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Summary -
mRNA calling & model comparison

* How to reconstruct transcript ?
* Cufflinks
* Compare models (cuffcompare)

* Merge annotation (cuffmerge)

* Which strategy ?

Transcript reconstruction

Gene location

Exon location E—

Junctions :

- between read pair junction =~~~
- within read junction
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Model building strategies
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— assembles transcripts

— estimates their abundances: based on how many reads
support each one

— Suite of software : cufflinks, cuffmerge, cuffcompare
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Cufflinks transcript assembly

— Transcripts assembly:
* fragments are divided into non-overlapping
loci
* each locus is assembled independently

Assembly
Mutually

— Cufflinks assembler ooments.
* find the mini nb of transcripts that explain

the reads =TT .; —<aiy ol
* find a minimum path cover (Dilworth's he e s ol

theorem): Overap oraph
—nb incompatible read = mini nb of ¥
transcripts needed
—each path = set of mutually compatible
fragments overlapping each other

Minimum path cover

Transcripts

-
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Cufflinks inputs and options

module load bioinfo/cufflinks-2.2.1

— Command line:
cufflinks [options] <aligned_reads. (sam/bam)>

— Some options:
-h/--help
-o/--output-dir
-p/--num-threads
-G/--GTF <reference annotation. (gtf/gff)>
estimate isoform expression, no novel transcripts
-g/--GTF-guide <reference annotation. (gtf/gff)>
use reference transcript annotation to guide assembly
--max-bundle-length [3,500,000]
--max-bundle-frags [500,000]
--library-type
library prep used for input reads

ﬁﬂﬁ Cufflinks library types

fr-firststrand

First strand [ ———

¥ TAC ACT TITTTTTT 5

5 e ATG e TGA 3 AAAARAAA 3
Second strand

fr-secondstrand
Firststrand S

E3 TAC ACT TITTT S

5 e ATG e TGA e AMAAAAAA. 3
Second strand

Mix of both = fr-unstranded
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Cufflinks outputs

— transcripts.gtf
contains assembled isoforms (coordinates and
abundances)

— genes.fpkm tracking
contains the genes FPKM

— isoforms.fpkm tracking
contains the isoforms FPKM

— skipped.gtf
contains skipped loci (too many fragments)
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Cufflinks GTF description

transcripts.gtf (coordinates and abundances):

e contains assembled isoforms
e can be visualized with a genome viewer
e attributes: ids, FPKM, confidence interval, read coverage & support

— score: most abundant isoform = 1000
minor isoforms = minor FPKM/major FPKM

- cov: estimate for depth across the transcript
1 Cufflinks transcript 459812 460830 1 -
1 Cufflinks exon 459812 460830 1 -
1 Cufflinks transcript 463572 4783996 1000 -
1 cufflinks exon 463572 463746 1000 -
1 cufflinks Bxon 466228 466405 1000 -

gene_id "ENSBTAGO0000013841"; transcripk id "ENSETATOO000018387"; FPKM "0.0000000000"; frac "0.000000";
gene_id "ENSBTAGOD000013841"; transcript id "ENSETATO0000018387"; exon rnumber "1"; FPKM "0.0000000000"; frac "0.000000";
gene_id "CUFF.2"; transcript id "ENSBTATOO000015319"; FPEM "25.4745374237"; frac "1.000000";

gene_id "CUFF 2"; transcript id 'ENSBTATO0000015318"; exon number "1"; FPEM "25 4745074237"; frac "1 000000";

gene_id "CUFF. 2"; transcript _id "ENSBTATO0000015319"; exon_number "2"; FPEM "25 4745074237"; frac "1 000000";

conf Lo "0.000000"; conf hi "0.000000";
conf_lo "0.000000*; conf_hi *0.000000"; cov “0.000000" ;

conf Lo "21.387210"; conf hi "29.561976"; cov '422.904085"; full read_support "yes':
conf_lo "21.387T218"; conf hi "29.561976"; cov '422.904985";

conf_lo "21.38T218"; conf hi "29.561976"; cov '422.904985";

cov *0.000000"; full read support "mo’;
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Cufflinks GTF description

transcripts.gtf (coordinates and abundances):

visualization in IGV
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Cufflinks | Cuffcompare

Compare assemblies between conditions:

e compare your assembled transcripts to a reference annotation
e track Cufflinks transcripts across multiple experiments

Command:
cuffcompare [-r <reference.gtf>] [-o0 <outprefix>] <inputl.gtf>

Outputs:

® <outprefix>.stats -overall summary statistics

® <outprefix>.combined.gtf -“union” of all transfrags

® <cuff_in>.refmap -transfrags matching to reference transcript
® <cuff_in>.tmap - best reference transcript for each transfrag

® <outprefix>.tracking -tracking transfrags across samples

Discovering
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Cuffcompare

Class code de cuffcompare

= complete match C ]

Cc contained C ]
————

j novel isoform C ¢ 1 ]

C —& ]
e single exon C ]

(=
i within intron ———————————

—
o) exonic overlap C ]
C = )
p polymerase run-on C )
C )
r repeat C———————— >50% lower case bases
[==——]
u unknown, intergenic C ] [s ]
—
X exonic overlap on C ]
the opposite strand  <——
s intronic overlap on C ]
the opposite strand —— <
hi ?p:llcole-tra nell-lab.github.io/cufflinks/cuffco .html#transfrag-cl. des Discovering

Cufflinks | Cuffmerge

Merge together several assemblies:
e merge novel isoforms and known isoforms
o filters a number of transfrags that are probably artifacts
e build a new gene model describing all conditions

Command:
cuffmerge [options] -o <assembly GTF_list>

Options:

® -o/--output-dir
® -g/--ref-gtf
® -s/--ref-sequence
® --min-isoform-fraction
discard isoforms with abundance below this [0.05]
® -p/--num-threads
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:;; Cufflinks | Cuffmerge

merged.gtf (coordinates and legacy):
e contains merged input assemblies
e can be visualized with a genome viewer
e attributes: ids, name, old, nearest_ref, class_code, tss_id, p_id

Cufflinks exon 34627 35558

Cufflinks exon 242394 242646
cufflinks  exon 275623 275681
cufflinks  exon 242402 242646
Cufflinks  exon 254558 254593
Cufflinks exon 247340 249673
Cufflinks exon 351546 351874
cufflinks  exon 355064 355237
cufflinks  exon 367703 357052
cufflinks  exon 361144 352015
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gene_id "HLOC_000001";
i "¥LOC_000002
i *zLoc_ 000002
gene_id "ELOC_000002
gene_id "HLOCZ000002
gene_id "HLOC_000003";

transcript_id "TCONS_0000000L*;
tronscript_id
tronscript_id
transcript_id "
trenseript_id
transcript_id " ; exon_number
O transcript_id " ", exon_number
gens id "ELOC_000004"; transcript id exon_mumber
gene_id "ELOC_000004"; transcript id “TCONS_00000005*; exon_mumber
gene_id "KLOCT000004"; trenscript_id “TCONS 00000005 exon_mumber

exon_mmber
exon_mumber
exon_mumber
exon_mmber
exon_mumber

gene_nane "ENSBTAG0000N00G85S" ;
qene_name "CBX3";
qgene_name "CBH3";

gene_id "XLOC_D00004"; gene_name "ROANI®
gene_nane "RCAN:
gene_nane "RCAN:

gene_nane "RCANL";

oId “ENSETATI "3 nearest_ref "ENSETATI H " tes_id "TSS1";

“GUEE.1.1"; nearest_ref "ENSBTATO0000007283"; class_code " TS52";
1.1"; nearest_ref "ENSBTAT00000007283"; class_code " "TSS2";
1.2 "
1.2
2.1 X
.3.1%; nearest_ref 5 elass_code
3.1"; nearest ref class_code
3.1"; nearest_ref " © elass_code !
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Which strategy ?
[sa:“pm_repl-ham W si:"Pleme1_bam Sample1_rep1.bam s:mvlez_repi bam

Sample2_rep2.bam ]
| samplz.repz.am [ semptet._rep2 bam | {

sample1_rep3.bam & "‘"' R

‘samtools merge samtools merge ]

sampleLbam sample2.bam
cufflinks

[ Sample1_rep2.bam ]
?

Sample2_rep3.bam

sample1_rep3.bam
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@ Hands-on: transcripts assembly

Using cufflinks:

Exercise 6:
- reconstruct known and novel transcripts
- compare annotations

17 Discovering



