Navigating
the NCBI

Introduction

Students navigate parts of the National Center for Biotechnology
Information (NCBI) website and work independently to explore databases,
focusing on the BRCAT gene and the bioinformatics tool Map Viewer. Through
an analogy that compares two collections of databases (iTunes® and the NCBI),
students connect with their own prior knowledge to better understand database
structure and function. In Lesson Two, students learn how veterinarians might
use bioinformatics tools in their career.

Learning Objectives

At the end of this lesson, students will know that:

e Databases like those available at the National Center for Biotechnology
Information (NCBI) are used to organize and search vast amounts of biological
information.

* Genetic tests are developed using the biological information available in
databases like those at the NCBI.

e Bioinformatics tools are used by people in many careers, including
veterinarians.

At the end of this lesson, students will be able to:

¢ Navigate databases at the National Center for Biotechnology Information
(NCBI) to find biological information.

e Explain the need for searchable databases as applied to genetic testing.

Key Concepts

e The NCBI is a central repository for many types of biological data freely
available to scientists and the general public including: nucleotide and protein
seguences, structures, scientific publications and much more. The many
databases at the NCBI can be searched simultaneously using the NCBI's search
engine Entrez.

e Companies that offer direct-to-consumer genetic testing rely on biological
information available through the NCBI.

e The NCBI resource Map Viewer allows users to view and search an organism’s
complete genome and display chromosome maps.

e Bioinformatics tools are used by and benefit people in many careers, including
veterinarians.
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Class Time
One class period (50 minutes).

Prior Knowledge Needed
e An introduction to taxonomy.

¢ An understanding of the relationship
between genes and proteins.

e The ability to translate DNA nucle-
otide codons into amino acids.

Common Misconceptions
e Only humans have BRCA genes.

e BRCA genes are only located in
breast tissue.
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Materials

Materials Quantity

Copies of Student Handout—Careers in the Spotlight (handed out in Lesson One) 1 per student
Class set of Student Handout—Navigating the NCBI Instructions 1 per student (class set)
Copies of Student Handout—~Navigating the NCBI Worksheet [Note: This worksheet is 1 per student

for students’ answers to lesson questions.]

Teacher Answer Key—~Navigating the NCBI 1

Computer Equipment, Files, Software, and Media

Computer with internet access and projector to display PowerPoint slides.

Alternative: Print PowerPoint slides onto transparencies and display with overhead projector.

Lesson Two PowerPoint Slides—Navigating the NCBI. Available for download at: http://www.nwabr.org/curriculum/introduc-
tory-bioinformatics-genetic-testing.

A student version of lesson materials (minus teacher answer keys) is available from NWABR's Student Resource Center at:
http://Awww.nwabr.org/students/student-resource-center/instructional-materials/introductory-bioinformatics-genetic-testing.

Computer lab with internet access for students.

Teacher Preparation
e L oad the classroom computer with the Lesson Two PowerPoint slides.

* Make copies of the Student Handout—~Navigating the NCBI Instructions, one
per student. This handout is designed to be re-used as a class set.

¢ Make copies of the Student Handout—Navigating the NCBI Worksheet, one
per student. This worksheet is used for students to write their answers to the
lesson questions.

Procedure

WARM UP

1. As students enter the classroom, display the PowerPoint Slide #1. This slide
highlights veterinarian Deborah Tegarden, DVM.

Navigating the NCBI: Slide #1

VETERINARIAN
DEBORAH TEGARDEN, DVM

Place of Employment:
Elliot Bay Animal Hospital
Seattle, Washington

“While we often think of genetic testing in humans, vets are seeing more and
more tests being developed for animal patients. This is the most exciting time
| can imagine in veterinary medicine, when things are getting more and more
cutting edge and technology is developing at lightning speed.”
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2. Have students retrieve Student Handout—Careers in the Spotlight from
Lesson One.

3. Students should think about, and write down, what kind of work a veterinarian
might do (Veterinarian Question #1). This will be revisited at the end of the
lesson, including how a veterinarian might use bioinformatics in his or her job.

4. Tell students to keep their Careers in the Spotlight handout available for
future lessons.

PART I: What does the Gene Machine really do?

5. Explain to students the aim of this lesson. Some teachers may find it useful
to write the aim on the board.

Lesson Aim:

e To understand the role of databases in organizing and searching for
biological information.

6. Remind students that, in Lesson One, they watched the play Meet the
Gene Machine and explored the 23andMe website to learn more about
genetic testing.

7. Share with students that in today’s lesson, they will explore more about
the inner workings of the “Gene Machine” by learning about the role
bioinformatics plays in genetic testing. Another goal for today’s lesson is
to explore how databases, particularly those at the National Center for
Bioinformatics Information (NCBI).

8. Ask students, “What does the Gene Machine do?"” It may be helpful to
walk over to the prop used for the Gene Machine in the play from Lesson
One, if it is available.

9. Let students brainstorm answers. Students may say that it “analyzes DNA,"”
or "tests for genetic diseases,” or “gives a person a printout of his or her
genes.” For each case, ask students how this might happen (i.e., “How do
you think it analyzes DNA?").

10. Highlight for students that it is not enough to know just the patient’s DNA
sequences for a genetic test. A genetic test must compare the patient's
DNA sequences to known sequences. These known sequences are called
reference sequences.

11. Tell students that the fictional Gene Machine from the play represents a
number of steps necessary for genetic testing, from purifying and sequencing
the DNA to comparing the patient’s DNA with a known reference sequence.

PART Il: The Need for Databases

12. Share with students the importance of databases in science: Databases allow
scientists to store, manage, and retrieve information in an organized way.

13. Remind students of how much genetic information was returned for
just one person in the play, Meet the Gene Machine. How would scientists
handle the amount of data if everybody in the class got tested? Everybody
in the school? Everybody in the school district? Where are all the reference
sequences kept and how do scientists access them?
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[Note: Teachers may also wish to
discuss the Learning Objectives of the
lesson, which are listed at the beginning
of this lesson.]

Reference sequence: A sequence

that has been chosen for the purpose
of comparison. At the National Center
for Biotechnology Information (NCBI),
reference sequences are chosen because
they are of high quality and are thought
to accurately represent the sequence
from the original organism. In genetic
testing, a reference sequence is a
known and well-studied DNA or protein
sequence that does not contain any
mutations or changes that are associated
with disease. These sequences are used
for comparison with patient sequences
during genetic testing.

NCBI has a database dedicated to
reference sequences, called the RefSeq
database. The goal of RefSeq is to
accurately represent all naturally occurring
DNA, RNA, and protein molecules for
major organisms.

Database: A collection of related data
that are stored, managed, and retrieved in
an organized way.

Lesson 2 — Navigating the NCBI
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National Center for Biotechnology
Information (NCBI): Part of the National
Library of Medicine at the National
Institutes of Health (NIH), the NCBI is

a collection of biological information
organized in over 30 cross-referenced
databases related to genetics and
molecular biology. It's not just DNA — there
are all kinds of data about how cells,
organisms, and even ecosystems function.

Entrez: The search engine used to
simultaneously search all of the databases
at the NCBI. Items stored in different
databases are cross-referenced and inter-
linked, making it easier to find all the
database records that are related to any
one subject.

Nucleotide database: One of the
databases at the NCBI which contains
nucleotide (DNA and RNA) sequences.

14. Tell students the following:

This information, and more, is stored in biological databases such as those
at the National Center for Biotechnology Information (NCBI), which
is part of the National Library of Medicine, which in turn is part of the
National Institutes of Health.

The NCBI houses biological information in over 30 databases related to
genetics and molecular biology. All of these databases can be searched using
one search engine (Entrez). ltems stored in different databases are cross-
referenced and inter-linked, making it easier to find all the database records
that are related to any one subject. When students visit the NCBI in this
lesson, they will primarily use the Nucleotide database.

Genetic tests like those available through 23andMe could not exist without
the information available at the NCBI.

15. Ask students if they are familiar with using databases to search for and
retrieve information. It is likely that many students have used iTunes®, a
collection of databases related to music, podcasts, videos, and ringtones.
iTunes® can be searched in multiple ways and can yield many results from one
query, just as students will find at the NCBI.

16. Tell students the following:

Biology is undergoing a tremendous change because of the explosion of data
that are being collected.

Because DNA is an information molecule, and we are gathering more and
more genetic information, we need new strategies to understand the data.

NCBI can be thought of as a point for “one stop shopping” when searching
for biotechnology information. The databases found at NCBI are crucial for
scientists conducting biological research.

PART Ill: What is Bioinformatics?

17. Tell students that bioinformatics is the application of computer
science and information technology to biology and medicine.
Teachers are encouraged to write this definition on the board, and ask
students to write it in their notes. The definition can also be found at the
top of students’ Careers in the Spotlight handout.

18. Break this definition down to look at its parts. Bioinformatics is used to:

Create databases: Building cross-referenced, interlinked databases used to
store information.

Search databases: Designing a way to search and retrieve information from
the databases. When students go to the NCBI and search the databases, they
are using the tools of bioinformatics.

Compare sequences: Comparing an individual’s DNA to reference
sequences that are uploaded and stored in the NCBI databases. These
reference sequences have been reviewed by NCBI researchers to confirm that
they contain no errors or mutations. They are the result of much collaboration
between scientists. The programs used to compare these sequences are the
work of bioinformatics.
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Represent molecular structures: Identifying and representing the three-
dimensional structure of biological molecules such as proteins. Computer
programs that determine and represent these 3D structures are the work of
bioinformatics.

19. Tell students that bioinformatics offers many different types of tools to
use in different circumstances. Like any set of tools, bioinformatics is useful
when applied.

PART IV: Navigating the NCBI

20. Tell students that while they are at the NCBI website, they will focus on
a gene they explored in Lesson One: BRCAT. Remind student that BRCAT
plays a crucial role in DNA repair as a tumor suppressor that normally
prevents cancer.

21. Acknowledge that students may feel overwhelmed by the amount of
information at the NCBI. The purpose of this exercise is not for students to
learn detailed, specific information from the site, but to gain an appreciation
for the amazing depth and breadth of information available at the NCBI.

22. Distribute copies of Student Handout—Navigating the NCBI Instructions
and copies of Student Handout—~Navigating the NCBI Worksheet and allow
students to start working on the activity independently at a computer.

PART V: A Database Analogy: iTunes® and the NCBI

23. After students have worked through Student Handout—Navigating the
NCBI Instructions, tell them that they will now tie what they have learned
about databases at the NCBI to what they already know about the iTunes®
database. It may be helpful to ask students if they are familiar with the music
database iTunes®, and ask them what they know about the service. For
example, students might say that they use iTunes® to download songs, to find
out which songs were published by which artist, or to learn which album a
particular song was released on.

24. Show Slide #2, "How are iTunes®...”

New and Notewarthy

.
[

How are iTunes®...
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[Note: While working through

Student Handout—Navigating the
NCBI Instructions, students may feel
overwhelmed with the information
available in the databases. Working
through it as a group or as a class may
be helpful. It is important to realize that
neither teachers nor students are going
to understand everything at the NCBI.
Students and teachers are encouraged
to learn together. The NCBI contains

a great deal of information and is
updated regularly, making learning an
on-going process.]

Navigating the NCBI: Slide #2
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25. Show Slide #3, "and the NCBI...similar and different?”

Navigating the NCBI: Slide #3

and the NCBI...

B o

:S NCB] Search Al Databases =]

HCBI Home
Site Map (A7)

Welcome to NCBI

Sl by prowaing cCesS 10 bimedical and enomC Iformason

ABout T8 NCEI | Mission | Organcaton | Reseafch | RSS Feeas

Get Started

Tools: Analyze data using NCBI sofware
Downioats: Get NCS ata of software Pudliea Central
How-To's: Leam how 1o-accomplish speciictasks at NCBI e

‘SuBMis ions: SBMIN data 1o GeNBanK or o e NCE! Satazases

Genomic Structural Vanati

‘Seauence Anairsis.

Tasonomy dbVar archives large scale genomic
Training & Tutorials ariation data and assocaies defined

wariants with phenotypic information.
vanason

w1 2:[4 &

similar and different?

26. In pairs, have students brainstorm ways in which iTunes® and the NCBI
are similar and ways they are different. Students could think about search
functions, content, cost, and the type of results returned.

[Note: You may wish to have students
follow along with you by taking

their own notes. They too can write
“iTunes®” at the top of one column,
and “NCBI” at the top of the second
column. Rows on the top half of their
paper can contain “Similarities,” while
rows on the bottom half of the page
can be for noting "Differences.” Under
the columns, they can write down what
these two databases have in common,
and then how these two databases
differ. This is also a useful way for
students to take notes during the iTunes®
versus NCBI brainstorming session.]

27. To review with students the results from their brainstorming session,
Slides #4-6 may be used. Alternatively, teachers may wish to draw tables
on the board, and have students supply answers from their brainstorming.
If using PowerPoint slides, project Slide #4 “iTunes® and the NCBI" for
all to see, and review with students the similarities between the two
databases. If writing on the board, write “iTunes®” at the top of one
column, and write “NCBI” at the top of the other column, listing the
similarities, and then the differences, between the two databases. In
addition to student answers, Table 1 and Table 2 on the following pages
may be used to fill in the “similarities” and “differences;” write on the
board only the bolded words found in the tables on the following pages,
and discuss with students the ideas in italics.

Navigating the NCBI: Slide #4
iTunes® and the NCBI are similar because they both...

iTunes® NCBI

Contain Multiple Databases

iTunes® houses several
organized collections of certain
types of “data” (music,
ringtones, videos, TV programs,
and podcasts).

NCBI houses several organized
collections of certain types of
“data” (biological information).

Use Search Functions
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The iTunes® music database can
be searched in a variety of ways,
such as by song title, album title,
artist, and more.

The NCBI nucleotide sequence
database can be searched in a
variety of ways, such as by topic,
DNA sequence, accession
number, author, and more.
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28. If using PowerPoint slides, next show Slide #5, which illustrates
additional ways in which the NCBI and iTunes® are similar.

iTunes®

Searching for a song title
may yield a large number of
closely-related resuits.

iTunes® and the NCBI are similar because they both...

NCBI

Yield Large Numbers of Results

Searching for a DNA sequence
may yield a large number of
closely-related results.

Provide Additional Information

Each song search result includes Each sequence search resuit
information about the artist,
album, release date, and more.

includes information about the
organism, location of sequence,
date of database entry, and more.

iTunes® NCBI

Contains multiple databases
iTunes® houses several organized
collections of certain types of
“data” (music, ringtones, videos, TV
programs, and podcasts).

Contains multiple databases
NCBI houses several organized
collections of certain types of “data”
(biological information).

Uses search functions

The iTunes® music database can be
searched in a variety of ways, such
as by song title, album title, artist,
and more.

Uses search functions

The NCBI Nucleotide sequence
database can be searched in a
variety of ways, such as by topic,
DNA sequence, accession number,
author, and more.

Yields large number of results
Searching for a song title may yield
a large number of closely-related
results.

Yields large number of results
Searching for a DNA sequence may
yield a large number of closely-
related results.

Provides additional information
Each song search result includes
information about the artist, album,
release date, and more.

Provides additional information
Each sequence search result
includes information about the
organism, location of sequence,
date of database entry, and more.
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Table 1: How iTunes® is Similar to the NCBI.
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29. If using PowerPoint slides, next show Slide #6, and discuss with students
ways in which iTunes® and the NCBI are different.

Navigating the NCBI: Slide #6 ] o
iTunes® and the NCBI are not similar because they both. ..

iTunes® NCBI

Search Scale

The user cannot search for an The user can search for an exact
exact sequence of notes that DNA sequence that occurs in
occur in more than one song in many organisms in the DNA
the music database. Nucleatide database.

Content
iTunes® provides audio and NCBI provides biological content.

audiovisual content.

Cost

iTunes® charges a fee for Use of the NCBI is free! It is paid

. P for by the federal government
downloading most items. through tax doliars.

Table 2: How iTunes® is NOT Similar to the NCBI. "
iTunes® NCBI

Search scale—can’t search by Search scale—can search by
musical note sequences DNA sequences

The user cannot search for an exact The user can search for an exact
sequence of musical notes that DNA sequence that occurs in many
occur in more than one song in the organisms or genes in the DNA
music database. Nucleotide database.
Content—audio and visual Content—biological

iTunes® provides audio and NCBI provides biological content.
audiovisual content.

Cost—fee-based Cost—free Use of the NCBI is
iTunes® charges a fee for free! It is paid for by the federal
downloading most items. government through tax dollars.

30. Show Slide #7. Draw students’ attention to the first similarity between
iTunes® and the NCBI (contains multiple databases). Tell students that
the three databases they will be using the most during this unit are the
Nucleotide, Protein, and Structure databases. Emphasize for students the
types of information that are available in each database.

Navigating the NCBI: Slide #7
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Two types of searchable databases...
not so different.
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¢ Nucleotide database—this contains nitrogenous base sequences written in
the form of A (adenine), T (thymine), C (cytosine), G (guanine), or U (uracil).
Nucleotides are the building blocks of DNA and RNA. Three nucleotides
code for one amino acid.

¢ Protein database—this contains the amino acid sequences written using
the one-letter abbreviations for each of the 20 amino acids. For example,
the amino acid glycine is abbreviated G and the amino acid alanine is
abbreviated A. Amino acids are the building blocks of proteins.

e Structure database—this contains the three-dimensional representations
of the protein structures. The amino acid sequence for the protein is also
included in the structure database. Structures can be viewed with molecular
viewing programs like Cn3D.

PART VI: Closure—Careers in the Spotlight

31. Check for understanding of the student handout. Make sure to reinforce
the major concepts:

e The NCBI is the “wizard behind the curtain” that provides biological
information to 23andMe and other direct-to-consumer genetic testing
companies, as well as to research scientists and others studying genetic
diseases. These companies have their own databases as well, which they
add to with patient samples that they analyze.

e NCBI has a number of different databases that can be searched using the
search engine Entrez.

32. Check for understanding about the BRCA genes. Ask, “Do all people have
the BRCAT and BRCAZ2 genes?”

“Yes, we do.” It is important for students to realize that all people—and
in fact many other species—have both BRCAT and BRCA2 genes—as
students saw in Student Handout—Navigating the NCBI Instructions. The
BRCA1 and BRCAZ2 proteins play crucial roles in DNA repair. However,
some individuals have inherited BRCA alleles that contain mutations.
Those mutations can encode defective proteins and are associated with
increased risk for cancer.

33. Inform students that in Lesson Three they will read a case study that
introduces students to a family with a history of breast cancer, and focuses
on some of the ethical principles involved deciding whether to proceed with
genetic testing.

©Northwest Association for Biomedical Research—Updated April 2012
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34. Return to the picture of the veterinarian from the Careers in the
Spotlight Slide #8.

Navigating the NCBI: Slide #8

VETERINARIAN

DEBORAH TEGARDEN, DVM

Place of Employment:
Elliot Bay Animal Hospital
Seattle, Washington

“While we often think of genetic testing in humans, vets are seeing more and
more tests being developed for animal patients. This is the most exciting time
| can imagine in veterinary medicine, when things are getting more and more
cutting edge and technology is developing at lightning speed.”

35. Show Slide #9, which provides job information for a veterinarian. Review
this information with students.

Navigating the NCBI: Slide #9
CAREERS IN SPOTLIGHT:

VETERINARIAN

What do they do?

Veterinarians diagnose and treat animals. Some veterinarians specialize
in a particular area (such as oncologists who treat cancer), and some
perform research to improve animal and human health. Veterinary
technicians assist veterinarians in their work.

What kind of training is involved?

Veterinarians complete a Bachelor’'s degree and a DVM (Doctor of
Veterinary Medicine) degree, which requires four years. Veterinary
technician training is usually a two year (Associate’s) program.

What is a typical salary for a Research Scientist?
Veterinarians: $45,000/year ($22/hour), up to $140,000/year
($67/hour). Veterinary Technicians: $20,000/year ($10/hour), up
to $45,000/year ($22/hour).

36. Ask students, “How does a veterinarian’s job relate to today’s lesson?”
Point out that:

e A number of genetic tests have been developed for animals.
e Bioinformatics tools can be used to conduct research on opportunities for
animal breeding programs.

e As students saw today, much of the biological information at NCBI is
gathered from animals, and veterinarians, as well as research scientists, play
a role in this.

37. Ask students to answer Veterinarian Question #2 on their Careers in the
Spotlight handout, which has students explain how this lesson has changed
their understanding of the kind of work a veterinarian does.
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38. Ask students to also answer Veterinarian Question #3 on their Careers in the
Spotlight handout, which has students explain how a veterinarian might use
bioinformatics in his or her work.

39. Tell students to keep their Careers in the Spotlight handout available for
future lessons.

Homework

The following are suggested homework activities to follow this lesson. It is highly
recommended that Student Handout—Case Study: A BRCA Genetic Testing
Dilemma from Lesson Three be provided as homework to allow more time in class
to discuss the case study.

A. As homework, ask students to write about the activities they learned in

Lesson Two in their lab notebooks, on another sheet of paper, or in a word [Note: Suggested scoring for homework:

processing program like Microsoft Word® or Google Docs which they then +5 points if all 4 prompts are complete.]

provide to the teacher as a printout or via email. This can serve as an entry
ticket for the following class. Have them complete these prompts:

a. Today | learned that...
b. An important idea to think about is...
c. Something that | don’t completely understand yet is...

d. Something that I'm really confident that | understand is...

B. Have students return to the NCBI homepage and search for something

of interest to them, such as a disease, an animal, or a gene they’ve heard [Note: Suggested scoring for homework:

about in class or in the news. Based on the Entrez search results, what can Up to +10 points ]

students conclude about how much this topic has been studied? Do any of
the search results surprise them? Encourage them to explore some of the
links to their search results, such as the Nucleotide sequences or scientific
articles found in PubMed Central [which are all freely available], and
describe what they've found.

C. Distribute Student Handout—Case Study: A BRCA Genetic Testing Dilemma
from Lesson Three as homework before the class discussion session.
Encourage students to read through the case study and discuss the issues with
family members and/or friends. Answers to the Homework Questions can
serve as the entry ticket to participate in the class discussion the following day.

Glossary

Bioinformatics: Bioinformatics is the application of computer science and information technology to biology and
medicine. Bioinformatics makes it possible to analyze large and complex biological data and can be used to search
biological databases, compare sequences, and draw molecular structures. Bioinformatic techniques are used to design
and carry out the computer-based portion of genetic tests.

Database: A collection of related data that are stored, managed, and retrieved in an organized way.

Entrez: The search engine used to simultaneously search all of the databases at the NCBI. Items stored in different databases are
cross-referenced and inter-linked, making it easier to find all the database records that are related to any one subject.
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National Center for Biotechnology Information (NCBI): Part of the National Library of Medicine at the National Institutes
of Health (NIH), the NCBI is a collection of biological information in over 30 cross-referenced databases related to genetics and
molecular biology.

Nucleotide database: One of the databases at the NCBI which contains nucleotide (DNA and RNA) sequences.

Reference sequence: A sequence that has been chosen for the purpose of comparison. At the National Center for
Biotechnology Information (NCBI), reference sequences are chosen because they are of high quality and are thought to
accurately represent the sequence from the original organism. In genetic testing, a reference sequence is a known and well-
studied DNA or protein sequence that does not contain any mutations or changes that are associated with disease. These
sequences are used for comparison with patient sequences during genetic testing.

Credit

Tegarden, Deborah. Personal Interview. 6 November 2009.
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Navigating the

NCBI Instructions

Aim: To become familiar with the resources available at the National Center for Bioinformatics (NCBI) and the

4

Gl

search engine Entrez.

Instructions: write the answers to your questions on the Student Worksheet, in your lab notebook, or on
a separate sheet of paper, as instructed by your teacher.

1. Go to the NCBI homepage http:/Awww.ncbi.nih.gov/

List of All
Resources or
Tools Available
at the NCBI

=2 NCBI Resources (¥ HowTo [¥)

= NCBI | seacn aivacoese: T}

Naticnal Center for
Biotechnology Information

NCBI Home p

Site Map (A-Z)

All Resources

Chemicals & Bioassays

Data & Software

. DNA & RNA

Domains & Structures

Genes & Expression

Genelics & Medicine

Welcome to NCBI

The National Center for Biotechnology Information advances science and
health by providing access to biomedical and genomic information

Aboutthe NCBI | Mission | Organization | Research | RSS Feeds

Get Started

Toals: Analyze data using NCBI software
D © Get NCBI data or software

Genomes & Maps

Homology

Literature

Proteins

Sequence Analysis

Taxonomy

Training & Tutorials

Variation

How-To's: Learn how to accomplish specific tasks at NCBI
Submissions: Submit data to GenBank or other NCBI databases

Genomic Structural Variatior

dbVar archives large scale genomic
variation data and associates defined
wvariants with phenotypic information.

Popular Resources

BLAST
Bookshelf
Gene
Genome
Nucleotide

oMM <

Protein
PubChem
Pubhled
Pubhled Central
ShP

HCBI News

NCBI @ American Society of
Micrabiology 2011 Maeting, New
25 Apr 2011
NCBI Persennel will be at Booth
1159 on May 22-24th to answer

NCBI Discovery Warkshop: A
Practical Hands-On Course

15 Apr 2011
May 23-24, 2011 @ NLM: Space is
still available in the 2-day

Maore

List of the
Most Popular
Resources at
the NCBI

Figure 1: Familiarize yourself with the NCBI homepage. Credit: NCBI.

2. Take a few minutes to look around the site. The goal is to familiarize yourself with a few key components
of the NCBI.

a. What is the name of one interesting resource or database shown in the blue box on the left? What do you
think is its function or purpose?

b. What is one interesting resource listed in the Popular Resources menu on the right? What do you think is
its function or purpose?

3.Find the search box in the center of the webpage (black box in above image). This search box uses the NCBI
search engine Entrez to look for your search term (or “query”) across all of the databases at the NCBI.
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Figure 2: Search for “BRCA1."” Credit: NCBI.

2%

e 4.Type "BRCA1" into the Search box. Make sure there is no space between BRCA and 1. Click Search.
£
BRCAT is a tumor suppressor gene that normally prevents cancer. Mutations in this gene are associated
with increased risk of hereditary breast cancer and ovarian cancer when normal function is lost.

The white box to the left of each database contains the number of “hits” returned from that database
(see screen shot, above). This is like searching in iTunes® without specifying categories like ringtones,
podcasts, movies, TV, or songs.

a. Why are we searching for BRCA1?

b. The Nucleotide database has DNA sequences that have been loaded onto the NCBI database.
How many times is ‘BRCA1’ cited in the Nucleotide database?

c. The PubMed database has the articles that have been published about a specific gene or disease.
How many times is ‘BRCA1’ cited in the PubMed database?

d. Compare the numbers you got for Questions a and c. Do these relative numbers surprise you?
What does this tell you about the BRCAT gene? Explain.
5.Go back to the NCBI homepage by clicking the NCBI logo in the upper left corner of the screen.

This search shows that there is a lot of information at the NCBI! It can be challenging to try to make sense
of it all. Let's start with something more familiar.

6. Click the “All Resources” link from the list of resources on the left

side of the screen. % NCBI

Mational Center for

7. Find “Map Viewer.” Click on the “Tools” tab and either scroll ey e

through the alphabetical list, or use the “Find” feature (PC:

Bulisa] d13vULD :sdirewlojulolg buisn

. . NCBI Home
“Control+F” Mac: “Command+F") to Find “Map Viewer.” -
. " . o Site Map (A-Z)
Click on the “Map Viewer" link.
—k All Resources
The resulting page is called Map Viewer and it allows us to search
the genomes of many different organisms, including humans. Figure 3: Click "All Resources” on the left

side of the screen. Credit: NCBI.
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8. Open the Search menu, select Homo sapiens o2k 8= O M| B et i oo

from the pull-down menu, and click “Go.” 8 NCBI Home GenBank BLA

| Map Viewer Home )

- 9.Now we can see the Homo sapiens (human) Search The Map Vit
- genome view. A genome is all of the genetic pull-down ==t search - ]
information in an organism. Each figure you menu PO eyt e =

see in the “genome view" represents a pair
of chromosomes. Most of the chromosomes Pl

are numbered, but a few are not. The Nonocers
ToolsLe| Eudicots

abbreviations “X"” and “Y" refer to the human Fungi

Select — Organisms --
- Chromosomes. --- Primates --—-

Q
B
Homo ——t Homo sapiens
R
G

Macaca mulatta

a. How many different types of chromosomes sapiens Pan troglodytes
?
do you see: Mus musculus =
News T
b. What does “MT" represent? Human build 37 released Aug 2, 2009
. " " . An update to the human genome assembly and
[Note: you can dlick the “MT" link to find out.] Annetatinn e now o

Figure 4: Select "Homo sapiens” from the list of

c. With the exception of MT, the chromosomes groups or organisms. Credit: NCBI.

of the human genome are in pairs. X and

Y are a pair. Using this information and the
information from your answer to Question
9A, how many pairs of chromosomes are in
the human genome?

10. The Breast Cancer Susceptibility gene BRCAT is on chromosome 17 in humans. [Click on the link below
chromosome 17.] Explore some of the links and views.

»
A

What do you see when you click on chromosome 17? Explore some of the links on the picture, and write
down two things you found interesting, such as the description of other genes that are also found on
chromosome 17.

11. To find the location of the BRCAT gene, type “BRCA1" in the “Search” box at the top left of the screen,
and click “Find in This View." Scroll through the Map of Chromosome 17 and locate the BRCAT gene,
which should be highlighted in pink. “BRCA1" will be found in the list of Symbols. You can also use the
“Find” feature (PC: “Control+F” Mac: “Command+F"), which will highlight in yellow every mention of
“"BRCA1,” including the BRCAT gene.

»
A

Draw a picture of chromosome 17 and show the approximate location of BRCAT on this chromosome.

m
v}
Figure 5: Find the location of %
NEBT Man Vi the BRCAT gene by using the <
. . +
ap Viewer search function. Credit: NCBI. o
c
Search BRCA1| [ Find | | Find in This View o
R
s
©
R LOC100129683 + sv dlevmm bestRefSeq 17p11.1 W1 =
it B | ey — COL14 + OMIMHGNC svpr dlevmn hm sts CCDS SNP best RefSeq 17q112  che I
i TMEM99 . HGNC svpr dl evmmm sts CCDS SNP best RefSeq 17q212  tra N
17az1.1 o KRT36 + OMIMHGNC svprdlevmmhm  CCDS SNP best RefSeq 17q12-q21 ker g
1;’:‘: : I sces + HGNC svpr dlevmmhmsts CCDS SNP best RefSeq 17q21.2  lep n
. e NKIRAS2 + OMIMHGNC svpr dl evmmbm sts CCDS SNP best RefSeq 17q21.2  NE e
171:::.22 - BRCA1 + OMIMHGNC svpr dlevmmhmsts CCDS SNP best RefSeq 1721 bre
::i:; o - NBR2 + HGNCsv dlevmm  sts SNP best RefSeq 17q21 nei
s son :gggggz BRCAI1P1 + HGNCsv  dlevmm best RefSeq 1721 BR
‘ n ]
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12. Click on the BRCA1 link. This will take you to Entrez Gene, which provides a summary of the information
available at the NCBI for BRCAT. Scroll through the webpage and explore some of the information available.
Scroll down the webpage to the section titled “Gene Ontology.” There is a table titled “Function.”

= List three of the functions that the BRCA1 protein performs.
A

e ' HG]

Citsane

=.558259 + OMIMHG]

. 172925 - |
t OMIMHGI
+ HG]

=.481351 =

5. 125903

=.552799 = " RROATPI + HG

Figure 6: Click on the "BRCA1" link to launch Entrez Gene. Credit: NCBI.

Gene Ontology provided by GOA

Evidence
Evidence Code Pubs

Function

DNA binding IEA

Figure 7: Scroll down to find the “Gene Ontology” section. Credit: NCBI.

*]
2]
4 EntreZ Gene Search: |Gene vI Limits Advanced search Help
p  Cenes and mapped [ Clear
" phenotypes
©  Display Settings: [~) Ful Report Send to: (v)
+ - = Table of contents =]
Summary

BRCA1 breast cancer 1, early onset [ Homo sapiens ]

Genomic regions, transcripts, and products
Gene ID: 672, updated on 22-Sep-2010

Genomic context

~ summary 2 =
Phenotypes
Official Symbol BRCAT provided by HGNC S
U m s

Official Full Name breast cancer 1, early anset provided by HGNG

Interartinne

Figure 8: Select “"Phenotypes” from the Table of Contents. Credit: NCBI.

o,% 13. To learn about all of the phenotypes associated with mutations of BRCAT, return to the top of the web
2 page and from the “Table of Contents” on the right, select “Phenotypes.” This will bring you to the portion
of the web page that contains the phenotype information for BRCAT.

a. Based on what you've learned in class, what is a phenotype?
b. What phenotypes are associated with mutations in the BRCAT gene? (You don't need to click the links.)

14. Return to the Table of Contents at the top of the page and click “Reference Sequences.” This will take
you to the portion of the webpage that contains the actual genetic sequence of the BRCAT gene.

15. Reference sequences are DNA or protein sequences that scientists, doctors and genetic counselors use
to study genes like BRCAT. You can download these sequences in different formats. For this exercise, click
“FASTA" (which is sometimes pronounced FAST-ay).
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Genomic

1. NG_005905.2 RefSeqGene

Range 92500. 29
Download GenBalk FASTA Sequence Viewer (Graphics

Figure 9: Click "FASTA" to obtain the FASTA sequence for BRCAT. Credit: NCBI.

) Showing 81.19kb region from base 92500 to 173688.

Homo sapiens hreast cancer 1, early onset (BRCA1),
RefSeqGene on chromosome 17

NCBI Reference Sequence: NG_005905.2

GenBank  Graphics

>ref |ING_005905.2|:92500-173688 Homo sapiens breast cancer 1, early onset
(BRCAl), RefSegGene on chromoscme 17
TGTACCTTGATTTCGTATTCTGAGAGGCTGCTGCTTAGCGGTAGCCCCTTGGTTTCCGTGGCARCGGARA
AGCGCGGGAATTACAGATAAATTAAAACTGCGACTGCGCGGCETGAGCTCGCTGAGACTTCCTGGACGGE
GGACAGGCTGTGGGGETTTCTCAGATAACTGGGCCCCTGCGCTCAGGAGGCCTTCACCCTCTGCTCTGGEGT

Figure 10: Take a look at the FASTA sequence for BRCAT. Credit: NCBI.

.,% 16. This link takes you to the FASTA sequence for BRCAT. Scroll through the web page. This gene is very large!
A
a. What four letters make up this long sequence?

b. Based on what you've learned in class, what do these letters represent?

17. Return to the NCBI homepage by clicking on the NCBI icon on the top left of the web page.

Figure 11: Return to the NCBI homepage by clicking on the logo. Credit: NCBI.

18. Type BRCA1 in the Search box and select “Nucleotide” from the pull-down menu beside the Search box,
to limit your search to the database containing all of the DNA and RNA (Nucleotide) sequences. Click the

“Search” button.

[BRCA1

=NCBI

National Center for
Bictechnology Information

NCBI Home
Site Map (A-Z)

Velcome to NCBI Popular Resources
—

=
e Mational Center for Biotechnology Information advances science and

“@
=
[
o
=3
=
=
1]

All Resnnirres

Figure 12: Type “BRCA1" into the Search box and choose “Nucleotide” from the pull-down menu. Credit: NCBI.
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19. What other organisms have BRCA1 genes? You can scroll through the list of organisms, but note that these
are listed by the scientific name of the organism (Genus and species), not the common name. For example,
Homo sapiens is the scientific name for humans. Also, the Top Organisms (or the organisms with the most
“hits") are listed on the right. Helpful Hint: Hold your cursor over the species name to see the common name
appear. Alternatively, you can perform an internet search to find the common name(s) of your organisms.

"€ List three organisms other than humans that have BRCAT genes. Include both the scientific and common names.

¥ Top Organisms | [Tree]

Homo sapiens (867)

MUS MUfrrr i)
agopus lagopus )

synthetic construct (758)

Bre tanrme £1020

Figure 13: Scroll through the list of Top Organisms. Credit: NCBI.

20. Look back at your list of functions for the BRCAT gene (question #12).

Does it surprise you that so many organisms share the BRCAT gene? Explain.

21. What kind of information can you find at the National Center for Biotechnology Information?

Summarize what you have learned today by listing three types of information found at the NCBI.

Y
A
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©Northwest Association for Biomedical Research—Updated April 2012



HANDOUT

Name Date Period

E Navigating the NCBI Worksheet

AIm: To become familiar with the resources available at the National Center for Bioinformatics (NCBI) and
the search engine Entrez.

? Instructions: Use Student Handout—Navigating the NCBI Instructions to complete this worksheet.

2a. What is the name of one interesting resource or database shown in the blue box on the left?
What do you think is its function or purpose?

2b. What is one interesting resource listed in the Popular Resources menu on the right? What do you think
is its function or purpose?

4a. Why are we searching for BRCA1?

4b. The Nucleotide database has DNA sequences that have been loaded onto the NCBI database.
How many times is ‘BRCA1’ cited in the Nucleotide database?

4c. The PubMed database has the articles that have been published about a specific gene or disease.
How many times is ‘BRCA1’ cited in the PubMed database?

4d. Compare the numbers you got for Questions B and C. Do these relative numbers surprise you?
What does this tell you about the BRCAT gene? Explain.

9a. How many different types of chromosomes do you see?

9b. What does “"MT" represent? [Note: you can click the “MT" link to find out.]

9c. With the exception of MT, the chromosomes of the human genome are in pairs. X and Y are a pair.
Using this information and the information from your answer to Question 9A, how many pairs of
chromosomes are in the human genome?

Lesson 2 — Navigating the NCBI
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10. What do you see when you click on chromosome 17? Explore some of the links on the picture, and
write down two things you found interesting, such as the description of other genes that are also found
on chromosome 17.

1:

11. Draw a picture of Chromosome 17 in the
box to the right and show the approximate
location of BRCAT on this chromosome.

12. List three (3) functions that the protein
produced by the BRCAT gene performs.
1: Function 1:

2: Function 2:

3: Function 3:

13a. Based on what you've learned in class, what is a phenotype?

13b. What phenotypes are associated with mutations in the BRCAT gene?
(You don’t need to click the links.)

16a. What four letters make up this long sequence?

16b. Based on what you've learned in class, what do these letters represent?

Bulisa] d13vULD :sdirewlojulolg buisn
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19. List three organisms other than humans that have BRCAT genes.

1: Common Name:

Scientific name:

2: Common Name:

Scientific name:

3: Common Name:

Scientific name:

20. Does it surprise you that so many organisms share the BRCAT gene? Explain. (Hint: Look back at the
functions of the BRCA1 protein (Question 12).)

21. Summarize what you have learned today by listing three types of information found at the NCBI.

1

Lesson 2 — Navigating the NCBI
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LESSON 2

Navigating the NCBI
Teacher Answer Key

[Note: Suggested point values are included after each question, and are intended to provide general guidelines for the
weight each question could be given. Using these suggested point values, the total value for this worksheet is 30 points.]

Aim: To become familiar with the resources available at the National Center for Bioinformatics (NCBI) and the
search engine Entrez.

2a. What is the name of one interesting resource or database shown in the blue box on the left? What do you think
is its function or purpose?

This will vary, as more resources are added to the NCBI, but students should list at least one Resource (such
as “Nucleotide” and one function, such as “DNA sequences.”

(+1 for listing a resource and +1 for attempting to name its function/purpose.)

2b. What is one interesting resource listed in the Popular Resources menu on the right? What do you think is its
function or purpose?

This will vary, as more resources are added to the NCBI, but students should list at least one Resource, such
as “Nucleotide,” and one function, such as “DNA sequences.”

(+1 for listing a resource and +1 for attempting to name its function/purpose.)

4a. Why are we searching for BRCA1?

To learn more about this gene and why mutations in this gene can lead to breast and ovarian cancer.
(Students should draw on their experiences in Lesson One.)

(+1 for referring to understanding how it causes breast and ovarian cancer.)

4b. The Nucleotide database has DNA sequences that have been loaded onto the NCBI database. How
many times is ‘BRCA1’ cited in the Nucleotide database?

New sequences are added every day. As of May 19, 2011, there were 7482
(+0.5 for number.)

4c. The PubMed database has the articles that have been published about a specific gene or disease. How
many times is ‘BRCA1’ cited in the PubMed database?

New articles are added every day. As of May 19, 2011, there were 8077

(+0.5 for number.)

Lesson 2 — Navigating the NCBI
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4d. Compare the numbers you got for Questions B and C. Do these relative numbers surprise you? What does this
tell you about the BRCAT gene? Explain.

Students should note that these numbers are close, but not all published studies will contain new BRCAT
sequences, and some studies will contain more than one sequence.

(+1 for response to relative numbers and +1 for explanation of response.)

9a. How many different types of chromosomes do you see? (+0.5 for 25: 22 pairs, plus X, Y and MT.)

25

9b. What does “MT" represent?

MT is the mitochondrial genome/chromosome (+1 for mitochondrial).

[Note: you can click the "MT" link to find out.]

9c. With the exception of MT, the chromosomes of the human genome are in pairs. X and Y are a pair. Using this
information and the information from your answer to Question 9A, how many pairs of chromosomes are in the
human genome? (+0.5 for 23.)

23

10. What do you see when you click on chromosome 172 Explore some of the links on the picture, and write down
two things you found interesting.

Answers will vary. Students will see many genes listed, with links to other NCBI resources.

(+1 for each thing listed up to +2.)

11. Draw a picture of chromosome 17 in the box to the right and show the approximate location of BRCAT
on this chromosome.

(+1 for drawing and +1 for BRCA1
label in approximate location.)

telomere —

parm—s>

centromere—>

BRCA1
garm—s>

telomere—

[Note: Labeling of the centromere, telomeres, p and g arms is optional.]
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12. List three (3) functions that the protein produced by the BRCAT gene performs.

1. DNA binding

2. RNA binding

3. Androgen receptor binding
4. Protein binding

5. Tubulin binding

6. Transcription activator activity

(+1 for each correct function listed, up to +3.)

13a. Based on what you've learned in class, what is a phenotype?

A phenotype is an observable characteristic or trait (+1.)

13b. What phenotypes are associated with mutations in the BRCAT gene? (You don’t need to click the links.)

Breast cancer; ovarian cancer; breast-ovarian cancer; pancreatic cancer susceptibility; Papillary serous
carcinoma of the peritoneum

(+0.5 for each phenotype listed, up to +2.)

16a. Based on what you've learned in class, what four letters make up this long sequence?
(+1 for including all 4 letters.)

ATCG

16b. What do these letters represent? A = adenine; T= thymine; G = guanine; C= cytosine

These are the bases of the BRCAT gene. (+1 for either listing all 4 bases or for stating ‘the bases.’)

19. List three other organisms that have BRCAT genes. (+1 for each organism; — 0.5 for common name and 0.5
for scientific name; up to +3.)

Answers will vary, as almost all animals have BRCAT genes, and new sequences are being added every day,
Possible answers include:

1. Mus musculus (mouse)

2. Bos taurus (cow)

3. Macaca mulatta (rhesus macague/monkey)
4. Sus scrofa (pig or boar)

5. Lagopus lagopus (willow ptarmigan, a type of bird)

20. Does it surprise you that so many organisms share the BRCAT gene? Explain. (Hint: Look back at the
functions of the BRCA1 protein (Question #12).)

Lesson 2 — Navigating the NCBI

All organisms need to bind DNA, RNA and other proteins.

(+1 for statement of surprise and +1 for reference to functions of BRCA1 protein.)
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21. Summarize what you have learned today by listing three types of information found at the NCBI. (+1 for each
type listed, up to +3.)

1. Scientific publications

2. Scientific books

3. Gene/nucleotide sequences
4.
5
6

Protein sequences

. Protein structures

. Information about gene functions
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