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Attendance: We require 100% attendance and class participation. Any
missed lab will be difficult to make up. If you know you will be absent for any
class, make arrangements in advance with the instructor. Discuss unplanned
absences immediately upon returning to class.

Class participation is a major part of a summer lab course. You are expected
to be prepared for each day, participate in all discussions, and ask a lot of
questions. Twenty percent of your grade is based on class participation.

For your safety, you must wear closed toe shoes (no flip-flops or sandals).
Long shorts are permitted. Long hair should be pulled back away from the
face for all labs. Goggles and gloves will be provided.

To be completed before the first day of class (Monday, July 7):

(i) Making of the Fittest by Sean Carroll. You will be given a study guide so
that you can prepare for class discussion. The book will be provided by the
instructors.

(ii) Review DNA, RNA, protein background information using a study guide
that you will be given along with the first part of an Introductory Biology
Textbook (also provided by the instructors at no cost to you).

Week 1:

Introduction to Transposable Elements, bioinformatics, and experiment 1.
Introduction to lab techniques.

Experiment 1: Analyzing active transposable elements in Arabidopsis.




Week 2:
Introduction to group projects.

Finish Experiment 1 and start group projects.

Week 3:
Group projects and discussions.

Week 4:
Finish group projects and make posters.

Grading:
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Poster (July 31°")
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Quizzes (includes lab notebook checks)
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10%
10%
15%
15%
20%
10%

100%
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Introduction to the NCBI website: PubMed and Blast

Biological sequence data and journal articles are collected, indexed, and made available by
the National Center for Biotechnology Information (NCBI). NCBI is a unit of the National
Library of Medicine (NLM) at the National Institutes of Health (NIH). Because it is a part
of the NIH, the collections of sequence data and journal articles are available free to
anyone at http://www.ncbi.nlm.nih.gov/. This is what the NCBI home page (currently) looks
like....

% NCBI National Center for Biotechnology Information

National Library of Medicine National Institutes of Health
PubMed  All Databases BLAST Books TaxBrowser
%) for (co)

Structure

Search All Databases

SITE MAP » What does NCBIl do?
Alphabetical List

Resource Guide Established in 1988 as a national resource for » Assembly Archive
molecular biology information, NCBI creates

public databases, conducts research in » Clusters of

About NCBI
"""’d"c"“' S computational biology, develops software orthologous groups
tools for analyzing genome data, and

GenBank disseminates biomedical information - all for

» Coffee Break,
Genoc & Dicogca |

NCBI provides tools for searching and downloading the databases it maintains through the
web portal NCBI Entrez. PubMed is searched with text queries using the Entrez portal.
PubMed is an index of thousands of biological journals going back as far as 1950. It also
contains thousands of full-length articles in PDF format available for free download in a
collection called PubMed Central.

NCBI also contains a collection of biological sequence databases. These are informally
referred to as GenBank. The biological sequences are divided into DNA sequences (which
includes RNA sequences) including GenBank proper, Protein sequence, and Genome Sequence.
The sequence database collection is the result of collaborations between NCBI, DDBJ
(Japan), and EMBL (Europe). Although the file formats and search tools may differ between
the three repositories, they are essentially redundant at the data level. Most data in
GenBank are in the public domain although some sequence data are patented.

Accessing GenBank sequence. GenBank sequence is usually accessed in one of two ways. A
simple text search can be used to find sequences by name, author(s), and/or other
supporting information. A more sophisticated search of GenBank uses a sequence query and
a collection of tools called Blast. Blast will be described in detail later in this tutorial.

Other useful and interesting databases maintained by NCBI:
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The Entrez portal also includes several databases that may people find useful. We will cover
only one of these in this tutorial.

* TaxBrowser - This database provides taxonomic information on most extant and some
extinct organisms. This is useful o explore the relationships between organisms. An easier
to understand (but less complete) taxonomy web site is the Tree of Life website
http://www.tolweb.org/tree/.

* Books - Books is a virtual library of out-of-print editions of books. Although out-of-print,
many are still useful and all are free.

*OMIM - Online Mendelian Inheritance in Man. - OMIM is a database of articles on human
genes associated with diseases and medical conditions. Each article is hand curated by
people who read and summarize journal articles. This database is incredibly rich with
information on human genes, diseases, and population genetics. An OMIM example will be
covered later in this tutorial.

Let's begin our tour by visiting the PubMed site and then move on to the BLAST site
where of our time in the rest of the course.

I. PubMed: Literature searches about a biological problem are very easy. PubMed makes the
index available on its website with no access limitations. You can use PubMed (and Blast)
from any computer or terminal with an Internet connection. (There is even a special access
page for mobile phones.)

While searching the database and reading abstracts is free, accessing a full-length article
may require a subscription with the article's publisher. Many universities have subscriptions
and access is easy if you are on a university network. Many articles will be freely available
either directly from the publisher or through PubMed Central.
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Steps for a PubMed search:

1. Open NCBI in a web browser by going to the NCBI home page and click on PubMed in the

bar. To get to the PubMed home page click on PubMed which is part of the main menu at

the top.

% NCBI National Center for Biotechnology Information

National Library ol Medicine National Institutes of Health
PubMed All Databases BLAST OMIM Books TaxBrowser  Structure
%) for (Go)

h—#ll Databases

SITE MAP » What does NCBI do?

Alphabetical List

Resource Guide Established in 1988 as a national resource for » Assembly Archive
molecular biology information, NCBI creates

ﬁ‘nbi"”t NCE"‘ o public databases, conducts research in » Clusters of

Nea '""duch computational biology, develops software orthologous groups

tools for analyzing genome data, and

2 g i 5 > 5 >
GenBank disseminates biomedical information - all for ~ Coffee Break,

(Genee & Nicpace

This is the PubMed homepage...

| Library of Medicine
al Institutes of Health

(- < P A service of mc—}fmfi‘
<3 NCBI Pub%ed e

www.pubmed.gov
All Databases PubMed Nucleotide Protein Genome Structure

Search ' pubMed 4 for {_Go ) { Clear)

=4 ; . p .
[ Limits | Preview/Index | History | Clipboard | Details

About Entrez
Text Version To get started with PubMed, enter one or more search terms.

Entrez PubMed Search terms may be topics, authors or journals.

Overview
Set up an automated PubMed update in fewer than
five minutes.

Help | FAQ
1. Create a My NCBI account.

Tutorials

New/Noteworthy &
E-Utilities

Bihblad Carilnnn

2. Think about the fopic you want to search. You can use keywords, author last names,
journal titles, publication year, or institution.

For the first search enter 'transposable element’ and click 'Go." The result of the search is

shown below.
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National Center for Biotechnology Inlorma(-onb e d

TN " .-
www.pubmed.gov

All Databases PubMed Nucleotide Protein Genome Structure OMIM PMC Journals
Search ' PubMed %) for tansposable element Go | | Clear) Save Search
| Limits | Preview/index | History | Clipboard | Details

Display ~ Summary ?] Show 20 ?’ Sort By _:] Send to T]

All: 16914 | Review: 1196 %

Text Version

Entrez PubMed
Items 1 - 20 of 16914

¢ Mahmoud AA, Sukumar §, Krishnan HB

Overview
Help | FAQ
utorials

3. Before we discuss the results, click on the 'Details’ tab. This will show you the details of
the search that was performed by PubMed's search engine.

% N C Bl Pu b '_: ed and the National Institutes of Healt
www.pubmed.gov
All Databases PubMed Nucleotide Protein Genome Structure

{_Go )

Search PubMed %) for tansposable element

Limits | Preview/Index | History | Clipboard | Details |

About Entrez
Text Version

("dna transposable elements"[TIAB] NOT Medline[SB]) OR “dna transposable
elements”[MeSH Terms] OR transposable element{Text Word]

Entrez PubMed
Overview

Help | FAQ
Tutorials
New/Noteworthy &
E-Utilities

R (Scarch) (URL)

transposable ("dna transposable elements"[TIAB] NOT Medline[SH
element element[Text Word]

Database:

PubMed

Related Resources
Order Documents User guery:
NLM Mobile transposable element

NLM Catalog
INEME Geomeny

While you thought you were just searching “transposable element” PubMed was actually
using these search terms (with added comments):

("dna transposable elements"[TIAB] NOT Medline[SB]) -Search titles and abstracts, not the
medline subset

OR "dna transposable elements"[MeSH Terms] Seach Medline Subject Headings

OR transposable element[Text Word] Search all text

As you can see, the simple query ‘transposable element’ is expanded into a more structured
query by PubMed. MeSH is a controlled vocabulary for indexing PubMed. Curators at NCBI
and journal editors assign these keywords based on suggestions by authors.

Because of this query expansion it is a good idea to check the 'Details’ tab whenever a
search gives no results or unexpected results.
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4. Click on the Browser's Back Button. The icons and other details of the results list like the
ohe shown below will be discussed in class.

Display | Summary %) Show 20 %) somsy %) sendto |%
All: 16914 y Review: 1196 (%

Items 1 - 20 of 16914 ‘(@f 1 of 846 Next

1: Mah i AA. Sukumar S. Krishnan HB. Related Articies, Links

@ Interspecific Rice Hybrid of Oryza sativa X Oryza nivara Reveals a Significant Increase in Seed Protein Content.
J Agric Food Chem. 2007 Dec 29; [Epub ahead of print]
PMID: 18163552 [PubMed - as supplied by publisher]
2: Van K,Onoda S, Kim MY, Kim KD, Lee SH. Related Articles, Links

Allelic variation of the Waxy gene in foxtail millet [Setaria italica (L.) P. Beauv.] by single nucleotide polymorphisms.

Mol Genet Genomics. 2007 Dec 19; [Epub ahead of pnnt]
PMID: 18157676 [PubMed - as supplied by publisher]

w

[13: Mukherjee S. Chakmborty R. Related Articles, Links
Conjugation potential and class 1 integron carriage of resident plasmids in river water copiotrophs.

Acta Microbiol Immunol Hung. 2007 Dec;54(4):379-97.
PMID: 18088011 [PubMed - indexed for MEDLINE]

4: Fontanillas P, Hartl DL Reuter M Related Articles, Links

Genome organization and gene expression shape the transposable element distribution in the Drosophila melanogaster euchromatin.

PLoS Genet. 2007 Nov 30;3(11):¢210. Epub 2007 Oct 10.
PMID: 18081425 [PubMed - in process]

§: Metcalfe CJ, Bulazel KV, Fermeri GC., Schroeder-Reiter E, Wanner G, Rens W, Obergfell C, Eldridge MD, ONeill RJ Related Articles, Links

E Genomic instability within centromeres of interspecific marsupial hybrids.
Genetics. 2007 Dec;177(4):2507-17.
PMID: 18073443 [PubMed - in process]

5. Click on one of the underlined authors (in blue). This will give you detailed information
about the article including the abstract. The abstract provides a detailed summary of the
paper. On the right are two icons. Clicking on either of those will fake you to a download
page for the full article. The Related Links section is also a useful area to help refine
searches and will be discussed in class.
Display  AbstractPlus i?) Show (20 19) sondy %) Sendto %)

All: 1 | Review: 0 %

— 1: BMC Evol Biol, 2007 Aug 29;7:152. )Ful test frae on. & 24 =% 3 1ull toxt article h Links
\ / BioMied Central in PubMed Central
T element and role in genome size variation in the genus Oryza. Related Links
Zuccolo A, Sebastian A, Talag ), YuY, Kim H, Collura K, Kudrna D, Wing RA. RASMISNROF MY L.V DEDV Lo AR SSRER NN B

Arizona Genomics Institute, Department of Plant Sciences, BIOS Institute, University of Arizona, Tucson, AZ 85721,
USA. azuccolo@ag.arizona.edu

BACKGROUND: The genus Oryza is composed of 10 distinct genome types, 6 diploid and 4 polyploid,
and Includes the world's most Important food crop - rice (Oryza sativa [AA]). Genome size variation
in the Oryza Is more than 3-fold and ranges from 357 Mbp in Oryza glaberrima [AA] to 1283 Mbp In Long terminal repeat retro
the polyploid Oryza ridieyl [HH))]. Because repetitive elements are known to play a significant role
in genome size variation, we constructed random sheared small insert genomic libraries from 12
representative Oryza species and conducted a comprehensive study of the repetitive element
composition, distribution and phylogeny in this genus. Particular attention was paid to the role played
by the most important classes of transposable elements (Long Terminal Repeats Retrotransposons, See all Related Articles
Long interspersed Nuclear Elements, helitrons, DNA transposable elements) in shaping these

genomes and in their contributing to genome size variation. RESULTS: We identified the elements

Erlmaril‘ resﬁnsible for the most slrikinaI‘ ienome size variation in Dr‘za. We demonstrated how

s of Oryza sativa

Dasheng and RIREZ. A nonautonomous long termir
element and its putative autonomous partn
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6. Learning to search PubMed and all of the features takes time and practice. Research a
topic that is interesting to you.

II. OMIM
This short introduction will get you acquainted with OMIM. With OMIM you can learn about
a genetic disease, find examples for class and tests.

1. Click "OMIM" on the Entez Portal.

National Center for Biotechnology Information

=
<3 NCBI

National Library of Medicine

National Institutes of Health

PubMed All Databases BLAST OMIM Books TaxBrowser  Structure
Search | All Databases 1% for
SITE MAP » What does NCBI do? Hot Spots
Alphabetical List
Resource Guide Established in 1988 as a national resource » Assembly Archive
About NCBI for molecular biology information, NCBI
A u Al creates public databases, conducts research  » Clusters of
o '" o in computational biology, develops software ~ rthologous groups
tools for analyzing genome data, and §
GenBank disseminates biomedical information - all for Gc°"ez BDfeak’
H enes isease,

s the better understanding of molecular NCBI Handbook

equence
submission support
and software

Literature
databases
PubMed, OMIM,
Books, and
PubMed Central

processes affecting human health and
disease. More about NCBI...

GenBank vs. RefSeq

Confused about the distinctions between
GenBank, RefSeq, TPA, and UniProt? Read a

brief description of the databases and their
differences.

» Electronic PCR
» Entrez Home
» Entrez Tools

» Gene expression
omnibus (GEO)

2. Enter “transposable element” in the text box and Click "60". You search OMIM with text
queries similar to PubMed. If you wanted fo search on a specific disease you would enter
the disease name.
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Johns
Hopkins
University

OMIM

Online Mendelian Inheritance in Man

All Databases

Search | omim

£ transposable element

3 fo

f Limits T Preview/Index [ History T Clipboard T Details W

Entrez
Enter one or more search terms.

L]
OMIM o Use Limits to restrict your search by search field, chromosome, and other criteria.
x’g gz’::mp e Use Index to browse terms found in OMIM records.
Search Morbld Map « Use History to retrieve records from previous searches, or to combine searches.
Help OMIM™ - Online Mendelian Inheritance in

OMIM Help
How to Link Man™
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IIT. Introduction to Blast:

You will use Blast a lot in the workshop. It is the major biological sequence search tool for
DNA, RNA, and protein databases. Whole genomes can be searched using Blast.

Access Blast by clicking on the Blast link on the NCBI home page.

Center for Biotechnology Information
dbrary of Medicine National Institutes of Health

OMIM Books

- ,
National
€3 NCBI v
PubMed All Databases BLAST
Search = All Databases

TaxBrowser Structure

SITE MAP » What does NCBI do?

Alphabetical List

Resource Guide Established in 1988 as a national resource for » Assembly Archive
molecular biology information, NCBI creates

ﬁ‘nb?“t NC,E" i public databases, conducts research in » Clusters of

NCE '"°d"°h computational biology, develops software orthologous groups

tools for analyzing genome data, and

GenBank disseminates biomedical information - all for ~” Coffee Break,

Geoec & Digease |

The Blast link will fake you to the Blast page and to the Basic Blast Menu.

»NCBV BLAST Home

BLAST finds regions of similarity between biological sequences. more...

Learn more about how to use the new BLAST design

BLAST Assembled Genomes

Choose a species genome to search, or list all genomic BLAST databases

o Human o Oryza sativa o Gall
o Mouse o Bos taurus o Pan]
o Rat o Danio rerio o Mic

o Arabidopsis thaliana o Drosophila melanogaster o ﬂ

Basic BLAST

Choose a BLAST program to run.

Search a nucleotide database using a nucleotide query
Algorithms: blastn, megablast, discontiguous megablast

nucleotide blast

Search protein database using a protein query

protein blast
Algorithms: blastp, psi-blast, phi-blast

blastx | Search protein database using a translated nucleotide query
tblastn | Search translated nucleotide database using a protein query

tblastx | Search translated nucleotide database using a translated nucleotide query

There are six different versions of BLAST because you can use a nucleotide sequence or
protein sequence to query nucleotide or protein sequence databases, This is summarized in
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the screenshot above. Today, we will give three of these search tools a test drive:
nucleotide blast, protein blast, and tblastn.

A. Nucleotide Blast: This is the most straightforward type of search. You begin with a
nucleotide sequence you want to know more about (the query) and "blast” it against a

nucleotide database (the subject).
You can learn a lot about your query sequence with a blast including:

a. Are there publications that already report information about this sequence
(have you been "scooped”)?

Where is the sequence located in the genome (more on location in class)?
Is the sequence found in genomes of closely related organisms?

d. Does it code for a RNA and/or a protein? If so is anything known about its

function?

o

1. Select 'nucleotide blast.' Copy and paste the following sequence in the Query text

window (Enter accession number....):

> Osmar5

tccatcce ccctececcteec acagcccgat tccccattcc caaacctaac cgtaggcgac
ggcggcggcyg gcagcgacgg cggcggcggt ggtggcgggg ccggcggtgg cggcgeccgge
ggaggccgat ggagctgtca tattggtagg cggccgagcg gcagctagga agatgtcgcec

Enter Query Sequence
Enter accession number, gi, or FASTA sequence & Clear Query subrange &

ggccagtcac aatgggggtt tcactggtgt gtcatgcaca tttaataggg gtaagactga m
ataaaaaatg attatttgca tgaaatgggg atgagagaga aggaaagagt ttcatcctgg From
tgaaactcgt cagcgtcgtt tccaagtect cggtaacaga gtgaaacccce cgttgaggec a
gattcgtttc attcaccgga tctcttgegt ccgectecge cgtgegacct cegeattcte v
ccgegecgeg ccggattttg ggtacaaatg atcccageaa cttgtatcaa ttaaatgett

To

Or, upload file “ Choose File ) no file selected
Job Title

Enter a descriptive title for your BLAST search &
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2. Under "Choose Search Set" select "Others” and the drop down list changes to
"Nucleotide Collection (hr/nt)." This is the complete non-redundant nucleotide
database.

Choose Search Set

Database (O Human genomic + transcript () Mouse genomic + transcript @ Others (nr etc.):
Nucleotide collection (nr/nt) E’ (%)
Organism
Optional
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. g
Entrez Query
Optional

Enter an Entrez query to limit search &)
—

3. The next section gives you three options for a nucleotide blast. Choose megablast
(default) for now.

Program Selection
Optimize for @ Highly similar sequences (megablast)
O More dissimilar sequences (discontiguous megablast)
) Somewhat similar sequences (blastn)
Choose a BLAST algorithm )

4. Select the "Blast” button. What you see below is called the queue page:

» NCBV BLAST/ blastn/ Formatting Results - SSWZE65Y013 Formatting options

Job Title: Ici[21740 (430 letters)

Request ID SOWZEE5Y013

Status Searching

Submitted at Wed Jan 9 11:18:54 2008
Current time Wed Jan 9 11:18:56 2008
Time since submission 00:00:01

This page will be automatically updated in 10 seconds
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5. When your search is complete a results page will be presented. We will discuss this page
in detail in class.

» NCBI BLAST/ blastn/ Formatting Results - SOWZE65Y013 Reformat these Results Edit and Resubmit] [Sign in above to save your sear|
Job Title: Ici[21740 (430 letters)

BLASTN 2.2.17 (Aug-26-2007)

RID: S9WZE65Y013

Database: All GenBank+EMBL+DDBJ+PDB segquences (but no EST, STS,
GSS,environmental samples or phase 0, 1 or 2 HTGS sequences)
6,269,366 sequences; 22,535,104,670 total letters

If you have any problems or questions with the results of this search
please refer to the BLAST FAQs
Taxonomy reports

Query=
Length=430

Distribution of 135 Blast Hits on the Query Sequence

Mouse-over 10 show defline and scores, click to show alignments

Color key for alignment scores

Query
|

6. Details of the Alignment (o be discussed in class)

>tpd |BR000250.1| TPA exp: Oryza sativa (japonica cultivar-group) ORRl gene for
response regulator, complete cds
Length=10000

GENE ID: 4332111 0s03g0224200 | 0s039g0224200 [Oryza sativa Japonica Group]
(10 or fewer PubMed links)

Score = 795 bits (430), Expect = 0.0
Identities = 430/430 (100%), Gaps = 0/430 (0%)
Strand=Plus/Plus

Query 1 GGCCAGTCACAATGGGGGTTTCACTGGTGTGTCATGCACATTTAATAGGGGTAAGACTGA 60

Sbjct 3632 GGCCAGTCACAATGGGGGTTTCACTGGTGTGTCATGCACATTTAATAGGGGTAAGACTGA 3691

Query 61 ATAAAAAATGATTATTTGCATGAAATGGGGATGAGAGAGAAGGAAAGAGTTTCATCCTGG 120

Sbjct 3692 ATAAAAAATGATTATTTGCATGAAATGGGGATGAGAGAGAAGGAAAGAGTTTCATCCTGG 3751
Query 121 TGAAACTCGTCAGCGTCGTTTCCAAGTCCTCGGTAACAGAGTGAAACCCCCGTTGAGGCC 180

Sbjct 3752 TGAAACTCGTCAGCGTCGTTTCCAAGTCCTCGGTAACAGAGTGAAACCCCCGTTGAGGCC 3811

Query 181 GATTCGTTTCATTCACCGGATCTCTTG CATTCTC 240

Sbjct 3812 3871

Query 241 GGATTTTGGGTACAAATGATCCCAGCAACTTGTATCAATTAAATGCTT 300
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Sbjct 3872 CCGCGCCGCGCCGGATTTTGGGTACAAATGATCCCAGCAACTTGTATCAATTAAATGCTT 3931

Query 301 TGCTTAGTCTTGGAAACGTCAAAGTGAAACCCCTCCACTGTGGGGATTGTTTCATAAAAG 360

Sbjct 3932 TGCTTAGTCTTGGAAACGTCAAAGTGAAACCCCTCCACTGTGGGGATTGTTTCATAAAAG 3991

Query 361 TCATTTGAGAGAAGATGGTATAATATTTTGGGTAGCCGTGCAATGACACTAGCCATT 420

Sbjct 3992 ATTTCATTTGAGAGAAGATGGTATAATATTTTGGGTAGCCGTGCAATGACACTAGCCATT 4051

Query 421 GTGACTGGCC 430

Sbjct 4052 GTGACTGGCC 4061

A short discussion on how Blast works.

Blast takes the query sequence and divides it into "words” based on the word size parameter
(the default is usually “fine"). For a megablast query the default (and minimum) is a size of
28. The algorithm then takes these "words” and runs them against a database. When an
exact match occurs, the program attempts to extend the alignment in each direction. If the
alignment extends then a score is calculated and as long as the score remains above a
threshold the alignment continues. If a mismatch occurs the score decreases, but as long as
the score remains above threshold the mismatch is allowed. Word size can be changed. Long
word sizes increase stringency.

The threshold is determined by the Expect value in the "Algorithm Parameters” tab on the
Blast page. The default Expect value is 10. This means that you expect to find 10 matches
to your query in randomly generated sequence. Blast uses this value, the size of the query
sequence, and the size of the database (called the search space) to calculate a threshold on
10 random matches and then reports only hits that score better than the random model.
Lowering the Expect value increases the stringency of the search.

While extending the alignment, Blast may encounter a series of mismatched nucleotides.
Blast will try to skip over the mismatch region (called opening a gap) to see if the alignment
begins again. If the alignment begins again, Blast will continue. If the alignment does not
begin again, the alignment process stops and Blast reports the hit. Opening a gap is
penalized heavily. Extending a gap is also penalized. The process of opening gaps is
necessary to allow for small insertion mutations (called indels for insertion deletion) that
occur fairly frequently in a genome.

An important point for searches involving Transposable Elements: The ubiquitous low
complexity filter.

Repeat the mega blast but with the following modification. Select the "Algorithm
Parameters" and go to the Filters and Masking section. Check 'Species-specific repeats
for:' and select Rice. Run the Blast. What happened?
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Filters and Masking
Filter ™ Low complexity regions &

'2‘ Species-specific repeats for: | Rice

Mask ™ Mask for lookup table only
! Mask lower case letters

We will discuss low complexity, filtering, and masking.

B. Protein Blast:

A protein blast utilizes an amino acid sequence query from the user as the input and
searches a protein database. This is often useful to determine whether the sequence
already exists in the database or to predict the function of the predicted protein. The
steps for submitting a query are similar to a nucleotide blast and the algorithm is essentially
the same.

There is one key difference in the protein vs. nucleotide algorithm. When a nucleotide is
compared to a nucleotide only matches between the same bases are allowed (A->A, G->6G,
etc). In contrast, some amino acids have similar chemical properties. For example asparagine
(asp) and glutamine (glu) have the same functional group with glutamine having a slightly
longer side chain due to an extra methyl group. Asp and glu are often interchangeable
without detriment to protein function. The figure below groups the amino acids by
functionality.

Amino Acid Structures
. 4% Sccimpasied by & o -
Small Nucleophils
OH »
HaN OOH HzN" ~COOH N H
Alanine (Ala, A) Serine (Ser, S Threonine (The, T)
MW: 71,09 MW: 87.08, pKy - 16 MW: 101,11, pK, - 16
Hydrophob: s”
j: /(k \) ’
/
H;N COCH HzN COOH H;N COOH HaN DOH
Valine (Val, V) eu, L 1soleu e te Met, M
MW: 09,14 113.16 3.16
Aromatic H Acidic
OH N~ ), H
/W /\lv‘ A\ I N M Y
N ~ & /om /
: i/\ ( X
HsN" “COOH H,N” “COOH HyN~ “COOH H:N b H.N COOH
Phenylalanine (Phe, ) Tyrosine (Tyr, Y Tryptophan (Trp, W) Aspartic Aced (Asg ihtamic Acd (Giu, €
MW: 147.18 MW: 163,18 MW: 18621 MW: 115,00, pK 3= 3.9 MW: 129,12, pK 4 = 4.0
1,N
N ¥
Amide Bos
O _NH N
[ Y HN (
KL”“ f / )
H;N” COOH H,N” “COOH HaN" > COO! HaN” COOH HaN” “COOH
Asparaging (Asn, N)  Glutamine (Gin, Q) Hestidine (Ms, M Lysine (Lys, K Argrune (Arg. R
MW: 11411 MW: 12814 MW: 13714, pKa= 6.04 MW: 12817, pK a= 1079 MW 156.10, pK 4= 12.48

(www.neb.com)

To score similar amino acid matches, blast uses a look-up table called a BLOSUM matrix.
This table contains all possible amino acid matches and a score to use for each. The default
matrix is BLOSUM62.

Common groupings of the amino acids (from
http://www.uky.edu/Classes/BI0/520/BIO520WWW/blosumé62.htm):
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G, AVLI M adliphatic (though some would not include &)

STC hydroxyl, sulfhydryl, polar
N.Q amide side chains

FWY aromatic

H,K,R basic

DE acidic

1. Open a protein blast from the blast home page
(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi), and choose protein blast.

Copy-and-paste this sequence into the window. If you also copy the top line preceding the
amino acid sequence the search will be given a job title.

>Osmarb
SKDLTNIQRRGIYQLLLQKSKDGKLEKHTTRLVAQEFHVSIRTVQRIWKRAKICHEQGIAVNVDSRKHGNSGR
KKVEIDLSVIAAIPLHQRRNIRSLAQALGVPKSTLHRWFKEGLIRRHSNSLKPYLKEANKKERLQWCVSMLDPH
TLPNNPKFIEMENIIHIDEKWFNASKKEKTFYLYPDEEEPYFTVHNKNAIDKVMFLSAVAKPRYDDEGNCTFDGK

Enter Query Sequence

Enter accession number, gi, or FASTA sequence 4 Clear

>Pong sequence
CSIDCMHWIWENCPTAWKCQYCRCDHCKPTIILEAIASQDLWIWHAF
FGVAGSNNDINVLNQSDVFNDVLQGKAPEVQFTLNGTTYNMCYYLAD
EIYPEWATFVKTISMPQGEKRKLFAQHQ

Or, upload file Choose file ) no fiks selectod

Job Title Pong sequence

2. Run the Blast with all default parameters. The queue screen may report that it found a
similarity between your query sequence and the Protein Family (PFam) database. No family
will be detected for this search

Job Title: Osmar5

No putative conserved domains have been detected

Request ID 6JF07ABU012

Status Searching

Submitted at Mon Jun 30 16:03:19 2008
Current time Mon Jun 30 16:03:34 2008
Time since submission 00:00:14

This page will be automatically updated in 9 seconds

3. The results page is similar in organization to the nucleotide blast results page. Here is
the first alignment reported. Note in this alignment that when two amino acids are identical
at a position, the single letter is used in the consensus line. A '+' is used to indicate similar
amino acids at a given position.

>emb |CAH66447.1| 0SIGBa0l45N07.3 [Oryza sativa (indica cultivar-group) ]
Length=519
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Score = 714 bits (1843), Expect = 0.0, Method: Compositional matrix adjust.
Identities = 336/382 (87%), Positives = 358/382 (93%), Gaps = 0/382 (0%)

Query 1 SKDLTNIQRRGIYQLLLQKSKDGKLEKHTTRLVAQEFHVSIRTVQRIWKRAKICHEQGIA 60
SKDL N++RR IY LL+KS +GKLEK TT +VA+EFHVSIRTVQRIWKRAK+C EQGIA
Sbjct 95 SKDLKNMERRAIYARLLEKSMNGKLEKDTTSIVAREFHVSIRTVQRIWKRAKVCREQGIA 154

Query 61 VNVDSRKHGNSGRKKVEIDLSVIAAIPLHQRRNIRSLAQALGVPKSTLHRWFKEGLIRRH 120
VNVDSRKHG+SGRKKVE+DLS+IAAIPL Q+ NIRSLAQALGVPKSTLHRWFKEGLIRRH
Sbjct 155 VNVDSRKHGSSGRKKVEVDLSLIAAIPLQQKSNIRSLAQALGVPKSTLHRWFKEGLIRRH 214

Query 121 SNSLKPYLKEANKKERLQWCVSMLDPHTLPNNPKFIEMENIIHIDEKWFNASKKEKTFYL 180
SNSLKPYLKEANKKERL+WCVSMLDP TLPN PKFIEMENIIHIDEKWFN SKKEKTFYL
Sbjct 215 SNSLKPYLKEANKKERLRWCVSMLDPSTLPNRPKFIEMENIIHIDEKWFNGSKKEKTFYL 274

Query 181 YPDEEEPYFTVHNKNAIDKVMFLSAVAKPRYDDEGNCTFDGKIGIWPFTRKEPARRRSRN 240
YPDEEEPYFT HNKNAIDKV FL+AVAKPR+DDEGNCTFDGKI IWPF RKEPA+RRSRN
Sbjct 275 YPDEEEPYFTAHNKNAIDKVTFLAAVAKPRFDDEGNCTFDGKICIWPFVRKEPAQRRSRN 334

Query 241 RERGTLVTKPIKVDRDTIRSFMISKVLPAIRACWPREDARKTIWIQQDNARTHLPIDDAQ 300
RERGTLVTKPIKVDR+TIRSFMISKVLPAIRACWPREDA KTIWIQQDNARTHLPI+D Q
Sbjct 335 RERGTLVTKPIKVDRNTIRSFMISKVLPAIRACWPREDAGKTIWIQQODNARTHLPINDEQ 394

Query 301 FGVAVAQSGLDIRLVNQPPNSPDMNCLDLGFFASLQSLTHNRISRNMDELIENVHKEYRD 360
F VAVAQ+GLDIRLVNQPPNSPDMNCLDLGFFASLQOSLT+NR SRNMDE+IENVHKEYRD
Sbjct 395 FAVAVAQTGLDIRLVNQPPNSPDMNCLDLGFFASLQSLTYNRTSRNMDEVIENVHKEYRD 454

Query 361 YNPNTLNRVFLTLQSCYIEVMR 382
YNP TLNRVFLTLQ C+IE M+
Sbjct 455 YNPTTLNRVFLTLQCCHIEAMK 476
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C. tblastn:
This type of blast takes a protein query sequence and blasts it against a nucleotide
database. This is incredibly useful because:

1. it can find the location of the protein in a genome
2. it can find similar sequences in the genome
3. it can find similar sequences in related genomes

To search a nucleotide database with a protein query, the database must first be
translated. NCBI stores the nucleotide databases translated in 6 frames.
Why 6 frames?

1. Start at the Blast page and click on tblastn, the fourth choice down.
BLAST

Home | Recent Results  Saved Strategios  Help

» NCBVBLAST Home

=
>

BLAST finds regions of similarity between biological sequences. more...

Leam more about how to use the new BLAST design

BLAST Assembled Genomes

Choose a species genome to search, or list all genomic BLAST databases

o Human o Oryza sativa o Gallg
o Mouse o Bos tavrus o Pan
o Rat o Danio rerio o Mic
o Arabidopsis thaliana o Drosophila melanogaster o Apig

Basic BLAST

Choose a BLAST program to run

Search a nucleotide database using a nucleotide query
Algorithms: blastn, megablast, discontiguous megablast

nucleotide blast

Search protein database using a protein query

protein blast
Algorithms: blastp, psi-blast, phi-blast

blastx | Search protein database using a translated nucleotide query

Search translated nucleotide database using a protein query

tblastx | Search translated nucleotide database using a translated nucleotide query

2. Enter the query sequence. Remember, this process compares a sequence of amino acids
against sequences in existing genomes.
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>Osmarb

17

SKDLTNIQRRGIYQLLLQKSKDGKLEKHTTRLVAQEFHVSIRTVQRIWKRAKICHEQGIAVNVDSRKHGNSGR
KKVEIDLSVIAAIPLHQRRNIRSLAQALGVPKSTLHRWFKEGLIRRHSNSLKPYLKEANKKERLQWCVSMLDPH
TLPNNPKFIEMENIIHIDEKWFNASKKEKTFYLYPDEEEPYFTVHNKNAIDKVMFLSAVAKPRYDDEGNCTFDGK

Enter Query Sequence

Enter accession number, gi, or FASTA sequence «
GSIDCMHWIWENGPTAWKGQRYCRGDHGRPTIILEAIASQDLWIWHAFFGVAGSNNDINVLNQSDVENDVL
QGRAPEVQFTLNGTTYNMGYYLADETYPEWATFVKTISMPQGERRRKLFAQHG)

Clear

Query subrange &

3. Now go down to the section called "Choose Search Set."

Choose Search Set

Database Nucleotide collection (nr/nt) v ©

Organism
Optional =
cnie

organism common name, binomial, or tax id. O

o

Entrez Query

Optional

4. For the first panel under "Choose Search Set," leave it on the default setting, which is

"Nucleotide collection (nr/nt)" nr: non-redundant, nt: nucleotide.

Choose Search Set

Database Nucleotide collection (nr/nt) v e

Organism
Optional

Enter organism common name, binomial, or tax id. Only

Entrez Query
Optional

Enter an Entrez query to limit search &

a will be

20 top tax

shown. &

We're going to compare our query sequence to rice, specifically Oryza sativa, which is the
taxonomic name for rice, one of two varieties of domesticated rice, the other being Oryza
glaberrima, or African rice. There are two ways to enter “rice” on this panel. To find rice,

you only have to type "Ory" and all the rice varieties pop up. You can also type 'rice.’

O. sativa is the third one down. Click on it!
Now you see on your line this: Oryza sativa (taxid 4530).
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Choose Search Set

Database Nucleotide collection (nr/nt) v|

Organism ory

Optional pon
zeae (land 147380) A Bhown &
y2a (laxid . 4527)

Entrez Query 23 sativa (tavd 4530)

Optional za nativa (Japonica cultvar-group) (taxid 39947)

yctolagus (tand 9984)
yetolagus cuniculus (taxid 9986)
| Oryziinae (taxid 8088) [
 BLAST y2ias (taxid:8089) g database using a protein query)
y21as labpes (taxid 8090)
2a sativa (Indica cultivar-group) (taxid 39946) v

» Algorithm parameters

5. Go the bottom and click on BLAST! The Algorithm parameters are similar to the
nucleotide blast and protein blast search. They serve the same functions here.

Search database nr using Tblastn (search translated nucleotide database using a protein query)

[]1Show results in a new window

» Algorithm parameters

6. Results: Will be discussed in class, but by now you should be able to read this page
yourself.

Distribution of 212 Blast Hits on the Query Sequence

'Mouse-over to show defline and scores, click to show alignments

Color key for alignment scores

<40 40-50 5080 | 80-200 >=200
Qu e ry |
| 1 I | I I I

0 20 40 60 c0 100 120
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Background

The Discovery of Transposable Elements in Maize by Barbara McClintock

BARBARA McﬂllNT[ll}K

BENETICIS

It all began more than 60 years ago with a far-sighted scientist named
Barbara McClintock who was studying the kernels of what we informally call
"Indian corn.” You know what it looks like—those ears with richly colored
kernels that we associate with Thanksgiving and that we call maize.

Maize and corn are the same species. Maize is a grass that is taxonomically
related to other familiar cereal grasses like barley, rice, wheat and sorghum.
By the 1920s, researchers had found that maize kernels were ideal for
genetic analysis because heritable traits such as kernel color and shape are
so easy to visualize. The results of early studies on maize led to an
understanding of chromosome behavior during meiosis and mitosis. As a
result, by McClintock's time, maize was one of two model genetic organisms -
the other being Drosophila melanogaster (the fruit fly).

As early as the 1920's it was known that maize had 10 chromosomes [this is
the haploid number (n) - maize, is a diploid (2n) with 2 sets of 10
chromosomes]. In addition to being a superb geneticist, McClintock was one
of the best cytologists in the world and her specialty was looking at whole
chromosomes. Maize was ideal for this analysis because it has a large
genome [~2500 Mb (million bases), about the same size as the human
genome] and its chromosomes were easily visualized using a light microscope.
The first thing of note that McClintock did as a scientist was to distinguish
each of the 10 maize chromosomes of maize. This was the first time anyone
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was able to demonstrate that the chromosomes (of any organism) were
distinct and recognizable as individuals.

In the course of her studies of various maize strains, she noticed the
phenotype shown below in Figure 1a. This phenotype is characteristic of
chromosome breakage. While chromosome breakage is commonly observed in
maize, it had not previously been observed at a single site (locus) in one
chromosome. In one particular strain chromosome 9 broke frequently and at
one specific place or locus. After considerable study, she found that the
breakage was caused by the presence in the genome of two genetic factors.
One she called Ds (for Dissociation -it caused the chromosome to
"dissociate"), and it was located at the site of the break. But another
genetic factor was needed to activate the breakage. McClintock called this
one Ac (for Activator). Because she could not genetically map the position of
Ac in the genome she hypothesized that it was capable of moving around
(transposing). For example, Ac could move from chromosome 1 to
chromosome 3.

As she followed the descendents of this strain, she identified rare kernels
with fascinating phenotypes. One such phenotype was a colorless kernel
containing pigmented spots. This is summarized in Figure 1b.
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GENOTYPES

(a) Chromosome breakage
C Sh Wx Ds
St

e >

PHENOTYPES

¢ sh wx
o | T T

Ac-activated
chromosome
Breakage at Ds

Acentric fragment

is lost.
Ds .
Sh

Wx -
e =)

¢ sh wx
===l

-

(b) New unstable alleles
¢-Ds Sh Wx

il
e -

¢ sh wx

Ac activates
Ds loss from

Cgene.
Ds
C Sh Wx
eeE———r =
¢ sh wx
i s s e S —

Colorless (c) ﬁ
Shrunken (sh)

Not shiny (wx)

Pigmented (C)
Plump (Sh)
Shiny (Wx) y

New phenotypes
in rare kernels

Colorless
background

Figure 1. New phenotypes in corn
are produced through the
movement of the Ds transposable
element on chromosome 9. (a) A
chromosome fragment is lost
through breakage at the Ds locus.
Recessive alleles on the
homologous chromosome are
expressed, producing the colorless
sector in the kernel. (b) Insertion
of Dsin the Cgene (top) creates
colorless corn kernel cells. Excision
of Ds from the Cgene through the
action of Ac in cells and their
mitotic descendants allows color to
be expressed again, producing the
spotted phenotype.

What she soon knew conclusively was this: The TEs that she was studying
were inserting into the normal genes of maize and were causing mutations.
What she had discovered was a different type of mutation - one that was
caused by a transposable element and one that was reversible. This
contrasts with other mutations that you are probably more familiar with like
base pair changes and deletions that are essentially irreversible. Her logic
is summarized in the figure below. Furthermore, she provided the following
explanation for what was going on with the spotted kernels:

\‘ TE inserts into gene

‘ TE excises from gene

[Eere ]+ [Te]
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TE

Her discovery - highly simplified...

— ¢ — Prin Enzyme 1)

Fxl Earyom 2 Faryioe 3
A x —- x — Di%m

+ —— RNA —= Protein (Enzyme 1)

Parpee L Parpem 2 Farpee 3
A —= B —= (C —= Pigment

Figure 2: McClintock
hypothesized that TEs
were a source of
“reversible"” mutation.
Their ability to
transpose allowed
them to excise from
mutant genes leading
to phenotypic
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What DNA transposable elements look like to the geneticist (Ac, Ds)

As you have seen Barbara McClintock discovered the TEs Ac and Ds when
she figured out that they were responsible for the spotted kernel
phenotypes. She was a geneticist - and their main experimental tool is the
genetic cross.

Here are some of the properties of Ac/Ds that McClintock figured out
through observation of kernel phenotypes and by performing carefully
designed crosses:

(1) Ac and Ds could insert into a variety of genes - e.g. those involved in
pigment production, starch biosynthesis, and early embryo development, to
name but a few.

(2) Ac and Ds were normal residents of the corn genome - they were not, for
example, intfroduced into the genome by a virus.

(3) Ds could not move without Ac in the genome, whereas Ac could move
itself or Ds. Thus, Ac was called an autonomous element while Ds was called
a non-autonomous element.

Ph . .
P_enowp:s Figure 3 Summary of the main
t
i effects of transposable
Cgene .. \ ) elements in corn. Ac and Ds are
(wild type) W .
’ used as examples, acting on the
Colorless C gene controlling pigment.
¢m(Ds) [ Ds In maize (but not many other
(no Ac) S .
¢-m(Ds) organisms), normal alleles are
Spotted capitalized and mutant alleles
Ds kernels . .
/7 are written in lower case. In
(‘;'Xg)s) | — " el \* o addition, McClintock designated
Spotted alleles caused by the insertion
7 kernels of a TE as "mutable”, m for
¢-m(Ac) short [e.g. c-m(Ds) or c-m(Ac)].
Ac
c-m(Ac)

TEs are in all organisms: After her initial results were reported in the late
1940's, the scientific community thought that TEs were oddities and possibly
restricted to maize and perhaps to a few other domesticated plant species.
However, this proved not o be the case as in subsequent years TEs were
discovered in the genomes of virtually all organisms from bacteria to plants
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to human. It is for this reason that McClintock was awarded the Nobel Prize
in Medicine or Physiology in 1983, almost 40 years after her discovery.

What transposable elements look like to the molecular biologist (Ac,Ds):

With the advent of molecular cloning biologists were able to isolate and
sequence gene-sized fragments of DNA from the genomes of plants and
animals. They say that a picture is worth a thousand words. So... here is a
simplified figure showing what Ac and Ds look like at the DNA level.

Autonomous element (Ac) Figure 4: Molecular structure of Ac and Ds.
Ac: Tpase is the gene encoding the transposase
m enzyme, which is necessary for movement of both Ac
and Ds.

Ds: Ds requires Ac for movement because it is a

D D defective version of Ac where the Tpase gene has
been deleted.

Yellow arrows at the ends are the terminal inverted
repeats - this site where transposase binds and cuts
the element out of the surrounding genomic DNA.

Nonautonomous element (Ds)

Ac contains a single gene - that encodes the transposase protein. Figure 5
shows how this protein catalyzes the movement of Ac and Ds.
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*tﬁffk
Transposase .
sp Tp s Figure 5 Ac transposase
syl catalyzes excision and insertion
Qo - T — (also called integration).

The maize Ac element encodes a
transposase that binds its own

( (\@ , ends or those of a Ds element,

Cleavage . .
l target site, and allowing the
== element to insert elsewhere in
)
- 2 the genome.

—

)
e
DNA arg

excising the element, cleaving the

Acor Ds at
new location
- -

wACOIDS gy o
Like many other proteins, the transposase protein can multi-task. First, it is
a DNA binding protein that is able to bind specifically to the ends of the Ac
element. The protein also binds to the ends of Ds as it is identical to the Ac
ends. Such "sequence-specific binding" is mediated by precise contacts
between the amino acids of part of the transposase (called the binding
domain) and the precise nucleotide sequences at the Ac (and Ds) ends.
Second, it is an enzyme. Once bound, the two transposase molecules form a
dimer (via protein-protein interactions) and another region of the
transposase (called the catalytic domain) cuts the element out of the
surrounding genomic DNA. The two transposase proteins bound to the TE
then cuts the chromosome at another site (the target) in the host genome
and the TE inserts.

Finally, for now at least, there is one other feature of TEs that needs to be
introduced. This is the target site duplication (TSD) that is created during
insertion of virtually all TEs. How it is generated is shown below in Fig 6.
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Transposase cuts
target-site DNA.

D —

AGG TAAGGTAG
TCCATTCC

Transposable
elementinserts.

AGG sy fo—T A AG G TAG

TCCATTCC ey frm ATC
Host repairs
gaps.

AGGTAAGG TAAGGTAG

TCCATTCC ATTCCATC

—_— R

Five-base-pair direct
repeat flanks element.

26

Figure 6: An inserted element is
flanked by a short repeat. A
short sequence of DNA is
duplicated at the transposon
insertion site. The recipient DNA
is cleaved at staggered sites (a 5-
bp staggered cut is shown),
leading to the production of two
copies of the five-base-pair
sequence flanking the inserted
element. This is called a target
site duplication (TSD).

What transposable elements look like to the bioinformaticist

As you know, Human Genome Project ushered in the genomics era which is
characterized by the availability of increasing amounts of genomic sequence

from a variety of plant and animal species (animals -
drosophila, the worm, dog, mouse, rat, chimp; plants -

including human,
including Arabidopsis

thaliang, rice, cottonwood (a tree)]. For now, it is sufficient to know that
TEs make up the vast majority of the DNA sequence databases and
recognizing TEs in genomic sequence is usually the first step in the modern

analysis of TEs.

In the introduction to bioinformatics lesson, you will learn about how
computers are used to annotate (give meaning to) genomic DNA and how to
identify TEs. For many scientists, an experiment ends with the
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identification of TEs in genomic sequence. They will write up their results
and submit them to a journal for publication. However, for other scientists
(like those in the Wessler lab), this is only the beginning. Identifying a TE in
genomic DNA does not mean that this TE is still active (capable of moving
around). In order fo see if a TE sequence is active we have to do an
experiment - which is precisely what you will be doing this week. However,
you need to be infroduced to a few things before we let you in the lab (!).
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INTRODUCTION TO THE COMPONENTS OF THE EXPERIMENT:

Overview: In this experiment you will be using the same materials used by
the Wessler lab to determine whether a TE sequence that was identified by
computational analysis from the rice genome can function (that is, can it
move from one place in the genome to another). This experiment will not be
done in rice but in the model plant, the humble mustard weed, Arabidopsis
thaliana.

A visual assay for the movement of rice TEs in Arabidopsis thaliana

The Wessler lab needed to create an experimental system that mimics the
one used by McClintock with TEs inserted into pigment genes and expressed
in the kernel. What was needed was a visual assay to test for movement of a
rice TE in Arabidopsis.

Creating a visual phenotype: You know what a reporter is—someone who goes
out, gathers facts, brings back information, and turns it into ordered and
accessible information. Just so, scientists use so-called reporter genes to
attach to another gene of interest in cell culture, animals, or plants. Certain
genes are chosen as reporters because the characteristics they confer on
organisms expressing them are easily identified and measured. Most
reporter genes are enzymes that make a fluorescent or colored product or
are fluorescent products themselves. Among the latter kind is one that is
central to your work this semester, called Green Fluorescent Protein or GFP.
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GFP comes from the jellyfish Aequorea victoria and fluoresces green when
exposed to certain wavelengths of light. Researchers have found GFP
extremely useful for an important reason: visualizing the presence of the
gene doesn't require sacrificing the tissue to be studied. That is, GFP can be
visualized in living organisms by using fluorescent-imaging microscopy.

In our experiments, the GFP reporter gene will substitute for the maize
pigment gene. A rice TE (which is described below) has been engineered into
the GFP gene so that it cannot produce fluorescent protein. If the TE
excises from the GFP gene it will be able function again.

This is all done in Arabidopsis - so let's begin with some background on the
botanical "lab rat”.

Arabidopsis thaliana

In your previous classes you have probably discussed model organisms and
their desirable features. Model organisms include E.coli, yeast
(Saccharomyces cerevisiae), Drosophila melanogaster, Caenorhabditis
elegans (a.k.a. the worm), mouse (Mus musculus), and Arabidopsis thaliana.
Like the other model organisms, A.thaliana is easily transformed by foreign
DNA and is small and has a relatively short generation time (~6 weeks). This
small flowering plant is a genus in the family Brassicaceae. It is related to
cabbage and mustard. A. thaliana is one of the model organisms used for
studying plant biology and the first plant to have its entire genome
sequenced (~125 Mb, about the same as Drosophila. The human genome is
almost 20X bigger than this at ~2500 Mb).
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Agrobacterium tumefaciens: introducing foreign DNA into plants (how
scientists construct transgenic plants)

A crown gall tumor. Infection by the bacterium
Agrobacterium tfumefaciens leads to the production
of galls by many of plant species.

s

In 1977, two groups independently reported that crown gall is due to the
transfer of a piece of DNA from Agrobacterium into plant cells plants. This
resulted in the development of methods to alter Agrobacterium into an
efficient delivery system for gene engineering in plants. In short,
Agrobacterium contains a plasmid (the Ti-plasmid), which contains a
fragment of DNA (called T-DNA). Proteins encoded by the Ti-plasmid
facilitate the transfer of the bacterial T-DNA into plant cells and
ultimately, insertion of the T-DNA into plant chromosomes. As such, the Ti-
plasmid and its T-DNA is an ideal vehicle for genetic engineering. This is
done by cloning a desired gene sequence into the T-DNA that will be
inserted into the host (plant) DNA.

As shown in Figure 7, foreign DNA is inserted in the lab into the T-DNA
(shown as the green DNA in the "cointegrate Ti plasmid below), which is then
transformed intfo Agrobacterium which is then used to infect cultured
tobacco cells. The Ti plasmid moved from the bacterial cell fo the plant
nucleus where it integrated into a plant chromosome. Tobacco cells can be
easily grown into "transgenic” plants where all cells contained the engineered
T-DNA.
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> \— Cointegrate . .
o (™ Tiplasmid Figure 7: Schematic of
& Tohacre-plant how Agrobacterium has
! been exploited to
deliver foreign DNA
& Trsesfoined into plant chromosomes.
- = —_— —_— Transgenic . Cellof
A Cultured tobacco transgenic
= cells Plantlet plant plant

The foreign DNA inserted into the T-DNA included both a gene of interest
and a "selectable” marker, in this case, an antibiotic resistance gene. This is
necessary because the procedure for transferring a foreign DNA into a
plant via Agrobacterium-mediated transformation is very inefficient. By
using media/agar containing the antibiotic, only the cultured cells with the
T-DNA in their chromosomes will be resistant to the antibiotic and able to
grow.

Rice and the discovery of TE sequences in its genome

Rice (Oryza sativa) has the smallest genome of all cereal grasses at 450
million base pairs (Mb). By contrast, the maize (and human) genome is almost
six times larger at 2500 Mb. About 40 percent of the rice genome
comprises repetitive DNA and most of this is derived from TEs. Because the
full genome sequence for rice is known, members of the Wessler lab were
able to use a computational approach to identify TEs that were potentially
active based solely on their sequence characteristics. Here is a figure
showing the element that you will be analyzing.....
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Osmar5 (autonomous rice TE)

transposase

Figure 8: The Wessle3r'2lab
identified Osmarb using
methods that you will learn in
class. To do this experiment,
they had to create a
nonautonomous version of this

\ \ 4 d
N v P / element by deleting the middle
\ \ 7 /
5 . R Vs part of the element. By
v Y R analogy, the autonomous rice

Osmar5SNA (a non-autonomous rice TE)

figures 3-5)

element is like Ac while the
nonautonomous element (called
OsmarbNA) is like Ds (see

Design of the experiment and controls

Sequences identified in the rice genomes as TEs are called "candidates”

because there is no evidence that these sequences are actually capable of
moving around. Members of the Wessler lab (Dr. Guojun Yang to be exact)
constructed transgenic Arabidopsis plants containing T-DNAs that looked

like the following:

Ab-R GFP*

l_=—l_l_.

Ab-R Osmar5NA GFP-

p— ¥ ——0 ¢

'

Osmar5NA

?2?

Ab-R transposase

smar
GFP- to GFP* ??

(TOP) Plants containing this T-DNA in their genome are the positive

Figure 9:The
transgenic
Arabidopsis
plants used in
this experiment
contain one of
these 3 T-DNA
insertions in
their genome.
Ab-R = the
antibiotic
resistance gene
discussed above.

controls. These plants should be green under UV light because the GFP

protein is produced (designated GFP").
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(MIDDLE) Plants containing this T-DNA in their genome are the negative
control. These plants should be red under UV light because there is no GFP
protein (designated GFP") and the red color is due to chlorophyll
fluorescence.

(BOTTOM) Plants containing this T-DNA in their genome are the actual
experiment. If our hypothesis is correct, then the transposase encoded by
Osmarb will produce a transposase that will bind to the ends of the non-
autonomous TE (Osmar5NA) and catalyze its transposition out of the GFP
gene restoring gene function.

(Not shown) Finally, plants designated as wild type (WT) do not have ANY T-
DNA in their genome.

However, we are not out of the woods yet. We need solid experimental
evidence that Osmar5NA has actually excised in plants with T-DNA (C) but
NOT in plants with T-DNA (B). The experiment is designed to determine
just that - whether or not rice TE NA has excised from the GFP gene and
restored gene function in Arabidopsis.
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PCR analysis of the T-DNA in Arabidopsis thaliana DNA

You will be using the polymerase chain reaction (PCR) procedure in this
experiment. It is summarized below:

Region of target DNA
to be amplified

(a) SHER S

)

1 Heatto separate
strands.

2 Add synthetic oligo-

(b) nucleotide primers; cool. DNA synthesis (step 3
3 4 is catalyzed by the

5'=—> heat-tolerant DNA
5' —— e e — (e) polymerase.

3 Add heat-tolerant DNA 3 —— —_— F'gur'e 10-
polymerase to catalyze = = 1
(¢) | 5'—> 3’ DNA synthesis. = e Details Of
¥ 5= - = PCR. See
= 5’ . =

¥ — ’ below.

Repeatsteps 1 and 2
(d) (f)

Y

l Repeat steps 1 through 3 .

Wi W BN

1NN
LR

|

After 25 cycles, the target sequence has
been amplified about 10°-fold.

Figure 20-14
Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H.Freeman and Company

Polymerase Chain Reaction. Known familiarly as PCR: a technique enabling
multiple copies to be made of sections of DNA molecules. It allows isolation
and amplification of such sections from large heterogeneous mixtures of
DNA such as whole chromosomes and has many diagnostic applications, for
example in detecting genetic mutations and viral infections. The technique
has revolutionized many areas of molecular biology—and won a Nobel Prize
for Kary Mullis.

The reaction starts with a double-stranded DNA fragment. A part of it is
to be copied.

A to B. The fwo DNA strands are separated (denaturated) by heating to
95°Celsius (C).
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B. After cooling, short oligonucleotide primers (see below) that are
complementary to the ends of the region to be amplified anneal with each
strand.

C. When the temperature is raised to 72° C the DNA polymerase (the heat-
stable Tag polymerase) begins to catalyze DNA synthesis from the ends of
the primer using the denatured DNA as template (the extension phase) and
the nucleotide triphosphates that are in the test tube.

D.E, and F - The procedure is repeated beginning with denaturation then
cooling, annealing, extension etc.

Oligonucleotide primer. A primer is a short nucleic acid strand or a related
molecule that serves as a starting point for DNA replication. A primer is
required because most DNA polymerases, enzymes that catalyze the
replication of DNA, cannot copy one strand into another from scratch, but
can only add to an existing strand of nucleotides. (In most natural DNA
replication, the ultimate primer for DNA synthesis is a short strand of RNA.
This RNA is produced by primase, and is later removed and replaced with
DNA by a DNA polymerase.) The primers used for PCR are usually short,
chemically synthesized DNA molecules with a length of about 20-30
nucleotides.

Denaturation: separation of the two DNA strands of a double helix by
heating them to a very high temperature. This breaks the hydrogen bonds
holding the double helix together.

Annealing: when DNA or RNA strands pair by hydrogen bonds to
complementary strands, forming a double-stranded molecule. The term is
also used to describe the reformation (renaturation) of complementary
strands that were separated by heat.

Extension: enzymatically extending the primer sequence—copying DNA.
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Details about your PCR.....

The purpose of this experiment is two-fold:

(1) to determine whether the Osmar5NA fransposable element is able to
excise from the GFP reporter gene with or without the
transposase encoded by the Osmar5 element.

(2) to determine the DNA sequence at the putative site of Osmar5NA
excision to see if excision is precise or imprecise and whether
excision events are the same or different.

This figure shows where the PCR primers that you will use are located.
After PCR, products will be separated on an agarose gel. Gel bands will be
purified (isolated free of the agarose) and cloned into bacterial plasmids
(see below).

OsmarS5NA

Figure 11: The
y - details of the

/ 3 DNA that will be

/ AN amplified in your

/ N PCRs. See Figure
# N 9 for the T-DNAs

no excision
m from. Green

that this came

PCR primers —> < boxes represent

é Osmar5NA excision

the GFP gene.

Observing the Plants:

Before we do any molecular analysis we look at the seedlings with a
microscope. We will use very strong blue light to excite the GFP to visualize
the results of OSmar5NA activity. If present, the GFP will fluoresce green.
We will take photographs of the leaves to document the results. You will
need to annotate and add these to your notebook after class. Can you
predict what the GFP pattern will look like for each type of seedling?
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Extracting the DNA from the seedlings.
To perform molecular analysis, we will first isolate DNA.

Materials list:

Extraction Buffer (for 50 ml)
10% SDS

5M KOAC

100% Isopropanol

70% Ethanol

Ice Bucket with ice

Liquid nitrogen

65°C Heating block

sterile 1.5 mL tubes (2 for each prep)
sterile sticks for grinding
Miracloth cut into 10 cm squares.

1) Harvest 2-3 seedlings.

2) Grind tissue to a fine powder in a 1.5 mL tube dipped in liquid hitrogen.
Put a little liquid Nitrogen in a mortar and dip the end of the tube in it.
Grind the frozen tissue with a sterile stick.

3) Add 1000 pl of Extraction Buffer, and grind some more in the buffer.

4) Add 120 gl of 10% SDS. Mix by inverting.

If preparing multiple samples, do all to this step. Keep samples on ice until all
are done.

5) Put at 65°C for 20 minutes.

6) Add 300 ul BM KOAc. Mix well by inverting several times (important!),
then place on ice 5 minutes.
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7) Spin for 5 minutes at top speed in microfuge. Squirt about 700 ml of the
supernatant through miracloth (make small funnel, place tip directly onto the
miracloth at the tip of the funnel and squirt through - do not allow the whole
funnel to get soaked).

8) Add 600 ul of isopropanol. Mix the contents thoroughly by inverting.

DNA precipitate may or may not be visible at this point: don’t worry if you
don't see much. A really good prep (excellent grinding of tissue) should
result in visible DNA at this stage, however. Can put in the freezer for a
while at this point, or proceed immediately to the next step

9) Spin for 5 minutes at top speed. Pour off supernatant.

10) Add 500 ul of 70% ethanol and flick until the pellet comes off the
bottom (for best washing results). Spin briefly, then pour off the ethanol.
Suck off the rest of the ethanol with a pipet. Let air dry in hood for around
30 minutes.

11) Re-suspend the DNA in 100 yl water or TE. Let sit at RT for awhile, mix
by pipetting. Depending on amount of starting material may need to be
diluted for PCR.
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PCR reaction:

Materials:
PCR Tubes

Reagents listed in table

Thermocycler

Ice bucket with ice.

1. Label 0.2 ml PCR Tubes:

A WT

B. GFP

C. OSNA

D. OSNA/TP
E. Water

2. Label a 1.5 ml tube for the Master mix.

3. Assemble the Master Mix using the table. Keep on ice.

[Stock] [Final] | Volume to add | Master Mix for
(u!) 6 reactions
(wh)

Water | ---—-- 42 25.2
2X Taq Mix 1X 10.0 60.0
10 uM Primer A 0.2 uM 0.4 2.4
10 uM Primer B 0.2 uM 0.4 2.4
5.0 | —mmmmmmmmmm -

Final Volume 20.0 90.0

4 Place 15 ul of Master Mix in each PCR tube.

5. Put the appropriate DNA or water into each tube.

6. Keep on ice until placed in the PCR thermocycler.
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Analyzing and purifying your PCR products: Gel Electrophoresis.

Overview - Today you will separate the products from your PCR amplification
by agarose gel electrophoresis and then cut out and extract the DNA from
one of the gel bands.

Prepare 1% agarose gel. Wear Gloves!
1. Prepare a gel rig with the proper comb.

2. Add 0.5 g agarose to a 500 ml flask. Add 50 ml 1x TAE buffer, swirl, and
heat contents in the microwave until boiling (~2-3 min). Be careful!

3. Swirl to make sure it is completely melted and allow it to cool. Add ~0.5 ul
of a stock solution of 10mg/ml ethidium bromide (EtBr) (EtBr binds to DNA
allowing it to be visualized under UV light. Don't let it touch your skin).

4. Swirl again to mix and pour into the gel rig. The gel should cool and
solidify within 15-20 minutes at which time it is ready. Turn the gel 90
degrees and add enough TAE buffer to completely immerse.

Preparing gel samples, loading onto gel, electrophoresis:
1. Beginning with your PCR tubes from Tuesday, add 4 ul of 6X loading dye to
each (change tip for each sample).

2. Load 10 ul of this mixture into the wells in the order: W, WT, "OS",
"OS/TP", markers (to be provided).

3. Attach the leads and set the power supply to run at 150V. Remember “"Run
to the red.”

4 Run for 20-30 minutes, then turn off the power and remove the gel tray.

5. Take a picture of the gel for your records. We will discuss the gel photos
in class in detail.
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Excise gel fragment
1. Weigh one 1.5 ml microcentrifuge tube and record.

2. Carefully slide gel off tray onto sheet of Saran wrap covering
transilluminator

3. Put on protective face shield, turn on transilluminator.
4. Cut the gel slice (as small as possible) containing the band with a clean
razor blade and put the slice into the tube that was weighed.

Gel Extraction

(Using the Qiagene Gel Extraction Kit, see detailed instructions at the end
of this section):

1. Weigh the gel slice in the tube. Add 3 volumes of Buffer QG to 1 volume
of gel (100mg ~ 100ul). For example, add 300 pl of Buffer QG to each 100
mg of gel.

2. Incubate at 50°C for 10 min in a water bath (or until the gel slice has
completely dissolved). To help dissolve gel, mix by inverting the tube every
2-3 min during the incubation.

3. After the gel slice has dissolved completely, add 1 gel volume of
isopropanol to the sample and mix. For example, if the agarose gel slice is
100 mg, add 100 pl isopropanol. This step increases the yield of DNA
fragments < 500 bp and > 4kb.

4. To bind DNA to the column material, apply the sample to the QI Aquick
column and then spin at 13,000 rpm for 1 minute. The DNA is now in a high
salt/non-polar solution. Under these conditions the DNA sticks to silica (the
stuff in the column). The maximum volume of the column reservoir is 800 pl.
For sample volumes of more than 800 pl, simply load again.

5. Discard flow-through and place QIAquick column back in the same
collection tube.
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6. Add 0.5 ml of buffer QG to QIAquick column and centrifuge for 1 min.
Discard the flow through. This step is only required for direct sequencing
(which is exactly what will be done with your samples).

7. To wash any impurities (EtBr and agarose), add 0.75 ml of Buffer PE to
QIAquick column, let the column stand 3min and spin column at 13,000 rpm
for 1min.

8. Discard the flow through and centrifuge for another 1 min at 13,000 rpm.

IMPORTANT: This spin is necessary to remove residual ethanol (which is
present in Buffer PE).

9. Place QI Aquick column in a clean 1.5 ml microcentrifuge tube.

10. To elute DNA from the column, add 30ul water to the center of
QIAquick membrane, leave column on bench for 2 min, and centrifuge the
column for 1 min at 13,000 rpm.

IMPORTANT: Ensure that the elution buffer is dispensed directly onto the
QI Aquick membrane for complete elution of bound DNA. The tube
containing the eluted DNA will then be sent to the sequencing facility.
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Product Information Sheet for QIAquick Gel Extraction Kit.
(http://wwwl.qgiagen.com/literature/handbooks/literature.aspx?id=1000252)

The QlAquick Principle

The QlAgquick systermn combines the convenience of spincolumn technology with the selective
binding properties of a uniquely designed silica membrane. Special buffers provided with
each kit are optimized for efficient recovery of DNA and remeval of contaminants in each
specific opplication. DNA odsorbs to the silica membrane in the presence of high con-
centrations of salt while contaminants pass through the column. Impurities are efficiently
washed away, and the pure DNA is eluted with Tris buffer or water (see page 17].
QlAquick spin columns offer 3 handling options — os an alternative fo processing the spin
columns in a microcentrifuge, they can now also be used on any commercial vacuum manifold
with luer connectors [e.g., QlAvac 65 or QlAvac 24 Plus with QlAvac Luer Adapters) or
auvtomated on the QlAcube.

Adsorption to QlAquick membrane — salt and pH dependence

The QlAquick silica membrane is uniquely adapted to purify DNA from both aqueous
solutions and agarose gels, and up to 10 ug DNA can bind to each QlAquick column.
The binding buffers in QlAquick Spin Kits provide the correct salt concentration and pH
for adsorption of DNA to the QlAquick membrane. The adsorption of nucleic ocids fo silica
surfaces occurs only in the presence of a high concentration of chaotropic salts {1), which
modify the structure of water (2).

Adsorption of DNA to silica also depends on pH. Adsorption is typically 95% if the pH is
<7.5, ond is reduced drastically ot higher pH (Figure 1). If the loading mixture pH is 7.5,
the optimal pH for DNA binding can be obfained by adding o small volume of 3 M sodium
acetate, pH 5.0.

pH Dependence of DNA Adsorption to QlAquick Membranes

1004
&
]
50
&
2
(=)
o+ T T T T T 1
2 4 6 g 10 12 14
pH

Figure 1 1 g of 0 2.9 kb DNA frogment was odsorbed of different pHs and ekited with Buffer E3
{10 mM Tris-Cl, p# 8.5). The groph shows the percentoge of DNA recovery, reflecting the relative adsorpicn
efficiency, versus pH of odsorption

QlAquick Spin Handbeok 11/2006 1
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QlAquick Gel Extraction Kit procedure, the color of the binding mixture cllows easy
visualization of any unsolubilized ogorose, ensuring complete solubilization and
maximum yields. The indicator dye does not interfere with DNA binding and is
completely removed during the cleanup procedure. Buffers PBl and QG do not contain
sedium iodide {Nal). Residual Nal may be difficult to remove from DNA samples, and
reduces the efficiency of subsequent enzymatic reactions such as bluntend ligation.

Washing

During the DNA adsorption step, unwanted primers and impurities, such as salls,
enzymes, unincorporated nucleotides, agorose, dyes, ethidium bromide, oils, and
detergents (e.g., DMSO, Tween® 20) do not bind to the silica membrane but flow
through the column. Salts are guantitatively washed away by the ethanol<ontaining
Buffer PE. Any residual Buffer PE, which may inferfere with subsequent enzymatic
reactions, is removed by an additional centrifugation step.

Elution in low-salt solutions

Elution efficiency is sirongly dependent on the salt concentration and pH of the elution
bulfer. Contrary to adsorption, elution is most efficient under basic conditions and low salt
concentrations. DNA is eluted with 50 or 30 pl of the provided Buffer EB (10 mM Tris.Cl,
pH 8.5), or water. The maximum elution efficiency is achieved between pH 7.0 and 8.5.
When using water to elule, moke sure that the pH is within this range. In addition, DNA
must be stored at -20°C when eluted with water since DNA may degrade in the absence
of a buffering agent. Elution with TE buffer (10 mM Tris.Cl, 1 mM EDTA, pH 8.0} is possible,
but not recommended because EDTA may inhibit subsequent enzymatic reactions.

DNA yield and concentration

DNA yield depends on the following three foctors: the volume of elution buffer, how the
buffer is applied to the column, and the incubation time of the buffer on the column.
100-200 ul of elution buffer completely covers the QlAgquick membrane, ensuring
maximum yield, even when not applied directly fo the center of the membrane. Elution
with €50 pl requires the buffer to be added directly to the center of the membrane, and if
elution is done with the minimum recommended volume of 30 ul, an additional 1 minute
incubation is reguired for optimal yield. DNA will be up to 1.7 imes more concentrated
if the QlAquick column is incubated for 1 minute with 30 ul of elution buffer, than if it is
eluted in 50 pl without incubation [Figure 3, page 14).

QlAgquick Spin Handbook 11/2006 13
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Recovery |%)

10 20 a0 40 50 00 200
Elution volume (4

Figure 3 Effect of elution buffer volume on DNA yield ‘or B3 sne GlAgquick PCR Purificoticn and QlAguick
Nucleonide Removal Kit; O e QlAguick Ge! Extraction Kit. 5 g of a 2.9 kb DNA fragment ware purified
and eluvted with the indicated volumes of Buffer E3. 30 d plus | minwe incubation on the QlAguick columa
gives ONA yields similor to 50 ul withowt incubation, but ot © concentration 1.7 times greates.

Agarose gel analysis of yield

Yields of DNA following cleanup can be determined by ogarose gel analysis. Table 3 shows
the total yield cbtained following extraction of 1 pg or 0.5 pg starting DNA from an agarose
gel with o recovery of 80% or 60% using the QlAquick Gel Exdraction Kit. The corresponding
amount of DNA in a 1 pl aliquot from 50 pl eluate is indicated. Quantities of DNA
fragment corresponding fo these 1 pl cliquots are shown on the agarose gel in Figure 4.

Table 3. Amount of DNA in 1 pl aliquots of a 50 pl eluate following QlAquick purification

rStorﬁng DNA Recovery Total yield Amount of
(50 pl eluate) DNAin 1 pl
1 pg 80% 0.8 ug 16 ng
60% 0.6 vg 12 ng
0.5 pg 80% 0.4 pg 8 ng
60% 0.3 ug 6ng
High DNA Recovery

M Tpg 16ng 12ng0.5pg 8Bng éng

— 27k Figure 4 Quontites of purified 2.7 kb

DNA fragment corresponding to
1/50 of the DNA cbtained follow
ing purificotion from 1 pg or 0.5 pg
stiorting DNA with @ recovery of
807 or 60%, {see Toble 1), Somples
were run on o 15 TAE ogarose gel
M: lambdo-EccRHtindlll markers

QlAquick Spin Handbook  11/2006 15
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Ligation and transformation of E.coli, plate E.coli

Two ways to go at this point....

At this point in the experiment we could simply send the purified PCR
products to the sequencing facility - PCR products can be directly
sequenced in this way. However, what if all of the PCR products in a band
were not exactly the same? How could such a thing happen? What if the
excision of OsmarbNA from the GFP gene was not always perfect and a few
nucleotides were sometimes "“left behind" from the element. Alternatively,
what if the element excised and took a small piece of the gene with it or
"scrambled” some of the sequences at the excision site?

If any or all of these scenarios occurred, our one sequence per band would
not be sufficient as your PCR products might be from several different
excision events (slight differences like this would not be detected on the
agarose gel. Can you figure out why?). So... let's say that the PCR band in
fact contains many slightly different sequences. To figure out what those
sequences are, we have to somehow analyze individual PCR products. We can
do this with the help of E. coli. Let's see how this is done.

Escherichia coli - the model bacterium

= ™
DNA

Cytoplasm

Cell Membrane

Flagellum

The E-Coli Bacterium

©2001 HowStuffWorks y

A quick word about E. coli. This bacterium is yet another workhorse for
molecular biologists, because it grows rapidly, can be easily tfransformed, it
can be used as a living factory to make lots of plasmid DNA and its genome is
completely sequenced.
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Using E.coli To construct a "library” of DNA fragments

For this experiment, we will be using a patented system called TOPQO Cloning
from a company called Invitrogen. We will be ligating our PCR products into
the TOPO plasmid (vector), transforming these plasmids into E.coli, picking
E.coli colonies, isolating plasmid with our PCR inserts and then sending these
to the sequencing facility. Here is some background to make all of this

clearer.
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Figure 12: To make a library, single DNA fragments are ligated into a plasmid
vector and then transformed into competent E.coli. Individual cells with a single
plasmid and insert grow into a single colony, which is grown up and used for
plasmid DNA isolation.
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The TOPO vector:

We will be using TOPO to clone the gel bands from the PCR of leaf DNA
then we will insert this purified DNA into the TOPO vector, transform E.
coli, let the transformed bugs grow overnight, purify plasmid from bacterial
colonies and send these purified plasmids to the sequencing facility. The
idea behind TOPO cloning, according to the company's web site, is "to
effectively clone DNA produced by a particular method (in your case, PCR)
and to enable specific downstream studies (in your case, DNA sequencing).”

pCR’2.1-TOPO’
=-—I-zz zxz---== 417
M13 2o EWXT S SXEoT s
| FS8&8548 T 888383828
o
2.
.‘o: ® ®
pCR-TOPO
Q
=
e 3.9 kb

@ Represents covalently bound topoisomerase |

Direct ligation with TA Cloning® Technology

The TA Cloning® technology makes it possible to easily clone PCR products produced by Tag polymerase. Taq has a
terminal transferase activity that adds a single 3°-A overhang to each end of the PCR product. TOPO TA Cloning®
vectors contain 3°-T overhangs that enable the direct ligation of Tag-amplified PCR products (Figure 6)(2,3).

Flgure 6 - How TOPO TA Cloning® works

1. Add 1 pl of a pCR-TOPO" vector o 2. Incubate for 5 minutes 3. Transform One Shot*
1 pl of Tag-amplified PCR product. on your bench top. Competent E. coli.

- 5 e B Topoisomerase |
e i + N 21 # pped Topoisomerase |
3 5 o
Topoisomerase |

Activated TOPO TA Cloning* vector Tag-amplified PCR product Ligation complete. Vector is
with 3°-A overhangs ready for transformation
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Ligation and transformation of E.coli, plate E.coli

Materials

PCR2.1 TOPO Vector - Invitrogen

Top-10 chemically competent E. coli cells (this will be explained in class)
SOC medium (store at room temperature)

LB/Carb/X-Gal agar plates

Sterile glass beads

Protocol

1. Place tube of Top-10 competent cells and PCR2.1 TOPO vector on ice to
thaw

2. Add the following o a 1.5 ml centrifuge tube. Pipet gently and do not mix
vigorously.

4 ul gel purified PCR product

1 ul salt solution

1 ul PCR2.1 TOPO Vector (add last)

3. Incubate for 10 min at room temperature (on your benchtop)

From this point on you will be working with live E. coli bacteria. All
contaminated tips, tubes, and plates must be disposed of properly
(waste containers will be provided). Wash hands after handling.

4. Transfer 2 ul of the incubated mixture to the tube containing Top-10
competent cells (keep on ice). Pipet gently and do not mix vigorously.

5. Incubate the tube on ice for 20 min. While waiting, label the LB selective
plates and then place plates into 37 degree incubator to warm up. (Only
transformed E.coli cells can grow on LB selective plate. This media contains
S-Gal a galactose derivative. E. coli that take up the plasmid without an
insert will make a enzyme that will convert S-Gal into a black pigment and
the colony will turn black. If the plasmid has an insert, the enzyme will be
disrupted and the colony will be the natural white color.)
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6. Incubate in a water bath for 30 sec at 42°C. (This is called the heat shock

- it is when DNA is actually taken up into the bacteria from the surrounding
liquid)

7. Immediately place cells on ice for 1 min.

8. Add 250 ul SOC medium (keep sterile).

9. Incubate in a 37 °C shaker for 60 min

10. Pipet 100 ul of bacterial solution onto one selective plate (work quickly to
keep the plates closed as much as possible). Pour 3-5 sterile glass beads
onto the plates, cover and shake horizontally to spread the liquid.

11. Dump the glass beads into the bacterial waste container.

12. Incubate the plates overnight in an incubator at 37°C
Plates will be placed at 4°C after 14-20 hours of incubation.
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Preparing an Overnight E. coli culture.

Take a picture of each plate for your lab notebook. Pick bacterial colonies
that have inserts (the white colonies) into test tubes containing liquid
medium and grow them overnight as described below.

Materials:

LB + Carb liquid growth medium (for growing bacteria)
Sterile disposable loops

Protocol:

1. Add 5 ml of liquid growth medium (LB/Carb) into sterile test tubes

2. Using a sterile loop touch a single white colony from the agar plate and
swirl the loop in the liguid media. Use good sterile technique.

3. Incubate the test tubes in the spinner overnight at 37°C.
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Mini-Prepping the culture to obtain large quantities of the plasmid for
sequencing.

Materials:

QIAprep Miniprep kit
Agarose gel (+E1Br), TAE buffer, 6X DNA loading buffer

Protocol:

1. Transfer 1.0 ml of your E. coli sample from the overnight culture to a
labeled 1.5ml centrifuge tube (put tip in bacterial waste container after use).

2. Cap and centrifuge for 3 min at 8 000 rpm. Decant (dump) supernatant
into the bacterial waste.

3. Transfer another 1.0 ml of the E. coli sample to the 1.5 ml| fube and
centrifuge again for 3 min. You will have a very large pellet of bacterial cells.

4. Add 250ul buffer P1 and vortex to re-suspend the pelleted bacterial
cells. No cell clumps should be visible after re-suspension of the pellet. The
solution will be a thick tan color.

5. Add 250ul buffer P2 and gently invert the tube 4-6 times to mix. Do not
vortex. The solution will clear as the cells lyse. The solution will become
mucilaginous.

6. Add 350ul buffer N3 and invert the tube immediately but gently 4-6
times. The solution should become cloudy.

7. Centrifuge for 10 min at 13,000 rpm. A compact white pellet will form.

8. Pipet 800ul of the supernatant (not the white precipitate) and apply to a
labeled QI Aprep spin column. The plasmid is in solution. The white pellet
contains the chromosomal DNA, proteins, and lipids.
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9. Centrifuge for 30 sec. Discard the flow-through. The plasmid is on the
column.

10. Add 0.75 ml PE buffer to the spin column and centrifuge for 1 minute.
Discard the flow-through.

11. Centrifuge for an additional 1 min to remove residual buffer.

12. Transfer the QIAprep column to a clean labeled 1.5 ml centrifuge tube.

13. Add 100ul EB to the center of each QIAprep spin column, let stand for 1
min, and centrifuge for 1 min. The plasmid is in the liquid flow through.

14. Discard the column (plasmid DNA will be in the liquid at the bottom of
the tube).

Optional: Time permitting we will perform a restriction digest on the
samples. This will be decided at class time and a protocol will be provided.

15. Run 10ul of the purified plasmid (the column flow-through) on an agarose
gel to check the quality and quantity.

16. Take a picture of the gel for your notebook. Based on the gel results,
decicde which plasmids will be sequenced and fill out the sequence request
form.
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Preparation of cell lysates (this is a detailed summary of the “chemical
logic” of the plasmid miniprep from the manufacturer)

Bacteria are lysed under alkaline conditions. After harvesting and
resuspension, the bacterial cells are lysed in NaOH/SDS (Buffer P2) in the
presence of RNase A. SDS solubilizes the phospholipid and protein
components of the cell membrane, leading to lysis and release of the cell
contents while the alkaline conditions denature the chromosomal and plasmid
DNAs, as well as proteins. The optimized lysis time allows maximum

release of plasmid DNA without release of chromosomal DNA, while
minimizing the exposure of the plasmid to denaturing conditions. Long
exposure to alkaline conditions may cause the plasmid to become irreversibly
denatured.

The lysate is neutralized and adjusted to high-salt binding conditions in one
step by the addition of Buffer N3. The high salt concentration causes
denatured proteins, chromosomal DNA, cellular debris, and SDS to
precipitate, while the smaller plasmid DNA renatures correctly and stays in
solution. It is important that the solution is thoroughly and gently mixed to
ensure complete precipitation. To prevent contamination of plasmid DNA
with chromosomal DNA, vigorous stirring and vortexing must be avoided
during lysis. Separation of plasmid from chromosomal DNA is based on
coprecipitation of the cell wall-bound chromosomal DNA with

insoluble complexes containing salt, detergent, and protein. Plasmid DNA
remains in the clear supernatant. Vigorous treatment during the lysis
procedure will shear the bacterial chromosome, leaving free chromosomal
DNA fragments in the supernatant. Since chromosomal fragments are
chemically indistinguishable from plasmid DNA under the conditions used,
the two species will not be separated on QIAprep membrane and will elute
under the same low-salt conditions. Mixing during the lysis procedure must
therefore be carried out by slow, gentle inversion of the tube.
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Analyzing your DNA sequences

How your DNA samples were sequenced

57

DNA sequencing is the process of determining the nucleotide order of a
given DNA fragment. Most DNA sequencing is currently being performed
using the chain fermination method developed by Frederick Sanger. [Sanger
is particularly notable as the only person to win two Nobel prizes in
chemistry - his second in 1980 for developing this DNA sequencing method
and his first in 1958 for determining the first amino acid sequence of a
protein (insulin)]. His technique involves the synthesis of copies of your input
DNA by the enzyme DNA polymerase. However, one difference between this
reaction and PCR, for example, is the use of modified nucleotide substrates
(in addition to the normal nucleotides), which cause synthesis o stop
whenever they are incorporated. Hence the name: "chain termination”.

Chain terminator sequencing (Sanger sequencing)

Your samples were sent to the sequencing facility at UGA along with
information about the sequencing primer to be used (recall that DNA
polymerase needs a primer to start DNA synthesis of a template strand).
The reaction contains your DNA sample, the sequencing primer, DNA
polymerase and a mixture of the 4 deoxynucleotides that are "spiked” with a
small amount of a chain terminating nucleotide (also called dideoxy

nucleotides, see below).

0 0 0
| | | 5
0=P—0—P—0—P—0 hise
| | |
o) 0 0
H H
Ve ——

Cannot form a
phosphodiester bond
with next incoming dNTP

Figure 13. A chain-terminating
nucleotide triphosphate (called a
di-deoxynucleotide or ddNTP).
Because it has a "H" instead of a
"OH" at the 3’ position, it is not a
substrate for the addition of
another NTP and DNA synthesis
terminates.




PBIO3240L Summer 2008 58

Limited incorporation of the chain terminating nucleotide by the DNA
polymerase results in a series of related DNA fragments that are
terminated only at positions where that particular nucleotide is used.

ATGGGATAGCTAATTGTTTACCGCCGGAGCCA 3"  Template DNA clone

CGGCCTCGGT 5" Primer for synthesis

Direction of DNA synthesis
*ATGGCGGCCTCGGT 5" Dideoxy fragment 1
*AATGGCGGCCTCGGT 5" Dideoxy fragment 2
*AAATGGCGGCCTCGGT 5" Dideoxy fragment 3
*ACAAATGGCGGCCTCGGT 5" Dideoxy fragment 4
*AACAAATGGCGGCCTCGGT 5" Dideoxy fragment 5
*ATTAACAAATGGCGGCCTCGGT 5" Dideoxy fragment 6
*ATCGATTAACAAATGGCGGCCTCGGT 5° Dideoxy fragment 7
*ACCCTATCGATTAACAAATGGCGGCCTCGGT 5" Dideoxy fragment 8

The fragments are then size-separated by electrophoresis in a slab
polyacrylamide gel, or more commonly now, in a narrow glass tube (capillary)
filled with a viscous polymer.
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Figure 14. DNA is
efficiently sequenced
by including
dideoxynucleotides
among the nucleotides
used to copy a DNA
segment. (a) In this
example, a labeled
primer (designed from
the flanking vector
sequence) is used to
initiate DNA synthesis.
The addition of four
different
dideoxynucleotides
(ddATP is shown here)
randomly arrests
synthesis. (b) The
resulting fragments
are separated
electrophoretically and
subjected to
autoradiography. The
inferred sequence is
shown at the right. (c)
Sanger sequencing gel.

Modifying DNA sequencing to automation: dye terminator sequencing

(this is how your DNA samples will be sequenced)

An alternative to the labeling of the primer is to label the dideoxy
nucleotides instead, commonly called 'dye terminator sequencing’. The major
advantage of this approach is the complete sequencing set can be performed
in a single reaction, rather than the four needed with the labeled-primer
approach. This is accomplished by labeling each of the dideoxynucleotide
chain-terminators with a separate fluorescent dye, which fluoresces at a

different wavelength.




PBIO3240L Summer 2008

5’ » 3°
As
{g@
As
Labeled primer ‘:’I—

b 0 @
a@yr @@ <A@
FPTA P4 FTA

e —— a

Ay
Labeled dNTP ':g«’
Ay
ﬂ!»
Ay
Labeled terminator (ddNTP) ‘::«’

60

Figure 15: DNA
fragments can be
labeled by using a
radioactive or
fluorescent tag on the
primer (1), in the new
DNA strand with a
labeled dNTP, or with
a labeled ddNTP.
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Figure 16. Modern automated DNA
sequencing instruments (DNA
sequencers) can sequence up to 384
fluorescently labeled samples in a
single batch (run) and perform as
many as 24 runs a day. However,
automated DNA sequencers carry
out only DNA size separation by
capillary electrophoresis, detection
and recording of dye fluorescence,
and data output as fluorescent peak
trace chromatograms (see Fig. 17,
18).
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This method is now used for the vast majority of sequencing reactions, as it
is both simpler and cheaper. The major reason for this is that the primers
do not have to be separately labeled (which can be a significant expense for
a single-use custom primer), although this is less of a concern with
frequently used 'universal’ primers.

TNNMAATGCCMT ACGACTCAC] ATAGGGCGAAITCGA‘%CTCGGTACCCGGGG ATCCTCTAGAGYCGACCT GCAGGCATGCAAGCT YGAGTATTCT
0 60

N l |
H‘l I\P \“_\m

W

ﬁ

Figure 18. An example of a chromatogram file of a Sanger sequencing read. The
four bases are detected using different fluorescent labels. These are detected
and represented as 'peaks’ of different colors, which can then be interpreted
to determine the base sequence. shown at the top.

Information you will need to annotate your sequence

Your sequences have been uploaded to the class data web page and we will
explain how to find them. Like most experiments done for the first time,
some of your sequences may be not very pretty.

There are 2 files for each sequencing result, one chromatogram file (like
Figure 18, above) and one text file. The text file contains the DNA
sequence.

This figure should be useful in figuring out what your sequence means...
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Information for Analyzing Your Sequences

Before we start, check the following two sequences:

Sequence 1:
5’ ..CCTCTCCACTGACAGAAAATTTGTGCCCATTAACATCACCATCTAATTCAACA. .3’

Sequence 2:
5’ .. TGTTGAATTAGATGGTGATGTTAATGGGCACAAATTTTCTGTCAGTGGAGAGG...3’

What is the difference between them? At first glance, they are very
different from each other. However, they are complementary sequences of
the same DNA.

5’ ..CCTCTCCACTGACAGAAAATTTGTGCCCATTAACATCACCATCTAATTCAACA. .3’

Crereerrreerrreerrreeerrreerrrerrrrrrrrrrerrrrrrrrrrd
3’ ..GGAGAGGTGACTGTCTTTTAAACACGGGTAATTGTAGTGGTAGATTAAGTTCT..5'

During the cloning of our PCR products into the TOPO vector, the PCR DNA

could be ligated into the vector in either of the two orientations shown blow:

quuendng PCR DNA Sequencing
primer primer

VNQd d0d

pCP2.1-TOPO pCP2.1-TOPO

vector vector

A B

Thus the sequencing result may be different even when using the same
sequencing primer for the same inserted DNA. The orientation must be
taken into account when you interpret (annotate) your sequence files.
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Here are reference sequences you will need to analyze your sequences: The
sequences have been annotated as follows: the EcoRTI sites are shown in red
bold; PCR primers are shown in blue bold; TA Target site duplication (TSD)
is shown in black bold and BIG; Osmar5 NA sequence is shown in peach bold
lowercase; NOTE: only one direction's sequences are shown.

>Raw DNA sequence (before the insertion of Osmar5 NA):

..CCTCTCCACTGACAGAAAATTTGTGCCCATTAACATCACCATCTAATTCAACAAGAAT
TGGGACAACCCCAGTGAAAAGTTCTTCTCCTTTACTGAATTCGGCCGAGGATAATGATA
GGAGAAGTGAAAAGATGAGAAAGAGAAAAAGATTAGTCTTCATTGTTATATCTCCTTGG

ATCCTAGGATCCTCTAGAGTCCCCCGTGTTCTCTCCAAATGAAATGAACTTCCTTATAT

AGAGGAAGGGTCTTGCGAAGGATAGTGGGATTGTGCGTCATCCCTTACGTCAGTGGAGA
TATCACATCAATCCACTTGCTTTGAAGACGTGGTTGGAACGTCT...

>With the insertion of Osmar5 NA:

..CCTCTCCACTGACAGAAAATTTGTGCCCATTAACATCACCATCTAATTCAACAAGAAT
TGGGACAACTCCAGTGAAAAGTTCTTCTCCTTTACTGAATTCGGCCGAGGATAATGATA
GGAGAAGTGAAAAGATGAGAAAGAGAAAAAGATTAGTCTTCATTGTTATATCTCCTTGG

ATCCTActccctccgtecccacaaaacatgacgttttaaggttagcagccaaaattaget
gttgtgcaaaatgaccaaattgtccccatgatttgattaagctgtcatttacagcattt
gtacatgcatccagattattctagagaagtttcctgaaaccacagctcagtgccacgtg
ttaacgaattggcgccttagccacacggttgatacagggcaaaaccatcattaacatat
tcaaaaatttgaatcaggtagggaaagattggggatcggcgatggttgggggcgatgga
gattggggatcggcgctggttgaggacgacggagagcgatggatgggggcgactagaga
gaggataagatcggagtagtactagcgcaacaaataaaaacgcacttcttttttctggt
tcacctccacgtatacggaggggcccaccacttctectectecgacgacattttttetggga

caatccaggggcggtgaaacggcaggttttgtgggacggagggagTAGGATCCTCTAGA
GTCCCCCGTGTTCTCTCCAAATGAAATGAACTTCCTTATATAGAGGAAGGGTCTTGCGA
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AGGATAGTGGGATTGTGCGTCATCCCTTACGTCAGTGGAGATATCACATCAATCCACTT
GCTTTGAAGACGTGGTTGGAACGTCT..
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Using multiple alignments to compare many similar sequences

Comparing many similar DNA sequences at once is not easy o do by eye. To
do this you use a program called ClustalW?2 (http://www.ebi.ac.uk/Tools/clustalw2/) or
MUSCLE (http://www.ebi.ac.uk/muscle/). More details on multiple alignments will be
given when we discuss tree building. For now, you will use multiple alignments
to compare all the sequencing results from the class. The input for either
program is a multiple Fasta file. Open the "class_multi_align.fasta” file to
see the format of a multiple Fasta file.

1. You will be provided a fasta file of the class sequences
(class_multi_align.fasta). Each sequence in the will be from the same primer
and in the same direction.

2. Open the MUSCLE link and make the selections shown below: Add a
Search Title, Select ClustalW2 Output format, and upload the file. Then
select "Run."

MUSCLE
MUSCLE stands for MUltiple Sequence Comparison by Log-Expectation. MUSCLE is
claimed to achieve both better average accuracy and better speed than ClustalW2 or MUSCLE
T-Coffee, depending on the chosen options. ,',',‘[;",,#‘i:é“’g“ﬁmé"‘
@ | Download Software “,f“_‘.: time a
| < IPCE
LG complexity
RESULTS SEARCH TITL YOUR EMAIL
["interactive —ﬂ Qsmar, excision
OUTPUT FORMA OUTPUT TREE OUTPUT ORDER
| Clustalw2 —Cl | none ?] | aligned _31
Enter or Paste a set of Sequences in any supported format: ( Help B

Upload a file: ( Choose File i\ @ class_multi_align.fasta
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3. The results will resemble this. Click the "Output file" link to refrieve your

results (these will not be colored). For Experiment 2 the coloring is not

necessary.

Muscle Results

Number of sequences
Sequence type
Muscle version

Max length

Average length
Output file

Your input file

("SUBMIT ANOTHER JOB )

Alignment

(_Hide Colors )

4
DNA

MUSCLE v3.6 by Robert C. Edgar
740
502

muscle-20080207- 15284644 .output (clustalw)

4. Examine the results. There should be almost complete alignment between
the sequences except at the excision site. What variation do you see there?

5. Homework assignment: Prepare a multiple alignment of all the

sequences obtained by the class. Include any other sequence you think is
relevant in the alignment. Annotate the EcoRI site(s), the TSD, and the

PCR priming sites. Describe the types of modifications left by the
excision of OsmarNA. For the annotation you can use a computer
program or print the alignment and annotate with pen or pencil.
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Week 2: Getting a bit deeper into TEs

The genomes of plants and animals contain different families of transposable elements.
This concept is central to understanding what genomes are made of.

What is a TE family?
We have already been introduced to two TE families. One family contains the Ac and Ds
elements while the second family contains Osmar5 and Osmar5A elements.

In functional terms, a TE family contains all the elements that can be mobilized by a
particular transposase. A TE family usually contains autonomous elements (e.g. Ac,
Osmar5) and nonautonomous elements (e.g. Ds, Osmar5NA) elements. When we analyze
the DNA sequence of entire genomes we often find one or more autonomous elements
and many copies of nonautonomous elements (the maize genome has over 50 copies of
Ds). The transposase encoded by the Ac element can mobilize both Ac and Ds elements.
If there is no Ac element in the genome, all of the Ds elements will be “stuck” where they
are - the will not able to move elsewhere in the genome because there is no transposase to
catalyze their movement. The same is true for Osmar5 and Os5NA in rice — Osm5SNA
will be stuck in place if Osmar5 is not in the genome.

A very important feature of TE families is that each family is independent. In practical
terms this means that the Ac transposase cannot mobilize Osmar5 or Os5NA elements
and, similarly, the OsmarS5 transposase cannot mobilize Ac or Ds elements. Or, as shown
in Figure 19, the transposase from family A cannot move the elements in family B.

The reason for this is quite simple. A transposase usually works by first binding to a
specific DNA sequence near the ends of the element (as shown in Fig 5, on page 22). The
Ac transposase first binds to a specific sequence of nucleotides that is only near the ends
of Ac and Ds elements while the Osmar5 transposase binds to a specific sequence that is
only near the ends of Osmar5 and Osm5NA elements. (Recall that in addition to
catalyzing chemical reactions, proteins can also bind to DNA. Transposases are proteins
that do both: bind to DNA and then catalyze the transposition reaction.)
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What is a TE superfamily?

After McClintock discovered Ac and Ds she then discovered a second TE family which
she called Spm (for Suppressor-mutator - a long story!). The autonomous element in this
family is called Spm and the nonautonomous element is called dSpm (for defective-
Spm). Thus, Spm-dSpm is another family of transposons.

McClintock’s discoveries resulted from genetic analyses of corn plants. After the
discovery of TEs in maize, researchers working with other model organisms, including
Antirrhinum majus (a.k.a. snapdragon) Drosophila melanogaster (a.k.a. the fly) and
Caenorhabditis elegans (a.k.a. the worm) also identified TEs through genetic studies. In
the 1980’°s when it became possible to isolate specific genes, researchers isolated
McClintock’s Ac, Ds, Spm and dSpm elements and the elements from snapdragon (called
Tam 1,2,3 etc), the fly (called P-elements, mariner elements and others) and the worm
(called Tcl, 2 and 3 elements).

When the DNA sequences of these elements were determined and compared (by computer
analysis), researchers were surprised to find that the transposases encoded by some of
the elements from different species, even from different kingdoms (animal vs. plant), were
similar. For example, the transposase from the maize Ac element was similar to the
transposases of Tam3 from snapdragon and the P element from the fly, while the
transposases of the mariner (fly) and Tcl (worm) elements were similar.

These similar transposases were subsequently organized into superfamilies. Fortunately,
after all of the sequencing of genomes and comparisons of TEs, there are now known to
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be fewer than 10 superfamilies of transposases. Some superfamily names and elements
and some members include: hAT (includes Ac, Tam3, P elements), CACTA (includes
Spm, Taml), PIF/Harbinger, Mutator and mariner. The distribution of some of the
superfamilies across the tree of life is summarized in Figure 20.

Vertebrates
Invertebrates @AM OXPH¥X Fungi
OARFOXVP (KN OHAF+O KL
Entamoeba

Plants

GANO I\ OAN+VH

Ciliates
[ 2o2e2 N Green algae
. P
Diatoms
A+ Trichomonas
Phytophtora OAOONN
[ JAX ] 1 Se2N

*
*® Eukaryotes
Prokaryotes
Eubacteria Archaea

Cut-and-paste DNA transposons: Other subclasses:
@ Tcl/mariner (5/5) % Merlin (2/5) ¥ Helitrons (5/5)
A MuDR/Foldback (5/5) ¥ CACTA(2/5) N Mavericks (4/5)
W hAT (5/5) P P element (2/5)
@ piggyBac (4/5)  Transib (1/5)
4+ PIF(3/5) O Banshee (1/5)

Figure 20. Distribution of the major groups of DNA transposons across the eukaryotic tree of life. The
tree depicts 4 of the 5 “supergroups” of eukaryotes where DNA transposons have been detected. The
occurrence of each superfamily/subclass of DNA transposons is denoted by a different symbol.
(Feschotte -Pritham Annu. Rev. Genet. 2007.41:331-68).

How many families and superfamilies can an organism have in its genome?

In short, many. First, members of most superfamilies are present in all plant genomes
including maize and rice and are also present in most animal genomes (Figure 20). For
example, the rice genome has mariner, PIF/Harbinger, hAT, CACTA and Mutator
elements. In addition, each superfamily usually contains many families in one genome.
Let’s look more closely at the Osmar element in rice.
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Some background about Osmar

Osmarb is a member of the mariner superfamily of DNA transposons which
is widespread in plant and animal genomes (see Figure 20, where the mariner
superfamily is also called Tcl/mariner and its distribution is indicated by a
filled circle). Members of the mariner superfamily from different species
were given names that were derived from the species name. "Osmar" stands
for Oryza sativa mariner - Oryza sativa is the scientific name for rice and
mariner is the name of the superfamily of elements. The rice genome
contains Osmarb and over 40 related but clearly different elements. Among
these 40 elements are some that are very similar and others that are quite
different. To understand the relationships between elements, their
sequences can be organized and visualized as a family tree. The scientific
term for such relationship maps is "phylogenetic trees”. A tree of the Osmar
elements in the rice genome is shown below in Figure 21. Later in this
course you will learn how to construct your own phylogenetic tree from TE
sequences that you will retrieve from the database. So... we will revisit
trees a bit later.
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Figure 21: A phylogenetic tree of the relationships between Osmar elements in the rice genome.
The outgroup was the mariner element Soymarl from soybean. (You will learn about outgroups
later in the course.) The structure of each element is shown at the right with the transpose gene

drawn as a black box interrupted by introns (as white gaps), and arrows for the terminal inverted

repeats (TIRs).
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An Introduction to the Other Transposable Element Class -

Retrotransposons

The genomes of higher organisms contain hundreds of thousands, even millions of TEs.
All of these elements are actually divided into 2 classes and up until now you have
learned about one of the two classes. As you have seen, the elements discovered by
McClintock are now known to be present in most eukaryotes and are grouped into several
superfamilies. These elements are moved by transposases, have inverted repeats at their
ends and transpose by excising from one place in the genome and reinserting somewhere
else. Because the element itself moves from one site to another they are also called DNA
elements. This seems like a “duh” statement — how else would an element move? Well,
there is another way — many TEs move via an RNA copy. Such elements are called RNA

or “retro” elements — and they are the focus of this section.

Retrotransposons (a.k.a. RNA elements, retroelements, class 1 elements)

What you see in the figure below is region of the chromosome (DNA) that contains a
retrotransposon. Like any gene, this retrotransposon can be transcribed by RNA
polymerase into a mRNA copy. Unlike most mRNAs (which are translated into protein
by the ribosome), the mRNA copy of the retrotransposon serves as a template for the
synthesis of a double stranded DNA copy of the element which then inserts at another
site in the genome. The key enzyme involved is reverse transcriptase - the most abundant

gene in the world!

—> |

Retrotransposon is trancribed
into an mRNA copy

_‘ mRNA is converted into a double stranded DNA
~ copy of the retrotransposon

1 00 D

the new copy of the element is inserted at
another site in the genome

Class 1 elements are said to retrotranspose
(retrotransposition) while class 2 elements transpose
(transposition).

Figure 22. Like any gene,
retrotransposons are transcribed by
RNA polymerase. However, the RNA
transcript can be “reverse transcribed”
by the enzyme reverse transcriptase
into a double stranded DNA copy that
can insert elsewhere in the genome.
Unlike DNA elements,
retrotransposons do not excise from
one site and insert elsewhere. Rather
the RNA copy is made into DNA
which then inserts elsewhere in the
genome.

Three features of retrotransposition differ from that of transposition:
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(1) the transposition intermediate is the mRNA copy of the element. This feature is true
for all class 2 elements.

(2) like genes, a class 2 element can serve as template for many mRNA transcripts.
Because each transcript has the potential to be converted into a new element, one element
can produce many new elements. Class 2 elements are thus like printing presses that can
potentially produce many new elements in the host genome.

(3) once inserted, retrotransposons do not excise. Because they transpose through an
RNA intermediate, the DNA copy of the element does not excise like DNA elements.

The structure of LTR retrotransposons is strikingly similar to a common pathogenic agent
and a cause of some cancers - retroviruses.

How a retrovirus moves:

Retrovirus
Envelope

Capsid ~—_

/

Reverse RNA
transcriptase

Synthesis of
Viral mRNA new viruses
(&
N
Viral mRNA is

transcribed from
the integrated
proviral DNA.

T

o

Proviral

Figure 14-11
Introduction to Genetic Analysis, Ninth Edition
2008 W. H.Freeman and Company

Double-stranded viral
DNA is integrated into

the DNA of the host \

Capsid enters
host cell and
leaves envelope
on the membrane.

Host cell

Host
&) _— chromosome
S

Capsid breaks down;
reverse transcriptase
synthesizes a DNA
copy of the viral RNA.

DNA—__
RNA—

Reverse transcriptase
synthesizes a second
strand from the DNA

copy.

How a LTR retrotransposon moves:

Figure 23: A retrovirus has a single
stranded RNA genome that is reverse
transcribed by the viral encoded reverse
transcriptase into double stranded DNA.
The DNA copy can integrate into the
host genome (the provirus) where it can
replicate along with the host genome. To
make new viruses, the provirus is
transcribed into mRNA which has two
roles — (1) it is translated into viral
proteins, (2) it is packaged into viral
particles which can leave the cell and
infect other cells starting the cycle all
over again.
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Figure 24: An LTR retrotransposon is
transcribed into mRNA that serves two
roles (1) it is translated into proteins
needed for retrotransposition including
reverse transcriptase (pol) and proteins
needed to make the VLP where the
mRNA is reverse transcribed into
complementary DNA (cDNA) which
then can integrate into the host genome.
Unlike a retrovirus, DNA copies of LTR
retrotransposons cannot leave the cell;
they can only integrate in the genome.

The structures and gene content of LTR retrotransposons and retroviruses are very

similar;

(a) A retrovirus, MoMLV

(b) Tyl in yeast

1 kb

1
— —_
LTR gag pol env LTR

LTR gag pol

(c) Copia in Drosophila

LTR

LTR gag pol

LTR

Figure 25: LTR = long terminal
repeat, pol = reverse transcriptase
gene. Tyl (b) and Copia (c) are LTR
retrotransposons. Note that
retrotransosons do not have an “env”
gene. This gene encodes the viral
envelop and is required for
retroviruses to leave the cell —
something that LTR retrotransposons
cannot do.

There are two key features of LTR retrotransposons (and retroviruses)— the LTR

and the reverse transcriptase gene.

LTR: stand for long terminal repeat. Recall that DNA transposons had inverted terminal
repeats (TIRs)? Well, LTRs are at the end of retrotransposons. Fortunately, LTRs are
easier to understand than TIRs because the same sequence is repeated at the ends (that is
why the arrows are pointing in the same direction in the figure above). LTRs are usually
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much longer than TIRs. LTRs usually range from 50 bp (base pair) all the way up to
2000bp or even more!

pol: is the shorthand designation for the reverse transcriptase gene, which encodes
reverse transcriptase, which is a polymerase enzyme. Recall that DNA polymerase is
used for DNA replication (synthesizes DNA from a DNA template) while RNA
polymerase is used for transcription (synthesizes RNA from a DNA template). Well,
reverse transcriptase synthesizes DNA from a RNA template (it is the reverse of
transcription).

An interesting fact to wow your friends with —

pol is the most abundant gene in the world! We can say this because retrotransposons
make up the majority of TEs in most genomes. Of the ~50% of the human genome that
is derived from TEs, most of this is retrotransposon. Only about 3% of the human
genome is derived from DNA transposons.
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Identifying LTR Retrotransposons in Genomic Sequences — a Bioinformatic
Experiment

Objective: To find and characterize LTR retrotransposons in genomic sequence. We will
use a query (below) from the reverse transcriptase domain to “‘mine” related elements in
the rice genome. This information will be used to “venture out” into the wilds of the
sequence surrounding our Blast hits to identify the telltale structure that distinguishes
this element type - long terminal repeats (LTRs). Knowledge of the LTR positions will
allow us to define a complete element (the LTRs and all the sequence in between).

Before reading this, review pages 12 - 17 in your course notes. This will provide
information on protein blast and tblastn. These two types of blast use protein sequence as
the query. In order to find divergent sequences it is useful to use tblastn. Pages 12 to 17
will explain why.

Step 1: As with all of our bioinformatics experiments we start with a query
sequence....
(partial reverse transcriptase Copia; LTR retrotransposon in rice):

>SZ-55

GGLGERVTRNRSYELVNSAFVASFEPKNVCHALSDENWVNAMHEELENFERNKVWSLVE
PPLGFNVIGTKWVFKNKLGEDGSIVRNKARLVAQGFTQVEGLDFEETFAPVARLEAIRI
LLAFAASKGFKLFQMDVKSAFLNGVIEEEVYVKQPPGFENPKFPNHVFKLEKALYGLKQ
APRAWYERLKTFLLONGFEMGAVDKTLFTLHSGIDFLLVQIYVDDIIFGGSSHALVAQF
SDVMSREFEMSMMGELTFFLGLOQIKQTKEGIFVHQTKYSKELLKKFDMADCKPIATPMA
TTSSLGPDEDGEEVDQREYRSMIGSLLYLTASRPDIHFSVCLCARFQASPRTSHRQAVK
RIFRYI

Which is used in a tblastn search for related elements in the rice genome...
Blast search (http://www.ncbi.nlm.nih.gov/BLAST/tblastn)

Database: Nucleotide collection (nr/nt)
Organism: Oryza sativa (taxid:4530)

Choose Search Set

Database Nucleotide collection (nr/nt) v| @

Organism Oryza sativa (taxid:4530)|
Optional T =

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &
Entrez Query

Optional o =
Enter an Entrez query to limit search @
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Uncheck “low complexity filter” in “Algorithm parameters” menu. (Low complexity
filtering removes common repeats found in REPbase. TEs are considered common

77

repeats. Try the search with the low complexity filter on. You will probably get zero hits.

BLAST ) Search database nr using Tblastn (search translated nucleotide database using a protein query)
7] Show results in a new window

< VAléorithm _;IarameterQ
eneral Parameters

Max target (100 .,;]

sequences

Select the maximum number of aligned sequences to display &)
Expect threshold 10 )
Word size 8 ©

Scoring Parameters

Matrix (‘BLosume2 3] ©
Gap Costs | Existence: 11 Extension: 1 a ®)
[ Conditional compositienal score matrix adjustment 1] &

< adjustments
Filters and Masking
Filter [] Low complexity regions &

Mask ] Mask for lookup table only &)
] Mask lower case letters &)

( BLAST Search database nr using Tblastn (search translated nucleotide database using a protein query)

] Show results in a new window

Click “BLAST”

Step 2: Defining the ends of the element (finding LTRs and TSDs): retrieving a BAC

that contains one of your blast hits.

Let’s go back to your tblastn result. First, pick a hit that comes from a BAC, not from a

longer contig (like a pseudomolecule) or from an EST or mRNA. We will explain why

in class:

Score E
Sequences producing significant alignments: (Bits) Value
dbi |AP008205.1 Oryza sativa (japonica cultivarx-group) genomi... 723 0.0
gb|AC082555.4 Oryza sativa chromosome 3 BAC OSJNBLQO0S6M04 ge... 723 0.0
gb|AC107224.2 Oryza sativa (japonica cultivar-group) - - 0.0
emb |AL.606652.4 Oryza sativa genomic DNA, chromosome 4 0.0
dbj |AP008210.1 Oryza sativa (japonica cultivar-group) gen 0.0
gb|AC1376%6.2 Genomic sequence for Oryza sativa, Nipponbare ... 721 0.0
dbi |AP008207.1 Oryza sativa (japonica cultivar-group) genomi... 720 0.0
dbi |AP002538.2 Oryza sativa (japonica cultivar-group) genomi... 720 0.0
dbi |AP008215.1 Oryza sativa (japonica cultivar-group) genomi... 718 0.0
dbi |AP006845.2 Oryza sativa (japonica cultivar-group) genomi... 718 0.0

Click the score on this line to see the details of the blast hit:
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>[Jemb|2L606652.4] B Oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBb0004R17,
complete sequence
Length=159894

Score = 721 bits (1862), Expect = 0.0
Identities = 359/360 (99%), Positives = 360/360 (100%), Gaps = 0/360 (0%)
Frame = -1

~Query 1 GGLGERVTRNRSYELVNSAFVASFEPKNVCHALSDENWVNAMHEELENFERNKVWSLVEP 60

GGLGERVTRNRSYELVNSAFVASFEPKNVCHALSDENWVNAMHEELENFERNKVWSLVEP
Sbjc 17511 GGLGERVTRNRSYELVNSAFVASFEPKNVCHALSDENWVNAMHEELENFERNKVWSLVEP 17332

Query 61 PLGEFNVIGTKWVFKNKLGEDGSIVRNKARLVAQGFTQVEGLDFEETFAPVARLEAIRILL 120
PLGENVIGTKWVFKNKLGEDGSIVRNKARLVAQGFTQVEGLDFEETFAPVARLEAIRILL
Sbjct 17331 PLGFNVIGTKWVFKNKLGEDGSIVRNKARLVAQGFTQVEGLDFEETFAPVARLEAIRILL 17152

Query 121 AFRARASKGFKLFQMDVKSAFLNGVIEEEVYVKQPPGFENPKFPNHVFKLEKALYGLKQRAPR 180
AFRASKGFKLFQMDVKSAFLNGVIEEEVYVKQPPGFENPKFPNHVFKLEKALYGLKQAPR
Sbjct 17151 AFAASKGFKLFQMDVKSAFLNGVIEEEVYVKQPPGFENPKFPNHVFKLEKALYGLKQAPR 16972

Query 181 AWYERLKTFLLONGFEMGAVDKTLFTLHSGIDFLLVQIYVDDIIFGGSSHALVAQFSDVM 240
AWYERLKTFLLONGFEMGAVDKTLFTLHSGIDFLLVQIYVDDIIFGGSSHALVAQFSDVM
Sbjct 16971 AWYERLKTFLLQONGFEMGAVDKTLFTLHSGIDFLLVQIYVDDIIFGGSSHALVAQFSDVM 16792

Query 241 SREFEMSMMGELTFFLGLQIKQTKEGIFVHQTKYSKELLKKFDMADCKPIATPMATTSSL 300
SREFEMSMMGELTFFLGLQIKQTKEGIFVHQTKYSKELLKKFDMADCKPIATPMATTSSL
Sbjct 16791 SREFEMSMMGELTFFLGLQIKQTKEGIFVHQTKYSKELLKKFDMADCKPIATPMATTSSL 16612

Query 301 GPDEDGEEVDQREYRSMIGSLLYLTASRPDIHFSVCLCARFQASPRT SHRQAS
GPDEDGEEVDQREYRSMIGSLLYLTASRPDIHFSVCLCARFQASPRTSHRQAVKR®
Sbjct 16611 GPDEDGEEVDQREYRSMIGSLLYLTASRPDIHFSVCLCARFQASPRTSHRQAVKRMFRY®

The sbjct is in the "minus” direction (see Frame = -1) meaning that the hit
reads in the opposite direction as the numbering of the BAC sequence in the
database. The BAC is 159,894 bp long and this hit begins at position 16432
and ends at position 17511, Write these numbers down. Now we know where
the reverse franscriptase is in this BAC. Our goal is to determine the
complete copia element, but first we have to retrieve the whole BAC
sequence and use this to figure out the element ends.

We can make an educated guess as to position of the complete element on
this BAC by taking into account the following considerations: (i) LTRs are at
the end of this element, (ii) most LTR retrotransposons are no longer than
15KB, and (iii) the RT domain is usually near the middle of the complete
element. Thus, our RT hit should be less than 10kb from each end of the
element. To precisely identify the LTRs, we need to retrieve the BAC
sequences containing the so-called 5" and 3' LTRs and compare them using
"BLAST 2 SEQUENCES". Here is a visual of our search strategy...
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Copia SZ55 in BAC AL606652

5 LTR 3'LTR
Blast hit

1 | | 169,896

\

Retrieve the sequences including 5' and 3' LTRs
| |
6,400 16,432 17,511 27,500

\

BLAST two sequences

[
B

(NOTE that unlike in your search, you will not know where the arrows are that
represent the 5° and 3° LTR. That is the objective of this protocol)

Step 3: Retrieving the complete BAC sequence

Click the BAC’s name: emb|AL606652.4|

Oemb|21606652.4| B oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBb0004Al17,
complete sequence
Length=1559854

Score = 721 bits (1862), Expect = 0.0
Identities = 355/360 (99%), Positives = 360/360 (100%), Gaps = 0/360 (0%)
Frame = -1
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A new webpage will show up. This page contains all of the information about this BAC
including its complete sequence - yes - all 159,896 plus bases. You will use this later.

S

$183 :
SNucleotide

Protein

e ®

Nucleotide

NCBI

PubMed

Genome

Search | Nucleotide v for| | Clear
Limits Preview/Index History
Display | GenBank v | show| 5 vﬁISend to v Hide: [] sequence [ allbut gene, CDS and mRNA features

| [[] Reverse complemented strand Features: II IIHHEHHI'

[01: AL606652. Reports Oryza sativa geno...[g1:70663936]

Range: from [begin | to end

Comment Features Sequence

LOCUS AL606652 159894 bp DNA linear PLN 08-JUL-2005
DEFINITION Oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBb0004AR17,
complete sequence.
ACCESSION AL.606652
VERSION AL606652.4 GI:70663936
KEYWORDS HTG.
SOURCE Oryza sativa (japonica cultivar-group)
ORGANISM Oryza sativa (japonica cultivar-group)
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; Liliopsida; Poales; Poaceae; BEP
clade; Ehrhartoideae; Oryzeae; Oryza.
REFERENCE 1
AUTHORS Feng,Q., Zhang,Y., Hao,P., Wang,S., Fu,G., Huang,Y¥., Li,Y., 2Zhu,J.,

Scroll down to the bottom of the page to view the BAC sequence.

OPRIGIN

61
121
181
241
301
361
421
431
541
601
661
721

gaattctttc
ccttatcaaa
caaggattgt
taaatcatga
atagccaatc
gaatgaacag
ttcagggtga
tatggacacg
tggagagagc
gaggcgaagc
ttactgtcag
tctacataat
aattataaat

aaatgtttct
gagtgcataa
gcggatcggt
tcatacagaa
aatggtgcca
taagtaagct
gactgaccat
accgcctacg
acgggctgcect
acattgcctc
gtatgtgaat
actgtagata
tctaataatc

tcaactttag
ctgtaacaga
aaagaaaagc
cagagttgtc
aggagttctc
tgtatgaaca
gaggctccca
cgatctctgg
gcaacccctg
tcaatggtcg
cataagagag
cccaagttac
ttgtaaaatc

caactgtctc
atcaattgac
gtaagatcaa
gccactagtg
attacaaacg
gaatctaaag
tatcaattgg
actccaaaac
aaattccccc
gaagcaagag
agaaatcacg
caactaacta
taaagtgtga

ctttgagacc
agagttgatg
gagctaaaag
cgatataatt
ccgtggagcec
tgaatttctc
gcatccgaaa
agtcacctca
accgatcacg
gcctgaacaa
ttgaacatca
accaatttgt
tgatcacctt

tgatggccag
taagaatcaa
attacctttc
tcagcccaag
tgaatttttg
acactaacaa
gagtaatcgg
aacgaagcat
atgacggatg
aaaatgtttt
agctcactaa
acccaactag
ccctatgtgg

Step 4: Retrieving only the sequences that you estimate should include the LTRs
and Blasting them against each other:
Open a blast2seq page: http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi
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a. Type the accession number of the BAC into the Sequence 1 text field,

AL606652 and enter the limits from 6400 to 16432.

b. Type the accession number of the BAC into the Sequence 2 text field,

AL606652 and enter the limits from 17511 to 27000.

Program [ blastn %] Matrix [ Not Applicable %]

Parameters used in BLASTN program only:

Reward for a match: 1 Penalty for a mismatch: -2
] Use Mega BLAST Strand option | Both strands '] View option [ Standard ]

Masking character option [ X for protein, n for nucleotide 13| Masking color option [ Black /%]
71 Show CDS translation

Open gap s and extension gap 2 penalties
gap x_dropoff so  expect 10.0 wordsize 11  Filter @ (Align)

Sequence 1

ion, GI or sequence in FASTA fo from: 6400

< AL606652

[0 16432

or upload FASTA file ( Choose File ) no file selected

Sequence 2
w;t.acm«inn, GI or sequence in FASTA fo

ALEN6SS2

or upload FASTA file ( Choose File ) no file selected
Align _Clear Input)

[0: 27000

Note: uncheck “Filter” option before clicking Align.

Parameters used‘ in BLASTN program ‘only:

Match: 1 Ml smatch:\{'z ‘
Open gap ‘5 ‘ and extension gap ‘2 ‘ penalties
T e e G
gap x_dropoff ‘30 ‘ expect |10.0000 word size ‘11 ‘ Filter O

Align ] [ Clear Input

The result should look like this:

J——_____
JI——

Score = 2959 bits (1539), Expect = 0.0
Identities = 1609/1629 (98%), Gaps = 15/1629 (0%)
Strand=Plus/Plus
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Black lines are query (top) and sbjct (bottom); blue bars stand for matched regions and
the small black bars in the blue are gaps in the matched sequence.

Step 5: Retrieving the entire Copia element from the BAC sequence.

In order to retrieve the complete element, we can use our LTR sequence to Blast the
entire BAC that it came from. When we do this, the LTR should match in two places
along the length of the BAC that define the two ends of the complete element (remember
LTR = long terminal repeats).
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Query

Sbijct
Query
Sbijct
Query
Sbijct
Query
Sbijct
Query
Sbict
Query
Sbijct
Query
Sbict
Query
Sbijct
Query
Sbict
Query
Sbjct
Query
Sbijct
Query
Sbjct

Query

Sbict

21720

13096

21780

13156

21840

13216

21900

13276

21960

13336

22020

13396

22080

13456

22140

13516

22200

13576

22260

13636

22320

13696

22380

13756

22440

AAAGACCAAGAACAGCTATAGAGGGGGGGGGGGGGGGCCTGAATATAGCAATTCAAAT
LELLLEEEELEEEEEr et CELLLREEEEEEEEEErri it

AAAGACCAAGAACAGCTATAGAGGG === ===~ GGGGGTGAATATAGCAATTCAAAT
CTTGCCCCCGAAAATACTCATCAAGCCGGATTTCTCARAATCCTTACTAGAATCGCGGCT
LEDLREEEERREEEE LR R i |
CTTGCCCCCGAAAATACTCATCAAGCCGGATTTCTCAAAATCCTTACTAGAATCGCGGCT
ATTAGAGAACGCCGGATCTAGAAAAGAAGAGAGAAAAAGAAGAGARAAGGAATTCCCGARA
lIlIlIlIIIlIIlIlI[IlIlI] LLLLEEEEEEEEEEE e e e rrye
ATTAGAGAAGC CTAGAAAAGAAGAGAGAAAAAGAAGAGAAAAGGAATTCCCGAAA
CTAGAGGAGGAAGAGAAAAGGAATTCCCGAAACTAGAAGTGAGGTGAGAAAGAGAGAGCA
LELDEEEEEREEERE R EEEE R e e
CTAGAGGAGGAAGAGAAAAGGAATTCCCGAAACTAGAAGTGAGGTGAGAAAGAGAGAGCA
AAACTCATCATCGCAAAGTTCAAATTGCAAGCGGAATTTAAATTGCGGAATTTAAATGGA
lIlIlIlIlIlIIlIlIIIlIII]II LLLLEEEEEREEEEEr e

CAAATTGCAAGCGGAATTTAAATTGCGGAATTTAAATGGA

CAAGGCAAAAATGAAATCCTTCAAATCATTTCATTTATAGCGTCGATGCAAAATAACCGCTC
AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R R RN R RN R RN RRRRERE

SR S R R AR S R S R S U R R S R R S R R U R R R 5 e

CAAGGCAAAAATGAAATCCTTCAAATCATTTCATTTATAGGTGATGCAAAATAACCGCTC
AACTAGGACGCARACATA AGGAACATTAMCACAAACTTAARATCTC

lIlIIIIIlll||lIlI[IlIII]IIII[IIIII[II |I||l|l|l|l|l|l||l|l|l|

AACACAAACTTAAMATC

AAACACACTCCAAACTAATCCTAATACAAAAGCCTCTCGGGCARACACACTCCAAACTCA
FELLEERLEREEEEEEE R
AAACACACTCCAAACTAATCCTAATACAAAAGCCTCTCGGCCARACACACTCCAAACTCA
CACGGAAACTCTCTCACCCACCATCTCAAAATGATTACCAAAAGCGAGCARCCTCCACCCT
LELLLELEEREEEEEEEE bbb eeee e e b eeer ety
CACGGARACTCTCTCACCGAGCATCTCAAAATGATTACCAAAAGGAGCAACCTCCACCCT

TGCATCCATCTCTCTATTTATAGCCTAAGACCCCTAAGACATTTTCTCAAATACCCCTAG
CEEEEEEERRRRRRRRREE R e FEEEEEEEEE Ll

TGCATCCATCTCTCTATTTATAGCCTAAGACCCCTAAGACATTGTCTCAAATACCCCTAG
GCGAMACCCTAACTCAGAACAGATCTGGTCC TTCCTTCTACTCAAAGGARA
II[IlIIIIIIII[I[IIIII]IlIIII lIlIIIlIIIIIIIIIIIIIIIIIIIIIIIII
AAAGGAAR

AGCTCCAGATGATTGCCACCTCATCGATCCGAACCCTCACATGGTCTTCTTGCTGATGAA
CEEERERERERERRRRREE e bbbl
AGCTCCAGATGATTGCCACCTCATCGATCCGAACCCTCACATGGTCTTCTTGCTGATGAA

CCGAATCCAAACTTCGCCACGTTGCCCACGCCGCGTCGTGCG

lIlIlIlIlIIIIlIlIlIlIlI]II LLLDEEERLLEEEEEL el Pl
AATCCAAACTTGCCACGTTGCCTAGCCGCGTCGTGCG

CGTTCCGTCTCCTTTTCCTCAGCGCGCGCTCGCCAGCGCCCAACCAGCCCGAAGCCGCCA
CELLLLDLEREEREEEE R e
CGTTCCGTCTCCTTTTCCTCAGCGCGCGCTCGCCAGCGCCCAACCAGCCCGAAGCCGCCA

13035

21719

13095

21779

13155

21839

13215

21899

13275

21959

13335

22019

13395

22079

13455

22139

13515

22199

13575

22259

13635

22319

13695

22379

13755

22439

13815

22499
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Query 13816 CGCGTCCCGCTGAGCCGCTCCCGCGCGCGCTTGCARAATCGCGTGTGGGTCCCGCGCTCC 13875
IIIIIIIIIIIlIIIlIIIllI|IlIIIlIIIllIIllll[lIIIIIIIIIIIIIIIlI

Sbjct 22500 CCGCGCGCTTGCAAAATCCGCGTGTCGGGTCCCGCGCTCC 22559

Query 13876 ATCGAGTCACGCCGAAACG 13935
llllllllllllllllllllllllll!lllllIIIIlllllllllllllllllllllll

Sbjct 22560 22619

Query 13936 GCGTCCTTGCGCATGCAAGCTTGCTTGCAC--TCTGAGCCCATGCGCCATGGGCCGCCET 13993
IIllIII]IIIlIIIlIIIl CEE LEEEE R e errny

Sbjct 22620 GCGTCCTTGCGCATGCAAGC-TGCCTGCACCTCCTGAGCCCATGCGCCATGGGCCGCCGT 22678

Query 13994 CTTGGACGATGCAAGGCCTGCCGAGCCGAGCCATTCACCATCTTG 14053
lllllllllllllll[lllllllllll FEEEELLEREEEEEE LR Rty

Sbjct 22679 CTTGGACGATGC-AGGCCTGCCGAGCCGAGCCATTCACCATCTTG 22737

Query 14054 GGCCACGTGGAACGGCTGCATTGC~TTGGCCTCCCTGCCAACCAATCACAGCGCACATCGC 14112

IIIIIIIIIIIIIIIllIIIIIIIIIIlIIIlIIIlIIIlllliIIIIIIIIIIIIIII
Sbjct 22738 GTGGAACGGCTGGATTGGCTTGGCCTCCCTGCCAACCAATCACAGCGCACATGC 22797

Query 14113 ACAGCTAGCTAG-TTGACTTTTCCACCGAGCCATGTTAGTAGCAACCAGTACAGTGCAAG 14171

FEELLLREREEE PEEEEEREEEEEE bl FEEE bbbl
Sbjct 22798 ACAGCTAGCTAGCTTGACTTTTCCACCGAGCCATGCTAGTAGCAACCAGTACAGTGCAAG 22857

Query 14172 CTCCTCCTTGCACAAGTACAGTACGTGTACATGCATGTATGCTACCTACAGCAAGTACTG 14231

FELLLEERREEEREE e EEEeer e e eer e e e e il
Sbjct 22858 CTCCTCCTTGCACAAGTACAGTACGTGTACATGCATGTATGCTACCTACAGCAAGTACTG 22917

Query 14232 TAGCAGCAATGCA! GCGAATCCGA 14291

IIlllllllllllllIlllllIIllllllllllllllllllllllllllllllllllll
Sbjct 22918 22977

Query 14292 TTGGCCTTGTGAAGCCTGTTGCAAAGACCTTTTCACACGGTGTTCGTCCACCGTGTGCAA 14351
IIIIIIIIIII[IIIllIIIIIIllIIIIIIIllIlllIIIIIIIIIIIIIIIIIIIIH

Sbjct 22978 TGCAA 23037

Query 14352 TCCAATCTTGTCACCC TCAACT 14411
l|IllllllllllllIlIIIlIIIll!llllllllllllllllllllllllllllllll

Sbjct 23038 23097

Query 14412 AGTCTAGTCCCGATCCGCCGTTGACCAAGATCGACCCCGATCACCTGCACACACATGAAC 14471
IIllIlIlIIIlIIIllIIllIIllIIIlIIIIIlIllIIllIl[IIIIlIIIlIIIlH

Sbjct 23098 AGTCTAGTCCCGATCCGCCGTTGACCAAGATCGACCCCGATCACCTGCACACACATGAAC 23157

Query 14472 CARACAACC CGCAACCTGACCAACGTTA 14531
lIIllllllllIlllIlllllllIllllllllllllIllllllllllllllllllllll

Sbjct 23158 CAAACAA 23217

Query 14532 CTTCTTGCACATCCGGTACTTGTCAATTTCCCATCACAAAAGAACTATAACCACACATGG 14591

IIllIIIlIlIlIIIlllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIllIIIlIlllI
Sbjct 23218 GTCAATTTCCCATCACAAAAGAACTATAACCACACATGG 23277

Query 14592 TTTCACHEAT 14600

Sbjct 23278 TTTCACAR
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Write down the lowest and highest numbers - “12,976 and 23,286”. These define the
location of this complete element on BAC AL606652. One LTR is 12,976 to 14,600
(green ovals) and the other is 21,669 to 23,286 (red ovals).

To retrieve the complete element sequence we simply go back to the webpage of BAC
AL606652 and input the start and end locations into the “Range” windows as follows:

=l 103
<3 NCBI ﬁ:w @ SNucleotide

PubMed Nucleotide Protein Genome Structure
Search‘ Nucleotide v 1 for ‘ ‘ Clear
Limits Preview/Index History

\Display FASTA v|show|5 v ISend to v
Range;-ﬁbm[12976 l_to[23286 |[ Show whole sequence ] e

[J1: AL606652. Reports Oryza sativa geno...[gi:70663936]

>gi|70663936:12976-23286 Oryza sativa genomic DNA, chromosome 4, BAC clone: OSJNBb0004A1l7, completf
TGARAGACCAAGAACAGCTATAGAGGGGGGGGGEGGEGGEGGTGAATATAGCAATTCARATCTTGCCCCC!
AAAATACTCATCAAGCCGGATTTCTCARAATCCTTACTAGAATCGCGGCTATTAGAGAAGCCGGATCTA

AAGARGAGAGAARAAGAAGAGARAAGGAATTCCCGARACTAGAGGAGGAAGAGARARAGGAATTCCCGA
AACTAGAAGTGAGGTGAGARAGAGAGAGCAARACTCATCATCGCAAAGTTCAAATTGCAAGCGGAATTTA
AATTGCGGAATTTARATGGACARAGGCARRAATGARATCCTTCAAATCATTTCATTTATAGGTGATGCARR

Click Refresh.

Save this sequence as a word file and call it something like complete element. You will
need it later.

Step 6: Finding the element-encoded open reading frames (ORFS):

Go to the homepage of NCBI and find the “Tools” at the left. Click it.

TreTresTorce T ~oTreT e
1 link between genes and disease. For each study, users
Genomlc have access to detailed information about the : .
blology phenotypic variables ed and pre-computed » Influenza Virug
associations betv subjects’ ph types and R
The human genotypes. Click here to read the press release. To esource
genome, whole read more about GW A projects, see NCBI's GWA
resource page 3
genomes, and e per » Map Viewer
related
SROUIEES PubMed Central » dbMHC
T | /An archive of biomedical and life sciences journals
00IS @ Free fulltext > Mouse genomg

Data mining

® Over 1,100,000 articles from over 340 joumnals resources
@ Linked to PubMed and fully searchable

Research at Use of PubMed Central requires no registration or fee. » My NCBI
NCB' | Access it from any computer with an Interet connection.

People, > ORF finder

jects, and
S NCBI News

» Rat genome

From the new webpage, find “ORF finder” in the left part. Click it.
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Map Viewer
Interactive
chromosome
viewer

Model Maker
View evidence
used to build a
gene model

OREF finder
Open reading

otr

Now, paste your saved copia sequence into the sequence input window and click

“OrfFind”.

(
<3 NCBI

PubMed

NCBI

Tools
for data mining

GenBank
sequence
submission
support and
software

FTP site
download data
and software

Chicken, Cow, TR

o ome eve l' a gF -BLA . PHIFBLCRA S B \ Z
sequences. Specialized BLASTs are also available for human, microbial, malaria,
and other genomes, as well as for vector contamination, immunoaglobulins, and
tentative human consensus sequences

§ BLink - ("BLAST Link") displays the results of BLAST searches that have

; 1been done for every protein sequence in the Entrez Proteins data
domain

=J77"  CD Search - search the Conserved Domain Database with Reverse

-." Position Specific BLAST

¥ ,:' CDART - when given a protein query sequence, CDART displays the
}L“‘j) functional domains that make up the protein and lists proteins with
& similar domain architectures

Open Mass Spectrometry Search Algorithm (OMSSA) - The OMSSA

search service allows proteomics researchers to submitthe mass

spectra of peptides and proteins for identification. OMSSA then

compares these mass spectra to theoretical ions generated from data
libraries of known protein sequences and ranks the results using a score derived
from classical hypothesis testing.

TaxPlot - a tool for 3-way comparisons of genomes on the basis of the
protein sequences they encode. To use TaxPlot, one selects a reference

tnsahick b th A D bl

ORF Finder (Open Reading Frame Finder)

Entrez BLAST

The ORF Finder (Open Reading Frame Finder) is a graphical analysis
already in the database.
This tool identifies all open reading frames using the standard or alterr]
against the sequence database usingthe WWW BLAST server. The
with the Sequin sequence submission so

Enter Gl or ACCESSION | | [OrfFind ] [ Clear |

or sequence in FASTA format

>gi|70663936:12976-23286 Oryza sativa genomic DNA, -
chromosome 4, BAC clone: OSJNBb0004A17, complete =
sequence
TGARAGACCRAGARCAGCTATAGAGGGGGGGGGGGEGGGGGTGRAATATAGCRAAT
TCRRATCTTGCCCCCG
ARAAATACTCATCAAGCCGGATTTCTCAAAATCCTTACTAGAATCGCGGCTATTA
GAGRAGCCGGATCTAG
ARRRGRAGAGAGRRRARAGARGAGARAAGGAATTCCCGRARACTAGAGGAGGRRGE v

The result will look something like this:

86
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Frame Finder)

PubMed Entrez BLAST OMIM

C T I | W ]
C 1] | i | | ]
- I T ]

View | [1 GenBank v || Redraw |[100 v |[SixFranes] Frame
' : ‘ :q

3
+2
3
)
2
+2
+2
=

Taxonomy

0i|70663936:12976-23286 Oryza sativa genomic DN

ORF Finder (Open Reading

from
2929..
6143..
8168..
647..
5690..
5043..
4901..

9692
8212

Structure

to  Length
6027 3099
8635 2493
8659 492
1135 489
6160 471
5489 447
5335 435
..10096 405
.. 8598 387

87

The colored bars are the predicted ORFs. To see what they represent, you can either click
on the regions in the bar itself or click on the match in the list at the right.

Note: usually the longer the ORF, the more reliable the information. Let’s click the

longest one and see what happens.

ORF Finder (Open Reading

Frame Finder)

1 GenBank v [ Redraw ] 100 + | [sixFranes |

 — 5] W 1101 |

- |- WL | E— | ]

[ 15| i I lim}
—h

Length: 1032 aa
[ Accept | [ Atternative Initiation Codons ]

PubMed Entrez BLAST OMIM Taxonomy Structure

0i|70663936:12976-23286 Oryza sativa genomic DNA, chromg

Program blastp v | Database |nf v |[BLasT | O] with parameters [ cognitor |

Frame from to  Length

-1
-3
+2
-3
+2
-2
+2
+2
-1
-1

m 2929..
B 6143..
B 8168..
B 647..
B 5690..
B 5043..
B 4901..
m 9692..
B 8212..
B 9331..

6027 3099
8635 2493

Select the ORF you’re interested in. Click “BLAST” at the top of the new page.
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ORF Finder (Open Reading

Frame Finder)

PubMed Entrez BLAST OMIM Taxonomy Structure

0i|70663936:12976-23286 Oryza sativa genomic DNA,

Program blastp v | Database | nr 3 [ with parameters [ Cognitor |

A new page will pop up. Just click “view report”.

BLAST

Home | RecentResults | Saved Strategies | Help

»NCBI/ BLAST/ Format Request
Query [cl|22374 (1032 letters)

Database nr

Job title  [c1|22374 (1032 letters) \

Request ID |JA4JXR3T012 \ View report | I~ Show results in a new window
Format Show | Alignment v as |HTML v I~ Advanced View Reset form to defaults @
Alignment View | Pairwise v| )

@

Display v Graphical Overview ¥ Linkout ¥ Sequence Retrieval I NCBl-gi

(5

Masking Character ‘ Lower Case ¥ Masking Color: iGrey ¥ }

@

Limit results  Descriptions 1100 V'\ Graphical overview: \100 v Alignments [100 v

()

Organism  Type common name, binomial, taxid, or group name. Only 20 top taxa will be shown

Entrez query: ‘ L
Expect Min: [ Expect Max: [ ‘ 9
Formatfor [~ ps|.BLAST with inclusion threshold l L]

You can see details of the blast result when it is done.

Sequences producing significant alignments: (Bits) Valuq

gb |2BF94836.1| retrotransposon protein, putative, unclassifie...
gb |2BF93543.1| retrotransposon protein, putative, unclassifie...
gb |AAN60494.1| Putative Zea mays retrotransposon Opie-2 [Oryz...
emb |CAE03600.2| OSJNBb0004A17.2 [Oryza sativa (japonica cultivar
\
\

gb |AAT85178.
gb | ABF97694.

putative polyprotein [Oryza sativa (japonica c...
retrotransposon protein, putative, unclassifie...

OO0 00 O00O0O00O
OO0 00 O00O0O00O

gb |22037957.1 putative gag-pol polyprotein [Oryza sativa (ja...
gb |AAWS57789.1 putative polyprotein [Oryza sativa (japonica cult
ref |[NP 001061216.1] 0s08g0201800 [Oryza sativa (japonica cult...
gb |BAP53706.1| retrotransposon protein, putative, unclassifie...
gb |2BA93%40.1]| retrotransposon protein, putative, Tyl-copia s...
1]
1]

The longest ORF appears to be the reverse transcriptase. Click on the next longest ORF
on the ORF Finder page. It is the gag, pol, env ORF. The importance of these will be
discussed in class.

You can now fully annotate the Copia element you retrieved from the BAC by using a
diagram like this....
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. RT GAG, Pol ,
FLTR ORF is 3-5' ORF is 3-5' SLIR
12,976 14,600 15,904 19,002 19,118 21,610 17,511 27,000

Copia element found in Oryza sativa BAC Accession AL606652. (not to scale)
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An Introduction to Phylogenetic Tree Construction using TATE

One aspect of bioinformatics is determining how sequences are related.
These relationships can be determined using phylogenetic trees. In
transposable element research phylogenetic trees can be used to show:

1. Elements that are related by descent.

2. Predict active elements.

3. Predict new elements.

4. Cluster elements into groups.
In this exercise you will learn to use TATE to construct phylogenetic trees.

Steps for tree construction:

1. Sequence assembly. The first step in building a phylogenetic tree is
assembling the sequences to be included in the tree. In TATE you will use a
TE sequence as a query and blast it against a target database. TATE uses a
'local’ blast search instead of NCBI Blast for speed.

2. Re-formatting and cleaning the Blast results. Blast is very good at finding
relevant hits statically, but it knows little about biology. The Blast results
must be modified to allow for introns in the hits. Also the Blast output must
be re-formatted into fasta type output. Before TATE this was a laborious
step.

3. Multiple Alignment. Before a tree can be constructed the sequences must
be ordered in terms of relatedness. A multiple alignment program does this
be doing all possible pairwise alignments and produces an output file in fasta
format with the sequences in order of relatedness to each other. Currently
TATE uses a program called Muscle to produce the multiple alignment.

4. Tree Construction. The phylogenetic tree is calculated from the multiple
alignment. A tree building program considers many trees that fit the data in
an attempt to re-construct the past. TATE uses TreeBeSt a phylogenetic
program that produces the one tree that is the most likely reconstruction of
evolution of the sequences provided.

We will go over each step in TATE. We will discuss in detail parts of TATE
that you need to pay attention to, parts that are modifiable, and discuss
what how to use the results.
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1. First TATE Session.

In the first TATE Session we will use a part of the transposase gene from
Osmarb. This is the same element we have been working with in the lab. We
will go step-by-step through TATE with this example.

1 The query sequences is Osmarb:

>0Osmar5
SKDLTNIQRRGIYQLLLOKSKDGKLEKHTTRLVAQEFHVSIRTVQRIWKRAKICHEQGIAVNVDSRKHGNS
GRKKVEIDLSVIAAIPLHOQRRNIRSLAQALGVPKSTLHRWFKEGLIRRHSNSLKPYLKEANKKERLQWCVS
MLDPHTLPNNPKFIEMENIIHIDEKWENASKKEKTFYLYPDEEEPYFTVHNKNAIDKVMFLSAVAKPRYDD
EGNCTFDGKIGIWPFTRKEPARRRSRNRERGTLVTKPIKVDRDTIRSFMISKVLPAIRACWPREDARKTIW
TIQODNARTHLPIDDAQFGVAVAQSGLDIRLVNQPPNSPDMNCLDLGFFASLOSLTHNRISRNMDELIENVH
KEYRDYNPNTLNRVFLTLQSCYIEVMR

2. Open the TATE website using
http://tate.iplantcollaborative.org/tate_index.html and Click "Run TATE."
Enter the username ‘tate’ and password ‘collaborate’ if necessary. Opening
the web form starts a TATE 'Session.’ The form will look like this:

TATE: Tree Analysis of Transposable Elements

The first web page can be bookmarked. Instructions for using TATE and
links to the most recent TATE version will be found on the page.
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3. Choose 'Oryza sativa' as your target database.

Target Database(s):
You can choose more than one database.

Multiple Species Genomes Partial Genomes
I™ Piant only NonredundantNT | Musa sp.

Complete Genomes

4 Paste your sequence into the Query Seugence window. Include the

comment line *Osmarb’
>0Osmarb

SKDLTNIQRRGIYQLLLOKSKDGKLEKHTTRLVAQEFHVSIRTVORIWKRAKICHEQGIAVNVDSRKHGNS
GRKKVEIDLSVIAAIPLHQRRNIRSLAQALGVPKSTLHRWEFKEGLIRRHSNSLKPYLKEANKKERLQWCVS
MLDPHTLPNNPKFIEMENIIHIDEKWENASKKEKTEFYLYPDEEEPYFTVHNKNAIDKVMFLSAVAKPRYDD
EGNCTFDGKIGIWPFTRKEPARRRSRNRERGTLVTKPIKVDRDTIRSFMISKVLPAIRACWPREDARKTIW

IQODNARTHLPIDDAQFGVAVAQSGLDIRLVNQPPNSPDMNCLDLGFFASLOSLTHNRISRNMDELIENVH
KEYRDYNPNTLNRVEFLTLQSCYIEVMR

Query Sequence(s)

You can submit more than one sequences at one time. Only fasta format sequence data is accepted, eg:

>Copia_RT
WVYRVKHKQDGSIDRYKARLVAKGYTQVEGLDYLDTFSPVAKTTTLRLLLAL
AASQGWFLHQLDVDNAFLHGTLDEEIYMRLPPGVSSPRPNQVCLLQKSLYGLK

>0smars
SKDLTNIQRRGIYOLLLOKSKDGKLEKHTTRLVAQEFHVSIRTVORIWKRAKICHEQGIAVNVDSRKECNSG

4 Enter a Run Name and Run Notes. During a session you can do multiple runs
of TATE. By using meaningful Run Names you will be able to easily identify
each run. The Run Notes are for you o document your work in TATE.
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5 Click Tree. Clicking "Tree" will start the first run of the session. TATE can
stop at several points. For today's class let's do the whole thing. Click only
once. The run will fake a few minutes. The first run of TATE will be with the
default parameters. Later we will discuss when you may want to alter the
parameters.

Run TATE

Choose a slopping point

6 Output screen of a TATE Run. The output will open with the Blast results
presented first.
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1:0smar5 v. rice .
Lecture example 1. The first run of TATE. I

Blast TCF. Alignment || Tree || Provenance
rice

Copy Number of Osmar5 (382 AAs)

§

100

75

50

B ..l_l_-.
S0 100 150

200 250 300 350
BLAST Datbhase: rice

(AAs)

ONSEensus

TBLASTN 2.2.18 [Mar-02-2008] O

Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997),
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs", Nucleic Acids Res. 25:3389-3402.

Top Tab is the Run with the Run Name as the label. Each subsequent run
will get a new Tab.

The Run Notes.

&l The output from each step of TATE is contained in its own tab. Clicking on
a Tab will reveal the output. Each Tab will be discussed.

Blast Tab. The results of the Blast are presented here. In the scrollable
window you can see the typical Blast output. The figure is a diagrammatic
representation of the blast hits and will be described in detail in class.

7. Click on the TCF tab. The second step of TATE, called TCF, will clean up
and re-filter the Blast reults. Finally TCF re-formats the results into a
computer friendly fasta format.
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J 1:0smars5 v. rice |

Lecture example 1. The first run of TATE.

’ Blast ” TCF “ Alignment I Tree H Provenance 1

[

>rice_l1 Query:0smar5 Sbjct:jap_ch8 Length:335 Location: (22818136 ~ 22819239) Directi
LHTXVKKCQAAGIKVDFTSKKSKKCGRKRVDRDWSQVATIPLNORTTIRNLASALNIPKSVVBRAFXEGILRRBSNTLKPFLKD
>rice_2 Query:Osmar5 Sbjct:jap_ch8 Length:375 Location: (15579484 - 15580705) Directi
KYLSDEQRQDIYEALLAKSINGKIERNATTIVANLPNVRRRVVQDLWTKVKKCQAAGIKVDITSKKSKKCGWKRVDRDWSQAAT
>rice_3 Query:0smar5 Sbjct:jap_ch8 Length:337 Location: (22816987 - 22818096) Directi
QODLWTKVKKCQAAGIKVDFTSKKSKKCCWKRVDRDWSQVATIPLNQRTTIRNLASALNIPKSVVHERAFKEGILRRESNTLKPFL
>rice_4 Query:0smar5 Sbjct:jap_ch5 Length:315 Location: (18054440 - 18055388) Directi
LINLDFCVHIRTVORLWKRCKIQLAHNIPVVVASRKKCRSCCKAVPLDLEQLENIPLRORMTIEDVSSKVCGISKARIQRYFKKG
>rice_5 Query:Osmar5 Sbjct:jap_ch5 Length:381 Location: (4693866 - 4695100) Direction
SKDLTNIQRRGIYQLLLOKSKDGKLEKETTRLVAQEFHVSIRTVQRIWKRAKICHEQGITVNVDSRKHCGNSGRKKVEIDLSVI
>rice_6 Query:Osmar5 Sbjct:jap_ch5 Length:380 Location: (27703955 - 27705186) Directi
ARELTNPORRSIYELLLTKSLDGYLBKGSTRVVAEVFNVSIRTVQRIHKRAQLCIAQGVQVNVDSRKRYNCGRXKVEIDLSVV
>rice_7 Query:0smar5 Sbjct:jap _ch5 Length:377 Location: (4886040 - 4887173) Direction
LDNDKRRAIFDAMLVKARKCYLKGHESKEVSAKFSVPIRTVORIWKKGKSCLDOGISVDVASCGR-SRCCRKKKVVDVSCLEDIS
>rice_8 Query:0smar5 Sbjct:jap_ché Length:381 Location: (14378610 -~ 14379833) Directic
KEMSEELRKVVYQVLLAKSKDCVLEKKESRIVADHFCLEIQSVOQRLWKRCKDQLAHNIPVVVASKKRGKCCRKAIPLDLEQLRN]
>rice_9 Query:0smar5 Sbjct:jap_ché Length:388 Location: (18998387 - 18999612) Directic
KDMTEEVTKQVY * ALLKDNKNGKLGKKDTRRVADQFGVHIRSVQRLWKRGKIQLAHNIPVVVASHKKGRSGRKAIPLDLEQLRN1
>rice_10 Query:0smar5 Sbjct:jap ché Length:374 Location:(21936403 - 21937516) Directi
LDNDKRRAIFDAMLVKARKGYLKGHESREVSAKFSVPIRTVQRIWRKGKSCLDQGISVDVASGR—SRCGRKKKVVDVSCLEDIS]
>rice_l1 Query:0smar5 Sbjct:jap ché Length:385 Location: (13657855 -~ 13659099) Directi
NKNLTKIQRQQIYAALTGKTNNGILRKMRKNATTEVAAMFNVKRARVOATWRRVKQCRAQGIPIDVISRKKKNCGRKKKEINLTT
>rice_12 Query:Osmar5 Sbjct:japo_ch2 Length:306 Location: (12263220 - 12264223) Direct
KKLPFDPSVIKDVPLGQRHSIRDLANALEMAKATLFRRLKEGLFRRETNAIKFTLTEDNMKARVHEFCIQMLDS*SIPDDPTFKSI
>rice_13 Query:0smar5 Sbjct:japo_ch2 Length:333 Location: (17542825 - 17543908) Direct
LIDEDRQBVLDACFADSBNLKLKRDTTTIVASLFNIKKSLVQSIWRKAKHCBAEGVPLDLTSKKE KCGRERVEVDLSLVPTIPI
>rice_14 Query:0smar5 Sbjct:jap ch4 Length:374 Location: (27341384 - 27342573) Directi
KRAIYALCLERSDPGHHKEGVTKSVATDHGVPHRVV*RVWRBGQI---GGGIEAFESRKKKNCGRKRLSFNPDAIRDVPLRQRR1
>rice_15 Query:Osmar5 Sbjct:jap_ch4 Length:380 Location: (14652518 - 14653753) Directi
KEHSDELRKLVFQTLLVRSKNGKLGKKDTSIVAAQPGLGIQSVQRLHKRGKIQLANSIPVVVSSLKXGRVGRKKIPVDLEALRS]
>rice_l16 Query:0smar5 Sbjct:jap_ch4 Length:380 Location: (24939896 - 24941094) Directi
LSDKERYAVYIALHARSKGGRLEKDTTKKVAEYFNVGIOVIQRIHKBAREQVALGLKVDVDNRKTRCCGPNKHEIDLSKIATIPI
>rice_17 Query:0smar5 Sbjct:jap ch4 Length:380 Location: (15273846 -~ 15275081) Directi
KEMSDELCKLVSRTLLARSKNCKLCKKDTSIVAAQFCLCIQSVORLWKRCKIQOLANS IPVVVSSLKKCRVCRKKIPYDLEALRS ]
>rice_18 Query:0Osmar5 Sbjct:jap_ché4 Length:381 Location: (19288923 - 19290154) Directi,
SRDLKNHER‘AIYARLLEKSHNEKLEKDTTSIVAREFHVSIRTVORIWXKAKVCREQGIAVNVDSRXHGSSGRKKVEVDLSLIA}

> :0smar5 Shict:3an chl Tenath:381 Tocation: (26759044 - 26760278\ Directs’
(é%ggg%g;gg%g§ 1< >

8. Click on the Alignment tab. After the TCF program runs, TATE runs a
multiple alignment program called Muscle. The multiple alignment output is in
fasta format and not easy to read. To view the alignment click the Jalview
button. (If this button is not visible, click the "Tree" tab and then the
"Alignment” tab again.)
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Osmar5 v. rice

Lecture example 1. The first run of TATE.

| Blast || TCF || Alignment ” Tree H Provenance

Start Jalview

nt and redraw tree.

The multiple alignment will be discussed in detail in class.

5 V.
File Edit Selecl View Format Colour Calculate Help
10 20

xam
rice_23

a rice_27
irice_10

——rice 9
thalle. 32

& Mirice_24

Conservation

Quality

Consensus

[
|Sequence 1 1D: ric Residue: ARG (67)

9. Click on the "Tree" tab to see the tree.
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1:0smar5 v. rice

Lecture example 1. The first run of TATE.

Blast || TCF || Alignment || Tree || Provenance |

Newick Format Tree File.

(" Start Jalview )

Pick branches from tree to use in a new Blast.

=rice_1

) % rica_3
! » rce_2
0] § - ke _22
1 X s 1e_30
« fice_13
w rca_11
05 = rice_21
L « (ce_35
i e fice 33
2 a rice_25
. o' rice_40
« rice_26
. = rica_18
" — = rice_19
. . .

You can also view the tree using Jalview. One of the benefits to Jalview is
you can re-size the tree window to make things clearer. Later in the class we
will use Jalview to select branches on the tree for another TATE run.

10. Click the 'Provenance’ Tab. TATE uses several programs and many
parameters. All of these should be documented so that you know how the
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data were manipulated. TATE helps with this by producing a log file that
contains every input and output for the programs, the sequences you
provided, and the Run name and notes. The log can be viewed in raw form by
clicking the link on the Provenance Tab. TATE also provides an archive of all
files produced by the run. This archive can be downloaded and kept as
documentation of the tree. The archive will also contain the image files and
in future will be used to re-create a TATE session.

1:0smar5 v. rice
This Is a fist run
Blast  TCF | Alignment || Tree Provenance
These files are cumulative. Downloading them after the last run of the session will give you everything from the session

e The XML Log file -- The log file contains all parameters and ocutput flenames from the session. This file may be visible in FireFox. Other Browers may garble the file
* Download the Archive file. -- Contains all output of the seesion. In future this archive could be used to re-create this TATE session

2. Details of TATE function and output.
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1. Return to the 'Blast’ Tab.

To use the Blast output in other applications you must first modify the
results to account for the following:

1. Remove low scoring hits.

2. Paste together hits that are separated by introns.

It is likely that there are introns in the transposase gene. If you look at the
example of a Blast result the Query matches a region of chromosome 1 from
26,759,044 1026,759,736. The match then resumes from 26,759,823 to
26,760,278. To use this 'hit’ in the multiple alignment, the complete

sequence minus introns must be used.

rjap—chl ref|NC_BB8394.1| :11-43261748 Oruza sativa {japonica cultivar-group)
genomic OMA, chromosoms 1
Length = 43261748

Score = 483 bits {1242), Expect(2) = 8.8, Method: Compositional matrix adjust.
Identities = 230/231 (99%), Positives =
Frame = +1

2308/221 (99%)

SKOLTHN I ORRG | YOLLLOKSKDGKLEKHTTRLYROEFHYS |RTYOR THKRAKICHEQG 1A 6@
SKOLTHIORRG 1 YOLLLOKSKDGKLEKHTTRLYAQEFHYS | TYOR IWKRAK ICHEQG 1A
SKDLTNIORRG | YOLLLOKSKDGKLEKHTTRLYAOEFHYS IHTYOR IMKRAK ICHEQG IR 26739223

Ouery: 61 YNVYDSRKHGNSGRKKYE | DLSY | AR | PLHORRM | RSLAOALGYPKSTLHRWFKEGL IRRH 128
VNYDSRKHGNSGREKKYE IDLSY | AA | FLHORRN | RSLAOALGYPKSTLHRWFKEGL | RRH
Sbjct: 26759224 YNVDSEKHGNSGRKKYEIDLSY IAAIPLHORRM IRSLAOALGYPKSTLHRUFKEGL IRRH 26759483

Ouery: 121 SHSLKPYLKEANKKERLOWCYSMLDPHTLPMNPKF IEMEN | |HIDEKWFNASKKEKTFYL 1358
SNSLKPYLKEANKKERLOWCYSMLDPHTLPNNPKF |EMEM | | HIDEKWFNASKKEKTFYL
Sbjot: 26759484 SHSLKPYLKEANKKERLOWCYSMLDPHTLPMNPKF IEMEN| IHIDEKWFNASKKEKTFYL 26759583

Ouery: 131 YPODEEEPYFTVYHNKNA | DKYMFLSAYAKPRYDDEGNCTFDGK | G I WPFTA
YPDEEEPYFTVHNKNA | DKYMFLSAYAKPRYDDEGHCTFDGK | G IWPFRR
Sbjcti 26759584 YPDEEEPYFTYHNKNA I DKYMFLSAYAKFPRYDDEGNCTFDGK |G LESTR

o, Method: Compositional matrix adjust.
ives = 152/152 {100%)

Score = 317 bits (813}, Expect{2
Identities = 151/152 {Q0%),_E
Frame = +3

PARRRSRNRERGTLYTKF IKYDRODT IRSFM | SKVYLPA | RACWPREDARKT IWIQODNA 298

PARRRSRNRERGTLYTKP IKYDROT IRSFM I SKVYLPA | RACHPREDARKT | W I QODNA

1 26759823 QEPARRRSRNRERGTLVTKP IKVDRDT IRSFMISKYLPA | RACUPREDARKT 1M 100DNA 267688682

Ouery: 29 RTHLF I DDAOFGYAYAOSGLD | RLYNOPPNSPDMNCLOLGFFASLOSLTHNR | SENMDEL 358
RTHLF | DDAROFGYAYAROSGLD | RLYNOPPNSPOMNMCLOLGFFASLOSLTHNR | SRNMDEL

Sbjct: 26768863 RTHLP|DDAROFGYAYAOSGLD I RLYNOPPNSPOMNCLOLGFFASLOSLTHNR I SRNMDEL 26768152

Ouery: 351 |ENYHKEYRDYNPNTLNRVFLTLOSCY |EVR 382
|ENYHKEYRDYNPNTLHNRVFLTLOSCY | ENMR
Sbjct: 267681832 |ENVHKEYRDYNPNTLHRVFLTLOSCY IEVNE 26768278

3. Remove the Blast alignment formatting and create a fasta file
containing only the hits.

TCF does these three things for you. See the TCF Tab for the resulting
fasta file that was used for the multiple alignment.
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2. Click the 'Alignment’ Tab.

Here we will discuss how a multiple alignment is generated and what the
output means. We will also discuss when it is appropriate to edit the
alignment.

The multiple alignment can be edited to remove large gaps, low similarity
columns, and sequences that are much too short. Once an alignment is edited
the tree can be re-calculated by TATE. We will discuss how to edit an
alignment using Jalview. After editing the alignment you can click the link
"Edit the Multiple alignment and redraw free.”" A new form will be visible:

This is the first run of the session

Blast | TCF | Alignment | Tree || Provenance

Alignment

Start Jalview
[Edit the Multiple alignment and redraw tree.
Edit the alignment using the following steps.

1. Open the Jalview viewer using the button above. (Skip if the viewer is already open.)
2

o Insertor rem
Click back on this
Click the ‘Paste edited alignment’ button below to paste the into the textbox
5. Click the 'Draw Tree' button. A new browser window will appear.

3
4

On a Mac you must use Safari or Firefox for this to work. IE and Firefox will work on Windows

Paste edited alignment

Name

Notes

Draw Tree

Clicking on the "Paste edited alignment” will fill in the text box with the
edited alignment from Jalview. Enter a Run Name and Notes and click 'Draw
Tree'. A new tab will appear with the new tfree.
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3. Tree Tab. Once you have a tree that can be your stopping point. Or, as
discussed below, you can select branches of the tree as TATE input for new
searches. We will discuss what your tree means.

3. Troubleshooting TATE.

As you can see TATE is a complex bioinformatics pipeline that simplifies a
great deal of phylogenetic tree construction. But there can be times that
the simplification works against you. This section will point out the most
frequent reasons TATE fails and how to overcome them. If you follow these
troubleshooting steps and still get no results then you are left with two
possibilities: 1. The starting query is no good or actually has no similar
sequences in the databases or 2. You have encountered a bug. In both cases
contact Jim Burnette at jburnette@plantbio.uga.edu with a detailed message
including the query. Please include the archive of the session (on the
Provenance tab) in the e-mail.

For an example of when TATE fails let's walk through two examples.

1. Start a new TATE session.

2. Enter this query.

>Tvmutator
MQHPPPDPPCEVDQAIGYLEYSRFVIAAELHGNIRFVKDPQKLSIGTGVLIYHRCEYEGC
PAGFKFIKNFDNYIFKSANLTYIHSGPPPQHKNTPTSGTYRAWIKKFLMNHGSPLNATQE
VNKTLEIPKDHTCIHMTMKQTAINQLKYYLQQKDLMRSLPDISLNQFQYLONYVNQWEDH
HDDLIYFDIQGEDTDFPDKLVFIYSDNDMISQIHEKPPIYHLDSTFKLIIHGFPFYVLAT
KFANTHSIPLCYFIIYPDNSENISFCLSKYFETTHTEPEFIMSDCALNIFNGIRNSFPEC
NIFWCALHVIRALKKNLSKINDEEIRSEVEKFMNILCYYRDCTEEDAAKMYKEHIIDKIQ
DOQLEFNQYFTROWDIHKQOWIAAAGPNELTVVNNVSESLFKKIKYHDFGCVKNQRIDVFV
KNLLEEVAPNYFYRIKNDLLQTGFIPSIRIREPRLTDYKTKLKREVQSRLYQVLNFVQNQ
EANLNPLR
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3. Enter Run Name and Notes. Choose "Tree" as the stopping point.

In this case there were no Blast results. Let's look at the Blast parameters
to understand why.

1:Tvmutator v. arabidopsis

No results

Blast || TCF | Alignment | Tree | Provenance |
maize |

Copy Number of TvMutator_3 (488 AAs)

o

100 200 300 400 AAS

BLAST Datbase: maze

TBLASTN 2.2.18 [Mar-02-2008) M

|

. g \

Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer, |

Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997), |

"Gapped BLAST and PSI-BLAST: a new generation of protein database search |

programs”, Nucleic Acids Res. 25:3389-3402. }

Reforence for compositional score matrix adjustment: Altschul, Stephen F., ‘

John C. Wootton, B. Michael Certz, Richa Agarwala, Aleksandr Morgulis, |
Alejandro A. Schaffor, and Yi-Kuo Yu (2005) "Protein database searches

using compositionally adjusted substitution matrices”, FEDS J. 272:5101-5109. |

Query= TvMutator_J ‘

(488 lotters) ‘

Database: maize |

14,423 sequences; 2,333,003,232 total letters |

|

e g 3 ¢ ¢ ¢+ e 8804 done ‘

""" No hits found eesess ) &1

Failure of Blast to produce hits is usually due to the very stringent default
parameter values. Modifying these will help.

-Expectation value (E) (1x10'°), circled in red in Figure 11. The default
is restrictive to high scoring hits. Raise the parameter to 1x10™ or higher if
the default is too restrictive or if too few hits are being returned. You may
need to raise this value if you use a small database or short query sequence.

*Filter query sequence, circled in yellow in Figure 3. For TEs this
should be set to ‘No," which is the default. For all other types of searches,
you may want to change this o mask low complexity in the query sequence.

tblastn

pectation value (E): [1e-10 ——
Show descriptions for how many hits? 100
Show how manv alianmaniz? lSCC
" Filter query sequence (DUST with blastn, SEG with others): ¢ Yes & N=
If you need other parameters piease input nere:|

Figure 1 Blast parameters
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The following example will demonstrate what happens if there are Blast
results but no TCF output.

1. Start a TATE session and enter this query:

>0Osat_PIF1
MAGGTGSGGAQRGKRREETEAVREREVAELTEGHGDGESSWRREAAALHRSTMRRGSRRRKAATGROMGKSGTRRSRRC
SRCVAAAAGVKANGDRRRKKAAGRVVWRGGGSGGGGEKGMGGRACPCGSEANGGRGVAESSEVRPEATTGVAEDGNGSG
PGGGDRGRGGRQRPAEGAPATWASGARTAPIFGGEMGEKVEEGEDVGWTTSARARERGGARGKRRRGVAQAAMAVGVGR
REDLOQDLESTAILLGFDDLQEKYWRRGMNSLIRKSKDEEDEEIIMFWLPALYLLTSNGGIEKRVRHTSSQYSEEKLRNI
LEGHEKNCLVAFRMEPNIFRAIVTYLRTEHLLRDTRGITVEEKLGHFLYMISHNASYEDLQHEFHHSGETIHRHIKAVF
KVIPSLTYRFIKQTTRVETHWKISTDQLFFPYFONCLGAIDGTHVPITISQDLOQAPYRNRKGTLSQNVMLVCDFDLNFL
FIPSGWEGSATDARVLRSAMLKGFNVPQGKYYLVDGGYANTPSFLAPYRGVRYHLKEFGRGQQRPRNYKELFNHRHAIL
RNHIERAIGVLKKRFPILKVGTHHRIKNQVKIPVATVVFHNLIRMLNGDEGWLNHQGSNISPEQFIDVPEGDDEYSNDV
MSLNSQVDDGNAQQCLEEGHFHDCKRLYTTQVVKCKRLYTTLHNCVNLETKFCLGWKISISTPSVTSLTLDNPMDGIVV
LKDMKSLVRASVRLNROQWPHDDFDARDLRNYLWTLSGIENLKFYCGRRKLTIQNSLOQWCPKFFNLVSLTLGHWCLHGNF
YTLIVFLONSPRLEKLTLILGNDHWKTFEASIGDKLDERSFTCEHLMSVKVRCSEDDPMLWQKRFGRLPKLWWRGRKLD
DGVAELTKSGLGLSPLAAAIFPSSDLRLSPDRRHQLVKLRVAMHSFNAPLRAMPHLALTNPNEKRGTQLGSTVFTWCGS
RLRKPDGCTPVAISSWTQILCLWPLKSHRDFTSSLPSDLIQWTGLLGPSTGLAHC

2. Select the Oryza sativa database.

3. Enter Run Name and Notes and click Tree. This query will produce Blasts
results, but not a tree. When this happens it usually means that no Blast hit
past the TCF stage of TATE. We will use this example to explore TCF and
the parameters it takes. We will discuss this in detail in class.

2.TCF:
Re-formatting of the Blast Results

Modify TCF Parameters

These parameters affect the re-formatting of the Blast results for subsequent steps. Any introns are
removed and spiit hits are”spliced™ together.

Minimal BLAST match: [50 1

Minimal Length of Intron: |10 2
Minimal Matched percentage of Query : /0.8 3
Maximal Number in output{100

Remove Duplicate hits? Yes * No

Understanding the parameters of TCF are the most critical to a TATE run.
If a query fails to produce a tree it is usually due to the stringency of the
default TCF parameters. Refer to the red numbers in Figure 12.

1. Minimal Blast Match: In a hit alignment, there must be at least
this number of matches between query and sequence. Look at
the Blast result to see how many matches there are in the
alignments. Lower this number if necessary.



PBIO3240L Summer 2008 104

2. Minimal Length of Intron: A gap within a Blast hit may
represent an indel or an intron. If it is an indel the gap should
be left in the hit, but if it is an intron, the gap should be
removed. Indels in Blast hits are usually short so TATE sets the
minimum length of an intron to be removed at 10. Any gap less
than 10 is left in the hit. This is arbitrary and can be modified.
Introns less than 10 definitely exist and indels of greater than
10 can occur.

3. Minimal matched percentage of query: After TCF removes
introns in hits and splices together split hits it re-calculates
the percent match to the query. If the hit is greater than the
supplied value it will be kept. This value may need fo be lowered
if the hits fo the query are short relative to the query size.

For example, in the figure below there are many hits, but few if
any are greater than 80% the length of the query. Most are
below 50%. In this case the best results would be obtained by
limiting the Blast query to the region between 300 and 600. You
may need to also lower the Minimal Matched Percentage and the
Minimal Blast Match.

(Copies) Copy Number of Osat_PIF1 (1003 AAs)
200

150
100
: 1"
o AN .IL _—
750

150 300 450 600
BLAST Datbhase: rice

2

@ = —

900  (AA9)

If TATE produces Blast and TCF output, but no alignment and/or tree the
most likely explanation is a weird or unexpected character in the fasta files.
If you have problems at these steps, contact Jim Burnette and include the
archive of the run (found on the provenance tab) in the e-mail.
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Query sequences for DNA TE families.

Use these queries for exploring the TE content of genomes.

>Copia_RT
WVYRVKHKODGSIDRYKARLVAKGYTQVEGLDYLDTFSPVAKTTTLRLLLAL
AASQGWFLHQLDVDNAFLHGTLDEEIYMRLPPGVSSPRPNQVCLLOKSLYGLK

>gypsy_RT
RLVINYKPLNQALCWIRYPIPNKKDLLARLHDAKVFSKFDMKSGFWQIQLQEK
DRYKTAFTVPFGQYEWNVMPFGLKNAPSEFQRIMNEIFNPYSKFTIVYIDDVL
IFSQTLDQHFKHLNTFISVIKRNGLAVSKTKVSLFQTKIRFLGH

These queries should work for all genomes, but may not pull all family
members out from the genome. This tutorial will show you how to pull out
members closely related o the query and then re-query to get many more
family members.

1. Start a TATE session.

2. Choose a query and a database. Enter Run Name and Notes. Now it is
critical that you start good documentation.

3. Choose 'Tree' as the stopping point.

4. Inspect the output of TATE from Blast fo the Tree. Did you get a tree?
If not, can you troubleshoot the problem? Repeat the TATE search with
modified parameters if necessary.

The tree may not have many branches on it. This is because the Blast
parameters are set very stringently. You could increase the expect value and
repeat the search to get more hits. The other option is to pick a hit from
the tree and use that as a Blast query. This is the better option because you
are now using a TE family member from the species you choose to query.
Here is how TATE helps you do this.

5. Open the Tree in Jalview by clicking the 'Start Jalview' button in the
'‘Tree' tab.
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6. In the Tree window of Jalview you can select a branch by clicking on the
seqguence hame.

J[Visitors/150_135_128_59/temp_065115808-1-arab.tcf.aa. muscle.fasta [a ]}

2 0 @
Lo o el s s e n——
ADTSQSKS 50_135_128_S 065115 - "
HETASSEY
HDTASS
""""" anb 5
028 anb_a
26 1
( [T
025 100
[29%rb 12
B8 100
023 arab_1$
Iz ' Q19 anb 9
b
ROVY 5 e
4 Conservation
| = 1] anb 10
.} lodn - 100
L Quality anab 13
1 & 1°_°lmb_|
! < Consensus 2o%ns 7
=y aan.2
. Sequence position 47 6.4916567 anb_12
anab_1

7. Click the "Pick branches from tree to use in a new Blast" to open a new
form.

I Blast “ TCF H Alignment ” Tree ” Provenance

Newick Format Tree File.

Pick branches from tree to use in a new Blast.
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8. Choose the Database and click the "Paste Selected Sequences” button.

Choose a Database and enter a Query. Steps of TATE and optional settings
You can choose more than one database. D
Multiple Species Genomes  Partial Genomes Mogty Biast Parameters

I Plant only Nonredundant NT |~ Musa sp.

Complete Genomes Re-brranng of he Sast A
¥ Arabidopsis thaklana
I” Oryza satva Modity TCF Pacameters
I~ Zea mays
Multole Asgrment of e Bias Resus.

oot Saeamdteqenens |_________________________| | Moo MUSCLE Perameter
l".nl‘.ﬂ'ﬂm’“rcmmnl'ﬁm!mm"mxummm'm

[TL5 YMVVTAKF I DNDWOLIRAI I6FGPI - PDHKCKT IANQT LASLDDWG I E - KVT S I TVDRASA - RDEAN
[LEERLENAN - lmumncom:lmnu.muluumnnwmnvxvv: BREALESTEAWVE

BRI TGS VVLOCYTAMNATY LMLKSALKY KVAFDAMADND - KPYDAWTKE = = o o = o o e Tree Calculason

VAr! Lmrnlrurnlmmnocvw:xcuouvumn QD8O AKFDRYMEGTEX-
xunmmmrumnuﬂm.xra:enncvmnvnamurpxuvlnmmn ----- Mogiy TreeBeST Parameters
--------------- DAENYTOVIQOPE! ~ IAVVNELVEYLEDELIVTTENSLGLE - DLLY
NRTNBRKYP TN LKAREVENT PR SVASERA THTOGR - - ILOQYRECLTPOKVEAL - ~- - -~ - = o=

EC a Run Name Tt dendtes Pos nn wy

_______________________________ ;i The Run Name wil spoesr on & s,

The Nos aScw you T Meeg FRCK Of Wt yor 543 f5r 6aCh 1un. Thass will 300ed’ in TVe 0UgA! WIndow
m:ﬁ_)'whuﬂ

You can submit YOu WaNt 10 INClude Mo e s, These sequences as Not Notes
30 In e Blast query, but are adG8d 1o fio fasia e betre the mUple allgRment

Enter Other Sequences

Tcked azab_3 from & Azab_J, Arab_l4 pair on really abort branches.|

9. Enter a Run Name and Notes and click "Tree" as the stopping point.

10. TATE will produce a hew tree in a second Tab.

[ 1:Sl thelmal3 v arabidopsis ” 2:arab_3 for blast | &

Picked arab_3 from a arab_3, arab_14 pair on really short branches.

| Blast || TcF || Al || Tree|[p |
Newick Format Tree File,
‘ Pick branches from tree to use in a new Blast,
«amb 1
@ « b 12
| « b 10
m 3"1 [ «anb 14
= i o« wib.6
o R “ - amb_ 4
wanb 18
| e orab 13
" - w17

- amb_15

o 4 -
] 101_q amb 5
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