12 Modules

If you quit from the Python interpreter and enter it again, the definitions you have made
(functions and variables) are lost. Therefore, if you want to write a somewhat longer program,
you are better off using a text editor to prepare the input for the interpreter and running it with
that file as input instead. This is known as creating a script. As your program gets longer, vou
may want to split it into several files for easier maintenance. You may also want to use a handy
function that you’ve written in several programs without copying its definition into each
program. To support this, Python has a way to put definitions in a file and use them in a script
or in an interactive instance of the interpreter. Such a file is called a module; definitions from
a module can be imported into other modules or into the main module (the collection of
variables that you have access to in a script executed at the top level and in calculator mode).

In simple words, Python module is a file containing Python definitions and statements. A
python module can be defined as a python program file which contains a python code
including python functions, class, or variables. In other words, we can say that our python code
file saved with the extension (.py) is treated as the module. We may have a runnable code inside
the python module. Modules allow you to organize Python code logically into reusable files,
making it easier to manage and maintain your codebase. Modules help in avoiding naming
conflicts, provide code reusability, and enhance the overall structure of a Python program.
Modules in Python provides us the flexibility to organize the code in a logical way. Grouping
related code into a module makes the code easier to understand and use. It also makes the code
logically organized. Consider a module to be the same as a code library. A file containing a set
of functions you want to include in your application.

# Save this code in a file named mymodule.py

def greeting {(name):
print ("Hello, " + name)
# A simple module, calc.py
det addix, )@
return (x+y)
def subtract(xz, v):
return (x-v)
# Fibonacci numbers module
def fib(n): # write Fibonacci series up to n
a, b =20, 1
while a < n:
print (a, end=' ")}
a, b =k, atb
def fibZ(n): # return Fibeonacci series up to n
result = []
a, b =20, 1
while a < n:
result.append(a)
a, b = b, atb

return result

# TImport the module named mymodule, and call the greeting function:
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import mymodule

mymodule., greeting ("Jonathan™)
print{mymodule.add (10, 2))
print{mymodule.fik (1000}))
print{mymodule.fib2 (100} )

Oubput.:

12
811235813 21 34 55 89 144 233 377 6106 937 None
[8y 1, 15 2, 3, 5, & 13, M, 34, 55, 89]

When the interpreter encounters an import statement, it imports the module if the module is
present in the search path. A search path is a list of directories that the interpreter searches for
importing a module. For example, to import the module calc.py, we need to put the following
command at the top of the script. Note: This does not import the functions or classes directly
instead imports the module only. A module is loaded only once, regardless of the number of
times it is imported. This prevents the module execution from happening over and over again
if multiple imports occur. To access the functions inside the module the dot(.) operator is used.

12.1 Library and Packages

Any Python file is a module, its name being the file's base name without the .py extension. A
package is a collection of Python modules: while a module is a single Python file, a package is
a directory of Python modules containing an additional init.py file, to distinguish a package
from a directory that just happens to contain a bunch of Python scripts. Packages can be nested
to any depth, provided that the corresponding directories contain their own init.py file. When
a module/package/something else is "published" people often refer to it as a library. Often
libraries contain a package or multiple related packages, but it could be even a single module.
Libraries usually do not provide any specific functionality, i.¢. you cannot "run a library".

12.2 Advantages of Modules

Some of the advantages while working with modules in Python is as follows:

¢ Reusability. Working with modules makes the code reusable.

o Simplicity. The module focuses on a small proportion of the problem, rather than
focusing on the entire problem.

e Scoping. A separate namespace is defined by a module that helps to avoid collisions
between identifiers.

12.3 Variables in Module

The module can contain functions, as already described, but also variables of all types (arrays,
dictionaries, objects etc. For Example, save this code in the file mymodule.py

personl = |
Hame": Mgohn®,
"age": 36,
"country": "Norway"

}

Now, import the module named mymodule, and access the personl dictionary:
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import mymodule
a = mymodule.perscnl ["age"]

prink(a)
12.4 Naming a Module

You can name the module file whatever you like, but it must have the file extension .py. You
can create an alias when you import a module, by using the as keyword. For Example, create
an alias for mymodule called mx:

import mymodule as mx
a = mx.personl[Mage"]
print(a)

12.5 Built-in Modules

There are several built-in modules in Python, which you can import whenever vou like. For
Example, Import and use the platform module:

import platform
x = platform.system/()

PrinE (%)
12.6 The from import Statement

Python’s from statement lets you import specific attributes from a module without importing
the module as a whole.

NOTE: Here we have to note that when we try to import using the from keyword, then do not
use the module name when referring to elements in the module.

# importing sgrt{) and factorial from the module math
from math import sgrt, factorial

If we simply do "import math", then math.sqrt(16) and math.factorial() are required.

print (sgrt{le) )

print (factorial (6))

from mymodule import fib

from mymodule import fib, fib2

12.7 Import all Names — From import * Statement

The * symbol used with the from import statement is used to import all the names from a
module to a current namespace.

# importing sgrt() and factorial from the module math
from math import *

pELEE (sigrEile) )

print (Eacterigl(b) )

12.8 Locating Modules

Whenever a module is imported in Python the interpreter looks for several locations. First, it
will check for the built-in module; if not found, then it looks for a list of directories defined in
the sys.path. The module can contain functions, as already described, but also variables of all
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types (arrays, dictionaries, objects etc. Python interpreter searches for the module in the
following manner —

-First, it searches for the module in the current directory.

-If the module isn’t found in the current directory, Python then searches each directory in the
shell variable PY THONPATH. The PYTHONPATH is an environment variable, consisting
of a list of directories.

-If that also fails python checks the installation-dependent list of directories configured at the
time Python is installed.

# importing svs module
import sys

# importing sys.path
print (sys.path)

12.9 Importing and renaming module
We can rename the module while importing it using the as keyvword. For example, importing

sqrt() and factorial from the module math

import math as gfg
print (gt sgrilb) ]
print (gfg.factorial(6))

12.10 Pandas

Pandas 1s a powerful data manipulation and analysis library in Python. It introduces two
primary data structures: Series and DataFrame.

Series are one-dimensional labeled array, akin to a column in a spreadsheet. See the example
below:

import pandas as pd
# Creating a Pandas Series

ny series = pd.Sexies([10, 20, 30, 40, 50], name="My Numbers")

DataFrame is a two-dimensional table with rows and columns, similar to a spreadsheet or
SQL table. See the example below:

# Creating a Pandas DataFrame

deba: = MHamest: [ "Allee ', fhekt, "Chaowlswet,
Bgets [E5, 20, 35,
'City': ["Wonderland', 'Cityville', 'Metropolis']}

my dataframe = pd.DataFrame (data)

Accessing and Manipulating DataFrames: Use methods to access and manipulate data
within DataFrames.

ages = my dataframe['Rge']

P . o
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filtered data = my dataframe[my dataframe['Age'] > 30]

Importing and Exporting Data: Pandas supports reading and writing data from/to various
formats, such as CSV, Excel, SQL, and more.

my dataframe.to csv('file.cev', index=False)

imported data = pd.read csv('file.csv')

Understanding NumPy and Pandas is fundamental for data manipulation and analysis in
Python. NumPy provides a foundation for numerical operations, while Pandas simplifies data
handling and offers powerful tools for working with structured data, making them
indispensable in various aspects of biological data analysis and beyond.

12.11 NumPy (Numerical Python)

NumPy is a Python library used for numerical computations. It provides high-performance
multi-dimensional arrays and tools for working with them. Some of the key features are:

s N-Dimensional Arrays: numpy.ndarray 1S a powerful object for storing and
manipulating large datasets.

¢ Mathematical Functions: Extensive functions for linear algebra, statistics, and
Fourier transforms.

s Broadcasting: Perform operations on arrays of different shapes efficiently.

o Integration with C/C++: Works seamlessly with low-level programming languages
for optimized computations.

Some of the commonly used functions and operations of Numpy are:

a) Creating Arrays:

1 import numpy as np

2 a=np.array([1, 2, 3]) # 1D array

3 print("array a: \n", a)

4 b = np.array([[1, 2, 3], [4, 5, 6]]) # 2D array

5 print("array b: \n", b)

6 b = np.zeros((2, 2)) # 2D array of zeros

7 print("array b: \n", b)

8 c = np.ones((3, 3)) # 2D array of ones

9 print("array c: \n", c)

16 d = np.linspace(8, 18, 5) # Linearly spaced numbers
11 print("array d: \n", d)

12 e = np.arange(8, 18, 2) # Array of values with a step

13 print("array e: \n", e)

76 |Page



Cutput:
array a:
[1 2 3]
array b:
[[12 3]
[4 5 6]]
array b:
[[e. B.]
[8. 8.]]

array c:
[[1: 22 ]
[T Tods]
[2z 2::2:00]
array d:
[8. 2.5 5. 7.5 18. ]
array e:
[@ 246 8]

b) Array Operations:

f = np.array([1, 2, 3]) # 1D array
# Element-wise operations

print(a + f)

print(a - f)

print(a * f)

print(a / f)

Lo TN R = N W IR N

Output:
[2 4 6]
[0 @ 8]
[1 4 9]
Pl 8. 3.

¢) Indexing and Slicing:
1 # Accessing elements and slices
2 print(a[@])
3 print(a[1:2])
4 print(af:])

Cutput:
1
[2]

[1 2 3]
d) Mathematical Functions:

1 print{np.mean{a), np.sum({a), np.max(a), np.min(a), np.std(a))
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Cutput:
2.8 6 3 1 B.81p4965868027726

e) Heshaping Arrays:

# Reshzpe an array

R

g = np.array([1, 2, 3, 4]) # 1D array
3 h = g.reshape(2, 2),
4 prinL(h)

(¥p]

# Create a 20 NumPy array

array 2d = np.array([[1, 2, 31, 4, 5, 611}
print{"Original 2D Array:™)

print{array 2d)

# Flallen Lhe grray wsing flallend)

i@ flattered array = array 2d.flatten()

11 print{"\nFlattened Array using flatten():")
12 print(flattened array)

=

Wooga

Cutput:
(array([[1. 2],
[3, 4]11),)
Original 2D Array:
L1312 3]
[4 5 6]]

Flattened Array using flatten():
[12 3 45 6]

12.12 Pandas

Pandas 1z a data manipulation and analysis library built on MumPy. It provides data structures
like series and DataFrame to handle structured data efficiently. Some of the key features

are:

« DataFrame and Series Core data structures for labeled and relational data

« Data Cleaning: Tools for handling missing data, filtering, and transforming datasets.
» Data Analysis Built-in functions for group operations, merging, and pivoting.

« L'0 Operations: Eeadiwrite support for various formats like C5V, Excel, 501, and

TS0

Cotnm only used functions and operations are;

a) Creating Data Structures:

1 import pardas as pd

2 5 = pd.Series{[1, 2, 3, 4]) # 1D labeled array

3 df = pd.DztaFrame({"A": [1, 2], 'B': [3, 411)

k) Heading™Writing Data:

¥ Tabular data
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1 dfl = pd.read _csv('file.csv') # Read a CSV file
2 dfl.to excel('file.xlsx"} # Write to an Excel file

¢) DataFrame Operations:

1 df.head(), df.tail() # View top/bottom rows
2 df .describe(), df.info() # Summary statistics and structure
Cutput:

¢class "pandas.core.frame.DataFrame’ >
RangeIndex: 2 entries, B to 1

Jata columns (total 2 columns):

#  Column Mon-Null Counl Dlype

8 A 2 non-null int6d
1 R 2 non-nnll inthd

dtypes: int&4({2)
nenury usdge: 168.@ byles

( A B
count 2.00e00e 2.8080Ee
Me AN 1.56880068 3.5RAEARA
std 0.7071067 0.707167
min 1.ee2008 I.0000€0
25% 1.250068 3.2560¢0
58% 1.568008 3.5080E0
Fi= 4 1.7586668 2 750082
max 2.800006 4.008068,
None)

d) Indexing and Seledion:

1df['A'], df.iloc[8], df.loc[8, "A°] # Select columns and rows

Cutput:

(e e |
1 2
Mame: A, diype: inted,
A 1
L 3
MName: ¥, dtype: inted,
1}

¢) Data Cleaning:

1 df.dropna(), df.fillna(@) # Handle missing data
2 df.rename{columns={"'A": "X'}) # Rename columns
Cutput:
X B
o3
b B

f) Data Aggregation:

1 df.groupby( A" ).sum() # Group and aggregate
2 df.sort values(by="A") # Sort by column
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g} Merging and Joining:

1 import pandas as pd

2 # First DataFrame

3 dfl = pd.DataFrame({

4 'key': [°A', ‘B', 'C’', 'D'],
5 'valuel': [1, 2, 3, 4]

61)

7 # Second DataFrame

8 df2 = pd.DataFrame({

g

key’z 1°B": Dy 'E': FLG
'value2': [5, 6, 7, 8]

Luw]

11 })
12 print("First DataFrame:™)

13 print(dfl)

14 print{"\nSecond DataFrame:")

15 print(df2)

16 # Merge DataFrames on the 'key' column

17 result = pd.merge(dfl, df2, on="key') # Merge Dataframes
1

print("\nMerged DataFrame (inner join):")
print{result)

e

output:
First DataFrame:
key waluel

A 1

MR @

B z
C 3
n x
Seccnd DataFrame:

key wvalue?
o

WK =@
[e TR R TR

n
E
=

Merged DataF~ame (inner join):
key waluel waluel

8 B 2 B

1 D 1 6

13 Python Data Visualization

Data visualization is a critical aspect of data analysis, providing a visual representation of
data patterns, trends, and insights. In Python, libraries like Matplotlib offer powerful tools for
creating diverse and informative visualizations.
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13.1 Matplotlih

Liatplothb 15 a comprehenawe hbeary for creating stabic, irderactive and admated
sualizat ons in Python, Matplotlib iz a versatile hbeary for creating a wide range of plots,
suitable for both begirmers and advanced users. While its symtay can sometimes feel werbose,
its powrer and flexibality make it indi spensable for gatic dada Asualization tasks in Python It
15 highly oustonizable and works well with HumPy and Pandas for data wisualization Sotme
cottinot applications are:

o Data Exploratione Visualize datasets for analysis.

e Data Presentation Create profesaonal-grade charts and graphs.

o Grcientific Research Plot experimerntal results tretuds, and statidical data
The key feabwes of this mochde are:

« 2D Phiting: Suppotts line plots, scatter plots, bar plots, lustograms, and more.
« Customization: Extensive cotitrol over plot elemerds ike labels, colors, makers, and

atwotati ors.

« Interactwe Plhis: Works seaml essly with Jugrter niotebooks and supports inder active
backends.

« Integration: Compatible with other Python librar es like Muam Py, Patudas, and
aeabor,

The cotmmonly used fanctions aud operations are:
« Basic Plotting: Iatpl ctit's pyrpl ox modile all owrs for simple hine plothing

1 import matplotlib.pyplot as plt

2 # Line Plot

3x = [1, 2, 3, 4]

4y = [18, 28, 25, 38]

5 plt.plot(x, y) # Create a line plot
6 plt.title("Basic Line Plot") # Add title

7 plt.xlabel("X-axis") # Label X-axis

8 plt.ylabel("Y-axis") # Label Y-axis

9 plt.show() # Display the plot

The code mill giwe the following output:
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Basic Line Plot

30.0

215

25.0 7

22.5 1

20.0

Y-axis

17.5

15.0

12.5 1

10.0 ~

1.0 1.5 2.0 2:5 3.0 3.5 4.0
X-axis
e Scatter Plot: Scatter plots are useful for visualizing relationships between two
variables.

# Scatter plot
plt.scatter(x, y)
plt.xlabel( 'X-axis")
plt.ylabel('Y-axis")
plt.title('Scatter Plot")
plt.show()

L

B

(= ¥ g |

output:

Scatter Plot

10 A &

Y-axis
[
1
9

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
X-axis
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o Bar Plot: Bar plots are suitable for comparing categories.

1 # Bar plot

2 plt.bar(x, v)

3 plt.xlabel( 'X-axis")
4 plt.ylabel("Y-axis")
5 plt.title( 'Bar Plot’)

6 plt.show()
output:
Har Plat
'_II"]_
B_
6
A
=
| ““‘\ ||||||
aq -
; -+
0] IIIIIII |||||||
1 a3 3 4 5
woans

# Historgram
# Histogram
data = T3: 2. 2: 3.3 3.-4..4; 5]
plt.hist({data, bins=5, color="green"')

output:

a0

ER U

1.0 4

25

2.0
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« Pie chart

# Pie Chart

labels = ["&", "B, "C7 "D']

sizes = [15, 38, 45, 18]

plt.pie(sizes, labels=labels, autopct="W1.1f%%")

output:

« Customizing Plots

1 # Line style, markers, and colors

2 plt.plot(x, y, linestyle="--', marker="0", color="purple’)

Cutput:

ne -
A4 A ¥

25,0 A .
Fdh A -
20.0 s

17.5 1 ¥

1501 o

Wwoq =

10 15 2.0 25 3.0 35 4.0
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# Adding a grid

plt.plot(x, y, linestyle="--', marker="0", color='purple’)

plt.grid(True)

output:

30,71

275 -

5.0 -

275 ! o4

20,04 i L &

ir.54 T il

1.0 15 2.4 2.5 3.0 3.5

# Legends

plt.plot(x, y, linestyle="--', marker="o', color="purple’)

plt.grid(True)
plt.plot(x, y, label="Line 1"}
plt.legend()

Cutput:

1.0

.01 — Lnel

£4.3

ERRI

L0 1.5 2.0 2.5 3.0 33

4.0
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1 # Subplots

2 plt.subplot(2, 1, 1) # (rows, columns, plot number)
3 plt.plot(x, y, color="blus")

4 plt.subplot(2, 1, 2)

5 plt.bar{x, y, color="orange')

Jutput:

30_.

25 7

20+

15 ~

10

1.0 1.5 2.0 2.5 3.0 3.5 4.0

30_

20+

10
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14 Using Python in Biological Research

With advanced learning of Python, many problems of data analysis in the Biological Sciences
can be addressed using Python. For example, analyzing large-scale genomic data to identify
genes, mutations, and regulatory elements, Identifying potential drug candidates and
understanding their interactions with biological targets, classifying diseases based on patient
data, such as gene expression profiles or clinical features, predicting the three-dimensional
structure of proteins from amino acid sequences, extracting information from a vast amount of
scientific literature, studying genetic variations within populations. Python's versatility and
extensive ecosystem of libraries empower researchers and practitioners to address diverse
biological challenges. It can help in automating repetitive tasks, integrating tools and pipelines,
web scraping for data collection, performing statistical analysis and hypothesis testing,
predictive modeling using machine learning, data cleaning, and pre-processing. Python's
adaptability and extensive community support make it an invaluable tool for addressing a wide
range of biological problems. Its case of use, rich libraries, and ecosystem make Python an
essential programming language in the field of biological research and data analysis.
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15 Glossary

Anaconda: A Python distribution with many scientific packages pre-installed.
Arguments/Parameters: Values passed into functions.

Biopython: A collection of Python tools for computational biology.

bool: Boolean (True or False)

break: Exits the current loop.

Comment: Non-executable text in Python, marked with #, used to describe code.
continue: Skips the rest of the loop and goes to the next iteration.

float: Decimal number, ¢.g., 3.14

Function: Reusable block of code defined with def.

IDE (Integrated Development Environment): Tools like PyCharm, VS Code, or Thonny
used to write and debug Python code.

if/elif/else: Conditional execution.

Indentation: Spaces used to define code blocks (e.g., in functions, loops).

int: Integer, e.g., 5

Interpreter: A program that executes Python code line by line.

Jupyter Notebook: An interactive coding environment ideal for step-by-step data analysis.
list: Ordered, mutable collection. [1, 2, 3]

Module: A file containing Python definitions and functions.

Open-source: Python is freely available, and users can modify the source code.
pass: Placcholder that does nothing,

pip: Python's package installer used to install libraries.

Python: A high-level, interpreted programming language known for its readability and wide
applicability in scientific research, data analysis, and automation.
Reproducibility: Python allows writing scripts that can be shared and reused.
Return: Sends a value back from a function.

Script: A file containing Python code (.py) meant to be run as a program.

set: Unordered collection of unique elements. {1, 2,3}

Statement: A line of code that performs an action.

str: String (text), ¢.g., "DNA"

Third-Party Modules: Installed via pip, ¢.g., numpy, biopython

tuple: Ordered, immutable collection. (1, 2, 3)

Variable: A named storage location for a value. Example: gene = "lacZ"
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