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Yriapyouv U0 TPOTIOL YLa VAL KATOLOKEUAOETE TO OXEOLAOMO EVOC
AOYLOULKOU: 0 £vaC €lval va TO KAVETE TOCO ATTAO WOTE MPOPOVWCE Val
LNV UTTAPXOUV eAaTTWMATA, Kol 0 AANOC €lval va TO KAVETE TO0O
TTOAUTTAOKO WOTE VoL LNV gival tpodavn ta EAATTWHOTA.

C. A. R. Hoare



Baowkn apxn tng Python eival 6tL 0 xpovog Tou MpoypaUUATIOTA
r o P th n : glval TOAU GNUAVTLKOTEPOC ATIO TOUG KUKAOUG LLNXAVAG KOL TOV
IGTI y O ) amaAAAOCEL OO TIG XAUNAOU eTUMESOU AEMTOUEPELEG TTOU

npEneL va ¢ppovtiost otn C/C++ 1), we €va Babuo, otn Java.

* EUKOAN otnVv ekpadnon

* JUVTOKTLKN ATTAoTnTO

* YITOXPEWTLKA 2TOlXloN

* Aopec Aedopevwy

* [Awooa vPnAou enumedou

* ALEPLLNVEVOUEVN

* Emektaolun

e AVTIKELLLEVOOTPEDNC

e Juvduaopoc Mpoypappatiotikwy Mopadelypatwy
* Extetapevecg BLBAL0BNKkec (modules)
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Online

Python IDE

hit

0:/lrepl.itlanguages/Python3

@ - O repl.it - Python3 - Mozilla Firefox

J @ repl.it-Python3 x lq}
(@2 repl:it
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$ #
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languages examples
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Python 3.4.0 (default, Apr 11 2014, 13:05:11)
[GCC 4.8.2] on linux

YPOMHIN EVIOAWV
(GiaAoyIKr GANAETTIOPOIoN)

API

about us

about Python3 help


http://repl.it/languages/Python3

[1aTi IDE;

* Quickly navigating

* Compiling and managing lib dependencies

* Debugging

e Refactoring and performance hints

* Automatic code generation

* Organise imports (automatically adding appropriate imports)

* Warning-as-you-type (i.e. some errors don't even require a compile cycle)

» Keeping a view of files, errors/warnings/console/unit tests etc and source
code all on the screen at the same time in a useful way

* Integrated source control
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['1aTi IDE;
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‘Exkdoon 2 - 3

7 /4=1.75 (kat o el81KOC TeAeotnC // mMAEov adopd aplBUNTIK aKEPAiwV)
e Ektetapevn xpnon Mevvntopwy ya KAAUTEPN Xprnon Hvnung.

* H print €ywve cuvaptnon
* Exboon 2 print “Hello world”
* Exboon 3 print(“Hello world”)

* Ot BPAL0BNKec avadlopyavwOnkav
* EUKOAN vutootnpén Unicode
e Kat dtadpopec aAAec aAAayEC

https://wiki.python.org/moin/Python2orPython3



‘Ekboon 2

Hello Worl .

ello World print 'Hello world'
Y1rédpxouv U0 JIaPOPETIKEG Ekdoo N 3

ekdooelg Python. Tooo n Python . : -
2 000 Kkai n Python 3 prlnt( Hello world )

XPNOIMOTTOIOUVTAl 0€ OAOKANPO
TOV TTAQVATN. H TTI0 ONUAVTIKA
dlapopa peTAcu Twyv dUO €ival o
TPOTTOC ME TOV OTTOIO YPAPETAl
Mo ONAWON EKTUTTWONC.



Handling Errors

print "How do you make a hot dog stand?"
print You take away its chair!

AV 0 KWOIKAC OAC EXEIC
eva opaApa n Python Ba To
EVTOTTIOEI, TO TTPOYpauua Ba File "script.py", line 1
OIOKOTTEl ATTOTONa  Kal  Ba print("How do you make a hot dog stand?')
EMPAVIOTEI  Eva  pAvUUA
o@aAparoc Tou Ba  oag
EVNMEPWVEI KATAAANAC

SyntaxError: EOL while scanning string literal




MeTaBANTEC
INt
float
bool

Str

Intl=1

int2 =10
Int3 =-5
pi=3.14
floatl = 10.
float2 =-5.5
# this evaluates to 150:
float4 = 1.5e2
DNA= 'CCATTGA'
a = True

b = False

[TOAAQTTAN eEKXwWpPNon
a=b=c=0
name, age = 'AAav’, 13



Baoikoi TeAeOTEC

* [lpboBeon (+)

* Agaipeon (-)

» [loAAaTTAQCI00UOC (¥)

* Alaipeon (/)

» Alaipeon otpoyyulotroinuévn (//)
* “Yywon og duvaun (**)

* YmréAoirro(modulo) (%)

NMpoooxn oTnV TTPOTEPAIOTNTA

* ‘loo pe (==)

* Alagpopo atro (! =)

* MeyaAutepo atd (>)

* MikpoTepo atrd (<)

* MeyaAuTepo ry ioo pe (>=)
« MikpoTepo 1) ioo pE (<=)

Api1OunTIKOI

+ - * [ ] %
>>>120// 13

9

>>> 13 ** 3

2197

>>> 15 % 2

1

>>>100/6

16

>>> float(100) / 6
16.6666666667

Aoyikoi

and or not
>>>3=5
>>>p=4
>>>a>b
True
>>>Cc=6

>>>a>banda>c
False

2UYKPITIKOI

> >z < <= == 1=

[To16v TeAEOT Ba XPNOIMOTTIOINCOUE VIO VA EAEYCOUME AV
10 1398 diaipegiTal akpIBwc atrd 10 117?



money_in_wallet=40
sandwich_price=7.50
sales tax=.08 * sandwich price

EvnueEpwaon

UETARANTWYV

sandwich_price+=sales_tax
money_in wallet-=sandwich_price

ABpoIoTAG

sum+=X < sum =sum + X

MeTpnTAG

count +=1 <& count=count + 1



# OXOALO pLaG YPOUMNG

OoXOALO
TTOAAQTIAWV
YPOUUWV



MeTaTpotry TutToU

(casting)

numberl = "100"
number2 ="10"

string_addition = numberl + number2
#string_addition now has a value of "10010"

int_addition = int(humber1) + int(humber2)
#int_addition has a value of 110

string_num ="7.5"
print int(string_num)
>>> 7

print float(string_num)
>>>7.5

product = 0.25 * 40.0
big_string = "The product was "+str(product)



Aoun EmmAoync

n otoixion AEN
gival TTPOAIPETIKN
gooxN =
EMP WAEUON

UNV TTOPOAEITTETE TO
OUUBOAO :

if cuvBnkn:
EVTOAEC

if cuvOnkn:
EVTOAEC

else:
EVTOAEC

if cuvOnkn:
EVTOAEC

elif cuvOnkn:
EVTOAEC

else:
EVTOAEC

True @ False

print 'greater’

print 'not greater’

Y

print 'done’




if x> max:

Aopn EmmAoyng max = x

ifx>vy:
max = X

else:
max =y

print max

TTapadEiyuaTa

if x=="A":
dnaA +=1
elif x=="C":
dnaC+=1
elif x=="G":
dnaG +=1
elif x=="T":
dnaT +=1
else:
print "To cUpuBoAo Sev uttapyxel oto DNA"



AO “ ﬁ for petaPAntn in akoAouBia:

E'IT(]VC'X)\HLW]Q EVTOAEG

foriin range(10):

for

print i, end=

nfor dlaTpéxel TaoToixeia 0123456789

MIaG akoAouBiag (TT.X. MIag
oupBoAooceipdc

A Liac NioTac) foriin range(5,50,10):

print i, end=
ouxvd nfor xpnoigoTrolgital 515253545
o€ oUuvOUOOUO UE TRV aKoAouBia range
range(a,b,step) for cin "ACCTTCGT"

10 b AEN print ¢, end="-
OUMTEPIAQUBAVETAI OTNV aKOAouBia A-C-C-T-T-C-G-T-



Aouﬁ while cuvBnkn:

eVToAn(&g)

ETravaAnyng

num = 10
while num !=0:
sum += num
print sum

while

O1 Bpdyxol while ~ count=0
Oa ekTeAoUvVTAl CUVEXWC 00O while count < 5:

TTANPEITAI I GUYKEKPIYEV print count, " is less than 5"
P - VICEEP “, i count = count + 1
ouvenkn.

else:
print count, " is not less than 5"

flag=1
while (flag): print 'Given flag is really true!’
print "Good bye!"



break Letter : t

AO < for letter in 'Python': Letter : P
“ r] if letter =="'h": Letter :y

E-ITanAn LIJ r] g print 'Letter :', letter Number :

var =10 Number :
Number :
Number :
Number :

Good bye!

while var > 0:
print 'Number :', var
var =var -1
O1 eVvTOAEGQ eAEyXOU BpOXoU  ifvar==5:
break
print "Good bye!"

Loop Control Statements

aAAGlouVv TNV EKTEAEON ATTO TNV

KavoVvikn akoAouBia.

continue Number :
Number :

Good bye!

s 1, Letter : P

fo'r letter in 'Python': Letter :y

if letter =="'h": Letter : t

H break xpnolyotrolgital yia mn continue Letter : 0

, , , print 'Letter :', letter Letter : n
OIAKOTIA YIaG EVTOANG BpOXOU. - Number : 9
var =10 Number : 8
while var > 0: Number : 7
. , print '"Number :', var Number : 6
H continue XpnolyoTroIEiTAl YIA VO _ Number : 4
var = var -1 Number : 3
TTapaAeiyel TIC eTTOPEVEG EVTOAEC  ifvar==5: Number : 2
1
0]

TNG TPEXOUTAG ETAOYNG. it "Good byel"




ZUVG pTr’]O'£|§ def functionname( parameters ):

function_body
return [expression]

(Functions)

defadd(a,b):

] ) c=a+b
Mia ocuvaptnon TTPETTEI VA return c

EXElI OPIOTEI TIPIV orint (add(2,3))
XpnoiyoTtroinocei.
# Function definition is here

Mia ouvdptnon ptropsi va def printme( str ):
emISExETAI TTOAG opicuaTa. "This prints a passed string into this function”
print str
return

Ta ammoteAéopara

ETTIOTPEPOVTAI PE TNV # Now you can call printme function
return printme()



AOUEC

AEOOUEVWV

2UuBoAooceIpEGg

(Strings)
NioTec Me tov 0po 6opn 6€60UEVWV EVVOOULE TOV
List Tporo anodnkevonc 6edopeEvwy,
(Lists) OpyavVwHEVA Kal Bacl{Opeva O€ TILO OTAOUG

MAg100ES  tynouc Sedopévwy
(Tuples)
AeIka
(Dicts)



ZU“ﬁO)\OO'Ejpég >>>word = "PROTEIN"

(strings) o 4
7 6 -5 3

Immutable  >>>varl ="'Hello World!"
[a:b:step] >>> var2 = "Python Programming"
>>> print varl[0]
H
>>> print var2[1:5]
ytho
>>> print var2[:5]
Pytho
>>> print varl[::4]
Hor



ZU H ﬁO)\OO-EH pég >>> str = "Molecular” + "Biology"

>>> print(str)
Molecular Biology

(strings)

>>>"A" * 10
AAAAAAAAAA
TeAeoTég + * in

SuvapTnon len()
>>> "Biology" in str
True
>>> "DNA" in str
False

>>> len(str)
14



2 UJBoAoOEIpEC temp = ‘Python’

! for letter in temp: # First Example
(Stn ngS) print 'Current Letter :', letter
Current Letter: P

Current Letter :
Current Letter :
Current Letter:
AIQOXION  Current Letter :

Current Letter :

S5 0O O <

foriinrange(len(temp)): # Second Example
print 'Current Letter :', letter]i]

>>> seq = 'GUUAGCUAUG'
>>> print seq

AvTIOTpO®N (reverse) >>>printseq[::-1]
GUUAGCUAUGA

AGUAUCGAUUG



2 UJBoAoOEIpEC

(strings)

MEBodoI

str = '"ACCTTCTGGGAAA'
count(str, beg= 0,end=len(string))
str.count('A')

replace(old, new [, max])
str.replace('T’, 'U")

split(str="", num=string.count(str))

str.split()

find(str, beg=0 end=len(string))
str.find('ACC")

str.isupper()

len(string)
len(str)



mutable

O1 ANioTeg gival n anUaAvTIKOTEPN ATTO TIG
ouvOeTeC dopEC dedopEVWY TnG Python

>>> k = ['ATA",'ATC','CAT', 'CCA']

0 1 2 3
ATA ATC CAT CCA

-4 -3 -2 -1
>>> print k[0] (Mpwto otolxelo)
ATA
>>> print var2[1:2]
['ATC','CAT']
>>> print k[-1] (TeAeutaio otolkeio)
CCA

listl = ['physics’, ‘chemistry', 1997, 2000]

len([1, 2,3]) =3 (MgyeBoc)
['Hi!'] * 4 =['Hil', '"Hi!', 'Hi!", 'HiV"] (EmavaAndn)
[1,2,3]+[4,5,6]=1[1, 2, 3,4,5, 6] (Xuvbvacpoc)



NIOTEC
(Lists)

o172
data=[[A B C ] <0

[D E F] 1

[GH | ]]«2

data=[[ABC],
data[0][0] = A
data[0][1] = B
data[0][2] = C

[DEF],
[GHIT]

data[1][0] = D
data[1][1] = E
data[1][2] = F

data[2][0
data[2][1
data[2][2

]
]
]

—-—IQ



>>> k = ['ATA",'ATC','CAT', 'CCA']
>>> k[2] = "'ACC'

>>> print k

['ATA','ATC', 'ACC', 'CCA']

>>> k.append('GTC')
Evnpépwcn >>> k.insert(1,'GGG')
|iSt[] >.>> plri'ntk o - - |
NpocBRKN ['ATA', 'GGG', 'ATC', 'ACC', 'CCA', 'GTC']
list.append()
list.insert(index, Obj’) 25> del k[2]
Aaypaen ., k.remove('GGG')
del list[]] »>>> print k
list.remove(obj) ['ATA','ATC','CCA', 'GTC']
list.pop(index)



>>> k = ['CAT','ATC','CCA','ATA']
>>> print k.sort()

['ATA', 'ATC', 'CAT', 'CCA’]

>>> int = [4,8,3,1]

>>> print k.sort()

[1, 3, 4, 8]

M£Bo oI

list.sort() >>>k=['CAT','ATC','CCA','ATA",'ATC']
list.count() >>>printk.count('ATC’)
list.reverse() 2

>>> k = ['CAT','ATC','CCA','ATA']
>>> print k.reverse()
['ATA', 'CCA', 'ATC', 'CAT']



>>> dna = 'ATTTCCG'
>>> list(dna)
['A|’ lTI’ ITl’ ITI’ ICl’ lCl’ lGI]

HETATPOTIN 555k = ['CAT','ATC','CCA','ATA']
OUUPBOAOTEIPAG TE 555" join(k)

AiOTO KAl AVTIOTPOPWC CATATCCCAATA

] ] >>> |istl = ["Maria", "Lena"]
EMQWAEUPEVEG ANIOTEG 555 ist2 = [list1, "Dimitra”, "Tonia", "Python"]

>>> print mylist
["Maria", "Lena"”, "Dimitra", "Tonia", "Python"]

KaBapiopog TG AioTag >>> mylist[:] = []



I_I)\£|(’16£§ tupl = ('physics', 'chemistry', 1997, 2000);

tup2=(1,2,3,4,5);

(Tuples) SR

>>> print tup1[0]
physics
Immutable >>> print tup2[1:3]
o - (2,3,4)
Mua mAelada eival pla akoAouBia
QUETABANTWV AVTIKELMEVWY TNS Python. Ta
Tuples givat akoAouBieg, akplBwg Omwc AloTec. >>> del tup;
Ot dtadopeg petatl mMAELAd WV Kal ALloTwV i ’ .
elval, ol mAeladec Sev pmopouv va aANdéouv >>> print tup;
o€ avtiBeon pe Toug KaTaAdyouc Ko oL Traceback (most recent call last):

nAeLadeg xpnouliortmo()v napsveécljstq, ev’(b ol File "test.py", line 9, in <module>
ALOTEC XpNOLLOTIOLOUV OlYKUAEG. .
print tup;

NameError: name 'tup’ is not defined



NECIKA

(Dictionary)

TTiIVAKEC
KATATEQPUATIOMOU
(hashtables)

TTiVOKEC CUOXETIOMOU
(associative arrays)
mutable

¢euyn

KAEIOIWV: TINWV

dict = { keyl:vall, key2:val2, ...}

>>>dna={A"7'C:4,'G:2,'T:9)
>>> print dna['A']

7

>>>dna['A'] =10 (EvhpEpwon)

>>> dnal['U'] =0 (Eloaywyn)

>>> del dna['T'] (Alaypadn)

>>> dna.clear(); (Alaypadpn oAwv)
>>> del dna (Ataypadn Aeikov)

>>> print dna.has_key('A’)
True

>>> print dna.values()
[7,4,2,9]

>>> print dna.keys()

['A', 'C', 'G','T']



/\£§I K('] dna = "AATGATGAACGAC"

dinucleotides = ['AA','AT','AG','AC’,
TA'TT,'TG','TC',
'GA' 'GT','GG','GC!,
'CA"'CT','CG','CT"]

(Dictionary)

all_counts = {}
for dinucleotide in dinucleotides:
count = dna.count(dinucleotide)
if count > 0:
all_counts[dinucleotide] = count
print(all_counts)

{'AA":2,'AC": 2,'CG": 1, 'AT": 2, 'GA": 3, 'TG":

print(all_counts['TA'])

2}



Apxeia

(KEINEVOU)

Avolypa  with open(“test.txt”, "r", \encoding="utf-8") as myfile

for line in myfile:

Avayvwon lines.append(line)

lines = myfile.readlines()

Evypaoen myfile.write(“DNA")

KAgiolgo myfile.close()



import csv
with open('test.csv', 'r') as csvfile:
reader = csv.reader(csvfile, delimiter="")

Avolyua
for line in reader :
) lines.append(line)
Avayvwaon
lines = myfile.readlines()
fieldnames = ['f_name’,'| name’]
writer = csv.DictWriter(csvfile, fieldnames=fieldnames)
Eyypaen

writer.writeheader()
writer.writerow({'f name': 'John', 'l _name': ‘Tamposis'})

KA€ioIuo myfile.close()



import re (Regular expression module)

with open('test.fa’, 'r') as file:

Avolyua

for line in file:

if line.startswith('>'):
header = line
#print header

else:
H#print sequence
seq = line
motif="ML[A-Z][A-Z][IV]R"
if re.findall(motif,seq):

print seq

Avayvwaon

KA€ioIuo myfile.close()



BlBA'OeﬁKgg def greeting(name):

print("Hello, " + name)

(modules)

import mymodule

Anuioupyia

mymodule.greeting("Jonathan")

import random
log = random.randint(1,6)

Built-in Modules

import time

, , time.sleep(60)
MTTOPEITE VO EVOWNATWVETAI

OIK& ocag modules , import math
GAAWV KATAOKEUOOTWY 1 content = math.sqrt(4)

EVOWMNATWHEVA Biopython

Networkx (Biology Network)
Numpy (Lists)

Third-part modules matplotlib  (Plots)



BiBA10ONKEC

(modules)

EvkataoTaon

E Settings
Q-
~ Appearance & Behavior
Appearance

Menus and Toolbars

» System Settings

File Colors
Scopes

MNotifications

Cuick Lists
Keymap
> Editor
Plugins
» Version Control
~ Project: biopython
Project Interpreter
Project Structure

> Build, Execution, Deployment
» Languages & Frameworks
> Tools

Bitbucket Linky

Project: biopython » Project Interpreter = For current project

Project Interpreter: | % Python 2.5.0 (C:\Program Files (x86)\Python 3.5\python.exe)

v][®]

Package | Version | Latest
pip 712 » 10.0.1

setuptools 18.2 = 39.0.1

Available Packages

‘0" biopython|

]

biopython-exensions
maolecular biolagy.
Version

1.71

Author

The Biopython Contributors

mailto:biopython@biopython.org
hitp:fwww.biopython.orag/

[] Specify version
|:| Options

[ Install to user's site packages directory (C:\Userstloannis\AppData\Roaming'\Python)

| Install Package || Manage Repositories

Freely available tools for computational

0K | Cancel




Apxeia

(Alaxeipion)

MeTovopaaoia

Anuioupyia eakEAou/wv

Alaypaen
apxeiou/pakeEAou

NIiOTO TTEPIEXOUEVWV
PAKEAOU

import os (module)
os.rename("old.txt", "new.txt")
os.rename("/home/biology/old.txt",
"/home/biology/new.txt")

os.mkdir("/home/martin/python")
os.mkdirs("/a/long/path/with/lots/of/folders")

os.remove("/home/martin/unwanted_file.txt")
os.rmdir("/home/martin/empty")

for file_name in os.listdir("."):
print("one file name is " + file_name)

for file_name in os.listdir("/home/bio"):
print("one file name is " + file_name)



import subprocess (module)
subprocess.call("/bin/date")

EKTEAEON ECWTEPIKWV

TTPOYPAUUATWYV

out = subprocess.Popen(['wc', '-I, seq_file.txt'],
ExtéAeon shell evtoAnc stdout=subprocess.PIPE,
stderr=subprocess.STDOUT)

E5( n Turonownuévn £foboc epiéxelto  >Stdout,stderr = out.communicate()
>print(stdout)

3503 my_text file.txt
>print(stderr)
None

QTMOTEAECMA ATtO TNV EVTOAN Wc -l Kot to stderr
nieplexel None, kaBwg dev umapyxouv

opaApata.

Mrmopoupe otn cuvéxeta va avalvcoupe o >stdout.split()[0]
stdout yLa va Tdpoupe To amoTEAECHUO OTTO TNV 3503’
evtoAn shell oto Python



import math (module)
>> math.e

Math

(module) 2.718281828459045
>> math.pi
3.141592653589793

H BLBAL0BNKN math mapexeL TIg cuvnOLOoUEVEG >> math.log10(100)

ouVaPTNOELC AAYEBpPAC KAl TPLYWVOUETPLAC poll 20
e SLadopec otaOePEC LAONUATIKWV. :
>> math.log(math.e)
INUELWON: OL TPLYWVOUETPLKEG AELTOUPYILEC 1.0
AELTOUPYOUV O€ OKTLVLOL KoL OXL O LOLPEG. >S math.cos(math.pi)

Mropeite va petatpePeTe Ao aktivia o€ -1.0

BaBpoug pe math.degrees kat avtictpoda pe >> math.exp(1)

math.radians. 2.7182818284590455
>> math.pow(5,2)
25.0

>> math.sin(math.pi)
1.2246467991473532e-16



numpy import numpy as np
(mOd U Ie) >>x = np.array([[1,2,3],[4,5,6],[7,8,9]])

>>X.shape

To NumPy &t BepENLDS ' 3,3)
o NumPy eivat to BepeAwdeg TAKETO yLa TV .

y e HEALWBES viam >>x.ndim
ETMLOTNMOVLIKN TTAnpodopLkn He TNV Python.
Meplexel, peTall AAAwWY 2
 apowerful N-dimensional array object >>X.Sjze
* sophisticated (broadcasting) functions 9

* tools for integrating C/C++ and Fortran code

» useful linear algebra, Fourier transform, and NumPy command Note

random number capabilities a.ndim returns the num. of dimensions
a.shape returns the num. of rows and colums
arange(start,stop,step) returns a sequence vector
linspace(start,stop,steps) returns a evenly spaced sequence in the specificed interval
dot(a,b) matrix multiplication
vstack([a,b]) stack arrays a and b vertically

B Aol Ké g £VTO)\ é g hstack([a,b]) stack arrays a and b horizontally

where(a>x) returns elements from an array depending on condition
argsort(a) returns the sorted indices of an input array




matplotlib

(module)

To matplotlib eivatl to mo cuyva
XpnotpomnoloVpevo taketo oxediaong os Python

import matplotlib.pyplot as plt
fig = plt.figure()

ax = fig.add_subplot(111)

x1 = np.random.normal(0,1,50)
X2 = np.random.normal(1,1,50)
X3 = np.random.normal(2,1,50)
ax.boxplot([x1,x2,x3])
plt.show()




import numpy

AV(’])\U OT] 6860 IJ éVU)V import matplotlib.pyplot
a-rrc’) -lTOAAd apxgl’a filenames = sorted(glob.glob('inflammation*.csv'))

filenames = filenames[0:3]
for fin filenames:
print(f)
data = numpy.loadtxt(fname=f, delimiter=",'

fig = matplotlib.pyplot.figure(figsize=(10.0, 3.0))

axesl = fig.add_subplot(1, 3, 1)
axes2 = fig.add_subplot(1, 3, 2)
axes3 = fig.add_subplot(1, 3, 3)

axesl.set_ylabel('average')
axesl.plot(numpy.mean(data, axis=0))

14

12|

10 F

: i axes2.set_ylabel('max')
2 axes2.plot(numpy.max(data, axis=0))

DISlIEJ]_;':IIUEISZ‘.;(JElISQO DDIElIU]sEIUIISE‘.h';lISAQO E'EISlIIJ]_'S202530';154(]
axes3.set_ylabel('min')
axes3.plot(numpy.min(data, axis=0))

fig.tight_layout()
matplotlib.pyplot.show()



http://biopython.org/

To Biopython gival eva cuvolo eAeUBepa SLaBeoiuwy epyaleiwv
(m Od u Ie) yla BLoAoyLlkoU¢ umtoAoyLopoUg ypappeva otnv Python amo pwa
S1eBvr) opdda mMPoypopHATIOTWY. [TPOKELTOL VLA LLLOL KATOVEUNUEVN
Python Tools for OUVEPYATIKN TtpooTtdBela yla tnv avamntuén BLBALoOnkwv Kot

Com putational Molecular £&baproywy ng Python mou KAIAUTITOUV TLG AVAYKES TNG TPEXOUOAG
Kol LEAAOVTLKAC epyaciog otn BlomAnpodopikn

Biopython

Biolo
sY Uses Note
Blast finds regions of local similarity between sequences
Seq and SeqRecord objects ClustalW multiple sequence alignment program
_ _ GenBank NCBI sequence database
Bio.SeqlO — sequence input/output
PubMed and

Bio.AlignlO - alignment input/output | Medline Document database

Bio.PopGen - population genetics | ExPASy SIB resource portal (Enzyme and Prosite)

Bio.PDB - structural bioinformatics | 2COP Structural Classification of Proteins (e.g. ‘dom’,’lin’)

computationally identifies transcripts from the same

Biopython’s BioSQL interface | UniGene locus

annotated and non-redundant protein sequence

SwissProt
database




Biopython

(Fasta files)

Avayvwaon

Evypaon

KAgiolpo

import Bio (Biopython module)

from Bio import SeqlO
from Bio.SegRecord import SeqRecord
with open("example.fasta", "ruU") as file:
for seq_record in SeqlO.parse( file, "fasta"):
print seq_record.id
print seq_record.seq
my_seq = seq_record.seq
#reverse the sequence
print my_seq[::-1]

SeqlO.write(sequences, "example.fasta”, "fasta")

file.close()



- FT CHAIN 1 261 RPITI140-upstream gene protein.
lopvitnon i JPTI-PRO, 0000064352
FT TRANSMEM 67 87 Potential.

L] L] FT TRANSMEM 131 151 Potential.
SWI SS_ P rOt fl I eS FT TRANSMEM 183 203 Potential.
FT  CONFLICT 64 64 S -> F (in Ref. 1).

SQ SEQUENCE 261 AA; 29182 MW; 5DB78CFEF6CFC4435A CRC64;
MNFLWKGRRF LIAGILPTFE GAADEIVDKE NKTYKAFLAS KPPEETGLER LKQMFTIDEF
GSISSELNSV YQAGFLGFLI GAIYGGVTQS RVAYMNFMEN NQATAFKSHF DAKKKLQDQF
TVNFAKGGFK WGWRVGLFTT SYFGIITCMS VYRGKSSIYE YLAAGSITGS LYKVSLGLRG
MAAGGIIGGF LGGVAGVTSL LLMKASGTSM EEVRYWQYKW RLDRDENIQQ AFKKLTEDEN
PELFKAHDEK TSEHVSLDTI K

from Bio import SwissProt
with open(“transmem.swiss", "rU") as file:
for record in SwissProt.parse( file):

print record.sequence

print record.features

print record.accessions

Avayvwaon

>>> dir (record)

[ doc ', " init ', ' module ', ’'accessions’, 'annotation update’,

"comments’, ‘created’, ’‘cross references’, ’'data class’, ’'description’,
I-EB(:()lﬂ(j "entry name’, ’'features’, 'gene name’, ’‘host organism’, ’keywords’,

"molecule type’, ’‘organelle’, 'organism’, ’'organism classification’,

"references’, ’‘seqginfo’, ’'sequence’, ’'sequence_length’,

"sequence update’, ’taxonomy id’]



GenBank to Fasta

Biopython

File Format Conversion

from Bio import SeqlO
_ with open("cor6_6.gb", "rU") as input_handle:
Bio.Seq| O.parse() for record in SeqlO.parse(input_handle, "genbank"):
print record

from Bio import SeqlO

Bio.SquO.write() with ol!oen( cor6_6.|,;g|:?I ) I'rU ) as input_handle,
open("cor6_6.fasta", "w") as output_handle:
seqguences = SeqlO.parse(input_handle, "genbank")

SeqlO.write(sequences, output_handle, "fasta")

: from Bio import SeqlO
Bio.Seq| O-Convert() SeqlO.convert("cor6_6.gb", "genbank", "cor6_6.fasta", "fasta")



Kavovikec Ekppaoelg

(Regular Expressions)

OL kavoVvIKEG Ekdpdoelc xpnotpomolouvtal ylo
AvalAtnon MPOTUNWVY O €va KElPEVO

e protein domains

* DNA transcription factor binding motifs
* restriction enzyme cut sites

* degenerate PCR primer sites

* runs of mononucleotides

import re

dna = "ATCGCGAATTCAC"
if re.search(r"GG(A|T)CC", dna):
print("restriction site found!")

dna = "CGATNCGGAACGATC"
m = re.search(r"[*ATGC]", dna)

if m:

print("ambiguous base found!")
print("at position " + str(m.start()))

dna = "CTGCATTATATCGTACGAAATTATACGCGCG"
matches = re.finditer(r"[AT]{6,}", dna)

result =[]

for m in matches:

result.append(m.group())

print(result)

ACTGCATTATATCGTACGAAATTATACGCGCG



NetworkX

(module)

NetworkX eival éva rtaketo Python yia tn

dnuloupyla, TO XELPLOUO KoL TN LEAETN TNG
Sounc, SUVOULKAG, KoL TLC AELTOUPYLEG TWV
TIOAUTIAOKWV SLIKTU WV

https://networkx.github.io/

Features

Data structures for graphs, digraphs, and multigraphs

Many standard graph algorithms

Network structure and analysis measures

Generators for classic graphs, random graphs, and synthetic
networks

Nodes can be "anything" (e.g., text, images, XML records)
Edges can hold arbitrary data (e.g., weights, time-series)
Open source 3-clause BSD license

Well tested with over 90% code coverage

Additional benefits from Python include fast prototyping, easy
to teach, and multi-platform



https://raw.githubusercontent.com/networkx/networkx/master/LICENSE.txt

NetworkX

(module)

onuioupyia 3
OIAPOPETIKWYV YPAPWYV

UTTOAOYIOUOC HETPWYV
OUVOAIKNC O0OUNG

import networkx as nx
import matplotlib.pyplot as plt

gER = nx.erdos_renyi_graph(1000, 0.1)
gWSs = nx.watts_strogatz_graph((1000, 3, 0.1)
gBA = nx.barabasi_albert_graph(1000, 3)

# Degree of each node, dictionary
erDegrees = nx.degrees(gER)
wsDegrees = nx.degrees(gWSs)
baDegrees = nx.degrees(gBA)

# Clustering coefficient of each node.
erClustC = nx.clustering(gER)
wsClustC = nx.clustering(gWS)
baClustC = nx.clustering(gBA)

ddER = list(dER.values())
ddSW = list(dSW.values())
ddBA = list(dBA.values())



NetworkX

(module)

300

250+

2001

No of nodes
t
o

100

Random graph Clustering coefficient Distributions

Il GCA Scale-free
B ER Erdos-Renyi

B SW Small-world |

0.0 0.1 0.2 0.3 0.4 0.5 06

Clustering coefficient

0.7

IOTOYPAUMATA YIA VA
TTAPATNPNAOOUUE TIC
KATOVOMEC TWV 2 UETPWYV OTA
3 OI0@OPETIKA DIKTU

#Plot Clustering distribution

plt.hist(ccBA, bins=20, label="BA Scale-free")
plt.hist(ccER, bins=10, label="ER Erdos-Renyi")
plt.hist(ccSW, bins=15, label="SW Small-world")
plt.title("Random graph Clustering coefficient
Distributions")

plt.xlabel("Clustering coefficient")
plt.ylabel("No of nodes")

plt.legend(loc ='upper right',shadow = True )
plt.show()



ECaipEoeic

(Exceptions)

Oplopog

OL €0LPEOCELC LOC ETILTPETIOUV VO,
SLOXELPLOTOUUE LA TTEPLITTWON EVOC
ouppavtoc ya va artopUYoUE OPLOUEVA
AdOn rtou aAAalouv TNV PpuCLOAOYLKA PON ToU
T(POYPAUHATOC.
Nopadelypa
Avolypa evoc apxeiou rtou dev umtapyet

Awaipeon peto 0

[Tapadelyua

try: |OError
You do your operations here; RuntimeError

...................... 4  ZeroDivisionError
except Exceptionl: FIc.>at|ngP-omtError
. : : ArithmeticError
If there is any exception, then execute this block. .
SystemExit

...................... Stoplteration

else: EOFError
If there is no exception then execute this block. |mportError

try :
f = open( 'myfile.txt *)
s =f.readline ()
i=int (s.strip())
except IOError as err:
print ("1/Oerror:{}".format (err))
except ValueError :
print ( "Could not convert data to an integer . ")
except :
print ( "Unexpected error : ", sys.exc_info()[0])
raise



Virtual Environment

(VirtualEnv)

Eva €lKoVLKO TtepfaAlov, amAd, eivatl Eva B New Project X
QMOMOVWHUEVO aVTWpad)O EPYACLAC TNG Location: | C:\Users\loannis\PycharmProjects\bio
1 JJ s 'Jango
Python TO Ornoto an ET[IIPET[EL va EpVOLZEO'CE (_ Flask ¥ Project Interpreter: New Virtualenv environment
O€ EVA OUYKEKPLUEVO EPYO XWPLGC VA & Google App Engine B .
’ ’ ’ ' - ) (® New environment using | %, Virtualenv V|
OVNOUXELTE VA E€TIN pEGZETE oA epya «i/s Pyramid -
B4 web2py Location: C:\Users\loannis\PycharmProjects\bio\venv
i=! Scientific - -
! i ! ! B terpreter: CAP Files (x86)\Python 3.5\python. | i
Erutpémnel MOAAMAEC EYKATAOTACELS SirmAa- @ Angiar i) _— i et i e ,
, , , , [ Inherit global s C:\Python27\python.exe
dutha tng Python, pila yua kaBe €pyo. gAngularJS RTVIRIMII . C:\Program Files (x36)\Python 3.5\python.exe
Bootstrap .
O Existing interpreter
, , @ Foundation
ZTr]V TTPpAYHATLKOTNTA Oev EVKOLGLGTOL B HTMLS Boilerplate Interpreter:
Eexwplota avtiypada tng Python, aAlda # React App
TIAPEXEL Eval £EUTTVO TPOTIO YLdL VO o RenckNere

Slatnpouvtal anopovwpeEVa SLadopeTIKA
nepParlovta €pyou.




[TapaAAnAoTtroinon

(Multiprocessing)

Ot CPU pe moAAoUC TtUPAVEC
£XOUV YLVEL TO TPOTUTIO OTNV
npoodatn avamntuén
oUYXPOVWV APXLTEKTOVIKWV
UTTOAOYLOTWV

Single Threading

4
ExecutionTime = z Task,
i=1

Thread-level Parallelism

Thread Thread Thread Thread
L 1 A 2 A 3 A 4 J

ExecutionTime = MAX (Task,.)



[TapaAAnAoTtroinon
import multiprocessing as mp

# Prepare data
with open("sequences.fasta", "r", \encoding="utf-8") as f

(Multiprocessing)

# Prepare data

for line in f:
with open("sequences.fasta", "r", \encoding="utf-8") as data.append(line)
myfile
"""Returns sequence Length"""
for line in myfile: def sequencelen(seq):
data.append(line) return len(seq)
"""Returns sequence Length""" # Step 1: Init multiprocessing.Pool()
def sequencelen(seq): pool = mp.Pool(mp.cpu_count())
return len(seq)
# Step 2:
for seq in data: results = [pool.apply(sequencelen, args=(seq)) for seq in data]

results.append(sequencelen(seq))
# Step 3: Don't forget to close
print(results) pool.close()

print(results)



TEAOC
EpwTNOoEIC

Euyoaplotw
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