Fuentes et al., 1995, 1997), which encodes a
predicted protein of 197 amino acids. While studying the
corresponding gene family (Strippoli et al., 2000a,b), whose
members present a domain of interaction with calcineurin
(Rothermel et al., 2000), we noted that the human and mouse
5’ untranslated region (5 UTR) sequences described were
very similar, and in both cases they might be compatible with
an unstopped coding sequence. Although multiple attempts
to clone the extended 5 UTR from several human tissues
failed in our hands, analysis of independent sequences
deposited in the context of cDNA cloning projects clearly
shows that in humans the first initiation codon is located 165
bases earlier than described, thus predicting a polypeptide of
252 amino acids instead of the 197 reported (Table 1 and Fig.
2). It should be noted that the deposited extended sequences
were mostly obtained by large-scale cDNA sequencing
project teams employing techniques for specific enrichment
in 5’-cap and 5’ ends, such as NEDO Human cDNA Sequenc-
ing Project (http://www.nedo.go.jp/bio-¢/) and the ‘“Mam-
malian Gene Collection” (http://www.mgc.nci.nih.gov/).
The high homology of the extended amino terminus between
human and mouse at both protein and DNA sequence level
(85% DNA identity, consistent with data for coding se-
quence: Makalowski and Boguski, 1998; Larizza et al.,
2002), together with the presence of a Kozak consensus
sequence surrounding the new AUG, strongly suggests that
this region is actually coding (Fig. 2b). This finding extends
the previous amino acid sequence by 22%. In addition, the
two-hybrid tests published for this protein have employed the
reported incomplete cDNA both for human and mouse
(Rothermel et al., 2000; Fuentes et al., 2000).

Given the domain architecture of most proteins and the
reproducibility of the results of two-hybrid screening in other
species (Kingsbury and Cunningham, 2000; Gorlach et al.,
2000), it is unlikely that testing the whole cDNA for DSCR/
would change the basic results, although the new amino acid
sequence could be responsible for new interactions. The
possibility of designing molecules with pharmacological
activity based on binding to DSCR1-like proteins (Rother-
mel et al., 2000) only emphasizes the importance of knowing
the actual protein structure, whereas the error in determina-
tion of the highly similar corresponding murine DSCRI
ortholog (Strippoli et al., 2000b) underlines that a bias
deriving from the original data went into the interpretation
of the murine DSCR1 product sequence.
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Fig. 2. Alignment of old and new DSCR1s. (a) ClustalW alignment of human and mouse (m) DSCRI1 products, derived from described (old) and extended
(new) mRNAs. (b) BLAST alignment of the first 49 coding bases in DSCR1 extended mRNAs.

3.2. Translation initiation codon assignment in HC 21
mRNAs

We wondered if errors consistent with the 5’ end artifact
might be present in other described cDNAs, and decided to
systematically analyze a large set of genes located on HC
21, for the following reasons: location of DSCR/ in this
chromosome, availability of the HC 21 finished genomic
sequence (Hattori et al., 2000), observation that the predic-
tions and statistical analyses based on HC 21 data proved to
be a good projection on the subsequently released human
whole-genome sequence (e.g. predicting a lower gene
number than expected in the human genome: Hattori et
al., 2000; Lander et al., 2001), and, finally, the need for
precise knowledge of the HC 21 gene encoded proteins for
understanding Down Syndrome (trisomy 21) in terms of
molecular pathophysiology. We first searched for the pres-
ence of an in-frame stop codon upstream of the described
initiation codon in the mRNA sequences of 109 HC 21 loci,
selected according to their presence in the “known” cate-
gory according to Hattori et al. (2000), and the existence of
at least one published report linked to the sequence. When a
stop was present (49 cases), one could rule out any incom-
pleteness of the coding sequence (Kozak, 2002), and thus
select a set of 60 mRNAs in which, on the contrary, the

possibility that the recorded 5" UTR sequence might actually
be part of a longer coding sequence could not be excluded
(Fig. 1). Each candidate mRNA was then accurately ana-
lyzed by means of systematic in-depth bioinformatics anal-
ysis and by in vitro cDNA cloning. A total of 19 genes (in
addition to DSCR1) out of the 60-gene set were recognized
as possible candidates for extension on the basis of bio-
informatic data analysis and were subjected to RT-PCR
based on the presence of possible in-frame upstream AUG
(namely ABCG1, COL6A2, GCFC, ETS2, FTCD,
KIAA0184, KIAA0539, KIAA0653, KIAA0958,
NDUFV3, PDXK, PRED22, PRED28, PRKCBP2,
SLCI19A1, SON, SRra4, TFF3, WDR4; data not shown).
As a final result, the sequence of KI4A40184 (Nagase et
al., 1996), KIA40539 (Nagase et al., 1998), SON (Khan et
al., 1994) and TFF3 (Podolsky et al., 1993) mRNAs was
extended, as in the case of DSCRI, demonstrating a new
coding tract and thus identifying an open reading frame
(ORF) with amino acids extra to those reported by Hattori et
al. (2000) (Table 1). In these cases, both of the following
conditions occurred: an extension of described exon 1
predicted new coding codons upstream of the known
AUG; and a novel AUG was present upstream of these
codons, in-frame with the previously described AUG and
without any intervening stop codon. Following the rules of
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Genes on human chromosome 21 with extended cDNA 5’ region and deduced protein
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Gene

Error
type®

GenBank® No.,
human

Genomic
clone

No. of new amino acids
(% of reference length)

Kozak sequence old (top)/new (bottom).
Consense*:
8ccGCCRCCATGG

GenBank No.,
non-human*

DSCR1

KIAA40184

KIAA0539

SON

TFF3

1,2

1,2

1,2

AL538796 (EST)
AL551657 (EST)
BES882755 (EST)
AL536447 (EST)
AK092184 (PRI)°
BM741496 (EST)
BM743740 (EST)

AF432263 (PRI)
BC038443 (PRI)®
AKO056738 (PRI)®
AK098236 (PRI)®
AF490768 (PRI)?
AA232480 (EST)
BG253602 (EST)
BG422067 (EST)
AL040229 (EST)

AF432264 (PRI)
AF231919 (PRI
BU659585 (EST)
BF334583 (EST)
BM458654 (EST)
BG007646 (EST)

AF435977 (PRD)
AY 026895 (PRI)®
AF380183 (PRI)®
BC005337 (PRI
BE935931 (EST)
BE843288 (EST)
AW450807 (EST)
BG620557 (EST)
AAG02113 (EST)
AW964378 (EST)
BG943677 (EST)
AI929819 (EST)

AF432265 (PRI)
BU731867 (EST)
BM743413 (EST)
BM921123 (EST)
BM708674 (EST)
BMS856919 (EST)
BM272999 (EST)

#AP001720

#AP001760

#AP001714

#AP001717

#AP001746

55 (28%)

722 (84%)

1449 (176%)

968 (68%)

57 (77%)

8acTGCGAGATGG
88cGCGGGGATGG

8StCAGGTGATGC
88cCTGGCCATGG

ttTTAAAGATGC
cteTCGGCCATGG

gaaCGTTCCATGA

2cgGACGCCATGG

gcgCTCTGCATGC

2acAAAGGCATGC

m BE287582 (EST)
m AW121699 (EST)
m BE954084 (EST)
m BE954961 (EST)
m BY276032 (EST)
m BY274253 (EST)
m BY739662 (EST)
m CB248298 (EST)

m BB193613 (EST)
m BF584364 (EST)
p BI341957 (EST)

p BG834389 (EST)

m AK050735 (HTC)
m BB658427 (EST)
m BB654946 (EST)
m BB438600 (EST)
m AW825146 (EST)
m BI854164 (EST)
m BY717282 (EST)
p BE234186 (EST)
p BE234833 (EST)

m AF193607 (ROD)
m BC046419 (ROD)
m BG084043 (EST)
m BG071049 (EST)
m BE949693 (EST)
r BE112986 (EST)

r AA926049 (EST)
b AV617554 (EST)

? (1) Extended exon 1; (2) new exons. Details about positions of new coding sequences and deduced amino acid product sequences are given as a Web
supplement at address: http://apollo11.isto.unibo.it/suppl/casadei2003/index.htm.
" GenBank sequence: in EST (Expressed Sequence Tag), PRI (primate), ROD (rodent) or HTC (unfinished high-throughput cDNA sequencing) division.
¢ The two most conserved positions (Kozak, 2002) are underlined; start codon, double underline.
4 m=murine; p =porcine; r=rat; b=bovine.
¢ Deposited in the context of large-scale cDNA sequencing project.
f Experimentally determined in the present work.
€ Determined from other authors.
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translation initiation (reviewed by Kozak, 2002), the actual
coding sequence should be considered as that included
between the novel “first-AUG” and the known stop. The
use of “internal” AUGs, enabling additional initiation
events at downstream AUG codons in some mRNAs, may
occur only in three well-defined circumstances (Kozak,
2002): re-initiation, which doesn’t apply to the considered
mRNAs because the newly determined AUG is not part of a
small upstream ORF separated from the main ORF by a
stop codon; context-dependent leaky scanning, which may
be excluded because we considered the concordance with
the Kozak sequence (Pesole et al., 2000; Kozak, 2002) for
the novel AUGs, observing full (sometimes better) compat-
ibility with the use of the novel AUG (Table 1); and
presence of internal ribosome entry site sequence modules
(IRES), that are found only in some known viral mRNAs.

In four out of five cases, additional evidence came from
conserved coding sequences in other species (Table 1). In
Table 2, we show the comparison of the 48 nucleotides
upstream and downstream of the first AUG in both human
and mouse. It is shown that in both species there is a dropout
of similarity just before the newly identified AUG, as it is
expected by the percentage of human/mouse identities
(Makalowski and Boguski, 1998) in noncoding and coding

Table 2

Comparison between human and mouse of the 48 nucleotides upstream
(—48/—1) and downstream (+1/+48) the previously (OLD) and the
newly (NEW) determined AUG start codon, at nucleotide (Nt) and amino
acid (AA) level

Nt — 48/ —1 identities

DSCR1 OLD 38/48 (79%)
DSCR1 NEW 18/48 (38%)
KIAA0184 OLD 39/48 (81%)
KIAA0184 NEW 21/48 (44%)
KIAA0539 OLD 41/48 (85%)"
KIAA0539 NEW 16/48 (33%)

+1/+48 identities

45/48 (94%)
41/48 (85%)
42/48 (88%)
44/48 (92%)
35/48 (73%)
37/48 (77%)

SON OLD 48/48 (100%) 45/48 (94%)

SON NEW 47/48 (98%)° 47/48 (98%)
TFF3 OLD 14/48 (29%) 26/48 (54%)
TFF3 NEW no similarity no similarity

AA — 48/ — 1 identities +1/+48 identities
DSCR1 OLD 11/16 (69%) 16/16 (100%)
DSCR1 NEW 02/16 (13%) 13/16 (81%)

KIAA0184 OLD
KIAAO0184 NEW
KIAA0539 OLD
KIAA0539 NEW
SON OLD

SON NEW
TFF3 OLD
TFF3 NEW

16/16 (100%)
03/16 (19%)
12/16 (75%)*
01/16 (6%)
16/16 (100%)
15/16 (94%)"
00/16 (0%)
no similarity

12/16 (75%)
16/16 (100%
10/16 (63%)
12/16 (75%)
16/16 (100%)
13/16 (81%)
10/16 (38%)
no similarity

The complete alignment data is available as a Web supplement at: http://

apollo11.isto.unibo.it/suppl/casadei2003/table2.htm.

*In the alignment of the previously determined coding sequences, the
first ATG was not present in mouse.
® Although this upstream region shows a high percentage of identities,
possibly explained by 5 UTR selective conservation, it includes an in-frame
stop codon in both human and mouse.

sequences. In contrast, the same type of analysis centered on
the previously known AUG codon indicates a lack of a
noncoding/coding boundary, as it may be judged by a similar
percentage of identities upstream and downstream of the
AUG codon. The coding nature of these upstream bases is
further evidenced by the comparison at the amino acid level
of the same sequences (Table 2). We conclude that the
predicted product for these five genes on chromosome 21
should be redefined for functional studies.

Following the original gene map by Hattori et al., new
genes were recently added at the list of verified, character-
ized HC 21 genes while this work was in progress (Rey-
mond et al., 2001, 2002; Gardiner et al., 2002; Vitale et al.,
2002; Takamatsu et al., 2002). In some cases, the 5’ end
sequence of known mRNAs was also refined and deposited
in GenBank, confirming our previously released sequence
data for KIAA0539 (Gardiner et al., 2002; in this work we
show a further extension) and confirming and extending our
previously released sequence data for KI440184 (Gardiner
et al., 2002). The correct SON cDNA 5 end sequence was
subsequently released in GenBank in 2001 by Sun et al.
(2001), our group, and Reymond et al. (2001), with agree-
ment among respective data.

The 19 new genes described by Reymond et al. (2002),
were screened for the 5 in-frame stop codon by the
authors themselves, and only two of them are candidates
for a future extension of the coding sequences (MRPS6
and MCM3). Our group described the CYYRI gene (Vitale
et al., 2002), which is a possible candidate for a longer
open reading frame; however, only a single human cDNA
sequence from a neuroblastoma tumor supports the exten-
sion of the 5 region, and multiple attempts in our labo-
ratory to clone the extended cDNA end from normal
tissues RNA failed (data unshown). It should also be noted
that in this and other cases the alternative use of different
promoters, as well as alternative splicing at the 5 UTR
(Kozak, 2002) or alternative start codon selection, could
be consistent with the coexistence of “long” and “short”
isoforms, possibly differentially expressed in specific tis-
sues or cell conditions.

Finally, both DSCRY and DSCR10 mRNAs described by
Takamatsu et al. (2002) have an in-frame stop codon
upstream the translation initiation codon.

3.3. Translation initiation codon assignment in human
mRNAs and its consequences

If the same percentage of mRNA 5 end cloning error
in HC 21 were to apply to the whole human genome, we
would predict that 556 mRNA coding sequences are
incomplete in their 5’ ends in the studied set; the summary
of data is shown in Table 3, which is linked to a Web
supplement with the complete gene list. While human
genome draft data are currently being widely rediscussed
as to the actual number of genes, with special regard to the
thousands of predicted and uncloned genes, little attention
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Table 3
Percentage of incidence of the 5’ end artifact in human chromosome 21 and
estimation on human RefSeq mRNAs

Human Human RefSeq
chromosome 21
Genes® 109 13,124
mRNAs"
with in-frame stop in 5 UTR 49 (45%) 6448 (49%)
without in-frame stop in 5 UTR 60 (55%) 6676 (51%)

mRNA with 5 UTR revised as cds 5
percentage of all genes 4.6%
percentage of mRNA without stop 8.3%

(556 estimated)

?The complete lists are available as Web supplements at: http://
apollo11.isto.unibo.it/suppl/casadei2003/index.htm.

has been given to the fact that the mRNA sequence of many
well known genes, at least for the longest isoform, could not
be correct. Although a recent statistical report has also
underlined a comparable frequency in the presence of
new in-frame upstream AUGs in a sample of 954 human
5" UTRs, following screening of oligo-capping 5’ end
enriched libraries (Suzuki et al., 2000), the biological
consequences of the product sequence change were not
analyzed.

Actually, several reports have recently demonstrated, as
anecdotal evidence randomly found for single genes, the
presence of a further extension of mRNA 5’ end sequence
with consequent correction of the previously accepted
predicted product. For example, mRNA coding sequence
was extended in this way for RANBP9/RanBPM on 6p23
(230 new amino acids; Nishitani et al., 2001), NFE2L3 on
Tpl5-pl4 (sequence #ABO010812.1, 2174 bp, from
Kobayashi et al. (1999), has been replaced by
#AF134891.1, 2618 bp, adding 294 new amino acids),
SP2 on 17q21.32 (#M97190, 2063 bp, from Kingsley and
Winoto (1992), has been replaced by #D28588.1, 3288 bp,

Table 4

from Nomura et al. (1994), adding 111 new amino acids).
These three mRNAs, whose coding nature of the extension
is also supported by very high similarity with the respective
murine hortologs, are all in our list of candidate for mRNA
extension (Table 3, linked gene list), further underlining the
importance of a systematic revision of the human mRNAs
sequences to discover all the incompletenesses in the coding
sequences. Due to the large body of needed work, this task
could be best accomplished by each group originally
reporting the cloned cDNA, in the absence of positive
proof of cDNA completeness (e.g. if it was obtained by
oligo-capping or determination of actual transcription start).

A list of effects generated by the 5’ end artifact in
interpreting data concerning five HC 21 genes is presented
in Table 4. It will be noted that along with errors in
predicting the human protein sequence and the negative
consequences thereof on the study of product structure
and function—leading to the possibility of vast amounts
of work being based on incorrect starting data—the 5’
artifact could also cause: failure to recognize genomic
sequences as genes, keeping the search space for novel
genes artificially expanded (overlapping genes are a very
rare exception in the human genome); errors in promoter
prediction and analysis, if sequences annotated as pro-
moters are actually part of a longer mRNA (as in the case
of the now revised 7FF3 mRNA, whose potential pro-
moter was previously analyzed by Ribieras et al., 2001);
chain errors in the prediction of orthologs in other species;
failure to identify functionally remarkable protein domain
sequences; possible underestimation of alternative splicing
at the 5 terminus of genes; inaccurate mutation screening
design for coding sequences (which may sometimes
explain the failure to find expected mutations in candidate
genes), followed by possibly inaccurate genotype/pheno-
type correlations.

Consequences of the correction of 5 end mRNA artifact in five human chromosome 21 genes

Gene Genomic annotation Ortholog identification

Domain identification Protein function studies

DSCRI exon 1 extended

KIAA0184 exon 1 extended, 17 exons added -
(82,895 further bp annotated as gene)

KIAA0539 exon 1 extended, 23 exons added, -
(46,462 further bp annotated as gene)

SON exon 1 extended, 2 exons added, -
(7835 further bp annotated as gene)

TFF3 exon 1 extended, 170 further bp
annotated as transcript (previously
annotated as promoter)

TFF3 promoters
(Ribieras et al., 2001)
should be revised

correction of the reported murine —
DSCRI1 product sequence
(Strippoli et al., 2000b)

two-hybrid tests were
performed with truncated
cDNAs (Rothermel et al.,
2000; Fuentes et al., 2000)

new “Acyl-CoA synthetases -
(AMP-forming)/AMP-acid ligases 11"
domain (amino acids 324—-653)

internal repeats, new collagen -
domain (586—645)

comparison of human/mouse - -
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4. Conclusions

The 5 end mRNA artifact is less likely to be
systematically produced from now on, in view of the
growing sensitization to start large-scale projects for full-
length mRNA sequencing and to perform in-depth bio-
informatics analysis of genomic data, in particular by
methods aimed at the identification of the first exon.
However, some careful individual revision of the
thousands of mRNA sequences described in the pre-
human genome epoch would be advisable in order to
avoid potentially significant pitfalls, due to the 5 end
mRNA artifact, in the transition from genomics to post-
genomics.
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