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Abstract: The complete set of genes and their genomic locations could be identified via genomic sequencing
with an acceptable mvestment. A 1.35 Mb contiguous region consisting of 14 BAC/ PAC clones were anchored
on the long arm of chromosome 9 corresponding to about 15.5 ¢M of the genetic map using sequence of DNA
markers on the genetic map as well as the EST markers. Candidate genes underlying major quantitative trait loci
(QTL) for submergence tolerance on chromosome 9 were identified 1.35 Mbp from O. sativa subsp. japonica
cv. Nipponbare. We predicted a total of 228 CDS features on the submergence tolerance region, of which 104
are related to transposable elements (TEs). A putative function could be assigned to 21 genes, with another
51 genes ammotated as expressed, leaving 71 that encode hypothetical proteins. On the basis of these finding,
the gene density with none transposable element-related gene in the critical region of submergence tolerance
15 about 10.8 Kb/gene.
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INTRODUCTION

Rice (Oryza sativa) has been chosen as a model crop
to be sequenced by an international sequencing
consortium, the TRGSP (International Rice Genome
Sequencing Project) (Sasaki and Burr, 2000). Because of
rice’s genome 1s the smallest among crops and available
information of linkage and physical map have already
been established (Arumuganathan and FEarle, 1991,
Harushima et al., 1998). Moreover, over 100,000 expressed
sequence tags (ESTs) and full-length ¢cDNA have been
reported (Yamamoto and Sasaki, 1997) and mostly
mapped. Completion of the rice genome sequence and
accumulation of related genomic resources present an
excellent opportunity to solve intractable problems in rice
that are governed by quantitative inheritance.

Submergence tolerance is characterized by complex
phenotype-associated traits which can be generalized as
the ability to swrvive and continue growing after several
days in submerged conditions. Recently genetic linkage
between submergence tolerance and shoot elongation
was clearly shown by QTL analysis in segregating

recombinant inbred line (Siangliw et «of., 2003). Both
submergence tolerance and suppression of elongation
were coincidentally mapped on chromosome 9
(Toojnda et al., 2003) quantitative trait loci (QTLs)
analysis for submergence tolerance had been identified
SubQTLY as a major QTL. Together with genomics
analysis and a major QTL are important keys to discover
those candidate genes that regulate the tolerant plant for
submergence trait on chromosome 9 in rice.

The advent of large-scale genomic sequencing has
been conducted on a major QTL response for
submergence tolerance from clromosome 9 resulting in
a significant increase in gene sequence information.
However, our knowledge of the function and mteraction
is lacking of these newly discovered genes. In recently
years, the genomic sequence around the major QTL of
submergence tolerance has been completely sequenced
(http://www ncbi.nlm.nih. gov/GenBank/index.html).
Therefore, the investigation of structures and
functions of responsible genes 18 essential for
understanding the genetic mechanisms controlling
submergence tolerance in rice.
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In this study, sequence data of SubQTL2 region were
collected by anchoring sequence-based genetic markers
to the sequence map. We then identified genes as
candidates with respect to position, which located on the
major QTL of submergence tolerance. We also presented
the characterization of all the putative open reading
frames and its representative sequence on the critical
region of major QTL for submergence tolerance, a contig
with a sequence localized around 1.35 Mbp of the long
arm of rice chromosome 9.

MATERIALS AND METHODS

Submergence tolerance region: Over the past few years,
a major QTL controlling submergence tolerance was
mapped to a 15.5 cM region of chromosome 9. It was
cloned and sequenced at Rice Gene Discovery Unit
during 2001-2003 (The Rice Genome Project in
Thailand). This region 1s flanked by 310709 and RZ698s,
which were shown a map distance of approximately
15.5 cM (CentiMorgan) of three mapping populations
(Siangliw et al., 2003; Toojinda ef al., 2003). The first was
the F1-derived doubled haploid lines (DHL) from a cross
betweenIRA9830-7-1-2-2 [[R49830; a submerg ence tolerant
breeding line from the International Rice Research
Institute (IRRI)] and CT6241-17-1-5-1 [CT6241; a
submergence intolerant line from Centro International de
Agriculura Tropical (CIAT)]. This population consists of
65 DHLs and was developed using an anther culture
method (Lentini e «al., 19935). The second population
derived from the cross between FR13A (an Indian land
race cultivar and one of the most submergence tolerant
lines) and CT6241 consists of 172 Recombinant Inbred
Lines (RILs). This population was developed via Smgle
Seed Descent (SSD) at International Rice Research
Institute (IRRI). The third population consists of 188 F2
plants developed from a cross made at Kasetsart
University between Jao Hom Nin (a black rice with
moderate tolerance to submergence) and Khaow Dawk
Mali 105 (KDML105; anaromatic traditional cultivar from
Thailand that commercially important but intolerant of
submergence).

Anchoring sequence-based genetic markers to the
sequence map: In order to retrieve BAC clones aligned in
the region proximal to SubQTL9, the electronic
polymerase chain reaction (ePCR) approach was used in
this study (Schuler, 1997). The primers for the analysis
were obtamed retrieved from either the Gramene database
(www.gramene.org) (Ware et al., 2002) or the JTapan Rice
Genome Project (RGP) database (Sasaki, 2001 ). Markers
were correlated with the physical map by ePCR, run
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against the rice genome BAC sequences, retrieval from
the Gramene database and by BLAST (Altschul et af.,
1990) alignment searches of the rice BAC sequences.

Sequencing data: We downloaded an available sequence
data found in GenBank (www.ncbi.nlm.mh.gov) and from
the rice databases of The Institute for Genomic Research
(TIGR; www.tigr.org). The complete sequences of the
critical region of submergence tolerance bear the
accession number as PO651G05, PO645D04, POS0O3HI0,
OSINBaO009H03, OI1190B0O7, PO663HOS, PO453B09,
B1151D08, B1106B03, B1054C11, Bl043F11,
OSINBa0044K01, P0592C05 and OJ1381 HO4 were
subjected to analysis.

Annotation: Annotation involved both DNA and protein
database searches and gene prediction program. BLAST
(Basic Local Alignment Search Tool) (Altschul ef af.,
1990) search and gene prediction programs were used to
determine the genomic sequence of PACs for protemn-
coding genes. BlastX and Blastn programs were employed
to search for non-redundant and EST databases at the
NCBI (National Center for Biclogical Information) and
TIGR (The International Genomic Research). BLOSUM 62
was utilized in the BLAST program as a default matrix.
The homology was considered significant if an E-value
was greater than -15 for at least 95% identity for 250
nucleotide tract. Potential coding regions were predicted
by GenScan (Arabidopsis) (Burge and Karlin, 1997)
GeneMark HMM (rice) (Lukaskin and Borodovsky, 1998)
and Grail (Arabidopsis) (Uberbacher and Mural, 1991).
Predicted protein sequences were mvestigated against a
non-redundant amino acid database using blastp
(Altschul et al., 1997). A database for plant cis-acting
regulatory DNA elements (PLACE) was utilized in the
analysis of the DNA sequences (Higo et al., 1999).

Analysis of DNA sequence and the putative open reading
frames: Repetitive sequences were masked using Repeat-
masker and tRNA Scan-SE (http://ftp.genome. wash-
ington.eduw/RM/RepeatMasker html) (Lowe and Eddy,
1997) Annotated genes were categorized according to the
homology level. Each of putative open reading frames
(ORFs) were analyzed or scanned by several sequence
motif searches including PROSITE (Hofmann et al., 1999),
BLOCKs (Henikoff et al., 1999), ProDom (Corpet ef af.,
1999), PRINTS (Attwood et al, 1999) and Pfam
(Bateman ef al., 2004) (http://www.sanger.ac.uk/ Software/
Pfam). Proteome analysis database (http://www.ebi.ac.uk/
pro-teome/) and ExPASy Molecular Biology server
(http:/wrww.expasy.ch/) were used as a resource to
identify the functional classification of proteins in this
region.
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RESULTS

Alignment of the rice genetic map onto the physical
map: Chromosome 9, the second smallest segment in rice,
has the total map distance approximately 22 ¢cM. The
sub-centromeric region was chosen as the entry point for
genome sequencing based on several interesting features
for both structural and functional genomics. Nearby its
centromere, the major QTL for submergence tolerance was

QTL mapping analysis
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mapped into a 15.5 cM region where two molecular
markers S10709 and RZ698 were located (Fig. 1). Several
traits at thus major QTL were characterized with plant
survival, plant elongation, mduced shoot elongation,
visual tolerance score and leaf senescence. The SubQTL9
was detected consistently in experiments across all years
and in the genetic backgrounds of all three mappng
populations. The candidate sequence mterval spamming
the candidate QTL flanked by S10709 to RZ698 was then
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Fig. 1. A 1.35 Mb contiguous region consisting of 14 BAC/PAC clones were anchored on the long arm of chromosome
9 corresponding to about 15.5 ¢M of the genetic map. The sequence of DNA markers on the genetic map as well
as the BEST markers on the YAC physical map used for anchoring the BAC/PACs are also shown
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Table 1: Feature of 14 BAC/PAC contigs along the major QTL of submergence tolerance region on chromosome 9

Clone name Accession No. Rize (kp) CDS feature (Candidate genes) Genetic markers
P0651G05 ACO090055 143.1 24-(7) 510709
P0645D04 AC090054 139.0 21-(5) R1164
P0O603H10 AC090057 127.3 19-(1) -
O8INBa0009HO3 AP005818 151.7 24(1) -
0J1190B07 PO663HOS AP005562 140.8 21-(5) -
P0453B09 AC090056 161.9 25-(5) R10783s
B1151D08 APO05705 173.5 23 -
B1106B03 AP005907 152.8 17(3) -
B1054C11 AP006449 155.5 16 -
B1043F11 AP006464 141.5 13 (1) -
OSJINBaO044K01 AP006156 167.3 22(2) -
P0592C05 AP005839 160.6 18(6) -
0J1381_H04 AP004756 150.4 26 (12) -
Total AP004011 130.9 20(5) RZ698
1.35 Mbp® 228 (53) 15.5c¢M

“The 1.35 Mbp region was represented a total of non-overlapping contig from 14 BAC/PAC clones between the molecular marker of $10709 and RZ698

identified. The assembly of fourteen BAC/PAC clones
in this interval yielded a contiguous sequence region of
1.35 Mbp within which we identified 228 predicted gene
struchures. The complete sequence of the critical region of
submergence tolerance bears the accession number
shown in Table 1.

Gene characterization and classification: In general, the
functional genome annotation 1s based on the idea that
some sequence similarities detected between two protems
mean that they are homologous. They may come from the
same ancestor and share the same biochemical function.
Here, we present the characterization of all the putative
open reading frames and its repetitive sequences in the
critical region, a contig of which sequences localized
around 15.5 ¢M of submergence tolerant genes of rice
chromosome 9.

A total of 228 CDS features were found on the
submergence tolerance region. Of these, a function could
be assigned to 28 (12.2%), while 25 (10.9%) were
annotated as encoding an expressed protein including a
full-length ¢DNA(S) and 175 (76.7%) were predicted as
encoding a hypothetical protemn without similarity to an
entry m the public databases. In total, 53 potential
protein-coding genes were identified, along with a
1.35 Mbp region as predicted through computational
search by the packages indicated in Materials and
Methods. These genes were named SUB 1-33 as a
working nomenclature (Table 2). The average length of
the gene model was 2,789 bp (from start to stop codon)
and contains 6 exons with an average size of 487 base
pair (Table 3). The average predicted coding region was
1,171 bp (range 399-5127). Almost all genes contained
mtron (s), with an average mtron (s) size of 569
nucleotides. Of the gene with introns, the average number
of introns in a gene was 4 (range 1-24). Within the 1.35
megabase-region, all of genes were predicted and
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confirmed by homology search (Table 5). The putative
function was analyzed to find the presence of functional
domains. The results showed that the biological function
of the ORFs was related to essential processes of gene
regulation and gene signaling that might be involved in
transcription regulation, signal transduction pathway,
ubiquitilation and proteolysis based on their amino acid
motif. According to promoter analysis, we found that
many types of the DNA sequence elements were
classified as a hormonal signaling m various plants. At
least m the case of submergence tolerance, a gene
underlimng the QTL might be dniven by a mediator
molecule of signal transduction pathways involved in
plant hormones such as gibberellins, ethylene, ABA and
auxin (Table 4). The roles of these regulatory proteins in
submergence tolerance are elucidated in the next
experiments.

Analysis of intergenic region: Altogether, the 228
predicated genes, mcluding exons and introns, account
for around 48.93% of the 1.35 Mbb contig. In other words,
about half of the 14 BAC/PAC of SubQTL9 sequence are
intergenic regions. The overall GC content of the contig
15 43.50%, with an average content of 61.89% n exons and
an average content of 39.94% in other region (introns plus
intergenic region).

Benefits of molecular marker as simple sequence
repeats (SSRs) have been well known not only to detect
genetic variations within or between species but also to
develop molecular markers tightly linked to agronomically
important traits in breeding programs. Our analysis of
1.35 Mbp SubQTL9 region revealed a total of 65 SSRs
using RepeatMasker and Censor with default parameters.
Most of them were classified mto 64% of a di-nucleotide
with lengths ranging from 6 to 46 bp. While other classes
of simple repeats were found as tri-nucleotide (25%),
tetra-nucleotide (8%) and mononucleotide (4%). The
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Table 2: The characteristics of the 53 open reading frames (ORFs) found in submergence tolerance region

SubNo. CDS (bpy  Exon  Aa Putative characteristics Predicted localization Biological fimction
1 720 6 239 Rhodanese-like family protein Mitochondrial -

2 600 6 245 Nucleic acid binding Chloroplast RNA recognition motif (RRM)
3 687 7 696 Isomerase activity - ATP binding protein
4 1080 12 359 Oxidoreductase activity Membrane Electron transport, metabolism
5 1404 11 467 Transcription factor Nuclei HBP-1b(cl)

6 624 10 207 Mndl Nuclei

7 573 3 190 Unknown Plasma membrane 4TM

8 870 7 289 Splicing factor 4 Nuclei Spliciosorne

9 681 2 226 GTP-binding protein Rab 11d Cytoplasm

10 1323 2 440 Unknown Membrane -

11 5223 8 1740 Receptor like-kinase Membrane TRAP170

12 921 2 306 Transparent 1 Chloroplast WIPS protein

13 747 2 248 Ankyrin-like protein Chloroplast ANKA

14 1218 5 405 Ubiquitin conjugating enzyme 7 Nuclei TbE3

15 @24 8 307 Rerine/threonine phosphatase Cytoplasm Metallophos

16 468 2 155 Unknown Cytoplasm -

17 Q09 6 302 Chaperone GrpE type 2 Mitochondrial GrpE2

18 1401 12 A6 Enhancer of polycomb-like protein Nuclei CKS

19 2559 2 852 Unknown Nuclei -

20 270 0 89 Unknown - -

21 1608 23 535 NHE-8 Plasma membrane TT™M

22 699 0 232 Transcription factor Nuclei C-repeat/DRE-binding factor
23 751 1 250 Transcription factor Nuclei AP2/EREBP

24 591 2 196 Antigen receptor-like protein Membrane 3TM

25 2022 12 673 Epstein-Bair vimis EBNA-1-like protein Nuclei ULP PROTEASE
26 2067 1 688 Far-red impaired response protein MNuclei FARI1 family, SWIM, WREKY
27 819 5 272 Unknown Plasma membrane F-box protein

28 372 2 123 Unknown Nuclei Unknown

29 270 3 89 Unknown Cytoplasm Unknown

30 1185 1 394 Unknown Cytoplasm Kelch repeat, F-box
31 243 2 30 Unknown Microbody 2TM

32 447 2 148 Ubc2 enzyme Cytoplasm Ubiquitilation

33 3645 1 1214 LRR receptor kinase Plasma mermbrane Phytosulfokine

34 1278 10 425 Unknown Nuclei Cis-trans isomerase
35 2748 19 915 Aspartate kinase-homoserine dehydrogenase Mitochondrial Bifunctional enzyme
36 525 2 174 Serine/threonine protein kinase Chloroplast -

37 1302 8 433 UQ con, Uhc2 Nuclei Uhc2

38 1488 1 495 Unknown Nuclei OsNAC protein

39 327 1 108 Unknown (Xs domain) Cytoplasm Xs protein

40 1698 10 565 Unknown Mitochondrial NTPase domain

41 588 1 195 Unknown 1TM-outside -

42 1401 5 466 Unknown Cytoplasm Protease

43 1464 1 487 Unknown Plasma mermbrane Enzyme activity

44 966 5 321 Chlorophyll a/b-binding Plasma membrane 2TM

45 2391 13 TG W40, G beta repeat Chloroplast stroma -

46 1449 9 482 Ferrochelatase Plasma membrane 1™

47 447 4 148 Ubiquitin-conjugating enzyme Mitochondrial Ubi-con

48 1554 1 517 Monosaccharide transporter 6 Plasma Membrane 10TM

49 1227 9 408 Phosphoenolpyruvate/phosphate translocator Plasma Mermbrane TT™

50 525 2 174 GPI-anchored protein Plasma Mermbrane 2T™

51 618 1 205 Unknown Plasma Membrane 1T™M

52 1857 19 618 Phosphofiuctokinase Cytoplasm PFK

33 1503 9 300 ADP-glucose pyrophosphory lase small subunit Mitochondrial -

number of n ranged was showed at 5 to 29 bp. These are
typical microsatellite motifs. They were found upstream of
the 5-UTR of several genes and sometimes mn the ORF of
specific genes.

Transposable elements (TEs): One feature that might
contribute to high recombination hotspot is the high
mumber of transposon and retrotransposon flanking
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genes. The TEs were predominated with unclassified
(38%), CACTA, Er/Spm sub-class (30%), Tyl-gypsy sub-
class (25%), Tyl-copia sub-class (7%) and mutator sub-
class (1%). Most of them were long terminal repeats
(LTRs) of retrotransposon with two kinds of direct repeats
repeats as  Ty3-gypsy
Surprisingly, according to the analysis by tRNAscan-SE,
SubQTLY region has no tRNA gene in the 1.35Mbp

and mverted sub-class.
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Table 3: Statistics of rice chromosome 9 at a critical region of mapping QTL controlling submergence tolerance

Feature Statistic
Total number of BACs/PACs 14

Total BAC length 1.35 (Mbp)
GC content 43.50%
Average length of gene model 2789 (bp)
Total number of SSRs 85

Total number of genes 228
Known/putative genes 28 (12.2%0)
Expressed genes 25 (10.9%%)
Hypothetical genes 175(76.7%)
Transposable elements 61

Gene density 5.92 (Kb)
Average CDS length 1171 (bp)
Average exon size 487 (bp)
Average number of exon/gene 6

Average intron size 1981 (bp)
Average number of intron/gene 5
Integrated genetic markers 24

Table 4: Analysis of promoter region of candidate genes associated with the major QTL was identified on rice chromosome 9

Domain type Gene family function Cis-acting elemnents Genetically characterized factor
MYB Secondary metabolism, Cellular morphogenesis, signal transduction MRE-like sequences AMMYB2,ATR1,CCA,
in plant growth, abiotic and biatic stress responses, circadian rhythm CPC, GL1,LHY,WER
and dorsoventrality
AP2/EREBP Flower development, cell proliferation, secondary metabolism, abiotic GCC box ABI4, ANT, AP2, CBF1-3,
and biotic stress responses, ABA response and ethylene response DREB1A-C DREB2A, ERF1
bZIP Seed-storage gene expression, photormorphogenesis, leaf developrment, G-box, Dof, OC8 ABIS, HY 5, PAN
flower development, defense response, ABA response and GA biosynthesis
Z-C.H, Flower development, flowering time, seed development and root nodule GARE FIS2, SUP,HRT
development
WRKY Defense response W Boxes TDBA12

fragment. However, sequences with significant similarities
to rice mitochondrial protein (HGWP repeat containing
protein, thodanese-like family protein and chaperone heat
shock protemn) were found. The average physical genetic
distance of 87 kb per cM was surprisingly high
considering the sequencing area is proximal to the
centromere. On the basis of these findings, we found that
the gene density in the gene-rich region with none-TEs-
related gene is approximately 5.92 kb/gene. High gene
density with small physical to genetic distance makes this
subcentromeric region particularly gene-rich and hotspot
for recombination.

DISCUSSION

In this study, we anchored rice QTL map to the rice
physical map to identify submergence stress tolerance
candidate genes based on previously reports of QTL
position. We chose a sequence of molecular markers for
our attempt to link submergence tolerance genotype to
phenotype using bioinformatics tool. Because of strong
combined genetic evidence for the existence of a major
effect QTL for stress tolerance and available rice genome
sequences in the region. A set of candidate genes of
known or related function were identified in SubQTLS
region using computational tools and rice gene
annotation.
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Gene Identification and Density: In fact, abiotic stress
tolerance, particularly submergence, is the priority target
trait in Southeast Asia dealing with rice plants. Among
cereals, rice has the smallest genome with a size of only
430 Mbp. Consequently, the complete set of genes and
their genomic locations could be identified via genomic
sequencing with an acceptable investment. Chromosome
9 1is the second smallest chromosome among the total of
12 chromosomes. At the short arm of chromosome 9
located the only Nucleolar Organizer Region (NOR) of the
rice genome is 22 Mb or 6.3% of the rice genome.
However, a major QTL controlling submergence
tolerance was mapped at the long arm. Several evidences
suggested that reduced plant elongation was a critical
morphological change for rice to swvive during
submergence (Siang iw et al., 2003; Toojinda et al., 2003).
This critical region might be associated with the
regulation of their plant adaptation under flooding.

The candidate gene approach is one such tool as a
promising method of merging QTL analysis with the
extensive data available on the clomng and
characterization of genes. Of the 53 genes identified by
the prediction programs in the 1.35 Mbp contig, only two
lacks intron while the others contam from 1 to 53. The
gene density with non-TEs related protein coding
sequence is about one gene per 10.8 kb, similar to those
obtained from other rice BAC/PAC clones sequenced,
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resulting one gene per 9.9 kb (International Rice Genome
Sequencing Project). However, our result of gene density
with TE-related gene, 7.31 kb, 1s consistent with the gene
density reported for the entire indica genome (Yu ef al,,
2005). This report excluded TE-related gene was effected
one gene per every 7.2 kb.

Retrotransposons in the SubQTL 9: Retrotransposons,
a group of mobile elements that transpose via the RNA
intermediate, are important components of the eukaryotic
genomes (Boeke and Corces, 1989). The structure of
retrotransposons  resembles  that  of  integrated
retroviruses, with long terminal repeats (LTRs) and an
internal domain encoding a group-specific antigen and a
polyprotein (Pol). The Pol region has conserved domains
characteristic of protease, reverse transcriptase, integrase
and RNase H genes and this region is present in both
retrotransposons  of 1.35 Mbp-region. All BAC/PAC
clones contaimng retrotransposons are currently in the
annotated rice BAC/PAC database. About half of them
are LTR-retrotransposons, as those present in this region.
Many of the rice retrotransposons including hypothical
protein gene, such as the two described here, are
pseudogenes because they are interrupted by stop
codons or no initiation codon in CDS, no termination
codon in CDS and frameshifts. Thus, the rice genome
indeed contains many retrotransposons, although many
are nactive.

Functional gene analysis: Under flooding, plant limits
oxygen supply and gas diffusion that affect directly to
anaerobiosis of submerged plant parts or tissues. Low
oxygen supply impedes mitochondrial respiration, since
di-oxygen is the final electron acceptor in the respiration
As consequence, submergence-induced
elongation 1s mediated by the mterplay between three
phytohormones, ethylene, abscisic acid and gibberellin.
Most of plant responses to abiotic stress are controlled
by a regulator of transcription or a sensing molecule in
hormonal signaling pathway. In total of 53 candidate
genes in the SubQTL region, 14 of them are a nuclear
localization protein, 12 of them are a functional protein in
mitochondria and chloroplast, while 8 of them are
cytoplasm protein. The remainders are predicted for
biological function of 16 transmembrane proteins and only
one of microbodi protein. Based on biological function
and similarity search using computational tools, these
predicted genes might control a part of plant adaptation
under submergence stress.

To collect further supporting evidence for the
function of the predicted genes in the region, EST
sequence and a full-length ¢cDNA database were aligned

chain. a
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by BLAST against candidate gene sequence. These
analyses reveal that 51 candidate gene predictions match
expressed sequence in several libraries. Regulatory
protein of their candidate genes were clustered into three
distinct SubQTLY swrrounded by large mumber of
retrotransposons  forming three gene-dense 1slands.
These islands might be essential for maintaining
submergence tolerance in several mechamsms of signal
transduction pathway, gene regulation of transcription
factors and ubiquitilation pathway. According to
promoter analysis result, a gene underlining the QTL
plays 1mmportant roles mn signal transduction pathways
that involve in plant hormones, gibberellin, ethylene,
ABA and auxin The roles of these candidate genes in
submergence tolerance will be elucidated in the further
perspective model.
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