LESSON 9
HANDOUT

Analyzing A DNA Sequence Chromatogram

Student Researcher Background:

DNA Analysis and FinchTV

DNA sequence data can be used to answer many types of questions. Because DNA sequences differ
somewhat between species and between individuals within a species, DNA sequences are widely used for
identification. In this activity, you will use bioinformatics programs to work with DNA sequences and identify

the origin of a DNA sample.
Aim: Today, your job as a researcher is to:

1. Edit and trim the DNA sequence by using quality data from the
chromatograms.

2. Translate the sequence to check for stop codons.
3. Use BLAST to identify the origin of the DNA sequence.
4. Use BOLD to confirm the identification of the species (or genus)

and place the sample in a phylogenetic tree.

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

Discrepancy: A
discrepancy in DNA
sequencing is a point

different samples or DNA
strands disagree.

Quality values: A quality
value is a number that is
used to assess the
accuracy of each base in a
DNA sequence. Quality
values can be used to help
guide decisions about the
discrepancies between
different sequences. For
more on quality values,
see Part Il.

where the sequences from

PART |: Learning to Work with Sequences

Student Researcher Background:
Using FinchTV for DNA Analysis

FinchTV is a designed to allow researchers to view DNA sequence files like the chromatograms you are using
here. In a chromatogram file, the signal intensities are presented in a graph with the four bases, each
identified by different colors. Like many sequence analysis programs, FinchTV uses green for adenine, red for
thymine, black for guanine, and blue for cytosine, as seen in the “DNA Sequencing Key” below.

Guanine (G) = Black
Cytosine (C) = Blue

DNA Sequencing Key
Thymine (T) = Red
Adenine (A) = Green
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A. Getting Familiar with FinchTV
1. If it is not already open, open your DNA sequence chromatogram file (sequence files with the “.ab1”
file extension) in FinchTV.

2. Use the Vertical Scale adjustment on the left side of the program window to
adjust the peak height, as shown in Figure 1. It is important for you, the
researcher, to be able to clearly see the DNA sequence peaks. The height of :?;uc Tere
a peak corresponds to the relative concentration of that base, at that e
position in the sequence. The height should be high enough for you to see Seale
clearly, but not so high that the background or “noise” peaks at the bottom
of the chromatogram (black arrow) overwhelm your sequence data (white
arrow). =T

TG GNAT
Figure 1: Vertical Scale. 250
Source: FinchTV.

3. Click the Wrapped View icon to view the entire sequence in one screen. 4%

4, Click the Base Position Numbers icon to view the base position numbers throughout the |“3'|?'E
sequence.

5.  Click the Base Calls icon to view the base calls (i.e., what the computer program
interprets the sequence to be).

6. Click the Quality icon to display the quality bar graph above each DNA sequence peak.
When evaluating data, it is important to look not only at what the data is, but whether I'ﬁ
or not the data is high quality. The quality value for DNA sequences is expressed as the
“Q” value (“Q” for “Quality").

Quality values: A quality value is a number that is used to assess the accuracy of each base in a DNA sequence. Quality values
represent the ability of the base calling software to identify the base at a given position and are calculated by taking the log,, of
the error probability and multiplying it by -10.

e A base with a quality value of 10 has a one in ten chance of being misidentified.

e  Bases with quality values of 20, 30, and 40, have error probabilities of one in 100, one in 1,000, and one in 10,000,

respectively.

Many databases ask that submitted DNA sequences have an average quality value close to 30 or higher. Quality values can be
used to help guide decisions about the discrepancies between different sequences, as you will do below.
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B. Viewing information for a specific base N OO Fin
7. With the quality values displayed for your sequence, select a base by @ B @ 8 |l
clicking it with your mouse. The selected base will be highlighted, as

seen in Figure 2. Vertical

|
sz CA'A'ACA GGG AT (
7

Co to Base No. Find 54

8.  The one letter abbreviation for that base will appear in the lower left

corner, along with the sequence position and the quality value (if

available). In Figure 2, the selected base is a T (thymine) located at Mﬂﬁm
position 70 in the sequence and has a quality value of 17, which is ==
generally accepted to be low quality. (Reserscates ) M

Selected Base T:70 (Q17) l

9. Experiment by clicking on a number of different bases in your
sequence. Answer these questions in your lab notebook or on
another sheet of paper:

Figure 2: Quality Values.
Source: FinchTV.

What is the highest Quality Value you see?

™y M
What is then lowest Quality Value you see? 1
2 8 @ &
G B Mo 70
C. Finding a base or sequence in FinchTV Vertical e T
10. To find a specific base, enter the position number for that base in the Go Scale [ = A T o
to Base No. window and click the Return or Enter key on your keyboard. i %
The requested base will appear at the beginning of the sequence window
(see Figure 3).
11. Experiment by selecting a base number in your sequence.
=
Figure 3: Finding Specific Bases. (" Reset Scales )
Source: FinchTV.

12. Another way to find a specific base in FinchTV is to enter a
sequence that is located near or contains your base. In Figure 4,
the sequence GGTCAA was typed in the Find Sequence window and P
the Return key pressed. FinchTV located the sequence and 90 100
highlighted it in blue.

Find Sequence \GGTCAA

13. Experiment with your sequence by trying to locate the sequence
“GGTCAA.” Is that sequence present in your DNA sequence data?
Record your answer in your lab notebook or on a separate sheet of
paper.

Figure 4: Finding a Specific Sequence.
Source: FinchTV.
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PART IlI: Edit and Trim the DNA Chromatogram File
Now it is time to update your DNA sequence file using the Quality scores provided for your sequence.

14.

15.

16.

17.

18.

19.

Find the file that contains your sequence chromatogram (sequence with the “.ab1” extension).
Make a copy of the file that contains your sequence and rename the copy so that the new file name
begins with word "Edit." It always a good idea to save the original, unedited data file in case you
need to go back and review it.
For each position that will be edited:

a. To change a base in FinchTV, click that position and type the letter for the new base.

b. To delete a base, select that base and click the delete key.

c. Toinsert a base, click the position in the sequence, right click, choose Insert before base, and
enter the letter of the new base.

Save your edited file.
Chromatograms often contain low quality sequences at the 5' and 3' ends that are removed by
trimming (deleting the bases). Trim your sequences by selecting the bases to be trimmed and clicking

the delete key.

a. Trim bases from the 5' end until the last 20 bases contain fewer than 3 bases with quality
values below 10.

b. Trim bases from the 3' end until the last 20 bases contain less than 3 bases with quality values
below 10.

Save your edited DNA chromatogram file (which will include the “.ab1” extension).
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PART Ill: Perform a blastn to Identify Your DNA Sequence
Nucleotide BLAST, or BLASTn, is a tool commonly used

. e . iew Finch el
for DNA Sequence identification. e ey athauCiEn
. L L. FinchTV-80C035a 70249278 FEDMaabl O]
20. Open your edited DNA chromatogram file (if it is ) |fula EETE g & v Goospla
not already open). Hind Seghiece ——
nf
Find Sequence ®F 'I Ilﬁl | J ||ﬂlt I.'ll }: i J
. . Select All A | il ¥, A |
21. Open the FinchTV Edit menu and choose BLAST TSI Mucoiae wisTa 03 Lo Aa Mo
Sequence, and then select Nucleotide, BLASTn [PEST sy b 3
. . A Retet scalt | MegaBLAST [ —
(Figure 5). This will open BLASTn at the NCBI and SR,
paste your sequence in the query box. Note: If Figure 5: Choosing blastx from FinchTV.
your sequence does not appear in the query box (as Source: FinchTV.
seen in Figure 6), go back to FinchTV and select your
DNA sequence first by going to the Edit menu and q
choosing Select All. e P v—
Enter Query Seguence
Enter accession number(s), gi(s), or FASTA sequence{s] & gisar Query subrange
22. From the Choose Search Set menu, select Nucleotide i Wb 3
\CCOCTGAGCT! To
collection (nr/nt) (black box, Figure 6). Note: If your S s cremacmcao: &
v, upload file (Browse.. | ©
BLAST search returns only human sequences, you o T
may have forgotten to change the default database 2 Aign s o mor sequences
from the Human Genome. Choose Search Set
iz ) Human genomic + transcript 7 Mouse genomic + transcript (7 Others fnr etc )
Human genemic plus transcript (Human G+T) > @
Exclude e i (647
23 C||Ck BLAST F:‘[‘E!'I;Quew oﬂ:‘:rn.;;i::sr;c plus transcript (Mouse G+T)
Program Selection :
Optimize for
Transcriptome Shotgun Assembhy 'TéA‘-

Figure 6: Using BLASTn to identify your
DNA sequence. Source: NCBI BLASTn.
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PART IV: Identify Your Sequence and Place it in a Phylogenetic Tree by Comparing it with Sequences in the
BOLD Database

Scientists use many databases to identify DNA sequences, including the NCBI Nucleotide Database (using
BLAST) and the BOLD Database (which also uses the BLAST algorithm to compare your sequence to other
sequences in the BOLD Database). Sometimes the results from one database confirm the results from the
other database, and sometimes the results from the NCBI Nucleotide are inconclusive, making it helpful to
determine which species are most related to the species from which your DNA sequence came.

24,

25.

26.

27.

28.

29.

30.

Open your edited DNA chromatogram file (if it is not already open).

View the DNA sequence by clicking on the Chomatogram Info icon.

1"
#*

Select the sequence and copy it.

Go to the BOLD database at http://www.barcodinglife.com. BOLD uses BLAST to compare sequences
you enter to a database of sequences that meet the internationally agreed upon criteria for DNA

barcoding.

Choose Identification from the menu near the top of the homepage.

Select All Barcode Records on BOLD from the Search Databases menu (black box, Figure 9).

Paste your
sequence in the
text area labeled
Enter sequence in
fasta format (black
arrow, Figure 7)
and click Submit.

BOLDSYSTEMS | Databases | Taxonomy | Identification | Workbench | Resources

Identification Reguest

Animal Identificatio Fungal Identification Plant Identification
[ITs] [rbel & matK]

The BOLD Identification System (IDS) for COl accepts sequences from the 5 region of the mitochondrial Cytochrome ¢ oxidase subunit | gene and returns 2 species-level identification when
one is possible. Further validation with independent genetic markers will be desirable in some forensic applications.

Historical Databases: Jul-2011 Jul-2010 jul-2009

Search Databases:

© Al Barcode Records on BOLD (1,395,901 Sequences)

Every COI barcode record on BOLD with a minimum sequence length of 500bp (warning: unvalidated library and includes records without spacies level
identification). This includes many species represented by only one or twa specimens as well as all species with interim taxonomy. This search anly returns a list of
the nearest matches and does not provide a probzbility of placement to a taxon.

pecies Level Barcode Records (LIST: equences 100 peCIesTan, AierTm Species]
Every COI barcode record with a spacies level identification and a minimum sequence length of 500bp. This includes many species represented by only one er twa
specimens as well 2s all species with interim taxonomy.
Public Record Barcode Database (274,881 Sequences /37,529 Species/9.887 Interim Species)
All published €O records from BOLD and GenBank with a minimum sequence langth of S00Bp. This library is 2 collection of racords from the publishad projects
section of BOLD.

Full Length Record Barcode Database (958,566 Sequences /99,711 Species/42,608 Interim Species)
Subset of the Species library with a minimum sequence length of 640bp and containing containing both public and private recards. This library is intended for short
sequence identification as it provides maximum overlap with short reads from the barcode region of COI

Entar saquences in fasta format.

- Paste your edited sequence here

)

Submit

Figure 7: Entering your DNA Sequence to Identify it Using BOLD. Source: BOLD.
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No sequences in the database matched ours closely enough to be considered a match by the BOLD
identification algorithms. However, we can look at the data and find related sequences. The image in
Figure 8 shows that our sequence was 53.49% similar to a sequence from Aphis craccivora.

31. Look at your BOLD search

results. What species Specimen Identification Request
matches your sequence
mOSt Closely? What genus Query: Edited_BOC_25a_Hippo_70248843_R_copy @
1 ? earch Reques
does that speC'es be,ong to' ffypeh:ﬂ ! C(E.)I FULL DATABASE (includes records without species designation)
Include the complete Search Result
. ., Distance Summary :
scientific name (Genus and Tree Based Identification 40
. . 30
species) in your lab >
2.0
notebook or on a separate This sequence is the most Eio
closely related to our query. 50
ShEEt Of paper. e 1 12 23 34 45 56 67 78 B9 100
\ Similarity scores of the top 100 matches
* Specimen
Phylum Class Order Family Genus Species Similarity
H . %)
Flgure 8' ReSU|tS from a SearCh | Arthropoda Insecta Hemiptera Aphididae Aphis craccivora 5349 |
Ofthe BOLD Database. SOUrce: Arthropoda Insecta Hemiptera Phylloxeridae Daktulosphaira vitifoliae 52.85
Arthropoda Insecta Hemiptera Aphididae Toxoptera odinae 5271
BOLD Arthropoda Insecta Hemiptera Aphididae Aphis rumicis 52.71
° Arthropoda Insecta Hemiptera Aphididae Sitobion avenae 5271
Arthropoda Insecta Hemiptera Aphididae Sitobion avenae 52.71

32. The search results also provide taxonomic information about the species from which the DNA
sequence was isolated, as seen in the black box in Figure 10. Fill in the following information for the
species that matches yours most closely, in your lab notebook or on a separate sheet of paper.

Phylum:
Class:
Order:
Family:

33. Click the Tree Based Identification button to see where your sequence fits in a BOLD-generated
phylogenetic tree (black box, Figure

9) Query: Edited_BOC_25a_Hippo_70248843_R_copy

Search Request:
Type : COI FULL DATABASE (includes records without species designation)

Search Result:

Distance Summary :
Tree Based Identification j--‘l.l? |

Figure 9: Select “Tree Based Identification” %,3“

Button to See Where Your Sequences Fits in with _ii

the BOLD Phylogenetic Tree. Source: BOLD. il

BOLDSYSTEMS

Tree Result -
34. Select the View Tree button to download a multi-page
PDF file containing your tree (black box, Figure 10). You [ 2 S
may also wish to click the View Image List button to Latel
view images of related species. pores: i

Export Tree to Newick Format Download File

Taxonomy Aeport : View Report

Figure 10: Select “View Tree” to Download PDF LA View image Lis: A
of Your Tree. Source: BOLD. -

View Spreadsheet

NOTE : Query sequence will be marked red on the tree with BOLD sequences in black. GenBank seqt
to date in terms of sequence accuracy and taxonomic identification and will be marked in blue.
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35.

36.

37.

38.

39.

40.

41.

42.

Find your sample in the tree file. Your sample will be identified in red, as seen in the example shown
in Figure 11. You will probably have to scroll to the second or third page in your PDF.

COL_SPECIES_DATABASE_Tree Sun Dec 12 22:42:17 2010 Page 1 of 1

2 %

& %
Alpheus angulosus|[1] IABBABCLS—C? Alpheidae |
___+ Alpheus paracrinitus]| | ABBRBOZ5-09 |Alpheidae |
Stenocpus scut e Latusl IlBBRBBEB 09 |Stenocpodidael

Leander pau F
Alpheus arafcrnosus L IIABBABCJB 09]Alpheidae
e

Alpheus packardii|[6] |ABBABOOG-09 AL idae |
Alpheus paracrinitus| “]IAEEABD 3- JQIALgh idae
Periclimenaeus schmitti|[#)|ABBAE0Z4-0%|Palaemcnidae

9| Palaesmonidae

Periclemes pedersonil|| 9 | AEEABD22-09 | Palaemonidae|
Alpheus viridaril[10] |A BABO24-09 |Alpheidae |
ngsleyil|[11] ABBARD15-09 [Alpheidae |
nmLtt1 [1Z] |ABBABD2E-09% |Palaemonidae

-Rutomate

T "_'41 |b:!3_1c:'|:_-'35-c-'9 |Culic.

Fuminids annnlnsal [AR1 1 RIMINZ0-07 | Chirnstel idasl

Figure 11: A Phylogenetic Tree from BOLD, with the Unknown DNA Sequence Highlighted in Red.
Source: BOLD.

Copy and paste a screen capture image of your tree into a word processing document.

Based on what you see in your phylogenetic tree, record in your lab notebook or on a separate sheet
of paper at least two organisms that are closely related to the species from which your sequence
was obtained. Be sure to include the complete scientific name for each.

Using online tools such as Google, Wikipedia, and/or the Encyclopedia of Life (http://www.eol.org),
search for these closely-related organisms and list their common names in your lab notebook or on a
separate sheet of paper, next to your answers to the previous question.

Using these same tools (Google, Wikipedia, and/or the Encyclopedia of Life), determine the common
name of the species from which your DNA was obtained and record in your lab notebook or on a
separate sheet of paper.

Read the Wikipedia and Encyclopedia of Life entries about all three of these species. If these species
are not found in Wikipedia or the Encyclopedia of Life, you may need to find other information from a
Google search.

What do all of these organisms have in common? Habitat? Diet? In your lab notebook or on a
separate sheet of paper, list any similarities that these organisms share. Also note any important
differences, and other facts that you find interesting and/or surprising.

Finally, thinking about what you have learned in all nine lessons about DNA barcoding, how have

these lessons contributed to your understanding of the process of how genetic research is
performed? Write your answer(s) in your notebook or on a separate sheet of paper.
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