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Figl The nearest distance (end-to-head) between two

motifs, one in the upstream region and the other in the intron
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Table 1 The motifs (tetra-, penta-oligonucleotides) extracted from different data sets (z>1.64)

Motifs in upstream regions

tetra-

TAGG CTAG GCCT CTCC GCGC
CCGG GGCC

ATGT TACC CCAA CCAT CCCA CCAG GTAC CAcCC
ACCC TCCG CGGC CCGT TGGA GGAA AGGT GGGC

penta-

TATTG ATGTA ATACC CCATG ACATT TGTAC ACACC
CACCC TGAAA AACCC ACCCA CCCAT CCAAG ATCCG
GCCGT CCGTA CGTAC ACCGT CCGTC AAATG AGGTA
CAAAC CGCTC CGGGC AAATT TATGG TCTAG CAGTG
AGTGT CCTAG GTGGA GGATG ACGGA CTCCG TCCCA
CCCAC CCTGG GGTGG CATAC CGGCA GCACG CGCGC
CCCCC CCGGC GGCAG CCTAT GGGAG GCCTA CCTAC
AGGCC GGCCC GCCCT GCTAG TCCGC CCGCC CTCCA
CGGCC GCTGG GGGCG

Motifs in introns

TTAA TAAA AAAT AATT TTAT TATT TGGT TTCA
GAAT ATTA AGAC ATAT TATC CATG CACG GGTC

TAAAA AAATT TATTT ATTTG TAAAT ATTGA ATTTC
TTTCA AGAAT AATTA TATCG ATTCA AATAT TATTC
CAAGC ATATC GATAA TCACG CACGC CTATT ACCAC
TGCTA ATTAT ATAGT TATTA ACGTG GATTG TGGTG
TTAAA GAATT

All motifs indicated by bold face agree with “test sites” . The reverse complements are not listed.
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ARG IS5 R, R 3 e TIAZ TR X g5 ). &
FE—ATHRH T LY A SRR X . et

KB PAE . VRRCH e s BRI B A7 1 B3 DX 1)
TELE I AL BB 4G 2T R B 38 X
FFFRGT (W B BE B 1071, DL R n] RE5 98 1E T
PSS A I S5 (RAPL. ABFI fil TAF, 439
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VEFIRER. ldn: 2% 2 58 2 47 R bhh R AR
P F EJiEH CCAA 5400F W& 110 TAAA 1T fg
HWFEEM; %50 PALE 0, BIFTAT 1000 4B
UL, (CCAA, TAAA) VTHCH3E K B T-ITid
(R IE NG CCAA BIRI R AG M P B
#& 20 bp, | TAAA [ 15 BF 25734 & 52 bp 5
RAPI1/TAF A fig 45 & 76 CCAA |, RAPI/ABF1 ]
RE4i O 7E TAAA b 23 e s B DR 3 HAT X Fil
PrlRAE R (B 2).

Table 2 Tetra-nucleotide pairs and the related information with nearest distance less than 84 bp

Motif 1 Motif 2 P value Match
TTAA 3.00E-2 13
TAAA 0 23
AAAT 0 23
AATT 1.00E-3 16
TTAT 1.70E-2 18

CCAA
TTCA 4.00E-3 15
GAAT 0 19
ATTA 1.60E-2 18
CATG 9.00E-3 7
CACG 0 8

Up_dis mean Dis mean Factor 1 Factor 2
21 53 A/T
20 52 R/A
21 58 R/A
22 62 A
23 61 R/A

R/T
17 57 R/A/T
18 63 R/A/T
26 59 R/A/T
16 60 R/A
19 68 R/A/T

“Motif 1”7 and “Motif2” denote the motifs in upstream regions and introns respectively.

“Match” denotes the number of genes matched by

the motif pair. “Up_dis mean” represents the average of the distances between Motif 1 and the translation start site. “Dis mean” represents

the average of the nearest distances between Motif 1 and Motif 2. “Factor 1” and “Factor2” denote the transcription factors which may bind

to Motif 1 and Motif 2, respectively. “R” denotes RAP1, “A” denotes ABF1l,and “T” denotes TAF, respectively. Similarly in Table 3.

Table 3 Penta-nucleotide pairs and the related information with nearest distance less than 84 bp

Motif 1 Motif 2 P value Match
AAATT TTAAA 1.90E-2 8
CAAAC TATTT 1.00E-2 6
CAAAC AATTA 2.30E-2 5

Up_dis mean Dis mean Factor 1 Factor 2
30 49 A _
30 72 R/A R/A
15 69 R/A A
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Fig.2 A synergistic pattern between two motifs “CCAA”
and “TAAA” (Table 2)
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Fig.3 Illustration of tetra-nucleotide motif pairs with the
nearest distance <84 bp in gene YER074W
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indicated as “[ ]1” . The upper cases bases are potential motifs

extracted by our method, and those underlined are two potential
synergistic motif pairs in our results. The transcription factors which
could bind to the two motif pairs are shown under the two motif pairs,

respectively.
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Potential Transcriptional Synergy Between
Upstream Regions and Introns of Yeast Genes
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1) Center of Bioinformatics, College of Life Science and National Laboratory of Protein Engineering and Plant Genetic Engineering,
Peling University, Beyjing 100871, China;
2) Department of Statistics, The Center of Applied Statistics, Yunnan University, Kunming 650091,China)

Abstract Previous work indicated that there was a large difference of the sequence features of introns between
highly- and lowly-transcribed yeast genes. Some potential positive transcriptional regulatory motifs in the
highly-transcribed introns were extracted. It was found that these introns were very close to the upstream regions of
genes, and several introns even located within 5'-UTR. These results show that introns of yeast genes may regulate
the transcriptional efficiencies and cooperate with upstream regions. To understand the synergy between upstream
regions and introns of highly-transcribed yeast genes, the upstream regions (800 bp upstream of translation start
sites, or the regions of two adjacent genes) of these two sets of genes were retrieved, and some potential positive
transcriptional motifs in the upstream of highly-transcribed genes were extracted using the statistical comparative
analysis approach developed before. Most of the potential motifs extracted were supported by literature search of
experimental analyses. Then, every pair of oligonucleotides, one in the upstream region and the other in the intron,
was defined as an “oligonucleotide pair” , i.e. a motif pair. Considering the motif pairs with the “nearest
distance” not larger than 84 bp, the motif pairs, mainly tetra- and penta-nucleotide pairs, occurring in the
highly-transcribed genes non-randomly were extracted and the synergistic pattern of these motif pairs including
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position distributions and binding transcription factors such as RAP1, ABF1 and TAF was analyzed. Some
potential patterns of transcriptional synergy were observed. These results could help people to understand the
mechanism of transcriptional regulation and provide evidence for biological verification.

Key words upstream region of gene, intron, oligonucleotide pair, synergy, yeast gene
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