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Objectives of the session: Learning how to extract elements from a list
Creating quickly a list of integers using range ()
Converting between lists and strings
Modifying elements in a pre-existing list

Checking the contents of lists

Tools: Everything will be done with the Python interpreter in the Terminal

lucy$ python
>>> :

Python lists present several specificities compared to other
programing languages



Generalities about Python lists

Lists are variables containing collections of values (strings, numbers, lists or mixtures)

Very convenient to handle a large amount of data in a single variable

Contrary to dictionaries, lists are ordered:

- Each element is defined by its position within the list (not by a key)

- There cannot be empty positions within list

Brackets [] are used both for assignation and index specification:

>>2> MYList = ['a"'b"lcl’ldlllell
>>> MyList[0]
[lal]



Indexing lists

(0] [1:3] [ 3% ]
0 1 12] 3 T 4 P 5
MyList - [ la 3 lbl lc ' ld |1 lel ]
S{L 4 [FE 5| 2 -1 :
€] [=3:=1] [-1]
FIGURE 9.2 Numerical ways to think about
indexing list elements

A The first position in a list is always [0], not [1]

The first colon « : » within brackets is used to specify a range of position(s) within a list

lucy$ python

>>> MyList= [lal’lbl’lcl’ldl'lel]
>>> MyList[:]

['all 'b|l lcll |d"l |e|]

>>> MyList[:3]
[lal, |b|, ch]

>>> MyList[2:]
[lcl, ldl, lel]



Indexing lists
(0] [1:3] [3:]

O | | BB 2 e 3 e 45 5
MyList:['a' Bl et [tdl 'e']
-SU I [ g T o ol T[T

[:2] =28 ] [-1]

FIGURE 9.2 Numerical ways to think about
indexing list elements

Negative values are useful to count from the end of lists of unknown size:

>>> MyList[-2:]
[ldl’ lel]

>>> MyList[:-2]
[la" Qb', |c|]



Indexing lists

[0] [1:3] [3:]
o] ‘1 P 2 a3 ] 4] 5
MyList=|:'a' bl | e 'd"e']
SIS o[BS o ke A ol e (T
[:2] e i) [=1]

FIGURE 9.2 Numerical ways to think about
indexing list elements

A second colon can be used to indicate the step size and the order of the selection:

> MyList[0:5:1] « sameas [0:5]
['al, lbl, lcll ldl, lel]

>>> MyList[0:5:2]

[Ia|, |cl, leI]

>>> MyList[::2]

['a', |c|’ lel]

>>> MyList[::-1]
[Iel, Idl' lcl’ Ibl, laI]
>>> MyList[::-2]
[vel' lc|, Ial]



Unpacking lists

1,] = MyList[:2]

-

Assign the first element of MyList to i and
the second element to j

The number of elements extracted from the list has to be equal
to the number of receiving variables



range () function to define a list of integers

The range is specified using a comma, not a colon

The range starts from the first parameter and
& ends just before the last parameter

>>> RangeList = range(0,6)
>>> RangeList
[O, 1, 2[ 3! 4’ 5]

A third parameter can be used to specify the step size and order of the range:

>>> range(1,10,2)

[11 3’ 5/ 7[ 9]

>>> range(10,0)

[]

>>> range(0,10,-1)

[]

>>> range(10,0,-1) .

10 95 B il By B g 3 2oar]
>>> range(-5,-11,-1)

[-51 _61 -71 _81 -91 _10]



Creating a range of letters in alphabetical order

Return 65 65 is the ASCII
ord( 'AT) number
corresponding
chr ( 65 ) Return A to letter A
Exercise: Print a list of labels corresponding to the

wells of a 96-well plate (A1, A2, ..., H12)

Sidiia ol St tg s (ord(‘A’),ord(’I’) )workstoo
Let 1 range(éS,TB):
Num range(1,13):
(Let) + str(Num)



Creating a range of letters in alphabetical order

By default, the print command includes an end-of-line character

Adding a comma after a print command suppresses this end-of-line

Exercise: Try to display the previous list as a real 96 well-
plate (with rows and columns)

#! /usr/bin/env python
F Let. . in range(65,73):
for Num i1n range(i,13):

hr (Let) + str(Num),

Thecnﬁputofﬂﬁsxnodiﬁcdscﬁpt\vﬂlbecﬁghthnesoftwmﬂvoohnnonh;

Al A2 A3 A4 A5 A6 A7 A8 A9 A10 A1l Ai2
Bi B2 B3 B4 B5 B6 B7 B8 B9 B10 Bii Bi2

Hi H2 H3 H4 H5 H6 H7 H8 H9 Hi0 Hii Hi2



Comparison between lists and strings

Strings behave as lists of characters:
Both can be combined using +, sorted and iterated within a for loop

BUT

Lists can be modified and not strings

lucy$ python

>>> SeqString = 'ACGTA'

>>»>-gequist mA R, 1CY, 2@, ST AT
>>> SeqString[3]

o

>>> SeqList[3]

v

>>> SeqString[3]='U'

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment
>>> SeqList[3]='U"'
>>> SeqList
(AKX ACHA N A yEtal )



Converting between lists and strings

String -> List list ()function
>>> MyString = 'abcdefg'
>>> MyList = list(MyString)
>>> MyList

:vav, vbl, 'CI, |d|’ |e|, |f', Igl]

List -> String . join()method

. join() is a string method that takes a list argument

>>> MyList = ['ab', 'cde', 'fghi']
>>> '',join(MyList)

‘abcdefghi’

>>> '\t'.join(MyList)
‘ab\tcde\tfghi'

>>> ' ',join(MyList)

‘ab cde fghi'



Modifying existing lists

Adding elements

X = [‘A’,'B"] — XM

Use . append () method: X.append(‘C’)

It is possible to directly insert new elements within a list:

>>> MyList=['a',6 'e'] t W
>>> MyList[1:1] = ['D’','¢c','d"']
>>> MyList

[ 1, b ot rd) te )

RemOVing EIements >>> MyList = range(10,20)

>>> MyList

CHE a0 e N S e S R g
>>> MyList[2:5]=[]

>>> MyList

Use del () function or [10, 11, 15, 16, 17, 18, 19]
. . >>> MyList = range(10,20)
reassign an empty list: >>> MyList

ol RO DA e i 1B 0 B 1 St i p e W ol Ry MG R bl e
>>> del(MyList[2:5])

>>> MyList

(107 11, ed 5atad6g 170 18%: 191



Testing the contents of a list

Use the in operator:

>>> MyList = range(10,20)

>>> MyList

112, 13, 34, A5 016, 1T, A8 18]
>>> 41 in MyList

True

>>> 21 in MylList

False



Sorting lists

.sort ( )method to sort in place without changing the list

>>> MyList = [4,3,6,5,2,9,0,8,1, 7]
>>> MyList.sort() <« Youdon'thavetoa
>>> MyList

[OI 1! 2! 3! 4’ 5[ 6! 7I 8’ 9]

sorted () function allows to save the sorted list in a new variable

>>> MyList = [4,3,6,5,2,9,0,8,1,7]
>>> NewList= sorted(MyLlst)

>>> MyList @ orig st is unchanged

[41 3/ 6’ 5’ 2[ 9I OI 8! 1’ 7]

>>> NewList +« The sorted list ha been placed here
BO.p 1y 25 .3; 4, 5,.6, 7, 8, 9]



Identifying unique elements in lists and strings

The set () function returns all individual elements contained in a list:

>>> Colors = ['red','red','blue’','green’', 'blue’]
>>> list(set(Colors))

['blue', 'green', 'red']

>>> DNASeq = 'ATG-TCTCATTCAAAG-CA'

>>> list(set (DNASeq))

LR B B ]

A The output of the set () function is not a list



List comprehension

How can we easily apply a same modification to all elements of a list ?

Direct use of operators or methods (such as MyList.uppexr()) does not work

>>> MyList = range(0,5)

>>> MyList

W, 1, 2, 3, 4]

>>> MyList * 2

B 1, 2, 3, 4, 0,1, 2,:3; 4]

One solution is to write a for loop through each element of the list:

>>> Values = range(1i,11)

>>> Values

234 D0 650 Ty 18,9410

>>> Squares = []

>>> for Value in Values:
Squares.append(Value**2)

>>> Squares
Bty 4, 9, 16, 25,:36,:49,.64,; 81, 100]



How can we easily apply a same modification to all elements of a list ?

A list comprehension is a 1-line for loop specifically designed to modify lists

/\ The operation to be done in the loop is written before the for command

>>>
>>>
(i,
>>>
>>>
(i,

List comprehension

Values = range(1i,11)

Values

2 a5 206, s i B Q] D)

Squares = [Element**2 for Element in Values]
Squares

4955160257136 :49,264,81 - 1007

Useful to extract columns of data from 2D arrays of strings:

>>> GenelList = ['ATTCAGAAT', 'TGTGAAAGT', 'TGTATCGCG', 'ATGTICTCTA']

>>> FirstCodons = [ Seq[0:3] for Seq in GenelList ]
>>> FirstCodons
[TATD', 'TET’, TGCT', TATGY)

>>> Linker='GAATTC'

>>> Start = [(Linker + Seq[0:3]) for Seq in GenelList ]
>>> Start

[ 'GAATTCATT', 'GAATTCTGT', 'GAATTCTGT', 'GAATTCATG']



List comprehension

Many other operations can be done using list comprehension:

>>> [ Seq.count('A') for Seq in GenelList ]
(4, 3, 1, 2]

Although you can convert a string to a list of characters using the list()
function, it is sometimes hard to go from a list of numbers [1,2, 3] to the equiva-
lent strings ['1','2"','3"']. You can't just use str(ListOfIntegers). List
comprehension again comes to the rescue:

>>> [ str(N) for N in range(0,10) ]
['01’ lil, 12!’ l3l’ |4|’ l5l, l6|’ |7l, '8l, l9l]



Things to know about copying / modifying variables

In Python, copying a variable does not create a new variable targeted to a
new place in computer memory

Instead, it creates a new name that points to the same place as the copied
variable in computer memory

X=5 x and y point to the same place in memory with value 5
y=X
x=8 A new x variable is created with value 8, so y remains unchanged

It becomes more tricky with lists that can be modified without creation of a new variable

A=[1,2,3] A and B point to the same place in memory containing
B=A the list of integers [1,2,3]
A[l]=4 Both A and B are changed to [1,4,3]

Good way to copy a list: B=A[ :] Creates a new variable B at a different

place in memory



