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Introduction

A biological sequence database is a collection of molecular data organized in a manner that allows easy
access, management, and update of the data. Biological sequence databases serve an important role of
providing access to sequence information to the research community. The databases contain molecular
information of multiple organisms and are constantly being updated and re-designed to allow more robust data
query and analysis. Examples of biological databases include European Molecular Biology Laboratory (EMBL),
GenBank, the National Center for Biotechnology Information (NCBI), and the DNA Databank of Japan (DDBJ).
Every sequence submitted to the database has a unique number assigned to it, called the Accession number.
Even if the same gene has been submitted several times by different investigators each will have a different
accession number.



Database Types

Databases can be classified in to primary (archival), secondary (curated), and composite databases.

* A primary database (e.g. EMBL/DDBJ/GenBank for nucleic acids) contains information of the sequence
or structure alone, for example, DNA, RNA, or protein sequences.

« A secondary database (e.g. eMOTIF at Stanford University, PROSITE of Swiss Institute of Bioinformatics)
contains information derived from the primary databases and represent sequences that are consensus of
a population, for example, conserved features and motifs of a sequence.

o A composite database contains a variety of different primary databases and provides multiple options for
database search (e.g. NCBI, MaizeGDB). New tools are continuously developed to make both submission
and access to sequence databases more efficient.

The lesson includes practical examples of using database tools. It is recommended that you use “try this”
questions to become familiar with sequence databases.



Objectives

e To introduce some of the most commonly used databases in molecular plant breeding
e To help the student learn the tools for accessing and manipulating biological databases
e To help develop proficiency in the use of biological databases



Access and Use of Sequence Databases

Once a new sequence has been determined a common step in its analysis is to compare the sequence with
related genes that have already been sequenced, often from other organisms. A few things to keep in mind
about database searches and sequence databases in general:

1. Do not assume that if a sequence is in the database it must be correct. Databases are full of errors!

2. Similarity with a known protein or gene does not necessarily mean the query is the same gene as the one
it has similarity with.

3. Two nucleotide sequences may have low similarity yet code for proteins that are functionally related.

4. Protein sequences may also have low similarity yet still be functionally or structurally related.



About NCBI

NCBI was created in 1988 as a division of the US National Library of Medicine at the National Institute of
Health. The role of NCBI is to create automated systems for storing and analyzing sequence information.

1. To access various resources available through NCBI select Resources.

2. We recommend that you set up an account with NCBI to allow you the option of saving your results. Click
the Sign in link to do so

3. Video tutorials are available under the Training & Tutorials link to enhance learning.
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Sign Up for NCBI

1. Click Register to set up a new NCBI account.
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NCBI Training

NCBI was created in 1988 as a division of the US National Library of Medicine at the National Institute of
Health. The role of NCBI is to create automated system for storing and analyzing sequence information.
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Information Retrieval from NCBI

One of the most widely used interfaces for the retrieval of sequence information from biological databases is
the NCBI Entrez system. Entrez relies on preexisting, logical relationships between the individual sequences
(data points) available in various public databases.

1. Searching all databases is often a good starting point to get an overview of the state of your research
field.
2. Searches are based on keywords.
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Searching NCBI by Keywords

Searches can be restricted to a single database or expanded to include all other databases. The simplest way to
query is through the use of individual search terms, coupled by Boolean operators such as AND, OR, or NOT. A
Boolean operator is a variable that can have only a true or false value.

1. Select individual databases, or search them all.

2. AND: To 'AND' two search terms together instructs Entrez to find all documents that contain BOTH terms
OR: To 'OR' two search terms together instructs Entrez to find all documents that contain EITHER term.
NOT: To 'NOT' two search terms together instructs Entrez to find all documents that contain search term
1 BUT NOT search term 2.
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Try This: Access and Use of Sequence Databases

This activity consists of the following pages:

Try This: Access and Use of Sequence DBs (Compare the sequences) - 1

Compare the sequences for the adh1 gene in maize and sorghum. Navigate to the NCBI site.

1. Enter adh1 in the "search across databases" window. How many adh1 candidates did your search find?
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Try This: Access and Use of Sequence DBs (Results of a search) - 2

Results of a search for “adh1” across all databases:

0' Gene 393 Collected information about gene loci I




Try This: Access and Use of Sequence DBs (Compare the results) - 3

Compare the sequences for the adh1 gene in maize and sorghum:

1. Enter adh1 AND Zea in the search window.

m U.S. National Library of Medicine

National Center for Biotechnology Information

Search NCBI databases

| adh1 AND Zea

o B search |

Compare the results in the Gene category.

2. Boolean operators can be used to restrict a search and allow users to obtain specific information about
their organism of interest.
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Now try these operators.

Try This: Access and Use of Sequence DBs (Operators) - 4

1. Enter adh1 AND Zea[orgn] OR Sorghum[orgn] in the search window.

2. Results

U.S. National Library of Medicine

National Center for Biotechnology Information

Search NCBI databases

I adh1 AND Zea[orgn] OR Sorghum[orgn]

(1) P search |

Results found in 32 databases for adh1 AND Zea[orgn] OR Sorghum[orgn]
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MeSH 9 Ontology used for PubMed indexing | Gene 9 33,084 Collected information about gene
loci
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Collections GEO 693 Functional genomics studies
PubMed 5,388 Scientific and medical DR
abstracts/citations GEO Profiles 6 Gene expression and molecular
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Central HomoloGene 0 Homologous gene sets for selected
organisms
PubMed 7 Clinical effectiveness, disease and drug _
Health reports PopSet 602 Sequence se-ts from .phylogenenc
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UniGene 13,734 Clusters of expressed transcripts
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Try This: Access and Use of Sequence DBs (Operators) - 5

Now try these operators.

1. Enter adh1 AND Zea[orgn] OR Sorghum[orgn] in the search window.

U.S. National Library of Medicine

National Center for Biotechnology Information

Search NCBI databases

I adh1 AND Zea[orgn] OR Sorghum[orgn] o X m

What stands out when you compare results when using the search terms "adh7 AND Zea[orgn] OR
Sorghum[orgn]" and "adh1 AND (Zea[orgn] OR Sorghum[orgn])? Can you identify any differences among the
results obtained from the following sets of search terms?

e "adh1 AND Zea[orgn]" and "adh1 AND Zea[orgn] OR Sorghum[orgn]"
e "adh1 AND Zea[orgn]" and "adh1 AND (Zea[orgn] OR Sorghum[orgn])"

1. Enter adh1 AND (Zea[orgn] OR Sorghum|orgn]) in the search window.
2. Compare the results in the Gene category.
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Try This: Access and Use of Sequence DBs (Gene-centered Info) - 6

1. Click on "Gene" to get gene-centered information on the output in the last screen results (also shown

here).
2. Click on the first "adh1".
3. Review the output window.

Search NCBI databases
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Try This: Access and Use of Sequence DBs (adh1) - 7

What is the function of adh1?

1. Answer found below.
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Try This: Access and Use of Sequence DBs (Nucleotide results) - 8

Let's examine the Nucleotide results.

1. Click this pull-down menu for more information about this gene and select Nucleotide.
2. Click Search. Your search will result in 100s of hits.
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Try This: Access and Use of Sequence DBs (Nucleotide results) - 9

Let's examine the Nucleotide results.

1. After selecting the nucleotide option as in previous screen, click on the adh1 mRNA as indicated. You
may have to scroll down to find it.

Zea mays Adh1 {intron 3} [maize, Genomic, 363 nt 2 segments]

6. 505 bp linear DNA
Accession: AH004391.1 GI: 1683071
PubMed Taxonomy

GenBank FASTA Graphics

Zea mays alcohol dehydrogenase 1 (adh1), mRNA 0

7. 1,779 bp linear mRNA

Accession: NM_001111939.2 GI: 1200005210
Protein PubMed Taxonomy

GenBank FASTA Graphics

Zea mays isolate adh1-3F 1124 transposon Mu3, complete sequence; and alcohol dehydrogenase-
8. like (adh1) gene, partial sequence

2,190 bp linear DNA

Accession: U19613.1 GI: 639494

PubMed Taxonomy

GenBank FASTA Graphics




Try This: Access and Use of Sequence DBs

Let's examine the Nucleotide results.

1. Click the FASTA link
2. Reference sequences are accessed through GenBank to provide non-redundant curated data derived from
experimental knowledge of known genes.

Additional information about RefSeq can be found here.

& NCBI  Resources ¥ How To

Nucleotide Nucleotide v ||

Advanced

GenBank ~
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FASTA ~

Zea mays alcohol dehydrogenase 1 (adh1), mRNA

NCBI Reference Sequence: NM_001111939.2
GenBank  Graphics

I >NM 001111939.2 ays alcohol dehydrogenase 1 (adhl), mRNA
R N <GGCTATGTTCCACTCCAGGTGGAGGCTGCAGCCCCGGITICGCRAAGCCG
CGCCGTGGTTTGCTTGCCCACAGGCGGCCARACCGCACCCTCCTTCCCGTICGTITTCCCATCTCTTICCICC
TTTAGAGCTACCACTATATARATCAGGGCTCATTITICTCGCTCCTCACAGGCTCATCTCGCTTTGGATCG
ATTGGTTTCGTAACTGGTIGAGGGACTGAGGGTICTICGGAGTGGATTGATTTGGGATTCTGTITCGAAGATTIT




Try This: Access and Use of Sequence DBs

Zea mays alcohol dehydrogenase 1 (adh1), mRNA

NCBI Reference Sequence: NM_001111939.2
GenBank Graphics

>NM_001111939.2 Zea mays alcohol dehydrogenase 1 (adhl), mRNA
AAACCACGGTCCACGGACCACGGCTATGTTCCACTCCAGGTGGAGGCTGCAGCCCCGGTTTCGCAAGCCG
CGCCGTGGTTTGCTTGCCCACAGGCGGCCAAACCGCACCCTCCTTCCCGTCGTTTCCCATCTCTTCCTCC
TTTAGAGCTACCACTATATAAATCAGGGCTCATTTTCTCGCTCCTCACAGGCTCATCTCGCTTTGGATCG
ATTGGTTTCGTAACTGGTGAGGGACTGAGGGTCTCGGAGTGGATTGATTTGGGATTCTGTTCGAAGATTT
GCGGAGGGGGGCAATGGCGACCGCGGGGAAGGTGATCAAGTGCAAAGCTGCGGTGGCATGGGAGGCLCGGC
AAGCCACTGTCGATCGAGGAGGTGGAGGTAGCGCCTCCGCAGGCCATGGAGGTGCGCGTCAAGATCCTCT
TCACCTCGCTCTGCCACACCGACGTCTACTTCTGGGAGGCCAAGGGGCAGACTCCCGTGTTCCCTCGGAT
CTTTGGCCACGAGGCTGGAGGTATCATAGAGAGTGTTGGAGAGGGTGTGACTGACGTAGCTCCGGGLGAC
CATGTCCTTCCTGTGTTCACTGGGGAGTGCAAGGAGTGTGCCCACTGCAAGTCGGCAGAGAGCAACATGT
GTGATCTGCTCAGGATCAACACCGACCGCGGTGTGATGATTGCCGATGGCAAGTCGCGGTTTTCAATCAA
TGGGAAGCCTATCTACCACTTTGTTGGGACTTCCACCTTCAGCGAGTACACCGTCATGCATGTGGGTTGT
GTTGCAAAGATCAACCCTCAGGCTCCCCTTGATAAAGTTTGCGTCCTTAGCTGTGGTATTTCTACCGGTC
TTGGTGCATCAATTAATGTTGCAAAACCTCCGAAGGGTTCGACAGTGGCTGTTTTCGGTTTAGGAGCCGT
TGGTCTTGCCGCTGCAGAAGGTGCAAGGATTGCTGGAGCGTCAAGGATCATTGGTGTCGACCTGAACCCC
AGCAGATTCGAAGAAGCTAGGAAGTTCGGTTGCACTGAATTTGTGAACCCAAAAGACCACAACAAGCCAG
TGCAGGAGGTACTTGCTGAGATGACCAACGGAGGGGTCGACCGCAGTGTGGAATGCACTGGCAACATTAA
TGCTATGATCCAAGCTTTCGAATGTGTTCATGATGGCTGGGGTGTTGCTGTGCTGGTGGGTGTGCCACAT
AAGGACGCTGAGTTCAAGACCCACCCGATGAACTTCCTGAACGAAAGGACCCTGAAGGGGACCTTCTTTG
GCAACTATAAGCCACGCACTGATCTGCCAAATGTGGTGGAGCTGTACATGAAAAAGGAGCTGGAGGTGGA
GAAGTTCATCACGCACAGCGTCCCGTTCGCCGAGATCAACAAGGCGTTCGACCTGATGGCCAAGGGGGAG
GGCATCCGCTGCATCATCCGCATGGAGAACTAGATTTCGCTGTCTAGTTTGTGATCTGGCCTGGGCTTGG
GGTTAATAAAAGAGGCAATGCTAGCCTGCCCTTTCGATGAGGAGGTACATACACGCTGGCGATGGACCGC
GCTTGTGTGTCGCGTTCAGTTTGGCTTTTGCCAAGCAGTAGGGTAGCTTCCCGTGTCGGTAATTATATGG
TATGAACCATCACCTTTTGGCTCTACATGGTATGAACGTAAGATACAAATTCCAACTACCTCTAGCTCGC
TTGTGTGGTATCTGTATCAGTATTCATGTGTTTGTTTGCTTATGTGTTTGTTTGCTTGTATTTGCTGGTG
CTTGTATCGCGGGATGCAATGAGTTGTTG

After clicking the FASTA link, what kind of information do you get?

Does the entire mRNA sequence for adh1 you obtained code for a protein product? If not, how
would you identify the coding sequence?

Now that you have found the adh1 coding sequence, what is its estimated length?

Enter your answer here.




NCBI BLAST
NCBI Basic Local Alignment Search Tool (BLAST)

Not only keywords can be used to search sequence databases. Sequences can also be used to perform a
BLAST search, making BLAST probably the most important tool in any sequence database. BLAST allows the
comparison of sequence data using an algorithm developed by Altschul et al. (1990). The algorithm attempts to
detect high-scoring segment pairs, which are pairs of sequences that can be aligned with one another and,
when aligned, meet the certain scoring and statistical criteria.
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BLAST Interface

Here the user can restrict searches to a specific species and to the assembled reference sequences for that
species. For a plant researcher, it may not be necessary to restrict a search except for those working with rice
and Arabidopsis. For all other plant species reference sequences are not fully developed.

m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information Sign in to NCBI

®
BLAST Home Recent Results Saved Strategies Help

Basic Local Alignment Search Tool

Introducing the BLAST widget - Integrating your BLAST results Into NCBI’s

BLAST finds regions of similarity between biological sequences. The program Genome Data Viewer!
compares nucleotide or protein sequences to sequence databases and Analyze your BLAST results in a genome browser and compare those
calculates the statistical significance. Learn more

results against other genome assembly annotations. Introducing the

Genome Data Viewer (GDV) and the BLAST widget.
Tue, 19 Jun 2018 14:00:00 EST B More BLAST news...

Web BLAST

-

/
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BLAST Genomes

Human Mouse Rat Microbes



http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi

BLAST Features

1. Basic BLAST features include blastn, blastp, blastx, thlastn, and thlastx.
2. Specialized features include "Global Align" for sequence alignment.



NCBI National Center for Biotechnology Information

Sign in to NCBI
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Try This: Using NCBI BLAST

Try This: Using NCBI BLAST

1. Within the Basic BLAST window, click on Nucleotide BLAST. A new window appears asking you to setup
your search options.

2. This is where your query sequence will go.

3. This selects the Database you want to search.

4. Other parameters you may want to set different from the standard settings.

Basic Local Alignment Search Tool

Introducing the BLAST widget - integrating your BLAST results into NCBI's

BLAST finds regions of similarity between biological sequences. The program Genome Data Viewer!
compares nucleotide or protein sequences to sequence databases and Analyze your BLAST results in a genome browser and compare those
calculates the statistical significance. Leam more results against other genome assembly annotations. Introducing the
Genome Data Viewer (GDV) and the BLAST widget.
Tue, 19 Jun 2018 14:00:00 EST E) More BLAST news...

Web BLAST
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Try This: Using NCBI BLAST

You have various options of entering your query sequence: copy and paste or uploading a saved sequence from
your computer.

Your query sequence has to be annotated in FASTA format. FASTA is a text-based format consisting of a
definition line followed by the sequence data in single letter code. The definition line starts with the character
“>", followed by a sequence name, and ends with a return or newline. Everything that follows until the next “>”
will be considered as the sequence data. It is possible to save multiple sequences in one FASTA file.

1. In the screenshot below,
Definition line starts with ">" character,
gi stands for GenBank identification, followed by GenBank ID number,
ref stands for reference sequence, followed by the accession number.
Both GenBank ID and reference sequence numbers can be used to enter a query sequence into BLAST.

& NCBI Resources ¥} How To (¥

Nucleotide Nucleotide v

Advanced

Display Settings: (v] FASTA

Zea mays alcohol dehydrogenase1 (adh1), mRNA

NCBI Reference Sequence: NM_001111939.1
GenBank Graphics

tei]162460396|reflw\'._901111939.1| olays alcohol dehydrogenasel (adhl), mRNA
ATUTLOUTTTODATLOAT TOLT T TLUTAALTOUTLrn~dGACTGAGGGTCTCGGAGTGGATCGATTTGGGA
TTCTGTTCGAAGATTTGCGGAGGGGGGCAATGGCGACCGLGGGGAAGGTGATCAAGTGCAAAGCTGCGGT
GGCATGGGAGGCCGGCAAGCCACTOTCGATCGAGGAGGTOGAGGTAGCGCCTCCGCAGGCCATGGAGGTG
COCGTCAAGATCCTCTTCACCTCOCTCTGCCACACCGACGTCTACTTCTGGGAGGCCAAGGGGCAGACTC
CCOTOTTCCCTCGGATCTTTGGCCACGAGGCTGOAGGTATCATAGAGAGTGTTGGAGAGGGTGTGACTGA
CGTAGCTCCOGGCGACCATGTCCTTCCTGTOTTCACTOGGGAGTGCAAGGAGTGTGCCCACTGCAAGTCG
GCAGAGAGCAACATGTOTGATCTGCTCAGGATCAACACCOACCOCOOTOGTOATGATTGCCGATOGCAAGT
COCOGTTTTCAATCAATGGGAAGCCTATCTACCACTTTGTTGGGACTTCCACCTTCAGCGAGTACACCGT
CATGCATGTGGGTTGTGT TGCAAAGATCAACCCTCAGOCTCCCCTTGATAAAGTTTGCGTCCTTAGCTGT
GeTTATTCTACCGGTCTTGGTGCATCAATTAATGTTGCAAAACCTCCGAAGGOTTCGACAGTGECTGTTT
TCGGTTTAGGAGCCGTTGGTCTTGCCGCTGCAGAAGGTGCAAGGATTGCTGGAGCGTCAAGGATCATTGG

TGTCGACCTGAACCCCAGCAGATTCGAAGAAGCTAGGAAGTTCGGTTGCACTGAATTTGTGAACCCAAAA
GACCACAACAAGECAGTACAGGAGGTACTTAC TGAGATGAC AAC GRAGGAATI GACCACAGTATAGAAT




Try This: Using NCBI BLAST

You may enter your query (adh1) as a sequence in FASTA format.
1. To do that, copy the entire adh1 sequence

2. Paste it in the Enter accession numbers(s), gi(s), or FASTA sequence(s) window.
3. Note that the Job Title filled automatically.

Zea mays alcohol dehydrogenase 1 (adh1), mRNA

NCBI Reference Sequence: NM_001111939.2

(GenRank (Granhirs o
>NM_©01111939.2 Zea mays alcohol dehydrogenase 1 (adhl), mRNA
AAACCACGGTCCACGGACCACGGCTATGTTCCACTCCAGGTGGAGGCTGCAGCCCCGGTTTCGCAAGCCG
GCCGTGGTTTGCTTGCCCACAGGCGGCCAAACCGCACCCTCCTTCCCGTCGTTTCCCATCTCTTCCTCC
TTAGAGCTACCACTATATAAATCAGGGCTCATTTTCTCGCTCCTCACAGGCTCATCTCGCTTTGGATCG
ATTGGTTTCGTAACT

CGGAGGGGGGCAAT m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information
AAGCCACTGTCGATC

®
» blastn suite

Standard Nucleotide BLAST

blastn | blastp | blastx | tblastn | tblastx |

BLASTN programs search nucleotide databases using a nucleotid

Enter Query Sequence

Fnter accession numhber(s). ails). ar FASTA seauencels) & Clear Query subrange ©
GCTTGTGTGTCGCGTTCAGTTTGECTTTTGCCAAGCAGTAGGGTAGCTTCCCGTGTCGRTAATTATATEG
TATGAACCATCACCTTTTGGCTCTACATGGTATGAACGTAAGATACAAATTCCAACTACCTCTAGCTCEC e From
TTGTGTGETATCTGTATCAGTATTCATGTGTTTGTTTGCTTATGTGTTTGTTTGCTTGTATTTGCTGETG

CTTGTATCGCGGGATGCAATGAGTTETTG b To

e O upload file | Choose File | No file chosen @

ATGAACCATCACCT| Job Title I
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Try This: Using NCBI BLAST

1. Alternatively, you can query your sequence using the Run BLAST command. Click "Run BLAST" to query
the sequence from the FASTA display screen.

FASTA~ Send to: +
Change region shown

Zea mays alcohol dehydrogenase 1 (adh1), mRNA

NCBI Reference Sequence: NM_001111939.2
GenBank Graphics

Customize view

>NM_001111939.2 Zea mays alcohol dehydrogenase 1 (adhl), mRNA Analvze this sequence
AAACCACGGTCCACGGACCACGGCTATGTTCCACTCCAGGTGGAGGCTGCAGCCCCGGTTTCGCAAGCCG Run BLAST
CGCCGTGGTTTGCTTGCCCACAGGCGGCCAAACCGCACCCTCCTTCCCGTCGTTTCCCATCTCTTCCTCC
TTTAGAGCTACCACTATATAAATCAGGGCTCATTTTCTCGCTCCTCACAGGCTCATCTCGCTTTGGATCG Pick Primers
ATTGGTTTCGTAACTGGTGAGGGACTGAGGGTCTCGGAGTGGATTGATTTGGGATTCTGTTCGAAGATTT

GCGGAGGGGEGCAAT GECGACCGCGGGEEAAGGTGATCAAGTGCAAAGCTGCGGTGGCATGGGAGGCCGGC Highlight Sequence Features

AAGCCACTGTCGATCGAGGAGGTGGAGGTAGCGCCTCCGCAGGCCATGGAGGTGCGCGTCAAGATCCTCT
TCACCTCGCTCTGCCACACCGACGTCTACTTCTGGGAGGCCAAGGGGCAGACTCCCGTGTTCCCTCGGAT
CTTTGGCCACGAGGCTGGAGGTATCATAGAGAGTGTTGGAGAGGGTGTGACTGACGTAGCTCCGGGCGAC
CATGTCCTTCCTGTGTTCACTGGGGAGTGCAAGGAGTGTGCCCACTGCAAGTCGGCAGAGAGCAACATGT

Find in this Sequence

Show in Genome Data Viewer



Try This: Using NCBI BLAST

Clicking on the Run BLAST command will lead you to this window.

1. Accession number of adh1 will automatically fill in

2. Job Title should automatically fill in, if it does not you can click in the Job Title field and it should appear
automatically.

3. Optimize your search to megablast to identify highly similar sequences.

4. Finally, select the BLAST button.

m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information Sign in to NCBI

BLAST o » blastn suite Home Recent Results Saved Strategies Help

Standard Nucleotide BLAST

_Jblastn blastp | blastx | tblastn | tblastx |

Enter.Quen.Seauence BLASTN programs search nucleotide rc;es using a nucleotide query. more... Reset page Bookmark
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
NM_981111939.2

From
To
4
Or, upload file | Choose File | No file chosen @
Job Title INM_001111939:Zea mays alcohol dehydrogenase... e
EIEr d UesCripuve uue 101 your sLAS | sedrcn &

Align two or more sequences &)

Choose Search Set
Database Human genomic + transcript 'Mouse genomic + transcript ‘® Others (nr etc.):

Nucleotide collection (nr/nt) v|©
Organism
Optional Exclude '+
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown &)
Exclude Models (XM/XP) .| Uncultured/environmental sample sequences

ptional
Limit to Sequences from type material
Optional
Entrez Query Youllli§ Create custom database
Optional Enter an Entrez query to limit search &)

Program Selection

Optimize for I® Highly similar sequences (megablast) e
More dissimilar sequences (discontiguous megablast)

Somewhat similar sequences (blastn)
Choose a BLAST algorithm &)

I' BLAST o3earch database Nucleotide collection (nr/nt) using Megablast (Optimize for highly similar sequences)

[ Show results in a new window

(#)Algorithm parameters




Try This: Using NCBI BLAST

1. Graphic Summary: BLAST results that are summarized in a graphic form.

Edtand Resybmit  Save Search Syastegies > Formating opticns.  » Download Yokl How to read this gage  Blast rapant descripticn
Job titte: NM_001111939.2 Zea mays alcohol dehydrogenase...

RID MZBNOMFI0LE (Expires on 07-20 04:27 am)

Query 1D 1| Query_1455 Database Namse nr
Description NM_0011:1939.2 Zea mays alcohol dehydrogenase 1 A (nt)
(adh1), mANA Program BLASTN 2.8.0+ »CRation
Molecule type nudeic add
Query Length 1779

Onher reports: b Saaech Summary [Taxgoomy recorts) [Distance tree of resuits] (M54 viewer]
£ Graphic Summary

c Destribution of the top 102 Blasz Hits on 100 subject sequences 4
Mouse ovar 10 530 tha S, cick 10 show alignments

Color key for alignment scores
| Bl Wao-so W s50-80 Weo-200 W=200
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Try This: Using NCBI BLAST

1. Alignments: BLAST results that contain sequence alignment information.

= Alignments

@0Dswnbosd ~ GanBank Graphics ¥ Next & Descriptions
Zea mays akohol debydrogenase 1 (adh1) mRNA
Sequence 10: NM_001111939.2 Lengt

i 1779 Number of Matches: 1

Redated Information
Range 111 ta 1779 Quot
:  eascceted jene detas




Try This: Using NCBI BLAST

1. Descriptions: Accession number and source organism information is provided for sequences producing
high alignment scores.

=)Descriptions

Sequences producing significant lignments:
Sakct N Saleced 0

—

5 Algnmants Y

Dascription




Try This: Using NCBI BLAST

Step 4: Locating adh1 on a chromosome

1. From the NCBI home page, select Genome.

& NCBI  Resources ® How To @)

Sign in to NCBI

SNCBI

National Center for

|All Databases ¥ [ |w

Biotechnology Information

NCBI Home

Resource List (A-Z)

All Resources

Welcome to NCBI

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

Popular Resources
PubMed

Bookshelf
Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News & Blog PubMed Central
Data & Software PubMed Health
DNA & RNA Submit Download Learn BLAST
Domains & Structures Deposit data or manuscripts Transfer NCBI data to your Find help documents, attend a Nucleotide
Genes & Exprossion into NCBI databases computer class or watch a tutorial IGenome 0
Genetics & Medicine SNP
Genomes & Maps Gene
Protein
Homology
- PubChem
Literature




Try This: Using NCBI BLAST

Locating adh1 on a chromosome

1. From the genome page, select Genome Data Viewer (previously known as Map Viewer).

& NCBI  Resources ™ How To ¥

Genome Genome [ [ Search |

Limits Advanced Help
I Genome
This resource organizes information on genomes including sequences, maps, chromosomes, assemblies, and
¥ annotations.
.
\\ -
1 -

Using Genome Custom resources Other Resources

Help Human Genome Assembly

Browse by Organism Microbes BioProject

Download / FTP Organelles BioSample

Download FAQ Viruses | Genome Data Viewer E 0

Submit a genome Prokaryotic reference genomes




Try This: Using NCBI BLAST

Locating adh1 on a chromosome

1. Within Genome Data Viewer home you can select your organism or species.

m U.S. National Library of Medicine NCBI National Center for Biotechnology Information

GDV is a genome browser supporting the exploration and analysis of

Genome Data Viewer

Caland mvmmminms o

Zea mays (maize) |

Zea mays (maize)

Oryzeae

Zea /.

@ oxtail millet

more than 600 eukaryotic RefSeq genome assemblies. €

Zea mays (maize) genome

maize

Acanthisittidae (New Zealand wrens)
\. sorghum

Search in genome

Location, gene or phenotype

Examples: adh1, chr1:278820000-278826000, DNA repair

Assembly

B73 RefGen_védwv

Browse genome | | BLAST genome




Try This: Using NCBI BLAST

Locating adh1 on a chromosome

1. Try searching the Zea mays genome for the adh1 gene.

m U.S. National Library of Medicine NCBI National Center for Biotechnology Information

. GDV is a genome browser supporting the exploration and analysis of
Genome Data Viewer

more than 600 eukaryotic RefSeq genome assemblies. €

Login

Select organism

Zea mays (maize) Zea mays (maize) genome
o Search in sename
. = H
maize I

Examples: adhl, chr1:278820000-278826000, DNA repair

sorghum Assembly

foxtail millet B73 RefGen_vawv




Try This: Using NCBI BLAST

The NCBI Map View search for adh1 on the maize genome produces these results. "ldeogram view" highlights
chromosome 1 to show that the adh1 gene is located on chromosome 1.

<3 NCBI Resources ¥ How To ¥ Sign in to NCBI

Zea mays: B73 RefGen_v4 (GCF_000005005.2) Chr 1 (NC_024459.2): 278,820,941 - 278,825,323
Reset All Share this page FAQ Help Browser Agreement Version4.4.1

255 —
6 7 8 9 10 MT Pitd

5
’«l Regionss | adh1 v | | NM_0011119392 v | | W I 4p 0000000000
u[l Gene Transcript Exc an exo i 0 0 se
o Snc_oaasezr Qo @ D @ i == RTools» L |LfTracks> & 2 ~

Genome Data Viewer

v Ideogram View

|278.821 K |278.821,508 |278.822 K |278,822,508 |278,823 K |278,823,500 [278.824 K |278.824 500 |278.825 K
Genes, NCBI Zea mays Annotation Release 10 2017-- 4w W ®
v Search -l - i--ES TN adnt +6)

Q- adht (=) Genes, INSDC annotation provided by Maize Genome S.. (4] [ ®
Enter a location, gene name or phenotype

B < g < o [——— K- — 1 —
» Search examples: £t < - | ZEAMME

RNA-seq exon coverage, aggregate (filtered), NCBI Zea mays Annotation Release 102 - log base 2 scaled

» Your Data oy
»ouast m

» Add Tracks RNA-seq intron-spanning reads, aggregate (filtered), NCBI Zea mays Annotation Release 102 - log base 2 scaled ¥
T HIIEEEI] EEET .
RNA-seq intron features, aggregate (filtered), NCB.. ®
b b b ptmsam | g I--I (M- N Y Iy E 7 N [
[ —zseaz |
|278.821 K [278.821.500 |27g.822 K |278.822.,500 [278.823 K |278.823.500 [278.824 K [278.824.500 |278.825 K

NC_024459.2: 279M..279M (4.4Kbp) /" ¥ Tracks shown: 6/669



Plant Species Sequence Databases

The advent of genomics has resulted in a number of plant species specific sequence databases. For this
lesson, Maize Genetics and Genomics Database (MaizeGDB) will be the focus.

Q/

MnaizeGDB



MaizeGDB

MaizeGDB was first released in 1991 (as MaizeDB) and has transitioned from a focus on curation of genetic
maps and stocks to the handling of reference maize genome sequence, multiple maize genomes, and
sequence-based gene expression data. MaizeGDB relies on the research community for data and on expertise
distributed across the USA. We recommend the use of an internet browser other than Internet Explorer (e.g.
Google Chrome) to access the MaizeGDB site.

1. Tutorials are available by clicking the video icon.

i

Chinese Version (£2%) FiDownload ?S‘Log in/Create account

Q/
mOIZ@GDB all data

MAIZE GENETICS AND GENOMICS [
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MaizeGDB: Tutorials

Useful tutorials are available to help the user familiarize with MaizeGDB.

" .0
MaizeGDB
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Try This: Using MaizeGDB

Perform a Basic Search

Similar to NCBI, the MaizeGDB is a composite database allowing you to search broadly among databases or to
restrict your query to a single database.

1. Open your web browser and go to https:/www.maizegdb.org.
2. Enter adh1 into the search box.
3. Press Enter or click the Search icon to search within all available data.

Click the image below to see a larger version.

@ Welcome to MaizeGDB X

& > C | & Secure I https://www.maizegdb.org 0

Q/
MmoizEGDB —e

MAIZE GENETIC ND GENOMIC

Home About » Community « Genome Browsers v Genomes » Tools w» Data Centers »

The AGP v4 genome has officially been published and released, To convert between the old GRMZM annotations and the new v4 Reference Assembly

Zm annotations you may use our translation tool or download the full gene model associations list between v3 and all other
assemblies in our database.
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Explore the Search Results

This search will lead you to a window containing various options.

1. Click on Locus Lookup (1) in the left-hand menu.
2. Click on Gene Models (15) in the left-hand menu.

Explore the other data available to you by clicking the links in the green box. Click the image below to see a
larger version.

MaizeGDB Data Search

| Gene Models (15) |
Variation (100) | Locus Lookup results based on:
Locus (8) ' Gene models:
Phenotype (4) | The Locus adh1 is between 273,983,286 and 273,986,641 on Chromosome 1 based on gene model GRMZM2G442658.
Reference (100)
Sequence (100)  Physically mapped: .
Stock (22) | The Locus adh1 has not been physically mapped.
Marker (3)

| Qunanume (19821 ggPlaced BACs:

- l @ 0\& Locus adh1 is not associated with physically mapped probes.
. T
EST (0) :Genetically mapped:
| The Locus adh1 is between 274,684,822 and 276,776,374 on Chromosome 1 based on the following nearest loci on the IBM2 2008
h dh1 is b d h based he foll I h

BAC(0) Neiahhars man that are nhusicallv nlaced: (TNPAN31 and RFA3G47A).

MaizeGDB Data Search

Gene Models (15) e.rene Search Results

ST |There are 15 genes/gene models matching the term adh1.
Locus (8) Results may include multiple versions and transcripts of the same gene model.

Phenotype (4) s " ¢

Reference (100)
Stock (22) No gene models were found matching the term adh1.

Sequence (100)




Access the Genome Browser

Access the genome browser to obtain information about maize adh1.

1. Type adh1 into the Search bar.
2. Select loci from the Search options.
3. Click the Search icon.

This time when the results load, you will see only the loci associated with adh1.

4. Click the link for adh1 alcohol dehydrogenase1 to take a closer look at the gene.

Click the image below to see a larger version.

Chinese Version (¥%4) FiDownload 5{(,Log in/Create account

0=— [©e

| quick search
- R R EE————————————— Al data e
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MaizeGDB Data Search
maps

| people/organizations

_ Gene Models (15) | Locus Search Results - Complete List | phenotypesimutants
» Variation (100) Here are the 8 loci matching the term adh1. | probes/markers
. Locus (8) -BACs
Phenotype (4) There are multiple exact matches to your search term: - clones
adh1 Zes diploperennis
Reference (100) adh1 Zea luxurians -ESTs
Sequence (100) adh1 Zes mays ssp. mays - overgos
| - SSRs
Stock (22) IlGene: adh1 alcohol dehydrogenasel own by these names: Adh, adh1, Adh-1, Adh2, alcoho! R
Marker (3) At - e Q. 250_1, 10P1964, IDP35, magi75238, npi21-adh1, npi21(adh1), | Proy .
Synonyms (1263) 1 pc496a(adh), umc1726, umc(adhl)) | QTL experiments
i Locus Lookiip (1 references v
el | p (1) Gene candidate: adh1 alcohol dehydrogenasel (also known by these names: adhi, alcohol dehydrogenasel) T "

QTL (0)

" EST (0) Gene candidate: adh1 alcoho! dehydrogenasel (also known by these names: adhi, alcohol dehydrogenasel)

w’“ BAC (0) intron: adh1 intron1 (also known by these names: adh1 intron1)

- g Sene oot G: fdh1 f Idehyde dehyd h (also ki by th CL1875_1b, fadhi, fdh

P ene: ormaldehyde dehydrogenase homologl (also known by these names: CL1 _1b, fadhi, 1, [re——— -
Web Resources (0) for dehyde dehydr 1, IDP332)
Person (0)
Map (0) Chromosomal Segment: marzadh1 matrix associated region, near adhl (also known by these names:

i MARZadh1, matrix associated region, near adhl)

Clone Library (0)
QOvergo (0) Probed Site: npi(adh1) (also known by these names: npi21-Adhl, npi(adh1))
;’s":g“’; (0 YAC: yac119e3(adh1) (also known by these names: YAC119E3(adh1))

Trait (0)



Explore the Gene Record

The locus record screen provides detailed information on the adh1 gene. Explore the genetic information for
adh1 alcohol dehydrogenase1.

1. Click on Chromosome Coordinates when ready to proceed.

Click the image below to see a larger version.

Gene record

Report an assembly error Report a gene model error Gene
" 5 ¥| Overview
GRMZM2G442658 (adhl - alcohol dehydrogenasel) [Classical Gene List] 7 i
¥ [Chromosome Coordinates o
cenemonel sequence  (ICENETICTNFORMATIONT j S

- v
Note: A gene is a specific type of locus; the word "gene” should not be considered to be synonymous with "locus”. Nearby Loc
#! Allele/variation/polymorphism
¥ Genetic information
¥| References

- Overview | external Links

Gene name: adhl (alcohol dehydrogenasel)

Synonyms: Adh (per Schwartz, D), Adh-1 (per Various), Adh2 (per Scandalios, J), AY111936, bnl(adh1), CL22280_1, IDP1964,

IDP35, magi75238, npi21-adhl (per Wright, S), npi21(adh1) (per Wright, 5), PCO141653, rgpcd496a(adh), umc1726, umc(adhl)

(per Burr, B)

Gene Products: Open Previous Search Results
alcohol dehydrogenase




See Details in Locus Lookup

The page will scroll down to the Locus Lookup section.

1. Click on Show details to expand this section of the results.

Click the image below to see a larger version.

Locus )Olooltup
Based on AGI's B73 RefGen_v2 sequence

Locus Lookup results based on:

Gene models:
The Locus adh1 is between 273,983,286 and 273,986,641 on Chromosome 1 based on gene model

lSee details o

Physically mapped:
The Locus adh1 has not been physically mapped.
See details

Placed BACs:
The Locus adh1l is not associated with physically mapped probes.
See details

Genetically mapped:

The Locus adh1l is between 274,684,822 and 276,776,374 on Chromosome 1 based on the following nearest loci on
the IBM2 2008 Neighbors map that are physically placed: (IDP3031 and BE639426).

See details

' Map Coordinates

indirstac tha lamie ic An tha harlbhanal



Expanded Details in Locus Lookup

When the details have loaded, explore the available information.

Note the position of adh1 based on “AGIs B73 RefGen_v2 sequence” (adh1 is located between 273,983,286 and
position 273,986,641 on chromosome 1.

1. Click on the map image to launch the MaizeGDB genome browser.

Click the image below to see a larger version.

Locu.ryo Lookup

Based on AGI's B73 RefGen_v2 sequence

Locus Lookup results based on:

Gene models:

The Locus adh1 is between 273,983,286 and 273,986,641 on Chromosome 1 based on gene model
GRMZM2G442658.

Hide details

This region is 3,355 base pairs. Click on images to go to the MaizeGDB genome browser.

Genome View: Jome Browser View:
Chril: 273,983,286 to - 986,641 \ Ched 1273583265, . 273965641

273384k, 27335%. 273386k,

B73 RefGen.v2 [from HGSC and AGI]
B73 RefGen_v2
ACLA0917.3

Foreign Contanination [blue when nitochendrial, else red]
B73 RefGen.v? Gene Hodels: Filtered Gene Set {(green) and Worki
GRHZNZGAI25T8
GRIZHIGA42558
42650, 701 — Il R
2638 TR — "R 4
M25E_TE R R, T R, 4
Ad2e85_Ted -~ R RN R . 4
BA2UIE_TS e _ 2~ — 8- 4
M T — SRR T .4
bbbl R o b i & o B e |
RN 20442656 T06 . — 1

1 2 3 4 5 6 7 & 9 10 UNMAPPED




View Datasets in the MaizeGDB Genome Browser

The MaizeGDB Genome Browser is displayed. Click the image below to see a larger version.

1. Here you can use the other datasets available in MaizeGDB including B73 RefGen_v1 sequence, B73
RefGen_v3 sequence, B73 RefGen_v4 sequence, and BAC-based genome assembly.

Y

Chinese Version (£X#%) FDownioad ?‘ILOQ in/Create account

Search

mcizeGDB =

ENETICS ANE

Community v Genome Browsers » Genomes v Data Centers Search  Feedback

File Help Log in / create account

=
Maize B73 RefGen_v2: 3.356 kbp from Chr1:273,983,286..273,986,641

The region shown in the Genome Browser window below lies at approximately 323.8 cM on the ISU Integrated IBM 2009 genetic map for chromosome 1. This region (from
273,983,286 to 273,986,641 bp) represents <1cM. @

GO TO THE GO TO THE GO TO THE MALAL ?;gi'o‘,,';{ NN
B73_REFGEN_V1 BROWSER B73_REFGEN_V3 BROWSER B73_REFGEN_V4 BROWSER malzesequence. 0

SEE THIS REGION AT

GENOMAIZE

FSU

GBrowse2 Documentation Browser Select Tracks Snapshots Community Tracks Custom Tracks Preferences
B Search

Landmark or Region

Chr1:273,983,286..273,986,641 Search

Locus Lookup:

Locus Lookup Design PCR primers v | Configure... | Go
Examples : Chr1:34,400.230,000, Chr2:2,000,000.4,000.000, Chr3:194343000..194350000, Save Snapshot | Load Snapshot |

UNMAPPED:34,400..530,000, Centromere1, GRMZM2G100969, GRMZM5G859979, GRMZM5G816453,
MAGIv4.0_76504, AC177838.2, GRMZM2G104572_T01, GRMZM2G089944, Chr1:2993000..3044000, mu-
illumina_11900, Mt:59000..86000, Cp:50000..130000, MIR2118e, K4L2.

sl
[aize B73 RefGen v2 = 0 ScrolliZoom: << € Show 3.356 kbp ¥ 212 CFnp

B Overview
Chri
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MaizeGDB Study Questions

Find the position of adh1 on chromosome 1 in "B73 RefGen_v1 sequence" and "BAC-based genome
assembly.”

B73 RefGen_v2 sequence: Between 273,983,286 and 273,986,641
B73 RefGen_v1 sequence: Between and
BAC-based genome assembly: Between and

What might be the reason for the discrepancy in adh1 position among the three datasets?

Enter your answer here.




Navigate to BLAST

Next, we will conduct a BLAST search for adh1 in maize GDB using adh1 mRNA from GenBank.

1. In the navigation bar, hover over Tools
2. Then click the BLAST button.

Click the image below to see a larger version.

Chinese Version (%) [MiDownload “4Log in/Create account

Search

all data

Community v Genome Browsers v Genomes v Data Centers v Search Feedback

Tools at MaizeGDB

Report an assembly or gene model structure problem.

File Help
SNPversity allows you to compare SNPs across a

diverse selection of inbred lines.

SNPversity
a2
Maize B73 RefGen_v2: 3.356 kbp from Chr1:273,983,286..273,986,641

e BLAST I BLAST allows you to simultaneously BLAST datasets at
The region shown in the Genome Browser window below lies at approximately 323.8 cM on the ISU I\ many different websites.

273,983,286 to 273,986,641 bp) represents <1cM @ §
Metabolic Pathways

GO TO THE GO TO THE GO TO THE R TSN
B73_REFGEN_V1 BROWSER B73_REFGEN_V3 BROWSER B73_REFGEN_V4 BROWSER maizesequence.org
SEE THIS REGION AT

IMAIZE CornCyc
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GBrowse2 Documentation Browser Select Tracks Snapshots Community Tracks Custom Tracks Preferences PMN
B Search
Landmark or Region :

Chr1:273,983,286..273,986,641 | Search Other MaizeGDB Tools

Locus Lookup:

Locus Lookup Design PCR primers{
Examples : Chr1:34,400.230,000, Chr2:2,000,000..4,000,000, Chr3:194343000..194350000, Save Snapshot | L}
UNMAPPED:34,400.530,000, Centromere1, GRMZM2G100969, GRMZM5G859979, GRMZM5G816453, Bin viewer Locus lookup Locus pair lookup
MAGIv4.0_76504, AC177838.2, GRMZM2G104572_T01, GRMZM2G089944, Chr1:2993000..3044000, mu-
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Data Source « ¢
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Input the BLAST Parameters

||
-~
e

1. Enter the adh1 mRNA sequence in FASTA format in the box.

2. Use the default parameters to search for adh1 and click the BLAST button.

MaizeGDB BLAST

The GenBank BLAST targets have been removed.
Please use the NCBI BLAST tool to BLAST against GenBank targets.
BLAST up to 5 sequences of up to 35,000 bp total length against maize datasets. @

Other BLAST pages: Gramene.org, PlantGDB, NCBI, Panzea

“4, Step 1: input your sequences (Raw, FASTA, or Genbank IDs) @

Sequence type: * Nucleotides Amino Acids
Fnter vour seauence: (examnle) 0

/.

or upload from file: | Choose File \ No file chosen [Clear séquehce\
"4 Step 2: select datasets @

All supported %

Select a dataset v

B73 RefGen_v4 (CSHL) Remove|

gy Step 3: select BLAST parameters @

Optimize for: ® High similarity ' Low similarity *’ Short sequences
advanced settings

o Step 4: select output type @

* Enhanced output '’ BLAST table output ' BLAST text output

(2] BLAST >> e

E-mail (optional) @

Name your sequence (optional)

Reset form|

recent queries
{none)
[see all]

Overview of BLAST

Basic Local Alignment Search
Tool, or BLAST, is an algorithm for
comparing similarity in biological
sequences, It operates on such
sequences as the sequence of
amino acids in proteins or the
sequence of nucleotides of DNA or
RNA molecules.

Learn more about BLAST here,

The BLAST home page is here.

¥

2



View the BLAST Results

The table of BLAST results includes information on chromosomes, probability values, sequence identity, and the
number of likely candidates (hits). Also, you can view a representation of the entire genome in the context of

where adh1 may be located.

1. Click the arrow next to “Whole genome view” to see the entire genome in context of where adh1 may be
located.

Edit this query and re-submit

@ Result set name :[BLAST. 03-Jul-2018 14:47 |[change name|

& Saved for 1 week here hnps://\'n-m.maizegdbAorg/popcom/search/sequence_search/showsetresuIts.php?job_
@ © Query sequence

B73 RefGen_v4 (CSHL)

Input parameters: E-value cutoff: 1e-4, max hits: 500
Description: BLAST was executed at MaizeGDB, against the sequence database B73 RefGen_v4 (CSHL), using BLAST program
blastn.
B73 Reference Genome, assembly B73 RefGen_v4
Please cite Jiao, Y et al. (2017) if you use these data.

(Click & for more information.)

& Query sequence 1: gi|162463221|ref|[NM_001112073.1| Zea mays liguleless1 (Ig1), mRNA
Target summary table

Target ID  definition e-value percent identity
Chr2 Chr2 0

Chr10 Chr10 3.834e-158 83.02
Chré Chré 1.634e-37 86.27
Chr9 Chr9 1.272e-33 85.23
Chr5 Chrs 1.272e-33 84.87
Chra Chra 2.754e-30 83.55
Chr8 Chr8 1.005e-19 81.48
Chr3 Chr3 4.674e-18 80.74
Chr7 Chr7 2.813e-15 80.00
Chr1 Chr1 7.877e-11 81.25

Download target sequences as fasta
IWhoIe genome view

§2 Visual alignment for Chr2
70 Alignment details for Chr2

PUWUWNNNNWNS G

recent queries
(none)

[see all]
Overview of BLAST

Basic Local Alignment Search
Tool, or BLAST, is an algorithm for
comparing similarity in biological
sequences. It operates on such
sequences as the sequence of
amino acids in proteins or the
sequence of nucleotides of DNA or
RNA molecules.

Learn more about BLAST here.

The BLAST home page is here,



Explore the Whole Genome View

The whole genome view allows visualization of the 10 chromosomes of maize including, the predicted position
match the adh1 sequence.

1. Click on "Chr1" corresponding to the red box on Chromosome 1 (E-value = 0).
2. Now, click on "View at MaizeGDB", next to the hit on Chr1.

A Query sequence 1: NM_001111939.2 Zea mays alcohol dehydrogenase 1 (adh1), mRNA
Target summary table

Target ID definition e-value percentidentity #
Chri1 Chr1 0 100.00 28
Chra Chra 1.533e-68 81.62 16
Chri0 Chri0 7.387e-42 94.02 6
Chr5 Chr5 5.875e-23 81.82 13
Chr3 Chr3 4.606e-14 94.55 6
Chr2 Chr2 2.143e-12 90.32 7
Chr9 Chr9 7.708e-12 94.12 5
Chr7 Chr7 2.772e-11 92.45 5
Chr8 Chr8 9.971e-11 92.31 4
Chré Chré 4.639e-9 90.38 7
UNMAPPED UNMAPPED 4.639e-9 91.84 2

Download target sequences as fasta
) Whole genome view

Hits displayed by strength: red (strong) to green (weak)
kb
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Visual alignment for Chr1
) Alignment details for Chr1

Alignment details for hit #1 for Chr1 e View at MaizeGDB|
Score = 465 bits (859.812), Expect = @ -

Identities = 465/465 (1.0000%), Gaps = © (0.0000%)
Strand = Plus / Minus

Query 1315 AGGAGCTGGAGGTGGAGAAGTTCATCACGCACAGCGTCCCGTTCGCCGAGATCAACAAGG 1374

FOLEEEEEEEEE e e e e e e e e e e e e e e e e e e e el
sbjct 278821785 AGGAGCTGGAGGTGGAGAAGTTCATCACGCACAGCGTCCCGTTCGCCGAGATCAACAAGG 278821726

Query 1375 CGTTCGACCTGATGGCCAAGGGGGAGGGCATCCGCTGCATCATCCGCATGGAGAACTAGA 1434

FEEREEREERREEE e e e e e e e e e e e e e e e e e ereeen
sbjct 278821725 CGTTCGACCTGATGGCCAAGGGGGAGGGCATCCGCTGCATCATCCGCATGGAGAACTAGA 278821666

Query 1435 TTTCGCTGTCTAGTTTGTGATCTGGCCTGGGCTTGGGGTTAATAAAAGAGGCAATGCTAG 1494

R
sbjct 278821665 TTTCGCTGTCTAGTTTGTGATCTGGCCTGGGCTTGGGGTTAATAAMAGAGGCAATGCTAG 278821606

Query 1495 CCTGCCCTTTCGATGAGGAGGTACATACACGCTGGCGATGGACCGCGCTTGTGTGTCGCG 1554

N
sbjct 278821605 CCTGCCCTTTCGATGAGGAGGTACATACACGCTGGCGATGGACCGCGCTTGTGTGTCGCG 278821546

Query 1555 TTCAGTTTGGCTTTTGCCAAGCAGTAGGGTAGCTTCCCGTGTCGGTAATTATATGGTATG 1614

FEEEEERREEEEEE R e e e e e e e e e e e e e e e e e e e ereeen
sbjct 278821545 TTCAGTTTGGCTTTTGCCAAGCAGTAGGGTAGCTTCCCGTGTCGGTAATTATATGGTATG 278821486

Query 1615 AACCATCACCTTTTGGCTCTACATGGTATGAACGTAAGATACAAATTCCAACTACCTCTA 1674

FEEREEREEEREEE R e e e e e e e e e e e e e e e e e e e e e e e
Sbjct 278821485 AACCATCACCTTTTGGCTCTACATGGTATGAACGTAAGATACAAATTCCAACTACCTCTA 278821426

Query 1675 GCTCGCTTGTGTGGTATCTGTATCAGTATTCATGTGTTTGTTTGCTTATGTGTTTIGTTTG 1734

FEEEEEREEEREEE R e e e e e e e e e e e e e e et
sbjct 278821425 GCTCGCTTGTGTGGTATCTGTATCAGTATTCATGTGTTTGTTTGCTTATGTGTTTGTTTG 278821366

Query 1735 TATCGCGGGATGCAATGAGTTGTTG 1779

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
sbjct 278821365 TCGCGGGATGCAATGAGTTGTTG 278821321



Change the Data Source

The selection you made on the last screen will open a new window containing information on the position of
adh1 and data sources.

1. Click on the pull-down menu of “data source” (arrow) to explore other data sets.
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Maize B73 RefGen_v2: 3.356 kbp from Chr1:273,983,286..273,986,641
The region shown in the Genome Browser window below lies at approximately 323.8 cM on the ISU Integrated IBM 2009 genetic map for chromosome 1. This region (from
273,983,286 to 273,986,641 bp) represents <1cM. @
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B Search
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UNMAPPED:34,400..530,000, Centromere1, GRMZM2G100969, GRMZM5G859979, GRMZM5G816453,
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BLAST Study Questions

Find the position of adh1 using BLAST results and all versions of datasets. Compare BLAST results
with maize genome browse results. If the results are not similar, what might be the reason for the
differences?

Position of the adh1 locus in:

B73 RefGen_v2 sequence

Maize genome browse result: Between 273,983,286 and 273,983,641

BLAST: Between and

B73 RefGen_v1 sequence

Maize genome browse result: Between 272,905,082 and 272,905,552

BLAST: Between and

BAC based genome assembly

Maize genome browse result: Between 262,399,900 and 262,556,700

BLAST: Since the introduction of the pseudomolecule, the BAC based genome assembly is no longer
supported.



Possible Explanation for BLAST Study Question Results

One reason for discrepancies might be that there are in this genomic region several copies of the gene
(eventually ancient duplication no longer actively transcribed due to mutations or whatever). Depending on the
origin of your query sequence you use to find the gene, they might show different hit scores from these versions
of the gene. As for the version2 pseudo- molecule the location seems to be quite similar...

"
Maze BT RetGen_vi

Deowner Select Tracks  Soapabots Cormrurdty Tracks Costom Tacks  Prefersnces

B S

Larwwart > Voges
-h! e M PCH e -
Cesepben Chel 4 4% X 332 008 300 4 000,00 MH000 134240008 e Py —
PMASPE [ ! ROt AT Y 41 TR0, : . - - . -
VAG 242

Duta Source un '
Paoe K0 Fantt ScrsiZoon Showdlity * e

The following 2 reglons match your request,

by

i

Fig. 1 Screenshot of the BLAST search output page.



Multiple Sequence Alignment

Some of the key steps in building a multiple alignment include:

1. Obtaining the sequences to align by database searching
2. Running the multiple alignment program and,
3. Identifying the residues that differ or are conserved among the sequences (finding polymorphisms)

Enter the NCBI site and use the following steps to guide your activity.



Try This: Multiple Sequence Alignment

Search the NCBI Website for the Allelic Sequences

Find the allelic sequences for a maize gene. Here we will use teosinte branched1 (tb1) gene from maize as an
example.

1. Open your web browser and go to https:/www.ncbi.nlm.nih.gov/.
2. Enter tb1 AND Zea[orgn] into the search box.
3. Press Enter or click Search.

/ & National Center for Biote X '\

= e - o

€ > C | @ Secure | https://www.ncbi.nlm.nih.gov o

& NCBI  Resources® How To @

Signin to NCBI

-
dNCBl All Databases v Itb1 AND Zea[orgn] e \ me

National Center for
Biotechnology Information
NCBI Home Welcome to NCBI Popular Resources

Resource List (A-Z) The National Center for Biotechnology Information advances science and health by providing access to PubMed
A Rsiiinss biomedical and genomic information Bookshef

Chemicals & Bioassays About the NCBI | Mission | Oi ization | NCBI News & Blog PubMed Central



https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/

Narrow the Search Results

1. Select PopSet (population data sets).

U.S. National Library of Medicine

National Center for Biotechnology Information

Search NCBI databases

| tb1 AND Zea[orgn] X m

Results found in 12 databases for tb1 AND Zea[orgn]

Literature

Bookshelf 1 Books and reports

MeSH 1 Ontology used for PubMed indexing

NLM Catalog 0 Books, journals and more in the NLM
Collections

PubMed 57 Scientific and medical abstracts/citations

PubMed 266 Full-text journal articles

Central

PubMed Health 0 Clinical effectiveness, disease and drug reports

Genes

EST 0
Gene 8
GEO 1
DataSets

GEO Profiles 0

HomoloGene 0

Expressed sequence tag sequences
Collected information about gene loci

Functional genomics studies

Gene expression and molecular abundance profiles

PopSet 18

Homologous gene sets for selected organisms o
Sequence sets from phylogenetic and population

studies I

UniGene 1

Clusters of expressed transcripts



Choose the Specific Search Result

2. Select the result containing 17 aligned sequences of th1 partial cds from a population study. (UID
209362237)

Summary v 200 per page v Sendto: ~  Filters: Manage Filters

Find related data

Database: | Select v

Search results
Items: 18

[ Zea mays subsp. mays teosinte branched 1 protein (tb1) gene, partial cds. e
1. population study, 17 aligned sequences

UID: 209362237 Search details
Protein PubMed Taxonomy

‘("Thyridaria broussonet
|OR tb1[All Fields]) ANC

Zea mays subsp. mays unknown gene

2. population study, 61 aligned sequences
UID: 209362113
Protein PubMed Taxonomy

| Search [
[l Zea mays subsp. mays putative zinc-finger protein gene, partial cds.

3. population study, 61 aligned sequences 5 =y
UID: 209361769 Recent activity

Protein PubMed Taxonomy

Q tb1 AND Zeaforgn] (18)

4. population study, 19 aligned sequences
UID: 209361731
Protein PubMed Taxonomy

[No title available]

5. phylogenetic study, 25 aligned sequences
UID: 42601454
Protein PubMed Taxonomy



Explore the Alignment

Scroll down to see the alignment of the 17 tb1 partial cds.

1. Click the + sign until you can see the nucleotides.
2. Click the arrow to pan right in the sequences until you can see the region between 1500 and 1530.

Alignment

4

&  1-2,669 (2,669 bases shy

Description | Marker Seq. oual First | Org. Name |Last | Seq. End Seq. Led
1.681 1,690 1,700 1.714
| LIT] LT T LT (L PO P LT P
FJ201118.1 > 1498 A ETC Zea mays subsp. mays 1,501 2,686 2,686
FJ201119.1 > 1496 A ET€ Zea mays subsp. mays 1,499 2,684 2,684
FJ201120.1 L= 149 a ETC Zea mays subsp. mays 1,499 2684 2,684
FJ201121.1 > 1,496 a ETeTeTE Zea mays subsp. mays 1,503 2,688 2,688
FJ201122.1 > 1,496 A EIeTCTE Zea mays subsp. mays 1,503 2,688 2,688
FJ201123.1 > 1,498 A Zea mays subsp. mays 1,498 2,682 2,682
FJ201124.1 > 1498 a Zea mays subsp. mays 1,498 2,682 2,682
FJ201125.1 > 1,496 ANNICICICICICICICIOIORONENCTeTCTC Zeca mays subsp. mays 1,529 2714 2714

[RY ATy PN TN Y Ty TN JUTY Y ETY pRFY Y pETY Y Ty PRy Y

FJ201126.1 > 1499 a Zea mays subsp. mays 1,499 2683 2,683
FJ201127 1 > 1,498 A Zea mays subsp. mays 1,498 2682 2,682
FJ201128.1 > 1,496 A IICIEIOISICICIOINEIENCTETCTE Zca mays subsp. mays 1,528 2,713 2,713
FJ201129.1 > 1,496 A ETeTeTe Zea mays subsp. mays 1,503 2,688 2,688
FJ201130.1 L= 1,679 EEEECTeTCTC Zea mays subsp. mays 1,689 2874 2874
FJ201131.1 > 1,498 a Zea mays subsp. mays 1,498 2,682 2,682
FJ201132.1 L= 1,498 a Zea mays subsp. mays 1,498 2,682 2,682
FJ201133.1 > 1,500 a EETIETCTE Zea mays subsp. mays 1,508 2,693 2,693
FJ201134.1 L 1,498 a Zea mays subsp. mays 1,498 2682 2,682



Multiple Sequence Alignment Study Questions

Review your output from this activity.

FJ201118.1 »>E
FJ201119.1 >3
FJ201120.1 »E
FJ201121.1 >
FJ201122.1 »E
FJ201123.1 »E
FJ201124.1 >
FJ201125.1 »E
FJ201126.1 »E
FJ201127.1 >
FJ201128.1 »E
FJ201129.1 »H
FJ201130.1 »E
FJ201131.1 > &
FJ201132.1 >3
FJ201133.1 >
FJ201134.1 >

—h b b wh b b wh b b b b o wh b -

1,498
1.496
1,496
1,496
1,496
1,498
1,498
1,496
1,499
1,498
1,496
1,496
1,679
1,498
1.498
1,500
1,498

1,681 1.690 1 ;:-o 1.?\41
vy e ey
BIe Zea mays subsp. mays
ene Zea mays subsp. mays
B¢ Zea mays subsp. mays
BERECNE Zea mays subsp. mays
BEOEeIe Zea mays subsp. mays
Zea mays subsp. mays
Zea mays subsp. mays
A Teme e Zea mays subsp. mays
Zea mays subsp. mays
Zea mays subsp. mays
e eeTe Zea mays subsp. mays
semene Zea mays subsp. mays
EEECIEReNe Zea mays subsp. mays
Zea mays subsp. mays
Zea mays subsp. mays
EENERCTe Zea mays subsp. mays
Zea mays subsp. mays

””’P’{

PPy PPy

1,501
1.499
1,499
1,503
1.503
1,498
1,498
1,529
1,499
1,498
1,528
1,503
1,689
1,498
1.498
1,508
1,498

2,686
2684
2,684
2,688
2,688
2,682
2,682
2714
2,683
2682
2713
2,688
2,874
2682
2682
2,693
2682

Is the sequence present between position 1,500 and 1,530 suitable as a marker?

O No
O VYes

What type of polymorphism is this?

|

What detection strategy would you use to detect the polymorphism?

|

2,686
2684
2,684
2,688
2,688
2,682
2,682
2714
2,683
2,682
2,713
2,688
2,874
2,682
2682
2,693
2,682



Finding Polymorphisms
Using Clustal Omega

To detect polymorphisms in a set of candidate genes requires a program that aligns multiple sequences.
Clustal Omega is one of the commonly used programs. Clustal Omega is a hierarchical multiple alignment
program that combines a robust method for multiple sequence alignment with a user-friendly interface. There
are different webservers that provide access to Clustal Omega. For this lesson we will use the European
Bioinformatics Institute webserver. Clustal Omega can also be downloaded to a personal computer for more
routine use. The following is an example of how to use Clustal Omega to detect polymorphisms.



Try This: Using Clustal Omega

Search the NCBI Website

1. Go to the NCBI website and search for th1 AND Zea[orgn].
2. Click Search

Biotechnology Information

- 3 - >
Lo NCBI All Databases v [tb1 AND Zeaforgn] c |ﬁe
National Center for b -

NCBI Home Welcome to NCBI Popular Resources
Resource List (A-Z) The National Center for Biotechnology Information advances science and health by providing access to PubMed
AllResatirces biomedical and genomic information. Bookshelf
Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News & Blog PubMed Central



https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/

Explore the Search Results

1. Select PopSet (population data sets).

) U.S. National Library of Medicine

National Center for Biotechnology Information

Search NCBI databases

’ tb1 AND Zealorgn] X m

Results found in 12 databases for tb1 AND Zea[orgn]

Expressed sequence tag sequences
Collected information about gene loci

Functional genomics studies

Gene expression and molecular abundance profiles

Homologous gene sets for selected organisms

Literature Genes
Bookshelf 1 Books and reports EST 0
MeSH 1 Ontology used for PubMed indexing Gene 8
NLM Catalog 0 Books, journals and more in the NLM GEO 1
Collections DataSets
PubMed 57 Scientific and medical abstracts/citations GEO Profiles 0
Full-text journal articles
PubMed 266 = Ll : HomoloGene 0
Central
PopSet 18
PubMed Health 0 Clinical effectiveness, disease and drug reports I

Sequence sets from phylogenetic and population
studies

UniGene 1

Clusters of expressed transcripts



Select the Population Set

1. Click on the population set we studied earlier (UID 209362237)

Summary + 200 per page ~

Search results

Items: 18

population study, 17 aligned sequences

UID: 209362237
Protein PubMed Taxonomy

~ @

Zea mays subsp. mays unknown gene.

population study, 61 aligned sequences
UID: 209362113
Protein PubMed Taxonomy

Zea mays subsp. mays putative zinc-finger protein gene, partial cds.

population study, 61 aligned sequences
UID: 209361769
Protein PubMed Taxonomy

population study, 19 aligned sequences
UID: 209361731
Protein PubMed Taxonomy

[No title available]

phylogenetic study, 25 aligned sequences
UID: 42601454
Protein PubMed Taxonomy

Add new comment

Sendto: v

Filters: Manage Filters

Find related data
Database: | Select v

Search details

‘7("Tl'|y7ridaria broussonet
|OR tb1[All Fields]) ANC

| Search |

Recent activity

Q tb1 AND Zeaforgn] (18)


https://pbea.agron.iastate.edu/course-materials/molecular-plant-breeding/introduction-bioinformatics/select-population-set#comment-form
https://pbea.agron.iastate.edu/course-materials/molecular-plant-breeding/introduction-bioinformatics/select-population-set#comment-form

Create a FASTA File

Create a FASTA file of the 17 tb1 sequences.

1. Click the pull-down menu Send to: at the top right of the screen
2. In the menu that appears, select File for the destination

3. Select the FASTA format

4. Finally, click Create File.

N
Send to: «
Choose uestination ita set
H o F'Iel Clipboard iment
ne, partial —_— Pos
Collections Analysis Tool

Download 1 items.

: S Ig this data
FASTA x tular evolutic

l Create File b tepsinthe T

R
varf8 region in maize: o

Tenaillon,M.L

Other data sets from this
Zea mays subsp. mays unknc



Access Clustal Omega

Access the Clustal Omega program through EMBL-EBI.

1. Click the Services link
2. Under Browse by type, click DNA & RNA

* EMBL- £2 Research & Training © About us EMBL-EBI

27 million
EM BL_EBI ; SN ) Average requests per day to EMBL-EBI websites.

More about EMBL-EBI’s impact in our annual report »

hd a tool for your data Share your scientific data with the

More about EB : analysis. world.

All Find a gene, protein or chemical %, Find a tool » £ Deposit data

Example searches: blast keratin bfl1

Overview Data submission

The European Bioinformatics Institute (EMBL-EBI) maintains the world’s most comprehensive range of freely

I available and up-to-date molecular data resources.

Developed in collaboration with our colleagues worldwide, our services let you share data, perform complex queries and analyse the results in
different ways. You can work locally by downloading our data and software, or use our web services to access our resources programmatically.

— You can read more about our services in the journal Nucleic Acids Research

Search all tools & data resource rOWSG by type

DNA & RNA
Gene Expression Proteins

¢ Tools & Data Resources | a

Tools Data resources



https://www.ebi.ac.uk/
https://www.ebi.ac.uk/

Perform Alignment

Perform alignment of th1 partial cds using Clustal Omega. Within the Clustal Omega window you have the
option of pasting sequences, or uploading files containing your sequences in FASTA format. We will upload the
FASTA file you created in Step 2. As you may notice in this window, the default is set as “PROTEIN.” Since you
wish to align th1 DNA sequences, you must change this parameter. Upload your file and click Submit.

1. Click Clustal Omega

2. Select DNA from the dropdown

3. Click Choose File to browse for the file you created.
4. Click Submit

Overview AtoZ Data submission Support

DNA & RNA | View all tools and data resources »

Tools & Data Resources

Q, |Filter these tools & data resourt

Tools Data resources
BLAST [nucleotide] — DGVa DG
- NCBI
Fast local similarity search tool for A repository that provides archiving, accessioning and
nucleotide sequence databases. distribution of publicly available genomic structural variants, in
all species.

Sequence similarity search

0.
Clustal Om ega ((S( I
Q A service for permanent archiving and

Multiple sequence alignment of DNA or \CLUSTAL) sharing of all types of potentially identifiable genetic,
protein sequences. Clustal Omega replaces the older molecular and phenotypic data resulting from biomedical
ClustalWV alignment tools. research projects.

Multiple sequence alignment

ENA ENA



STEP 1 - Enter your input sequences

Enter or paste a set of

PROTEIN v
PROTEIN

9—
~<INA

Or, upload a ﬁleil Choose File | e chosen See example inputs

STEP 2 - Set your parameters

OUTPUT FORMAT

’ ClustalW with character counts v

The default settings will fulfill the needs of most users.

(Click here, if you want to view or change the default settings.)

STEP 3 - Submit your job

(] Be notifizga email (Tick this box if you want to be notified by email when the results are available)



Explore the Output

It will take a moment before you obtain a report of your job request. You can click and save the “Your Job
Output” URL to view your results for up to seven days.

1. Click the Job ID link

2. You can click the Download Alignment File but that is not necessary for this activity
3. Click Result Summary

Your job is currently running... please be patient

The result of your job will appear in this browser window.

Job 1D [clustalo-120180712-160918-0487-55474579-p1m o

Please note the following

« You may press Shift+Refresh or Reload on your browser at any time to check if results are ready.
« You may bookmark this page to view your results later if you wish.
« Results are stored for 7 days.

Results for job clustalo-120180712-161111-0992-19931388-p2m

me Result Summaryl Phylogenetic Tree ' Submission Details

Download Alignment File 'ef result with Jalview = Send to Simple Phylogeny Send to MView

CLUSTAL 0(1.2.4) multiple sequence alignment

Fl281130.1 GGCTTGCCCCCATGTACAACTTTATGTCTGCGATAATATAGGAGTAGTTGGGCLCTLTGLT 60
FJ201133.1 GGCTTGCCCCCATGTACAACTTTATGTCTGCGATAATATAGGAGTAGTTGGGCCTCTGLT 50
FJ201121.1 GGCTTGCCCCCATGTACAACTTTATGTCTGCGATAATATAGGAGTAGTTGGGCCTLTGLT 60
FJ201122.1 GGCTTGCCCCCATGTACAACTTTATGTCTGCGATAATATAGGAGTAGTTGGGCCTCTGLT 50

FJ1201125.1 GGCTTGCCCCCATGTACAACTTTATGTCTGCGATAATATAGGAGTAGTTGGGCLTLTGLT 60



View Result with Jalview

1. Click View result with Jalview

2. Once Jalview opens, click Colour then Nucleotide
3. Use the scroll bar to navigate to the alignment.

4. Scroll to align the region from 1680 to 1740.

Results for job clustalo-120180712-161111-0992-19931388-p2m
Alignments Phylogenetic Tree = Submission Details

Input Sequences Jalview
clustalo-120180712-161111-0992-19931388-p2m.input a T "L_I

Tool Output /
clustalo-120180712-161111-0992-19931388-p2m.output Simple Phylogeny

Alignment in CLUSTAL format with base/residue numbering = gonq 1o Simple Phylogeny (

clustalo-120180712-161111-0992-19931388-p2m _clustal num . =
¢ MView
Phylogenetic Tree

clustalo-120180712-161111-0992-19931388-p2m.ph Send fo MView L&
Percent Identity Matrix

clustalo-120180712-161111-0992-19931388-p2m.pim




5 Jalview 2.10.4b1

File Tools Vamsas Help Window

| £ http://www.ebi.ac.uk/Tools/services/rest/clustalo/result/clustalo-120180712-161111-0992-19931388-p2m/al... | = | = |&
File Edit Select View Annotations Format Colour Calculate Web Service

s ' v Apply Colour To All Groups

! 50 BID
FU201130.4/9-2874 GGCTTGCCCCCATGTAC

' 1 '
AGTAGTTGGGCCTCTGCTAAA A

FU201123.9/1-2682 GGCTTGCCCCCATGTAC
FU201127.4/1-2682 GGCTTGCCCCCATGTAC
FU201134.4/9-2682 GGCTTGCCCCCATGTAC
FU201131.4/9-2682 GGCTTGCCCCCATGTAC

Consensus

Helix Propensity
Strand Propensity
Turn Propensity

Buried Index

Nucleotide

Purine/Pyrimidine

FU201135.4/1-2692 GG CTTGCCCCCATG TAC Text Colour... AGTAGTTGGGCCTCTGCTAAA
FJ201121.4/1-2688 GGCTTGCCCCCATGTAC AGTAGTTGGGCCTCTGCTAAA
FJ201122.4/1-2688 GGCTTGCCCCCATGTAC None AGTAGTTGGGCCTCTGCTAAA
FJ201125.4/1-2714 GGCTTGCCCCCATGTAC : AGTAGTTGGGCCTCTGCTAAA
FJ201128.4/1-2713 GGCTTGCCCCCATG TAC Clustal AGTAGTTGGGCCTCTGCTAAA
FJ201119.4/1-2684 GGCTTGCCCCCATGTAC Blosum62 AGTAGTTGGGCCTCTGCTAAA
£4201120.4/1-2684 GGCTTGCCCCCATGTAC . , AGTAGTTGGGCCTCTGCTAAA
FJ201118.4/1-2686 GGCTTGCCCCCATGTAC % ldentity AGTAGTTGGGCCTCTGCTAAA
FU201129.4/1-2688 GGCTTGCCCCCATGTAC T AGTAGTTGGGCCTCTGCTAAA
FJ201126.4/1-2683 GGCTTGCCCCCATGTAC AGTAGTTGGGCCTCTGCTAAA
FJ201132.4/1-2682 GGCTTGCCCCCATGTAC Taylor AGTAGTTGGGCCTCTGCTAAA
FJ201124.4/1-2682 GGCTTGCCCCCATG TAC Ciokote AGTAGTTGGGCCTCTGCTAAA

AGTAGTTGGGCCTCTGCTAAA
AGTAGTTGGGCCTCTGCTAAA
AGTAGTTGGGCCTCTGCTAAA
AGTAGTTGGGCCTCTGCTAAA




5 Jalview 2.10.4b1 — O

File Tools Vamsas Help Window

[z}

FU201130.4/1-2 00 mC T T
F4201135.4/1-2693 BERRRTAARC - - - - - .. ... ... ...l

Fa201121.171-265c [REMEMNAACHCHCHCEE - - - - - - - - - - -
Fi201122.1/1-2688 R ———
Fi201125.4/1-2714 c lclc:lglf:lclcilglf;lclcflg
Fi201128.1/1-2713 ¥ cochcichchcicacachcchc
£3201119.9/1-2637 [EEERINN - AAC - - - - - - -« - - v oceceacaaa e
£3201220.9/1-268¢ [N - AAC - - - - - - - - o cc s
F3201118.9/1-2686 BEEIET - AAC - - - < <o« o oommea e
£201129.1/1-2635 (UMM - AAC - - - - - - - - - - - ccaceaeaeae s
£4201126.1/1-2653 [SERIRIN - AAC - - - - - - < - - o-ceacaaoao
Fi201132.1/1-2682 R ———
F3201124.9/1-2682 BEEEET - AAC - - - - <o v o momm e
£201123.9/1-2652 (UMM - AAC - - - - - - - - - - - oce e
Fu201127.1/1-2682 BEIEIE - AAC - - - - - - oo o om o e
F4201134.4/1-2682 T ——————
FJ201131.9/1-2682 QUMM - AAC - - - -~ =~ = o e

°°"5°"S"SL _

GTTTTTAAACCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTTACAAGCCTAGA

00

(3]
00000000

0O 000nI0n 0000
ooonoo0 o000

o
000000
0O 0000000000

O0O0O0O0000000000000
O0000000000000000
O0000000000NI0000o0

O0O0000000
O0O0000000

[ £ http://www.ebi.ac.ult/Tools/services/rest/cIustald/result/cIustalo-l20130712-161i11-0992—19931383-p2m/aln-clhstal_num o [#E) |&
File Edit Sg View Annntatinne Farmat Calanr Caleulate Weh Senvice
40 1680 1690 1700 1710 1720 1730 1240 I

Sequence 8 ID! .a.u.zu.z NUCIEULIUE: GUdINe | L$0Y)




Compare Results from JalView and NCBI BLAST

Analyze region 1680 to 1740 of your JalView results (below). What is unique about this region? How does it
compare with the region between positions 1500 and 1530 in the NCBI BLAST?

14. JalView
15. NCBI BLAST

e 200
A 2692
FIN i

FI201122. w2500
Fla0t126 w2744
FI20TI2B V28
FI2OT11D W-2504
FI201120. 902684
FI20T18 V808
FI201129 v3- 2688
FI20T126 V10683
FI2O1122. ve-2802
FI20T1M4 ¥ 2682
FI20T125 w82
FIOT127 W-2502
FI20T130. 1. 2682
FI20T131. w802

B

N O ¢
n o ¢

o, 669 (2,669 bases shown) | - | e ® X7
o / | Markaod Seq. Sta Fest Asgrment Org. Name |Last  Seq E¢ Seq. Ler
L! 81 1 ;ﬁ 1,700 1 ."IJx
r T T L L)
FJ201118.1 @B 1 1456 A B2 Zoa mays subsp, mays 1501 2686 2686
FJ201119.1 B 1 1456 A B2C Zoa mays subsp. mays 1499 2684 2684
FJ201120.1 @B 1 1456 A 28 Zea mays subsp. mays 1409 2684 2684
FJ201121.1 @B 1 1456 A BENECEE Zea mays subsp. mays 1503 2688 2688
FJ201122.1 @ 1 1496 A BEENCEE Zea mays subsp. mays 1503 2688 2688
FJ201123.1 "B 1 1458 A Zea mays subsp. mays 1498 2682 2682
FJ201124.1 »E 1 1458 A Zoa mays subsp. mays 1498 2682 2682
FJ201125.1 »B 1 1456 AEEEEEEEEEEEEEEEEERERCTORCTe Zoa mays subsp. mays 1529 2714 2714
FJ201126.1 B 1 1459 N Zea mays subsp. mays 1499 2683 2683
FJ201127.1 B 1 1458 A Zea mays subsp. mays 1498 2682 2682
FJ201128.1 @B 1 1496 A PEEEEEEEEEEEEERCIRRCNE Jea mays subsp. mays 1528 2713 2713
FJ201129.1 >l 1 1496 A BEDECEE Zoa mays subsp. mays 1,503 2688 2688
FJ201130.1 @ 1 1679 EEEECENECEC Zoa mays subsp. mays 1689 2874 2874
FJ201131.1 B 1 1458 A Zea mays subsp. mays 1498 2682 2682
FJ201132.1 B 1 1498 A Zea mays subsp. mays 1408 2682 2682
FJ201133.1 @ 1 1500 A BEEEECEE Zea mays subsp. mays 1508 2693 2693
FJ201134.1 @ 1 1458 A Zoa mays subsp, mays 1498 2682 2682



Developing Marker Assays

Recall in Module 2 you learned how SSR and SNP can be analyzed by PCR and restriction enzymes. In lesson 8
of this course, you will learn additional strategies to detect DNA polymorphisms for marker development.



Summary

Biological sequence databases serve an important role of providing access to sequence information to the
research community. Searches can be restricted to a single database or expanded to include all other
databases. Whole genomes can be explored to predict positions that match a specific sequence. To detect
polymorphisms in a set of candidate genes a program that aligns multiple sequences is required. The detected
polymorphisms can be used to develop markers to assist in selection.



Reflection

The Module Reflection appears as the last "task" in each module. The purpose of the Reflection is to enhance
your learning and information retention. The questions are designed to help you reflect on the module and
obtain instructor feedback on your learning. Submit your answers to the following questions to your instructor.

1. In your own words, write a short summary (< 150 words) for this module.

2. What is the most valuable concept that you learned from the module? Why is this concept valuable to
you?

3. What concepts in the module are still unclear/the least clear to you?
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