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ALTERNATIVE SPLICING AND READING FRAME
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1st codon position

[ ] 2nd codon position

[l 3rd codon position
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Mutually exclusive exons: the same remainder of division by three 1
Independent (cassette) exons: the length 1is divisible by three



INITIAL DATA

Our colleagues collected all annotated exons in the human
genome (further - masters) and found all sequences similar
to these exons in the same genes (further - copties).

This yielded a table of ~30 thousands of master-copy pairs
having identity of 55-95%. We calculated and explored
various properties of these pairs.

Disclaimer: we do not know which exon in a pair emerged
first in evolution.



COPIES CLASSIFICATION: & CLASSES

yes / Is the copy an \ no
konnototed exon’?J
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Do the master and the Is the copy supported
copy form a known by transcriptome
mutually exclusive pair? data?
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00D EXONS TEND TO HAVE LENGTH DIVISIBLE BY THREE -
EXCEPT FOR MUTUALLY EXCLUSTIVE EXONS THAT DO NOT CARE

annotated

Colours denote exons by reminders of division by three (see the legend).
Preference of zero reminder may be explained by maintaining the coding
frame regardless of the exon’s inclusion or exclusion. q




(OOD COPTES TEND TO HAVE THE SAME REMAINDER MODULO THREE
AS THE MASTERS

This could help the copy to be used instead of the master.



MUTUALLY EXCLUSIVE EXONS ARE CONSERVED.
BAD COPTES ARE LESS CONSERVED THAN MASTERS
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Left - conservativity of copies. Right - the difference in conservativity between masters and copies.
Conservativity is defined as the average (over exon length) value of the phyloP track.




AMONG TWO COPTES OF THE SAME MASTER, THE GOOD ONE TENDS TO HAVE
LARGER CODING POTENTIAL AND BE MORE CONSERVED
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. indeed, there are more dots below the diagonal than above. Each dot
represents a pair of copies for one original. The X axis is the analyzed
value for the good copy ; the Y axis is the value of the bad one.



SOME FREQUENTLY DUPLICATED PROTEIN DOMAINS

*CONTAINS LOT'S OF CONSERVED CYSTEINES

SRCR* Binds to ligands (involved in immune response)
FXa_inhibition A short domain of coagulation enzyme factor Xa
Ldl_recept_a Cell surface receptors
hEGF* hEGF involved in growth and proliferation of cells, in proteins of neurogulin and selectins
TILa* Occurs along side the TIL PF01826 domain and is likely to be a distantly related relative

Myb_DNA-bind_4

Greatly expanded in plants and related to transposons

TIL* Trypsin Inhibitor, found in many extracellular proteins

fn1* Fibronectin type | domain involved in fibrin-binding

fn2* Fibronectin type Il domain, collagen-binding
EGF 3 Includes the C-terminal domain of the malaria parasite MSP1 protein
GATA* Binds to DNA. Two GATA zinc fingers are found in the GATA transcription factors

Cc8* Found in disease-related proteins including von Willebrand factor, Alpha tectorin, Zonadhesin and Mucin
Sushi Found in variety of complement and adhesion proteins




0BVIOUS (AND NOT S0!) CORRELATIONS AMONG THE PARAMETERS

*%SEE SLIDE 1k FOR THE COMPLETE LIST OF PARAMETERS MEANINGS

‘i
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ePl qjunc_| qjunc_r tjunc_| tjunc_r q_cod_pot q_avg_cons t_cod_pot t_avg_cons q5ss_score q3ss_score t5ss_score t3ss_score correlation cod_pot_dif
ePl -0.311 -0.295 -0.323 -0.316 -0.27 n
qgjunc_| -0.311 0.897 0.155 -0.102 0.134 -0.132 0.177
qjunc_r -0.295 0.897 - 0.147 -0.164 0.14 -0.141 0.181
tjunc_l -0.323 - 0.908 0.14 -0.1 0.163 -0.087 0.189
tjunc_r -0.316 0.227 0.15 -0.113 0.152 -0.143 0.2
q_cod_pot -0.27 0.211 0.237 0.229 0.227 0.327 0.341 0.377 0.093 0.096 0.093 0.117 0.238
:— 0327 0383 o167 017 o2t | oz
t_cod_pot -0.266 0.235 0.235 0.223 0.249 0.341 0.383 0.319 0.087 0.126 0.084 0.083 0.24
t_avg_cons 0.319 0.164 0.127 0.129 0.177 0.258
g5ss_score -0.118 0.155 0.147 0.14 0.15 0.093 0.135 0.087 0.164
gq3ss_score - -0.102 -0.164 -0.1 -0.113 0.096 0.187 0.126 0.127
t5ss_score -0.115 0.134 0.14 0.163 0.152 0.093 0.17 0.084 0.129
t3ss_score - -0.132 -0.141 -0.087 -0.143 0.117 0.121 0.083 0.177 0.07
correlation -0.315 0.177 0.181 0.189 0.2 0.238 0.271 0.24 0.258 0.064
cod_pot_dif




EXPRESSTONS OF ALMOST ALL MASTER-COPY PAIRS ARE POSITIVELY CORRELATED IN 16
TISSUES. ONE OF RARE EXCEPTIONS IS THE GENE NBPHLD

chrl_145341648 145341821 + chrl_145349562 145349735 _+

Each dot represents a tissue. The X axis shows expression of the master,
the Y axis shows expression of the copy. If the master 1is expressed, the
copy is not, and vice versa. 10
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The anti-correlated exons are shown with red rectangles. The first

one anti-correlates with the second one and with the third one.



10 TAKE HOME:

\7

Human genes often have duplicated exons.

Some of them are incorporated in transcripts,
some are not.

Good (functional) copies are different from bad
(non-functional) ones: they more often have
length divisible by 3, have stronger coding
potential and are more conserved.

1)
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A*DEFINITIONS

ePI - the level of identity of the master and the copy

qjunc_1 - the number of reads supporting the 5’-splice site of the master
qjunc_r - the number of reads supporting the 3’-splice site of the master
tjunc_1 - the number of reads supporting the 5’-splice site of the copy
tjunc_r - the number of reads supporting the 3’-splice site of the copy
qg_cod_pot - coding potential of the master

g_avg_cons - average conservativity of the master

t_cod_pot - coding potential of the copy

t_avg_cons - average copy conservativity of the copy

g5ss_score - the copy’s 5’-splice site strength

gq3ss_score - the copy’s 3’-splice site strength

t5ss_score - the original’s 5’-splice site strength

t3ss_score - the original’s 3’-splice site strength

correlation - correlation between the expression levels of the master and the
copy (in 16 tissues)

cod_pot_dif - difference of the coding potential of the master and the copy



