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A set of 7407 cDNA clones (NIA mouse 7.4K) was assembled from >20 cDNA libraries constructed mainly
from early mouse embryos, including several stem cell libraries. The clone set was assembled from embryonic
and newborn organ libraries consisting of ∼ 120,000 cDNA clones, which were initially re-arrayed into a set of
∼ 11,000 unique cDNA clones. A set of tubes was constructed from the racks in this set to prevent contamination
and potential mishandling errors in all further re-arrays. Sequences from this set (11K) were analyzed further for
quality and clone identity, and high-quality clones with verified identity were re-arrayed into the final set
(7.4K). The set is freely available, and a corresponding database was built to provide comprehensive annotation
for those clones with known identity or homology, and has been made available through an extensive Web site
that includes many link-outs to external databases and analysis servers.

[The sequence data from this study have been submitted to GenBank under accession nos. BQ550036–
BQ563104.]

Increasing interest in stem cells and early embryos requires a
high-quality cDNA clone set for cDNA microarray experi-
ments as well as downstream molecular biological studies of
gene action. The application of DNA microarrays is strength-
ened when high-quality cDNA clones corresponding to array
elements are readily available for further investigations.
Genes that are uniquely expressed in these early embryonic
cell types, however, are usually underrepresented in available
cDNA clone sets (Ko 2001). To address this issue, we as-
sembled and released the NIA mouse 15K cDNA clone set
previously (Tanaka et al. 2000; Kargul et al. 2001), which was
mainly derived from preimplantation and early postimplan-
tation mouse embryos. The clone set has been used in over
200 cDNA microarray facilities worldwide. To complement
this clone set and increase the coverage of genes, we have
assembled and characterized an additional set of 7407 cDNA
clones (NIA mouse 7.4K) from mouse cDNA libraries derived
from various stem cell lines, preimplantation embryos, and
newborn organs (Fig. 1A). The combined sets therefore repre-
sent an estimated 19,000 genes (see below), including a large
number of genes uniquely transcribed in stem cells, and em-
bryonic and newborn organ cell types.

RESULTS AND DISCUSSION

Assembly and Handling of NIA Mouse 7.4K
Approximately 11,000 cDNA clones (11K) were chosen from a
collection of mouse early embryonic, stem cell, and newborn
organ libraries as nonredundant representatives of these li-
braries. To prevent contamination and ensure accurate iden-
tities in a final assembly of cDNA clones, clones were handled
in individual tubes after the first assembly of a quality-control
11K set. Tubes containing high-quality, sequence-verified
clones (see Methods) were then moved to registered positions
to form the NIA mouse 7.4K cohorts.

Verified Identity and Annotation
for NIA Mouse 7.4K
Careful curation and analysis were applied (see Methods) in
selecting 7407 cDNA clones from among 20 cDNA libraries
constituting a total of ∼ 120,000 cDNA clones. The resultant
clone set has 100% verified sequence identity (clones match-
ing the parental cDNA clones). Sequences are provided along
with annotation on our Web site (see URL A in Methods sec-
tion). The average high-quality (phred score �20) read length
for representative sequences in the clone set is 470 bp. Other
investigators can assess sequence quality throughout the NIA
mouse 7.4K clone set from a graphic display of sequence qual-
ity reports arranged according to the plate location of clones
(Fig. 2; see URL A in Methods).
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Annotation for the NIA mouse 7.4K clone set is available
over the Internet through a Web-based interface (URL B) that
provides links to other databases and analysis servers (Fig. 3),
and as a downloadable tab-delimited file (URL A). Of the 7407
cDNA clones, 3174 (40%) known genes (as outlined in Meth-
ods) were identified by comparison of cDNA clone sequences
to NCBI RefSeq and NCBI nr using BLAST. An alternative, less
stringent approach to determine gene identity/homology (see
Methods) found NCBI RefSeq identities for 926 clone se-
quences and NCBI nr homologies for another 3509 clones,
therefore providing tentative identity/homology annotation
for ∼ 60% (4435) of the clone set. The available annotation for
the set (URL A and B) used the more stringent criteria for 3174
known genes. SWISS-PROT keywords and Gene Ontology
(GO) annotation (Ashburner et al. 2000), as well as links to
TIGR and NCBI Unigene gene expression indices, are all pro-
vided on our Web site (see URL B). Nucleotide sequences may
also be searched against the NIA cDNA clone database using
BLAST (see URL C).

To assess agreement of sequences from the NIA mouse
7.4K with genomic sequence, as well as to establish the chro-
mosomal location of transcripts in the set, cDNA clone se-
quences were compared with genomic sequence using BLAST.
Most clones aligned with the UCSC mouse draft genome
(http://genome.cse.ucsc.edu/), with 6467 clones ( ∼ 87% of set)
having at least one (but often more than one) spliced segment
(likely exon) aligning to the genome with an E-value
�1e�100.

For a first-pass assessment of the functional composition
of the clone set, the 7.4K cDNA clones were clustered by
SWISS-PROT keywords (Bairoch and Apweiler 2000). Of 3445
clone sequences submitted previously to GenBank, ∼ 43%
(1490) were found to have known functional identity (SWISS-
PROT keywords relevant to function). At this time (7/11/02),
GO annotation was available for only 723 clones in the NIA
mouse 7.4K, so clustering by SWISS-PROT keywords was cho-
sen as a more comprehensive classification strategy. For

clones with identities or homologies (4435), keywords were
collected by automated annotation of those clones with pre-
viously assigned GenBank accession numbers (3445), using
the Web-based EST Annotation Machine (http://bio.ifom-
firc.it/EST_MACHINE/index.html). The 1490 clones found to
have keywords related to function were clustered using the
Web-based Keyword Clustering Machine (http://bio.ifom-
firc.it/KW_CLUST/index.html). The clustered groups were
then examined manually to assess major functional categories
(Fig. 1B).

The NIA mouse 7.4K cDNA clone set, ∼ 60% of them
novel (see Methods), is nonredundant both within the new
set and with the verified sequences from the NIA mouse 15K
clone set (Tanaka et al. 2000; Kargul et al. 2001). Given that
∼ 12K cDNA clones of NIA mouse 15K are unique, these two
sets together represent ∼ 19K unique cDNA clones. NIA mouse
7.4K is composed of both 2652 cDNA clones with an average
insert size of ∼ 1.5 kb (Tanaka et al. 2000) and 4755 clones
enriched for long inserts, with an average insert size ∼ 2.5–3.0
kb (Piao et al. 2001). The clone sets are open to the research
community without restriction, and are therefore expected to
help stimulate the exploration of mammalian embryology,
aiding in the construction of DNA microarrays and the bio-
logical analysis of clones of interest identified in microarray
experiments (see URL A for clone set availability).

METHODS

Assembly and Verification
All cDNA clones were constructed with the pSPORT1 vector
(Invitrogen) as described previously (Piao et al. 2001). Briefly,
double-stranded cDNAs were synthesized with an oligo-dT
primer (Invitrogen: 5�-pGACTAGTTCTAGATCGCGAGCGG
CCGCCCTTTTTTTTTTTTTTT-3�) from extracted RNA, treated
with T4 DNA polymerase, and purified by ethanol-
precipitation. The cDNAs were ligated to Lone-linker LL-Sal4,
purified by phenol/chloroform, and separated from free link-
ers by Centricon 100. The cDNAs were then digested with SalI
and NotI enzymes, and cloned into the SalI/NotI site of
pSPORT1 plasmid vector. The DH10B Escherichia coli host was
transformed with the ligation mixture by the standard chemi-
cal method (Piao et al. 2001) (see URL A for more details
pertaining the construction of specific libraries).

About 120,000 3�-ESTs, ∼ 70,000 of which were newly col-
lected from more than 20 new cDNA libraries, were clustered
into ∼ 23,000 unique genes using StackPack (Electric Genet-
ics), which uses a series of tools including d2-cluster (cluster-
ing), Phrap (assembly/alignment), and Craw (alignment
analysis) (Christoffels et al. 2001). After removing genes that
were already represented in the NIA mouse 15K cDNA clone
set, ∼ 11,000 unique cDNA clones were re-arrayed into 96-well
microtiter plates. To avoid well-to-well contamination, all the
clones were then subjected to one-round of single colony iso-
lation and stored in individually labeled tubes. Clone identity
was verified by comparing sequence reads from both 5�- and
3�-ends before and after single colony isolation using BLAST
(Altschul et al. 1997), and clones without reads matching the
appropriate parental sequences were removed from the final
set.

Verified clones (9218) were analyzed further using their
5�- and 3�-ESTs to remove redundancies and mitochondrial
sequences, and to limit low-complexity sequences and repeat
sequences. First, we searched for sequence similarity between
sequences within the present clone set and with NIA mouse
15K, and removed redundancies where similarity with a
BLAST score �300 was discovered. Second, clones with a
BLAST score �200 against the NCBI nonredundant gene col-

Figure 1 Summary descriptions of the NIA mouse 7.4K clone set.
(A) Library Composition of NIA mouse 7.4K. (B) Functional classifica-
tion of 1490 clones with mouse gene identity in RefSeq (BLAST �400)
or homology in NCBI nr (BLAST �100).
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lection (nr) with “mitochond” in the description were re-
moved from the set. Third, RepeatMasker (http://
www.geospiza.com/products/tools/repeatmasker.htm) was
used to find known repeats in the sequences, and clones with
�85% repeat sequence or sequences with <50 bp of nonrepeat
sequence information were removed. Finally, DUST (Hancock
and Armstrong 1994) was used to screen out clones with
�40% low-complexity sequence. This left 7407 clones in the
set. The final 7.4K clone set was re-arrayed from the ∼ 11K
sequence verified set by simply rearranging tubes, thereby re-
ducing the potential for contamination during clone selec-
tion. Our analysis and clone set assembly strategy is outlined
in Figure 4.

Annotation
Two approaches were used to provide annotation for the NIA
mouse 7.4K clone set and approximate the number of previ-
ously characterized genes within the set. First, to determine
the number of known genes in the set, we used BLAST to find
masked sequences with significant hits against NCBI RefSeq

(Pruitt and Maglott 2001) or NCBI nr.
These filtered BLAST hits often returned
multiple alignments because of the inter-
ruptions in the masked sequences, so sig-
nificant alignments were realigned using
BLAST with unfiltered sequence to get one
contiguous alignment. Sequences with
likely known identities were assessed by
determining those query sequences with
at least 80% alignment to a RefSeq or nr
target, and within this alignment, those
sequences with at least 90% identity with
the target sequence. Second, we estab-
lished RefSeq mouse gene identity for
clones with a BLAST alignment score
�400 against a RefSeq entry. Continuing
this second approach, putative homolo-
gies were established for clones (those
without RefSeq identity) with a BLAST
score �100 against a NCBI nr entry. The
first approach above produced the more

stringent result, and was the method chosen for initial anno-
tation (see Results and Discussion).

URLs
(A) Information on clone set generation and composition,
as well as information on distribution of the freely available
NIA mouse 7.4K cDNA clone set, can be found at: http://
lgsun.grc.nia.nih.gov/cDNA/NIA_7_4k.html.

(B) Detailed annotations for each clone can be searched
by clone name or keyword at: http://lgsun.grc.nia.nih.
gov/cgi-bin/pro1.

(C) BLAST searches against NIA cDNA collections and
libraries may be performed at: http://lgsun.grc.nia.nih.gov/
cgi-bin/pro8.
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