What’s lurking in the soil?

A primer to using public DNA databases
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Central dogma of molecular biology

p Protein

genius.com/Biology-genius-the-central-dogma-annotated



Extractions help students visualize DNA

| -dm.-&rﬂe how mEmbehdHed hrn-u'
._m“ibemc using common household materials.

What you will need:
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genome.gov/Pages/Education/Modules/StrawberryExtractionInstructions.pdf
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Soilisacomplex matrix thatincludes many Iiving things, both microscopic and visible.



The process: Sample to DNA analysis
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The process: Sample to DNA analysis

Polymerase chain reaction (PCR): Cycling process to artificially Sample collection
make copies (amplify) specific pieces of DNA in the genome |

_— DNA extraction
]
7 .
] ]
— —

Result: One copy - E PCR
to billions __ 7 —
— I e
— amm Emm ~Em I Sequencing
— —
~ ] ] — — l

e

3 cycles e — Bioinformatics
I S —
4 | —
cycles — —
] ]
N,
]
]

30 cycles



The process: Sample to DNA analysis

DNA sequencing: Amplified PCR products are digitized
into their nucleotide sequence
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AGCTTGTACATTTCT CGGTTCCGGT
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What is amplified by PCR?

Barcodes: regions of DNA that differ between species. Sample collection

Scientists use a set of universal primers in conserved regions that are |
upstream and downstream for PCR to amplify the barcode region. DNA DNA extraction
sequencing and bioinformatics are then used to identify those differences. |

: PCR
DNA sequence alignment
Species1: ACTAGCAGAAAGA ACGTG-AGGAGCAGCGA Sequencing

Species?2: ACTAGCAGAAACA-A-GAG-AGGAGCAGCGA
Species3: ACTAGCAGAAATA A GAGCAGGAGCAGCGA Bioinformatics

universal primer barcode universal primer



The process: Sample to DNA analysis
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Applications of bioinformatics
in food sustainability

1. Genome sequencing and analysis

2. Protein structure analysis

3. Gene discovery:

 |Insect and disease resistance
* Improved nutritional quality
* Drought resistance

4. Disease discovery and control
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Farm story

Shadybrook Farm is having trouble with
production of soybeans and has noticed
increasing levels of disease, despite the use
of fungicides. The farm manager elects for a
soil test from a laboratory to identify potential
disease-causing organisms. The laboratory
produced a report that contained the top two
most common DNA sequences from the soil.

Your job as a bioinformatician is to help the farm
manager identify the species, using the given
sequences of DNA, through the use of public
databases and basic bioinformatic tools.
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BLAST *

@ blast.ncbi.nim.nih.gov/Blast.cgi

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

Home

Recent Results

Sign in to NCBI

Saved Strategies Help

calculates the statistical significance.

Basic Local Alighment Search Tool

BLAST finds regions of similarity between biological sequences. The program
compares nucleotide or protein sequences to sequence databases and

Learn more
NCBI GenBank.

Search Betacoronavirus Database

Mon, 03 Feb 2020 10:00:00 EST

We have created a new BLAST database focused on the SARS-CoV-2 (Severe acute
respiratory syndrome coronavirus 2) Sequences. For further detail please visit

More BLAST news...

BLAST Genomes

Enter organism common name, scientific name, or tax id

Human Mouse Rat Microbes
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Support center  Mailing list

BLAST is a registered trademark of the National Library of Medicine

NCBI _,/ e
NATIONAL d qﬁ USA .Jov
LIBRARY OF \ e

National Center for Biotechnology Information, U.S. National Library of Medicine NS
8600 Rockville Pike, Bethesda MD, 20894 USA -

Policies and Guidelines | Contact

Searching page that lasts a few
seconds or minutes




BLAST results

Multiple sequence searches can
be performed. Simply select from

rooo [

blast.ncbi.nlm.

the drop-down box on the BLAST

U.S. National Library of Medicine

NIH)

BLAST ° » blastn suite » results for RID-6F8JD9SC016

National Center for Biotechnology Information
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result page.

Help
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Description Seql
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Query Length 655
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select all 100sequences selected

Taxonomy

Description

v
J Organism only top 20 will appear D exclude
v,
<+ Add organism
Percent Identity E value Query Coverage
to to to
Download Manage Columns ¥ Show | 100V | @

GenBank Graphics Distance tree of results

Per.

ol

Max Total Query E

QﬁﬂFﬂ QﬁﬂFﬂ r‘ﬂ\ 'F=" . ‘lﬂlllﬂ

Accession




BLAST results

| l This describes the similarity of your sequence to
e = pach database sequence in list

Molecule type dna

Query Length 655 Filter

Other reports Distance tree of results @

Descriptions Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download ™ Manage Columnsy ~ Show | 100 vV | @

select all 100 sequences selected GenBank Graphics§ Distance tree of results
Description Max | Total | Query | E Per. Accession

Score Score Cover value Ident

100% 0.0 100.00% MNG633392.1

Phytophthora sojae isolate AD4379 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal tre 1

Phytophthora sojae isolate WJ3624 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal tre 1210 12 100% 0.0 100.00% MN633391.1

100% 0.0 100.00% MNG629342.1

Phytophthora sojae isolate AD3850 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal tre 1210 12

Phytophthora sojae isolate GJ3385 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal fra 1210 12 100% 0.0 100.00% MNG629341.1

100% 0.0 10

100% 0.0 10 LISt Of matcheS

100% 0.0 10

s (KA hits) from
100% 00 10 atabase

100% 0.0

Phytophthora sojae isolate GJ3541 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal tra 1210 12

Phytophthora sojae isolate GJ3229 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2, co 1210 12

Phytophthora sojae isolate WJ3352 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2, cc 1210 12

Phytophthora sojae isolate AGSV1 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1 and 5.8S ribosomal RNA gel 1210 12

Phytophthora sojae isolate 5057308 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal tr 1210 12

Phytophthora sojae isolate 5057302 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal tr 1210 12

Phytophthora sojae isolate 5057303 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal tr 1210 12 100% 0.0

Phytophthora sojae isolate 5057301 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal tr 1210 12 100% 0.0 100.00% MK932774.1

100% 0.0 100.00% MF093644.1

Phytophthora sojae isolate 11 2 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal trans¢ 1210 12

SO0 0

Phytophthora sojae isolate 04 2 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal trans: 1 100% 0.0 100.00% MF093640.1




BLAST results: alignment
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blast.ncbi.nim.nih.gov/Blz

Descriptions

Alignment view

Graphic Summa Alignments Fazonomy

Pairwise

v | | | cDSfeature (2,

& Download v

100 sequences selected @

GenBank Graphics

Range 1: 67 to 721 GenBank Graphics

Score Expect Identities Gaps Strand

1210 bits(655) 0.0 655/655(100%) 0/655(0%) Plus/Plus
Query 1 AGTCGGCGGCTGGCTGCTGTGTGGCGGGCTCTATCATGGCGATTGGTTTGGGTCCTCCTC
Shict 67  ACHCCCCCLHELTE I AT AT AT TG e
Query 61 GTGGGGAACTGGATCATGAGCCCACTTTTTAAACCCATTCTTAAATACTGAATATACTGT
Shict 127 CPECCCAACHCAICATCACEEACT I AR AT AAATACTAATATACHET
Query 121 GGGGACGAAAGTCTCTGCTTTTAACTAGATAGCAACTTTCAGCAGTGGATGTCTAGGCTC
Shict 187 (OCCACCARMUIICTCOMHHTAACTACAACCAACTEHALCACHIAT I TAGLRE
Query 181 GCACATCGATGAAGAACGCTGCGAACTGCGATACGTAATGCGAATTGCAGGATTCAGTGA
Shict 247 (CACATCGAMARCAACGUTOCEAACTGUATAC AN C AT CACEAT T AGHEA
Query 241 GTCATCGAAATTTTGAACGCATATTGCACTTCCGGGTTAGTCCTGGGAGTATGCCTGTAT
Shict 307 CHOATCCAAMMHICAMCKATATIGCACHIEC GG ACIE TG UACTAT AT

Phytophthora sojae isolate AD4379 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and

internal transcribed spacer 2, partial sequence
Sequence ID: MN633392.1 Length: 825 Number of Matches: 1

60
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300

366

Alignment tab displays individual
sequence alignments with query
(your sequence) and all subjects
(specific database sequences).
Scroll down for others.

¥ Next <4Descriptions




Sequence alignment (100% match)
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Descriptions Graphic Summary Alignments Taxonomy

Alignment view | Pairwise v m CDS feature ©

100 sequences selected 9

3 Download v GenBank Graphi

internal transcribed spacer 2, partial sequence
Seqt - MN633392.1 Length: 825 Number of Matches: 1

Range 1: 67 to 721 GenBank Graphics

Score Expect Identities Gaps od
1210 bits(655) 0.0 655/655(100%) 0/655(0%) Plus/Pi
Query 1 AGTCGGCGGCTGGCTGCTGTGTGGCGGGCTCTATCI

Query 61 GTGGGGAACTGGATCATGAGCCCACTTTTTAAACC!H

Sbjct 127 GTGGGGAACTGGATCATGAGCCCACTTTTTAAACCI

Sbjct 187 GGGGACGAAAGTCTCTGCTTTTAACTAGATAGCAA|

sequence represents.

Query 181 GCACATCGATGAAGAACGCTGCGAACTGCGATACG!

Sbjct 247 GCACATCGATGAAGAACGCTGCGAACTGCGATACG

Query 241 GTCATCGAAATTTTGAACGCATATTGCACTTCCGGGTTAGTCCTGGGAGTATGCCTGTAT 300

Sbict 307 GTCATCGAAATTTTGAACGCATATTGCACTTCCGGGTTAGTCCTGGGAGTATGCCTGTAT 366

Download Y

¥ Next <4Descriptions

Phytepnthora sojae isolate AD4379 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequeiTcee

Sbjet 67  AGTCGGCGGCTGGCTGCTGTGTGGCGGGCTCTATC Descr|pt|0n Of SUbJeCt (SbJCt) Sequence from database
LT that is being aligned with your sequence (Query). This
Query 121 GGGGACGAAAGTCTCTGCTTTTAACTAGATAGCAAI (OQNE glveS the SpeCIGS Name and the gene target the




Sequence alignment (95% match)
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3 Download v

Phytopythium vexans isolate HX_MCB small subunit ribosomal RNA gene, partial sequence; internal tr

Range 1: 121 to 769 Ge

Score

1002 bits(542)

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbijct
Query
Sbjct
Query
Sbijct
Query
Sbjct
Query

Chart

GenBank Graphics

1
121
60
179
118
236
178
296
238
356
298
416
358
476

418

1=

Identities Gaps
619/655(95%) 655(1%)

GGTTTGGGTCCTCCT

AGTCGGCGGCTGGCTGE

CGTGGGGAACTGGATCATG-AG

TGTGGGGACGAAAGTCTCTGCTTTTAACTAGATAGCAACTTTCAGCAGTGGATGTCTAGG

TGTGGGGACGAAAGTCTCTGCTTTTAACTAGATRGCAACTTTCAGCAGTGGATGTCTAGG

TAATGCGAATTGCAGGATTCAG

ATGCGAATTGCAGGATTCAG

CTCGCACATCGATGAAGAACGCTGCGAACTGCGATEZ

CTCGCACATCGATGAAGAACGCTGCGAACTGCGATACG

TGAGTCATCGAAATTTTGAACGCATATTGCACTTCCGGGTTAL

TGAGTCATCGAAATTTTGAACGCATATTGCACTTCCGGGT!

CCTGGGAGTATGCCTG
Ll

TATCAGTGTCCGTACATCAAACTTGGCTCTCTTCCTTCCG!

TATCAGTGTCCGTACATCAAACTTGGCTCTCTTCCTTCCG!

GCCAGACGTGAGGTGTCTTGCGGCGTGGCCTTCGGGCTGCI

GCCAGACGTGAGGTGTCTTGCGG-GCGGCC T TCGGGC TG T T G G A G T T T G T G T —

ACTGAACTGTACTTCTCTTTGCTCGAAAAGCGTGACGTTGTTGGTTGTGGAGGCTGCCTG

ACMOCAACTCMACTMECMOMMMe MO AANAANCC T AT MO MMM AT oM,

59

177
295
237
355

297

Click on Sequence ID for more details on the
subject sequence.

477

EQA

- Gapinalignment: The database
sequence has an extra ‘C’, where
your sequence does not (-).

Polymorphism: Breaks in the lines
between the sequence alignments
indicate differences. Here your
sequenceis CTTAAA, whereas the
database sequenceis CTGTAA.




R e S
; ‘ e e (]

-

Farm story

Shadybrook Farm is having trouble with production of
soybeans and has noticed increasing levels of disease,
despite the use of fungicides. The farm manager elects
for a soil test from a laboratory to identify potential
disease-causing organisms. The laboratory produced a
report that contained the top two most common DNA
sequences from the soil.

Your job as a bioinformatician is to help the farm
manager identify the species, using the given
sequences of DNA, through the use of public databases
and basic bioinformatic tools.

What did you find?
Enter your answers in the chat box.




Connecting the dots

Sequence 1: Phytophthora sojae: oomycetes/fungus
Sequence 2: Heterodera glycines: soybean cyst nematode
Sequence 3: Glycine max: soybeans

Sequence 4: Bos taurus: domestic cattle

Sequence 5: Odocoileus virginianus: whitetail deer



Thank you!

@NAGClab @educationproj
zack.bateson@genotypingcenter.com

jane@educationprojects.org

generously sponsored by Ohio Soybean Farmers in partnership with
Sustaining Life. Respecting Nature. projects.org



