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INTRODUCTION Step 7
Gene Ontology and

_Enrichment Analysis

Developed by
The Broad Institute and

Gene Annotation &
Functional Analysis with

Hebrew U. of High-throughput sequencing and assembly of an organism’s
Jerusalem genome (DNA sequence) and transcriptome (RNA transcripts) Input: normalized and ‘trimmed’ expression matrix, comparison tables of DE genes
of its genes, which in turn code for proteins, requires high- obtained from output of Step 5. Optional: gene lengths text, GO annotation text
performance computing power. This is especially true for Run Time: About 4 -6 minutes
/ \ reconstructing the entire DNA sequence of an unknown KM""XSM?T‘”V’ 8|00 Md'?’_f';"ax Thrleads’tS_ o o <ctr
: ] ey Scripts: analyze diff expr.pl --matrix <filename> --samples <string>
Step 1 genome, or the full-length sequences of its transcriptome that y >¢rb yze_UIT_EXpr-p . P 5
ack ¢ J i 4 | --examine_GO_enrichment --GO_annots <string> --gene_lengths <string>
Generate FASTA sequence a.c > dreference geane, e novo. T 'Sf Stl{ y anadlyzes Output: Sample correlation heatmap, clustered heatmap of DE genes, tables of
filein 3 stages: different RNA transcripts produced, which is termed functional categories of up-regulated genes in defined comparisons (GO enrichment)
“differential gene expression” (DE) in maize kernels treated
with fungal spores using different methods at four different Table 1. (Below) Shows functional categories of genes differentially expressed in
Klnchworm Chrysalis Butterfly/ stages of kernel maturity. The maize genome has been fully kernels inoculated with fungal spores vs non-inoculated at mid-maturity.
sequenced, but due to significant numbers of small sequence
Variations among malze Iines and unlque experlmental Gene Ontology Over - Number Total NurnFunctionaICategories | Ontology |
a b - o . (GO) Categories Rep DE Genes of Genesin BP Biol Process |
0, AL conditions, de novo sequencing was chosen. in
3 o ) Genes in Category Category MF Molecluar Function
A . Category CC Cellular Component |
& T3y Lo & 4 ) G0:0009408 2.0E-06 4 340  response to heat BP |
S’“‘- ' N StEP 2 G0:0009266 5.5E-05 4 792 response to temperature stimulus BP |
G0:0051731 8.8E-04 1 3 polynucleotide 5'-hydroxyl-kinase activity MF |
— e S Overlap linear ‘ Create Gene G0:1990534 9.0E-04 1 3 thermospermine oxidase activity MF |
= — ~- sequences by Q @ . G0:0003999 1.8E-03 1 6 adenine phosphoribosyltransferase activity MF |
— e — overlaps of k - 1 =) Abundance Files GO:0006168 21603 1 7 adenine salvage BP |
to build graph ) De Bruiin \ / G0:0043096 2.1E-03 1 7 purine nucleobase salvage BP |
l Read sel components o h(/‘l( =5 G0:0006388 2.9E-03 1 10 tRNA splicing, via endonucleolytic cleavage and ligation BP |
. @ G o _ G0:0050474 3.5E-03 1 12 (S)-norcoclaurine synthase activity MF |
; | Input: Trinity.fasta, *.fq.gz files used as the reference for G0:0046084 3.6E-03 1 12 adenine biosynthetic process BP |
T I k-1 . . : G0:0016174 3.7E-03 1 13 NAD(P)H oxidase activity MF |
T | ~ alignment ba§ed abundance estimation (counts of reads for 00044200 —— R T —
G Extend in k-mer each gene or isoform of gene) G0:0046083 3.86-03 1 13 adenine metabolic process BP |
T Space and . . G0:0006379 4.3E-03 1 15 MRNA cleavage BP |
T break ties k=1 Run time: 14.5 hours G0:0009628 4.5E-03 4 2540  response to abiotic stimulus BP |
X Max Memory: 1193 MB Max Threads: 17 G0:0007231 4.6E-03 1 16 osmosensory signaling pathway BP |
2 . e . oxidoreductase activity, acting on NAD(P)H, oxygen as
/\ [ k-1 Modules Loaded: Trinity 2.2.0, RSEM 1.2.29, Bowtie2 2.2.9, 0:0050664 el R e e
\: SAMtools 1.3. G0:0005849 5.5E-03 1 19 MRNA cleavage factor complex CC J
AN, & Key Script : align_estimate _abundance.pl --transcripts
A : Trinity.fasta --seqType fq --left file1.fq.gz --right file2.fq.gz
03, 7 Output: RSEM gene & isoform result files containing gene &
7/ k-1 isoform ids, sequence lengths and counts. / \
\
- Step 6

»3121:len = 5,845

a122iene 2560 \_ Trinotate )
»>3123len = 4 443
T 4 S 3 ) TRINOTATE is a comprehensive annotation suite of programs designed
;Zg_z_a_;len.ee teP to assign functional annotation to transcriptomes particularly de novo.
Linear sequences Extracting sequences Create Gene Count Matrix of It conducts homology searches to known sequence data
(BLAST+/SwissProt) as applied to different protein domain predictions,
sresaar. . 1TANSCAPIS \_ Sequence Reads y and draws upon several annotation databases such as KEGG.
: Input: Trinity.fasta file, Trinotate.sqglite database, conf.txt file
Figure 1. Stages of short read assembly: a. Inchworm Input: 24 RSEM gene result files Run time: 76.5 hours
assembles sequences into contigs. b. Chrysalis clusters these Run Time: About 60 seconds Max Memory: 4893 Max Threads: 28
contigs that pertain to genes. c. Butterfly analyzes de Bruijn Max Memory: 1841 MB Max Threads: 9 . o ) ' ..
graphs from (b) in parallel in final assembly of transcripts. Modules Loaded: Trinity 2.2.0, RSEM 1.2.29, R_tamu 3.3.0. Output: Annotation flle on genes (or their isoforms)

Key Script: Abundance_estimtates to matrix.pl

--est_menthod RSEM (list of 24 RSEM.genes.results files)

Input: Millions of short paired end reads (sequenced from left and Output: Matrix of gene counts in 152K rows of different gene sequences

right) in fastg compressed files *.fq.gz that provide information on

, in 24 columns of sample libraries, matrix of normalized counts, and a ™
sequence and quality tables Step 5
Run time: 115 hours . L .
of statistics, including library sizes (humber of reads) and number of - .
Max Memory: 3814 MB Max Threads: 39 cenes . Y ( ) Analyze Differential
Key Script: Trinity —-segType fq --max_memory 50G --left expressed by at least 1 transcript per million in any one of the samples. S Gene EXpI‘ESSiOh y
<24 named *.fq.gz> --right <24 named *.fq.gz>
Output: Trinity.fasta file with assembled, labeled transcripts of genes Input: Matrix of gene counts, method such as edgeR,
and isoforms of genes. samples text file, contrasts <string>
Run time: About 50 seconds
Max Memory: About 300 MB Max Threads: 7
~ ™ Key Script: run_DE_analysis.pl --matrix
FASTQ format: 4 lines oer read (“@name”, sequence, 3 qualitv string) Step i\ <file name> --method edgeR --samples samples.txt
C Replicat --output <named directory>
ompadre nepiicaties : - £
R61DFRAAXX100204:1:100:10494:3070 _ P P y (.)utpl.Jt. Comparison tables DE genes specnﬁe@ by contrast
_ : — file with log fold changes, log counts per million (CPM) and
ACTGCATCCTGGARAAGAATCAATGGTGGCCGGAAAGTGTTTTTCAAATA | Input: I\/Iatr|>.< of gene count§, samples text file containing list of sample FDR for each gene. Graphic displays described below.
+ types alongside sample replicates.

Run Time: About 10 seconds

ACCCCCCCCCCCCCCCCCCCCCCCCCCCCCBC?CCCCCCCCCRECACCE | max Memory: Range of 100 — 200 MB Max Threads: 7

Key Scripts: PtR --matrix (filename) -s samples.txt -- log2 (either 1. -- Cotor key — ogfc ogcM  Paie R
. . . TRINITY_DN47328 c0 gl*PLATZ -6.014 7422 511E-86 5.13E-81
FASTA format: 2 lines for each read (“>name” compare_feplicates , 2. ~sample_cor_matrix or 3. --princ_comp 3) e
ormat. INES Tor eacn rea ( >Name ! SEqUEHCE) OUtpUt: 1. Graphs of Comparisons of rep|icates, 2. Heat Mmap ShOWing %—H ’Jﬁ TRINITY:[JN39513:c0j2“HSDlE_ARATH"adh__shurt’\Tml 2S5 14 OGET 23T
. . . . . ’JT TRINITY DN38912 c0 g1*BGL31 ORYSIAGlyco hydro 1 4009 725 6.6RE68  L34E63
. TRINITY DN33206 cl gl*LEA 1 6.214 7841  L05E-67  1.75E-63
correlations among all replicates and 3. Principal component analysis
>61DFRAAXX100204:1:100:10494:3070 (PCA) to show relationships among replicate samples. R A o e ) g
TRINITY DN39809 c1 g2*PARP3 ORYSJ*PARP3 MEDTRAPADRI*PARPAWGI 3420  B505  2.93E-58  3.26E-34
ACTGCATCCTGGAAAGAATCAATGGTGGCCGGAAAGTGTTTTTCAR D T o o
TRINITY DN37213 c0 pd*LEA34 GOSHIMSMP 5958 6966  1.03E-55  B.65E-32
TRINITY DN39542 c0 gI*LEADE DAUCA 5781 6996  3.58E-55  276E-51
TRINITY_DN32307 c0 g2 5127 7709  6.60E-55  4.73E-51
TRINITY_DN36075 ¢0 g1ATKTC SPIOLATKTC SOLTUATKTC MAIZEMransket — 2.806 5479 746E-55  4.99E-51
o TRINITY_DN30015 c0 g24Tml -4.082 3224 3.01E-54  1.A9E-50
REFERENCES ¥ X oA D4 CN D P T T 5 G
TRINITY_DN37603 c0 g1*LEA34 GOSHISMP 53579 6897  B.62E-52  4.55E-43
Grabherr MG, Haas BJ, Yassour M, Levin JZ, Thompson DA, Amit I, Adiconis X, Fan o | . ke 'ﬂ-_H H E_D' QB8 GLIUCCEER2cABEEBa8 | | TRNTYONSISTO  gAOPIE) ARATH 357 806 33 LTELS
L, Raychowdhury R, Zeng Q, Chen Z, Mauceli E, Hacohen N, Gnirke A, Rhind N, di 3?{ o i !!"._N i E_H MA plot Volcano plot
Palma F, Birren BW, Nusbaum C, Lindblad-Toh K, Friedman N, Regev A. Full-length = BDes EN
transcriptome assembly from RNA-seq data without a reference genome. Nat © © 9 ) E_H F_D 2 - -
Biotechnol. 2011 May 15;29(7):644-52. o g - - =
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Bukowski, R and Sun, Q. De novo transcriptome assembly using Trinity. | I - ] I I I P - o |
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