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 Course introduction & Objectives

* Complementary sequences

e String slicing

* Writing out sequences to a file

* Writing out the RNA transcription product of a DNA
sequence

* RNA splicing

* Finding start and stop codons in a mRNA sequence



Unit 1:
What are genes, DNA, RNA and proteins?
Getting Started with Python

Human Genome
Project

2003 2012 2015




Two options for accessing
Jupyter Notebooks

* Viathe class server on the Google Cloud Platform
(link posted on Canvas)
https://console.cloud.google.com/home/dash
board?project=gbsc-gcp-class-humbio51-
autl7&organizationld=302681460499

* By installing Anaconda and running Jupyter
Notebooks from your computer.
https://www.anaconda.com/download/

Note: this will also require you to install Python
libraries and other programs



https://console.cloud.google.com/home/dash
https://www.anaconda.com/download/

How to use the Google Cloud
Platform:

PETHUNE UP. YOUL AccouUnt

Google
Sign in

to continue to Google Cloud Platform

2 . SpeC|fy yOu r Sta nfo rd . ed u annashch@stanford.edu

e-mail account as the login Forgot email?
account

More options

English (United States) -


https://console.cloud.google.com/start

How to use the Google Cloud
Platform:

S HHINE MR Y OME AGCAMNT

Stanford | WebLogin

SUNet ID:

‘ annashch ‘




How to use the Google Cloud
Platform:

SREHING WRs QML account

Getting started

d Platform

Select a project «

Try Compute Engine

pin up

ﬁ} Get started

3

Use Google APls

Enable APIs, create credentials, and track
your usage

Enable and manage APIs

Create an empty project

Learn to use Cloud Storage
Cloud Storage is a powerful and simple
storage service. In this tutorial you'll
learn the basics by creating a storage

bucket, and then uploading and sharing a
sample file as a public URL link.

Get started

Create a Cloud SQL instance

Cloud SQL is a MySQL database that
runs in Google's cloud, with no
installation or maintenance required

Get started

VIEW MORE

Learn Google Cloud Platform

Take an interactive tutorial now and learn
how to deploy and build simple
applications

Get Started

Try App Engine

Create and deploy a Hello World app

Get started

Documentation

Learn about Compute Engine [
Learn about Cloud Storage [

Leamn about App Engine (7'



How to use the Google Cloud
Platform:

4§ ﬁt-Fg ‘&glulé E%r, Mlgrlél E s%g CQIH:“—Jtproject”,

select “SCG Class-HUMBIO51-Aut17”




How to use the Google Cloud
Platform:

éﬁgm& é‘t!ges%g)%gt aaggpéép Eccount. Next time, to access

your account, simply go to https://console.cloud.google.com and follow
the steps on the next slides.



https://console.cloud.google.com

How to use the Google Clou

Google Cloud Platform &8s SCGClass - HUMBIOS1-A.. ~

d Platform

1)

)

# Home

‘9, Cloud Launcher
& Billing

API  APIs & services
'i' Support

®,  Getting started
© 1AM &admin
COMPUTE

@ App Engine

Compute Engine

Container Engine

Cloud Functions

STORAGE
Zl Bigtable

1)
2)

Click where it says Compute Engine

DASHBOARD ACTIVITY

S® Projectinfo

Project name
SCG Class - HUMBIO5T-Aut17

Project ID
gbsc-gep-class-humbio51-aut17

Project number
4996712801043

~ i

2) VM instances

Instance groups

ittings

Instance templates

Disks e

Snapshots

Images

Committed use discounts L
3

Metadata : permission to see this

Health checks
Zones
Operations
Quotas

om the past 7 days
Settings

Click VM instances

{sf Compute Engine

CPU (%) ~

- f/\/\/\/\’w\rmﬂ\”\f‘\\-

0.06
0.04
0.02
Sep 23, 3:30 PM Sep 23, 4:27 PM

W cPU 0.075

=»  Goto the Compute Engine dashboard

AP  APIs

Requests (requests/sec)

There is no data for this chart

#' CUSTOMIZE

@

Google Cloud Platform
status

All services normal

Go to Cloud status dashboard

Billing
Estimated charges $0.00
For the billing period Sep 1 - 23,2017

View detailed charges

Error Reporting

Mo sign of any errors. Have you set up Error
Repaorting?

Learn how to set up Error Reporting

News

Committed use discounts for Google Compute

Frnina now nanarallv availahla



Turn your instance on if needed

VIV instances ﬂ CREATE INSTANCE & IMPORT VM G REFRESH - START 'i' DELETE
Columns -
= HName ~ Zone Recommendation Internal IP External IP MNetwork Labels Connect
[~ instance-1 us-westl-a 10,138.0.14 Mone default SH -

3) check the box next to your instance
4) click on “START”



How to use the Google Cloud Platform

Google Cloud Platform &e SCG Class-HUMBIOS1-A... ~

{é} Compute Engine VM instances B CREATE INSTANCE & IMPORT VM C REFRESH HIDE INFO PANEL

B  VMinstances Select an instance

&y Instance groups

= Filt M Instances Columns = LABELS MONITORING
Bl  Instance templates
a8 Disks Name ~ Zone Recommendation Internal IP External IP Connect Labels help organize your resources (e.q., cost_center:sales or env:prod).
Snapshots 0 instance-master us-westl-a 10.1 33_0.5) 35.197.55.121 |7 SSH ~ :
@ No instances selected.
H Images

2§ Committed use discounts

=< Metadata

B Health checks
05 Zones

(®  Operations

=] Quotas

£ Settings

<l

5) Click on the external IP address.



How to use the Google Cloud Platform

6) The password for your GCP instance is humbio
or whatever you changed it to.

NOTE YOU SHOULD CHANGE YOUR PASSWORD!!

v jupyter
6)

Password: Log in



How to save an assignment from the
Google Cloud Platform

“~ Jjupyter 1-Reading in a gene sequence Last Gheckpoint: 6 hours ago  {autosaved) @ Logout
File Edit View Insert Cell Kernel Help Trustad | Python3 O
New Notebook » 4+ 4 MHRun M| C  Markdown ;| =
Open...
Make a Copy...
et Data for Biologists: Decoding Genomic Function- Class 1

Save and Checkpoint

| . -
Revert 10 Cheskeoint » | IS @ gene and how can we read gene sequences into a computer program?

Print Preview ning Objectives
Download as 3 MNotebook (.ipynb)
Python {.py)
Trusted Notebook HTML (htmi)
Markdown {.md ) — '
Close and Halt L 1e is and enter commands in the command line
I S | reST (.rst)
5. Set| LaTeX (tex) an absolute or relative path
6. DoV  PDF via LaTeX {.pdf) rom a genome database
7. Hedua germeseguenwewnwr'ython and determine the length of the sequence

**Note: For additional background on DNA and the Central Dogma see Khan Academy video on DNA or Khan Academy video on Central Dogma. Slides for
lecture 1 of the course:

Assignments need to be submitted on Canvas!



Don’t forget to turn your instance off
when you are not using it!

Google Cloud Platform & SCG Class - HUMBIOS1-A... ~

ﬁ Compu[e Engine VM instances Bl CREATE INSTANCE & IMPORT VM ( REFRESH HIDE INFO PANEL
B ¥Mmstanoes ) Select an instance

& Instance groups

= Cofue LABELS MONITORING

B  Instance templates

g Disks Name ~ Zone Recommen dation Internal Lip External IP Connect Labels help organize your resources {e.q., cost_center:sales or env:prod)
Snapshots G instance-master us-westl-a 10.138.0.2 35.197.55.121 [ 85H ~ :

@ No instances selected.

{1  Images

25 Committed use discounts

ZZ  Metadata

B Health checks

B Zones

(0  Operations

=] Quot

& Setting

<l

6) Click on “STOP”.
If your instance has been running for more than 12 hours, you will receive a
reminder from Google to turn it off.



How to save an assignment from the
Google Cloud Platform

Assignments need to be submitted on Canvas!



Learning Objectives
Students should be able to:

* Explain the Central Dogma and what it means for a gene to be expressed

* Describe what a complementary DNA sequence is

* Recognize conventions for designating DNA sequence directionality

* Print a complementary DNA sequence using "for loops" and "if" statements
* Find the index of characters in a string variable and slice a string

* Use string slicing to make a substitution, deletion, insertion or inversion
in @ DNA, RNA or protein sequence

* Write out a complementary DNA sequence to a file
* Write out the RNA transcription product for a DNA sequence.
* Define RNA splicing, exon and intron

» Use Python to find possible translation start and stop codons in a mRNA
sequence



Flow of information in biological systems:
The Central Dogma

replication CDNA

transcription l (man A
RNA

translation l

Protein



What is a complementary DNA sequence?

DNA Base Pairing

=
N b —H-e 0 CHs _
T §—\§ Take a moment to write out the
N N-------H—N _
=/ N complementary DNA sequence for:
A o
AGCCCTCCA
fN ------- H—N)-| c
N 7 Nt )
- N=— N
s N—H-G 3
H




DNA sequences have directionality

' Guanine

O Cytosine

' Adenine

Image by T. Shafee: https://en.wikipedia.org/wiki/Gene



By convention, DNA sequences are
written 5" to 3’

Back to our example:

5’-AGCCCTCCA-3’ original sequence
3’-TCGGGAGGT-5" complementary strand
5’- -3’



By convention, DNA sequences are
written 5" to 3’

Back to our example:

5’-AGCCCTCCA-3’ original sequence
3’-TCGGGAGGT-5" complementary strand
5-TGGAGGGCT-3’ reverse complement



DNA strands may be referred to as the
+ or - strand

Image by T. Shafee: https://en.wikipedia.org/wiki/Gene



Goal 1: Print a complementary sequence
using for loops and if statements



Overview of the script we will write

input

gene
sequence

read

Script

Determine
complementary
DNA

sequence

write

output

Complementary
Sequence




What is a for loop?

In [1]: | for i in "AGCCCTCCA':
print (i)



What is a for loop?

In [1]: | for i in "AGCCCTCCA':
print (i)

>O00-0000 >



How might we use a for loop to write out
the complementary sequence?

In [1]: | for i im "AGCCCTCCA':



How might we use a for loop to write out
a complementary sequence?

In [2]: #Write out the complementary seguence for a DNA seguence
for i in 'AGCCCTCCA':
if jmm'p’:
print ('T'})
if j==m'T';
print ('A')
if j=='G':
print ('C')
if j=m'C':
print ('G')

What if we wanted to write out the reverse complement?



String slicing

String: variables composed of text or characters and
are not numbers that can be multiplied, added or
divided. Strings are often letters but may have
numbers or special characters.

Indexing in Python starts with O

In [4]: seguence='TCGGGAGGT'

print
print
print
print
print
print

(sequence[0])
(sequence[0:2])
(sequence[0:3])
(sequence[1l])
(sequence[1:3])
( segquence|:4])



String slicing

In [4]:

sequence='TCGGEAGGET '
print (sequence[0])
print (sequence[0:2])
print (seguence[0:3])
print (seguence[l])
print (seguence[l:3])
print (seguencel:4])

TC
TCG

CG
TCGG



String slicing skipping characters

Adding a stride after the upper bound allows you to skip characters

In [5]: | sequence="TCGGEAGGT'

#s8lice the seguence string from [lowerbound:upperbound:stride]
print (seguence[2:5:2])

T

Stride



String slicing skipping characters

In [5]: | sequence="TCGGGAGGT'

#8lice the seguence string from [lowerbound:upperbound:stride]
print (seguence[2:5:2])

GG

If a lowerbound is not included slicing occurs at zero.
If an upper bound is not included slicing occurs at the

end of the string.

In [6]: seguence='TCGGGAGGT'

#slice the sequence string from [lowerbound:upperbound:stride]
print (sequence[0:%:2])
print (seguence[::2])

TGGGT
TGGGT



A negative stride can reverse a string

In [7]: seguence='TCGEGAGGT'

#8lice the sequence string from [lowerbound:upperbound:stride] a negative value for the stride reverses the direction.
print(sequence[::=1]1)



A negative stride can reverse a string

In [7]: seguence='TCGEGAGGT'

#slice the seguence string from [lowerbound:upperbound:stride] a negative value for the stride reverses the direction.
print(sequence[::=1])

TEEAGGGCT



A negative stride can reverse a string

In [7]: seguence='TCGEGAGGT'

#slice the seguence string from [lowerbound:upperbound:stride] a negative value for the stride reverses the direction.
print(sequence[::=1])

TEEAGGGCT



String slicing can be used to change
(or mutate) parts of a sequence

Substitution

In [B]: #Make a single substitution in a sequence
sequence='TCGGGAGET'
mutated sequence= sequence[0:4] + 'A' + sequence[6:]
print(mutated sequence)

TCGGAGGET



How would you make a:

Deletion

In [9]: #Delete part of a seguence
sequence="'TCGGGAGGT '
mutated sequence=
print (mutated sequence)

TCGEEGT
Insertion

In [10]: #Add an insertion in a seguence
sequence="TCGGGAGGT '
mutated sequence=
print (mutated sequence)

TCGGATGGT

Inversion

In [12]): | #Add an inversion in a seguence
sequence="'TCGGGAGGT'
print(sequence[7:4:-1])
matated sequence=
print (mutated sequence)

GGA
TCGGGGGAT



How would you make a:

Deletion

In [9]: #Delete part of a seguence
sequence="TCGGGAGGT '
mutated sequence= sequence[0:4] + sequence[6:]
print (mutated sequence)

TCGEEGT
Insertion

In [10]): #Add an insertion in a seguence
sequence="TCGGGAGGT '
mutated sequence= sequence[(0:4] + '"AT' + sequence[f:]
print (mutated sequence)

TCGGATGGT

Inversion

In [12]): | #Add an inversion in a seguence
sequence="'TCGGGAGGT'
print(sequence[7:4:-1])
mutated sequence= sequence[0:5] + sequence[7:4:-1] + sequence[f:]
print (mutated sequence)

GGA
TCGGGGGAT



Substitutions, deletions, insertions and
inversions are all types of genetic variation



How can string slicing be used to write out
the reverse complement for a sequence?

In [11]: #Write out the complementary seguence for a DNA seguence

complementarysequence='"' #this defines the variable 'complementarysequence'’
for i in 'AGCCCTCCA':
if i=="A':
complementarysequence=complementarysequence+'T'
if i=="T":
complementarysequence=complementarysegquence+'A’
if i=='G":
complementaryseguence=complementaryseguence+'C'’
if i=='C':

complementarysequence=complementarysequence+'G’
print (complementaryseqguence)



How can string slicing be used to write out
the reverse complement for a sequence?

In [11]: #Write out the complementary seguence for a DNA seguence

complementarysequence='"' #this defines the variable 'complementarysequence'’
for i in 'AGCCCTCCA':
if i=="A':
complementarysequence=complementarysequence+'T'
if i=="T":
complementarysequence=complementarysegquence+'A’
if i=='G":
complementaryseguence=complementaryseguence+'C'’
if i=='C':

complementarysequence=complementarysequence+'G’
print (complementaryseqguence)

#ANSWER REMOVE BEFORE GIVING TO STUDENTS.
print (complementarysequence[::-1])

TCGGGAGET
TGGAGGGCT



How can you write a string variable in
Python to a file?

#Write out the complementary seguence for a DNA seguence to a file
complementarysequence='"' #this defines the variable 'complementaryseguence’
for i in 'AGCCCTCCA':
if i=="A':
complementarysequence=complementarysegquence+'T'
if i=='T":
complementarysequence=complementaryseguence+'A’
if i=='G":
complementarysequence=complementaryseguence+'C’
if i=="'C":
complementarysequence=complementarysequence+'G’

#create a file object f and open a writeable file called 'complementarysegquence' in the working di
rectory
f =open('complementarysequeunce’,

w')

#write the complementary segquence variable to the 'complementaryseguence' file
f.write(complementarysequence[::-1]})

#close the file object £ so it does not take resources in the program
f.close ()



DNA vs RNA
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How can you write the RNA transcription
product for a DNA sequence?

In [17]: #Write out the pre-miRNA seguence for a DNA seguence
FASTAgenesequence=gpen('../class 0l gene sequences/data/Human-Insulin-NG 007114.1.txt','r")
genesequence=(FASTAgenesegquence.readlines()[1:])
genesequence='".join(genesequence)
geneseqguence=genesequence.replace( '\n'," ")

RNAsequence='"' #this defines the variable 'RENAseguence'

#loops over each character in geneseguence and converts Ts to Us in the RNAsequence variable.
for i in geneseguence:
if i=='A":
RNAseguence=RNAsequence+'
if i=='T":
ENAsequence=RNAseguence+'
if i=="'G":
RNAseguence=RNAsequence+'
if i=='C":
RNAseguence=RNAsequence+'
print { }



How can you write the RNA transcription
product for a DNA sequence?

#Write out the pre-mRNA seguence for a DNA seguence
FASTAgenesequence=copen('../class 01 gene sequences/data/Human-Insulin-NG 007114.1.txt','r")
genesequence=(FASTAgenesequence.readlines()[1:])
geneseguence='"'.Jjoin{geneseguence)
geneseguence=genesequence.replace("n’'," ")
RNAsequence='' #this defines the wvariable 'RNAseguence'
for i in geneseguence:
if i=="'A":
RNAsequence=RNAsequence+'A’
if i=="T":
RNAsegquence=RNAsequence+'U’

if i=='G":
RNAseguence=RNAsequence+'G'
if i=='C':

RNAseguence=RNAseguence+'C’
print (RNAsegquence)



How can you write the RNA transcription
product for a DNA sequence using
if/else statements?

In [18]: | #Transcription: Writes out the pre-mRNA sequence that will be made from a DNA seguence
FASTAgenesequence=gpen('../class 01 gene sequences/data/Human-Insulin-NG 007114.1.txt','r")
genesequence=(FASTAgenesequence.readlines|)j[1:])
geneseguence="'".jolin{genesegquence)
genesequence=genesequence.replace(''\n',"")

RNAsequence='"' #this defines the variable 'RNAseguence’

#loops over each character in genesequence and converts Ts te Us in the RNAsequence variable.
for i in genesequence:
if i==' ":
RNAsequence=RNAsequence+'
else:
RNAsequence=ENAsequence+ i

print { }



How can you write the RNA transcription
product for a DNA sequence using
if/else statements?

##ANSWER -- REMOVE BEFORE GIVING TO STUDENTS #¥#
#Write out the pre-mRNA sequence for a DNA segquence
FASTAgenesequence=open('../class 01 gene seguences/data/Human-Insulin-NG 007114.1.txt','r"})
genesegquence=(FASTAgenesequence.readlines()[1:])
genesequence="'".join{genesequence)
RNAsequence="'"' #this defines the variable 'RNAseguence'
for i in genesequence:
if i=="T":
RNAsegquence=RNAsequence+'U’
else:
RNAseguence=RNAseguence+ i
print (RENAsequence)

AGCCCUCCAGGACAGGCUGCAUCAGAAGAGGCCAUCAAGCAGGUCUGUUCCAAGGGCCUUUGCGUCAGGU
GGECUCAGGAUUCCAGGGUGGCUGGACCCCAGGCCCCAGCUCUGCAGCAGGGAGGACGUGGCUGGGCUCE
UGARGCAUGUGGGEGEUGAGCCCAGGGGCCCCAAGGCAGGGCACCUGGCCUUCAGCCUGCCUCAGCCCUGT



What are RNA splicing, exons and
introns?



Using Python to find start and stop
codons in an mMRNA sequence

In [23]: #Find possible start codons in an mRNA seguence
FASTAmENAsequence=cgpen({'../class (1 gene seguences/data/Human-Insulin HM_000207.2.txt','r'}
mENAsequence=( FASTAMRNAsequence.readlines()[1:])
mRHAsequence='".join(mRNASequence)
mRNAsequence=mENAsequence.replace('\n',""')

#loops over every set of three consecutive basepairs in the mRNAseguence and looks to see if it is
an ATG.
for i in range(0,len(mRNAsequence)]):
if mRNAsequence[i:i+3]=='ATG':
#prints the possible start codon starting position, the i+l converts the start position te 1.
print{ 'candidate start codon site: '+ str(i+l))

candidate start codon site: 60
candidate start codon site: 72
candidate start codon site: 341
candidate start codon site: 442



