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Data Visualization in Python



Outline

Data Manipulation Chart Construction

1. Exploring Data 

open file, save file, get summary

2. Basic Data Selection

Filtering columns/rows, Aggregation

1. Different plots 

scatter plot, box plot, heatmap, …

2. Plot Customization

 



Introduction to Pandas

• Fast and efficient for data manipulation.
• Easily filters, groups, and aggregates data.

Why Pandas?

•Pandas allows for automation and reproducibility of tasks.
•Works seamlessly with large datasets, unlike Excel, which struggles with size and complexity.
•Ideal for scientific workflows where precise, repeatable data analysis is required

Pandas vs. Excel:

• Series: one-dimensional labeled array capable of holding data of any type
• DataFrames: structures with rows and columns for tabular data, capable of handling large, complex 

datasets.

Core structure:  Series & DataFrames



How to Install Python and Pandas

Install Python

• Go to Python's official website: 
https://www.python.org/downloads/

• Download the latest version suitable for your 
operating system.

• Run the installer and make sure to check the 
box “Add Python to PATH”.

 Install Pandas

• Once Python is installed, open a command 
prompt or terminal.

• Type the following command and press Enter to 
install pandas via pip (Python's package 
manager):

Perun:

➢ Default python3 doesn’t include pandas

➢ source activate python36-generic



Loading and Saving Data in Pandas

• Loading Data:

# From a CSV file:

> pd.read_csv('file.csv’)

# From a TSV file:

> pd.read_csv('file.tsv’, sep="\t" )

# From an Excel file

> pd.read_excel('file.xlsx')

• Saving Data:

# To a TSV file: 

> df.to_csv('file.tsv', sep='\t', index=False)

# To an Excel file: 

> df.to_excel('file.xlsx', index=False)
Example1_Exploring_Data_with_Pandas.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Processing/Example1_Exploring_Data_with_Pandas.py


Exploring Data with Pandas

df.shape()

• Print the shape of the DataFrame

• The number of rows and columns

df.info() 

• Provides a summary of the 
DataFrame

• including data types, index, no of 
rows, data columns, memory 
storage, and missing values.
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Exploring Data with Pandas

df.shape()

• Print the shape of the DataFrame

• The number of rows and columns

df.info() 

• Provides a summary of the 
DataFrame

• including data types, index, no of 
rows, data columns, memory 
storage, and missing values.

Type

Index/Rows

Types of columns

Summary of
data columns

Memory usage
Missing values



Exploring Data with Pandas

df.describe() 

• Gives various summary statistics for the 
DataFrame

• including count, mean, SD, min, 25%, 50%, 
75% percentile, and max value.



Exploring Data with Pandas

df.head() 

• display the first n rows of the DataFrame, default n=5

df.tail() 

• display the last n rows of the DataFrame, default n=5



Basic Data Selection

Selecting Columns/Rows

• Isolate a single column using a square 

bracket [ ] with a column name in it

• Isolating two or more columns using [[ ]]

• filtering a row using .loc[[ ]]

• filtering rows using .iloc[[ i:j ]]

 inclusive of row I, but not row j

Example2_Basic_Data_selection.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Processing/Example2_Basic_Data_selection.py


Basic Data Selection 

• Conditional slicing

Filter rows based on conditions

- Value based, greater or smaller than a 
threshold 

- >, <, >=, <=, ==, !=

- Multiple Conditions: Combine conditions 
using & (AND), or | (OR), ~(NOT)



Basic Data Selection

• Aggregating data with .groupby()

 aggregate values by grouping them 
by specific column values.

Any summary method can be used 
alongside .groupby(), including 
.min(), .max(), .mean(), .median(), 
.sum(), .mode(), and more.



Using Seaborn to Create beautiful statistical graphics



Introduction to Seaborn

• A Python data visualization library built on top of Matplotlib.
• Provides a high-level interface for creating visually attractive and complex statistical graphics.

Why Seaborn?

•Ease of Use: Seaborn simplifies the creation of common plot types, while Matplotlib provides more detailed control.
•Integrated Styling: Seaborn comes with built-in themes, color palettes, and features like sns.set_theme(), which makes 
visualizations more aesthetically pleasing by default.
•Data Handling: Seaborn works well directly with pandas dataframes, reducing the steps needed to prepare data for 
plotting compared to Matplotlib.

Seaborn vs. Matplotlib:

• Create plots like scatter plots, bar plots, violin plots, box plots, and heatmaps with minimal code.
• Easily customize plots, including themes, color palettes, axes, and more.
• Combine data visualization with statistical aggregation for data analysis.

What Can Seaborn Do?



Introduction to Seaborn

Figure-level functions

Axes-level functions



Scatter Plot in Seaborn

• Purpose?

Visualize the relationship 
between two continuous 
variables.

•  scatterplot()

 Easily create scatter plots to 
explore trends and patterns in 
your data.

To display the figure, use Show() method. Example1_scatter_plot_four different plots.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Example1_scatter_plot_four%20different%20plots.py


Wide/Summary Format 



Reshaping data in pandas

• pd.melt(df) 

Gather columns into rows

• id_vars=['Year’]: 

specify the columns that should 
remain fixed

• value_vars=‘Month’:

the columns that are reshaped Long form: 

 easier to work with for analysis or plotting

Read More Here: https://seaborn.pydata.org/tutorial/data_structure.html



Scatter Plot with two variables

Example1_scatter_plot_two by two.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Example1_scatter_plot_two%20by%20two.py


Histogram in Seaborn

sns.histplot()

Aggregate statistic to compute in each bin:

• count: the number of observations

• density: normalize so that the total area of the histogram equals 1

• percent: normalize so that bar heights sum to 100

• probability or proportion: normalize so that bar heights sum to 1

• frequency: divide the number of observations by the bin width

Example2-1_Histplot.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Example2-1_Histplot.py


Histogram in Seaborn

Create a new column ‘season’ using a dictionary

Example2-2_Histplot - season.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Example2-2_Histplot%20-%20season.py


Bar plot in Seaborn

• barplot()

display average values with standard deviation

Example3_bar_plot.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Example3_bar_plot.py


Bar plot in Seaborn

• barplot() display count data

• Summing Values: Aggregate values within each group using groupby().sum().



Box plot in Seaborn

sns.boxplot():  box-and-whisker plot

 shows distributions with respect to categories.

 shows the quartiles of the dataset

 whiskers extend to show the rest of the distribution

 “outliers” points 

Example4_box_plot monthly vs violin plot.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Example4_box_plot%20monthly%20vs%20violin%20plot.py


Violin plot in Seaborn

sns.violinplot()

A plot that combines aspects of a box plot and a kernel density 
plot to show the distribution, probability density, and summary 
statistics.

Helps visualize the distribution of data across different 
categories, making it easy to see both summary statistics and 
the overall distribution shape.

Example4_box_plot monthly vs violin plot.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Example4_box_plot%20monthly%20vs%20violin%20plot.py


Customizing a Plot with Matplotlib

plt.figure() − Creates a new figure

plt. tick_params() − Change the appearance of ticks, 

tick labels, and gridlines

plt.xlable() − Set the label for the x-axis.

plt.title() − Set a title for the Axes.



Heat Map in Seaborn

Heat map
•  provide an easy way to visualize patterns and 

compare multiple categories at once

•Use table with wide or summary form

Heat map

Example5_Heatmap of Monthly Rainfall by Year.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Example5_Heatmap%20of%20Monthly%20Rainfall%20by%20Year.py


FacetGrid

sns.FacetGrid()

• create a grid of subplots.

• Ideal for visualizing the distribution or trends of data 
across multiple subsets.

• Provides an easy way to split a dataset based on the 
values of specific columns.

• Generates the same plot type for each subset, 
allowing for consistent comparison.

• Great for comparing multiple categories or observing 
trends over different groups.



FacetGrid

sns.FacetGrid()
•  col="Month": specifies the data should be divided by the Month 
column. 

Each unique value in the Month column (e.g., January, February, etc.) will create a 
separate subplot (or facet).

•  col_wrap=4: how many columns are displayed per row 

•  height=3: the height (in inches) of each subplot.

•  aspect=1.2: the aspect ratio of each subplot, where aspect is the 
width divided by the height.

g.map()
• apply a plotting function to each subset of data. Here, we're using 
sns.lineplot() to draw a line plot on each subplot.

• sns.lineplot: Specifies that a line plot should be used in each 
facet.

• x-axis and y-axis



FacetGrid

Example6_FacetGrid of Monthly Rainfall by Decade.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Example6_FacetGrid%20of%20Monthly%20Rainfall%20by%20Decade.py


Figure-Level Functions in Seaborn

• Figure-Level Functions:

o High-level plotting functions that manage the entire figure, 
including the axes and legends.

o Include functions like sns.catplot(), sns.relplot(), and 
sns.pairplot().

o Unlike axes-level functions (e.g., sns.scatterplot()), figure-level 
functions create a full figure and can easily manage multiple 
subplots.

• Benefits of Figure-Level Functions:

o Automatically manage aspects like the figure size, titles, and axis 
labels.

o Provide consistent formatting and styling when plotting across 
multiple categories or subsets of data.



Catplot

Example7_catplot box.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Example7_catplot%20box.py


Plot Summary

Function interface Multi-plot grids

Relational 
plots

Distribution 
plots

Categorical 
plots

Regression 
plots

Matrix 
plots

Facet 
grids

Pair 
grids

Joint 
grids

relplot displot catplot lmplot heatmap FacetGrid pairplot jointplot

scatterplot histplot stripplot regplot clustermap PairGrid JointGrid

lineplot kdeplot swarmplot residplot

ecdfplot boxplot

rugplot violinplot

distplot boxenplot

pointplot

barplot

countplot

https://seaborn.pydata.org/api.html#function-interface

https://seaborn.pydata.org/api.html#function-interface


Figure Themeing

seaborn.set_theme(context='notebook', style='darkgrid', palette='deep', font='
sans-serif', font_scale=1, color_codes=True)

seaborn.set(*args, **kwargs)
Alias for set_theme(), which is the preferred interface.

• Seaborn figure styles
osns.set(style="ticks")

o sns.set_style("ticks")

• Removing axes spines
o sns.despine(top=True, right=True)
o sns.despine()
Remove the top and right spines 



Seaborn Styles

White

Whitegrid

Dark

Darkgrid



Seaborn Context

seaborn.set_context(context=“notebook”, font_scale=1, rc=None)
The base context is “notebook” 
The other contexts are “paper”, “talk”, and “poster”



Color palettes 

sns.color_palette(): Set the palette

sns.palplot(): function displays a palette
deep

muted

pastel

bright

dark

colorblind



Define a color palette 



The color toolkit

https://colorbrewer2.org/
Three types of color schemes

• Sequential

• Diverging

• Qualitative

https://color.adobe.com/create
/color-wheel

• https://projects.susielu.com/
viz-palette

• https://jiffyclub.github.io/pal
ettable/lightbartlein/

• Diverging

• Sequential

https://colorbrewer2.org/
https://projects.susielu.com/viz-palette
https://projects.susielu.com/viz-palette
https://jiffyclub.github.io/palettable/lightbartlein/
https://jiffyclub.github.io/palettable/lightbartlein/


Customizing multiple subplots with Matplotlib

plt.subplots() returns both a figure and an axes, which is useful when:

• You have multiple subplots.

• You need direct access to the axes for detailed customization using methods like ax.set() or ax.set_title() .

1. ax.set()

• convenient when you want to set several properties at once in a clean and concise manner.

• less control over the individual formatting of the labels (e.g., you can't change the font size or other 
stylistic features directly using this method).

fig, ax = plt.subplots()

sns.scatterplot(data=df_melted, x='Year', y='Rainfall’, ax=ax)

ax.set(xlabel=‘Year’, ylabel=‘Rainfall (mm)’, title='Seasonal Rainfall (mm)')



Customizing multiple subplots with Matplotlib

• Parameters allow you to provide 
additional parameters, such as 
fontsize, fontweight

• Offers greater control over the 
formatting.

• more flexible since you can change the 
font size, color, or other attributes of 
each element independently.

fig, ax = plt.subplots()

sns.scatterplot(data=df_melted, x='Year’, y='Rainfall’, ax=ax)

# Set the title and labels for the axis

ax.set_title('Seasonal Rainfall (mm)', fontsize=12)

ax.set_xlabel('Year', fontsize=12)

ax.set_ylabel('Rainfall (mm)', fontsize=12)

# Rotate x-axis labels for better readability

ax.tick_params(axis='x', rotation=45)

# Customize the legend position and format

ax.legend(loc='lower right’, 

bbox_to_anchor=(1.2, 0.1))

Specific Methods: ax.set_title(), ax.set_xlabel(), ax.set_ylabel() 

2. Specific Methods: 
ax.set_title(), ax.set_xlabel(), 
ax.set_ylabel()



Scatter Plot with a Line Plot



Scatter Plot with a Line Plot

Example8_scatter_plot_customize.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Example8_scatter_plot_customize.py


Customized Markers

markers are used to specify the style of the points or vertices 
in a plot

 Markers:

. Point

, Pixel

o Circle

v Triangle Down

^ Triangle Up

< Triangle Left

> Triangle Right

| Vline

_ Hline

Read More Here: Properties of Mark objects: https://seaborn.pydata.org/tutorial/properties.html

!! Filled and line markers 
can not be used together



Multiple panels in one figure

• Steps for Setting up a 2x2 Grid of Subplots:

1. Create a 2x2 Subplot Grid:

o Use plt.subplots(2, 2) to create a 2x2 grid of 
subplots, which means there will be 4 panels in 
total.

o The figsize parameter adjusts the overall size of 
the figure (in inches).

2. Access Individual Panels:

o axes is a 2D NumPy array where each element 
represents an individual subplot.

o You can access each subplot using indexing (e.g., 
axes[0, 0] refers to the first panel in the top-left 
corner).



Multiple panels in one figure



Multiple panels in one figure

Example9_line plot, violin plot, box plot, and swarm plot.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Example9_line%20plot%2C%20%20violin%20plot%2C%20box%20plot%2C%20and%20swarm%20plot.py


Limitations of Seaborn

• Seaborn does not directly support creating certain chart types like Stacked bar plots, pie charts or 3D plots.
• Requires the use of Matplotlib for less common plots that are not natively supported.

Limited Types of Charts

• While Seaborn offers a high-level interface, fine-tuning some elements requires integrating with 
Matplotlib, which can add complexity.

• Large Datasets: Seaborn may struggle with extremely large datasets due to rendering overhead.
• Works best with Pandas DataFrames. Limited compatibility with other data formats compared to 

Matplotlib, which is more flexible.

Customization Complexity

• Focuses on statistical data visualization. General-purpose plots like network graphs or geographic maps are outside its 
scope.

Less Versatile for Non-Statistical Plots



Github Page

https://github.com/dzhao2019/BioInfoPythonScripts

BioInfoPythonScripts

https://github.com/dzhao2019/BioInfoPythonScripts
https://github.com/dzhao2019/BioInfoPythonScripts/tree/main


Recommended Resources

Example Datasets from BDE:
london_rainfall.csv
eukaryotes.tsv

https://perun.biochem.dal.ca/user-wiki/doku.php?id=python_resources

https://seaborn.pydata.org/tutorial.html

Python Resources by Shelby

https://perun.biochem.dal.ca/user-wiki/doku.php?id=python_resources


Recommended Resources

https://github.com/cxli233/FriendsDontLetFriends

Python Version: https://github.com/dzhao2019/FriendsDontLetFriends-Python (Ongoing)

https://github.com/cxli233/FriendsDontLetFriends
https://github.com/dzhao2019/FriendsDontLetFriends-Python


Summary

BioInfoPythonScripts

• Load, explore, and manipulate datasets efficiently.
• Techniques for filtering, aggregation, and reshaping data.

Data Manipulation Using Pandas

• A high-level interface for creating elegant statistical graphics.
• Tools for plotting relationships, distributions, and categorical data.
• Using Seaborn and Matplotlib for advanced plot customization.
• Adding legends, adjusting figure size, and styling visual elements.

Creating Graphics Using Seaborn

• Github page for codes and figures: BioInfoPythonScripts
• Book: Biological data exploration with Python, pandas and seaborn

External Resources

https://github.com/dzhao2019/BioInfoPythonScripts/tree/main


Questions?
More slides about exploring data with pandas and how to choose proper plot for your data



Exploring Data with Pandas

dtype argument in read_csv() 

• Assign columns types based on a dictionary map

na_values argument in read_csv() 

• Tell pandas dash “-” means missing data



Exploring Data with Pandas

dtype argument in read_csv() 

• Assign columns types based on a dictionary map

na_values argument in read_csv() 

• Tell pandas dash “-” means missing data

Result from euk.info(): (Partial)



Loading Large Datasets

• Loading only the columns needed:

> Blast = pd.read_csv('Blast.tsv', sep='\t',

usecols=['qseqid', 'pident', 'sscinames'] )

• Saving Data:

# To a TSV file: 

> Blast.to_csv('Blast_simple.tsv', sep='\t', index=False)



Adding Headers to Datasets

• Setting the names argument when using read_csv():

> Blast = pd.read_csv('Blast.tsv', sep='\t’,

names=['qseqid', 'evalue', 'pident', 'qcovhsp', 'length', 'sscinames'] )

• Setting the columns property to an existing DataFrame:

> Blast = pd.read_csv('Blast.tsv', sep='\t’, headers=None)

> Blast.columns = ['qseqid', 'evalue', 'pident', 'qcovhsp', 'length', 'sscinames'] 



Handling Missing Data in Pandas

Missing data can distort your analysis, so 
handling it correctly is essential.

Methods:

• dropna(): Remove rows or columns 
with null values.

• fillna() or fill_value: Replace null 
values with a specific value.
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Handling Missing Data in Pandas

Missing data can distort your analysis, so 
handling it correctly is essential.

Methods:

• dropna(): Remove rows or columns 
with null values.

• fillna() or fill_value: Replace null 
values with a specific value.



Violin plot in Seaborn

Lambda Function
•  decades = lambda x: (x // 10) * 10

x // 10 gets the decade value, for example, 1960 // 10 gives 196.

(x // 10) * 10 converts it back to the starting year of the decade, such 
as 1960 for the decade of the 1960s.

• df['Decade'] = df['Year'].apply(decades) 

adds a new column to your DataFrame where each year is replaced 
with the starting year of its decade.

violin_plot Summer & Winter in decades.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/violin_plot%20Summer%20%26%20Winter%20in%20decades.py


Violin Plot with Overlaid Swarm Plot

sns.violinplot() 

• color='skyblue': Sets the color of the violin plot. 

• inner=None: Removes inner elements (e.g., quartiles or 
medians) from the violin plot to avoid cluttering when the 
swarm plot is added.

• Fill=False: draw as line art, not solid patch

Violin Plot with Overlaid Swarm Plot.py

https://github.com/dzhao2019/BioInfoPythonScripts/blob/main/Data_Visualization/Violin%20Plot%20with%20Overlaid%20Swarm%20Plot.py


How to choose proper plot for your data



Choosing the Right Plot Type

• Categorical Data: Use bar plots, count plots, or box plots to compare categories.
• Continuous Data: Use histograms, scatter plots, line plots, or violin plots to visualize trends or distributions.

Understand Your Data Type

• Comparison: Use bar plots, line plots, or scatter plots to compare values across categories or time.
• Distribution: Use histograms, KDE plots, or ECDF plots to show the spread and density of data.
• Relationships: Use scatter plots, heatmaps, violin plots or pair plots to explore relationships between variables.
• Composition: Use stacked bar plots or pie charts to show the proportions of different groups.

Purpose of Visualization

• Distribution: Histogram, KDE plot, density plot, box plot, violin plot, dot map
• Trends Over Time: Line plot, bar plot
• Relationship Between Variables: Scatter plot, pair plot, heatmap
• Categories Comparison: Bar plot, count plot, violin plot, box plot
• Proportions: Stacked bar plot, pie chart

Quick Guide to Choosing Plots



Interactive version of the "Chart Chooser" 

https://bit.ly/Ventagium-Chart-Chooser 

https://bit.ly/Ventagium-Chart-Chooser


Scatter Plot



Column Histogram
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