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1. Introduction

tReasure (tRNA Expression Analysis Software Utilizing R for Easy use) is a user-friendly tool
for the analysis of tRNA expression from deep-sequencing data of small RNAs using R
packages. tReasure package includes several RNA-seq R packages, which are available in
www.bioconductor.org. tReasure covers the whole analysis workflow of high throughput
sequencing experiments to identify and visualize of differentially expressed tRNAs using
FASTQ File format.

tReasure is a package for the R computing environment; therefore, you must install R and
Rstudio (https://rstudio.com) before installing tReasure. tReasure requires the gwidget2
graphical library to run and several additional packages for the analysis of RNA-seq.

1.1. Installation
> Preliminaries
® For Window: User need to install Rtools.

® For Linux: Users need to install libcurl4-openssl-dev and libssl-dev for
devtools and ‘libgtk2.0-dev’ and ‘libxml2-deVv’ for tReasure.

(Example for Ubuntu)

#installing for devtools
>sudo apt-get install libcurl4-openssl-dev
> sudo apt-get install libssl-dev

#installing for tReasure

>sudo apt-get update -y

>sudo apt-get install -y libxml2-dev
>sudo apt-get install -y libgtk2.0-dev

® For Mac : Users need to install ‘XQuartz’, gtk2 and cairo.

(Example using brew)

#installing for devtools
>brew update

>brew install --cask xquartz
>brew install openssl

#installing for tReasure
>brew update

>brew install cairo
>brew install gtk+

> Installation for tReasure


http://www.bioconductor.org/
https://rstudio.com/

Open Rstudio or R and type as below:

>install.packages("devtools")
>library("devtools")

>devtools::install github("jinoklee/tReasure",force = TRUE)
>library("tReasure")
>tReasure::install.tReasure()

If the description shows as below during the installation, choose "Install GTK+".

Need GTK+? (Restart Required)
Install GTK+
Do not install GTK+

2. Running tReasure

» Open Rstudio or R and type as below

>library("tReasure")
>tReasure: :tReasure()

3. User Interface

On the main page of tReasure, Tabs for analysis were indicated below; Introduction,
Uploading Samples, Quality Control, Alignment & Counting, filtering, DetRNA Detection,
Visualization. Each tab corresponds to a particular step of the analysis workflow. Left panel
contains the user-defined parameters, Right panel represents the output of each process,
and Bottom panel shows analysis progress (Figure 1).
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Figure 1. Main page of tReasure software User Interface

Above all, prepare small RNA-seq dataset formatted FASTQ. We provided an example dataset
(smallRNA-seq data, GSE68085) [1] for practicing the analysis. The example dataset contains
114 breast tissues of small RNA-seq data which is the total of 103 tumors and 11 normal.

3.1. Tab “Uploading Samples”

Before starting analysis, create a folder (e.g., named “BCproject”) on your local computer
and move the dataset to your local folder. This folder will be set as a working directory and

as a storage of outputs, later.

3.1.1. How to make a sample list

@ Click “Open” button on the Left panel for selecting the directory of raw FASTQ
files (Figure2).

[5l tReasure - o X
ducti F'_r'_::__r'__l Quality Control | Alignment & Read Counting | Filtering | DEtRNA Detection | Visualization
Create the sample list |FiIeName SampIeNamel Group |Batch
Select a directory of FASTQ files : 1 Path plename.fastg plename | control | batch i
Open z: TRUE TRUE :TRUE :TRUE
3 TRUE TRUE TRUE | TRUE

RUN |

[*OPTION] Upload the sample list

Select a file of
the pre-made sample list :

Open

Progress

Figure 2. Tab of “Uploading samples”



= A new pop-up window will be appeared. Left panel shows directories and
Right panel shows the contents in the current directory. Top panel shows
the current directory (Figure 3).

& - u] x

Current directory

! Contents
Directories |4 in current directory

Sox | Rcamal

Figure 3. Pop-up window for selecting directory of raw FASTQ files

@ Search your local folder (e.g., “BCproject”) by clicking the folders on Upper or
Left panel of pop-up window (Figure 4).

= The path of clicked folders is showing the top of pop-up window (e.g.,
/data6/BCproject).

(@ Click “OK” button (Figure4).



B - O
j data6 IBCP“"F‘mt Create Folder
Places | — | Name - |Size |Modiﬁed | —
©), Search | SRR1982469.fastq 54.8 MB  01/25/2021
& Recently Used SRR1982470.fastq 30.0 MB  01/25/2021
[ jinoklee SRR1982471.fastq 24.2 MB  01/25/2021
File system 28.3
[ shared 25.9 MB
datag 24.0 MB
datas 48.6 MB  01/25/2021
data7 23.1MB 01/25/2021
dataé 40.5 MB  01/25/2021
datas 50.7 MB  01/25/2021
datad 7
data3 SRR1982480.fastg B
dataz SRR1982481.fastq 43.6 MB
data13 SRR1982482 . 110.3 MB 01/25/2021
datal2 SRR198248 41.2 MB
RR1982484 23.2 MB  01/25/2021
[ Dre—— A -
<Tox & cancel

Figure 4. Searching your local folder

= The FASTQ files in the folder is selected for the analysis

@ Click “RUN” button on the Left panel for making the sample list (Figure 5).

= The sample list is displayed on the Right panel and the list is saved in a
folder named as “sample.txt” at the same time (i.e., /data6/BCproject/sa
mple.txt).

= There are four columns named “FileName”, “SampleName”, “Group”, and
“Batch” (Figure 5).

FileName: Paths and names of the files containing the raw data. The con
tents generated automatically according to the information of files.

SampleName: The sample names of each sequence data and create fro
m raw data filename. The contents generated automatically according t
o the information of files.

Group: The group information of samples. There are filled with one of “c
ontrol’, “test” or “NA” by default.

Batch: A batch information of samples. There are filled with "NA" by def
ault.



B, tReasure — [m] x
Introduction  Uploading Samples | Quality Control | Alignment & Read Counting | Filtering DEtRMA Detection | Visualization |
Create the sample list FileName SampleName | Group | Batch ‘
Select a directory of FASTQ files : 1 /data6/BCproject/SRR1982469.fastg SRR1982469 ; control | NA
/data6/BCproject ~,Open 2 Jdata6/BCproject/SRR1982470.fastq SRR1982470 : test NA
3 jdata6/BCproject/SRR1982471.fastq SRR1982471 iNA NA
RUN | 4 i/data6/BCproject/SRR1982472.fastq SRR1982472 iNA NA
5 i /data6/BCproject/SRR1982473.fastq SRR1982473 iNA NA
6  /data6/BCproject/SRR1982474.fastq SRR1982474 | NA NA
7 /data6/BCproject/SRR1982475.fastq SRR1982475 [NA NA
8 | /data6/BCproject/SRR1982476.fastq | SRR1982476 i NA NA
9 i jdata6/BCproject/SRR1982477.fastq | SRR1982477 iNA NA
10 | /data6/BCproject/SRR1982478.fastq SRR1982478 ; NA NA
AAAAA 11 /data6/BCproject/SRR1982479.fastq SRR1982479 | NA NA
[*OPTION] Upload the sample list 12 | /data6/BCproject/SRR1982480.fastq SRR1982480 (NA ' NA
Select a file of _ 13 |/data6/BCproject/SRR1082481.fastq SRR1982481 INA | NA
the pre-made sample list :
14 jdata6/BCproject/SRR1982482.fastq | SRR1982482 iNA NA
[— ~gpen | 15 i/data6/BCproject/SRR1982483.fastq SRR1982483 | NA NA
16 /data6/BCproject/SRR1982484.fastq SRR1982484 | NA NA
17 | jdata6/BCproject/SRR1982485.fastq | SRR1982485 | NA NA
18 /data6/BCproject/SRR1982486.fastq | SRR1982486 | NA NA
19 | /data6/BCproject/SRR1982487.fastq | SRR1982487 iNA NA
T T T

Progress
warnning : There should be at least 2 samples per group for differentially expression analysis.

Figure 5. Creating sample list with default values

(® Modified the sample list.
Note. There are two methods to modify those.

First, you can directly select the group information and add the batch
information on the Right panel. The revised sample list is automatically saved
as “sample.txt” (Figure 6).

Second, you can modify a saved file (i.e., “sample.txt’ of 4) using Microsoft
Excel. After modifying the sample list in Excel, you must save it as text format
(tab delimited) without changing the file name and sample name. Then, click
“Open” in the [*OPTION] box on the Left panel (Figure 7).




3 tReasure - o b 4

ducti Uploading pl | Quality Control | Alignment & Counting | Filtering | Exploration | DEtRNA Dehuctionl Visuilizationl
Create the sample list FileName SampleName | Group | Batch |—'—
Select a directory of FASTQ files : 1 | /datad/jinoklee/BCproject/SRR1982469.fastq | SRR1982469 | control | NA

inoklee/BCproject/SRR1982470.fastq SRR1982470 fest] ] NA
/datad/jinoklee/BCproject/SRR1982471.fastq | SRR1982471 | control JA
RUN | 4 | /datad/jinoklee/BCproject/SRR1982472.fastq SRR1982472 | NA A
/datad/jinoklee/BCproject/SRR1982473.fastq | SRR1982473 | test A
6 /datadjjinoklee/BCproject/SRR1982474.fastq | SRR1982474 ;NA INA

i/dataA/;mokIee/BCpro;ect .~ Open | 2

w

w

3 tReasure - [m] X
ducti Uploading pl Quality Control | Alignment & Counting | Filtering I Exploration | DEtRNA Dm:tionl \ﬁsualizationl
 Create the sample list FileName SampleName | Group | Batch I-i

Select a directory of FASTQ files : 1  /datasfjinoklee/BCproject/SRR1982469.fastq SRR1982469
|/dataajjinoklee/BCproject Open 2 | /datadfjinoklee/BCproject/SRR1982470.fastq SRR1982470 |test NA
| E |

3 | /datadfjinoklee/BCproject/SRR1982471.fastq | SRR1982471 | NA NA ||
\ RUN | 4 | /datadfjinoklee/BCproject/SRR1982472.fastq | SRR1982472 | NA NA
| 5 /datad/jinoklee/BCproject/SRR1982473.fastq | SRR1982473 | NA NA

6 | /datadfjinoklee/BCproject/SRR1982474.fastq SRR1982474 |NA NA

Figure 6. Directly modified sample list
Bg) tReasure - a x

Introduction  Uploading Samples | Quality Control I Alignment & Read Counting I Filtering | DEtRNA Detectionl visualizationl

Create the sample list ———————— FileName SampleName | Group | Batch |E
Select a directory of FASTQ files : 1 | /data6/BCproject/SRR1982469.fastq | SRR1982469 | control | Batch Il
W [=open | 2  /data6/BCproject/SRR1982470.fastq SRR1982470 control Batch IIl
T | 3 /datas/BCproject/SRR1982471.fastq SRR1982471 | control | Batch 11l ||
RUN 4 | /data6/BCproject/SRR1982472.fastq| SRR1982472 | control | Batch Il
5 /data6/BCproject/SRR1982473.fastq SRR1982473  control ; Batch 111
6 /data6/BCproject/SRR1982474.fastq SRR1982474  control : Batch 111
7 /data6/BCproject/SRR1982475.fastq | SRR1982475 | control | Batch 11l
8 /data6/BCproject/SRR1982476.fastq | SRR1982476 | control ; Batch 111
9 /data6/BCproject/SRR1982477.fastq SRR1982477 | control : Batch 111
10 | /data6/BCproject/SRR1982478 fastq SRR1982478  control | Batch IiI
______ 11 |/data6/BCproject/SRR1982479.fastq SRR1982479 control { Batch 11l
[*OPTION] Upload the sample list — 33" [t 6B ojact/SRR1982480.fastq SRR1982480  test  : Batch IV
Select a file of . 13 | /data6/BCproject/SRR1982481.fastq SRR1982481 test | Batch Il
the pre-made sample list :
14 | /data6/BCproject/SRR1982482.fastq SRR1982482 test |Batch Il
/data6/BCproject/sample. | | = Open 15 | /data6/BCproject/SRR1982483.fastq SRR1982483 test Batch Iv
16  /data6/BCproject/SRR1982484.fastq SRR1982484 test  Batch IV
17 | /data6/BCproject/SRR1982485.fastq SRR1982485 test |Batchll
18  /data6/BCproject/SRR1982486.fastq SRR1982486 test  Batch IV
19  /data6/BCproject/SRR1982487.fastq SRR1982487 test  Batchll
e g eyl RS PSS =]
Progress
=]
Complete uploading the sample list. L

Figure 7. Example of making the sample list

Caution. There should be at least two replicates in one group for statistical
analysis of differential gene expression.



3.1.2.

Caution. Don’t click the “RUN” button again after finishing modification.
Move on to the next step (“Quality Control” tab). If user click “RUN” button
after modification, it can reset the sample list.

Working directory

Once you click “RUN” (@) button for making sample list, the selected folder is set
as the working directory (SWORKDIR) automatically (i.e., SWORKDIR = /data6/BCp
roject). At the same time, four subdirectories will be created to save the outputs o
f subsequence procedures such as SWORKDIR/pre, SWORKDIR/post, SWORKDIR/r
c and SWORKDIR/stat/plot (Figure 8).

1 X
./'l |data6 BCproject

' Places | = E |
@, search
@& Recently Used (=) pre 22:14
G ecproject ML 22:40
[ stat 22:42
File System | sample.txt 6.8kB  18:24
P shared | SRR1982469.fastq 54.8 MB  01/25/2021
datao ( | SRR1982470.fastq 39.0MB  01/25/2021

Figure 8. Setting the working directory and making subdirectories

3.2. Tab “Quality Control”

As a next step, you need to remove adapter sequence and poor-quality reads. Those
are performed using preprocessReads function from the package QuasR [2].

3.2.1.

Workflow of analysis

First, check the adapter information in small RNA-seq data. tReasure provides four
options of adapters (lllumina smallRNA 3’ adapter, Illumina universal adapter,
SOLID adapter, and No adapter) (Figure 9). Second, choose the threshold value of
Q-score (quality score) to filter out low quality reads. tReasure provides two values
(“25” and “30”) for minimum quality threshold. Regarding minimum length,
tReasure provides “10” as a threshold for optimal detection of tRNAs from small
RNA-seq.

@ Select the user-defined parameters on Left panel. Figure 9 is an example.

9
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bl tReasure

ducti Uploading pl Quality Control | Alignment & Read Counting | Filtering DEtRNA Detection | Visualization

Settings
Information of adapter :
@ Illlumina smallRNA 3' adapter
O Illumina universal adapter
O SOLiD adapter
O No adapter
Minimum quality :
® 25
Q 30

Minimum lenght :

® 10

RUN

Progress

Complete uploading the sample list.

Start : Quality Control
Filtering : /data6/BCproject/SRR1982469.fastq :I

Figure 9. Tab of “Quality Control”

@ Click “RUN".

= The summary of Quality Control (QC) is displayed on the Right panel and
saved in the subdirectory (“SWORKDIR/pre”) named as “trim_res.txt
(Figure 10-11).

= Each column represents individual small RNA seq data, they have four
kinds of QC information (totalSequences, matchTo3pAdapter, tooShort,
and totalPassed).

totalSequences: total number of reads
matchTo3pAdapter: number of reads that matched to the 3’ adapters
tooShort: number of reads that were too short to analyze

totalPassed: number of reads that passed the filtering step

= Trimmed FASTQ files are saved in that directory “_trim.fastq” (Figure 11).

10



[} tReasure - [m] X

uploading pl Quality Control | Alignment & Read Counting | Filtering | DEtRNA Detection I Visualization |
Settings Names | SRR1982469| SRR1982470| SRRIBB2471| 5RR1932472| SRR1982473| SRR1982474| SRR
Information of adapter : totalSequences 718565 518111 322697 374379 343586 319380 644
@® Illumina smallRNA 3' adapter matchTo3pAdapter 484116 284749 166336 214899 191070 177162 400
O Illumina universal adapter tooShort 32 36 34 24 28 28 103
O soLD adapter totalPassed 718533 518075 322663 374355 343558 319352 643

O No adapter
Minimum quality :

® 25
O 30

Minimum lenght :

® 10

{ RUN

K| | v

Progress
Filtering : jdata6/BCproject/SRR1982582.fastq

Done : Quality Control. Click! Next tab of Alignment & Counting.

Figure 10. Summary of QC

?' ml data6| BCproject |pre

Places = Name Size Modified v =
@, search [ ) sample_trim.txt 6.2kB  Yesterday at 18:24
@ Recently Used [’ SRR1982469_trim.fastq 53.7 MB Yesterday at 18:24

[ ) SRR1982470_trim.fastq 38.3 MB Yesterday at 18:24
File System () SRR1982471_trim.fastq 23.8MB Yesterday at 18:24
> shared (] SRR1982472_trim.fastq 27.7MB Yesterday at 18:25
datao M | ] SRR1982473_trim.fastq 25.5MB Yesterday at 18:25
[ datas [ ) SRR1982474_trim.fastq 23.6 MB Yesterday at 18:25

Figure 11. Output of QC

Note. The process of status is displayed on the Bottom panel.

11



3.3. Tab “Alignment & Read Counting”

After QC, tReasure provides read alignments against genome assembly using Rbowtie
aligner based on gAlign function of QuasR packages [2]. Rsamtools [3] package is used
for filtering and counting of reads.

3.3.1.

3.3.2.

tRNA mapping strategy

tReasure performs a specific mapping method for tRNA genes, which is modified a
previous method [4]. In brief, an artificial genome is generated by masking all
annotated tRNA genes and adding pre-tRNA genes (i.e., tRNA genes with 3’ and 5’
genomic flanking regions) as extra chromosomes. tRNA annotations are obtained
by using tRNAscan-SE [5], which predicted all tRNA sequence. Upon mapping to this
artificial genome by Rbowtie, sequence reads that map to the tRNA-masked
chromosomes or to the tRNA flanking regions are filtered out to remove non-tRNA
reads and unmatured-tRNA reads, respectively.

tRNAs without flanking region are transformed to mature tRNAs by appending 3’
CCA tails and removing introns. The subset of filtered reads from the first mapping
is aligned against the mature tRNAs using Rbowtie.

tReasure provides artificial genome and mature tRNAs sequence of 4,781 species
(540 eukarya, 4,024 bacteria, and 217 archaea). When starting alignment, the
genome files of your choice are automatically downloaded from tReasure
webserver.

Quantification of tRNAs

tRNAscan-SE, a frequently used tool to predict tRNA genes, is provided a score
assigned to each putative tRNA gene. The genes with high score (>50) are likely
bona fide tRNA genes, while those ranked with a low score are likely pseudogenes
[5]. And tRNAscan-SE determines the “high confidence” set of genes that are most
likely function in the translation process, by assessing a combination of domain-
specific, isotype-specific, and secondary structure scores. As a benchmark,
tReasure counts and uses only the cytosolic and high confidence tRNAs of all
predicted them.

The identity of each tRNA is defined by its corresponding amino acid and by its ant
icodon sequence. tRNAs charged with the same amino acid are isoacceptor tRNAs
(e.g., tRNA-Arg), and tRNAs with the same anticodon sequence are known as isod
ecoder tRNAs (e.g., tRNA-Arg-TCT). In this work, tReasure combines tRNA genes h
aving the same mature tRNA sequence into tRNA families. In other words, tReasur
e quantify the mapped reads of isodecoder genes that a single isodecoder set wer
e assigned to individual tRNA genes (e.g., tRNA-Arg-CCG-2-1), and multiple tRNA g
enes with identical sequences were assigned to a single “tRNA family” (e.g., tRNA-

12



Arg-ACG-1) [6] (Figure 12). By using these concepts, tReasure is capable of detecti
ng at a broad level from individual to isodecoder, isoacceptor.

(A)

Amino acid

Isoacceptors (tce)[ cce]lace) TcT) ccT]
|

- "9

Isodecoders o s

s L —> I oz = I

Individual tRNAs . chro
cor1 [ e [ I

cnes < 1

(B)

koacceptors  Amino acid

{RNA genes RNA sequence
Homeo_sapiens tRNA-Arg- & Arg-ACG Arg
G Arg-ACG Arg

G Arg-ACG Arg

G Arg-ACG Arg

G Arg-ACG Arg

G Arg-ACG Arg

G Arg-ACG Arg

G Arg-CCG Arg

G Arg-CCG Arg

G Arg

G TAATGGATAAGGCATCAGLE Arg

G CCTAATG GATAAGGLACTG GCT Arg

G CCTAATG GATAAGGCACTG GCC Arg

G CCTAATGEATAAGGCATTGGCC Arg

G CCTAATG GATAAGGCATIGGLC IGGEGTG Arg

G CCTGATGEATAAGGTACTGGCC IGGGETA Arg
GECCGUGTERCCTAATGGATAAGG CGTCT GACTICGGATCAG. CGETCE ArgTCE-1-1 Arg-TCG Arg
GACCACGTGGCCTAATGEATAAGGCGT CTGACTICEGATCAGAAGATT GAGS TGETTA ArgTCG-2-1  Arg-TCG Arg
GACCGOGTGGCCTAATGEATAAGGLGTCTGACTICEGATCAGAAGATTGAG GETTC BAGTC TEETCG ArgTCG-3-1 Arg-TCG Arg

| GACCACGTGGCCTAATGEATAAGGCGT CTGACTTCEGATCAGAAGATT GAGGG TTCGAATL TEGTTA ArgTCG-4-1  Arg-TCG Arg

ns tRNA-Arg- GACCACGTGGCCTAATGEATAAGGLGT CTGACTTCEGATCAGAAGATTGAGGETTCGAATCCCTTCE TEETTS ArgTEG-5-1 Arg-TCG Arg

ns tRNA-Arg-TCG-6-1  GGOCGTGTGGICTAATG GATAAGGCET CTGACTTCEGATCARAAGATTG CAGGTTTGAGTTC TGCCAC GGTCE ArgTCG-E-1  Arg-TCG Arg
GECTCOGTOACGCAATGOATAGCGCATTG GACT IBIAGAGG T GAAGGCAT ICAAAGG TTCC GGG TT CAAGTCCCG BCE BAGTCE ArgTCT-141 Arg-TCT Arg

6 CAATG GATAGCGCATTG GACTIRRAGT GACGAATAGAGCAATTCAAAGGT TG TGGB TTCGAATCCCACCA GAGTEG ArgTCT-21 Arg-TCT Arg

G TG GATAGCGCATTG GACTIRBIA GC TGAGCCTAGTGTG GTCATTCARAGGTTGT GGG TIC CACCAGAGTCG  Arg-TCT-3-1  Arg-TCT Arg

6 CAATG GATAGCGCATTGGACT[MBIAGATAG TTAGAGAARTTCARAGGT TG TGGGTTCGAGTCCCACCAGAGTCS Arg-TCT-3-2 Arg-TCT Arg

sapiens IRNA-Arg-TCT-4-1  GT: TGGACGAGLGCECTGGAT TCCAGAGGTTCCGGE TTCGAGTCCCGGIAGAGATG ArgTCT-4-1 Arg-TCT Arg
Homo_sapiens tRNA-Arg-TCT-5-1  GECTCTGTGGCGCAATE GATAGCGCATTG GACT A GC CTAAAT CAAGAGATTCAAAGGTTGE GGG TTCGAGTCCCTCCAGAGTLE ArgTCT-5-1 Arg-TCT Arg

Figure 12. Definition of tRNAs

3.3.3. Workflow of alignment and read counting

First, select genome assembly according to your studies.

@ Click the button named “Search genome assembly” on the Left panel (Figure
13).
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[Gd tReasure — ] *

Introduction | Uploading Samples | Quality Control ~ Alignment & Read Counting ‘ Filtering | DEtRNA Detection | Visualization

Settings

Genome assembly :

Search genome assembly |

RUN |

[*OPTION] Load the readcounts files

Select the file of readcounts :

tRNA level ~ Open
Isodecoder level ~ Open
Isoacceptor level ~ Open

Progress
Filtering : /data6/BCproject/SRR1982582. fastg

Done : Quality Control. Click! Next tab of Alignment & Counting.

Figure 13. Tab of “Alignment & Read Counting”

= The mini pop-up window is appearing for selecting the genome assembly
you want (Figure 14).

Bd Search genome assembly X
Domain :
Next1:
-]
Next2:
|
Species :
|
ok |

Figure 14. Mini pop-up window for searching genome

@ Select the four criteria and click “OK” (Figure 15).
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g Search genome assembly *

Domain :

Eukarya

Next1:

Mammalia

Next 2 :
H-K

Species :

Homo sapiens Human Feb. 2009 GRCh37/hgl19

Homo sapiens hg38 - GRCh38 Dec 2013

Heterocephalus glaber Naked mole-rat Jan. 2012 HetGla female 1.0

Figure 15. Example of selecting the gnome assembly

= The mini pop-up window is closed, and the name of genome is displayed
on Left panel of main window.

(3 Click “RUN” button on the Left panel.

= tReasure automatically download both artificial genome (e.g., Hsapi38_ar
tificial.fa) and mature tRNA sequence (e.g., Hsapi38.tRNAscan_mature.fa
) of selected species formatted zip file (Figure 16). Those are stored in the
folder of the default library path (e.g.,C:/Users/[Username]/Documents/
R/win_library/3.6/tReasure/extdata/refer/Hsapi38/).

30% downloaded

URL: ... reasure prmrc.re kr/data/genome/Eukaryota/Hsapi38/Hsapi38.zip

Figure 16. Downloading of files for alignment

Note. Before aligning the small RNA seq reads against a reference genome, it
is necessary to do indexing on the genome. To reduce execution time, we

provide the pre_built index of eukaryotic genome, which is also downloaded
with genome.

= tReasure goes through three steps automatically one by one: pre-mapping,
postprocessing, and counting of reads.

After first pre-mapping step, the BAM files are saved in subdirectory
(“SWORKDIR/pre”). And the summary of alignment is also saved named as

15



“preprocessing_algin_stat.txt”, which contains the size of the target
sequence as well as the number of mapped/unmapped reads for each
sequence file (Figure 17).

./’l | data6 | BCproject [ pre
Places |; Name v | Size | ﬂ
2 Search | ] preproccessing_align_stat.txt 7.3kB
@ Recently Used | ) sample_trim.txt 6.2 kB
] SRR1982469_trim.fastq 53.7 MB
File Systein || SRR1982469_trim_699d7da6932b.bam 13.6 MB
B shared | SRR1982469_trim_699d7da6932b.bam.bai 2.1MB
ditad " |7 sRR1982469 _trim_699d7da6932b.bam.txt 594 bytes
datas “) SRR1982470_trim.fastq 38.3 MB

Figure 17. The output of pre-mapping step

After postprocessing step, results are saved in subdirectory
(“SWORKDIR/post”). There are FASTQ files for the secondary library of
mature tRNAs named “_mature” to the end of the filename, and the BAM
files of outputs of mapping against mature tRNAs. Likewise, the summary
of alignment is saved as “postprocessing_align_stat.txt” (Figure 18).

2 dataé | BCproject | post

Places I — | Name v |size j
£, Search | ) postprocessing_align_stat.txt 6.4 kB
@) Recently Used | sample_mature.txt 7.1kB

‘ ) SRR1982469_trim_mature.fastq 668.0 k
File System | ] SRR1982469_trim_mature_9e9d5011dcf4.bam 194.3 k
[ shared ) SRR1982469_trim_mature_9e9d5011dcf4.bam.bai  29.4 kB
datag i | ] SRR1982469_trim_mature_9e9d5011dcfd.bam.txt 607 byt
datag | ] SRR1982470_trim_mature.fastq 965.0 k

Figure 18. The output of postprocessing step

After counting of reads, the number of alignments in mature tRNAs is
guantified and the result tables (tRNAs in rows and samples in columns)
are produced for further analysis. There are three tables: individual,
isodecoder, and isoacceptor levels of tRNAs (Figure 19).

The tables are saved in subdirectory (“SWORKDIR/rc”) as below:
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readcount_trnas.txt
readcount_isodecoders.txt
readcount_isoaccepters.txt

i)

Settings

Genome assembly : Name

tRNA level | Isodecoder Ievel?‘ Isoacceptor level |

Introduction | Uploading Samples | Quality Control  Alignment & Read Counting | Filtering | DEtRNADetectiunl Visualizatiunl

| SRR1982469| SRR1982470| SRR1982471| SRR1982472 ‘ SRR1982473 ‘ SRR198247

smo sapiens hg38 - GRCh38 Dec 2015| tRNA-Val-CAC-1

RUN

e tRNA-ASN-GTT-27-1
[*OPTION] Load the readcounts files tRNAVal-CAC-5-1

Select the file of readcounts :

— tRNA-ASN-GTT-3-1
tRNA level Open
Isodecoder level ~ Open
tRNA-Lys-CTT-7-1
Isoacceptor level ~ Open tRNA-Gly-CCC-1

400 641 378 334 129 373
tRNA-Asn-GTT-11 0 0 0 0 0 0
tRNA-AsSN-GTT-25-1 0 0 0 0 0 0
tRNA-His-GTG-1 93 118 45 53 27 81
tRNA-GIn-CTG-4 7 7 9 8 1 1
tRNA-ASN-GTT-9-2 0 0 0 0 0 0
tRNA-ASN-GTT-9-1 0 0 0 0 0 0
tRNA-ASP-GTT-2 3 8 2 4 4 0
tRNA-Asn-GTT-12-1 0 0 0 0 0 0
tRNA-Val-CAC-4-1 55 86 47 43 17 48
tRNA-AsSN-GTT-6-1 0 0 0 0 0 1

0 0 0 0 0 0

50 80 39 48 16 42
tRNA-ASN-GTT-7-1 1 0 1 0 0 0

0 0 1 1 0 0
tRNA-Cys-GCA-7-1 2 2 0 0 3 3

3 6 4 2 0 6

642 886 610 462 154 653
K1 | 2l

Progress
Done : Counting of isodecoders
Done : Counting of isoacceptors

Done : Alignment & Read Counting. Click! Next tab of Filtering.

Figure 19. The output of read counting

Note. The process of status is displayed on the Bottom panel.

3.4. Tab “Filtering”

Before the statistical analysis, tReasure provides the function of filtering out the
normalized genes having low read counts. The counts per gene were normalized to
CPM (counts per million) using com function of edgeR packages[7].

3.4.1. Workflow of filtering

tReasure supports filtering out tRNA genes that does not have at least ‘m’ CPM
value (0 to 10) in at least ‘n’ samples (0 to 100 %).

@ Select value of Left panel (Figure 20).

@ Click “RUN” button on the Left panel.
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(2] tReasure - O X

Introduction | Uploading Samples | Quality Control | Alignment & Read Counting  Filtering | DEERNA Detection | Visualization

Settings No.reads
total
cpm value >= 1 -
e L
sample (%) >= {00 [ .1oue

RUN

[*OPTION] Working directory
select the directory of the readcounts

’7 ~ Open

Progress
Done : Counting of isodecoders
Done : Counting of isoacceptors

Done : Alignment & Read Counting. Click! Next tab of Filtering.

Figure 20. Tab of “Filtering”

= The summary of filtering displays on the Right panel for “individual”,
“isodecoder”, and “isoacceptor” levels of tRNAs (Figure 21). The tables

save in subdirectory (“SWORKDIR/rc”) as named files as below.

filtered_readcount_trnas.txt
filtered_readcount_isodecoders.txt
filtered_readcount_isoacceptors.txt
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3.5.

bd tReasure — a e

Introduction | Uploading Samples | Quality Control | Alignment & Read Counting  Filtering | DEtRNA Detection | Visualization

Settings No.reads ‘ tRNAS ‘ isodecoders | isoacceptors

pr— T ] 429 259 48
cpm value >= 1 A4
= - keep 342 191 47

sample (%) >= 90 remove 87 68 1

RUN

[*OPTION] Working directory
Select the directory of the readcounts

’7 ~ Open

Progress
Done : Statistical analysis. Set the threshold value. E

Done : The plots of DEtRNA Detection. Click! Next tab of Visualization.

Figure 21. The summary of filtering

Tab “DEtRNA Detection”

For differentially expressed tRNA genes (DEtRNAs), tReasure provides three statistical
methods: DESeq2 [8], EdgeR [7] and limma [9]. They implement it in different methods
for normalization. DEseq2 use “Relative Log Expression” normalization (RLE), while
EdgeR use “Trimmed Mean of M-value” normalization (TMM) method. Limma use
“Quantile” normalization method.

In tReasure, DEseq2 implements the statistical test using Walt test, while EdgeR
implements likelihood ratio tests or quasi-likelihood F-tests as well as exact statistical
methods for differential expression. Limma implements the empirical bayes statistics
test method.

For multiple correction, tReasure provides three methods of FDR, Bonferroni
correction, and Benjamini-Hochberg. For determining significance of different
expression, adjusted p-value provides three value (0.001, 0.05 and 0.01) and the value
of log2 fold-change from 0 to 2 increasing by 0.5.

3.5.1. Workflow of DEtRNA Detection

@D Choose statistical method and set the statistical parameters.
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As an example, quasi-likelihood F-test of edgeR was selected for statistical test
(Figure 22).

@ Click “RUN EdgeR” button of Left panel (Figure 22).

= The results are display on Right panel and saved in subdirectory
(SWORKDIR/stat/) named “stat_”" as below. The data contains the value of
logFC, logCPM, F-static, raw, and three adjusted p-value (FDR, Bonferroni,
and Benjamini) for each tRNA (Figure 23).

stat_trna_list.txt
stat_isodecoder_list.txt
stat_isoacceptor_list.txt

Fd tReasure — [m] ®

Introduction Uploading Samples Quality Control Alignment & Read Countini terini etection Visualization
ducti ploading pl li | lig d ing | Filtering DEtRNA Detect |

Limma(QN) | DEseg2 EdgeR ‘ tRNA level | Isodecoder level Isoacceptor |EVE||
Statics
Stat.Method :

O Exact test

O Likelihood F-test
® Quasi-likelihood F-test

RUN EdgeR

Threshold
Adjust.Method :

FDR hd
AdjPvalue <: 0 -
Fold change >: 0 -
Plot
Progress

Done : Fltering. Click! Next tab of DEtRNA Detection.

Statistical analysis : EdgeR
It takes a few minutes. Please wait....

Figure 22. Tap of “DEtRNA Detection”
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| =

Introduction | Uploading Samples | Quality Control | Alignment & Read Counting | Filtering

| Limma(QN) | DEseq2 EdgeR |

tRNA level | Isodecoder level Iscacceptor level ‘

DEtRNA Detection ‘ Visualization |

Statics Names ‘ logFc | logcPm | F | Pvalue ‘ FDR ‘ Bonferroni ‘ Benj [
Stat.Msthod : tRNA-Pro-TGG -1.808209  11.67248 251.3307  1.529308e-31 7.187745e-30 7.187745e-30 7.18°
(O Exact test tRNA-Arg-CCG -2.153551 11.84463 205.912 4.569467e-28 1.073825e-26 2.147649e-26 1.07:
O Likelihood F-test tRNA-iMet-CA  -2.693461 14.7855 173.9318 2.571503e-25 4.028688e-24 1.208606e-23 4.021
® Quasi-likelihood F-test tRNA-ASN-GTT 3.529476 13.52894 167.8559 9.254498e-25 1.087403e-23 4.349614e-23 1.087

tRNA-Glu-CTC -2.153885 13.99228 146.5561 1.0307e-22 9.68858e-22 4.84429e-21 9.68(
RUN Fdger tRNA-Pro-CGG -1.609669 10.77589 138.4395 6.861408e-22 5.37477e-21 3.224862e-20 5.37:

tRNA-Lys-TTT 3.790406 17.34126 128.3792 7.825485e-21 5.254254e-20 3.677978e-19 5.25:—

tRNA-Phe-GAA 4.922431 14.22719 126.6529 1.20008e-20 6.673832e-20 5.640376e-19 6.67:

Threshold tRNA-Arg-TCT 3.168533 14.00856 126.4 1.277968e-20 6.673832e-20 6.006449e-19 6.67:

Adjust.Method : tRNA-lIle-AAT - 3.129102 12.82101 105.0917 3.27277e-18 1.538202e-17 1.538202e-16 1.531
tRNA-Pro-AGG -1.24421 11.85788 103.4782 5.08753e-18 2.173763e-17 2.391139%e-16 2.17:
LD v tRNA-Tyr-GTA  3.851726 15.09407 75.24085 2.022569e-14 7.921727e-14 9.506073e-13 7.92]
Adj Pvalue <: 0 - tRNA-GIU-TTC  -1.162796 13.51939 73.37811 3.643851e-14 1.317392e-13 1.71261e-12 1.31°
Fold change >:07v tRNA-Gly-CCC -2.002328 15.53434 66.77145 3.082888e-13 1.034969e-12 1.448957e-11 1.03:
tRNA-Val-TAC -1.160148 12.11896 61.97353 1.52649e-12  4.783001e-12 7.174502e-11 4.780
- tRNA-Ala-CGC 1.970751 13.71743 57.76822 6.430505e-12 1.888961e-11 3.022337e-10 1.881
tRNA-Met-CAT 1.32636 13.21624 50.3974 8.722039e-11 2.411387e-10 4.099358e-09 2.41
tRNA-Ser-AGA 1.656982 13.27533 47.35209 2.650974e-10 6.921989e-10 1.245958e-08 6.92'j
] | O
Progress
Statistical analysis : EdgeR (=]
It takes a few minutes. Please wait....
Done : Statistical analysis. Set the threshold value.

Figure 23. The output of “Run EdgeR”

(3 Choose one adjustment method for multiple correction and set the threshold
value in the Left panel (Figure 24) for detecting significant differential

expression.

= Filtered tRNAs are automatically reflected and showed on the Right panel
(Figure 24). Also, filtered data is saved in subdirectory (SWORKDIR/stat/)

named “DE” as below.

DEtrna_list.txt

DEisodecoder_list.txt
DEisoacceptor_list.txt

@ Click “Plot” button for visualization of tRNAs (Figure 24).
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04 tReasure - m] X

introduction | Uploading Samples | Quality Control | Alignment & Read Counting | Filtering  DEtRNA Detection | Visualization |
DEseq2 EdgeR | tRNA level | Isodecoder level lsnacmptorlevell

[ Statics Names ||ogFC ||ugCFM |F |PVaIue |FDI\ |50nfemmi |aenjamini
Stat.Method : tRNA-GIU-CTC -2.754273 14.57482 267.0814 8.351207e-33 3.925067e-31 3.925067e-31 3.925067e-3
O Exact test tRNA-Lys-TTT 3.849383 17.39887 247.6585 2.017657e-31 4.741494e-30 9.482987e-30 4.741494e-3
O Likelihood F-test tRNA-ASN-GTT 3.446438 13.56232 168.0888 7.083699e-25 1.10978e-23  3.329339¢-23 1.10978e-23
® Quasi-likelihood F-test tRNA-Arg-TCT  3.236291 13.95708 166.0077 1.108309e-24 1.302264e-23 5.209054e-23 1.302264e-2

tRNA-Arg-CCG -1.70178 12.36676 153.9537 1.581509e-23 1.486619e-22 7.433094e-22 1.48661%e-2
tRNA-Phe-GAA 4.895709 15.13979 152.1842 2.359265e-23 1.662511e-22 1.108855e-21 1.662511e-2
tRNA-Tyr-GTA  2.962475 15.20813 151.9712 2.47608e-23 1.662511e-22 1.163757e-21 1.66251le-2
tRNA-Pro-TGG -1.539924 11.5214 147.9125 6.262795e-23 3.679392e-22 2.943514e-21 3.679392e-2

RUN EdgeR

‘. Threshold tRNA-lle-AAT  2.813152 12.90789 137.8344 6.673227e-22 3.484907e-21 3.136417e-20 3.484907e-2

- tRNA-iMet-CA -2.223368 14.56978 109.7065 8.29618e-19 3.544731e-18 3.899205e-17 3.544731e-1
Adjust.Method :

tRNA-Ala-CGC 2.291703 13.98271 97.3664 2.498682e-17 9.786504e-17 1.17438le-15 9.786504e-1

Benjamini-Hochberg A tRNA-Gly-CCC -2.201283 15.72236 74.27253 2.547811e-14 8.553365e-14 1.197471e-12 8.553365e-14
Adj Rvalus <:|[0.08 [~ tRNA-SerAGA 1.831227 13.13385 58.52922 4.692968e-12 1.470463e-11 2.205695e-10 1.470463e-1
- tRNAThETGT  1.942873 11.06172 50.50621 8.04440de-11 2.224041e-10 3.78087e-09 2.224041e-1

Fold change >: 1.5 -
tRNA-Gly-GCC -1.961761 17.55336 49.38785 1.208491e-10 3.155505e-10 5.679909¢-09 3.155505e-1
’ — | tRNAValCAC 1721286 15.90846 4216317 1893162610 4.44893-10 8.897866-09 4.44893¢-10
- tRNA-Ser-CGA 1.813356 9.508758 38.54103 7.285146e-09 1.4355246-08 3.424019e-07 1.435524e-0
tRNA-Ile-TAT  1.624317 11.54219 33.88871 4.633144e-08 8.375298e-08 2.177578e-06 8.375298e-0
| j 3]

Progress

Done ; Statistical analysis. Set the threshold value,

Done : The plots of DEtRNA Detection. Click! Next tab of visualization.

Figure 24. Statistical significance results

Note. The process of status is displayed on the Bottom panel.
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3.6.

Tab “Visualization”
For visualization, tReasure performed using ggplot2 packages [10].

The plots generated in a previous step are displayed on windows and saved in the
subdirectory (“SWORKDIR/stat/plot”) as a png format. Upon you clicking the tap of
“Visualization”, there is no plot. In the Visualization tab, there are four sub-tabs: “MDS
plot”, “Plot_trnas”, “Plot_isodecoders”, and “Plot_isoacceptors”. tReasure provide
four kinds of plots for each tRNA levels as below.

B - ] X

Introduction | Uploading Samples | Quality Control | Alignment & Read Counting Filtering DEtRNA Detection Visualization

Plot_trnas | Plot_isodecoders | Plot_isoacceptors |

n —3
=
SRR19825RR1982479 SRR19824RR1982477
o~
E g _ SRR1982472
= 470
o SRR1982474
c SRR1982476
T SRR1982475
5 o
=2 T
. SRR1982573
5 SRR1982553
' T T T T T T T
-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5
Leading logFC dim 1
Progress

Done : Statistical analysis. Set the threshold value. (=]

Done : The plots of DEtRNA Detection. Click! Next tab of visualization. |

MDS plot shows the similarity/dissimilarity of the expression profiles between the
samples (Figure 25).

Figure 25. MDS plot
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Volcano plot shows statistical significance (adjusted p-value) versus magnitude of
fold change using the analysis results of the “individual tRNA genes”.

For example, we identified 111 upregulated and 25 downregulated individual tRNAs
in breast cancers compared with normal samples (Figure 26).

| B2
| Introduction | Uploading Samples | Quality Control | Alignment & Read Counting | Filtering | DEfRMA Detection  Visualization

| MDS plot | Plot_isodecoders | Plot_i ptors |
Sig Down_DEtRNA ~ Non_DEtRNA = Up_DEtRNA
.,
20 : :
. . . .
Q.
515
m
>
= . . . f
& ®
@ - -
210 . . ’
o
t.f -
S . * .
o . -
o '
‘ 5 H .
- -®
. .
H
0
2.5 0.0 2.5 5.0
log2 Fold Change

Progress
Done : Statistical analysis. Set the threshold value.

Done : The plots of DEtRNA Detection. Click! Next tab of visualization.

Figure 26. Volcano plot of individual tRNAs
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Bar plot represents the frequency of significantly expressed tRNA-anticodons
(adjusted p-value) using the results of the “isodecoders”.

For example, we identified 69 upregulated and 14 downregulated isodecoders in
breast cancers compared with normal samples (Figure 27).

[ tReasure — m] P4

Introduction | Uploading Samples | Quality Control | Alignment & Read Counting | Filtering | DEtRNA Detection  Visualization

MDS plot | Plot_trnas rsl Plot_isoacceptors |

Sig ] Up_DEtRNA  Non_DEtRNA [ll] Down_DEtRNA

g

A1 Tt

Frequency

AGC I |
CGC I

TeC M ]

|

CCT I

TCT

GTT I

g 3 33
3] [t] <0

[
TAA [
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| &7 -
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CAT [
AAC [
cac [N

QOO e < v Ly © Qa0 QOO o [ = )

uQ o = (S = LA o (Y]

280F s & GE B 86F B 258 2082 B o 8 g
— — - - — — — — — —
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Aminoacid : Anticodon

Progress
Done : Statistical analysis. Set the threshold value.

Done : The plots of DEtRNA Detection. Click! Next tab of visualization.

Figure 27. Bar plot for isodecoders
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Pyramid plot displays the frequency of significantly expressed tRNA-amino acid using
the results of the “isoacceptors”.

For example, we identified 10 upregulated and 7 downregulated isoacceptors in breast
cancers compared with normal samples (Figure 28).

=

' Introduction | Uploading Samples | Quality Control | Alignment & Read Counting | Filtering | DEtRMNA Detection  Visualization

MDS plotl Plot_trnas | Plot_isodecoders iPl¢

Down_DEtRNAs tRNA-AA Up_DEtRNAs
[ - Pro
[
[ L Gly
T Gw
v T
™
Ser
Phe 1
Lys A
Asn
Ae
I a0
lle 4
I T T | I T T 1
3 2 1 0 0 1 2 3
Fregency

Progress
Done : Statistical analysis. Set the threshold value.

Done : The plots of DEtRNA Detection. Click! Next tab of Visualization.

Figure 28. Pyramid plot for isoacceptors
3.6.1. Customizing plots

Users can modify plots (size, color, and so on) by loading files of plots, named
“* RData”, which are saved in the subdirectory (“SWORKDIR/stat/plot”). There are
three RData files such as Volcano_Plot.RData, Pyramid_Plot.RData and
Bar_Plot.RData. Each file contains one data. Frame. And one function objects to
draw corresponding plot in different R session. You can modify the value in the
code (Figure 29).

[Example: customizing a volcano plot]

@® Open R or Rstudio

26



@ Load package “ggplot2” and data “Volcano_Plot.RData”. Type on command
window as below.

>library(ggplot2)

>load("$WORKDIR/sample/stat/plot/Volcano Plot.RData")

>p()

>p()+theme_bw() # change theme

>p()+geom_point(size=3,aes(col=Sig)) # change dot size

>p()+scale _colour_manual(values = c(Non DEtRNA="black", Up DEtRNA="red",
Down_DEtRNA="blue")) # change dot color

>ggsave("Volcanoplot.mod.png", p(), width = 10, height=10, dpi = 300,
units = "in", limitsize=FALSE) # save a modified plot as "png"

(® Replace SWORKDIR depending on your environment (i.e., data6
/BCproject/stat/plot/Volcano_plot.Rdata).

n o u

= You can find one data.frame object (“detRNA”), two values(“fc”, “pval”),
and one function object of plot (“p”) on the Global Environment panel of
R (or Rstudio). “detRNA” is a table of the statistical results and two values
(“fc”, “pval”) are the pre-defined the threshold value.

@ Add (+) the value in “p()” plot object function. You can also resize and save the
plots (Figure 29). For more customizing options, see details of ggplot2 options.
https://www.rdocumentation.org/packages/ggplot2/versions/3.3.2
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Figure 29. The outcome of customizing a volcano plot

[Example: customizing a pyramid plot]

@® Open R or Rstudio

@ Load package “Plotrix” and data “Pyramid_Plot.RData”. Type on command
window as below.

(® Replace SWORKDIR depending on your

environment (i.e., data6
/BCproject/stat/plot/ Pyramid_Plot.RData).

= You can find one data.frame object (“geneplot”) and one function object
of plot (“p”) on the Global Environment panel of R (or Rstudio). You can
find the “pyramid.plot(...)” in p() function.

>library(plotrix)
>load("./sample/stat/plot/Pyramid Plot.RData")
>pyramid.plot(geneplot$Down_DEtRNA,
geneplot$Up_ DEtRNA,
labels = >geneplot$vari,
1xcol = "#67A9CF", rxcol="#EF8A62", unit = "Freuency",
gap=0.3, space = 0.15,
top.labels = c("Down_ DEtRNAs","tRNA-AA","Up DEtRNAs"),
laxlab= c(0,1,2,3),
raxlab=c(0.1,2,3))

@ You can change the font size and save the plots.

(® Add the value (labelcex= 1.3) in “pyramid.plot(..)”

>library(plotrix)
>load("./sample/stat/plot/Pyramid_Plot.RData")
>pyramid.plot(geneplot$Down_DEtRNA,

geneplot$Up_DEtRNA,

labels = >geneplot$vari,

1xcol = "#67A9CF", rxcol="#EF8A62", unit = "Freuency",

gap=0.3, space = 0.15,

top.labels = c("Down_ DEtRNAs","tRNA-AA","Up DEtRNAs"),

laxlab= c(0,1,2,3),

raxlab=c(0.1,2,3),

labelcex = 1.3) #add the font value

4. Option

» Case 1. If user wants to re-analyze with new statistical analysis parameters,
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Re-analyze with new statistical analysis parameters should go back the step after
“Alignment and Read counting” tab.

@ Click “Filtering” tab. Bottom sided of Left panel have option section.

@ Set the previous or the folder that you want to reanalyze with new statistical
analysis.

Note. The working directory should contain raw FASTQs (e.g., /data6/BCproject).
Before doing statistical analysis, you could check the table of read counts by loading
files on the Left panel of “Alignment and Read counting “tab (Figure18).

» Case 2. If user finish the read counting and couldn’t finish filtering,

In case user exit tReasure before filtering, user needs to reset the working directory
on the Left panel of “Filtering” tab (Figure 20).

@ Click “Filtering” tab.
@ Reset the working directory on the bottom sided of Left panel.

(® Start analyzing filtering (page 17).
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