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CHAPTER 3 UPSTREAM OPEN READING FRAMES

This chapter contains work published in “Tran, M.K., C.J. Schultz, and U.
Baumann. 2008. Conserved upstream open reading frames in higher plants.
BMC Genomics 9: 361”.

3.1 INTRODUCTION

RNA-omics, or more simply R-nomics, is the large-scale study of RNA
structure and function (Clote 2005). One of the major challenges faced by R-
nomics is to understand the regulatory mechanisms of complex signals found
in the untranslated regions (UTRs) of messenger RNAs. In particular, the
control signals found in the-&TR of some eukaryotic mRNAs play a crucial
role in translational control that can result in rapid changes to the proteome
during stages of mammalian development (Le Roch et al. 2004), and in
response to plant abiotic stress (Floris et al. 2009). These post-transcriptionally
regulated mRNAs frequently encode importeagulatory proteins (e.g., proto-
oncognes, growth factors, and transcription factors) (Mignone et al. 2002) that
need to be strongly or precisely regulated for normal cellular activity. In other
cases, control signals in theBTR provide continuous regulation of essential
MRNASs by providing an alternative route for translation when cap-dependent

translation is compromised (e.g., under stress conditions) (Holcik et al. 2000).

Translational control signals are often found in lofiy BRs (>100 nt)
(Kozak 1987a) where they can contain either a single control signal (Raney et
al. 2000) or multiple control signals that function independently (Wang and
Wessler 2001) or in a coordinated fashion (Franceschetti et al. 2001; Jin et al.
2003; Yaman et al. 2003). One important translational control signal found in
both prokaryotes and eukaryotes is the upstream open reading frame (UORF), a

small open reading frame located upstream of the main coding region (Lovett
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and Rogers 1996). uORFs that are conserved are also known as conserved non-

coding sequences (CNSs) (Freeling and Subramaniam 2009).

Two types of functional uUORFs have been described and shown to have
a demonstrated activity eithen vitro or in vivo (Gaba et al. 2001): a)
sequence-dependent UORFs encoding bioactive peptides that either cause
ribosomal stalling during translation of the main open reading frame or have
other biological roles (Crowe et al. 2006; Hayden and Bosco 2008; Hayden and
Jorgensen 2007; lacono et al. 2005), and b) sequence-independent uUORFs that
reduce reinitiation efficiency of the main open reading frame (Meijer and
Thomas 2002; Vilela and McCarthy 2003). There is also evidence that both
sequence-dependent and sequence-independent uORFs can influence mRNA
stability (Ruiz-Echevarria and Peltz 2000; Vilela et al. 1999), however their

underlying mechanisms remain unclear.

Identifying uORFs involved in regulation of gene expression is a
difficult and time consuming process that is estimated to take up to 20 man-
months to find a single functional UORF by random selection and testing of
MRNAs (Selpi et al. 2006). To overcome this problem, computational methods
have been developed to predict uUORFs that are likely to be functional, and
include methods such as artificial intelligence (Selpi et al. 2006), comparative
approaches based on homology (Hayden and Bosco 2008; Hayden and
Jorgensen 2007), and comparative approaches based on specific UORF

sequence organisation (Kochetov et al. 2008).

The frequency of reported uORFs in plants is rare in comparison to
mammalian systems. Early estimates on the number of characterised uUORFs in
plants were less than 100 (0.3%) (Tran et al. 2008), and most are described in
four cereal transcriptomes. These characterised uORFs (<0.3%) in plants are
much lower than the estimated number of genes that contain uUORFs, which can
vary from 11% (Pesole et al. 2000) to 60% (Hayden and Jorgensen 2007).
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In this study, a comparative R-nomics approach was used to identify
conserved uUORF motifs in cereals and Arabidopsis. A bioinformatics pipeline
called uORFSCAN was constructed that performs a comparative analysis on
the important agronomic crops rice, wheat, barley, maize, and sorghum; and
the well studied dicot plant Arabidopsis. To account for the variable quality of
assembled EST data, the uORFSCAN pipeline used orthologous sequence
clustering, iterative sequence analysis, and manual curation. The comparative
approach of UORFSCAN is easily transferable to uUORF identification in other

species

32 MATERIALSAND METHODS

3.2.1 Sequencedata

KOME full-length rice. cDNA sequences were obtained from
ftp://cdna0l1.dna.affrc.go.jp/pub/data/CURRENT/INE_FULL_SEQUENCE_D
B.zip. This file is dated Tuesday, 24 January 2006, and contains 32,127 full-
length cDNA clones (originally 28,469). The Dana Farber Cancer Institute
(DFCI) plant gene indices database (http://compbio.dfci.harvard.edu/tgi/) was
used to obtain tentative contigs (TCs) from wheat (release 10.0, Jan 05, 580155
ESTs, 44954 TCs), barley (release 9.0, Sept 04, 370546 ESTs, 23176 TCs),
maize (release 17.0, Nov 06, 695811 ESTs, 56687 TCs), and sorghum (release
8.0, Nov 05, 187282 ESTs, 20029 TCs). Data cleaning was performed on the
DFCI dataset to select for sequences that are designated as tentative contigs
(identifiers prefixed with “TC”), thereby excluding all singletons. All data files
were imported and managed using Microsoft Access 2003. Also, the analysis
was re-ran using the TIGR Plant Transcript Assemblies (last updated on
October 1, 2006) for wheat (840871 ESTs), barley (456410 ESTs), maize
(1084701 ESTs), and sorghum (203575 ESTs) on the uORFSCAN pipeline,
but did not find any additional conserved uORFs.
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3.2.2 Orthologue searches

Similarity searches were performed at The South Australian Partnership for
Advanced Computing (SAPACHtp://www.sapac.edu.gulsing the method

described in Chapter 2 (Section 2.2.2). In brief, the reciprocal best hit method
(rbh) was adapted to improve the detection of putative orthologues in the
presence of alternative splice forms that would otherwise give many false
negatives. To account for alternative splice forms, the top hit and also similar
hits in the reverse BLAST (percent identity to top hit5%, similar length to

top hit: +/- 20%) were examined for symmetry with the top hit in the forward
BLAST. If there is symmetry between the forward and reverse BLASTSs then

we considered the reciprocal pair to be orthologous.

3.2.3 Verification of main ORF

The rice cDNA sequences containing conserved uORFs were used in a blastn
search against NCBI Non-redundant database to identify uORFs predicted
from ribosomal RNA genes, chloroplastic genes, and mitochondrial genes.
These genes do not represent coding genes derived from the nuclear genome,
and therefore have been removed from this study. Also, the main open reading
frames, predicted by uORFSCAN were used to search (blastn) the coding
sequence (CDS) annotations from TIGR rice pseudomolecules database
(http://www.tigr.org/tdb/e2k1/osal/data_download.shtmlAlignments not

starting from the beginning of the CDS were regarded as suspicious. As
additional verification, the rice main open reading frame predictions were also
compared with protein data from the UniProt Knowledgebase (UniProtKB)

(www.ebi.uniprot.org/database/download.shtmiTranslations of the rice

cDNA sequences in the same frame as the predicted main open reading frame,
starting from the Buntranslated region to the end of the main open reading
frame, were used to search (blastp) against UniProtKB. Aligments not
beginning from the start of the protein sequence were discarded ditteglid

not have TIGR CDS support.

90



3.24 Statistical analysis of codon usage
Thep-values were calculated according to the following formulas:

The probability to observe the number of times each codon was present in the
UORFs (Bpy that was less than or equal to the expectgfl Ity chance alone

is:

Nbbs N
P=) ) } P" (1-P)N" 1
n=

The probability to observe the number of times each codon was present in the
UORFs(nepy that was greater than or equal to the expectgfl Iy chance

aloneis:

Where

Nobs =1 he observed number of times a codon was present in the UORFs.
Nay = The average number of times a codon was present in the uORFs based on
the frequency of this codon in the mORF and the sample size (the observed

number of codons for the set of codons for an amino in the uORFs).
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33 RESULTS

3.3.1 TheuORFSCAN pipelinefor discovering uORFs

The uUORFSCAN pipeline used rice full-length cDNAs (Kikuchi et al. 2003)
and wheat, barley, maize, and sorghum assembled EST data for comparative
analysis (Figure 3.1). As in Chapter 2, the first step of the pipeline identified
rice genes that had orthologues in wheat, barley, and maize but also in
sorghum. The use of orthologous sequences allowed for better detection of the
main coding region, and in turn defines th&J3R that is necessary to identify
conserved UORFs. For this purpose, a modified reciprocal best hit (rbh) method
was used to find true orthologues by a process of eliminating paralogues (Bork
et al. 1998; Tatusov et al. 1997), and was shown to perform much better than a
standard one-directional BLAST. For example, in the one directional BLAST
against the barley assembled EST database 19,655 sequences were identified,
however this number was reduced to 5,115 (26%) sequences when the

reciprocal best hit method was used (Figure 3.1, Step 1).

Only 1723 of the rice genes had conserved orthologues in the other four
cereals (wheat, barley, maize, and sorghum), most likely because none of the
assembled EST datasets contained the entire transcriptome. To account for
missing or erroneous sequences, the orthologues were grouped into three
datasets for 8UTR analysis (Figure 3.1, Step 2). The datasets included rice
genes that had orthologues in four other cereals (5 out of 5 dataset), in three

other cereals (4 out of 5 dataset), and in two other cereals (3 out of 5 dataset).

In Figure 3.1 (Step 3), the uUORFSCAN program (Appendix) was
developed to find conserved uORFs. uORFSCAN takes as input a FASTA file
containing the rice cDNA sequence and its orthologues, and identifies for each
of these sequences all the possible open reading frames (ORFs). In the first
iteration, the longest conserved ORF was designated as the main coding region.

However, the longest ORF is not always the main coding region when there are
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other ORFs of similar length. Therefore, a comparative approach was used to
identify the main coding region (Figure 3.1, Step 3.1). This involved finding
the longest ORF that was present in all orthologous sequences, and then
iteratively reducing the number of orthologous sequences, one at a time, to
determine if a longer conserved set of ORFs could be found, and finally
terminating when there was no improvement. The longest ORF in at least three
out of five cereals was considered the main coding region. In Figure 3.1 (Step
3.2), uORFSCAN attempts to align rice uUORFs with similar length orthologous
UORFs (+/- 5%) at the protein level using ClustalW (Thompson et al. 1994).
Finally, uUORFSCAN analysed each alignment file to determine the average
conservation of the uORFs, and grouped the alignments based on the number
of conserved orthologous uUORFs found. For example, using the 4 out of 5
dataset generated the 4 out of 4 and the 3 out of 4 datasets (Figure 3.1). To
improve the detection of functional uORFs, only uORFs from orthologous

genes that shared sequence similarity were reported.

The final step (Figure 3.1, Step 4) was manual curation to verify the
predicted rice main coding region of each gene by comparing it with the
genome annotation and other protein data. This was necessary, as UORFSCAN
is expected to be sensitive to inaccurate (e.g., frame-shifts) and/or incomplete
sequence data. For example, rice full length sequences can be incomplete
because of failure of the 5' capping method (Kikuchi et al. 2003). If the coding
region is truncated, this can result in an internal methionine selected as the start
codon and therefore the derived 5-UTR is actually coding sequence, which is

often highly conserved and can lead to false positive predictions.

3.3.2 Conserved uUORFsappear toberare

The uORFSCAN pipeline identified nine cDNAs containing uORFs that were
conserved in all five cereal orthologues (5/5 uORF dataset) (Table 3.1). Three
of these cDNAs encoded multiple uORFs, one of the cDNAs being

AdoMetDC, which has previously been reported to contain two UuORFs
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(Hanfrey et al. 2002). All nine cDNAs were manually curated and showed that
they were all reliable based on the validation criteria used in this study (Table
3.2), which included the removal of the uORFs predicted from ribosomal
rRNA genes (data not shown). The cDNAs included the multiple uUORFs in S-
adenosylmethionine decarboxylase cDNA (Hanfrey et al. 2002), alkaline
phytoceramidase cDNA, calcineurin B-like (CBL)-interacting protein kinase
cDNA,; and a single conserved uORF in a cDNA encoding an oxidoreductase
protein, ribosomal protein S6 kinase, trehalose-6-phosphate phosphatase,
ubiquitin-fold protein, FOL1.29 protein, and an ankyrin-3 protein.

To account for variable quality in assembled EST data, instances where
the uORFs (4/5, 3/5, 4/4, 3/4, and 3/3 result set) were conserved in only some
cereal orthologues (5/5, 4/5, and 3/5 dataset) (Tables 3.3, 3.4, 3.5, 3.6, 3.7;
Figure 3.1, Step 3.2) were also reported. In brief, the 4/5 result set contains 16
rice genes with a total of 20 conserved uORFs in orthologous cereal genes, the
3/5 result set contains 44 rice genes with a total of 79 conserved uORFs in
orthologous cereal genes, the 4/4 result set contains 16 rice genes with a total
of 23 conserved uORFs in orthologous genes, the 3/4 result set contains 113
rice genes with a total of 129 conserved uORFs in orthologous genes, and
finally the 3/5 result set contains 65 genes with a total of 93 conserved uORFs

in orthologous genes.

In order to identify sequence dependent uORFs, the search was
extended for cereal uORFs that might also be conserved in the dicot
Arabidopsis by using the rice cDNAs that contained conserved uORFs in at
least two other cereal orthologues (5/5, 4/5, 3/5, 4/4, 3/4 and 3/3 result set) and
the Arabidopsis Tair 7 cDNA dataset (Section 3.2.2). The uORFSCAN
pipeline identified 13 rice cDNAs containing UORFs that were conserved in
Arabidopsis (Table 3.8). Four of these cDNAs encoded multiple uORFs. Of the
13 cDNAs with uORFs, only 11 were verified as reliable based on manual
curation (Table 3.9) that removed the uORFs predicted from a cDNA encoding

a helicase. Manual curation of the helicase cDNA revealed that the genome and
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protein annotation for the coding region extended further upstream than
predicted by uUORFSCAN, highlighting the limitations of using assembled EST
data where frame-shift errors was the likely reason for the false positive
prediction. The reliable predictions included the multiple uORFs found in a
cDNA encoding ww domain containing protein, trehalose-6-phosphate
phosphatase, GAMYB-binding protein, and ankyrin-3. The latter three cDNAs
contained a combination of UORFs that were conserved between the cereals
(rice and at least two other cereals) and Arabidopsis, and uORFs conserved
between rice and Arabidopsis (Table 3.8). UORFSCAN also identified seven
rice cDNAs containing a single uORF that were conserved in Arabidopsis and
in almost all cases (except cDNA encoding an auxilin-like protein) the cereals
as well (Table 3.8). They included the uORFs found in a cDNA encoding
phosphatase 2a protein, homeodomain containing protein, S-
adenosylmethionine decarboxylase, auxilin-like protein, CBL-interacting

protein kinase, protein kinase ATN1, and a hypothetical protein.

3.3.3 Position and occupation of UORFsin 5-UTRs

Studies have shown that the position of an uORF within#t$TR, which
determines the pre-ORF and intercistronic distances, can have profound effects
on its function (Vilela and McCarthy 2003; Vilela et al. 1999). The position of
cereal uORFs within their "®TRs were examined and no positional
preference was found with the exception that they were not positioned too
closely to the start of their individual-BTR and coding region (Figure 3.2).

For example, all of the uUORFs conserved in five orthologous cereals (5/5 result
set) and in Arabidopsis were at least positioned 20 nucleotides from the start of
their 5-UTR, which is thought to be the minimum number of nucleotides
required for a functional uUORF (Vilela and McCarthy 2003). The intercistronic
distances for these UORFs were generally shorter than the pre-ORF distance
(Figure 3.2). Also, seven uORFs were found to occupy greater than 20% of
their individual 3UTR, and included the functional small AdoMetDC uORF
(AK100589).
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3.3.4 Length distribution of UORFs

Since earlier reports showed that plant uORFs can vary in length from 6 to 156
nucleotides (Franceschetti et al. 2001; Hanfrey et al. 2002; Locatelli et al.
2002; Lohmer et al. 1993; Wang and Wessler 1998; Wang and Wessler 2001),
the length distribution of the cereal uUORFs was examined. There are two peaks
in the distribution that were found between 1 to 20 nucleotides, and 81 to 100
nucleotides (Figure 3.3). The uORFs found in the first peak are tiny with 9 (out
of 14) uORFs having a length of nine nucleotides. Some of these tiny uORFs
could be artefactual as a result of point mutations that insert an in-frame start
and/or stop codon in the'-BTR. The uORF length distribution around the
second peak (41 to 160 nt) tends to move towards a normal distribution.
Seventy six percent of the uORFs in the length distribution are shorter than 100
nucleotides, and 48% are shorter than 40 nucleotides. The shortest conserved
UORF found in four independent cDNAs was nine nucleotides, even though the
cut-off length used by uUORFSCAN to identify UORFs was six nucleotides (a
start and a stop codon). One of the nine nucleotide uUORFs was ting 5
UORF found in the S-adenosylmethionine decarboxylase cDNA (Franceschetti
et al. 2001), and three new UORFs, two found in a cDNA encoding alkaline
phytoceramidase, and one in a cDNA encoding oxidoreductase, (Table 3.1).
Two long conserved uORFs (>181 nucleotides) were found in cDNAs
encoding protein kinases that included one uORF found in a cDNA encoding a
CBL-interacting protein kinase and another uORF found in a cDNA encoding a

ribosomal protein S6 kinase.

3.3.5 Sequence conservation of uUORFs

The level of amino acid sequence conservation in cereal UORFs was generally
high, as expected, based on the approach of reporting similar length
orthologous uORFs that shared sequence similarity used in this study. For
example, in the 5 out of 5 result set the median value is 50% sequence

similarity. When the two main datasets were included (UORFs conserved in all

96



five cereal orthologues and uORFs conserved between rice and Arabidopsis),
the median value is 36% sequence similarity. The uORFs conserved between
rice and at least two other cereal orthologues (5/5, 4/5, 3/5, 4/4, 3/4 and 3/3
result set) and Arabidopsis (median value of 36% sequence similarity)

generally had a higher amino acid sequence similarity than those uORFs
conserved between rice and Arabidopsis only (median value of 28% sequence
similarity). Given that the uORFs from orthologous genes were selected to be
within a given length interval for alignment purposes, the high amino acid

sequence similarity may suggest that these uORFs have a functional role (e.g.,

ribosomal stalling) that is mediated by the encoded uORF peptide.

3.3.6 Start condon context and codon usage of UORFs

The presence of uUORFs does not mean that they will be transkited
sequence context of some plant uUORFs has been shown to be sub-optimal for
efficient initiation (Joshi et al. 1997; Wang and Rothnagel 2004). Therefore the
sequence context of the cereal uUORF AUG codons was examined to see if there
was any sequence conservation that may aid in their ribosome initiation. No
informative positions in the uUORF consensus sequence context were found
(Figure 3.4) based on the observed number of positions that showed sequence
conservation was not greater than expected by chance alone. However when
the context of the AUGs demarcating the conserved uORFs were compared
with the context of the AUG at the main ORF it was evident that the main ORF
generally had a better sequence context denoted by a purine in the -3 position
and a guanine in the +4 position (Table 3.10). There were some exceptions
where the UORF sequence context was good as (Table 3.10, AK066145 and
AK069526 UORF 1dr better (Table 3.10, AK060523 and AK0605&8)nthe

main ORF sequence context for ribosome initiation.
Recent work showed that ribosome stalling could occur at rare codons

(Chumpolkulwong et al. 2006; Col et al. 2007; Fernandez et al. 2005; Meijer
and Thomas 2003; Shu et al. 2006). Therefore the codon usage of the identified
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UORFs was examined to determine if they contained an increased number of
rare codons. Results showed that the frequencies of some codong-Yadea

less than<0.05 in the rice UORF codon usage compared to the rice main
coding region based on a significant deviation of observed from expected
numbers of uUORF codons (Section 3.2.4, Equations 1 and 2); however, the
number of codons that had significgavalues were not greater than expected

by chance (Figure 3.5).

34 DISCUSSION

3.4.1 Conserved UORFsappear toberare

This study provides a method to identify conserved uORFs from large
assembled EST datasets. A pipeline was developed that used a modified
reciprocal best hit method to identify putative orthologous sequences that were
then analysed by a comparative R-nomics program called uUORFSCAN to find
conserved uORFs. This pipeline was successful in identifying 29 rice uORFs
that are conserved at the amino acid level (median value of 36% sequence
similarity) in wheat, barley, maize, sorghum, and in some cases (33%)

Arabidopsis.

The number of conserved uORFs that share sequence similarity in the
transcriptome of cereals appears tolde. This is consistent with reports of
conseved UuORFs in distantly related plants (i.e., rice and Arabidopsis)
(Hayden and Jorgensen 2007) andDirosophila melanogaster (Hayden and
Bosco 2008). One explanation is that genes controlled at the level of translation
by uORFs have low levels of transcription (Hu et al. 2005) and therefore are
under-represented in cDNA and assembled EST databases. Another
explanation for the low numbers of conserved cereal uORFs is that the uORFs
have evolved in both length and sequence such that they no longer share

sequence similarity across minor taxonomic groups (nehin the cereals)
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(Table 3.2 and 3.9, Table 3.11 for CLUSTAL W alignments). Furthermore, if
the codon usage of cereal uUORFs rather than the uUORF-encoded peptide were a

major controlling mechanism then amino acid sequence may not be conserved.

3.4.2 Cereal uUORFsconserved in Arabidopsis

It has been shown that the amino acid sequence of UORFs in monocot and dicot
plants can be similar (Hanfrey et al. 2002). Sequence similarity was observed
at the amino acid level across the major taxonomic groups (e.g., Arabidopsis
and rice) (Table 3.8). Eleven rice genes were identified that contained uORFs
conserved in Arabidopsis, of which nine were also conserved in additional
cereal orthologues (at least two others). For example, a rice cDNA encoding
Ankyrin-3 contains a UORF that is conserved in the cereals and Arabidopsis,
but it contains a nested uORF that appears to be conserved only in rice and
Arabidopsis. Therefore, it is likely that after the split between the two major
groups of angiosperms (monocots and dicots), the rice gene has gained an
additional in-frame and internal start codon, that is not present in the other
cereals, making a nested uORF that is shorter by 33 nucleotides. It would be of

interest to determine if the nested uORF is functional.

Conservation of UORF sequence within the cereals migtglyg reflect
a relatively recent ancestor, rather than conservation of function, therefore it is
difficult to predict whether these uORFs are likely to be sequence dependent or
sequence independent uUORFs (Meijer and Thomas 2002; Vilela and McCarthy
2003). However, UORFs that are conserved across both monocots and dicots
suggest that these uUORFs have a role in a sequence dependent manner. Indeed,
six rice UORFs (out of 15, excluding nested uORFs, Table 3.8) that were
conserved in Arabidopsis had a biased amino acid composition that was rich in
serine or arginine (at least 20%). It has been suggested that uORF peptides that
are rich in serine could either promote or inhibit ribosomal stalling through
their phosphorylation (Hayden and Jorgensen 2007; Wang and Proud 2007),

while arginine rich motifs can be involved in RNA binding (Bayer et al. 2005).
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Interestingly, of these six rice UORFs two (AK101100 and AK067412) are
found in genes involved in phosphorylation, a function that appears to be over-
represented in this dataset (Table 3.8). It is possible that the main protein of
these genes could have dual functions, the primary function itrassaacting

factor in an unknown signalling cascade, and a secondary function as a
regulator of mMORF expression whereby the mORF protein phosphorylates the
serine-rich UORF peptides, resulting in a conformational change that allows the
UORF peptides to bind and stall ribosomes (Gaba et al. 2001).

There are uORFs previously identified in Arabidopsis that were not
identified in this study. For example, the Arabidopsis auxin response factor
(ARF) genes (Nishimura et al. 200B) TIN (ETT) and MONOPTEROS (MP)
contain UORFs and while orthologues of these genes were found in the rice,
sorghum and wheat assembled EST datasets, the uUORFs showed no sequence
similarity (by Clustalw) and were of different lengths (data not shown).
Similarly, uORFs found in Arabidopsis genadVIHX and AtNMT1 encoding
encoding a tonoplast transporter (David-Assael et al. 2005) and a
phosphoethanolamine N-methyltransferase (Tabuchi et al. 2006) respectively
were not identified because the uUORFs were not conserved in rice and at least
two other cereals. Finally, the gene containing the uORF in Arabidsgusis
encoding a bHLH-type transcription factor (Imai et al. 2006) could not be
identified in the rice dataset as a clear orthologue could not be identified.
Therefore, it will be of interest to monitor new rice full-length cDNAs and high
quality sequences for cereals as they become available to see if more conserved

UORFs can be found.

Recently, a pair-wise comparative approach was used to identify
conserved UORFs within homology groups that also included paralogs and
ohnologs (homologous genes arising by whole-genome duplication) using rice
and Arabidopsis full-length cDNAs (Hayden and Jorgensen 2007). Compared
to the 11 genes identified in this study Hayden and Jorgensen (Hayden and

Jorgensen 2007) reported that 19 genes contained conserved uORFs between
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rice and Arabidopsis. Interestingly only four genes (S-adenosylmethionine
decarboxylase, Trehalose-6-phosphate phosphatase, Auxilin-like protein, and
Ankyrin-3) were in common highlighting the benefits of complementary search
methods. The approach developed in this study used the modified reciprocal
best hit method to find putative orthologues. It is likely that some of the
homologue groups identified by Hayden and Jorgensen (Hayden and Jorgensen
2007) may not be true orthologues. For example, homologue group 12
identified by Hayden and Jorgensen (Hayden and Jorgensen 2007) were not
reciprocal best hit pairs according to the analysis used in this study, and
therefore are likely to be paralogues. The approach of this study is deliberately
conservative, eliminating paralogues, to maximise the finding of all conserved
UORFs independent of their length.

One possible criticism of the comparative approach used in this study is
that uORFs as short as 9 nt were reported. However, there are two independent
reports that showed that the tiny uORFSAMDC is functional (Hanfrey et al.

2005; Hu et al. 2005), although there is controversy regarding the type of effect
and conditions under which the tiny uORF $SAMDC exerts its effect on
downstream translation. Therefore, there is insufficient data to conclude one
way or the other, and as such a conservative approach was chosen. This has
allowed us to find several genes (e.g., protein phosphatase 2a, a protein
containing a ww domain, and GAMYB-binding protein) that were not found by
Hayden and Jorgensen (2007), as only conserved uORFs greater than 16

codons were detected.

3.4.3 Better quality assembled EST data is needed

One unavoidable limitation of using incomplete assembled EST data for
orthology determination is that orthologues could be falsely assigned in
situations where sequences have multiple protein domains. This will increase
the number of putativerthologues identified prior to the prediction of UORFs,

which is not necessarily harmful as these predictions are manually curated.
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However, to minimise this problem, a sequence coverage cutoff of at least 70%
of any of the protein sequences in the alignment was used (Section 3.2.2).
Also, orthologues were grouped into several datasets representing the number
of orthologues that could be found for each gene. For example, the datasets
included rice genes that had orthologues in four other cereals (5 out of 5

dataset), in three other cereals (4 out of 5 dataset), and in two other cereals (3
out of 5 dataset). This grouping of orthologues will also help minimise the

effects of missing, incomplete, or erroneous assembled EST data.

There are reports of conserved uORFs in monocots and dicots that
share high sequence similarity that were not found by the uORFSCAN
pipeline, due to either lack of sequence conservation or due to limitations in the
assembled ESTs currently available. For example, the uORF found in the basic
region leucine zipper (bZIP)-type transcription fac#tB2/AtbZIP11 was
found to be conserved in rice and barley (Wiese et al. 2004), but not in the
other cereals included in this study because the sequences are not represented
in the other datasets. Current limitations include incomplete data (i.e., not all
sequences are represented) and poor quality sequence data, leading to frame-
shifts and incorrect prediction of uORFs. Therefore, it is possible to obtain
higher numbers of conserved uORFs if the cluster size was relaxed to two out
of five, but this approach would reduce the power of comparative R-nomics,

and would require significant manual curation.

3.4.4 Sequence dependent and independent uUORFs

The cereal uORFs identified here are likely to encode bioactive peptides as
selection has occurred to conserve peptide sequence. Those cereal uUORFs that
showed sequence conservation at the amino acid level with Arabidopsis are
likely to be classified as sequence-dependent, as the encoded uORF peptide has
remained conserved across the angiosperms, suggesting the peptide is directly
involved in translational control (Franceschetti et al. 2001) or has some other

biological activity (Crowe et al. 2006; Hayden and Bosco 2008; Hayden and
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Jorgensen 2007; lacono et al. 2005). Some identified uUORFs were conserved
only within the cereals, indicating a relative recent origin or selective loss of
the UORFs in Arabidopsis. The possibility that some conserved cereal uUORFs
could also act in a sequence-independent manner cannot be ruled out, as a
recent paper reported a conserved uORF in human and mouse ribosomal
protein S6 kinase genes (the same finding in this study in cereals, Table 3.1),
and suggested that the uORF translational control of the main ORF was
through reinitiation (Kochetov et al. 2008). Experiments are needed to confirm

the biological activity of the uORF in ribosomal protein S6 kinase gene.

The sequence context surrounding a UORF (ignoring secondary
structure) does not appear to play a major role in its recognition and initiation
of translation of an uUORF based on our analysis. It is possible that a sub-
optimal uUORF sequence context (compared to optimal Kozak consensus (Joshi
et al. 1997) sequence for the main coding region) would allow for leaky
scanning (Smith et al. 2005; Wang and Rothnagel 2004) of the uORF, and
preferential initiation at the downstream main coding region. An optimal uUORF
sequence context would provide rigid control in the translational regulation of
the main coding region, as initiation would predominantly start at the uORF
resulting in reduced availability of initiation factors, such as elF2, for re-

initiation at the downstream main open reading frame.

Sequence-independent uORFs allow for low-level translation of the
downstream main coding region (Child et al. 1999). Low-level translation is
possible, as sequence-independent uORFs do not cause ribosomal stalling as
seen in sequence-dependent uORFs. The regulatory mechanism of the
sequence-independent uORF involves other factors (UORF recognition, length,
stop codon environment, and the downstream intercistronic sequence) that
influence reinitiation efficiency (Meijer and Thomas 2002; Vilela and
McCarthy 2003), and more recently leaky scanning (Wang and Rothnagel
2004), to regulate downstream translation. The codon usage of conserved

UORFs was analysed and no preferential usage of rare codons was found in the
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UORFs. Therefore, it is unlikely that the uORF codon usage in the examples
found could contribute to low-level translation as seen for certain rare codons
in Xenopus laevis (Meijer and Thomas 2003) andeschericia coli

(Chumpolkulwong et al. 2006) that can reduce translation.

3.5 CONCLUSION

This study showed that the uUORFSCAN pipeline is a useful tool for identifying
conserved UORFs in closely related species. This pipeline has allowed us to
identify 29 conserved uORFs in the cereal transcriptome. More conserved
UORFs will likely be identified once the cDNA and assembled EST datasets
become more comprehensive. These conserved rice UORFs will be useful for
future functional analyses that should provide some perspective into

downstream translational regulation by uORFs.

104



‘G JO IN0 G Ul S4YON 291 BuiAjuana 1o) BL3JID 10} Z'¢ |qe | 385

‘paAoWwal usaq aAeY sauab YNy [ewosodry
"S4-ON PaJsaU S10W JO BUO UBUOD

(£ g71 uonoag ‘| Jeydeyn ass) sswel) Buipeas uado wealsdn papodsl Ajsnoiasld .
"S|9SEep JUSIBYIP BU} Ul PALIUSP] S10M SJHON PEAISSUOD JUSIBYIP BSNEdaq sajqe) sjdiinu u) a1e Jey) (sIayjuap!) seusb [eJanss Jo sUO |
‘aseqelep (joidiun) aseqabpajmous| joidiun 2y L, Uo paseq Uolejouue [euolound q
‘2oue)sIp oluogisiolaul yiBua) 44On souelisip 440-2.d .

£-uufjuy 86  ZLZ 6ZL ObZ BO9EOLOL  GBL 6Z) SSZ  6VLSOEOL €917 0ZL LIZ BLESFLOL Gk 921 LOZ 9LPSEZOL  SBL €2b €4l £25090MV
usjoid 6Z° 1164 18 05} Gl 0EZ £v2.010L 041 Gl €92 ZG190£DL 6~ Gl €52 €86ZELOL 881 Gl ¥SZ £7£.920L 1817617922 ZBLPI0MY
urajoid poj-uninbign €€ 69 ZL /8L 9GFEDL 0,72V ¥2Z  25¥982oL LET CL ¥SL PBPPELOL £L7Z1 Bl 29299201 85 2l 8Ll SP1.990MY
aseun| 9 uiejold [ewosogry 8. 9LL ¢6L 89l OFLEEOL 9Ll g6l 08l €6.50€0L €6 ¢6L 9L 9LEEELOL L1V ¢6L 6L 8PE9ETOL  LLL g6L 00 BY9ZLOMY
8 €LL9E vi¥ 99€ 9F £€9 L1179 vib LLLT9E vOF 96 9€ Z6€
oL €L 06 0ZF 998 €6 9.6 11176 /88 LLL €6 J¥E 96 06 9¢€
8 €€ 6E LSE 82Z 6€ 89L 0rZ 6E 8IE vET BE 8.2 91¢ 6€ 69T
62 18766l L¥E €85 261 092 16 861 80€ G8 861 892 0/ G6L 65T
aseuy| uisjoid Bunoelsjui-1g0 b G9Z [T LEE tPSZOLOL ¥95 /T ¥b¥  16S90£0L TLT 1T 86T 9£S6ELOL 99z [T 8SZ 8l¥.irEOL 8¥z [T 6VC  ,898CLOMV
05 69 6 22t 89 6 /21 6el 6 18 €LL 6 6L v. 6 SEl
asepiwelsooiiyd sullesy 0s 69 6 22¢ $8620LOL 69 6 L2l 60950201 6El 6 18 9952€LOL €Ll 6 SL 6¥LiEZOL vl 6 19 £0EEL0MY
Z6 L1 OLke 801 LLL 9ge 691760l 182 891 S0 152 617801 962
06 //17€S17892 8017€GL 62 691706179¢2 89170517602 6/1795178¥%2
R e 05 62€609C LIEIGOL 026 698C 16GZ62OL  LEE 82 LOLOEKOL  LLE 6 L0Z 6GSYOTOL  PEE 6 OFC 4, 68S00MNY
Qm;n_mo__%wmw_mﬂw__m 88 B8/£7G/90L 6BSEOLOL 5/TIGlz LLOVeZOL 29 S/ THOZ 0BLYELDL 297 SLTLSZ SLLBIZOL v/GIG0z  , LEEEOINY
8sEjNPBIoPIXO 00 L1176 6¥L 86620101 LL76 1€l 69288201 9176 /9 18l8FLOL 9l 6 £ll 62659201 1176 1EL SB090 LMY
(9%) Aejiwis 41N"G Jayluap| d1N~S  Jaliuap) «dLN~G Jaynuap| d1N~G Jaynuap| dln-S  Jsunusp|
Juolouny sAleind VY Bay wnybios azie| Kejieg 1eaUM a0y

Jesejep anbojoyLo §/G 8y} JO SENBOJOYLO G/S Ul NYOSJHON Ag pajoipaid sg4On 8yl "L'e slqel

105



“siied aseq Jo Jaquinu paledipul ayl Aq 1a6uo| sI 5D Yl Joj uonelouue awouab ay|
‘aseqelep , (101 Jiun) aseqabpajmouy| joidiun 3y L, ysuiebe yoieas
diseq e uipasn sem sdusnbas uisioid Bunnses oy L “(suuonpay uers perapaud Jo weansdn suonejsuen spnppul) Ny 440N Aq paynusp: swey buipess uado ulew sy se awely SWeS 3y Ul YNGD 99U By pate|suel |
“4H0 ¥NQ? 3y Ayuuan oy aseqerep ,sacuanba s bulpo) :gQ uopelouuy awousg a3y Yol L, 1sutebe yoieas use|q ur yNQg2 @31 pasn
's1 53,5 18buoj 1oy ydieas o) (8d1) aseqelep SISO~ 1S3 [9DN, Isulebe yoieas uisejq ul yNG? 81 pasn .

P

q

Buipuig uijoud [6155:06]

(g-unfyjue ajqeqoid)

S9A ysejdoioly> [£056:06] uiajosd paziialoeieydun 88-26°1 001 991 991 SN 3 S €£75090%Y
SAA a|qe|leae1oN ua04d 6271164 9Z-3%'8 LS 801 601 pL6l SIA SIA T6LP90NY
uiaoid pjoj-umnbign
S uonesypow uzioid [#9¥9:06] paioydue-aueIqISp 65-9¢°1 001 6Ll 6Ll SBA s34 oN STL990NY
Aianze aseuny [Log9 1:06]
1seidouojyd [£p56:06]
uonejfuoydsoyd uisroid [g9H9:06] aseury
I uone|suen aanisod [9p6S:06] 9§ uialold |ewosoqly  661-99'6 9L 88r 017 SaA SaA SIA 6¥9TLONY
Auanoe aseury uiroid [z /9%:06] (51 aseuny
Bulpulq 41V [+755:06] uisjoid-auluoaiyy/aunas
uononpsueln |eubls [69 £:06]  Bupdessul-1g 3qeqoid)
SaA uonejdsoydsoyd uiaioid [g99:06] uialold pazisdeIRYdUN  BET-I'E 00l {344 3474 saA S SaA 898TLONY
Ayanae ssejolpAy [11891:06]
Auande onhjered [4zge:ob]
aueiquaw [07091:06] aselypuAs spiwesad
EEN wisijoqelaw aplwelsd [7/99:06] wapuadspul yo)-|Aoy  [pL-29°L 00l 152 £ST SDA sa A EEDN SOEELONY
awosowolyd [#695:06]
3 sisaypusolq suiwedjod [9659:06] JAWBWOPY  SLZ-2L°L 00l 86€ 86¢€ S2A S3A SIA 68500LNY
Auan>e asereydsoyd-asojeyan [50gi:0b]
1sejdoioly> [£056:06] asejeydsoyd
S sisaLpuksoiq s0|eyan [2665:06] ajeydsoyd-g-asojeyail  p6L-3p'€E 001 LLE LLE S2A SaA S9A L6EEOLAY
Al1Ande 3se1INPaIopIXo [90/9 | :06]
S3A wsljoqelaw uzeld [g€56 | :06] sedNpaIopIXQ  L1T-3T'C 001 6¢ [4:13 SSA SaA SIA S6090L AV
(eueyey sisdopiqely) (vv) (¥V) wbua
uopedIssed 09 uoneouuy Padx3 (o) senpuspl  wyhusj ubyy  umloid Joigdiun quonelouue e A
Ilen awouab dois swey-u;  ybua
440n , Su13101d 101 IUn Yum suisiosd urew payiudpl NY DS 440N Jo Juswubiy yumluswaalby 13 weansdn -in4 uo|ISS330Y

(1953|521 6/S 490N) 440N 21 bUIAISA 10y LBl D  T'€ 9|qe L

106



‘panowal usaq aney sauab yN Yl [ewosoqly
‘PAAI3SUOD 313M S4YON JO SUONEUIGLIOD JUSIBYIP Se S3|gel ay) buowwe anbiun ag 10U Aew s13ypuap|
‘aseqe1ep ,(101dlun) aseqabpapmouy 10idiun 3y L, uc paseq UoneIoUUE [RUONDUN |

"BOURISIP JUOASIIAUITIRBUI] JYONTIIURISIP JYO-3Id |

q

uioud [eopatpodAH £€ 4577718 019621 99 ZL 6/  LLOSOEDL 89 TL €5 8LEE9ZDL 86 TL SE 60L190AV
lon soutjApneydsoy 4 £9 T6L L LSE  6¥0E6D1 €077 2L 99% FBLEELDL TOZT ZL El¥ 9L0SETDL 61 TL EEE 9LLS90MV
asejoipAyoueinjoulgely £8 LLLTLZTE9  9¥0£6D1 8¢ LT FSE  6¥SBEZDL E€L71Z7LET  BELZELDL £171Z7ZLL OFTS90MY
91eGI025e0IPAYSpOUO ool TCTSLTT6L pSSLLEDL 8 SL HE  €986ELDL v SL r9  S60¥STOL PESL 9L SBSS9ONY
tod 0s EF G198l  €00SOEDL PPSLTLZL TELPELDL ¥ Sl 6EL 0EZEYTIL S9 SL PPl 99L0L0MV
SN 4 uao.id bulpuig-yN Y £€ 6TE Tl ETL  T6YTEDIL T8 ZL 6¥L  TLLBRLDL 006 TL 641 €£€85ZSTIL LOLZL L0l SB6ELOMY
7 uiar0ud jil-weN ool SOF 9 ELS 9E610LD1 /T 9 €T 8S808ZDL S6F 9 b8l L096ELDL St 9 LLT OVSE60MY
aji|-awAzua buiddes yN yw 05 7976 €8 LS/EOLDL 9£176 08l  6/LODEDL /6767895 0T6LPZIL 0L76 6¥Z BLSO0LAY
£€ 71 ZL Z0r 8ZOEOLDL SLETZLTL6E  [9L9ELDL FLZLTL8L  Z09EVZDL LL"ZL7E9% 890ZOLUV
9 LEL9LT 0L PPl ELT LEL 0£1752C 80L 0SL 6lZ 9TlL
78 LELZLL6LT LT LTE 0EL £1L7 91T 0SL™ZLL 8TT
ui104d Bujureuod-ujewop Z 4y 76 LELT8L78ST G9£ZOLDL ¥rLT8.799C  #E066ZDL 0£L78/765¢ 8100SZD1L 0SL78L7L49T LLTTOLMY
ayj|-utaroud 13buy suiy £l 12727945 E€ELLOLDL P ¥ZT/8  FIBEELDL 8% ¥Z 56 9/8/£7D1 LETPZTSLL 9LETOLMY
asojeyalL 0L SLTETLTL9L LLOVBZOL 79 €217 95L  06L¥ELDL 79 ETL €07 S££69TD1 FLOETLTLSL  LBEEOLAY
ezaqed ula10id Bulpuiq-yN Y 76 Y9l tr 1SZ  60¥T8ZOL 81 T L8l LLEEELDL PLL TP €0T  SSB99ZDL €07 TF L8l LEPFPOLAY
0L TOE ¥l 98¢ ¥l FLL Obt OLL +¥L £8T
89  TOE ¥LL798C Lr1TFLLTObY 0Ll bPL™ 482
91 uioid 1addiz suidna’ 4 Z0£70670LE 9LLEOLDL LPLT06 ¥9F  SBEL6TDL OLLT06 LLE €£L0FLDL 87l 06 YOE Z6SELLIV
uiajoud jesnayiodAy Ll PPLTLT99L  89ZL6DL #0¥ LZ P6E  LOSFELDL ST9LE 9Ll LLP9STOL ¥ELZ 661 ¥EROTLAV
J01oej uondudsues | 09 L97EE78LL 885TOLDL £L9TEET00L L066£221 LLTEET9L  99T9WLDL ELLTEET06 LOOLTLIAY
(%) Auepuns d1N-S J1aypuap| L41N-S  Jeypuap| d1N-S  Jeynuap| 41N~S J13ynusp| 41N~S Jaynuap|
Zuonduny saanen d Wy bay wnybios 2zZIe Aopeg 189y M\ 221y

135e1ep anbojoYUo §/S o) JO SaNBOJOLYUIO G/f Ul NV D S4H0N Aq pasdipaid s140On @yl ‘€€ 9|qe]

107



310

Josindaud g'g J0ydadal sjewen| o Ll SYZ LT TT LLL9ELDL OvL LE 6ZL 08¥69ZDL SPZ LE 9EL SPL660MY
L €917 1T #L§ Ll L #9T 0L£6€ECOL £8L712°T69 66Z00LNY
9se|Axogquelzp auuolwiAsouspe- 5 ¥6  LTT FS LLE  LLELEDL 8LT ¥S E¥E 16SC6EDL 62 ¥S 00E 68S00LMY
tosindaid || adA soidader uiandy Pl 7Sl Lz 98 8TTSOLDL 86717 60F 0ZLLFLOL €8 L€ 9LT 0BLO0OLAY
eq@y §5 v asereydsoyd uialold 00l 0lS 2L SL1 6E9ZELDL FL CL ZEL ¥TTE9TOL lg zL grl 00LLOLMY
05 9/176 ESL SEE 6 LLL £86 6 69¢
oL 6L7€TL 9¢L 07 6ZL T6E 9¥9 6ZL 06%
¥l 0748 ¥EY OF /80T 0€51£201L 9¥9 L8 CES
9l 16l ¢ SL 075/ 9bb 9v9 S/ bbS
L L6L7TL7SL 07SL 9%y 567 7L 868
uizoud |ednsypodAiy 0s 94176 ESL TLLB6TOL SEET6 LLL WLLTRLOL 08276 946 6LELOLMY
Buipuig-wni|es ajqeqold 05 S/976 88l TSEE8TIL ¥9Z 6 £8lL 0Z90/TDL ¥/76 TSL OTLLOLNY
0oL S5k 9 € 9EL797ETL 150797 TLT
0S T 6 LoF STLTE LEL SES 6 L6Y
uiajold buiuiejuod-jeadal wy 0§ ¥ 6 L9F TSBLOLDL STLT6 LEL SP986ZDL £TL76 668 080ZOLMY
asejeydsoyd auluoaigy/auuas ¢ dA | 0s 8EL°6 091 €8LT¥LDL 176 88l E8F/FTOL 7€ 6 90T 996T0LNY
0§ S8LT6E LLL 06LYPELDL S8LT6E ¥9L 61768 8LL
8€ S8L LT 6TL 06LPELDL S8LLE 941 L6l LT 0EL
asereydsoyd a1eydsoyd-g-asojeyal L 95 671 0€ 981 LLOV6EDL 9EL 0E TZT SLL69TDL 8L 0E 9LL LGEEOLNY
uioid Jaddiz 2uI3N3| UIRWOPCAIWOH LL Ly 66 €41 THIE6DL 95 £6 861 0995€ZDL 1§96 181 ¥BFSOLMY
L wayeud axfiuoidadal auajdyi 3 €€ 67 Tl 9¥S ¥0900EDL S6 ¢l Lz £09T¥LOL SSTZLTOPS BRLLLLMY
05  65F Sl 90f §91 SL 09¢ §8L751 sTLL
0L TLE 99 TrE 8/799 96¢ 6£9° €9 €CCL
8  TLE TL9EE 8/ 7L 06€ ¥$91769 ZIT
v TLE TLO9EE 8. 7L 06€ SSOL SL S6L
989 AW Jo1oe) uondudsuel | 6  TLET99 THE /879601 8/799796f /6969701 8/8769°8/6 LTBLLIY
0l Jorenbas asuodsay L v LT ELS 68950101 097 1Z 8L ¥61¥STIL 89 17891 668LLLMY
95 £6¥ 0£7 €8l ¥ELT0ET9E £EFT0E7EE
uiajoud |ednaypodAiy L 85T LS /6f POEE6DL 8SE LS L6E #69TSTOL 6515 98 EL10TLIY
LLwRAD 00l SSTZL 14T 8BPELEDL ZSLTLT8LT TOLESTDOL  10TL TL £5T 60VOZLNY
L 66 LS TF9 LOETE9 ZEL 0€6/62D1 zoz 097 LL0L
asesodsuen Jy S SPET99/BE 6TEY0LDL LOETE9 ZEL 0£6/6ZD1 9LTE9FELL BTLLZINY
uratoud |espapodAy oF 78 LT LLL LELFOLDL 8€ LT P9l G9ELLEDL €9 /27 0TL 8BELZLAV
z L€ TEL 8E oL 9zl zol ¥9F 6ZL 8FT
4 LETTELTBE oL79z1 zolL ¥9¥ 9717 LST
oL OvL €€ PE OFPPSOLDL LF EE6LL LETEELLS
Il @sesawAjod yN Y padaup-yYNd L 8€ 9€ ¥9L ¥TlZ8TOL L¥ 967911 09LPELDL 08l 9E SZ9 9LYLZLAY
1apodpue xni ) ST 87T 6E 9EL B8SEEOLDL LIb 6E LE GBTT6TOL TOL 6E $0T 9PBLZIMV
uiatoid umousun €€ ELT TL LSE  TLE66DL 86l €l 6¥Z 968€8ZD1 SE9 EL €L ELLZZLIV
(9) Alews .41N-S laynuap| L41N-S J1aynuap| LdLlN-S Jaynuap| LH1N-S Jaynuap) LH1N-S J1aynuap|
quonduny sanend VY bay wnybiog azIe Kajleg 1e3y M\ ERIH|

135€18p aNBOJOYHIO /S U} JO SaNBOJOYHO /€ Ul NV D S4HON Aq pandipaid 190N aUl b€ alqel

108



"PBAIBSUOD BIBM SJYON JO Sul

‘PAAOWBI Udaq dAeY sauab yN Yl [ewosoqry

BUIQLIOD UBIBYIP Se sa|qel aLp Buowe anbiun aq 1ou Aew sisypuap|

aseqelep (104 dlun) a5eqabpajmouy 1014 3y |, UO Paseq UCHEIoUUE. [BUOIUN 4
3duelsIp JUoASIIANITYBUS| JYONTIdUBISIP J4O-3Id

q

ajl| utaroud Bulpuig-wnidje ) 8z ¥87697CLT 0L9FLEDL £97769769C O0L6SEZDL ¥6Z 69 6EL 8868SONV
¥l 9T T SH9 97 ¥T 919 TrT8LL
ool 07797699 0279709 oL 978zl
£9 9T 87585 97 ¥87 965 9T ¥8 e
ui0.d 2.d asepndadouiwe aupdnan L5 9T ¥T Sk9 6B0S0EDL 97 ¥T 919 L6LLYLDL 9T ¥T ¥6 ELSBSOMV
L asejuN Sz £979817LS  0L8E6DL 9777981720l 6bS88TOL 1L79817F S968S0MY
Z-unlyuy SL  LZP LT EEL 609EOLDL ST LT LTL 6¥LSOEDL ¥6€ LT 09 E£TS090NV
0oL 7€ 9 €S TTL 9 ELS 9Tk 9 OFF
(113d) @034 00l € 9 €S 06ZLLEDL TTL 9 ELS LESPELDL 0ZE 9 9%S 08L090AV
asesawosl jAjoidiApnda ¢ 00l ST6 0£L 8ELLSLDL STT6 96 €¥P69ZOL 0£ 6 80l #00190MY
ool £81751 €9C L8l Sl ¥ST £817S1 94T
uizoid |eanayiodAy 4 86 66 897 TSL90EDL 86 66 65T E€TELOTOL 86 66 L8T T6LFPIONV
| uialoud pa1e1dosse-H 3 iYoo)y €8 €977 LT £ 198LVLOL 997 LT €L €E8LSTOL 18271278 LELS9ONY
MI-3seuy-¢ pue-¢ (ol soullApneydsoy d 144 £0270€ 8FF FBLEELDL 70z 0€ S6€ 910S€TDL 6L170€ SLE 9LLS90NV
0§ S¥Z 6 59 018ZTOLDL ¥ 6 TSl PLLT6 #LL
uisj0ud passaidx 3 0s SPZT6S90 18Z0OLDL vZLl 6 ¢E 9¥E88TIL 97776779 L£TS90NV
uijoid Ajqiasse 1e0d uuype| ¥l 0.7¥T7€6 €€5/87DL 6€ VT 61 OT96ELDL LSFTTT9L 8ESSONV
35213LpUAS i 3WAZU303-1A13dY L 6917647965 S/9€6TDL 6/€ SL ¥0T G/S9€TDL STLTSL FSL ££0990MV
uiajoid passaidx 3 £9 957717797 68SEELDL €7 ZLT98T +B6ESTDL TETTLTEST  THE990NV
I|-2seU-5’c [0y souApreydsoy 4 ool B/1797EES 0LFFETIL 9ZL797L0F TLEBELDL ¥9L797E  89LL90NV
a4 6¥T 6517 54T 9rT051704T €8EESLTTLY
uratoid umouun St 6¥7 6517 S/T BLLZELDL 9rT 0SL704T 8669¥ZDL TT9SLT0LL O0EL690MYV
LXu ) 40128402 WwnuapgAjop 0§ 8Ll 6 ¢/ 19€L6D1L TLF 6 £8S LPr88TOL 1S 6 ¥LL 9SYOLONY
0oL L0T 97 8€Z 60L¥6TDL ZLT9 9T TTSO¥EDL 705 9 86€
L Tk LS TTL 0SE90LDL 89 09 80T SYE 09 L0S
uaroid £°7ZNLS 6 S EE 86T €9/T¥LOL €8 €€ 9TC TTSO¥TOL 60T €€ ¥99 1SLOLONV
urasoud zije m €€ 601 CL 00l ¥66L0LDL LPEEL 0Pl SPOLELDL 9LLTZL £8 E9LLLONY
uar0.d y-quiedAjod Jo Jadueyu 3 0oL LE 6 0lE L9TELEDL SET 6 SOE ¥BELELDL 9€ 6 9LE 6YETLONY
uizoad |eanayiodAy €l 0v9 LT ¥LZ 19£80EDL It L2866 8618STDL 9EL LT L LTHTLONY
0s LT6 0FL 08 6 €8 18476 ¥601
0§ L6 0vL 086 8 9L£76 6511
I 857 €9 S5k £97799 T 0959978571
L 925 €6 £SL £91796 06 £6€796 LBEL
6 85T €9 SS¥ £9779971C 7179975491
0L  8ST €€ S8F LEETEE €9 IP9LTEETOLT
L £977997¥Z 60S18TDL L£7247T9 8617697 LLE
05 9£E7 6 LEY 0876 78 ZFTL9TDL 6SFL76 9Lt
Z uiajoid xogoawoy aimers Loy 0L 9757 €6 /51 #SLS0LDL 887/8775C L0O96ELDL 6ETLT 067 5SS 66FTL0MY
SSBUDY 2UIUORIYY/AUNR § L8 LLLTLS 6P  9ESEELDL LLLTLST68E 8LPL¥ZIL 96 LS LLE 89BTLONV
T uitoud jil-weN €8  €L5 06 LBE 9£6L0LDL €4S 06 TS L  096ELDL €25 06 S¥L OFS660MV
(%) Auepuwis L41N-S Jaypuap) LH4LN-S  1aynuap| LH4LN-S 1aynuap) LH1N-S 1aynuap|
quonauny sAeINd Wy bAay wnybio g 2zl Aspegq A-ETVITY ERTH]

(panupuo D) 1aserep anbojoYlIo S/S 3y JO SaNBOJOYIO 6/€ Ul NY D S4HON Aq pardipaid s{4ON 8yl 'v'€ 3qel

109



‘panowal uaaqg aaey sauab yN yi |ewosoqry
'PAAIDSUOD 219M S4YON JO SUOHEUICGLUOD JUBIaKIP Se s3|ge) sy Buowe anbiun ag jou Aew sIaypuap|
aseqeiep ,(1014lun) aseqabpamouy 101 diun dY |, UC PASeq UOI3RIOUUE |BUORIUN 4

SUEISIP DJUCNSIIBUITYIBUS] JHON BIUBISIP JHO-DId

q

YI-aseia suenAaW JUSpUSdap-WY S 14 P GLTLLL 60€L6TDL 66 Sl 0LY 6LPSELDL PP S1 vTT SSLELTOL 0L7S178€ ZETO9OMNY
c-unfyuy 09  S6l 671 SSZ 6¥LSOEDL €9170ZL7LLZ 6LEBFLDL £5179Z1710Z 91¥SETIL SBLTEZL ELL £TS090MV
10sandaid Z upRauol d 4} 77847S7E 969T1EDL 7787615 S9EEELDL T78L78YE 1658£7DL v 8478T1 S/L8E90MY
25119NPal 21BGI0ISLOIPAYIPOLO 0oL ZTSLTT6L PSSLLEDL 8F Sl vE £€986£LDL v SLTE9 S60PSTIL FE SLT9ZL S8SS90MY
Z1'z3z4 €€ 04771 ¥ZT TSH98TOL LET ZL ¥SL ¥8YFELDL €771 6YL T9T99TDL 85 CL 8/L S¥L990MY
Tl [l€7T0L70SL LGE Z0L 9EY LSETT0L €S ZrE ZOL OFY
0s €61767LTY 88176769 88176760 S81767069
uiaroid Buipuig-g AWY D 43 §9TL8 /LY TSELBTDL 79 £870FL YEOLVLDL T97/8£S. €S559TD1 09 L8 LEL 9TS690MY
| LJ100Z D uIa101 d 0s €7 G198l €00S0EDL v SLTLTL TELPELDL vr SL6Z1L 0ETEQTOL S9 SL PPl 99L0£L0MV
Bojowoy aseun| 9§ uaioid |ewosoqly 18 9Ll Z6L 08L €6£S0EDL €6 ¢6L 94 9LEEELDL LLLTZ6LT6L 8PE9ETOL L117Z6L700L 679ZL0NY
LL ¥9S™ LT bhY TLT LT 86T 997 LT 8ST 8v¢ LT 6¥T
SE €85 7617 09C 1678617 80€ $8786189¢C 0£7§61765C
8 877 6£ 89L 0¥Z 6€ 8LE YET 6E BLT 91Z 6E 69T
9 99€7 €6 945 LLLTE6 £8E LLLTE6 L¥E 96 06 8€€
2SBUD| BUIUOIYYDULID S 8 99¢ 9¢ £E9 L6S90EDL LLL 9 ¥bb 9ES6ELDL LLL 9E ¥#0t 8l¥i¥eDL 96 9¢ T6E 898TLOMY
0s 6976 LZL 6EL76 18 €L11767SL vL76 SEL
ursroid [eanayIodAH 0s 69 6 £ZL 609S0EDL 6£176 18 95STZELDL €L11767SL 6PLLETDL TPl 76 L9 E0EELOMY
aseuny uiayoud uopsda e dYIN L LS8 ¥kl 98660€DL $8S 8% 854 0STO¥LDL 0§ 8F G¥l ETELETDL 78787 L¥l 6EB660MY
10128y uonduasuen 4|z g 14 LL78L78BEL 6£808TD1 €5178£708l DE9EELDL TSL78470LT €6TSETIL S6171879¥Z OrrOOLNY
101084 uopdudsuen Buipulg- 1YY DD €€ 91717 08l £TTLOEDL €€ 1T ¥01 BLELVLDL €ETLT LEL LOWESTOL TLTLET8SL ¥89L0LYY
5z asereydsoyd uisiold ¥9 L79€ ¥61 L601L8TOL L79€7 781l 6/¥O¥LDL 0¥ 9€7TLE €11992D1 179€7 14T OVLEOLMY
ezaqe> uiazoid Buipuig-yN H Z6 ¥9L7 Ty LST 60¥ZBTOL 8L17TF 181 LIEEELDL ¥L17TF €07 SS899ZD1L €077 ZF L8l LERPFOLMNY
TXD aseupj uidjold 0z TL8LV6 vE6T6TOL 85 8L ¥8 90v0¥LDL £578172Z0L 96/8€TDL 15781798 0S8LTLAY
(%) Auepws 41N-S J3juuap) L41N-S J9jnuap L41N-S J9muap) LHLN-S J9muap
quondUNy dANEIN ¢ vy ‘bay 9zIeN Aajieg 1eay M 201y

19se1ep anbojoyUOo G/ Yy JO SINDOJOYMO ¢/ Ul NY D SdHON Aq pardipaid S4YOn 8yl 'G°€ d|qel

110



IO

L 0 /8 ¥EY Ot /870 O0€SL£ZDL 9¥9 /8 TES
9L L6l TL SL 07SL 9k 9¥9 SL ¥PS
4! L6l TL SL 07549k S6C ¢4 868
usjoud |ednayiodAy 0S 94176 €Sl 71186201 SEET6 LLL FLITFLOL 0876 946 6LELOLMY
97'61d61 4 uar0id L £ 0€ [TT 865£6TD1 09€ 0£ +EL 9899€1DL 18T1 0€ TZT 0ZSLOLNY
|eupuoy 20w Bulpuig-wnid|e> ajqeqosd 0S $.976° 88l TSEEBTOL ¥97 6 £8L 0T90£TDL ¥L 6 €SL OTLLOLAY
aseun| uioud Juspuadap-wnidje ) or £€82°8L ¥ 10901€DL LT8LZ8 LTEBFEOL 1S 8L 90L ZF6LOLAY
usjoud |ednayrodAy €€ SLETTLTL6E £919€LDL PL7ZITL8L  £09EFTOL LLTZLTE9r 890ZOLAY
59 FrlTELT LEL 0€L-STT 801 0517617 9TL
78 byl TLLLTLTT 0fL ZLLT 91T 0SL7/L178TT
wajoid umouun 6 w1 84 99C ¥E066CDL 0£17847S5C 81005201 0SL7847£49T £LTTOLNV
ol 76799 %9 SLSTLEDL LL7€96EL LLTE97FTL
€ uroud axi-Aqan L o€ 07745710 9EEEELDL LLT€976EL $TISSTIL LLT097£TL OLETOLAY
(18buy oNJ Y 2dA-IHE D) Jabuy dulz ¥l LV T8 YTBEELDL 8% ¥T7S6 9/8/€TDL LEFTSLL 9LETOLAV
§s asereydsoyd auluoaiyyaunas g adA | 0s BEL 6 09l £8/THLIL vL76 88l £8V/FTOL TE767907 996T0LMYV
9 991" ¥87 ST TL98¥LOL #0SYSTOL LOZ 487 S
L suosly gAw 2jbul s 13 8YT PS 6L 8FBEGTOL EETPS €L POSPSTOL LLTTPS 8 OFOLOLMY
aseuny ulayoid 0s ST76 6FlL 69£90€DL SLF 6 ELL 0T869TDL 0276 £91 LOTEOLMY
uaoud jednayiodAy 69 ¥TTLS 6L OEETELDL ¥eTLS ThT L0S9ETOL ST LS £LT 0BEEOLMY
114 07 8L Tkt SZB90EDL 9187817 € PrLT8LTLLT
LL 685 6£ 607 80£ 6E ELL L876E7ELE
€l 685 VT ¥IT 80£ ¥T7 88l TG6EESTOL 18797 8TE
uiajoud [ednayiodAy ST 07SLTSkP SZ890€DL 0751778 SZ86ELDL 8 S179LE LEYEOLNY
L ¥LLTLZT90L 0zL LT LLY 6197127 8TL
uizio.d |eanayiodAH k4 8917Z/7L 6989€LDL YLLTTLTO9E SE9ELTIL 6¢L7CLTLFS OLEIOLIY
€ 3SBLHUAS SuIpLINOIPAYIP-YN Y} 0ol 076 LLE EEELOEDL 09£76 8LE £9985TD1 0767 L0F 669LLLIY
L ursroid axj-10dada1 uSAL 3 €€ 67 ZLT9FS +0900£DL S6°ZLTLZ €09TrLDL SSTZTLTOPS BPLLLLIY
9 LES 7S 9ET L0L7 #5561 875 PS5 9PT
Sl 1LY~ 097 06T 709709788T 891097 00€
€€ LLbTTLT8EE 66/ CTLT6EL 891 Z178YE
9 LES HST9ET L0L7¥5 561 LbE PSS EED
¥9 6.7 St L6¥ 1887 St +T SLTTSP 805
uraroad 1eadal-g M [eanayiodAy 14 £8E7CLTTY LTIS6TOL 0577717889 LLSTETDL €617 TLTETI E8BLLLIY
uiayoid g uunaupdjed 19 8y LTTET BELLELDL 8FTLTT68C 6TBSETOL 80L7LZ¥HT LBBLLLAY
0L LrLTELLTObY OLL™wLL™ /8T 8¥1 L1 08T
89 [PLTELL ObF oLl FLL™ /8T 8FLTLLLTE8T
g1 wiajoud 4addiz aUIN3| UlRWOPOAWOH (44 Y1706 vOF SB6L6TDL OLL™06 LLE €£10¥LDL 8¥L 06 ¥0E TESH6LLAY
THAVIN @seun| dyw Ll 8717 6LZ ¥Z88FLDL EL71T6TL LLOLVZOL L971Z 86 0S96LLMY
LLupdAD 00l SSTTLTLLT 86PELEDL TSLTTITBLT TOLESZOL  LOTL™TLTLST 60VOZLAY
uajo.d |ednayiodAH L ¥Or LT #6E LOBYELDL STOTLT9EL L1¥9STOL PETLTT66L YEFOTLAY
J1o3>ey uondudsuel | 09 L9 E€ET00L LO66LZDL LZEE 9L 99T9%LDL ELLTEE 06 LOOLZLAY
uioid 4N S ¥l 69 LT 6LL TLVSYLOL 047177 8LL €8¥99TDL PE LT EPL TTLLTLAY
asesawijod YN Y pa1oalp-yNg L 8E 9E ¥9L  $TLZBTOL L 9E79LL 09LFPELDL 08L79E 679 9LFLZLIY
(9%) Aurepius 4LN~S Jsynuap) <HLN-/S Jaynuap| LHLN-S 1aynuap) LHLN-S J3ynuap|
Juonouny sAneInd vy Bay azie >m_h eq 1e3Y M ERIN|

195e1ep anbojoyuo S/ 243 JO SaNPOJOYMO /€ Ul NY D S4HON AQ paidipaud s{HON 3yl '9'€ 9|qel

111



BTN

4 29769 99 65L7SLT08E 6L117TL 16T
L 29769 99 S81799 €96 ¥68 69 645
¢ 1 aseajoud dydads-uninbign ¥ 29769 99 0FLOOEDL 6SL SL 08E 6LLTELDL 0€9 TL 0P8 ETLLOONV
uratoid a||-upAyuy 8¢ 9 LT E6L FOEOFLDL €0 LT 80S 9¥9LTOL ST LT 9YT 8STLIONV
aseury U104 6L 8LL ¥8 ECL ¥99TFIDL 201718 LY YFETSTOL 6t Y8 CZT TLYLIONV
ay1-3seuni-'g |ousoulApreydsoy d 0ol 8L1L79 EES OLVFETIL 971797 L0F TLEBELDL ¥9L79TE BIFPLIONV
uigjoud passaidx 3 0z 964 €€ ZLE 8T6/8TDL 67 EE ¥E 6866ETIL £ EE ¥ST 9LYBIONV
uisioid II-EZAV Y €€ €£7CLTEIL 6S6TELDL ££7TL7861 ¥T999TDL 167 TLTEEL $90690)V
£9 68F £¥T £SL 68Y £¥T ¥LL 68% 9¥T 6YL
urajoud Buipuig-g AWY 9 08 PrSTETLTITT PEOLFLDL PYSTECLT6ET £SS69TDL  PES 9TLTELT 9TS690MV
€2 aseupj uiajoid bundelau-1g3 08 TLT8L7/0L €8S6ELDL 27847611 89S5£TDL 787817071 9TL690MY
ad 6VTT65175LT 9bTT051704T £8ETESLTTLY
uiroud |eonayrodAq Sl 6¥T 651 SLT 8LLTELDL 9¥Z 0SL 0/Z 8669vTDL TT 951 044 0£L690MV
ool 102797867 60L¥6TIL TLT9THIT 705797 86¢€
uRoud £'7ZNLA 6 STEE 86T £9LTHIDL €87€€ 92T TTSOVTOL 60T €€ ¥99 LSLOLOMY
‘uiaoud axi-quiodAjod o Jaoueyu 3 0ol LE 6 OLE £9ZELEDL SET 6 SOE ¥BELELDL 9€°6 9LE GFETLOMV
wiaroud eapayiodAy €L 0¥9 LT ¥1T 19€BOEDL 1Y £T 66 86185TDL 9EL LT L LTYTLONV
X0QO3WOoY 2IMeys Uoy § L €97799 ¥Z 60518701 LETTLTTY THTLITOL  86FL 69 LLE 66FTLONV
uigoud [eanaipedAy 0z €8 ESL SLZ €TLT6TIL £87051 807 S0SS9TDL LL79SLTTLT 69LTLONY
ISRUD| BUIUORIY/BUNI § 18 LLLTLS 6Tk 9ES6ELDL LLLTLS 68E 8LlbLbTOL 96 LS LLE 898TLONV
SN 4 wajoud Bulpuig-yN Y L9 T8TLTEYL TLL8FLDL 006 TL 641 £8STSTOL LOL7ZLTLOL SB6ELOMV
uiajoid [esnayiodAy 14 82 CL LT £1090EDL ZrLT8LTBSL PLLSELDL ¥67SL79 ETOVLOMNV
¢ urj01d a»j)|-weN ool £T7T797€7 85808TDL S6v 9 ¥8L L096ELDL SLVT9TLLT OVS6600Y
uarosd [eopauiodAy 00l ST767Z0L EEE18TOL 9776 8€Z 80LOVIDL 9776 ESE STI660MV
asedly 0z 878178¢ ZVOW6TIL 6997 8L7STY 6/¥/¥TOL 878LTLL 9/9660)V
z'g sa1dada1 alewan 9 Ll ST LT €T LL19ELDL ObLl Lz 6ZL 08¥69ZDL ST LT 9EL SPL660MV
urod eopatpodAy 0s LL1767651 60SPFLDL 81776 €01 60S£ETIL 76 906 ZS8660MV
urajoad Buiuieuod-urewop Jv's 06 LOS €€ ZTT 9LTPELDL S6¥ €€ 00k TLSPETOL S8 E€E 6vF LEOOOLNV
uiztoud |eanayledAy L €9171T LS LSEL6TOL LLTLE 79T 0L€6ECDL L8171T7T69 66T00LMV
L vLY TLT08 s9eL L TL8LTTL PEL
0s TPET6SLT 75176 8y ¥E9 6 SEVL
0s e 6 SLT TsL6 8r 795 6 SOSL
i vLETLI8TLL $975.769 £8Y78L7ELSL
0s TWET 6 SLT 7517678y 7Y 6 L991
£ £57067 641 §97£87LS LvTTL8TRLL
0s THETE SLT zS1T6 8k 00£76 69L1
12 vLrTL8TLL §975/769 8E/17847797
Buipuig ¥NQ 2sed1j3Y ujewopowiolyd 0s THE 6 SLT ¥BSESLDL TS1T6 8k 008TLTOL 610776 05 TEEOOLNV
1 uoadoyd soydojels upuag €6 LL7SPT€8L  O¥ZSOEDL LLSP 6EE €0L9ETIL LI7SYLOE 6ES00LAV
urr0.d axy)|-awiAzud buidded yN YW 0s 9€176 08l 6L100EDL TLE76 895 0T6LFPTOL 0176 67Z 8LSOOLIV
4 eqy 5§ vz @sereydsoyd uioid 00l 0LS Tl SLL 6E9TELDL PLTCLTZEL bTTESTOL Lz 2L ¢kl 00LLOLAY
vl LLLSP 0LE 1T9 St LOE 69 St LSt
0s 06 6 E€E TEPT679TS 8676 ¥9r
Josin2aud urenaje aseajoud joiy L 0s 06 6 E€£€ 800S8ZDL TEP 6 9TS SLLOELDL 6976 £6F 99ZLOLIV
0s 941767 €SL SEET6 LLL 18676 69T
oL 6/ €TLT9EL 076217268 9¥97 62106
(%) Auejwis LH1N-,S Jaynuap) L41N-,S Jaynusp) L41N-S J1aynuap) L41N-,S Jaynuap|
Juonsuny aanein d W'y bAy EFEN LENEE: 183y M ERTRY

(PanuRUO ) 195E1EP SNBOJOYMIO G/t SU) JO SANBOJOYHO ¥/€ Ul NY DS 440N Aq paidipaid sJYON oyl 9'€ d|qel

112



‘panowal uasq aaey sauab YN yi [ewosoqry
‘PaAIBSUOD 2U3M S{YQON JO SUCHEUIWOD JUSIBYIP Se s3jqel ay) Buowe anbiun aq jou Aew sisynuap)

aseqerep (101 diuf) 3seqabpamou y 101 diun 3y 1, UO PISE] UCHLIOUUE [BUOHIUN 4 e
8duelsip JuoASI2IAU pbus| JYON 8duURSIP 4Y0-did e

uungns Aloleinbal zy ) aseulyl or 85 8L ¥8 90v0FLDL £S5 817 T0L 96£8€TD1L LS 8L 98 0SSLTLAHY
usbpue yum paerdosse Japodsuel | 14 987 S| ZET 858TZBTOL Th S17ZTL SZBOSLOL TESLTLL TOPBSONY
¥l 9T TSt 9T 919 veTaLL
00l 02797699 0297 0%9 oL"978zL
€9 9T ¥8 S8S 9T 8 95§ 9T 8 €
asepndadouiwe aupdna)| |eanaN LS 9 ¥Z SP9 6BOSOEDL 9T YT 919 161LYLDL 9T v ¥6 £1S8SONY
I-€ sse|d asedn 0s 0ZF LS €8 £50TSLDL ¥ LS €0T L¥569CD1 ¥ 15 90L 0888SONY
ay||-uijosd Buipuig-wnidjed 34 8769 TLT O0L9FLEDL 19769 69T 0L6SEZIL ¥6C 69 6EL 886850NY
L 17971 8L ZSLT0TL PEL 9rT 9TL 041
uiatoad xAjed oL ¥l ZLL €61 T99ZFLOL TSLT0TL PEL 18S69ZDL  9¥T LLL 6ZL LOOGSOMY
ujatoud |espagpodAy oL 701 €€ 6EL TEBEFLOL vLTEET98 9¥S6ETOL LTTEETLOE 0TLESONY
00l € 9 €S TTL 9 €LS 92 9 OF¥
(L13d) ®10/2d 00l € 9 €S 06LLLEDL TTLT9 ELS LESPELDL 0ZE 97 9¥S 08L090NY
aseszwosi |Ajoidihpnda 4 001 ST 6 0EL 8ELLSLOL ST6° 96 £¥r69TIL 0£76 80L ¥00L90NY
uiod jecpapod Ay €€ 99 ¢1 6L 1L090EDL 89 71 €S 8LEE9TOL 86 ¢l SE€ 6011904V
67°9LWZ LA uoid L9 TL T 99l T94L8ZDL 7L T1766 LOEGETDL 6L ZL LLL 9PBEIONY
00l £817S17€9C £8L75L #ST L8151 94C
(44 86 66 897 TSL90€DL 86 66 657 ECEL9TOL 86 66 L8C THLFIONY
u2r01d umowyun SL TES1T65L 9€188ZDL SESLT90L 9¥98ELDL L G175 ¥98F900Y
you-aujoldAxoipAH 14 £0S799 £ZL vibL8EDL Flb €9 €9C #6SYELDL T6T €9 SL 910590MY
| utajoud pajedosse-HO 3 ayi-yd|ay €8 €97 1T £ 19TLVLOL 997 1T €L €€815TIL 182 1T 8 LELSI0NY
44 €07 0€ 8h1 20T 0€ S6¢€ 641 0€ SLE
joy souApaeydsoyd £9 €07 21 99F ¥816€ELDL TOT Tl €Ly 910S€TOL 641 TL EEE 9LLSI0NY
awAzuaosi asejoipAyoueinjoulqere uejdxouiqery €8 87 1T ¥SE 6¥S86TOL ELTLTLET BELZELDL L171T7ZLL 0PTS90NY
L d¥ uisl01d Aquissse 180D ulye| D vl 0L ¥ €6 €£548201 6E ¥T L6l 0T96ELDL LS PTTTL 8BESSIONY
69 €6 LS ¥LT 19V6ELDL LL€715 20E LEE 1S STE
LL #2717 801 ¢9¢€ €87 801 6E€ LET7801T9€
7-iauiojsuel | ! 651 £11 8lE BLESOEDL OLL ZLL €0S TSL6FPTOL  LLL 0ZL 0L 8LSS90MY
8 aseuny uioid UOISIAIP |13 0z 6 8l LOE LLOESLOL 009 81 €0L TOSEPTOL Lt 8l 78 €89590MY
L SS1TE9 67T 0TE 4529 91z 09 €61
0s 1626 L¥L L6176 6ET 91T 6 e
uajoud |esnaypodAy 0S 16276 LFL LLSPELDL L6176 6EC 8L9EVZIL 7976 86% 6TLS90MY
| uiaroid pajeidosse asuersisal-bnipniniy g €275V 908 97948ZOL LISV L 1916STDL 06€ St Pr9 £98590NY
uaroid |eanaypodAy t 80€ T/ 09/ 9TSOSLDL L0l 69 TET 9EEESTOL 87°7/7801 866590)Y
aseayiuAs y awkzuaod-|Aady L 691G/ 965 S/9£6ZD1 6LE S4 ¥0T SLS9ETDIL STL SL PSL €£0990MY
-uioad 1abuy duiz ONIY 00l 7679765 69¥18TOL 095797 €L €6687LDL T0E79790F +TH990NY
uiajoud |esnaypodAy ¥l ¥61 T SLT ¥h68YLOL 9T€ T SLT 61095201 YOl ¥2 9¥L 08F990MY
uraroid passaldx 3 £9 9€ 71 797 68SEELDL £F 717987 ¥BBESTIL € TL 65T TYE990MY
8 ¥8E 6E CTT 1568 ESL 781 6E C6E
¥NQ diwouab eueljely sisdopiqely 6 LETTLSTLSE 9SPLELDL €T L9691 SEVLLZOL 6LL7LS LEV TS6990MY
(%) Auejwis LH1N-S 1aynuap| L41N-,S 1aunuap| L41N-,S Jaunuap| L41N-,S 1aynuap|
quonouny aAneInd vy bay aziely Aslieg 189y M ERIEY

(panupuo D) 13serep anBOJOYIO G/ 3L JO $3NBOJOYLIO /€ Ul NY D S4H0N Aq pasdipaid s1yOn 3yl "9°¢€ 3|qel

113



*r2I0l

wroid €°7ZNLA 6 STEET86T €9/TYIDL €87 €€ 97T TTSOVTOL 60T €€ 799 1SL0L0MY
¥9d 72 PrSLTLTL ZELPELDL rPSLT6CL 0EZEVTOL §9TSL 7L 99/0£0MY
L 1zZET1876TT 19787 L6Y 88678/ /6€
001 €279 209 ¥T99 79 88€ 9 697
001 £2797209 ¥797979 v£1797€89
uopeulwa) || @sesdwAlod yN Y 001 €279 €09 SLLOSLDL ¥Z9 979 ST9ESTOL TELT9 STL SBOTLONY
uiajoud [esnayiodAy 44 06€751799 EBE9ELDL vLTSLTZ0L £6£2STOL TTTTSLTHTL PEETLONY
Bojowoy aseuny 9§ u0.d [ewosoqry (8 €6 C6L79L 9LEEELDL L117T617 6L 8YE9ETDL £117Z617001 6¥9TLONY
7 T4TTLT86T 9977£2785¢ 8v7 LT 6¥T
s9 16 861 80€ $878617 897 0475617 65T
€8 07T 6 8LE ¥ET 6E 8LT 9LT 6E 69T
€5 LLLTE6 L8€ LILT €67 LbE 96 06 8€€
18 LLLTLS 6TF LILTLST68E 96 LS L€
SSBUN| DUILIOBIY/UD S 16 LLLTOE bhb 9ESBELDL LILT9E¥0F 81+LPTOL 967 9€ T6E 898TLONY
0s 6EL 6 18 ELLT6 SL ¥L6 SEL
uizroud |eanayiodAH 001 6€176718 9SSTELDL ELLT67SL 6PLLETDL TVl 6 L9 €0EELONV
SN 4 uaold Bupuiq-yN Y L9 T8 TLT6YL TLLBYLOL 006 L 641 €85TSTOL LOL™ZLT 101 S86EL0MY
7' Joidadal srewen| o L1 SYTTLTTT LL19E1D1 OrL™LZT6TL 08¥69TDL SPZTLT9EL SPL660NY
3seupy uodd uojisda Nedvin 0z $8S78F 854 0STO¥IOL 058y SPL €TELETOL 7878Y LF| 6E8660NY
uiajoud esnayiodAy 0s £L1767651 60StYLDL 8LT76 €0l 60SEETOL 7767906 TS8660NV
uiz10.d BuluieWod-UleWOpP VY S 06 L0STEETTT 9LTHELDL S6F €€ 00 TISPETZOL S8TEE 6P LEODOLNY
a18|dwod "iooey uondudsuen dizg LE €5178£708L 0E9EELDL TSLTBLTOLT €6ZSETOL S6171879FZ OFYO0LNY
g e@ §5 ¥z @sereydsoyd uaioid 00l OLS ZL7S/L 6£9TELDL PLTZLTZEL $TTE9TOL 1Z7ZL 7Pl 00LLOLNY
0Z1784v 1 4 waloid [eanayiodiH ¥l 0787 FEY PLLTFLDL 0r /8702 0€SLLZDL Y9 L8 CES GLELOLIY
Vd-0£9L1DD 00l 671771798 S6bOVLDL 0LL7ZLT86 OPSLSZTOL STLTTLTLE 6ESLOLNY
10108} uopdudsuen xog- 1 ¥y D 0 €€ LT FOL BLELFLDL €€TLT LEL LOPESTOL TLTLZ 7851 ¥8ILOLANY
uiajoud [esnaypodAy €€ SLETZLTL6E £919€1DL rLTZLTL8L £09EFTOL LLTZLTESY 890ZOLNY
€ ura04d axyi-Agqn | 0€ 07 4§ LOF SEEEELDL LLTE9 6EL HTISSTIL LLT09 £ZL OLETOLNV
(19buy oNIY 2dA-y DHE D) 4abuy duiz ¥l LY VT8 YTBEELDL 8Y YT S6 9/8LETDL LE YT SLL 9LETOLNV
S asereydsoyd auuoaiyyaunas g adA | 0s BELT6 09l €BLTYLIOL 176 88l €8FLFTIL TET6 90T 996T0LNY
L suoisiy gAw 3jbul s 9 9917¥87ST €L98vLDL 991 8705 ¥0S¥SZOL L0Z 287 St OFOEOLNV
uiaoud esnatpodAH €L L79€ 281 6L¥0FLIL LOF 9E7ClE £11992DL L79E7 14T OVLEOLNY
¢ uiaroid uoibas swoipuks uew3Bbu Y/l M-19pEI 4 Ul pajuLdWI-uoN 69 ¥TTLS 6LE OEETELDL vZ LS TP £0S9ETIL STTLS £LT 06EEOLIY
0 S8LT6E LLL S8176E ¥9L L6176E7 811
8¢ S8l LT 6TL S8L LT 9LL L617 LT 0EL
08 79 ETLT9SL 79 €717 €0 PLTETLTLSL
aseleydsoyd areydsoyd-9-asojeyai L 6 T97SLTH0T 06LFELDL T9TSLTIST SLL69TDL vL7SLTS0T LBEEOLAY
Z1 685765 60T 8057 6E €/L 187657 51E
ui10.d [esnayrodiy €l 685 ¥T ¥CT GL86E1DL 80€ ¥Z 881 ZT6EESTIL L8757 8ZE LE9L0LNY
ezaqe> uiaroid Buipuig-yN Yy 76 8/17TV L8l ZLEEELDL PLLTTPE0T $58997D1 £077Z¥ £81 LEPPOLNY
L1 pLLTLZ 901 0zTLT LT 1LY 619717 871
uij0.d [esnayiodAy 4 89177L7L 6989ELDL $L1TTLT9E S69ELTIL 6172 7LS OLESOLIY
uraroid g uunaupled L9 8V LT TET BELLELDL 8% 177687 6785S€TDL 80L7LZ ¥HT £BBLLLAV
TAJVIN 95euly dyIN L1 87177 6LT vT88YLIL €£71T76TL LLOLPEOL 19712786 05961 LYV
OrL'SWZL 4 ui0id |eanayiodAy l1 YOb LT ¥6E LOSKELDL STOTLT9EL Z1¥9STOL PETLZT661 YEYOTLNY
ualoud 4N ¥l 697LT 6LL TLYBYLDL 04712781l €8¥99ZD1 Y€ LT ERL TTLLITINY
uungns Aioyeinbai gy aseury o 8578L7%8 90T0rLIL £57817T0L 96/8€7D1 15781798 0S8LTLNY
an1suod sau-ul|213qq1b 3jqranpul-uny 5 001 LE 6 £5C TSLYLDL 0£76 €PZ ELTISTOL 8776 ¢Z€ LELTZLIY
€ J0}2B) UORENIUI UORR|SURI | 0z ¥ST 8L EEC GEBGFLIL 791 8L ¢ £680SZD1 909 8L 8EE 991ZZ LIV
(%) Auepwis L41N-S J13yuap| LH1N-S J1aynuap| 41N~ Jauap]
guonduny aanend W'y Pay Aalleg 1e9Y M BRI

19se1ep anbojoYMIO G/€ aY) JO SaNDOJOLYUI0 £/€ Ul NYDS4HON Aq paidipaid s4YOnayl /'¢ a|qel

114



‘pancwal uaaq aney sauab yN Y [ewosoqry

‘PAAIBSUOD B18M SJYON JO SUONRUIGWIOD JUBIaylp Se sajqe) ay) Buowe anbiun aq lou Aew siaynuap)
aseqerep ,(101diun) 25eqaBpamou’y 104 diUn Y1, UO paseq uolielouue |euopdun 4 q

32U SIp JUCASIAIPBUS| JYON 2dUBISIP JHO-31d

a)|-€ sse|d ased 0s 0T LS €8 £S0TSLDL ¥ LS E0T [S69TDL ¥ 1S 901 088850MY
L 179Z1 ¥8L ZSLT0TLTPEL orz 9Z1 0LL
uiayoud xAjed ol PLTZLLTE6L T99TYLDL TSLT0TL PEL 18S69TDL 9rT LLLT 641 LOOBSONY
urajoidoa|anuoqu JeadNu jjew s 0s 99776 78l 8BLPELDL 87176 9F 0€T0/TDL 976 L Y6EESOMY
uiaioad jecnaypodAy ] 0L €€ 6EL TTB6YLOL L €€ 98 9¥SEECIL LTEE 10T 0TLESONY
asesagjsuenjhipsw uspuadsp-Wy S 14 66 SL OLF 6LPSELDL ¥ SL ¥CT SSLELTDL 017 SL8E TETO90MY
uiroad [esnayiodAy 89  €9170ZLTLLZ 6lE8PLDL £S179TL LOT 91¥SETOL S8L EZL €41 £TS090MY
uratoad eonayiodAy 00l SLLTLT LOE £89TELDL 9L17 LT EVT 69FLPTIL €L171T791T €8£090MY
asesawos| [joid|Apndad 001 SZ76 0EL BELLSLDL ST76 96 £¥¥69TIL 0€76 80L ¥00L90MY
J0sin3aid Z upnaunjol d €T T8/ 61lS S9EEELDL T8/ 8¥E 16S8€TDL ¥ 8L 871 S/8EIMNNY
L uis104d pateRosse-HO 3 M-Yd|ay €8 €92712 L 192LrLDL 99z 1 €L €€BLSTOL 18T LE 8 LELSIONY
24 €070 8v¥ 70T 0€” S6€ 6L170€7SLE
€ |ousol I 9 €02 Tl 99% ¥B8L6ELDL 0T TL E€l¥ 910S€TDL 641 21 £EE 921590V
0SL'BLINFLL Ul 0s ¥ S179LT 9SLL¥LDL vy SL ¥ZL 08ZBETDL SETSL bhY 6TES90MY
urr01d ||-g-1aunojsuel | 69 €6 1S HLT 19¥6ELDL LLET1S T0E TSL6VTOL LEETLSTSTE 8£5590MY
35813npaJ 31eqI0dSEOIPAY3POUO 00l 8% SL ¥E £986ELDL Tr S v9 S60¥STIL FESLT9TL SBSSIMIY
g @seuny uiajoid uoIsIvp 18D oz 6 8l £0f £LOESLDL 009 8L £0L TOSEPTIL Ly 8L7C8 £89590MY
1 S5 €9 62C 0Ze LS T9 91z 09 €61
0s 162 6 ¥l 1616 6€C 91T 6 tre
uraoud [edonayiodAy 0s L6276 £l LLSHFELDL L6176 6T 8L9EPTOL 7976 86€ 6TLSI0MY
urajoud |edonatpodAy 14 80€ T4 094 9TSOSLOL LOL 69 CEC 9£EESTOL 82 ZL 80L 866590MY
Z1'g3z4 wLoid L9 LET TIPSl ¥BYPELDL €£7CTL76YL TIZ99TOL 857Z178LL S¥L990MY
001 1Z179709 871797601 €119 zETl
Hungns eydje ssesswijod yN Y 00l SL7ZLT09L 00v6¥LDL 9l ¢l SlT £00¥9ZDL L TL STEL LOESONY
urajoad |eonayiodAy ¥l V6L YT SLT wE68YLIL 9TE YT SLT 61095ZD1 YOL™HZT 9FL 087990MY
uraroid passaidx3 L9 9€ 71 79T 68SEELDL €7 T1 98T ¥8BESTIL TET1T6ST TFE990IY
8 ¥8E 6E €TT LS 6E €SL 781l 6€ €6E
¥NQ dwoudb euejjey sisdopiqely 6 LET LS £S€ 9SkLELDL €T L5 691 SEVILTOL 6LL LS LEY TS6990MY
uratoad eonayiodAy 00l 87l 9 EVL 69607LDL 6EY 9 LT TSTBETDL L9279 EEFL 9SLLIONY
uraroid ayij-unAyuy 8¢ 9¢ /T7€E6l ¥OEOFLIL €% £7780S5 9¥9/¥TDL ST7LT9%T 8STLI0MY
aseul| ulaol 4 6l 8LL ¥8 €71 ¥99Z¥LDL 0L 18 L¥T t¥6TSTOL 6 ¥8 TTT TLY/9ONY
urslord aI-E7AY Y €€ €£7TLTEIL BS6TELDL £L7ELT86L $E999TIL 16 TITEEL S906903Y
€9  68F E¥T LSL 687 €T YLL 68t 9¥T 6¥L
08 S ETL ZTC ¥¥S ETL 6ET ¥rS 9zL vLe
8L  LSE COL 9t¥ LSECOL ESE TrE oL OFY
00l 88176 ¢69 88176 60L S8176 069
uiayoud Buipuig-g AWY O ¥S T9 L8 0vL VEOLYLDL T9 L8 LS. €5559TD1 097487 LEL 9TSE90MY
€ 0617967 1S SELTE6 786 06796 8901
9 06196 LS SEL €6 86 0SL7€6 LY
9 061745 06 LE6 £S5 TTT ¥65 LS £09
9 06175 06 ¥OV6ELDL L€6 £5 TTT 1869ETDIL £TE£S0L8 YESE90MY
Bey acuanbas passaidxa 10j y¥N yw aiebina wnapioH 08 TL8LLOL £8SBELDL L 8L 6L 89SSECDL 8 8L 0TL 9TL690MY
Ly 6¥T6SL7SLT 9¥TT0S1704T €8ETESLTELY
19101 |eonayodAy Sl 6FZ 6517647 8LITELDL 9FZT 0517 04T 8669¥TDIL 79517 0LL 0EL690NY
(9) Aurequwis H1N-S Jamuap| LHLN-S 13jnuap H1N-S 19jnuap)
quondunj aAnend vy ‘bay A3jieg 123y M 201y

(panunuo D) 1aserep anbojoyuo /¢ ays Jo sanbojoyuo g/€ ut Ny D S440n Agq pardipaisd syyOnayl /'€ d|ge]

115



Table 3.8. Rice uORFs predicted by uUORFSCAN thatare conserved in Arabidopsis

Rice Arabidopsis Avg. A.A. . . b
Identifier 5-UTR® Identifier ~ 5-UTR?® similarity (%) ST
AK101100 142_12_21“d AT1G51690.1 555_12_1160 33 Protein phosphatase 2a
AK066952  365_66_182 AT3G13225.1 364_63_431 27 WW domain containing protein
368 63 182° 364_63_431 29
503_51_59 553_51_254 1
AK119592 304-79();1485’d AT3G01470.1 162_87_120 36 Homeodomain leucine zipper protein
AK100589 248_156_179 cd AT3G02470.3 222_156_154 82 S -Adenosylmethionine decarboxylase
AK103391 176_30_148 e AT4G22590.1 254_30_137 44 Trehalose-6-phosphate phosphatase
205_75_74° 283_75_63° 71
AK069534 813_9_432 AT4G12770.1 41_9_108 50 Auxilin-like protein
AK069526  214_126_544° AT4G19110.2 255_126_527 44 GAMY B-binding protein
690_9_185° 603_9_296 50
820_36_28 398_36_474 17
AKO072868 338_90_96 e AT5G58380.1 11_87_295 17 CBL-interacting protein kinase
AK060523  173_123_185° AT5G07840.1 289_117_250 36 Ankyrin-3
31393 250° 44
206_90_185°¢ 31393 250° 33
AK067412 222 84 49" AT5G50180.1 357_84_79 4 Protein kinase ATN1
AK102277  228_117_150°¢ AT1G68550.1 309_96_95 21 Hypothetical protein
AK100332 1174_21_883 AT5G44800.1 359_21_3 14 Helicase
1618_21_439 359_21_3 17
1810_21_247 359_21_3 17
AK059639  1_45_784° ATCG00920.1 55_45 844 86 405 ribosomal protein S 15

® Pre-uORF distance_uORF length_intercistronic distance.

® Eunctional annotation based on “the UniP rot Knowledgebase (uniProt)” database.
Rice uORF is conserved in at least two orthologous cereal and Arabidopsis genes.
Rich in serine (atleast 20%).

Nested uORF.

One of several genes (identifiers) that are in multiple tables because different conserved uORFs were identified in the different
datasets.
c Overlapping uORF.
Rich in arginine (approximately 25%).
Ribosomal rRNA genes have been removed.
Rows initalics are false positive predictions (see Table 3.9. Criteria for verifying rice uORF s that are conserved in Arabidopsis).

c
d
e
f
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Table 3.10. Comparison of conserved cereal uUORFs and their main ORF start context

In five cereals

|dentifier uORF1 uORF2 uORF3 uORF4 uORF5 Main ORF
a
131 9 17 157_1179
AK 106095 CCGATGC? CCCATGG
Aklosze) 2957574 3541116
03391 prgaTca CARATGG
AKloosge  240-9334 248 156_179  296_108_179° 583_1197
TGGATGT CTAATGG TTGATGT CCAATGG
aorss0s | 7-9-142 135.9 74 218 774
TCCATGC CTCATGA AGCATGG
aoraes | 299-27-248 25919570 269_39_216 338.00_96  392.36.96 5241332
GGAATGC ARGATGT TGCATGC TTCATGA  ACTATGG GTGATGG
100_192_117 4091443
AKO72643  cocaTGa AAGATGG
Akoss1as 78] 258 248_360
GCTATGG GAGATGG
276_15_187 478_330
AK084792  noGaTGe GGAATGG
173_123_185° 481_501
AKOGOS23 e CCOATEG

In rice and arabidopsis

Identifier UORF1 UORF2 UORF3 UORF4 uORF5 Main ORF
142_12_21 175_1578
AKT01100  cocaTe AAGATGG
AK 365_66_182 368_63_182 503_51_59 613_2085
066932 ceaATGA ATGATGA  CTGATGA GGGATGC
304_90_148 542_1032
AK119592 CCGATGA GCGATGG
248_156_179 583_1197
AK100589 CTAATGG CCAATGG
AK103391 176_30_148 205_75_74 354_1116
AACATGA TTGATGA CAAATGG
AKO69534 813_9_432 1254_1602
TCGATGA GAGATGC
AKOG9526 214_126_544d 690_9_185 820_36_28 884_1455
GATATGG TTGATGG CATATGA AABATGG
338_90_96 524_1332
AKO72868  qpcaTGA GTGATGG
AKoGosa3  173-123_185% 20690185 481_501
ACTATGG CCGATGC CGGATGG
222_84_49 355 1059
AK067412 CTGATGC GGGATGG
228_117_150 495_1017
AK102277  qepatae GAAATGG

® Pre-ORF distance_uORF length_intercistronic distance.
b uORF or mainORF sequence context freom -3 position to +4.
© AdoMetDC nested uORF found in this study.

uORF sequence context good as main ORF.

 UORF sequence context better than main ORF.
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Table 3.11.

Clustalw alignment of uORF s identified by uUORFSCAN in 5/5 cereals and in Arabidopsis

Rice identifier

Alignment’

Upstream open reading frames conserved in 5/5 cereals but not in Arabidopsis

BK106095 uORF1  AK106095 r ORF 131 9 17 ML
TC265929 w ORF_113_9 16 ML
TC148181_b_ORF_67_9_16 ML
TC288369 m ORF_131 9 17 ML
TC102998 s ORF 149 9 17 ML

* K

AK064792 uORF1 AK064792 r ORF_276_15 187 MLCC
TC267323 w_ORF_254 15 188 MLCC
TC132983 b_ORF_253_15 -9 MLCC
TC306152_m ORF_263_15_170 MLCC
TC107743 s 230 15 150 MLCC

.

AK072868 1ORF1 RK072868 r ORF_249 27 248 MOKDVLAC-
TC247418_w_ORF_258_27_266 MOKDVEAC—
TC139536_b ORF_298_27 272 MORDVFAC—
TC306591 m ORF_444 27 564 MVK-TAGHL
TC102544_s_ORF_331_27_265 MQKDVLAC-

* . -

RK072868 uORF2  RAK072868_r ORF_259 195 70 MCLHARELPCEGIGRVASHISPSTTLHDIGTQEY I-QRLLHVLSHYGVRRGNSTIFLDHHLGGDG
TC247418 w ORF_268_198 85 MCLHARELPCEGIGRVAAPVSALIDLDDTASQOHTTHLFFHVLLHNGVRRGISTI ILDYHLGGDG
TC139536_b_ORF_308_198_91 MCLHARELPCEGIGRVAAPLSALIDLDDTASQHHTAHLFFHVLLENGVRRGISTIILDYHLGGDG
TC306591 m ORF_260_ 192 583 MWLHD-GVPCLEIGRIHKHSCTLLDLDDIGLOIYA-QQLPHAHTHTGARSCSSTIVSGFFLGGDG
TC102544_s_ORF_341_195_87 MCLHVEELPCEGLGRVAHHIDSLPALDDLAAQEYT-HLLLLVLPHNGVRCGGSTVFLDHHLGGDG

* koK :** :k*: . *.* . * : : : **. **:. "*****

AK072868 uORF3 AK0D72868_r ORF_269_39 216 MLESYLVR-ELAG
TC247418 w_ORF_278_39 234 MLESYLAR-ESAG
TC139536 b ORF_318_39 240 MLESYLAR-ESAG
TC306591_m_ORF_768_39 228 -MRLWLPKERYIL
TC102544_s ORF_351_39 233 MLKSYLVR-DLAG

-

AK072868 uORFS AK072868 r ORF 392 36 96 -MGFDVATQPSS
TC247418 w_ORF_404 36 111 -MGFDVASQPSS
TC139536_b ORF_444_36 117 -MGFDVASQPSS
TC306591 m ORF 633 36 366 MLRLQKALLSR-
TC102544_s_ORF_474_36_113 -MGFDVARQPSS

R

BK100589 uORF1  RK100589 r ORF_240 9 334 MY
TC264559_w_ORF_201_9_317 MC
TC130707_b_ORF_228_9_318 MF
TC292591_m _ORF_286_9 320 My
TC91317_s_ORF_260_9_329 MY

*

AK100589 uORF3 ARK100589 r ORF_296 108 179 -MYEAPLGYSIEDVRPAGGVKKFQSAAYSNCAKKPS
TC264559_w_ORF_254_105_168 -MYEAPLGYSIEDVRPAGGAKKF-3AAYSNCAKKES
TC130707_b_ORF_281_105_169 -MYEAPLGYSIEDVRPAGGAKKF-SAAYSNCAKKES
TC292591 m ORF_336_111_168 MMYEAPLGYSIEDVRPAGGVKKFQSARYSNCAKKPS
TC91317_s ORF_310_111 177 MMYEAPLGY SIEDVRPAGGVKKFQSAAY SNCAKKPS

****A—***#***k*****_**k ERE R R R

AK073303 uORF1  AK073303_r ORF 67 9 142 MP
TC237149 w_ORF_75_9 113 MP
TC132556_b_ORF_81_9_139 MP
TC305609_m ORF_127_9 69 MI
TC102988 s ORF 222 9 69 MI

*

AK073303 uORF2 AK073303_r ORF_135_9 74 MI
TC237149 w_ORF_75_9 113 MP
TC132556_b_ORF_81_9_139 MP
TC305609 m ORF_127 9 69 MI
TC102988_s ORF_222 9 69 MI

*
Upstream open reading frames conserved in 5/5 cereals and in Arabidopsis

BK103391 uORF2  AK103391 r ORF_205 75 74 MNCLHTCSDEKTLKKWFFIDKTVG
TC269775_w_ORF_251_75_62 MNFLHTCSDKKTLKKWFFIDKTVG
TC134190_b_ORF_204_75_62 MNFHHTCSDKKTLKKWFFIDKTVG
TC294011_m ORF_215_75 75 MNCLHTCGDKKTLKKWFFIDKTVG
TC103599 s ORF_106_75 378 MNCLHTCSDEKTLKKWFFIDKTVG

* ok *&*.k*ir*****k***k:kt*

AK103391 uORF2 AK103391 r ORF_205 75 74 MNCLHTCSDKKTLKKWFFIDKTVG

AT4G22590.1_a ORF_283 75 63 MDSSTTSSDKKTLKRWFFIDKRVG
KaL ok kkhrEkk L kEEEEK Kk
More...
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Table 3.11. ClustalW alignment of uORFs identified by uUORFSCAN in 5/5 cereals and in Arabidopsis
(Continued)
Rice identifier Alignment’
AK100589 UORF2 AK100589 r ORF 248 156 179 MESKGGKKKSSSSRSLMYEAPLGYS T EDVRPAGGVKKFQSAAYSNCAKKPS
TC264559 w ORF 209 150 168 MESKGGKK-S5SSSSSLMYEAPLGYS IEDVRPAGGAKKF - SAAYSNCAKKPS
TC130707 b ORF 236 150 169 MESKGGKK-S55555SLMYEAPLGYSIEDVRPAGGAKKF-SARYSNCRAKKPS
TC292591_m_ORF_294 153 168 MESKGGKK-S5SSRSMMYEAPLGY S IEDVRPAGGVKKFQSAAY SNCAKKES
TC91317 s ORF 268 153 177 MESKGGKK-SSSSRSMMYEAPLGYS I EDVRPAGGVKKFQSAAYSNCAKKPS
Kok Ak k ok kR kk gk ok ok kk ok ARk kk kg Kk kK k ok ko
AK100589 uORF2 AK100589 r ORF 248 156 179 MESKGGKKKSSSSRSLMYEAPLGYS I EDVRPAGGVKKFQSAAYSNCAKKPS
AT3G02470.3 a ORF 222 156 154 MESKGGKKKSSSSSSLEYEAPLGYSTEDVRPNGG IKKFKSSVYSNCSKRPS
- - - - KkkEkhkkrhkhkRhh Ak hhkAhhAhkEAkEA Kk kkkik: KkkkiHihk
AK072868 uORF4 AK072868_r ORF_338_90_96 MT-LEHKSTYSACSMCSRTMGFDVATQPSS-
TC247418 w ORF_347 93 111 MTPLHSSTQHTSSSMCFCTMGFDVASQPSS-
TC139536 b ORF 387 93 117 MTPPRSTTORTSSSMCFCTMGFDVASQPSS—
TC306591 m ORF 576 93 366 MRWES Y LEKGVLPKFTMLAM-LRLOKALLSR
TC102544_s ORF_420_90_113 MT-LOLKSTRIFSYLCFRTMGEDVAAQPSS-
* %
AK0D72868 UORF4 RK072868 r ORF 338 90 96 MTLEHKSIYSACSMCSRTMGEDVATQPSS—
AT5G58380.1 a ORF 11 87 295 MTFNF——VFISSSSSSSVFSSIFVGKPRKK
P, e e e %
AK0D60523 uORFL AK060523 r ORF_173 123 185 MVLT----- PSPSPPPMLPKKLRALGPGLNPFAPFGMGNYYSSSR
TC235416_w ORF 201 126 157 MVRR-RPSSSSTSSSEMLEKNLRALGPGLNPFAPFGMGNY - -~ SR
TC148319 b ORF 211 120 163 MVRR-RPSSS--SS8SPMLHKNLRALGPGLNPFAPFGMGNY - —-SR
TC30514% m ORF 255 129 185 MVYAPCRSSTPPSSSPMLHKNLRALGPGLNPLAPFGMGNY - --SR
TC103609 s ORF 240 129 212 MVYAPCRSSKPPSSSPMLHKNLRALGPGLNPFAPFGMGNY - --TR
- - - - * ok t.'ﬁ** *:***t**t***:k*t**t*k :*
AKD60523 uORF1 AK060523 r ORF 173 123 185 -MVLTPSPSPPPMLPKKLRALGPGLNPFAPFGMGNYYSSSR
AT5G07840.1 a ORF 289 117 250 MLVESSLSMTPVVIPQNLRVEGPGLNPSFPYCTANHEP- -~
- B B B R PR T Bl e I T TP I Y
Upstream open reading frames conserved in rice and in Arabidopsis
AK103391 uORF1 BK103391 r ORF 176 30 148 MTSSQVFLC
AT4G22590.1 a ORF 254 30 137 MISFQUTYF
* ok ok k
AKD60523 UORF2 BK060523 r ORF 206 90 185 ----MLPKKLRALGPGLNPFAPFGMGNYYSSSR
AT5G07840.1 a ORF 313 93 250 MTPVVIPONLRVFGPGLNPSFPYCTANHFP-——
AR RS
AK101100 uORF1 BRK101100 r ORF 142 12 21 MVS
AT1G51690.1 a ORF 555 12 1160 MNT
*
AKU66952 UORF1L AKD66952_r ORF_365 66_182 MMKQRLILOMOVIR-LLMNVGT
AT3G13225.1 a ORF 364 63 431 -MSWS-ILOLOAFWGLSSGCSS
o - o *. FEREkgR Lox L
AKU66952 UORF2 AKD66952_r ORF_368_63_182 MKQRLILOMOQVIR-LLMNVGT
AT3G13225.1 a ORF 364 63 431 MSWS-ILOLQAFWGLSSGCSS
WL kRl .
RK066952 UORF3 AKD66952_r ORF_503 51 59 -MIRSALEILLKKMLLP
AT3G13225.1 _a ORF_ 553 51 254 MOYKVSHSYTFSRSYN~-
AK119592 uORFL AK119592 r ORF 304_90_148 ——————- MKISTRLLWSTSFFRHKIAATIASISSFL
AT3G01470.1 a CRF_162 87 120 MGFCICPLESPARLLWSTSFFRHEKIMIF-—--—--~—
- - - - s ‘:******‘k******
RK0D69534 LORF AK069534 r ORF 8§13 9 432 MI
AT4G12770.1 a CRF 41 S 108 ML
* -
AK069526 UORF1L AK0D69526 r ORF 214 126 544 MEYTLYTTSSSVLHISLLEEVLGWRFSLYGDFLV ISFVNCT
AT4G19110.2 a ORF 255 126 527 MEQVFVWPSCYHYRLFSFQEALDWRFLVRSDFLVGSEVNCT
- - - - e . Lik ok Rrk . kkkR kkhkkk
AK069526 UORF2 AK069526 r ORF 690 9 185 MA
AT4G19110.2 a ORF 603 9 296 ML
*
AKD69526 LORF3 AK069526_r ORF 820 36 28 MSLVHNRALLE-
AT4G19110.2 _a ORF 398 36_474 M-IFRGRCEANF
P .
RAKD67412 uORF AKDE7412 r ORF 222 84 49 -MRAVVERRRGGERGRCCGYWRSGASCD
AT5G50180.1_a ORF_357_84_79 MLAIYLSLLFSSLSCELSNLHRYKSRK-
. . .
RK102277 uORF AK102277 r ORF 228 117 150 MHQRLHGWNKSTSMLRDGFGVKYSGFLEIRPCGFCRGD

AT1G68550.1_a_ORF_309_96_95

MRLRPKRTCSSVEVEG- GFHIKQQKFSFF-—--IVR-—

.ok * . Fk ek * *

b Identifier letter ORF _pre-orf distance orf length intercistronic distance

letter:

r = rice,

w = wheat, b = barley, m = maize,

s = sorghum, and a = Arabidopsis

120



Figure 3.1 Overview of the uUORFSCAN pipeline. The pipeline consists
of four steps: 1) Identifying putative orthologues using a modified
reciprocal best hit (rbh) method, 2) Clustering of orthologues according to
how many cereal species they are found in, 3) Using uUORFSCAN program
to find conserved uORFs using a comparative approach, and 4) Manual

curation of predicted conserved cereal and Arabidopsis UORFs.
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1. Putative orthologues

KOME rice full length cDNAs
32,127

!

one dimensional blast (to TIGR)

wheat barley maize sorghum  all four
20,002 19,655 21,608 17,257 16,030

reciprocal blast (to KOME rice FL-cDNAs)

Lo | ! !

4,133 5,115 5,628 4,754 1,723

I |

'

2. Orthologue clusters

orthologues in all 5 cereals (5/5 dataset)
orthologues in 4 cereals (4/5 dataset)

orthologues in 3 cereals (3/5 dataset)

'

3. uUORFSCAN

3.1 Find main ORF in orthologues

3.2 Find conserved uORF
i) find UORFs in each orthologue
ii) align UORFs of similar length
iii) output results

orthologues in all 5 cereals (5/5 dataset)

| ! }

uORFs 5/5 UORFs 4/5 uORFs 3/5

orthologues in 4 cereals (4/5 dataset)

! !

UORFs 4/4 uORFs 3/4

orthologues in 3 cereals (3/5 dataset)

!

uORFs 3/3

'

4. Manual curation of candidate genes
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Figure 3.2 The position of uUORFs conserved in four other cereals and in
Arabidopsis within 5UTRs of rice cDNAs.
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Figure 3.3 Frequency distribution of the length (nt) of rice uORFs
conserved in four other cereals and in Arabidopsis.
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Figure 3.4 The pattern of nucleotide sequence conservation calculated
for the decanucleotide surrounding the uORF AUG triplet using WebLogo
(Crooks et al. 2004). The overall height of each stack indicates the
nucleotide sequence conservation at that position (measured in bits),
whereas the height of nucleotide symbols (A, T, G, C) within the stack
reflects the relative frequency of the corresponding nucleotide at that
position. (B) Positions showing detectable nucleotide sequence conservation

were magnified.
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Figure 3.5 Relative frequencies of codons showing significant deviation
(*) in codon usage between rice UORFs and rice main coding regions. Rice
UORF codon usage calculated from the following URL

http://www.bioinformatics.vg/sms/codon usage.html
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