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RNA splicing and it’s sequence 

features

https://en.wikipedia.org/wiki/RNA_splicing

http://www.cureffi.org/2015/10/09/is-prnp-mrna-alternatively-spliced/



Identification of splice sites with a PSSM

Pseudocount +1

Frequency



Identification of splice sites with a PSSM

TCCTGTCCCAGGTAGGGAA

score = 5.11

Probability

Log observed/expected ratio

Number of As at position 1
Total number of sequences at position 1

 = 
4

14
= 0.29

𝑙𝑜𝑔(
𝐴𝑐𝑡𝑢𝑎𝑙 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝐴 𝑎𝑡 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 1

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝐴 𝑎𝑡 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 1
)= log(

0.29

0.25
) = 0.13



$ cd [User_Folder]
$ mkdir session13
$ cd session13

Basic Shell Commands



Constructing a PSSM

$cp /home/biguser/tutor/session13/splice5.txt .
$less splice5.txt



Constructing a PSSM

$ vi make_matrix5.py



Constructing a PSSM

$ python make_matrix5.py splice5.txt

1 2 3 4 5 6 7 8 9

C A G G T A G G G

C A G G T A A C A

A A G G T A A G T

G A G G T G A G C

G A G G T A A A C

A A A G T A A G G



Constructing a PSSM



Constructing a PSSM

$ python make_matrix5.py splice5.txt

1 2 3 4 5 6 7 8 9

A 3 7 2 1 1 6 6 2 2

T 1 1 1 1 7 1 1 1 2

C 3 1 1 1 1 1 1 2 3

G 3 1 6 7 1 2 2 5 3



Constructing a PSSM

𝑙𝑜𝑔2(
𝐴𝑐𝑡𝑢𝑎𝑙 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑛𝑢𝑐𝑙𝑒𝑜𝑡𝑖𝑑𝑒 𝑎𝑡 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝐽

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑛𝑢𝑐𝑙𝑒𝑜𝑡𝑖𝑑𝑒 𝑎𝑡 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝐽
) = 

𝑙𝑜𝑔2(
𝐴𝑐𝑡𝑢𝑎𝑙 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦

0.25
) = 𝑙𝑜𝑔2(𝐴𝑐𝑡𝑢𝑎𝑙 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦*4) 

𝑙𝑜𝑔𝐵

𝑙𝑜𝑔𝐴
= 𝑙𝑜𝑔𝐴𝐵



Constructing a PSSM

$ python make_matrix5.py splice5.txt

$ python make_matrix5.py splice5.txt > matrix5.txt

1 2 3 4 5 6 7 8 9

A 0.26 1.49 -0.32 -1.32 -1.32 1.26 1.26 -0.32 -0.32

T -1.32 -1.32 -1.32 -1.32 1.49 -1.32 -1.32 -1.32 -0.32

C 0.26 -1.32 -1.32 -1.32 -1.32 -1.32 -1.32 -0.32 0.26

G 0.26 -1.32 1.26 1.49 -1.32 -0.32 -0.32 1.0 0.26



Scoring with a PSSM

$ cp /home/biguser/tutor/Week13/session13/amyloid.fa .
$ less amyloid.fa



$ vi score5.py

Scoring with a PSSM

:

:



Scoring with a PSSM

$ python score5.py matrix5.txt amyloid.fa

$ python score5.py matrix5.txt amyloid.fa > score5.txt



Visualization with R

$ cp /home/biguser/tutor/session13/score3.txt .
$ cp /home/biguser/tutor/session13/amyloid.r .
$ vi amyloid.r



Visualization with R

$ Rscript amyloid.r
Open “Rplots.pdf”



Exercise

 When you construct a PSSM, you divided observed 
frequency by expected frequency (Mij = log(Fij/Fexp), Fexp = 
0.25). In real, however, those four bases (A, C, G, T) are not 
evenly distributed across a genome, which means that 
expected frequencies for each base are not equally 0.25 
(1/4). It would be much more precise to use ‘observed 
frequency across the matrix’ (Mij = log(Fij/Fexp), Fexp = Pi/Total P, 
i=(A,C,G,T)). Correct a Python script ’make_matrix5.py’ to 
calculate Mij which is divided by ‘observed frequency across 
matrix’.

Fexp = Pi/Total P, 

i=(A,C,G,T)
Log-odd: log(Fij/Fexp)



Exercise
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