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Taller de ética y OPASO (BIOL4995 — Investigacion Subgraduada) ; Verano 2014

Titulo del proyecto (inglés):

Evaluating Quantification and Expression methods with
Drosophila Melanogaster data

En el siguiente apartado redacte un informe detallado, en inglés, de lo que usted trabajo
en su proyecto de investigacion durante este semestre. Recuerde incluir aspectos tales

como:

* Estado de situacién del proyecto

* Resultados obtenidos en el periodo informado, incluyendo tablas y figuras con
sus respectivas leyendas.

» Etapas futuras a desarrollarse

¢ Dificultades encontradas

Project Status

The purpose of this project was to compare and contrast de novo and reference-
based assembly of RNA sequenced data. To accomplish this, we analyze the data using
diverse tools, all of which are presented in the workflow section below (page 12). At the
end of the 2015 internship at the Pittsburgh Supercomputing Center, we discovered that
there were unidentified viral sequences that annotated to Drosophila Birnavirus and X
virus in the original data files. To prove this finding, we have attempted to reproduce the
scatter plots C and E (Jiang et al., 2011) found below. These plots refer to ERCC
(External Read Control Consortium) genes (see link on page 8) and provide a standard
goal we want to achieve with our results from both assemblies. In both cases, we
created an ERCC reference using all of the ERCC genes referenced in the paper. We
hope the reproduction of these reference-based assembly results will serve as our
control to compare against plots generated with a de novo approach. Our hypothesis is
that running a de novo based assembly would be just as a powerful as a reference-
based assembly at detecting genes that are differentially expressed in an RNA-seq

experiment.
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Plots 1 and 2. Gene concentrations plotted against read counts for each ERCC

(control gene) found after a reference-based assembly of data file SRR039936. On plot
2, the same data file’s read counts were plotted against the counts found for data file
SRR039935. Links to where one can obtain these data files is provided in the project
page. These and other plots from Figure 1 of the paper can be found in at their

webpage: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3166838/figure/F1/.

It is important to note that the benefits of validating de novo based assembly procedures
include the production of heatmaps (see page 12) and Basic Local Alignment Search

Tool (BLAST) verifications. An example BLAST result table is included on page 13.

- Heatmaps:
o Creates a list of genes that are differentially expressed
o Provides color-based visualization of gene expression per data file

o Small phylogenetic tree of listed genes
- BLAST searching:

o Attempts to predict the origin of RNA sequences (across different

species)
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Results

We have developed a simple workflow that encompasses our methodology (see
page 11). In summary, we followed these steps:

- Acquire the data files (including D. melanogaster genome and ERCC
genome)

- Improve the quality of the data

- Assemble the data (the following steps were done for both reference-
based assembly and de novo assembly)

- Quantify: produce counts as RPKMs (Reads per Kilobase of Million
mapped reads)

- List differentially expressed genes and represent results via scatter
plots

Improved the data before re-running the assemblies.

To avoid reevaluate our results from the Summer 2015 internship and move
forward, we reacquired our data files from the NCBI database and re-checked
the quality of the reads for all files downloaded. Below are two tables that serve
as an example of quality improvement using the Scythe, Sickle and FASTQC

programs:

Table 1 Table 2

SRR039936.fastq

@Per base sequence quality

Quality scores across all bases (Sanger / llumina 1.9 encoding)
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Tables 1 and 2. Before and after representations of quality scores by
base pairs of a single data file (SRR039936.fastq). The quality of the reads in this
data file was improved using the Scythe and Sickle programs. Scythe was used
to remove adapters that are known to cause problems in future steps of an
assembly. Sickle was used to trim the edges off of the millions of reads that
make up the data. In Table 1, the quality score (format: phred) per base pair
appears to have an exponential decrease near the end edge of the reads. This
problem appears to have been corrected in Table 2, grouping at around a quality

score of 28+.

Production of plots for reference-based assembly.

Our goal was to create a script that would output the correct counts of each ERCC gene
detected and represented in Plot 1. To ease comparison, Plot 1 has been copied below

without its description (see page 4 for description). The scatter plot (Plot 3) can be found

below:
Plot 1 Plot 3
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Plot 3.  Gene concentrations plotted against read counts for each ERCC
(control gene) found after a reference-based assembly of data file SRR039936.
This data file was sequenced and tagged as consisting of %100 ERCC. The
program versions used to produce these counts include TopHat v1.0.13 with
Bowtie v0.11.3 and Cufflinks v2.2.1. Each dot represents a gene that aligned and
was differentially expressed, with its the corresponding concentration marking the
x-axis. Finally, the correlation coefficient of both Plot 1 and 3 appears to be
almost identical.

This reproduction is the most important aspect of establishing our control. In
Plot 1, the x-axis consists only of concentration: nmol/ul. To explain this, we must
take a closer look at Plot 1. If one were to multiply by the length of the sequence
that aligned to the ERCC genome: taking ERCC-00073 in Plot 1 as an example,
its concentration equals 8.09E-8 and it's length = 603
(http://genome.cshlp.org/content/suppl/2011/07/18/gr.121095.111.DC1/Jiang Ta
bleS1.xls). Concentration times length for this gene equals 0.0000487827 =

4 .9E-5, which is not the same as what they shown in the x-axis of Plot 1: ~1E-7.
This inconsistency does not take away from the fact that the apparent clustering
of dots in Plot 3 begins at about 1E-10 instead of 1E-11 as in Plot 1. Also, the
line that is formed by the clustered points in our reproduction appears to skew
towards the x-axis. However, Plot 3 represents results that support a correct

reference based assembly run.

Fine-tuning of de novo scripts to produce plots that coincide

with previous results.

The de novo script that would output the correct counts of each ERCC gene detected
and represented in Plot 1 is prone to irregularities by nature. As changing a single
parameter for a de novo run can have drastic changes on the output of the programs,

further analysis of these approaches is required before publication.
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To ease comparison, Plot 1 has been copied below without its description (see page 3

for description). The scatter plot (Plot 4) can be found below:

Plot 1 Plot 4
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Plot4. Gene concentrations plotted against read counts for each ERCC
(control gene) found after a de novo assembly of data file SRR039936. This data
file was sequenced and tagged as consisting of %100 ERCC. The program
versions used to produce these counts include Trinity v2.2.0 RSEM v1.2.30 with
Bowtie v0.11.3. Each dot represents a gene that aligned and was differentially
expressed, with its the corresponding concentration marking the x-axis. Finally,

the correlation coefficient of both Plot 1 and Plot 4 appears to be almost identical.

This reproduction of Plot 1 using a de novo approach follows the same details
as in Plot 3, with the x-axis consisting solely of the concentrations of the
differentially expressed ERCC genes. As previously mentioned, de novo
assemblies are somewhat harder to execute due to the variability in input
parameters and their effects on the corresponding output counts. To produce
Plot 4, we ran the Trinity program to produce a “make-shift’ ERCC genome from
our own ERCC reads. Changing a single parameter (i.e. kmer_size = 20) to
another value modifies the internal k-mer counting protocol used to produce this
experimental genome. This fact implies that there is a greater chance that the
counts generated by the alignments of the data reads to the corresponding
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“‘make-shift” genome will vary significantly with each assembly run. As such, it is
important to note there is a possibility that the alignments portrayed as counts in
Plot 4 are not the best. As seen in the Plot (4), there is a significant amount of
dots missing when compared to the results illustrated in Plot 3. This loss of
counts at RPKMs below a certain threshold (~50 counts) could have multiple
explanations: running an incorrect de novo assembly (either by not setting a
parameter correctly or having a default parameter alter the results) or simply that
a low-abundance gene could not be reconstructed through this assembly.

Future work

After depicting the benefits of a de novo assembly, the next steps in proving our
hypothesis include:
- Modifying the scripts used to produce plots 3 and 4 (in order to analyze
additional data files).
- Reproducing Plot 2 for both de novo as well as reference based assemblies.
- Possibly including additional quantification programs for de novo assembly

(for example: Oasis, Sailfish)

Producing heatmaps

The cause for which a cluster of resulting data was lost in Plot 4 needs to be
investigated. This includes an in-depth analysis of all parameters (emphasizing default
parameters) used by the Trinity program that could influence both the production of the
artificial genome as well as the amount of genes that aligned to said genome. In
addition, the reproduction of plot 2 requires counts produced by running a reference-
based assembly of the data file SRR0399035.fastq against the ERCC genome.
Furthermore, the resulting plot could then be compared to the plot made by running an

improved de novo assembly on the same data file. re-running de novo based assembly

This project is currently being developed with the goal of publishing all results in
a PLOS One paper. Additional steps might include reproducing new heatmaps and
performing a BLAST searches as supplemental information. We hope the culmination fo
this project will allow us to correctly determine the identity of non-viral, differentially

expressed genes in Drosophila melanogaster spike-in data.
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Methods/Workflow
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o4 Ul
C12935_G1
C476_G1
C14261_G1
C135_G1

933 935 458 460

Example (BLAST): C12935 gl il len= 1061 path=[1039:0-1060]

Top 5 sequences producing significant alignments ordered by coverage: m
448 2506 99%

3e-160 GQ342962.1

Drosophila melanogaster birnavirus SW-2009a strain DBV segment A,
complete sequence

Nocardiopsis dassonvillei subsp. Dassonvillet DSM 43111 chromosome 1, complete

423 773 35% 0.80 CP002040.1
sequence
Streptomyces nodosus strain ATCC 14899 genome 39.6 132 35% 72 CP009313.1
Actinoplanes sp. N902-109, complete sequence 386 742 28% 84 CP005929.1
ISP C D DT T s MR R o 3 e S0((TRIEE) $35.0 64.5 27% 78  XM_004460442.2

transcript vanant X1, mRNA
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