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Introduction
The NCBI Sequence Read Archive (SRA) database is a huge resource of Next Generation
Sequencing experimental data. Many groups and laboratories deposit data here that they have
generated for their own specific projects that can be datamined for other unrelated projects with
a minimum of effort. In this tutorial, we will demonstrate how you can use MacVector to
identify and assemble genes encoding zinc finger proteins from RNA-Seq data from a plant
species.
For this tutorial we will “clone” zinc finger proteins of the C2H2 type from a particular plant,
Aloe vera, that is commonly used in the cosmetic, pharmaceutical and food industries. C2H2
zinc finger proteins are important transcriptional regulators that, in plants, have a highly
conserved sequence, QALGGH, located within a putative DNA-contacting surface of each
finger.

Sample Files
The data for this tutorial is too large to be included with the MacVector software distribution so
needs to be downloaded from the NCBI SRA website. The tutorial uses RNA-Seq data isolated
from an Aloe vera root sample - https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR5161731.
To download the data, first click on the Reads tab;

Then click on the Filtered Download button to get to the download page;

Select FASTQ format and click on the Download button. By default, the data will download as a
compressed file called sra_data.fastq.gz. You may find that your computer automatically
decompresses the file. This is not a problem; it just means that the file takes up more space on
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your hard drive. The file contains paired-end reads in “interleaved” format where the reads are
organized as Read1-left, Read1-right, Read2-left, Read2-right etc. This allows all of the data to
be contained within a single file. More typically, you may receive data in a pair of files.
MacVector can handle either type, with or without gzip compression.
Finally, move the file into a unique folder e.g. “Data”
Note that there is a companion “leaf” dataset (SRR5167034) that is incomplete. The “reverse”
reads in that set are actually a duplication of the “forward” reads. The data is still usable, but it
is now effectively unpaired data and the analysis is more tedious, though you can follow the
steps in the tutorial and still get successful assemblies. This tutorial was first written using
SRR5167034 data and so some of the example screenshots may still show that data set.

Tutorial
Find Reads that Encode QALGGH
The first step is to identify all RNA-Seq reads in the data set that potentially encode the
conserved QALGGH domain. Choose File | New | Protein to create a new protein sequence
window, then type “QALGGH” into the Editor. Then choose Database | Align to Folder;

There are two important changes we need to make. (a) make sure you set Scores to Keep to a
large number (e.g. 100,000) as we need to save as many reads as we can. (b) Make sure you
have checked the Align to DNA checkbox. We are starting with an amino acid sequence, but we
want to find all the DNA sequences that potentially could encode that protein.
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When you click OK, the search will start. There is a lot of data to process in the fasta file, and
each read needs to be translated in all 6 reading frames before being aligned to our input
sequence, so this will take some time. On an i7 MacBook Pro the search took 7 hours and 45
minutes.
When complete, select all three output options and click OK.

With 100,000 hits to display, the result windows can take some time to generate their content.
On a MacBook Pro it took 3 minutes for the results to appear.
The Folder Aligned Sequence tab displays the translation of each hit aligned against the query
sequence. You can see that the first few entries are perfect matches;

As you scroll down the list, eventually you start to see imperfect matches;
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For this tutorial, we want to retrieve just those reads with perfect matches. If you are looking for
different domains, you may prefer to include reads with just partial matches to the query.
To retrieve the reads, switch to the Folder Description List tab, click at the beginning of the row
corresponding to the first hit, hold down the <shift> key, scroll down to the row
corresponding to the last perfect match and click at the end of that row. You don’t have to
actually select an entire row – selecting any part of a row is treated as selecting the entire row.
Note that if you want to retrieve all of the hits in a Folder Description List tab, you can simply
choose Edit | Select All (<command>-A).

Finally choose Database | Retrieve to File… and choose a suitable file name, making sure to select
FASTQ Multiple Sequence as the output file type;

The reads are saved into a pair of files, with “-1” and “-2” appended to the filename. E.g.
QALGGH-1.fastq and QALGGH-2.fastq.
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Assembling Matching Reads
The next step is to assemble the reads into contigs. With luck, each contig will represent a
different Zn finger gene, where they all contain one or more conserved QALGGH domains.
First create a File | New | Assembly Project. Then click on the Add Reads button and select the pair of
fastq files you saved in the last section. MacVector has four separate de novo assembly
algorithms, each of which has different characteristics and uses. Flye is used only for long read
assemblies (e.g. Oxford Nanopore and PacBio reads). Velvet and SPAdes are tuned primarily for
genomic assemblies of many millions of short reads. In this case, we are expecting the reads to
assemble into a number of short cDNA-length contig sequences, rather than a single long
genome. Velvet and SPAdes are not really optimized for this, type of assembly though in many
cases they will generate reasonable results. However, for this data, the optimal algorithm to use
is phrap. This is an older algorithm, originally optimized for Sanger sequencing data, but it does
an extremely good job of assembling reads into a series of short contigs, even if there are few
overlapping reads. The downside is that it can be slow with a large number of reads.
Select the two reads, then click on the phrap toolbar button.

Click on the Short Read Defaults button to set up the optimal parameters for this data, then click
OK. Because we are only using ~20,000 pairs of reads, and the reads are short (~100nt each) the
job completes in a moderate length of time (3 hours), resulting in a Phrap job appearing in the
project window with ~60 contigs;
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You can double-click on a contig to open the Contig Editor so that you can see the actual
alignments. As we are hoping that each contig will represent a different Zn finger coding gene,
lets save them all as individual MacVector .nucl sequences. Select the first contig, hold down
<shift>, select the last contig, then choose File | Export Selected Contigs To… and choose a
suitable destination directory.

Identification of Zn Finger Encoding Contigs
We can assume that every contig should have a DNA sequence that can potentially encode
QALGGH. However, we cannot be sure that the corresponding DNA sequence actually lies inframe within a potential protein-coding region. So, let’s, (a) confirm that each contig does
indeed code for QALGGH and then (b) look to see if there is a potential ORF in the correct
frame to include QALGGH in the predicted amino acid sequence.
Open the longest contig (Contig 53.nucl in our example, but yours may vary). You can
actually perform the analysis that follows directly on the contigs from the project if you wish.
Note: versions of MacVector prior to 18.0 retain gaps in the exported contigs. You should
remove any gaps before performing analyses. The easiest way to do this is using the Edit | Find |
Find function. Set up the Find dialog like this with the Literal box checked, a dash in the Find box,
and empty Replace box and click Replace All (make sure to unlock the sequence);
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Now we can search for QALGGH domains in the Contig 53.nucl window. Choose Edit | Find
| Find.. once again but this time set up the dialog like this;

Note in particular to toggle the circled “mode” button to the protein symbol. This lets you search
a DNA sequence with an amino acid sequence. If you type “QALGGH” into the Find: box and
click on the Find button, you should see that the Editor tab updates to show this;

Initially, this may appear confusing as the highlighted sequence bears little resemblance to the
search sequence. However, if you click on the Display toolbar button and select the Show Plus
Strand Translations options all should become much clearer;

Now you can see that the match is to a potential translation on the plus strand
(GlnAlaLeuGlyGlyHis). If you then click on Find Next in the Find dialog, a second domain
should be selected;
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This demonstrates that Contig 53 has not just one but TWO potential QALGGH domains.
But, are they actually in a potential protein coding open reading frame?
To evaluate this, we need to look at the potential open reading frames in the contig. There are a
number of approaches we can used for this. However, we have to be aware that the contig may
not contain the entire coding region of the protein. In fact, it may not even include the AUG
start codon. Click on the Map tab to view the graphical map of the sequence (note that this can
also be done directly from the Contig Editor window);

Here we can see a pink arrow representing a potential protein-coding open reading frame on the
plus strand.
Let’s create a new protein sequence with the translation. Click on the pink arrow to select it,
then choose Analyze | Translation… and click on the New Protein checkbox.
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Note how the Segment(s) to Translate edit box is already set to the appropriate range and the Strand
is set to Plus. When you click OK, a new protein sequence is created.

Now we can use Edit | Find | Find… to once again search for QALGGH, but this time the source is
a protein sequence. You should be able to see that there are two QALGGH domains in the
protein.
Finally, lets run an online BLAST search to confirm that this is indeed a zinc finger protein.
With Translation of Contig 20 the active sequence, choose Database | Online Search for
Similar Sequences (BLAST).
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In this case, the default settings are fine, so click OK to initiate the search. This runs an external
search at the NCBI in Maryland, USA. Sometimes this completes within a few seconds, other
times it may take a number of minutes depending on the server load and other factors. Once
complete, press the View button if the result dialog does not automatically appear.

Select all three Display Options and click OK to view the alignments.

At the time this tutorial was written, the most significant hits were all zinc finger proteins from
Phoenix dactylifera (Date Palm), Ensete ventricosum (Ethiopian banana) and Musa balbisiana
(Plantain), indicating we have likely “cloned” a zinc finger protein from Aloe vera.

Annotating the Sequences
Let’s now add some simple annotation to the sequences.
Open Contig 53.nucl. Click on the single long plus strand ORF to select it. Then right-click
on the selected graphic (or <ctrl>-click if you don’t have a right mouse button) and choose
Create CDS Feature from the popup menu. This creates a new CDS feature which appears by
default as a blue arrow.
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Double-click on the new annotation and switch to the Feature tab.

Note that MacVector has already added a /translation qualifier, a /codon_start qualifier and a
/note that lists the length of the coding region. Let’s add some additional common qualifiers.
Click on the + button in the lower left corner. This creates a new qualifier using /note. Click on
the new /note entry and a popup menu will appear listing all of the valid qualifiers for a CDS
feature. Choose /gene, then click in the adjacent Comments field and type in “Zn Finger”.

Another common qualifier is /product, so we can add a new /product qualifier with the value
“Potential C2H2 zinc finger protein”.
The Map tab will update to use the /gene qualifier as the new label;
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Next, lets annotate the protein. Open Contig 53.prot and choose Database | Online Functional
Domain Analysis (InterPro). This is an online service that will identify domains and other signatures
in protein sequences hosted by the European Bioinformatics Institute. The first time you invoke
the search you will be prompted to enter an e-mail address. This is purely to help reduce robot
access and to help keep track of unique usage of the service for funding purposes– the EBI does
NOT use your e-mail address for any marketing campaigns.
When complete (runs typically take from 30 seconds to 5 minutes) an interactive graphical
results window appears.

There are many links in the window that you can click on to learn more about the domains,
features and signatures in the protein sequence. These links will open in your default Internet
Browser. You can add any identified domains as annotations to the protein by clicking on the
small + button at the right-hand side of the window. Once clicked on, the + will change to a
check mark. The domains will then appear in the Map tab.

For this tutorial, we will annotate all of the proteins by clicking on the + button next to the
PS00028 match to ensure all proteins are annotated consistently.

Identifying Additional Zinc Finger Encoding Genes
We can repeat the above steps using each of the other contigs from the initial assembly. Many
will proceed exactly as described for Contig 53, but others may have issues that require
additional analysis. Let’s take a look at some of these cases.
Continuing down the list of contigs, sorted by length, Contig 58 has a single large ORF on the
plus strand and can be analyzed and annotated just like Contig 53.
Contig 49 is a little different. In this case, the long ORF shows on the minus strand;
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When running the Find for QALGGH you’ll need to turn on the Show Complementary Strand and
Show Minus Strand Translations from the Display toolbar button to see the GlnAlaLeuGlyGlyHis
domains;

You can still directly translate the ORF from the minus strand by selecting the gray arrow and
choosing Analyze | Translation… as MacVector will automatically identify that the selection is a
minus strand ORF and set the parameters appropriately. However, its often easier to work with
coding regions on the plus strand, so we can “flip” the sequence. If you are working in the
single nucleic acid sequence editor, choose Edit | Select All followed by Edit | Reverse & Complement
to reverse and complement the entire sequence. If you are working in the contig Editor window,
simply choose Edit | Reverse & Complement.

There is no need for you to perform this analysis yourself on all of the contigs as we’ve already
done the hard work for you. You can download all of the annotated contigs and translated
proteins from this link https://macvector.net/ContigsWith2Domains.zip..
For reference, the following Contigs have a single long zinc finger ORF on the plus strand:
Contig 53, Contig 54, Contig 43, Contig 3, and these contigs have a single long zinc finger ORF
on the minus strand: Contig 58, Contig 60, Contig 59, Contig 56, Contig 52, Contig 57, Contig
51, Contig 44, Contig 42, Contig 46, Contig 48. Other contigs require additional analysis, as
described below.

Analysis of Contig 34
Contig 34 (548 nt in length) shows no long ORFs in the Map tab, but the contig has two

QALGGH coding domains on the minus strand. So, it seems like it should encode a zinc finger
protein. One likely possibility is that we simply do not have reads to cover the entire coding
region (this contig has just 22 reads whereas many of the others had hundreds or even
thousands). It may also be that there is a long ORF that crosses through the sequence but is
missing a suitable start and/or stop codon.
By default, MacVector scans all opened DNA sequences for the presence of open reading
frames. However, because the start and stop codons may not be present in our truncated
sequence, we need to adjust the defaults. Choose MacVector | Preferences… and switch to the Scan
DNA | Open Reading Frames tab;
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Select the 5’ ends are starts and 3’ ends are stops checkboxes then click Apply. This will allow the
algorithm to identify ORFs that start and stop outside of the sequenced region. If we look at the
Contig 34.nucl Map we should see that we do in fact have some open reading frames and that
there is one on the minus strand that extends the full length of the sequence.

Note that if you have a sequence that is relatively short, or if your window is sized a bit larger
than shown here, you may see the actual translation rather than just a grey arrow e.g.
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Extending the Sequence of Contig 34
The next step is to try to extend the sequence of Contig 34 to include the entire coding region
of the zinc finger protein. Again, we can do this using Align to Folder. Here, we are hoping to
identify reads that overlap the ends of Contig 34 and that do not actually include the
QALGGH coding region.
With Contig 34 active, choose Database | Align to Folder. This time we are searching starting
with a DNA sequence, so we will use different parameters;

The most critical change is that we will use the DNA identity with penalties
matrix.nmat Scoring Matrix. To select this, click on the Choose button in the Scoring Matrix box
and locate the file in /Applications/MacVector/Scoring Matrices/ . This scoring
matrix is tuned to identify perfect matches in the NGS reads, even if there is only a short overlap
between the query sequence and a read. Make sure that your Search Folder is set to point to the
fasta data and adjust the Hash Value to 12 or above (for speed) and the Scores to Keep to 10,000.
Again, the search will take some time (3 to 8 hrs, depending on your machine) so you may want
to let this go overnight.
When the search completes, save all of the reads in the Description List tab – I called mine
“Contig34hits”.
Now we are ready to assemble them. Use File | New | Assembly Project to create a new assembly
project. With smaller projects like this (~50 pairs of reads) it is generally better to use the Add
Seqs button to add the reads to the project, rather than Add Reads. This adds the reads as
individual sequences, rather than as a disk-based fastq collection.
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Again, we will use phrap to assemble the reads. You can either select all of the reads and then
click on the phrap toolbar button, or you can make sure that no reads are selected and click on
phrap. When nothing is selected, phrap operates on all of the reads in the project. Again, make
sure you click on the Short Read Defaults option in the phrap dialog to make sure you are using
the appropriate settings. When complete, you may have to scroll down the project to see the
results;

Here we can see that 3 contigs were generated. Contig 3 is 984 nt in length and contains 80
reads. This is undoubtedly the extended version of our original Contig 34. The other contigs
are much shorter and only contain a few reads. If you open the short Contig 1 and run a
BLAST search you will find that it does appear to encode a short section of a QALGGH zinc
finger protein. It is presumably the result of a few reads that came from a different zinc finger
protein than Contig 34 but were retrieved because they match the QALGGH domain. We will
ignore this and focus on Contig 3.
Double-click to open Contig 3. If you look at the Map tab, you’ll see that there is a long ORF
extending in from the 5’ end of the plus strand.
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The ORF appears to terminate at a stop codon and, if you return to the Preferences | Scan DNA |
Open Reading Frames tab and turn off the 5’ ends are starts and 3’ ends are stops checkboxes, you
will find that the ORF remains and appears to have a reasonable start codon ~100 nt into the
contig.

Lets save Contig 3 – the easiest way is to move to the Contig 3 Editor tab and then select File
| Export Consensus As… and choose MacVector NA Sequence Without Gaps in the Format field;

To keep track of the different contigs we might generate in this analysis, its useful to name them
appropriately - in this case we can save the sequence as Contig34.3 in a Contig 34 folder
where we can keep all of the sequences related to this contig.
If we had not retrieved enough reads to completely cover the Contig 34 coding sequence, we
could keep repeating the Database | Align to Folder analysis using this new Contig 34.3.nucl
sequence and assemble the resulting hits until we finally cover the entire coding region. You can
also repeat searches using just a hundred residues or so from one end of the contig – these often
complete much more quickly.
Select the pink open reading frame, choose Analyze | Translation… and create a new protein. If you
BLAST the resulting 215 aa protein, you’ll see that it has reasonable matches to other plant zinc
finger proteins and that, most crucially, the numbering and length of the matching protein
sequences are very similar, giving us confidence that we have indeed recovered the entire
coding sequence.

Virtual RNA-Seq Cloning

20

Virtual RNA-Seq Cloning

1 June 2020

Finally we can File | Save As… the protein as Contig34.3.prot and then run InterProScan on
the protein to annotate the QALGGH domains as we did previously. You can use similar
approaches to extend many of the other contigs from the initial assembly.

Aligning Proteins to View Common Functional Domains
If you follow the above protocols for all of the contigs you will eventually find a total of 19
contigs that encode proteins containing two QALGGH domains (there are many more that
contain just a single QALGGH domain). The data for this can be downloaded from
https://macvector.net/ContigsWith2Domains.zip. Some immediate questions that come to mind
are: (a) are these all unique proteins or are some duplicates, and (b) how are they all related?
Each of the proteins in the sample set were annotated using InterProScan as described above,
specifically choosing the PS00028 match. Let’s align them and view the shared QALGGH
domains;
First choose File | New | Protein Alignment to create a new MSAP multiple alignment window, then
click on the Add Seqs toolbar button, select all of the files in the /Proteins/ folder of the
sample set and click on the Open button. A new MSAP window appears;

Click on the Mode toolbar button and choose Show Features from the popup menu;

The window updates to show the features in the proteins as simple blocks above the residues;
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Align the sequences by clicking on the Align toolbar button and selecting ClustalW from the
dropdown menu. Accept the defaults and click OK. After a few seconds, the display updates;

If you click on the Guide Tree tab, you can see a very basic phylogenetic tree showing the
relationships between the proteins. Note that this is NOT a true phylogeny, just a rough guide
that ClustalW used to work out the order to assemble the multiple alignment. However, it clearly
shows that none of the proteins are identical;
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This can be seen in numerical form in the Matrix tab – this displays a table of the relatedness of
each sequence in the alignment in a spreadsheet-like form. You can see that on the diagonal
where each sequence is obviously identical to itself, but all of the other values are less than
100%, indicating that we have 19 distinct proteins;

Finally, if you click on the Picture tab, you should see the QALGGH “C2H2” zinc finger
domains outlined something like this;

If your display doesn’t look exactly like this, click on the Prefs toolbar button. The shading and
colored domain outlining are controlled by the Picture Shading tab;
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The line length and other font information is controlled by the Picture Fonts tab.

Conclusions
This tutorial demonstrates how you can use MacVector to “clone” interesting genes from RNASeq data in the NCBI short read archive. One key is the use of the Database | Align to Folder
function to identify the few reads from a large data set that encode proteins of interest. This
dramatically simplifies the assembly process, allowing even fairly weakly expressed genes to be
retrieved and assembled. Without this enrichment step, it is likely that there would not be
enough overlapping reads present to allow fast NGS assemblers like Velvet and SPAdes to
successfully assemble all of the potential genes.
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