Dependence between lengths and phases of introns
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SUMMARY LENGTHS OF ADJACENT INTRONS ARE DEPENDENT LONG INTRONS and PHASE 1
We have studied regularities in exon-intron structure in 17 complete genomes The tables below show that an intron adjacent to a long intron tends to be long 05 It is well known that
of various taxa related to intron lengths. Unlike to regularities related to and an intron adjacent to a short intron tends to be short. The regularity take 0.45 = = ———— the majority of
intron phases, these regularities have not been carefully studied yet. The main place for all thresholds and species. N '“'“"“‘“"“"““‘""'*”""::jj"’j"'j’jf_’fi‘::'i'::f»c;.:r:-u-=-~sc-:::-r:-*av-*:iif;‘.‘:-‘x-‘-fi;-f-~-«--~-"""“" T introns have phase 0.
results are as follows. = However, we show
Moreover, the “probability” that an intron adjacent to two long (short) introns BT that it is not true if

1. Part of introns of phase 1 increases and part of introns of phase 0 decreases
with intron length. The effect was shown for all considered species. E. g.
introns of phase 1 comprise 31% of all introns of H.sapience, 33% within
introns of length > 5000 (Z-score 12.1) and 36% within introns of length
> 20000 (Z-score 14.5).
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1s also long (short) 1s greater than the analogous probability for neighbors of
one long (short) intron.

we restrict ourselves

025 | with long introns

Homo Sapiens 0.2 =

0.15 ~ The effect is statis-
Parts (see ordinate axes) of introns of phase 0, 1 and 2 tically Signiﬁcant and

respectively among all mammalian introns of length greater than

Threshold | % Short

2. A neighbor of a long (short) intron tends also to be long (short) intron. The 150 10,17 017

effect was demonstrated for various species and cutoffs. E.g. for human 1000 | 40,2% "% 1 a given threshold X (value X 1s given on the abscissa axes). takes d p lgcet for all
: . considere axons.

enome and cutoff 1500 bp. the genome contains 51% of short introns. the 0

2 b 2 /o ’ 1500 | 51,0% = One can also see that

empirical probability to find short intron after another short intron 1s 65% and

. . . : o | 78.1% | 83.2% | 75.1% | 79.2% | 29.8% | 46.4% | 54.6% | 50.6% | 615% | | =TT NSO IROOeRREe®e 2 ORISR REERRt art of long 1ntrons
to find short intron after two short introns 1s 75%. For long introns the J000 | 70,27 P 2

corresponding values are 49%, 62.5% and 68%. Along with the above 5000 | 81,5% grows from ants 1o

. . L . E— humans (see Figure
observation that long introns tend to have phase 1, this 1s in accordance with 0 i

. . . 10000 | 91,0% below, the threshold

the effect of chains of symmetric exons presented of phase 1 presented in N sz NN for 1o 191 o introns here is

. 20000 | 96,0% | -
[Long M et al (1995) PNAS,92:12495-9.]. i ﬁ 5000). The excess of
100000 | 99,67 A. carolinensis may be

3. Histograms of intron length do not decrease monotonically but contain

0.15 A
“tableland regions” of two types: “close” region 1s situated close to the peak A J caused by duplications

of the histogram and 1s relatively short (up to 100 bp), “far” region occupies Threshold | %Short| S->S | §§->§ | S<-§ | S<=S8§ | %Long| L->L | LL->L | L<-L | L<-LL in the genome.
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intron lengths from several hundreds bp and is much longer. Different 150 | 71,52% |80,17% |84,59% | 73,36% | 75,08% | 28,48% | 44,86% | 53,71% | 54,44% | 66,30% /// (L) | Phase1  Z7Score
genomes may contain one of tableland regions or both. 0 31.4%

Drosophila Melanogaster
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1000 | 89,53% | 92,43% | 93,64% | 87,73% | 87,24% | 10,47% | 26,88% | 36,84% | 38,55% | 54,26% ?\7

1000 | 31,8% | 59

1500 | 92,12% | 94,19% | 95,15% | 90,03% | 89,46% | 7,88% |23,17% |29,77% | 35,12% | 48,29% 500 | 3219 Y
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THE GENOMES 3000 | 95,54% | 96,70% | 97,31% | 93,67% | 93,13% | 4,46% | 18,82% | 25,66% | 31,41% | 48,09% SN T O T - O N N O B O O 3000 | 32,5% | 10,6
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The table shows a list of analyzed genomes and characteristics of 5000 197,39% | 98,01% | 98,32% | 95,67% | 95,04% | 2,61% | 14,55% | 19,55% | 27,57% | 43,21% R B A I - 000 T aian T a1
their introns 10000 | 98,90% | 99,10% | 99,26% | 97,68% | 97,19% | 1,10% | 9,16% | 16,39% | 20,93% | 38,46% 50000 | 3579 | 143
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Number number of
of genes introns per

TABLELANDS WITHIN THE LENGTH HISTOGRAMS

Number
Species of

introns sene Boig Anolis Caroli : 0023 Gallus Gall 1H Sani Common knowledge: Histograms of intron lengths have the peak
nolis Carolinensis allus Gallus and Homo Sapiens - ~
Apis mellifera Insecta 45062 ﬁ P ocCupying range of ‘-engths ~3 Obp — 15 Obp :
. 0.012 .
DRTSEIE E IO HHSCE 2iclly - M New observation: Two tablelands to the right of the peak range can be
I;?io?}a—“mpenms inse"ta ‘3‘3(8)41:3‘ found in the histograms of many species: the “close” (to the peak) and
Dn olium_castancum (?Ste(?t?lth e - the “far” one. The histogram of A.carolinensis contains both tableland
anio rerio SLIC1C CS . . . . .

= — e oo1s regions. The close one 1s ~160-240 bp (the close region 1s relatively
Xenopus tropicalis Amphibia 106488 0.008 \ . : :
Aol . - short); the far one 1s ~500-1000 bp. Other species may have only one of

nolis carolinensis Reptilia 94900 , , ,

Gallus_gallus Aves 104878 the regions. E.g. birds have pronounced far region but very short

_ o L1 L R
Meleagris gallopavo Aves 653907 \ oo (20 bp) close regions; it 1s hard to distinguish it from the far one.
Taeniopygia guttata Aves 79129 \ Human genome has pronounced short region (~150- ~200bp) but the

= , | | Gallus Gallus SRS

Mus_musculus Mammalia 142412 T s AT i \nan s ;ﬁff\f far tableland (~400 bp - ~500bp) is significantly less pronounced than
Canis lupus familiaris Mammalia 119018 AP ooos J\\/\ MNA - the far region 1n birds histograms. As to our knowledge the far tableland
Sus scrofa Mammalia 100849 0002 rarn, m\-ﬂ-«,wf “‘*"vf\»\,\,_\_\w\“ was reportd inly for D. rerio 1n [S. P. Moss et al. (2011) Genome Biol.
Callithrix_jacchus Mammalia 101376 Homo Sapiens T weeseon Byol., 3:1187-1196 ] and explained by duplication events. The
Pan_troglodytes Mammalia 117872 T D ER AR ETY AR 8RR xR s S S SaamaT TP 2R EF TR RCERE R8RS ECSE S am R T TFaon F.KondrashOV[personalcommunication].
Homo sapiens Mammalia 120750




