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1. Introduction

» Accumulated information about over

30,000 full-length cDNA and

microarray gene expression data of
Oryza sativa enabled us to find
motifs commonly existing beside
genes simultaneously expressing.
This process is important to find out
regulatory gene networks, because
these motifs are expected to play
key roles in these networks, and it
also suggests the existance of key

trans elements.

» We are developing a data mining
tool to find cis-element candidates

from gene lists defined by

researchers. Here we report the
outline of the tool and the result of
preliminary biological test of its

usefulness.

2. Objective:
Clarification of the
Regulatory Network of
Gene Expression
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umoiiE -« Corresponding Experimental Conditions

Researchers select
genes (Transcription
units) with their own
interest.

Sequence of upper
region (1000 or 500bp)
are listed from mapping
data stored in KOVIE.

MEME program scans
upper region
sequences listed

above, and pick up
common matifs possibly
acting as cis-elements.

Association rule
analysis chooses most
likely candidates from
the preliminary list.

Cis-element candidates
are displayed with relating
information via VWWV

3. Flowchart of the Analysis 4. Motif search
by MEME

among TUs listed
in the first step
were searched
using MEME
program.

*http://meme.sdsc
.edu/meme/

5. Association Rule

Analysis

Reliability of relationships can be quantitatively

evaluated by

indexes listed below.

Rule = “If X occurs, then Y occurs.”
If Y is not frequent in the whole but frequently occur with X,
Xand Y must be related.

The value dividing the number of transactions

Support containing both Xand Y, by the tata number
of transactions.
Expected The frequency of the number of transaction
Confidence containing Y, in al transactions.
The frequency of Y in transactions cantaining X
Confidence Ratio of support and Expected Confidence.
Lift Ratio of Confidence to Expected confidence.
Example:
2
Y Support —=0.2
Yes INo Total 10
wes | 2 5 T copfidence 2_ 1.0
’ 2
INo o 3 3
[Total 2 8 10 Lifi 2/2 1.4
h 7 /10

High lift value suggests strong relationship between X and Y.



6. Verification of
the Result using
Information of
AtcisDB in AGRIS

RS IS T s

Cis-element candidates
are verified with binding
site motifs listed in
AtcisDB.

* http://arabidopsis.med.oh
io-state.edu/AtcisDB/

7. Biological Interest of Cis-
Element Interaction
*Some cis-elements need to interact with other
element to function. This is important
phenomena to understand the gene expression
regulatory mechanism of cis-elements.

*One good example is a cis-element called

“AuxRE” concerned in auxin-responsive relation.

COMPOSITE AUXRES SIMPLE AUXRES

_’ 44—
— > ER7 |TGICIGCCAMAGGGAGACA

D1 CCT @@ palindrome

—
overiapping composie DR5 | TGTCTACCTTITGTCIC]
—> direct repeat

D4  |CACGCAATCCTTTGTCTC)

e p —
separated composite DR5 ‘GAGACP%AAGM

direct repeat
inverse

8. Simple Motif Search
to Combined Motif Search:

Attempt to Find Cis-Elements
Functioning in Combination

Association Rule
Analysis

9. Case Study:
Auxin Responsive
Genes

*Biologically important genes
relating to plant growth,
development, etc.
*A cis-element 'AuxRE' is reported
to be participant to regulate
expression of auxin responsive
genes (Guilfoyle et al. 1998).
*TGTCTC motif in AuxRE must
interact with its palindromic
element or multimerize to
regulate gene expression.
*Several cis-elements with similar
sequence of AuxRE are also
known.



10. Material and
Method

Gene List 1: ARF/IAA genes of Arabidopsis thaliana
stored in RiceTFDB (2.0) (http:/ricetfdb.bio.uni-
potsdam.de/v2.0/) :
ARF/IAA genes themselves are auxin-inducible.
Blastn search with these sequences to GenBank
resulted 28 corresponding rice transcription units
(TUs).

Gene List 2: KOME database includes 134 records of
TUs relating to GO:009733="response to auxin”.
MEME: Motif length: 6,7 and 8 bases, with 'Oops'

and 'Zoops* options. MEME program was

repeatedly called with 6 combinations of these
parameters.

Generation of combined motifs: Combined motifs
were made from motifs listed by MEME along three
combination patterns (palindrome, direct repeat,
and invert direct repeat) with flexible length (0-50bp)
of gap.

11. Result (1)

Gene list 1:

MEME listed 5246 motifs from their upstream sequences (1000bps), of which 4579 TUs

showed high lift value (>1.0).

There were16 TUs showing partial match to the ATCIS records of “PRHA binding
sites”, which is described as "Developmental and auxin-induced expression of the

Arabidopsis prha homeobox gene” (Table 1).

There was one motif matched to “ARF1 binding site”, of which sequence is same as

that of “AuxRE”.

Possible 15738(=5246x3)
combined sequence pattern
were searched on upstream
sequence of listed genes, and
1103 of them were found.
Table 2 shows 50 motifs of
them showing best lift values.

Table 1: Cis-element candidate motifs corresponding to AUX/IAA genes and suggested to
be auxin-induction related according to ATCIS.

Table 2: Top 50 motifs in lift values for ARF/IAA genes.

Hit TU Hit TU

Motf  in in Support S Lift  ATCIS Description *3
dence
target group *1_the whole *2
ACACAC 7 2673 0 025 1802 PRHABS M PALT
ACATTA 10 3232 0 0357 2289 PRHABSinPAL1
ACATTAT 4 190 0 0.143 2487 PRHABSinPAL1
ACTCAA 4 2842 0 0143 1041 PRHABSinPAL1
ATACAC 7 2446 0 025 2117 PRHABSinPAL1
ATACACAC 3 347 0 0107 63% PRHABSnPALT
ATACATT 3 1260 0 0107 1761 PRHABSinPAL1
CAATTA 6 3775 0 0214 1176 PRHABSinPAL1
TACACA 6 348 0 0214 141 PRHABSinPAL1
TACATT 7 342 0 025 1348 PRHABSinPAL1
TACATTA 3 993 0 0107 2235 PRHABSinPALT
TATACA 10 3802 0 0357 1946 PRHABSinPAL1
TATACAC? 2 351 0 0071 4215 PRHABSinPALT
TGTCTC 4 2088 0 0143 1417 ARF binding site motif
TTATACAC 1 202 0 0036 3662 PRHABSin PAL1

*1 The number of TU possessing the designated molif within 28 TUs of the target gene list.
*2 The number of TU possessing the designated molif within 20648 TUs stored in KOME database
*3 ARF1=Dimerization and DNA binding of auxin response facors
PRHA=Developmental and auxin-induced expression of the Arabidopsis prha homeobox gene

Hit TU Hit TU Confi-
Motif in in Support d Lift
ence
target aroup the whole

TCTTTCAC[ACGTH0,50}GTGAAAGA 1 1 0.000 0.036 739.786
CCTGGAGA[ACGT]{0,50} TCTCCAGG 1 1 0.000 0.036 739.786
ATGACTGCIACGT]{0,50}GCAGTCAT 1 1 0.000 0.036 739.786
AGGGGCAC[ACGT]{0,50}AGGGGCAC 1 1 0.000 0.036 739.786
TCACAACA[ACGT]{0,50}TCACAACA 1 2 0.000 0.036 369.893
TAGCGTGGI[ACGT]0,50yCCACGCTA 1 2 0.000 0.036 369.893
GATCGATGIACGT]{0,50}CATCGATC 1 2 0.000 0.036 369.893
GAGCTCTCIACGT]{0,50}GAGCTCTC 1 2 0.000 0.036 369.893
GAAGCAGCI[ACGTH0,50yGCTGCTTC 1 2 0.000 0.036 369.893
CCCAACCGIACGT]{0,50}CCCAACCG 1 2 0.000 0.036 369.893
CAACAACCIACGT]{0,50}CAACAACC 1 2 0.000 0.036 369.893
AGGATTAA[ACGT]{0,50}AGGATTAA 1 2 0.000 0.036 369.893
AGACACAGIACGT]{0,50}CTGTGTCT 1 2 0.000 0.036 369.893
TGTGCCC[ACGTH0,50}TGTGCCC 1 3 0.000 0.036 246.595
GGGGCACIACGT]0,50}GGGGCAC 1 3 0.000 0.036 246.595
GATCGATT[ACGT]{0,50}AATCGATC 1 3 0.000 0.036 246.595
TTTTGTCT[ACGTHO,50}TTTTGTCT 1 4 0.000 0.036 184.946
TATGACTI[ACGT]{0,50}AGTCATA 1 4 0.000 0.036 184.946
GCTAAAAA[ACGT]{0,50}GCTAAAAA 1 4 0.000 0.036 184.946
CCTGGAGIACGTJ{0,50)CTCCAGG 1 4 0.000 0.036 184.946
ACAGGGA[ACGT]0,50}TCCCTGT 1 4 0.000 0.036 184.946
GACACAG[ACGT]0,50})CTGTGTC 1 5 0.000 0.036 147.957
CTAATCATI[ACGTI{0,50}CTAATCAT 1 5 0.000 0.036 147.957
ATAATATCIACGTI{0,50}ATAATATC 1 5 0.000 0.036 147.957
TTCGTGGIACGTH0,50} TTCGTGG 1 6 0.000 0.036 123.298
CTTGGGT[ACGTH0,50}CTTGGGT 1 6 0.000 0.036 123.298
CTGGAGA[ACGT}{0,50}TCTCCAG 1 6 0.000 0.036 123.298
AGCGTGG[ACGT]{0,50}CCACGCT 1 6 0.000 0.036 123.298
AGACAAAA[ACGTI{0,50}AGACAAAA 1 6 0.000 0.036 123.298
GTTGGCA[ACGTJ{0,50)TGCCAAC 1 7 0.000 0.036 105.684
CTTTCAC[ACGT]{0,50}GTGAAAG 1 7 0.000 0.036 105.684
CCTGTCT[ACGT]{0,50}CCTGTCT 1 7 0.000 0.036 105.684
CCACCTCGI[ACGT]{0,50yCCACCTCG 1 7 0.000 0.036 105.684
TTTGCATT[ACGTHO,50}TTTGCATT 1 8 0.000 0.036 92473
TTCCATTT[ACGTHO,50}TTCCATTT 1 8 0.000 0.036 92473
TATGGTG[ACGT]{0,50}CACCATA 1 8 0.000 0.036 92473
GCAAAGCA[ACGT]{0,50;GCAAAGCA 1 8 0.000 0.036 92473
CTGAAAGIACGTI{0,50}CTTTCAG 1 8 0.000 0.036 92473
CGGGCACIACGT]{0,50)CGGGCAC 1 8 0.000 0.036 92473
CGCCTGT[ACGT]{0,50})CGCCTGT 1 8 0.000 0.036 92473
AATTTTGC[ACGTHO0,50}AATTTTGC 1 8 0.000 0.036 92473
TTCTTTAT[ACGTKO,50}TTCTTTAT 1 9 0.000 0.036 82.198
GGCCACT[ACGT}0,50}GGCCACT 1 9 0.000 0.036 82.198
GAGCTCT[ACGTH0,50}GAGCTCT 1 9 0.000 0.036 82.198
CCACAAGIACGT]{0,50)CTTGTGG 1 9 0.000 0.036 82.198
TCAATTAT[ACGT]O,50}TCAATTAT 1 10 0.000 0.036 73.979
CCTCTGC[ACGTI0,50}GCAGAGG 1 10 0.000 0.036 73.979
CCACTCG[ACGTJ{0,50})CCACTCG 1 10 0.000 0.036 73.979
ATTGTGT[ACGT]{0,50}ACACAAT 1 10 0.000 0.036 73.979
ATACACTI[ACGT]{0,50}ATACACT 1 10 0.000 0.036 73.979
AGGGGCA[ACGT]0,50)AGGGGCA 1 10 0.000 0.036 73.979
AAAGGGA[ACGTI{0.50}TCCCTTT 1 10 _0.000 0.036 73.979




12. Result (2)
Gene list 2:

MEME listed 6078 motifs, of which 4069 showed high lift
value. There were 6 motifs showed partial hit to records of
“PRHA binding sites” in ATCIS (Table 2). While TGTTCT
was not listed, similar motifs, TGTCTC and TGTCTT were
found with lift=1.107 and 1.179, respectively.

Possible 18234 combined sequence pattern were searched
on upstream sequence of listed genes, and 2914 of them
were found. Table 4 shows 50 motifs of them showing best
lift values.

Table 3: Result of single motif search for TUs labelled with “G0:9733" in Kome database.
Hit TU Hit TU

Mot in in Support § °°"f "Lt ATCIS Description
target group _the whole
TATACAC? 7 350 0000 0030 1761 PRHABSinPALT
ACACAC 2 2671 0001 0179 1288 PRHABSin PAL1
TCATAC 19 2355 0001 0142 1243 PRHABSinPAL1
TACATT 28 3843 0001 0209 1123 PRHABSinPAL1
TCATACA 7 983 0000 0052 1097 PRHABSinPAL1
ATACAT 30 4335 0001 0224 1.066 PRHABSinPAL1

Table 4: Top 50 motifs in lft va\uesfchUs \abeHed wmn GO 9733" in Kome database.

Motif uppcr\ onfl- g
{armet aroup the whole

TGCACAGTIACGT050/ACTGTGCA 1 T 0000 0007 154562
TCTTTCACIACGT](0 50}GTGAAAGA 1 10000 0.007 154562
TCGAAAACIACGTH0 50)GTTTTCGA 1 10000 0.007 154562
TCAGTTTTIACGT}(0.50)AAAACTGA 1 10000 0.007 154582
50} TAAATGGA 1 10000 0.007 154582
GCTCCTGAIACGTH050/GCTCCTGA 1 10000 0.007 154562
GCGIACGTH0,50/CGCCCCR0 1 10000 0.007 154562
COATAGAGIACGTI(0.50}CCATAGAG 1 10000 0.007 154562
CATAAGCAIACGTH0.50)TGCTTATG 1 10000 0.007 154582
CAAGGAGGIACGTI(0,500CTCCTTG 1 10000 0.007 154562
ATTTATGGIACGTI(050/CCATAAAT 1 10000 0.007 154562
TITGAGTTIACGTH0 S0}AACTCAAA 1 2 0000 0.007 77291
TCTAATGAIACGTHO50/TCATTAGA 1 2 0000 0.007 77291
TCAGATCTIACGTI0.50/TCAGATCT 1 2 0000 0.007 77291
TCACCTATIACGTH0,50/TCACCTAT 1 2 0000 0.007 77291
TATTGTCAACGTI(0 50/T GACAATA 1 2 0000 0.007 77291
TAAGAAACIACTIO ) TARGAAAC 1 2 0000 0.007 77291
STGTGGCCIACGTI(0 S0/GGCCACAC 1 2 0000 0.007 77291
GTAGCATC[ACGT](D 50)GTAGCATC 1 2 0000 0.007 77291
GGTAAACIAC 1 2 0000 0.007 77291
RAGCOOAACOT O BHGA 1 2 0000 0.007 77291
CaG0aTAACATI0 B01eC0aaaTS 1 2 0000 0.007 77291
GCGCTCGCIACGTI(0.50GCGAGCGC 1 2 0000 0.007 77291
GOATTTGCIACGT}0.50)GCATTTGC 1 2 0000 0007 77291
GOAGCAACIACGT0 S0)GCAGCAAC 1 2 0000 0007 77291
GAGCTAGAIACGT}(0,50)GAGCTAGA 1 2 0000 0007 77291
GAAGCAGCIACGTI{050/GCTGCTTC 1 2 0000 0.007 77291
GAAGAGGAIACGTI{050]TCCTCTTC 1 2 0000 0.007 77291
CTTCACATIACGTI(0.50)CTTCACAT 1 2 0000 0.007 77291
CCATGCTT[ACGTI0.50}AAGCATGG 1 2 0000 0.007 77291
CATIGGTIIACGTI0 SQICATT ST 1 2 0000 0.007 77291
SASTACCIACETI 06 1 2 0000 0.007 77291
O ShAATACAG 1 2 0000 0.007 77291
CCIACATHD S0ICAAGATEG 1 2 0000 0.007 77291
RTATCTAGIAGGTH SOATATCTAG 1 2 0000 0007 77291
AGTTCATAIACGT}{050 A 1 2 0000 0.007 77291
AATTTATGIACGT](0.50)CATAAATT 1 2 0000 0.007 77291
TITAGCTCIACGTHO50/TTTAGCTC 1 3 0000 0007 51527
TGCTTTGCIACGTIO S0}TGCTTTGC 1 3 0000 0007 51527
TCTGCCGCIACGTI0,50)TCTGCCGE 1 3 0000 0007 51527
TCCTCTGOIACGTHO.50/GCAGAGGA 1 3 0000 0007 51527
TACTACACIACGTH0.50TACTACAC 1 3 0000 0007 51527
GGGAAAATIACGTHG,50/GGGAAAAT 1 3 0000 0007 51527
GCTCCTGIACGTIO.50/GCTCCTG 1 3 0000 0007 51527
GCTAGTTGIACGTI{050/GCTAGTTG 1 3 0000 0007 51527
GCCAACAAIACGTK0,50/GCCAACAA 1 3 0000 0007 51527
GAGCCCAAIACGT0,50)GAGCCCAA 1 3 0000 0007 51527
GT}0,50)ATTTTCTC 1 3 0000 0007 51527
CTTCACCTIACGTI0,50/CTTCACC 1 3 0000 0007 51527
CCGTGCGGIACGTH0.501C0GTGCGG 1 3 0000 0007 51527
AGGGGCGGIACGTH0 50AGGGECGE 1 3 0000 0007 51527
AGCTAGAAIACGTI0.50)AGCTAGAA 1 3 0000 0007 51527
AGCCTGCIACGT}0,50)GCAGGCT 1 3 0000 0007 51527
ACCGGTGAIACGT0,50/ACCGGTGA 1 3 0000 0007 51527
ACAGAGGGIACGT}(0/50/ACAGAGGG 1 3 0000 0007 51527
ACAAGGAAIACGT}{0,50/ACAAGGAA 1 3 0000 0007 51527
AATTTCTCIACGT}0.50)GAGAAATT 1 3 0000 0007 51527
AATCTATAIACGT}(0,50} TATAGATT 1 3 0000 0007 51527
AAATCTGAIACGTI(0.S0ITCAGATTT 1 3 0000 0007 51527

13. Discussion

In the presented test, TGTCTC element of
'AuxRE' was listed in the single motif search
for Aux/IAA genes. The result is consistent
with previous reports. This motif may act as
composite motif as described in Ulmasov et al
(1995), because positive relationship of AuxRE
for genes was not shown in the combined motif
analysis. Similar motifs such as TGTCGC and
TGTTCC were found to show high lift value. It
is possible that these motifs play important role
for auxin-responsive reaction.

After survey of papers and public databases as
to found motifs, we realized that little is known
about what kind of cis-elements concerned in
regulation of auxin-inductive genes.

The approach we proposed here is useful to
list up motifs of possible cis-elements rapidly.
Using a Pentium computer of average power, it
takes one day at the maximum to list up
thousands of cis-element candidates with
relating information, from gene lists of the
same size of that used in the present
examination.

Further refinement of the algorithm and
parameters are planed to achieve more
effective analysis. We are positive that the
proposed mining tool has the potential to
contribute much to accelerate the research of
cis-element and gene expression regulatory
network.



