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Abstract

The nucleotide sequences of 21 PI and TAC clones which have been precisely localized to the fine
physical map of the Arabidopsis thaliana chromosome 5, were determined, and their sequence features were
analyzed. The total length of the regions sequenced in this study were 1,381,565 bp, bringing the total
length of the chromosome 5 sequences determined so far to 6,691,670 bp together with the regions of the 69
clones previously reported. By computer-aided analyses including similarity search against protein and EST
databases and gene modeling with computer programs, a total of 337 potential protein-coding genes and/or
gene segments were identified on the basis of similarity to the reported gene sequences. An average density
of the genes and/or gene segments thus assigned was 1 gene / 4,100 bp. Introns were identified in 76.7% of
the potential protein genes for which the entire gene structure were predicted, and the average number per
gene and the average length of the introns were 3.9 and 176 bp, respectively. These sequence features are
essentially identical to those in the previously reported sequences. The numbers of the Arabidopsis ESTs
matched to each of the predicted genes have been counted to monitor the transcription level. The sequence
data and gene information are available on the World Wide Web database KAOS (Kazusa Arabidopsis data
Opening Site) at http://www.kazusa.or.jp/arabi/.

Key words: Arabidopsis thaliana chromosome 5; genomic sequence; PI genomic library; TAC genomic
library; gene prediction.

To reveal the whole genetic information in a dicot the sequences of 21 additional PI and TAC clones. We
model plant, Arabidopsis thaliana, we initiated large- describe gene organization and structural and functional
scale structural analysis of the genome. Of five chro- information of the genes assigned in the sequenced re-
mosomes which comprise the A. thaliana genome of ap- gions which were deduced by computer-aided analysis,
proximately 130 Mb, we chose chromosome 5 as the ini-
tial target. For precise localization of the clones for 1 isoiation and Sequencing of PI and TAC

DNA sequencing, we first constructed the fine physi- Clones
cal map of the chromosome 51 using three genomic li-
braries of A. thaliana Columbia, CICYAC,2 PI3 and TAC Two types of genomic clones of A. thaliana Columbia,
(Transformation-competent Artificial Chromosome, Mit- PI and TAC, which are respectively represented by
sui Plant Biotechonolgy Research Institute, Japan) . The adding "M" and "K" to the first letters of the clone
template clones were selected from the PI and TAC li- names, were used for sequence analysis. The average
braries based on the DNA markers on the fine physical insert length of the PI and TAC clones was approx-
map by means of polymerase chain reaction (PCR) us- imately 80 kb. The PI and TAC clones, containing
ing marker-specific primers. The isolated PI and TAC the DNA segments which cover 21 different regions of
clones were then subjected to shotgun-based sequence chromosome 5, were isolated by screening the Mitsui
analysis. We previously reported the sequences of a to- PI and TAC libraries by PCR with the primers de-
tal of 5.31 Mb which were obtained by analysis of 69 PI signed from the sequence information of DNA mark-
and TAC clones.4"7 In this paper, we newly determined ers of the defined positions, as described previously.4"7

~ : ~TZ T7 ^T, • The DNA markers and the selected clones (in paren-
Commumcated by Mituru Takanami v K
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Figure 1. Relative locations of the PI and TAC clones sequenced
in this study and the associated markers on the physical map
of chromosome 5. The positions of DNA markers used for PI
and TAC isolation and of other major DNA markers were lo-
calized on the map on the basis of the YAC tiling path and
map information in ref. 1. The vertical open bar represents
the entire length of chromosome 5. The names of PI and TAC
clones are given at the right, and those of markers at the left.
The distance (Mbp) from the telomeric site of the top arm is
given on the vertical scale.

CIC12F2L (MLE8), MWP19_Left (MXH1), ends of
MXA21 and MXI10 (MSI17), CIC4E7R (MKD10),
CIC4A3R (K3K3), MPO12_Left (MSN9), CIC4A3L
(MHK7), MLNl_Right (K9L2), CIC4E12R (K21C13),
T14190 (MPL12), CIC7B9L (MDK4), MWAllJLeft
(MDA7), m558a (MUA2), MUP24_Right (MUF9), pC-
ITdllO (MNA5), CIC4B2R (K2A18), and MSN2_Right
(MUD21). Relative positions of the markers and the se-
quenced clones on chromosome 5 are shown in Fig. 1.
The orientation of each clone on the fine physical map
of chromosome 51 has been confirmed by anchoring both
ends of the clone to those at the corresponding positions
of the map.

The nucleotide sequence of each PI or TAC insert was
determined according to the bridging shotgun method
described previously.4"7 The length of the nucleotide se-
quence of each PI or TAC insert finally confirmed is given
in parentheses after the clone name at the top of Fig. 2.
The total of the DNA regions sequenced in this study

was 1,381,565 bp, bringing the total length of the regions
of chromosome 5 sequenced so far to 6,691,670 bp.

2. Assignment of Potential Coding Regions

Potential protein coding regions were assigned by sim-
ilarity search, and gene modeling was performed us-
ing prediction programs, as described in the previous
papers.4"7 In brief, similarity search against the non-
redundant protein sequence database, owl (release 29),
was carried out using the BLASTP8 program, and in-
formation obtained were integrated into the gene models
constructed with the aid of the following computer pro-
grams: Grail,9 FEXA in GeneFinder,10 ER (Murakami,
K., personal communication), ASPL in GeneFinder,10

GENSCAN11 and NetPlantGene programs.12 The tran-
scribed regions were assigned based on a comparison
of the nucleotide sequences with Arabidopsis ESTs13'14

in the non-redudant library of GenBank (release 104)
and EMBL (release 52) databases using the BLASTN
program.8

The potential protein-coding regions assigned were di-
vided into three categories. A single exon or a region
containing consecutive multiple exons showing similarity
to a single reported gene throughout the alignment was
designated as a potential protein gene; they were denoted
by numbers with the clone names followed by sequential
numbers from one end to another of the insert. A region
which matched only to portions of a reported gene and
only to Arabidopsis ESTs were assigned as a potential
exon(s) and a transcribed region, respectively. These re-
gions were denoted by adding "p" and "t" between the
clone names and the sequential numbers in the identi-
fiers, respectively. All the genes and gene segments as-
signed in each PI and TAC clone according to the above
procedure were schematically represented in Fig. 2, and
the assignment data were listed in the table below each
figure. In total, 257 potential protein genes, 23 poten-
tial exons, and 57 transcribed regions were assigned in
the 1,381,565 bp regions. The number of genes and gene
segments assigned so far in the total of 6,691,670 bp (in-
cluding the previously reported sequences) is 1,573, and
an average density of the genes in the three categories is
estimated to be 1 gene per 4,254 bp. However, the possi-
bility remains that additional genes may be discovered in
the future among the genes and gene segments assigned
so far, because our prediction is principally based on sim-
ilarity to the registered sequences.

In addition to the protein coding regions, RNA coding
regions were assigned on the basis of sequence similarity
to the reported structural RNAs, and of prediction by

the tRNAscan-SE program15 in the case of tRNA genes.
As indicated in Fig. 2, 4 tRNA genes corresponding to
4 amino acid species were identified in the 1,381,565 bp
regions. These genes were denoted with the clone names
followed by "r" and sequential numbers.
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Table 1. Structural features of potential protein genes in A. thaliana chromosome 5

133

Features 257genesa 1,001 genesb

Gene length (bp) including introns
Product length (amino acids)
Genes with introns
Number of introns/genes
Exon length (bp)
Intron length (bp)
GC content of exon
GC content of introns

194-10,730 (2,056)
41-2,756 (458)

197
0-25 (3.9)

3-4,287 (283)
24-2,110 (176)

44%
32%

164-11,377 (2,037)
41-2,756 (442)

777
0-42 (3.9)

2-4,287 (270)
20-5,405 (181)

44%
32%

Structural features of the 257 potential protein genes assigned in this studya' and the 1,001 genes assigned so farb' are listed. Average
values are shown in parentheses.

3. Structural Features of Potential Protein

Genes

In this report, the complete structures of 257 potential
protein-coding genes were predicted by a combination of
similarity search and computer prediction. Structural
features of these genes, as well as those of 1,001 genes
including those previously deduced which correspond to
approximately 5.0% of the total gene constituents (20,000
genes) assumed for A. thaliana, are listed in Table 1. The
average gene length including introns was approximately
2 kb, and 78% of these genes contained introns at an
average number of 3.9 per gene. The average lengths of
exons and introns were 270 bp and 181 bp, respectively.

4. Expression Level of Potential Protein Genes

and Gene Segments

The nucleotide sequence of each of the potential
protein-coding genes was compared with those in the
Arabidopsis EST database, and the number of matched
Arabidopsis ESTs was counted. Of the 337 genes and
gene segments that we assigned in chromosome 5 in
this study, 166 carried matched ESTs, and 770 out of
1,573 genes and gene segments assigned so far matched
ESTs suggesting that the current EST database repre-
sents 49% of the gene complement in A. thaliana. The
putative products of the genes which hit 10 times or
more to the EST files include those showing sequence
similarity to chlorophyll a/b-binding protein in Pisum

sativum (MDK4.7), methionine synthase in Mesembryan-

themum crystallinum (MPI7.9), cysteine protease in
P. sativum (MUF9.1), elongation factor 1-alpha in A.

thaliana (MUF9.2), 14-3-3-like protein gfl4 kappa in A.

thaliana (MNA5.10), tubulin beta-4 chain in A. thaliana

(K9L2.9), reticuline oxidase precursor in Eschscholtzia

californica (K9L2.12), CLC-a chloride channel protein in
A. thaliana (MHK7.8), ketoconazole resistance protein
in A. thaliana (K2A18.6), alpha subunit of proteasome
in A. thaliana (K2A18.13), and ferredoxin-NADP reduc-
tase precursor in Vicia faba (K2A18.15). These genes are
suggested to be a class of highly expressed genes. The

sequence data as well as the gene information shown in
this paper are available through the World Wide Web at
http://www.kazusa.or.jp/arabi/.
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Figure 2. Gene organization in the 21 PI and TAC clones. The orientation of each clone in this figure (left to right) corresponds
to that in Fig. 1 (top to bottom). Positions of the assigned or predicted genes and gene segments in each insert of the PI and
TAC clones were schematically presented by color-coded boxes above (rightward) and below (leftward) the wide line in the middle
which represents the entire sequenced region. The insert length is given in parentheses together with the clone name at the top.
Arrowheads indicate the directions of the DNA strands (5' to 3'). Dark and faint blue boxes with numbers represent the positions
of the assigned potential protein genes and potential exons, respectively, and red bars represent the positions of structural RNA
genes. Gray boxes with numbers indicate the positions of the transcribed regions. The regions which showed similarity to the
sequences in the protein database are shown by yellow, orange and red bars, corresponding to BLASTP scores of 70-100, 100-250,
and 250 or more, respectively. The green bars indicate the positions of the potential exons predicted by the Grail program. The
three different shades of green correspond to the region with Grail scores of less than 70, 70-90, and 90 or more, respectively.
The potential protein genes, the gene segments and the potential RNA genes assigned as described in the text are listed below
each of the figures. The accession numbers are as follows: AB011474 (K2A18), AB010694 (K3K3), AB011475 (K9L2), AB010692
(K18I23), AB010693 (K21C13), AB011476 (MDA7), AB010695 (MDK4), AB011477 (MHK7), AB011478 (MKD10), AB010696
(MLE8), AB011479 (MNA5), AB010697 (MOJ9), AB011480 (MPI7), AB010698 (MPL12), AB011481 (MSI17), AB010699 (MSN9),
AB011482 (MUA2), AB010700 (MUD21), AB011483 (MUF9), AB011484 (MXE10), and AB011485 (MXH1).
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