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Interactions between Exon-exon sequence

and its corresponding intron sequence of genes
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Abstract ; There is a kind of interaction between mRNA sequences and corresponding introns after splicing, which
plays a significant role in gene expression regulation process. Based on the ribosomal protein genes of 27 genomes,
Smith-Waterman local alignment method were used to obtain the optimal matching segments between exon-exon se-
quences and their corresponding intron sequences. The distributions of matching frequency on exon-exon sequences
and the sequence characters of optimal matching segments were analyzed. We found that matching frequency on
EJC bonding region are lower obviously for some lower eukaryotes. The sequence composition of EJC bonding region
shows lower composed order. The average length and the matching rate distribution of the optimal matching ele-
ments are the same as siIRNA and miRNA. We think that it exist a kind of competitive and cooperative relations be-
tween EJC and introns in the process of bonding on exons. The intermediate section of intron sequences may play
very important roles in gene regulation and gene expression.
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Fig. 1 The length distribution of exons for ribosomal

protein genes of 27 genomes
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Table 1 Ribosomal Protein genes of 27 genomes
W4 Fies BFEL DS AP i
el
Caenorhabditis elegans 2§ 5t Al 84 173 257 143
Coprinus cinereu J <P B A2 80 261 341 77
Ustilago maydis T %) 2% A5 1 A3 79 78 157 22
Arabidopsis thaliana #2177 A4 226 630 856 344
Schizosaccharomyces pombe ZEVE 458 i 1 AS 141 87 228 19
Rhizopus oryzae KARZE A6 304 579 883 128
Dictyostelium discoideum 73 o4 A7 78 105 183 17
Cryptococcus neoformans 3% fa 3k i A8 78 263 341 80
Anopheles gambiae I A9 68 138 206 76
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Neurospora crassa I [fi] £, B Al10 80 214 294 62
Homo sapiens A Bl 79 364 443 172

Rattus norvegicus #5552 fil B2 79 351 430 158

Mus musculus /NZ R, B3 79 350 429 159

Apis mellifera 1 B4 79 241 320 137

Oryza sativa 7KF B5 243 843 1 086 445
Chlamydomonas reinhardtii %35 B6 79 249 328 92
Ciona intestinalis % 35 i1 4 B7 77 248 325 142
Brugia malayi 322 it B8 77 199 276 128
Nematostella vectensis 2% B9 80 269 349 101
Populus trichocarpa % -4 B10 78 254 332 151
Fugu rubripes 1] JIX B11 80 322 402 127
Volvox carteri [4]# B12 80 269 349 136
Drosophila melanogaster S B13 84 171 255 91
Plasmodium falciparum ;¥4 ¥E 5 H Cl 73 88 161 37
Magnaporthe grisea FEELG 1 W) 79 199 278 63
Fusarium graminearum A7 J] C3 80 195 275 58
Toxoplasma gondii K|l =5 JE Hy C4 79 152 231 80

Bt 27 2723 7292 10 015 3 245

1.2 X7
PO BT N & RS AL AN
B, 4K J5 F Smith-Waterman Jz) 3, Fb X7 44 http://
mobyle. pasteur. fr/cgi-bin) 5iZ4 0 F % 527 5 3
A7 RSl HE X 3 A, 4%t — A B AR DR IX B, 7 )
X35 R Ednafull 55 [ BB S8000T 5
BT (Gap penalty) 4y 50. 0,75 it 4 E fifi—
AEEEAL 5T 73 (Extend penalty) 5 5. 0, 75 ) P
A — AT 4 Fe A Jmy B E X6 IX 38, 2 7 2% 7 971
FHEAEHJLRRR B X 5, ikl 2 frs .
19  GAAAGATCAAAACAT 33
LEET=TE=T -
218 GAAAGGTCAGAACCT 232

(@) c—introni

exonl-exon2 seq.

19 CTTTCTAGTTTTGTA 33

LEEE=E=T -
exonl-exon2 seq. 218 GAAAGGTCAGAACCT 232
B2 Smith-Waterman FiBILL 7RI (a) A S FRUBE T F
5 H) Smith-Waterman FIF LL X 4558, (b) E LRy BRAE L AL X 45
Fig.2 Sketch map for Smith-Waterman local alignment( a) Smith-

(b) Intront

Waterman local alignment between the complementary sequence of intron
and exon-exon sequence, (b) Authentic optimal matching region

between exon-exon sequence and intron sequence
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Fig.3 Distributions of matching frequency between exon-exon sequences and intron sequences which are located in the

exon-exon sequence for the genomes of class A
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Fig.4 Distributions of matching frequency between exon-exon sequences and intron sequences which are located in the exon-exon sequence
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Fig.5 Distributions of matching frequency between exon-exon sequences and intron sequences which are located

in the exon-exon sequence for the genomes of class C
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S b IR A R L — & D, =0 0 TR
N WBEHLIPSILE 99% BRI N, D, =8. 15/N, MR
SLPRIFBIE D, =8. 15/N, W W]y 51 & AEREHLAY
TR Z AP AE K o D, {HSEPR b B 1 17 51 B 45

LCRIBETEE

BRI 5 2 AW Rl A RO AZ 2 1 Bk P9 A
LS RS 3 AN X SRS T
EEHE KUY 1Sbp KAV FF A8 — X, — X _E{iF 10bp #Y
Fealic oy X, XA XEUIE 2 5250 45 H 1) EIC 455
XK, X BRI 9 = X, A 25bp Ko 03l
B A 21 B W Bl A AN XY PP 91 3 4 ok 4 g 3
ANFH R HEREA AR 5 BITAR D, 1,
BRI 2,

Xt AT A SN B YIRS, =4 XA
Feo gk BAT LR R AR . — XFFI 0 D, fHfx s,
ZIXPAI D, HEEA R RN, =X PSIE) D2
EHNTPHEZ I RWISMNE T 37 i X751 2
A SR RS Y A EE T EIC 4545 XA 4544 7
HRAREF A B B R e X —&5 2R WoR Ak
TGN HAT T X531 AR A o

R2 SNETFEER N SIS

Table 2 Sequence characters of different exon regions

Dz {E( Al - Al(])

D, (B, - B;)

D, (B, -By3)

Hh 5 X D, fH(A, - Ay)
-26 bp ~ -50 bp 0.036 (0.001 0)
16 bp ~ —25bp 0.030 (0.003 0)
~1bp ~ —15hp 0.044 (0.002 0)
~1bp ~ =50 bp 0.038 (0.000 7)

0.028 (0.000 3)
0.025 (0.000 8)
0.035 (0.000 6)
0.034 (0.000 2)

0.030 (0.000 7)
0.027 (0.002 0)
0.045 (0.001 0)
0.035 (0.000 5)

0.019 (0.000 20)
0.020 (0.000 40)
0.033 (0.000 30)
0.026 (0.000 08)

TE 4% 5 T A BR TR AR IR I B B BN 51078 99 % BLARE T #Y D, {H

Notes: The datas in parantheses refer to D, value of the same random sequence of length 99% confidence level.

A BYIFRTE EJC 454 IX a2 R H I DC g 41 %
XL A 0 17 9 B A R S5 H4 7 R A, -
Ay WP X —HRAE TN . (HAE B B Fpep, R
EAE EJC 254 XA B 8 A DT Be s R o 3, {3
FEULIX 38 AN B F R 5 on T BRI 45K 7 o 3%
UEBH T G 77 18 4 )0 . — & 2 R WA A B L
20bp FfF 774 EIC 456 M FSARAE . A X T4
T HA XI5k, EJC 28545 IX 3511 1 571 41 1 o B AL —2E
WX — J3 F FRAE S i 3 )3 51 0 EJC 45540 a5,
XERIRRA RN Z — T RE5E fF TRATE Y
W& T M EJC Z a7 540 B T 454 13 2 b 7 A
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2.4 RECEKEMRESH
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I EAE RSO, XS  BE R B A kA
SEAHAFIFIEY , 7ESC KA Tovk BE s L T, B o
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P L g AN i i 1 A S =g (0] L [0 O T
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PRSI S 3% 4 7 91 L S5 R R N B A Y SR DR
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100% . W& F5 %t 7 51 2 [ 4776 19 e A DT e A
Brl & RNA-RNA FH B AR, H BT X 2 AH B
YERE SR, FRATAME BarA 2 £
RNA-RNA fH EAEH, EA1/2& RNA T3 fil RNA #ij
il o ZRFH X PG A T BE 14 3E 2 65 7 51 43 ] & siRNA
1 miRNA, siRNA A9 K ETE 21 ~25bp, f1 Dicer il
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Fig.7 The length distribution of optimal matching segments
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Fig. 8 Distribution of matching rates for all optimal matching segments

3 GipSitie

X DEREAAR A 1) 73 A e W, 7R 50 BT i 4
G EBSEATAEVEZ 5 N & 458 0 f LR DT BE X
WAFTE—LEARPTEC I, — L8R ) RO A A ik
IS 3 H2 AL 137 20bp Z2 A5 A7 AE—MRITECIX
X5 EJC 458 Kis—2, A1 BEJC IR ALY 2 802
RAFLEY) , A — LR W) 2 v 55 A A A B
A EIC AL E R R . A — S YT A T4
R T O ~20bp i 1Bl P A7 7 A5 DL JE X3, A5 i i
SO AR ] BE R LA T i 2 5 X, TR
Bl EIC 458 X ALY b R KNS 7550 2
TP BIAH AR TP A T EJC IR A,
TR PN 35 1 BOAH EL A F A sk TT BJC X #a
XA B P ISR BEAT o0 A7, e RICIEA BRI
VEFECAR R A3 A 1 B, 7 EIC 254 IXHR, B4 17 41
Y BAT R A Z5 G P Bl SR B TN BERIL . 3k S 251
VAR P45 A RN & I R IR T S
mRNA JFFI45 5 3 e A7 A e A B 5 S AR L M
MG . EJC RETR 4SS BIAH N A9 A7 & A U T4
BF BRI ASE R, s BOrR TEN S NS
THIZEAE R A RERBA LA AL i 5
PR BT AL B PR DR 1, XA ad R AR 2 S e T P £
PAEALE . PSSP T UM RIS S B A5 R AT DL
TEWIFFE N B 5 AH I B e 31) 2 [ A AH ELAE A A1
BB SRR R R

M 53 BT B AT e A D DXl )< R S 3843
Ay, e B dc HEDE TR IX R ) - 24 K B2 44 7 20bp 7247,
Bt 5 EEA A AE 65% ~80% , /DB BB BE X %
iK% 100% o EAI15 siRNA HI miRNA 3 9 28 3 5
WP 25 SRR — R o 55 U B AT T RE IV 1% AH
WL AR KA RS F 8, YR M A& TS
mRNA J7 A [F] A5 B2 4 L Ab oRe 2 5 1 P i 28 358
AR, S T %O 2 =26 RNA-RNA A B4
MR BEADRER AR g P 5 o

X ELAZA N & 55 AR A mRNA 7 51 1 4
ARSI LR, XEREE RS T2 A
) ) R, DR T BBORE AR A RS B, — L4538 1y vl 4
P 8 e T R ARBOR i — P Bk . A5
H SCHE JRy Sl L 0 3o A RE 88 E AT 4R 29 4k Le X s A
IR, A 22 0 4k PR 20 A BE DL 23 Ar o Tl R o
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