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intron and corresponding CDS
(a) Smith-Waterman local alignment. (b) Authentic matching.
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Fig. 2 Matching frequency according to intron
relative position for the local alignment between
intron and corresponding CDS

(a) First intron. (b) Second intron. (¢c) Other intron.
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Fig. 3 Matching frequency according to intron
relative position for the local alignment between
introns and corresponding exons
(a) First intron. (b) Second intron. (c) Other intron.
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Fig. 4 Matching frequency according to intron relative position for the local alignment

between long or short introns and corresponding exons

(a) Short intron. (b) Long intron.
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Fig. 5 Matching frequency according to intron relative position for the local alignment

between long or short introns and corresponding CDS
(a) Short intron. (b) Long intron.
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Fig. 6 Matching frequency according to CDS relative

position for the local alignment between introns

and corresponding CDS

(a) Intron. (b) Short intron. (¢) Long intron.
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Fig. 7 Matching frequency according to CDS relative
position for the local alignment between introns
and corresponding CDS
(a) First intron. (b) Second intron. (¢) Other intron.
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intron sequences. All of the analyzed intron sequences are excluded

the conservative segments of 5' end and 3' end.

BRI & RS 7 e Mg PSR A
ETRA, w3 R AL A
Bz s AR ISR . — B Dy(k) =0, BlAL
JPBIBEAE R T 0. Dy(R)TEAER, B3 51 ) B R 2
JRE R, SRR KA TR )R
P AT R R E, RS T RS TR
NP FIANAE N5 1A R . 45 R o
H AT RS B AT AT IX I IR A B A

BATWTEZVIE N, R TAEAR X
SRR B AN IR, WHE— A4 AR X
RANFIFFFRFAE. aupLE N5 7 P51 FAE SR 2
TIEREDC, RS FIEAN R . KA
BPRREA S FERNZERANT, PRI NS
TREERFPI SR B LA, 53T R A~ Sk
B HERORRS AE T ERE, R U AR E X
sk, DURf 2 B A sl H R 5 AR (BIC) 45 15 )R]
REAE EAN P IR S UL S i 791 2 15 5 e
HMBREm A, ZKEHGE TP TAENER. A
SR FT I I FEASBSOE RN, DU fEE——
FEXSREI K2, A e it L XTI R (22 et AT 4k
ZIACELRS, 0 S dUR R 2 ) 2 oA R PRI 20 4 ik
WA T3 A, WA EIEIE N 4,

2 % x M

[1] Scott W R, Alexei F, Walter G. Large-scale comparison of intron
positions in mammalian genes shows intron loss but no gain. Proc
Natl Acad Sci USA, 2003, 100(12): 7158-7162

[2] Elodie G, Tomas M B, Olga F, et al. Patterns and rates of intron
divergence between humans and Chimpanzees. Genome Biol, 2007,
8(2): R21.1-R21.13

[3] John S M, Michael J G. The evolution of controlled multitasked

gene networks: the role of introns and other noncoding RNAs in the



« 1014 » M E SR HR

Prog. Biochem. Biophys. 2010; 37 (9)

development of complex organisms. Mol Biol Evol, 2001, 18(9):
1611-1630

[4] Ajit N, Shlomo H M, Meliss J M. A quantitative analysis of intron
effects on mammalian gene expression. RNA, 2003, 9(5): 607-617

[S] Gabriel M 1, Pierre N, Peter D K, et al. Intron size and exon
evolution in Drosophila. Genetics, 2005, 170(1): 481-485

[6] Comeron J M. What controls the length of noncoding DNA?. Curr
Opin Genet, 2001, 11(6): 652-659

[7] Petrov D A. DNA loss and evolution of genome size in Drosophila.
Genetica, 2002, 115(1): 81-91

[8] Bartolome C, Masidex, Charlesworth B. On the abundance and
distribution of transposable elements in the genome of Drosophila
melanogaster. Mol Biol Evol, 2002, 19(6): 926-937

[9] Bergman C M, Krettman M. Analysis of conserved noncoding DNA
in Drosophila reveals similar constraints in intergenic and intronic
sequences. Genome Res, 2001, 11(8): 1335-1345

[10] Maswell E S, Fournier M J. The small nucleolar RNAs. Ann Rev
Biochem, 1995, 64: 897-934

[11] Mattick J S. Non-coding RNAs: the architects of eukaryotic
complexity. EMBO Rep, 2001, 2(11): 986-991

[12] Petrov D A, Sancster T A, Johnston J S, et al. Evidence for DNA
loss as a determinant of genome size. Science, 2000, 287 (5455):
10601062

[13] Castillo-davis C I, Mekhedov S L, Hartl D L, et al. Selection for
short introns in highly expressed genes. Nat Genet, 2002, 31 (4):
415-418

[14] Preahumwat A, Devincentts L, Palepoli M F. Intron size correlates
positively with recombination rate in Caenorhabditis elegans.
Genetics, 2004, 166(3): 1585-1590

[15] Maki Y, Hung D N, Naoya K. Intron dynamics in ribosomal protein
genes. PLoS ONE, 2007, 2(1): e141

[16] Duret L. Why do genes have introns? Recombination might add a
new piece to the puzzle. Trends Genet, 2001, 17(4): 172-175

[17] Halligan D L, Keightley P D. Ubiquitous selective constraints in the
Drosophila genome revealed by a genome-wide interspecies
comparison. Genome Res, 2006, 16(7): 875-884

[18] Lejeune F, Maquat L E. Mechanistic links between nonsense-
mediated mRNA decay and pre-mRNA splicing in mammalian
cells. Curr Opin Cell Biol, 2005, 17(3): 309-315

[19] Baker K E. Nonsense-mediated mRNA decay: terminating erroneous
gene expression. Curr Opin Cell Biol, 2004, 16(3): 293

[20] Cheng H, Dufu K, Valencia P, et al. mRNA Export [J/OL].
Encyclopedia of Life Sciences [2007-09-28]. http://onlinelibrary.
wiley.com/

[21] Cheng H, Dufu K, Lee B, et al. Human mRNA export machinery
recruited to the 5' end of mRNA. Cell, 2006, 127(7): 1389-1400

[22] Reed R, Cheng H. TREX, SR proteins and export of mRNA. Curr
Opin Cell Biol, 2005, 17(3): 269-273

[23] Masuda S, Das R, Cheng H, et al. Recruitment of the human TREX
complex to mRNA during splicing. Genes Dev, 2005, 19 (10):
1512- 1517



2010; 37 (9) BNKE: SHaERERERAS TSHEMRDFIIRBEER * 1015«

Interactions Between Introns and Corresponding Protein Coding Sequences
of Ribosomal Protein Genes in C. elegans”

ZHAO Xiao-Qing, LI Hong™, BAO Tonglaga
(School of Physical Science and Technology, Inner Mongolia University, Hohhot 010021, China)

Abstract Intron as a kind of non-coding DNA is rich in eukaryote genomes. The functions and involution
mechanisms are not very clear besides the splicing. It was thought that introns play a very important role in
maintaining and regulating the functional mRNA structure after splicing in the process of mRNA export and
translation elongation, etc. Moreover, intron sequence and its corresponding coding sequence are existed
interaction or co-evolution relations. The relations between intron sequences and its corresponding coding
sequences were studied. For the C. elegans ribosomal protein genes, 85 genes were selected from RPG (http:
//www.cbi.pku.edu.cn/chinese/mirrors.html). The intron sequences were divided into first introns, second introns,
other introns, short introns, and long introns and the corresponding coding sequences were divided into exons and
all protein coding sequences (CDS), then the matching local alignment between introns and the corresponding
coding sequences were done with Smith-Waterman local alignment software. The results show that there are really
the interaction regions in introns when it is aligned with coding sequences. When intron sequences are aligned with
CDSs, the significant interaction regions for the first intron and the other intron are located in about 15%~ 55% of
intron length and it is located in about 30% ~80% of intron length for the second intron. The distribution of
interaction regions for short introns is similar to the distribution of the first introns. For long introns, there are two
significant interaction regions. The first peak region is located about 15%~ 30% of intron sequence and the second
peak region is located about 54% ~ 78% of intron sequence. When long introns are aligned with exons, there is
only one peak region. It is located in about 5%~ 20% of intron upstream region. When CDS are aligned with every
kind of introns, it was found that there are many interaction regions and forbidden regions in CDSs. It was also
found that there are two common forbidden regions in the CDSs, they are located at the 10% and 80% of coding
sequence. The distribution of interaction regions for the first introns is different from the second introns. When
compared the distributions of long introns aligned with CDS and aligned with exons, it can be concluded that the
segment of the first peak region are acted on the inner exon segment, the segment of the second peak region are
acted mainly on the exon-exon junction regions. Furthermore, there are many peak regions and forbidden regions
which are distributed in protein coding sequences. It is speculated that the forbidden regions may be the combined
regions of protein complex. In a word, all of the intron sequences besides the 5' end and 3' end correlate closely
with their corresponding coding sequences or the two kinds of sequence segments are existed co-evolution relation.
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