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Objetivo de este taller

Introducir la técnica de RNAseq y comenzar
el analisis de datos generados a partir de
peces anuales.
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Que es la transcriptomica?

e Estudio de la abundancia y secuencia de transcriptos

presentes en una determinada muestra.
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Diseflo Experimental

* iPregunta bioldgica?

* iOrganismo con genoma secuenciado y anotado?

 iEstrategia de secuenciacion? ¢Profundidad de secuenciacion?
* Necesidad de réplicas

* {Recursos?



Expresion genica en la induccion de Diapausa

en peces anuales
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Secuenciacion lllumina

* i) Generacion de clusters clonales

* ii) Escision de hebra reverse, ciclos de secuenciacion de hebra Forward con dNTPs
marcados y bloqueados.

* jii) Escision de hebra forward y secuenciacion de hebra reverse

|

DMNA fragments Primers
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DNA strands are attached

to cell surface at one end Ends are attached to surface ; .

by complimentary primers

Denaturation forms two Repetition forms clusters
separate DNA fragments of identical strands

Enzymes create double strands
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nalisis de secuencias

* Usualmente se
descargan las
secuenciasy se
trabaja desde la linea
de comando

GCTAGGATGCTTCCTAATGCTAGGCGTTTGATTGGATTAATGAGGTTTGGG
+
A#A<FAAAJF11133II<FFJ3333JAFI111333333333FI3333333333333333333IFIIIIFIIII<II-TFFA-FAIIIIFIIIIFF - - JFF
@00137:197:H3YGTBBXX:8:1161:4361:1138 1:N:0
TNGTGTTTGAGAGGTGAAAAGCCTATCGAGCTTGGTGATAGCTEGTTGCCCAAAAAAGAAT TTCAGT TCAACTTTAAGCTTACCATCAGAACAACAAATC
+
A#A-F<AFJJF1113333333333333333JA3333IF33-A3333313333333333IIIFFFFIIIIIIIIFIIIIIIIIIFIIIIIII<FIFIIIAA
@00137:197:H3YGTBBXX:8:1161:5172:1138 1:N:0
ANCAGATCCCATTACAGATGGTTGTEAGCCACCATGTGGTTGCTGGGAATTGAACTCAGGACCCCTEEAAGAGCAGTCAGTGCTCTTAACCACTGAGCCA
+
A#A<FIF11111133333333FIFI1333333333IIFIFFIIAIIIIIFFFIIIFIIIIIIIIIIFIIFAIIIIIIIIF<FIFIFIIFIFFFFIIII<-
@00137:197:H3YGTBBXX:8:1161:5619:1138 1:N:0
TNGTGTTTGAAGATGGGGAGACAAGAGTGAGACAGATGAGCCAAGG T TGAGAGGAAAAAGAGTATGEE TAGGCCAGCCAGAGCAGEGAGCAAGATAGGGG
+
A#A<<AFFFJJIFFIFFJ333333JJFFIF11333IFI33IFII3IAIIIIIIIFIIIIIIIAIFFIIIIIIIIIIAAIIIIIIIIIIIIIIIFIIIFID
@00137:197:H3YGTBBXX:8:1161:5964:1138 1:N:0

TNGTGTTTG 6 AAAAAGAATTTCAGTTCAACTTTAAGCTTACCATCAGAACAACAAATCAAAATGTAAACT TAAAATA
+
A#AAFF11111313333333333333333333333333333AF13333333333333333333333333333333333333333333<F13333333333
@00137:197:H3YGTBBXX:8:1101:6005:1138 1:N:0
ANAGCTGTCCCTCTTTTGGCTATATTTTAAGTTTACATTTTGATTTTTTGGTAGAGCTGAAAAGCCTATCGAGCTTGGTGATAGCTGTTGACCCAAAAAA
+

A#AAF113311113333IIFAIAIFFIFI<--7-<F]--7--F1]<T-- -~ F---7A-FIA<<AF7F-7<-<77A<-<FA<-7----7-7-7A111]
@00137:197:H3YGTBBXX:8:1101:6431:1138 1:N:0
TNAGGTAAGATTACACATGCAAACATCCATAAACCGGTGTAAATCCCTTAAACATTTGCCTAAAACTTAAGGAGAGGGCATCAAGCACATAATATAGCTC
+
A#AAFF1111131333333333333333333333333<IF3333F333333333333333FI3IIIAIIIFIIIIIIIIIAIIIIIIIIFIFFIFIIIFD
@00137:197:H3YGTBBXX:8:1161:6735:1138 1:N:0
ANCTTTGTGTTTGAGGGGTTTATCGATTATAGAACAGGCTCCTCTAGATGGATATAAAGTACCGCCAAGTCCTTTGAGTTTTAAGCTGTAGCTAGTAGTT
+
A#AAFAA<F17-AFJFFF7IFIJIFIFIIIIFIIIIFIFIIFIFIIFIIFIFIIIA<F<IIIAAIIII-1I<AIIAAFTFIIIIIFF-AAT -7A<AAFA
@00137:197:H3YGTBBXX:8:11601:6837:1138 1:N:0
TNGGGTTTGCTGAAGATGGCGGTATATAGGCTGAATTAGCGAGAAGGGGTAAGGTAGAACGGGGTTTATCGATTATAGAACAGGCTCCTCTAGATGGATA
+
A#AAFFF111131333333333333333333333333333333333333333333333333333AA1333333333333333333333333333F13333
@00137:197:H3YGTBBXX:8:1101:7080:1138 1:N:0
ANGTTTAATTATTAAGGTTTAGGGCTAAGCATAGTGGGGTATCTAATCCCAGTTTGGGTCTTAGCTATCGTGCATTATATAAATGATTAGAATTACTTTC
+
A#AAF11111133333333333333333333333333333333333333333333333333333333333333333F33333333333333333333333
@00137:197 :H3YGTBBXX:8:1101:7750: 1138 1:N:0
ANTTTGTTTTAGCCCATTAGGTTGTTTTTATATAAGTTGAACTAGTAAATTAAAGCTCCATAGGGTCTTCTCGTCTTATTGGGAGATTCCAGCCTCTTCA




Analisis de secuencias
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Pre-procesamiento de lecturas

» A efectos practicos nos saltearemos algunos pasos (no sin antes discutirlos),
y trabajaremos con una herramienta grafica en la web.

e Evaluacion de calidad de las lecturas:
e FASTQC

Descarguen el archivo FastQC del EVA y abranlo. Qué pueden ver?



Alineamiento

RNA-Seq reads
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Cuantificacion
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Tenemos una tabla de expresion, ¢y ahora?

* Descarguen |a tabla de datos del EVA

Hay diversos programas que permiten realizar estos analisis, pero dado que no es un curso de
genomica, seleccionamos uno que posee interfaz grafica y es de facil acceso, ademas de
gratuito

Ge et al. BMC Bioinformatics (2018) 19:534

https:/doi.org/10.1186/512859-018-2486-6 BMC Bioinformatics

METHODOLOGY ARTICLE Open Access

iDEP: an integrated web application for ® e
differential expression and pathway
analysis of RNA-Seq data

Steven Xijin Ge'®, Eun Wo Son and Runan Yao

(Este articulo esta disponible en |la carpeta de practico en el Drive del curso)
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http://bioinformatics.sdstate.edu/idep/

< C  ® Noesseguro | bioinformatics sdstate.edu/idep/ aQ ¥ (g o

IDEP.90 Load Data Pre-Process Heatmap k-Means PCA DEG1 DEG2 Pathway Genome Bicluster Network R

Click here to load demo data Loading R paCkageS ---------
and juSt click the tabs for some magic! Thank you for your Su pport Ietters!
Heset New! Massively upgraded annotation database! V0.90 includes 315 organisms in Ensembl release 96, plus all species from
1. Select or search for your species. STRINGdb (v10):115 archaeal, 1678 bacterial, and 238 eukaryotic species
Best matching species v Now published on BMC Bioinformatics!

Due to lack of funding, iDEP has not been thoroughly tested. Please let us know if you find any issue/bug.
2. Choose data type We are happy to help prepare your data for iDEP. Dr. Ge is also open to bicinformatics consulting during the summer.

® Read counts data (recommended)

() Normalized expression values (RNA-seq FPKM, microarray, etc.)

[ Read counts or FPKMs ]

) Fold-changes and corrected P values from CuffDiff or any other
program

3. Upload expression data (CSV or text)

Browse. .. No file selected

| DESeq2 /limma |

Analyze public RNA-seq datasets for 9 species P
B - B Fold Gene K-means Hierarchical
Optional: Upload an experiment design file(CSV or text) { changes J [ |iStS } [clustering PCA cIustering

Browse... No file selected

Pathway Enrichment iclustering
analysis [ analysis Co-expression

? i
e A -


http://bioinformatics.sdstate.edu/idep/

Formato de los datos

Sample names

Name columns carefully as iDEP parses column names to define sample groups. Replicates should be denoted by

“ Repl”,” Rep2”,” Rep3” at the end. Or it can be simply “ 17,* 2”,“ 3”. For example, Control 1, Control 2,
TreatmentA_1, TreatmentA 2, TreatmentB_1, TreatmentB_Z2. The first part defines 3 sample groups that form the basis for
differential expression analysis. All pair-wise comparisons are listed and analyzed. Also, avoid using a hyphen “-" or a

dot “.” in sample names. It affects the parsing of sample names. But underscore “_” is allowed.

More complex study designs can be represented by uploading a study design file. See below.

https://idepsite.wordpress.com/data-format/



https://idepsite.wordpress.com/data-format/

iDEP.90

C A Noesseguro | bioinformatics.sdstate.edu/idep/

Load Data Pre-Process

Click here to load demo data

and just click the tabs for some magicl

1. Select or search for your species.

Mouse

2. Choose data type
) Read counts data (recommended)

Heatmap k-Means PCA

Reset

® Normalized expression values (RNA-seq FPKM, microarray, stc.)

) Fold-changes and corrected P values from CuffDiff or any other program

3. Upload expression data (CSV or text)

Browse. .. tabla datos modulo 6.csv

Upload complete

Analyze public RNA-seq datasets for 9 species

Optional: Upload an experiment design file(CSV or text)

Browse. .. No file selected

Matched Species (genes)

Using selected species Mouse

DEG2 Pathway Genome Bicluster
tracking_id Day0_1 Day0_2  Day0_3
NM_001011874 0.02 0.03 0.00
NM_001195662 0.00 0.00 0.00
NM_011283 0.00 0.00 0.00
NM_001289467 0.00 0.06 0.09
NM_001289464 0.11 0.00 0.00
NM_001289466 0.00 0.00 0.00
NM_001289465 0.00 0.00 0.00
NM_011441 0.00 0.00 0.00
NR_033530 0.00 0.00 0.00
NM_025300 11.60 11.49 935
NM_001177658 2072 19.21 2017
NM_008866 7875 80.90 80.18
NM_001290372 013 0.03 0.16
NM_021374 0.00 0.00 0.00
NM_001177795 0.00 0.08 0.00
NM_001204371 0.00 0.01 0.01
NM_011011 0.02 0.00 0.00
NM_133826 3506 0.01 0.02
NM_010342 0.01 0.00 0.00
NM_001195732 0.00 41.64 40.78

Loading R packages ... ... ...
[ W - N T T (R D't B

Network

Day2_1
0.41
0.00
0.01
0.05
0.00
0.00
0.00
0.00
0.00

12.52
21.77
60.71
0.00
0.89
1.92
0.41
0.00
0.00
0.18
40.42

R

Day2_2
0.34
0.00
0.00
0.00
0.07
0.00
0.00
0.00
0.00

13.69
24.06
66.85
249
1.08
0.00
0.02
0.00
0.19
0.00
4312

Day2_3
059
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

11.86
18.58
5723
0.00
128
0.00
0.02
0.00
018
4059
0.00

Day3_1
023
0.00
0.01
037
025
0.00
0.00
0.00
0.00
474

12.33
46.37
0.01
0.00
0.41
0.00
0.00
0.06
39.40
0.05

Day3_2
0.26
0.00
0.00
0.00
0.32
0.38
0.00
0.00
0.00
515

12.03
48.84
0.00
0.48
0.00
0.01
0.00
0.10
41.64
0.00

Day3_3
0.39
0.00
0.00
0.00
1.34
0.00
0.00
0.00
0.00
585

12.12
48.48
0.02
0.00
0.56
0.00
0.00
0.12
0.15
38.69

Day4_1
0.83
0.00
0.01
0.00
0.70
0.00
0.00
0.00
0.00
6.61
9.50

38.51
0.00
0.62
0.00
0.01
0.00
0.05

50.43
0.05

Day4_2
110
0.02
0.00
0.00
105
0.00
0.00
0.00
0.00
724
926

3920
0.00
026
0.45
0.00
0.00
0.04
0.15

49.11

Day4_3
0.57
0.00
0.00
0.00
063
0.00
0.00
0.00
0.00
7.01
928

4250
0.00
0.72
0.00
0.01
0.00
0.03

4423
020

Day4_4
0.37
0.01
0.00
0.00
0.72
0.00
0.00
0.00
0.00
6.76
9.45

42.01
059
0.00
0.00
0.05
0.00
0.04
0.16

43.68



Keep genes with minimal counts per million (CPM) in at least n libraries:

Min. CPM n libraries
05 1

Transform counts data for clustering & PCA.
(O VST variance stabilizing transform

(O rlog: regularized log (slow)

® EdgeR: log2(CPM+c)

Pseudo count c: 4

Missing values imputation:

Gene median
Plot one or more genes
Search processed data

[J Do not convert gene IDs to Ensembl.

& Processed data

& Converied counts data

& High-resolution figure

Normalizacion

Aspect ratios of figures can be adjusted by changing the width of browser window.

12

02 46 8

Select a sample for x-axis

Ba_1

16

14

Total read counts (millions)

— [aV] — od — o — (a1}
I | I I I I |
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Select a sample for y-axis
Ba_2 -
Scatter plot of transformed expression in two samples
e
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Normalization
method

CPM (counts per
million)

TPM (transcripts per
kilobase million)

RPKM/FPKM
(reads/fragments per
kilobase of exon per
million
reads/fragments
mapped)

DESeq2's median of
ratios [1]

EdgeR's trimmed
mean of M values

(TMM) [2]

Description

counts scaled by
total number of
reads

counts per length
of transcript (kb)

per million reads
mapped

similar to TPM

counts divided by
sample-specific size
factors determined
by median ratio of
gene counts
relative to
geometric mean
per gene

uses a weighted
trimmed mean of
the log expression
ratios between
samples

Normalizacion

Accounted
factors

sequencing
depth

sequencing
depth and
gene length

seguencing
depth and
gene length

seguencing
depth and RNA
composition

sequencing
depth, RNA
composition,
and mee—
lerrzth

Recommendations for
use

gene count comparisons
between replicates of the
same samplegroup; NOT
for within sample
comparisons or DE
analysis

gene count comparisons
within a sample or
between samples of the
same sample group; NOT
for DE analysis

gene count comparisons
between genes within a
sample; NOT for between
sample comparisons or
DE analysis

gene count comparisons
between samples and for
DE analysis; NOT for
within sample
comparisons

gene count comparisons
between and within
samples and for DE
analysis

o e R

Sample B Reads
R A NN A
-0
o
s,

el e



Como podriamos saber cual es el gen mas
expresado en una determinada muestra?

counts
TotalSampleCounts/1E6

CPM =

CPM

RPKM =
Genelength(kb)




Como cruzamos tablas en Excel para
recuperar la descripcion de la Proteina?

[ — [P e ——— - [ -

12 - § =BL.ISCARV@TabIa_dE_Cunteu5.c5vl$ﬂ.$l:$D$2?169@FALSG}
A B C D E F G \ ! J
1 Materno_ 1 Materno_2 Induccion_1 Induccion_2 Sinlnduccior Sinlnduccion_2  Postinduccion_1 Postinduccion_2 Descripcion
2<.6.CHADIMRI'\ 3.5324968 14.030006 14.8760157 15.5848739  17.398998 18.89328931 12.19175968 17.4404923 bly
3 |ACHAOIMREM 5.45514709 6.95000232 9.47002975 10.3956535 15.1504549 14,93558499 17.85280073 158.00869502 Heat shock prote
4 ACHAOIMREMN B.18440036 9.09972291 7.75354931 7.96124923 15.5865549 14.59421262 17.93637335 17.64121895 Keratin, type Il ¢
S ACHAOIMEMN 40451009 4.37163309 7.39273408 6.28618445  15.610981 15.02508237 17.77568157 16.96470393 Keratin, type I cy
& ACHAOIMEMN 16.231484 16.237949 16.3105655 16.2962003 17.1072111 16.84328585 17.8332968 18.62016555 Actin, cytoplasm
7 JACHAOIMEMN 4.97091975 5.033939859 5.27270022 6.32967552 13.2303075 12.97897311 17.39633264 17.57626711 Keratin, type I cy
A.charrua Id Largo de Ger UniProtld  Descripcidnf Materno 1 Materno 2 Induccion_1 Induccion_2 Sinlnduccion Sinlnduccion Postinduccic Postinducci
ACHAOIMRMN 738 O5XFO6 Transcriptiof 12 ] 11 4 7 8 9 :
ACHAOIMRM 1093 Q90wWya Alpha-24A ag 1] 1] 1] 1] 1 1] 0 I
ACHAOIMRMN 1344 OBNYe4 serine/thre 5520 4380 2294 14838 1021 1443 965 33
ACHAOIMRM 714 Q7ZVED Survival of 1567 1247 353 245 1159 1559 723 16!
ACHAOIMRMN 1093 Q07802 Transcriptiof 39 12 56 43 20 36 32 1
ACHAOIMRM 1947 G3V909 Cyclic AMP- 1101 846 962 820 542 808 671 281
ACHAOIMRMN 2302 Q3BM13 Moelin-2 2 2 10 15 14 10 24 i
ACHAOIMRM 865 Q96P48 Arf-GAP wit 253 148 81 110 50 108 26 2
ACHAOIMRMN 660 Q8WIod Arf-GAP wit] 202 171 38 43 33 57 20 2
ACHAOIMRM 4544 ADINS2 Up-regulato 3208 3269 416 237 848 1337 521 2

O Celda compartida entre dos tablas que usamos como base para obtener datos de otra tabla

[__INombre de la tabla de la cual se quiere obtener informacidn, y rango de celdas en los que buscar (incluir celdas compartidas y celdas deseadas)

O Numero de Columna del rango seleccionado anteriormente en el cual se encuentra la celda que deseo



Heatmap

iDEP.90 Load Data Pre-Process Heatmap k-Means PCA DEGA DEG2 Pathway Genome Bicluster Network R

BN Day0 !
. . Day2
Most variable genes to include: Da¥3
Day4
@ 12,000 Day5
d Day7
. I I

Gene SD distribution Interactive heatmap

NM_011291
MM _000081
NM_011230
NM_026055
NM_001177618
NM_001282076
NR_027802
NM_001081007
MM 010473
NM_175485
NM_028767
NM_001077520
NR_106101
MM_001 163006
NM_001166505
MM _016811
NM_001 108758
NM_ 146843
NM_007687
NR_105038
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NM_001 285004
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MM _025264
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NM_018025
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R _001 200741
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MM _001 203636
MM _ 000706
MM _010157
N _ 183301
N _008604
NM_001080794
MM _001048057
MM 146130
NR_020812
NM_001011800
NM_00T453
NM_009169
MR_028552

Correlation matrix

Sample

Customize hierarchical clustering (Default values work well):

Color Green-Black-Red v

Distance Correlation A

Linkage averge -

Cut-off Z score 4

¥ Center genes (substract mean)

Normalize genes (divide by SD)

Center samples (substract mean)
Normalize samples(divide by SD)

Do not re-order or cluster samples

N N Y & N 9
BRSNS ™ S ™ S A G G G - - G

2 b M Vv D i) A %



Heatmap with hierarchical clustering tree

Most variable genes to include:

Mouse over to see gene names. To zoom, click and drag up or downward and release.




Correlation matrix using top 75% genes

& Data = X Figure

¥ Label w/ Pearson's correlation coefficients

Day7_2 0.7 0.22 0.21 0.21 0.23 0.23 0.25 0.23 0.21 0.31 0.26 0.27 0.25 0.36 0.34 039.
Day7_1 0.15 0.18 0.17 0.17 0.18 0.18 0.19 0.18 0.18 0.23 0.21 0.2 021 0.27 027.

Day5 2 0.19 0.23 0.23 0.22 0.24 0.25 0.26 0.24 024 03 0.28 0.26 0.25 0.38. 0.27 0.34
Day5 1 0.2 0.24 0.23 0.23 0.24 0.26 0.29 0.26 0.25 0.31 0.28 0.27 0.26. 0.38 0.27 0.36
Day4 4 0.2 026 0.26 0.28 0.29 0.32 0.43 0.39 0.39 046 043 0.44 0.26 0.25 0.21 0.25
Day4 3 0.21 028 0.29 0.31 0.31 0.33 0.47 0.41 0.38 0.5 0.41 0.44 0.27 0.26 0.2 0.27
Day4 2 021 0.26 0.26 0.28 0.29 0.31 0.42 0.38 0.37 0.51 0.41 043 0.28 0.28 0.21 0.26
Day4 1 022 03 0.31 032 032 0.36 05 043 041 051 05 046 031 03 0.23 0.31
Day3 3 022 0.3 0.28 0.31 0.41 037 0.38 0.39 0.25 0.24 0.18 0.21
Day3 2 025 0.31 0.31 0.34 0.43 0.38 0.41 039 0.26 0.24 0.18 0.23

Day3 1 0.25 0.35 0.34 0.37 05 042 047 043 0.29 0.26 0.19 0.25

Day2 3 027 04 04 048 053 0.42 039 035 0.36 0.31 0.33 0.32 0.26 0.25 0.18 0.23
Day2 2 028 04 0.39 049 0.53 0.39 0.35 0.32 0.32 0.29 0.31 0.29 0.24 0.24 0.18 0.23
Day2_1 0.48 037 0.34 031 032 0.28 0.31 0.28 0.23 0.22 0.17 0.21
Day0_3 04 034 031 028 031 0.26 0.29 0.26 0.23 0.23 0.17 0.21
Day0_2 04 035 031 03 03 026 028 026 0.24 0.23 0.18 0.22

Day0_1 . 036 0.35 0.26 0.28 0.27 0.25 025 0.22 0.22 0.21 021 0.2 0.2 0.19 0.15 0.17
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K-means

* K-means clustering is a simple unsupervised learning algorithm that is
used to solve clustering problems.

* It follows a simple procedure of classifying a given data set into a
number of clusters, defined by the letter "k," which is fixed
beforehand. The clusters are then positioned as points and all
observations or data points are associated with the nearest cluster,
computed, adjusted and then the process starts over using the new
adjustments until a desired result is reached.



iDEP.90 Load Data Pre-Process Heatmap k-Means PCA

Most variable genes to include

B 2.000]

Number of Clusters

2 4]

Re-Run How many clusters? Gene SD distribution

Normalize by gene:

Mean center

Enriched TF binding motifs

X K-means data &, High-resolution figure

12,000

20

t-SNE map

Pathway database

GO Biological Process

# Remove redudant genesets

Visualize enrichment X Enrichment details

DEG1

K-means

DEG2

Pathway

Genome

Bicluster Network R

I Cluster A (N=438)
Cluster B (N=526)
I Cluster C (N=450)
Cluster D (N=578)

Enriched pathways for each cluster

Cluster

B

adj.Pval
1.7e-09
2.4e-09
4 1e-09
4 6e-09

nGenes
38
41
48
41

Pathways

Translation

Amide biosynthetic process

Cellular protein-containing complex assembly

Peptide metabolic process



Determining the number of clusters (k)

Following the elbow method, one should choose k so that adding another cluster does not substantially reduce the within groups sum of
squares. Wikipedia
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PCA (Principal components Analysis
Analisis de componentes principales

iDEP.90 Load Data Pre-Process Heatmap k-Means PCA DEG1 DEG2 Pathway Genome Bicluster Network R

Methods
» Principal Component Analysis Principal component analysis (PCA)
O Multidimensional Scaling
O t-SNE N
 Pathway Analysis of PCA rotation &
Upload a sample info file to customize this plot. 4|
&
& Coordinates = & High-resolution figure 100- P
’ )
§ Sample_Name
@ © Day0
5 A Day2
55 T Day3
& ] A Day4
5 © A [l Day5
& A “ Day7
-100- ‘Flj—
N aF
o
[}
-100 0 100

PC1: 13% variance



DEG (Differentially Expressed Genes

iDEP.90 Load Data Pre-Process Heatmap k-Means PCA

Identifying Differential Expressed Genes (DEGs). See next tab for details.

Using the limma package

FDR cutoff Min fold change
0,1 2

Select factors & comparisons

Venn Diagram

X Gene lists

X FDR & fold-changes for all genes
X Figure

6 sample groups detected.

DEG1

DEG2 Pathway

Day7-Day5-
Day7-Day4-
Day5-Day4-
Day7-Day3-
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Day4-Day3-
Day7-Day2-
Day5-Day2-
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Day3-Day0-
Day2-Day0-

Genome Bicluster Network R

Regulation . Up . Daown

1000 1500 2000
MNumber of diffemntially expressed genes

Numbers of differentially expressed genes for all comparisons. "B-A" means B vs. A. Interaction terms start with "."
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Podemos representar la informacion con
un diagrama de Venn

Venn Diagram

1 Split gene lists by up- or down-regulation

Select up to 5 comparisons

Day2-Day0
Day3-Day0
Day4-Day0
Day5-Day0
Day7-Day0
Day3-Day2
Day4-Day2
Day5-Day2
Day7-Day2
Day4-Day3
Day5-Day3
Day7-Day3
Day5-Day4
Day7-Day4
Day7-Days

O 00 0 0 0D 0D 0D 00" ® OOO0O

Day5-Day0 Day7-DayD

1112 1407 1871

276815




Podemos descargar la lista de genes

iDEP.90 Load Data Pre-Process Heatmap k-Means PCA

Identifying Differential Expressed Genes (DEGs). See next tab for details.

Using the limma package

FDR cutoff Min fold change
0,1 2

Select factors & comparisons

Venn Diagram

X Gene lists

& FDR & fold-changes for all genes

& Figure

6 sample groups detected.

DEG1

DEG2

Day7-Day5-
Day7-Day4-
Day5-Day4-
Day7-Day3-
Day5-Day3-
Day4-Day3-
Day7-Day2-
Day5-Day2-
Day4-Day2-
Day3-Day2-
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Day4-Day0-
Day3-Day0-
Day2-Day0-
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iDEP.90 Load Data Pre-Process

Examine the results of DEGs for each comparison

Select a comparison to examine. "A-B” means A vs. B (See heatmap).

Interaction terms start with “I:"

Day2-Day0

Volcano Plot MA Plot Scatter Plot

TF binding motifs in promoters & Gene list & data

& High-resolution figure

Heatmap k-Means PCA DEG1 DEG2 Pathway Genome

Enrichment analysis for DEGs:
GO Biological Process

Enrichment tree Enrichment network
Enrichment using STRING API

Also try ShinyGO

Y
&

v ()
&

& Enrichment details

Bicluster Network R

Bl Down (N=599)
Up (N=672)

Enriched pathways in DEGs for the selected comparison:

Direction adj.Pval nGenes

5 Down regulated 5 3e-07 154
4 9e-06 106

2.6e-05 17

3.0e-05 133

82e-05 41

1.6e-04 138

57e-04 25

Pathways

Nucleic acid metabolic process
Cellular component biogenesis
Organelle organization

RNA metabolic process

RNA processing

Macromolecule biosynthetic process

Ribonucleoprotein complex biogenesis



