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Copyright statement  
 
Copyright MacVector, Inc, 2019. All rights reserved.  

This document contains proprietary information of MacVector, Inc and its licensors.  It 

is their exclusive property.  It may not be reproduced or transmitted, in whole or in part, 

without written agreement from MacVector, Inc.  

The software described in this document is furnished under a license agreement, a copy 

of which is packaged with the software.  The software may not be used or copied except 

as provided in the license agreement.  

MacVector, Inc reserves the right to make changes, without notice, both to this 

publication and to the product it describes.  Information concerning products not 

manufactured or distributed by MacVector, Inc is provided without warranty or 

representation of any kind, and MacVector, Inc will not be liable for any damages.   

This version of the RNA-Seq Human Transcriptome Tutorial was published in August 

2019. 
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Introduction 

MacVector with Assembler is capable of analyzing gene expression levels using the 

popular Next Generation Sequencing (NGS) “RNA-Seq” approach (also known as 

“whole transcriptome shotgun sequencing”). RNA from a source is isolated (potentially 

with enrichment for the type of RNA of interest), reverse-transcribed, then randomly 

sequenced using a high throughput NGS platform, such as Illumina HiSeq or MiSeq. The 

entire set of reads are then computationally aligned to an annotated reference genome and 

the relative abundance of transcripts from each transcribed gene determined by software. 

There is an existing MacVector tutorial that uses a short bacterial reference genome and 

RNA-Seq data to illustrate the basic concept – see RNA-Seq Expression Analysis 

Tutorial.pdf. 

This tutorial extends the concept to show how it is easily possible to analyze human 

RNA-Seq data using MacVector, even on a fairly modest laptop computer. 

Sample Files 

The data used in this tutorial is not included in a standard MacVector installation because 

of the size of some of the data files. You can download the appropriate files using this 

link; 

https://macvector.net/humantranscriptomesampledata.zip 

Strategy 

While it is (just) possible to align RNA-Seq data against the complete human genome 

with MacVector, that does require a fairly high-end machine with a LOT of RAM and 

even then, the analysis usually needs to be split into multiple tasks. It is far quicker, and 

requires less computational resources, to run the analysis against the human 

transcriptome i.e. just the known transcripts. There are several sources for this – our 

example will use the data collated by GENCODE. 

The steps we will use are; 

(a) Download the latest GENCODE human transcript data. 

(b) Concatenate the individual transcripts in that data to create a single 

reference sequence with the location of each transcript annotated 

appropriately. 

(c) Align a pair of RNA-Seq Illumina reads against the transcriptome reference 

using the popular Bowtie algorithm. 

(d) Ask MacVector to create a table listing how many reads aligned to each 

transcript along and calculate some basic statistical analysis. 

(e) Import the data into Microsoft Excel for further analysis. 

https://macvector.net/humantranscriptomesampledata.zip
https://www.gencodegenes.org/
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Machine Requirements 

The total CPU time is noted for each major computational step during the tutorial. Initial 

timings were generated using a fairly high end (as of June 2019) 15” MacBook Pro with 

32 GB RAM and a 6-core 2.9 GHz Intel Core i9 processor. While we recommend using 

machines with as much RAM as you can afford, as this is often the limiting factor, this 

entire workflow can be carried out on much more modest machines. 16 GB RAM is 

probably the practical lower end for human transcriptome analysis, but CPU speed is of 

less concern. Most of the analyses shown here used less than 6 MB RAM when running 

except where noted. 

Tutorial 

Download and Prepare Human Transcriptome 

If you downloaded the combined zip file for this tutorial, then you have the MacVector 

file, all ready to go; gencode.v26.pc_transcripts.fa.nucl 

This is how to generate an updated version of that file, or adapt this to your favorite 

transcriptome (GENCODE has a mouse version, for example, and other sites have 

versions for many other species). 

 

 

 

 

 

 

The file is currently (June 2019) 354 MB. 

 

 

 

Now we are ready to convert this fasta file into a GenBank formatted file that we can 

import into MacVector. 

 

 

You most likely downloaded this file from the MacVector website, along with the data 

for this tutorial. Alternatively, for MacVector 17.1 and later, it is located in the 

/Applications/MacVector/Applescripts/ folder. 

It is not strictly speaking necessary to copy the script to this location, but it simplifies the 

command line arguments below if you are not familiar with the use of Terminal.app. 

In a browser, navigate to; 

https://www.gencodegenes.org/human/ and scroll down the page to the 

Fasta files section and click on the Fasta download link for “Transcript 

Sequences”. This contains all known human RNA transcripts . 

Currently, this points to 

ftp://ftp.ebi.ac.uk/pub/databases/gencode/Gencode_human/release_30/g

encode.v30.transcripts.fa.gz. This usually gets uncompressed during 

download. 

  

Create a new folder somewhere on your hard drive where you can store 

data files and run the analysis. E.g. create one in your home folder 

called HumanTranscriptome. Move the downloaded 

Xxxtranscripts.fa file to this folder. 

Copy the FASTAtoAnnotatedGB.pl script file into the folder you 

created. 

Open Terminal.app (you can find this in /Applications/Utilities/).  

https://www.gencodegenes.org/human/
ftp://ftp.ebi.ac.uk/pub/databases/gencode/Gencode_human/release_30/gencode.v30.transcripts.fa.gz
ftp://ftp.ebi.ac.uk/pub/databases/gencode/Gencode_human/release_30/gencode.v30.transcripts.fa.gz
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We now want to change the current directory to the directory you created above. If you 

are familiar with command lines on the Mac, simply “cd” to that directory, otherwise, 

follow these instructions; 

 

 

 

You should see something like this; 

 

Now you are ready to run the conversion script to create a new GenBank file containing 

all of the transcripts concatenated into a single large annotated sequence. 

 

 

 

A single prompt should appear describing what will happen – accept appropriately, 

unless something appears way off. During processing, you may get warnings about 

missing Description values. You can ignore these. On a MacBook Pro, processing takes 

about two minutes. 

 

 

 

It will take some time to open this file. Initially it will appear as if you had not clicked the 

OK button as MacVector tries to parse the contents of the file. However, you will be 

prompted to confirm that you want to continue importing the sequence because the 

sequence is so large with very many features. On a MacBook Pro, the entire import took 

about one minute. 

You now have a file with a ~323 Mbp concatenated sequence containing ~210,000 

“gene” features, each of which is annotated with a /dbxref qualifier that references the 

identifiers of the original transcript.  

 

 

In the Terminal.app window, type “cd” then press the <space> bar. 

Switch to the Apple Finder application, navigate to the parent of the 

folder you created, select the new folder and drag it onto the Terminal 

window. 

Type (or copy/paste) the following command (substitute your specific 

filename as appropriate) and press <return>; 
./FASTAtoAnnotatedGB.pl gencode.v30.transcripts.fa -

sort=forward 

 

Open MacVector. Choose File | Open and navigate to your transcriptome 

folder and select the new …transcripts.fa.gb file that should be in 

there and click OK. 

Choose File | Save As… and save the file with a suitable filename. For the 

data used in this tutorial, that is gencode.v30.transcripts.fa.nucl 
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The final file takes about 45 seconds to save on the MacBook Pro and is about 395 GB on 

disk. 

That’s it! You now have a reference sequence that contains every known human 

transcript that you can use for RNAS-eq experiments. 

RNA-Seq Alignments using Bowtie 

The next step is to align the sample RNA-Seq reads to our new human transcriptome so 

that we can evaluate expression levels. 

For this we are going to use a very reduced sample set to reduce processing time. You 

should have downloaded this sample set with the files required to run this tutorial. 

 

 

 

 

 

You should have a project looking something like this; 

 

 

 

The defaults will work fine for this example. Note in particular that Hit Reporting is set 

to Report Best Hit only; 

First choose File | New | Assembly Project to create a new project. Then 

click on the Add Ref button and select your new 

gencode.v30.transcripts.fa.nucl reference sequence to import it. 

Finally, click on the Add Reads toolbar button, navigate to the location of 

the sample files, select forward.fastq and reverse.fastq (hold down 

the <option> key for multiple selections) and click OK to add them to the 

project. 

Select all of the files and click on the Bowtie toolbar item. 
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This setting means that each read will only align at a single location on the reference 

sequence. However, because of splice-site variations, pseudogenes and possible 

duplicated entries in the reference dataset, this may mean that some valid alignments will 

be missed. The implications will be discussed later with suggestions for alternative 

settings. 

 

The sample files have about 1 million x100nt reads each. On the MacBook Pro, this takes 

about 20 minutes to align. Once complete, a new job object appears in the project 

window. 

 

Note that the reads that did not align are shown as a pair of Unaligned_Reads files. 

There are times when these might be exactly the files you want e.g. if you wanted to filter 

out all human RNA sequences in order to enrich for bacterial or virus sequences in blood 

samples. 

The aligned reads are included in the contig object called 

gencode.v30.transcripts.fa Contig 1. 

 

Click OK and wait….. 
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If you like, you can scroll through the entire assembly, viewing the actual aligned 

sequences, but there is typically little need to do this for these types of experiments. 

 

The Map tab can take a few seconds to calculate and draw due to the size of the sequence. 

It typically completes in less than 30 seconds; 

 

The green bar is actually a graphic showing all 210,000 transcripts superimposed on top 

of each other. The lower graph is the distribution of aligned reads across the reference. 

You can “zoom in” to view the coverage in more detail. 

 

 

 

Double-click on the Contig 1 object to open the Contig Editor 

Click on the Map tab. 

Pick one of the taller peaks and carefully select a short section on either 

side of it by clicking and dragging with the mouse or trackpad. The 

response may be a little sluggish at first due to the size of the reference. 

Repeat the drag until you can clearly see the individual reads. 
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If you hover the pointer over one of the green arrows, a tooltip appears with the 

annotation for that transcript. 

 

This is the tab that lists the coverage for each transcript. There is a lot of data to process, 

so the content of the tab can take some time to appear (it is only generated when you 

click on the tab to save processing time for those cases where this information is of no 

interest). On the MacBook Pro, the tab took 90 seconds to calculate and display. But, 

once calculated, you can switch back and forth between tabs and it does not need to be 

calculated again while the Contig 1 window remains open.  

 

The columns are; 

• Name – the first 30 characters of the transcript name. 

• Type – the type of feature. The FastatoAnnotatedGB.pl script assigns gene 

features to each transcript, but for annotated genomes these may be other 

types. 

Click on the Coverage tab. 
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• Start – the start location of the transcript in the concatenated reference 

sequence. 

• Stop – the stop position 

• Length – the length of the reference transcript 

• Depth – the average depth of coverage, rounded down. These reads are 100 nt 

in length so e.g. 13 reads across a 1,657 nt transcript still comes out to a 

coverage of <1x. 

• # Reads – the number of reads that aligned to the transcript. 

• RPKM - Reads Per Kilobase of transcript, per Million mapped reads. This is 

a normalized unit of transcript expression that scales by transcript length to 

compensate for the fact that most RNA-Seq protocols will generate more 

sequencing reads from longer RNA molecules. 

• TPM – Transcripts Per Kilobase Million. When you use TPM, the sum of all 

TPMs in each sample are the same. This makes it easier to compare the 

proportion of reads that mapped to a transcript across different samples. 

Exporting Data Into Microsoft Excel 

While MacVector does not currently have an interface to compare and analyze RNA-Seq 

samples from multiple experiments, it’s easy to export the data from the coverage tab as 

it is displayed in tab separated format. 

 

 

 

This will copy the text to the clipboard, so we can now switch to Microsoft Excel to paste 

the data. This tutorial used Excel version 16.26 as distributed with Office 365. This 

approach should also work with other spreadsheet-like applications. 

 

 

 

Carefully select the first few lines of the Coverage tab data, starting at the 

Name column header. Now scroll to the bottom of the data, hold down the 

<shift> key and click just after the last TPM data item and the entire text 

table should select. Choose the Edit | Copy menu item. 

Switch to Microsoft Excel. Create a new blank workbook and click in cell 

A1. Choose Edit | Paste Special… then select the Text option in the resulting 

dialog and press OK. 
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The data should get pasted into Excel with each data item in its own separate cell and 

column headers just as they appeared in MacVector. 

 

It is trivial to sort the data in any column; 

 

The headers should each now have a button at the right side; 

Click on the TPM header cell then select the Data | Auto Filter menu item 
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The list is sorted, and the most highly expressed genes are displayed at the top. 

You can always get back to the original order by filtering Ascending on the Start header. 

You can use this approach to compare results between different data sets. For example, 

you could paste results from a second data set into a second sheet, then copy the TPM 

column from that and paste next to the TPM column from the first sample. Then you 

could create a simple “Delta” column with the starting formula of (e.g.) “=I2–J2”, copied 

to all cells in the column. That would display the differences between the two sets of 

data. Then you could sort that column by Descending to identify those transcripts that had 

the highest drop off in expression from sample “I” to sample “J” and by Ascending to 

identify those that had the greatest increase in expression in sample “J”. In reality, you 

would probably want to use more sophisticated formulas to use a ratio of expression 

levels in the Delta column, but this gives a general concept of how to proceed. 

Click on the button next to the TPM header and select Descending in the 

resulting dialog. 
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Identifying Transcripts 

Once you have identified transcripts of interest, it would be nice to find out what they 

actually encode. By far the easiest way is to use a web browser and use the Ensembl 

genome browser. 

 

 

 

 

 

 

 

This immediately finds the appropriate references to the transcript. You can then click on 

the links to explore the transcript in more detail. If you’d like to download the region 

around the transcript location for more analysis in MacVector, here’s how to do it; 

 

First, carefully copy the text up to the first “|” in the top hit. In the case of 

this data it is accession number ENST00000631211.1. Open a browser 

and go to https://ensembl.org. In the top right corner is a Search all 

species edit box.  

 Paste the accession  

Paste the accession number into the search box as shown above and press 
<return> 

Click on the top link that indicates “(Human Transcript)” 

https://ensembl.org/
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You will end up on a page with tabs for Location, Gene and Transcript. 

 

 

This shows the genes and annotations in the region around the transcript. There are a lot 

of customization options in the browser which you can explore.  

 

 

Click on the Location tab 

To export the data in a format MacVector can use, click on the Export Data 

button. 



 

RNA-Seq Human Transcriptome Tutorial  29 August 2019 

 

RNA-Seq Human Transcriptome Tutorial    16 

 

 

 

 

A configuration window appears; 

 

 

This displays the sequence in GenBank text format; 

Make sure you select GenBank as the output. Optionally add additional 

residues on each side of the location for context. Above we asked for an 

extra 2kb on each side. Click on the Next button. 

Click on the Text link. 
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Its easy to get this into MacVector; 

 

 

 

You may get a warning about invalid features in the data – Ensembl does not always 

adhere particularly closely to the GenBank standard. Any features that cannot be parsed 

will be saved in the COMMENT section of the Annotations tab. 

 

Modifying Bowtie Parameters 

While the above example tutorial does use a full-length Human Transcriptome sequence, 

it only uses a total of 2 million reads to speed things up for tutorial purposes. In addition, 

we use a Bowtie setting of Report Best Hit only. That means that if more than one transcript 

matches a particular read, only one will be reported as a match. In general, it is 

considered better to allow Bowtie to match multiple transcripts, though there are many 

scenarios where the single hit might be preferable. Let’s look at the Bowtie dialog again; 

Either (a) carefully select from just before the LOCUS text at the top to 

just after the trailing // characters at the bottom of the window or (b) 

choose Edit | Select All. Choose Edit | Copy. Switch to MacVector. Select File 

| New From Clipboard. 
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The Preset settings look as if they would make a significant difference to the speed of the 

alignment, but, in our hands, the differences are minimal. In general, there is less than a 

10% difference in computation speed between Very Fast and Very Sensitive. However, 

Very Sensitive does tend to align more reads. 

If you are using paired-end alignments and your insert size is significantly different than 

the defaults, you may want to change those settings. 

The Read pre-processing section can generally be left unchecked. If you think you have a 

lot of failed reads, this might help clean up the data, but in general Bowtie will simply 

ignore bad reads. 

The Hit Reporting section is the most critical for these types of alignments. Our example 

used Report Best Hit only and this does generate valid results. However, if you want reads 

to map to multiple transcripts, you need to choose one of the other options. The most 

obvious solution is to check Report all alignments. However, in our experience, with the 

Human Transcriptome, this has a huge effect on alignment time. With the sample data 

set, Report Best Hit only takes from 20 to 30 minutes to complete, no matter which Preset is 

used. But Report all alignments takes 6 to 7 hours and uses a maximum of ~14 MB RAM 

rather than the 4-6 MB RAM used with the other analyses. The upside of this is that 

many transcripts get many more reads aligned to them.  

One alternative approach is to use the Number of hits to report option. This option limits the 

Bowtie search to give up after X number of hits are found. It turns out you can set this to 

a fairly high number and it still completes much faster than the Report All Alignments 

option. Let’s look at a table with some timings; 
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Time Aligned Reads Unaligned Reads

Best Hit Only Very Sensitive 20:13 1199781 878786

Best Hit Only Very Fast 21:53 1129472 928548

Number of hits = 4 Very Fast 28:22 3445495 923040

Number of hits = 8 Very Fast 22:47 5012563 922056

Number of hits = 12 Very Fast 21:32 5965105 921692

Number of Hits = 12 Very Sensitive 29:44 6784849 872834

Number of hits = 50 Very Sensitive 44:32 12992388 871288

Number of hits = 50 Very Fast 44:15 9961427 921034

All Alignments Very Fast 6:26:36 79237491 920712  

Here we can see that using the All Alignments option is around 20x slower than most of the 

other options. However, it does generate many more alignments (more than 8x as many 

as the equivalent 50 hits option), though it may be that many of these are spurious 

alignments rather than close-to-perfect matches. Similarly, using the Very Sensitive option 

leaves fewer unaligned reads, but, again, these may be imperfect matches. 

Overall, the optimum parameters may depend on the actual questions you are asking of 

the data. As a trade-off between computational time, noise from spurious alignments and 

sensitivity, a good place to start would be Number of hits = 12 with the Very Sensitive option. 
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