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Todo$list)for)next)lecture)(Wednesday):)
-
read(the(Furey(paper((ChIP1seq)((as(much(as(possible)(
(
one(quesJon(for(the(student(paper(Dobin(et(al((STAR)(
=>(email(this(to(me(before(next(lecture(
(



Today’s-lecture:-
-
1.   Discussion-based-on-reading-assignments-
2.   Background:-some-definiEons;-gene-expression-(and-its-

history);-the-structure-of-a-gene-
3.   RNA1seq,-experimental-procedure-
4.   RNA1seq,-bioinformaEcs-
5.   Some-comments-on-current-status-of-transcriptome-

research-
6.   Summary-



[1]-Discussion-based-on-reading-
assignments-

-
-



Reading-for-today’s-lecture:-
-

[1]-Garber,-Grabherr,-GuSman,-and-Trapnell:-

“ComputaJonal(methods(for(transcriptome(annotaJon(and(
quanJficaJon(using(RNA1seq”.(Nature'Methods'vol.(8,(p(
4691477((2011).(

Op/onal:'

[2]-BB2440-lecture-about-gene-expression.-

[3]-Wang,-Gerstein,-and-Snyder:(

“RNA1seq:(a(revoluJonary(tool(for(transcriptomics”.(Nature'
Rev'Genet'vol.(10,(p.(57163((2009)(



Discuss-in-pairs-your-reflecEons-on-Garber-et)al.--
-
...-and-answer-these-quesEons:-
1.(What(is,(according(to(Garber(et'al.,(the(3(major(areas(of(
RNA1seq(bioinformaJcs?(
2.(Name(one(topic(that(you(had(trouble(understanding(while(
reading(the(paper.(
3.(What(do(you(think(is(the(main(message(of(this(paper?(
(
Time(for(this:(5(minutes,(including(taking(notes.(
Format:(write(a(summary(in(pairs.(Hand(it(in(to(me.(
(
(



A)few)words)about…)
-
Wang,-Gerstein,-and-Snyder:(
Too(opJmisJc(claims(about(the(lack(of(need(for(any(
normalizaJon(in(RNA1seq.(
-

Garber,-Grabherr,-GuSman,-and-Trapnell:-

Sums(up(the(computaJonal(tasks(nicely(but(omits((at(least)(
one(crucial(task:(quality(control(of(reads((experiments(and(
alignments).(

Table(1,(needs(compleJon((e.g.,(Trinity,(STAR).(

-

Other(comments:(

Biological(replicates(very(important(

(



STAR(

Trinity(
Oases(



[2]-Background:-some-definiEons;-gene-
expression-and-its-history;-the-

structure-of-a-gene.--
-

-
-



Some-definiEons:-
-
-
Gene(–(a(genomic(sequence(encoding(a(funcJonal(product((or(several(
funcJonal(products).(Approximately(20,000(genes(in(the(human(genome.(
-
Transcript(–(an(RNA(species(transcribed(from(a(gene.(
•  One(gene(may(produce(many(different(transcripts((“isoforms”).((
•  Each(transcript(is(typically(represented(by(many(idenJcal(RNA(molecules(

(dynamic(range(of(transcripJon).('
-
Transcriptome(–(the(set(of(transcripts(present(in(a(cell/Jssue/organism((at(
a(parJcular(Jme(point(or(integrated(over(many(Jme(points)(
-
Transcriptomics(–(finding(out(everything(about(the(transcriptome'

(
(
(
(
(
(



Why(study(transcripJon(and(
transcriptomics?(

(

transcripEon-≠-gene-expression-
(
Historically:(
•  Most(interest(in(finding(genes(that(are(differenEally-

expressed,(e.g.,(to(figure(out(what(genes(are(involved(in(a(
disease((expressed(differently(in(healthy(vs(disease(Jssue)(

Nowadays,(in(addiJon(to(the(above:((
•  Finer(details(of(gene(expression:(isoforms,(haplotypes(etc(
•  The(importance(of(various(RNA(molecules(in(regulaEon(of(

cellular(behaviour(
•  Curiosity(–(how(does(the(cellular(machinery(work?(
(



A(eukaryoJc(protein(coding(gene(

(
(
Protein(coding(exon(
(
Non1protein(coding(part(of(exon((untranslated'region,(UTR)(
(
Intron(or(intergenic(

…(

…(

…(



Primary(mRNA(transcript((T(1>(U)(
Processed(mRNA(transcript((includes(cap(and(poly1A(tail)(
Protein(coding(exon(
(
Non1protein(coding(part(of(exon((untranslated'region,(UTR)(
(
Intron(or(intergenic(

A(eukaryoJc(protein(coding(gene(

(…(

…(

…(

…(

…(



RNA(types(
(
rRNA-–-ribosomal-RNA-
mRNA-–-protein-coding-RNA-(messenger-RNA)-

------primary-mRNA-vs.)processed-mRNA--
ncRNA-–-collecEve-name-for-all-non1protein-coding-RNA-
(
miRNA(–(micro(RNA,(regulates(mRNA(levels(
piRNA(–(piwi(RNA,(silencing(transposons(
lncRNA(–(long(non1coding(RNA,(e.g.,(Xist(–(X1chr(inacJvaJon(
tRNA(–(transfer(RNA,(for(building(protein(chains(
snRNA(–(small(nuclear(RNA,(involved(in(splicing(
snoRNA(–(small(nucleolar(RNA,(modifying(mRNA/rRNA/snRNA(
eRNA(–(enhancer(RNA((RNA(transcribed(from(enhancers)(
PROMPT(–(promoter(upstream(transcripts((RNA(transcribed(

(((((((((((from(promoters)(
(



Transcriptome(complexity(

One(gene(can(produce(many(possible(transcripts.(

Adopted from Unneberg, 2010 



[3]-RNA1seq:-experimental-procedure-
-
-



RNA1seq(
The(state1of1the1art(approach(for(high1throughput(analysis(of(gene(expression(
The(most(widely(used(sequencing(based(molecular(biology(assay(
(
(
(

( ((((('PubMed'papers'with'“RNAAseq”'in'/tle'or'abstract'

Sequencing-
Desired-measure1-
ment:-RNA(
abundance(

Prepare-for-sequ1-
encing:-make(
cDNA(libraries((

BioinformaEcs:-
QC;(EsJmate(
abundances(

BioinformaEcs:-
E.g.,(DifferenJal(
expression(

Year- Papers-

2015( 2289(

2014( 1562(

2013(( 1054(

2012( 837(

2011( 472(

2010( 217(

2009( 58(

2008( 16(



RNA1seq('

What(applicaJon(s)(are(you(interested(in:(
•  mRNA(abundance(
•  differenJal(expression(
•  novel(transcripJon(
•  anJsense(transcripJon(
•  transcriptome(reconstrucJon(without(reference(
genome(

• ( allele1specific(expression(
•  non1coding(RNAs(
(...(



An(RNA1seq(experiment'

1.  Sample(collecJon(
2.  RNA(extracJon(
3.  Library(preparaJon(
4.  Sequencing((
5.  Data(analysis(



Sample(collecJon(and(RNA(extracJon'

Sample-collecEon(
Important'considera/ons:''
•  number(of(biological(and(technical(replicates(
•  is(it(possible(to(get(enough(material((i.e.,(RNA)?(
Why'are'replicates'important?'

Many'other'crucial'aspects.'e.g.'ethical'permits.)
-
RNA-extracEon-
Follows(standardized(protocols(



Library(preparaJon'
From(RNA(to(sequencing1ready(DNA(molecules(
1.(Quality(checks(on(samples.(E.g.,(RIN(value,(0110.(
2.(FragmentaEon(of(RNA(molecules(
3.(DepleEon/enrichment:-get(the(RNA(types(you(need-
4.(Random(priming([or(poly(A)(priming(then(((((((((
(fragmentaJon](

5.(cDNA(generaJon((reverse(transcripJon)(
6.(Adapter(ligaJon,(cluster(generaJon(
=>(RNAs(converted(to(cDNA(and(ready(for(sequencing(
(RIN'='RNA'integrity'number;'10'is'best'quality)'

(
Adapter(ligaJon(
SelecJon(
PCR(amplificaJon(
(



FragmentaJon'

Processed(mRNAs(are(typically(on(the(order(of(112(
kbases((in(humans).(((
They(are(fragmented(during(library(generaJon.(
Typical(fragment(size:(~300(bases.((
(



DepleJon/enrichment'

rRNA(is(~(80190%(of(total(RNA(
rRNA(typically(uninteresJng(
rRNA(should((typically)(be(removed(
(
Strategies:(
•  Remove(rRNA((e.g.(RiboZero(or(RiboMinus(kit)(
•  Enrich(for(mRNA(through(extracJng(poly1
adenylated(RNA((most(mRNA(and(some(lncRNA)(

•  size(selecJon((if(interested(in(e.g.(miRNA)((
(



Sequencing'
Several(different(technologies(available(for(
sequencing:(sequencing(chemistry,(amplificaJon(
strategy,(read(length,(number(of(reads,(base(calling(
accuracy,(sequencing(errors((rates(and(types),(…(all(
this(differ.(
The(output(is(called(“a(read”(–(a(stretch(of(DNA(
sequence.(
(



Sequencing(output(
Fastq:(de'facto(standard(for(output(files(
((1)(DNA(sequence(for(each(read(
((2)(Quality(for(each(base(in(each(read(

@SEQ_ID_1
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+
!''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65

(
Illumina-HiSeq:(Typically(>109(reads(of(2x150(bases,(
corresponding(to(>300(Gbases(per(run.(
Illumina(MiSeq:(2x300(bases.(
(
(
(



Base(quality(

Base(quality:(
Probability(of(wrong(base:((
Quality(scores:((

Quality-score- Probability-of-
incorrect-base-call-

Base-call-accuracy-

10( 1(in(10( 90%(

20( 1(in(100( 99%(

30( 1(in(1000( 99.9%(

40( 1(in(10000( 99.99%(

50( 1(in(100000( 99.999%(



Sequencing(depth(((=(coverage)'
Sequencing'depth'is(the(total(number(of(nucleoJdes(
sequenced(divided(by(genome((or(transcriptome)(
length:(
Genomic(DNA(sequencing (RNA1sequencing(
depth(=(LreadN/G ( ( ( (depthRNA1seq(=(LreadN/T(
Lread(=(read(length ( ( ( (Lread(=(read(length(
N(=(number(of(reads ( (((( (N(=(number(of(reads(
G(=(genome(length( ( ( (T(=(transcriptome(length(
(



Sequencing(depth(((=(coverage)'
Calculate(the(sequencing(depth(for(an(RNA1seq(
experiment.(12(M(paired1end(reads((2x125)(from(a(
transcriptome(with(esJmated(total(exon(length(of(60(
M(base(pairs.(
depthRNA1seq(=(LreadN/T( ( ((((Average'depthRNAAseq='?'
Lread(=(read(length ( ( ( (((Is'the'coverage'even'''
N(=(number(of(reads ( ( (((over'the'transcriptome?'
T(=(transcriptome(length((
“The(power(to(idenJfy(and(accurately(quanJfy(RNA(molecules(is(dependent(on(
their(lengths(and(abundance,(and(on(the(number(of(sequenced(reads.”((Sims(
et(al(Nat(Rev(Genet(2014)(



[4]-RNA1seq:-bioinformaEcs-
-
-



RNA1seq(bioinformaJcs'
Reads(have(been(generated.(Then(three(main(tasks:(
0. (Remove(low(quality(reads,(adapter(sequences(etc.(
1.  Read(mapping(

Map((align)(reads(to(reference(genome(or(transcriptome'

2.  Transcriptome(reconstrucJon(
Reconstruct(the(transcriptome(from(the(reads(without(a(
reference(

3.(Expression(quanJficaJon(
(Transcript(expression(levels(
(DifferenJal(expression(analysis(

(
1.(EsJmate(quanJficaJon(of(transcripts.(
2.(EsJmate(errors(
3.(IdenJfy(erroneous(sequence(reads([low(quality;(
PCR(dup](
4.(IdenJfy(faulty(data(sets((something(went(wrong)(
(



Map(reads(to(a(reference(genome(
Find(the(place((=map(or(align)(on(the(genome((=reference)(from(which(the(
read(originated((=was(transcribed).(Important:'allow'spliced'reads.(
The(reference(genome(is(the(genomic(DNA(sequence(of(the(organism.(

( ( ( ( ( ( ( ( ( ( ( ( (reads(
Reference ( ( ((((1111111111111Gene11111111111(
genome ( ( (((Exon(1(((((intron((((Exon(2(
(
(
(
(
(
Tools(for(this:(TopHat,(GSNAP,(STAR,(...(



Map(reads(to(a(reference(transcriptome(
Find(the(place((=map(or(align)(on(the(transcriptome((=reference)(from(
which(the(read(originated.((
The(reference(transcriptome(is(the(total(set(of(RNAs(of(the(organism.(

( ( ( ( ( ( ( ( ( ( ( ( (reads(
Reference ( ( ((((1111111111111Gene11111111111(
genome ( ( (((Exon(1(((((intron((((Exon(2(
(
(
Reference(
Transcriptome ( ( (((Exon1(+(Exon2(
(
(

Tools(for(this:(BWA,(BowJe,(Maq,(SOAP,(Gnumap,(...(
(
.(



Gene(body(coverage(

Are(the(mapped(reads(equally(
distributed(over(the(length(of(
genes?(
(
Depends(on((
1  RNA(sample(quality((RIN)(
1  DepleJon/enrichment(strategy(
1  Sequencing(depth(
(
(



Ambiguous(reads(
( ( ( (Mapping(results:(

(
( ( ( ( ( ( ( ( (exon(1 ((((exon(2( ( ((exon3(

Ambiguous(reads:(
one(read(matching(to(many(places(in(the(reference(

(=>(these(reads(are(usually(discarded(as(they(are(ambiguously(mapped( (((
(((((((and(hence(their(origin(is(unclear(
(=>(or(they(are(added(to(one,(or(all,(of(its(possible(origins(according(to( (
((((((certain(algorithms.((Can'you'think'of'one'principle?)(

many(reads(matching(to(one(exact(place(in(the(reference((
(=>(referred(to(as(“PCR(duplicates”(and(usually(discarded([e.g.(Picard,(GATK](
(=>(but(if(sequencing(depth(is(reasonably(large,(we(would(expect( ( ((((((
((((((duplicate(reads(and(they(should(not(be(blindly(removed(

(



Transcriptome(reconstrucJon(
The(goal(is(to(find(out:(what(transcripts(are(present(in(a(sample.(
For(humans,(approximately(40180%(of(all(possible(genes(are(actually(
expressed(in(a(given(sample.((
(
If-you-know-the-reference-genome:-use(this(knowledge(to(guide(your(
reconstrucJon.(If(you(also(know(the(gene(annotaJon((and(hence(the(exon1
intron(structure(of(the(genes),(use(this(knowledge(as(well.(
(
If-you-do-not-know-the-reference-genome:(then(you(have(to(perform(a(de'
novo'assembly,(in(many(ways(similarly(to(how(you(would(assemble(the(
genomic(DNA(sequence.(But(with(the(obvious(difference(that(your(final(goal(
is(not(to(assemble(n(chromosomes,(but(N(different(transcripts,(where(N>>n,(
and(where(a(subset(of(the(N'transcripts(may(be(overlapping((isoforms).(



Transcriptome((
reconstrucJon(
(
i.e.,(reconstruct(the(transcripts(
present(in(the(sample(
(
Genome1guided(approach:(
If(there(is(a(reference(genome(
(e.g.,(Cufflinks)(
(
Genome1independent(approach:(
The(only(opJon(if(there(is(no(
reference(genome ((
(e.g.,(Trinity,(Oases,(transABySS)(

(

(Garber'et'al'2011)(



Transcript(quanJficaJon:(count(the(
reads(

(
(

( ( ( ( ( ( ( ( (exon(1 ((((exon(2( ( ((exon3(
(
Exon(1:((21(
Exon(2:((13(
Exon(3:((((0(
Total(for(the(gene: (34(
(
I.e.,(if(a(transcript(reconstrucJon(method(was(applied(to(this(parJcular(data(
set,(it(would(produce(a(transcript(consisJng(of(exon1(and(exon2.(

(



EsJmate(abundance(

Read(counts(can(be(misleading:((
(
(
(
Transcript(3:(12(reads(
Transcript(4:(31(reads(
But…(are(3(and(4(unequally(expressed?(



EsJmate(abundance(

Read(counts(can(be(misleading:((
(
(
(
Transcript(3:(12(reads(
Transcript(4:(31(reads(
But…(are(3(and(4(unequally(expressed?(



Normalize(RNA1seq(read(counts:(
RPKM(and(FPKM(

RPKM(–(reads(per(kilobase(of(transcript(per(million(mapped(reads(
(
(
'
•  RPKMg(value(for(gene((transcript)(g((or(FPKMg(for(paired(end(reads)(
•  Cg=(number(of(reads(mapped(to(the(gene(
•  Lg=(length(of(gene'g'
•  N=(number(of(mappable(reads;(N'='''''''''''Ci','(where(G'is(the(total(set(of(

genes(
Normalizes(for((i)(transcript(length(and((ii)(number(of(reads.(
(
FPKM(is(similar(to(RPKM(but(takes(into(account(the(fact(that(in(paired1end(
sequencing,(each(fragment(may(be(represented(by(either(one(or(two(reads.(

(



EsJmate(abundance(

Use(RPKM(instead(of(read(counts:(
(
(
(
Transcript(3:(12(reads(
Transcript(4:(31(reads(
But(their(RPKM(is(the(same.(
(
Tools(for(this:(ERANGE,(Myrna,(eXpress,(...(



(
Quiz!-

' 'RNA'popula/on'sample'A'''''''''''''''''''''''''''''''''RNA'popula/on'sample'B'

(
(
(
(

' ''' ''''''(Coloured'areas'represent'number'of'present'mRNA'molecules)'

The(two(samples(A(and(B(are(from(two(different(Jssues(A,(B,(of(the(same(
individual.(Genes(1(and(2(are,(by(far,(the(most(expressed(genes(in(both(samples.(
Gene(1((yellow)(is(expressed(much(more(in(sample(A(than(in(sample(B(
Gene(2((red)(is(expressed(equally(much(in(sample(A(and(sample(B.(
Both(samples(are(sequenced(to(10(*(106(mappable(reads.(
Which'statement'is'true?'

(a.(The(RPKM(for(every(gene(is(the(same(in(sample(A(as(in(sample(B(
(b.(Gene(2(will(have(the(same(RPKM(in(both(samples(
(c.(Gene(2(will(have(lower(RPKM(in(sample(A(than(in(sample(B(
(d.(Gene(2(will(have(higher(RPKM(in(sample(A(than(in(sample(B(

Gene_1_A( Gene_2_A(
(
(
Other_genes_A(

Gene_2_B(
(
(
Other_genes_B(

Gene_1_B(



(
Quiz!-

' 'RNA'popula/on'sample'A'''''''''''''''''''''''''''''''''RNA'popula/on'sample'B'

(
(
(
(

' ''' ''''''(Coloured'areas'represent'number'of'present'mRNA'molecules)'

The(two(samples(A(and(B(are(from(two(different(Jssues(A,(B,(of(the(same(
individual.(Genes(1(and(2(are,(by(far,(the(most(expressed(genes(in(both(samples.(
Gene(1((yellow)(is(expressed(much(more(in(sample(A(than(in(sample(B(
Gene(2((red)(is(expressed(equally(much(in(sample(A(and(sample(B.(
Both(samples(are(sequenced(to(10(*(106(mappable(reads.((
Which'statement'is'true?'

(a.(The(RPKM(for(every(gene(is(the(same(in(sample(A(as(in(sample(B(
(b.(Gene(2(will(have(the(same(RPKM(in(both(samples(
-c.-Gene-2-will-have-lower-RPKM-in-sample-A-than-in-sample-B-
(d.(Gene(2(will(have(higher(RPKM(in(sample(A(than(in(sample(B(

Gene_1_A( Gene_2_A(
(
(
Other_genes_A(

Gene_2_B(
(
(
Other_genes_B(

Gene_1_B(



EsJmate(abundance(

RPKM(has(widespread(use.(But(consider(this:(
(((((((((((((((((RNA'popula/on'A'(3'genes)''''''''''''''''''''''''''''''''''RNA'popula/on'B'(3'genes)'

(
(
(
(
Given(the(same(sequencing(depth((i.e.,(the(same(number(of(reads),(RNA(2(and(3(
will(get(lower(RPKM(in(populaJon(A(than(in(populaJon(B,(although(the(expression(
levels((the(actual(number(of(mRNA(molecules)(are(the(same(in(the(two(
populaJons.(Thus,(need(to(normalize(for(the(composiJon(of(the(RNA(pool.(
(
Tools(for(this:(EdgeR,(DEseq(

RNA_1_A(
RNA_2_A(
(
RNA_3_A(

RNA_2_B(
(
RNA_3_B(

RNA_1_B(



Normalize(RNA1seq(read(counts:((
TPM(

TPM:(“transcript(per(million”((
(
(
(
(
I.e.,(very(similar(to(RPKM,(but(takes(the(length(of(each(transcript(
into(account(when(summing(the(total(number(of(reads,(in(order(
to(bewer(represent(the(true-total-abundance-of-the-transcripts.(
•  TPMg(=(“transcript(per(million”(for(gene(g'
•  Ci=(number(of(reads(mapped(to(gene'i'
•  Li=(length(of(gene'i'
(
(



Dynamic(range(

The(expression(level(of(a(transcript(influences(how(
well(we(can(measure(it:(
((

1  Low(expressed(transcripts:(
1  Microarrays(have(high(background(signal(1>(poor(measurement(
1  RNA1seq(can(measure(well(if(you(sequence(very(deeply(

1  Medium(expressed(transcripts:(
1  Microarrays(measure(well(
1  RNA1seq(measures(well(if(sequenced(relaJvely(deeply(

1  High(expressed(transcripts:(
1  Microarrays(measure(poorly(because(of(saturaJon(
1  RNA1seq(measures(well(

(



Dynamic(range(–(one(example((T1cells)(

Zhao(et'al.((2014)(PLoS'ONE'91:e78644(

(
(
(
(
(
(
(
(
Microarray:((~4x103((
RNA1seq:(~3x105((((((general(RNA1seq(esJmaJon(~106)(



DifferenJal(gene(expression((DE)(
When(is(a(difference(in(read(count(for(a(gene(also(staJsJcally(significant?(
=>(Model(the(variability(in(read(count(for(each(gene(across(replicates.(
(
The(read(count(variability(has(been(modelled(using(
Poisson(distribuJon((e.g.,(DEGseq,(Myrna)(

(models(the(variance(between(technical(replicates(
NegaJve(binomial((e.g.(edgeR,(DEseq,(CuffDiff)(

(also(models(the(overdispersion(of(read(counts(between(biological(
(replicates((biological(replicates(are(less(similar(than(technical(replicates)(
(=>(near(consensus(that(this(is(the(preferred(modelling(

(
Output(is,(for(each(gene(
⇒  a(P1value-describing(the(probability(that(the(difference(in(counts(is(due(to(

chance.((Should(be(corrected(for(mulJple(hypothesis(tesJng).(
⇒  Effect-size-(fold(change)((
(

(



DifferenJal(gene(expression((DE)(
( ( ( ((

(
(
(
(

Counts(for(the(genes(in(the(different(samples(are(used(as(input:(
[1] -Variability(of(read(counts(for(each(gene(across(replicates(is(modeled(-
[2] -P1value(is(calculated(–(what(is(the(probability(that(this(difference((or(larger)(in(counts/RPKMs(

(would(occur(by(random(chance(
[3] -Effect(size(is(calculated((fold(change)(
[4] (MulJple(tesJng(correcJon(is((or(should(be)(performed(
NOTE:(instead(of(explicitly(using(normalized(counts(or(RPKM/FPKM,(adjust(for(sequencing(depth(and((

(composiJon(within(the(DE(sozware.(E.g.(median1based(normalizaJon.(
AlternaJve:(use(non1parametric(methods((i.e.(rank),(then(no(need(to(assume(a(distribuJon((skip([1])(



DifferenJal(gene(expression(
Transcriptome(complexity:(isoforms((=splice(variants(=(transcripts).(
We(do(not(know(from(which(isoform((transcript)(a(parJcluar(read(originated.(
(
(
(
(
(Isoform(B(is(2x(the(length(of(Isoform(A)(
(
Two(approaches:(
Exon'union'–(use(the(read(counts(from(all(exons(in(all(isoforms(
Exon'intersec/on'–(use(the(read(counts(only(from(exons(present(in(all(
isoforms(
(

(



DifferenJal(gene(expression(
These(approaches(could(both(provide(the(wrong(answer.(
(
E.g.:(if(one(isoform(is(upregulated(and(the(other(downregulated(in(
condiJon(B(

(

Trapnell et al., Nature Biotech. 2013 



DifferenJal(transcript(expression(
Isoform1aware((a.k.a.,(transcript1based)(differenJal(expression(analysis:(

(
( ( (CuffDiff(

Model(overdispersion(of(data((like(previously(menJoned(tools)(
Maximum1likelihood(assignment(of(fragments(to(isoforms(
Model(uncertainty(in(assignment(of(fragments(to(isoforms(
(
Combine(these(into(a(final(model(of(fragment(count(variability,(which(is(
used(to(calculate(a(P1value((describing(the(probability(that(the(difference(
occurred(by(random(chance.(
(
=>(Output(is(a(P1value(and(effect(size((
(

(



1.Model(count(variability(across(replicates(
(
2.EsJmate(fragment(count(for(each(transcript(
(
3.Model(uncertainty(in(fragment(count(for((
transcripts(
(
4.Combine((1)(and((3)(to(generate(final(model(of(
fragment(count(variability(
(
5.These(variance(esJmates(are(used(in(the(
staJsJcal(tesJng(of(differenJal(expression.(

(Trapnell et al., Nature Biotech. 2013 



DifferenJal(expression(
Which(method(is(best(–(isoform(aware(or(union/intersecJon(methods?(
(
Benchmarking(
studies(show(
that(exon(
union/inter1(
secJon(
methods(
hold(up((
surprisingly((
well.(
(
[E.g.,(Soneson(&(
Delorenzi(2013](
(

(



[5]-Some-comments-on-the-current-
status-of-transcriptome-research-

-
-
-



Quiz:(How(much(of(the(human(genome(
is(transcribed?(((how(large(fracJon(of(
the(3(billion(bases).(
(
Approximately…(
a.  0.5%(
b.  2%(
c.  55%(
d.  75%((
(



How(much(of(the(human(genome(is(
transcribed?(
(
ENCODE(project:((Nature,(2007,(2012((www.nature.com/encode/#/threads)(
Aim(is(to(find(the(funcJon(of(each(base(in(the(human(genome(
(
(
(
(
(
(
(
(
(
(
⇒ 74.7%(of(bases(are(represented(in(primary(transcripts((
⇒ 62.1%(of(bases(represented(in(processed(transcripts(
(



From(“Landscape(of(transcripJon(in(human(cells”((ENCODE(companion(paper(Nature(489:1011108((2012))(
(
Our(genome1wide(compilaJon(of(subcellular(localized(and(product1precursor1related(RNAs(serves(as(a(public((
resource(and(reveals(new(and(detailed(facets(of(the(RNA(landscape.(
(
•  CumulaJvely,(we(observed(a(total(of(62.1%(and(74.7%(of(the(human(genome(to(be(covered(by(either(
processed(or(primary(transcripts,(respecJvely,(with(no(cell(line(showing(more(than(56.7%(of(the(union(of(
the(expressed(transcriptomes(across(all(cell(lines.(The(consequent(reducJon(in(the(length(of(‘intergenic(
regions’(leads(to(a(significant(overlapping(of(neighbouring(gene(regions(and(prompts(a(redefiniJon(of(a(gene.(
(
•  Isoform(expression(by(a(gene(does(not(follow(a(minimalisJc(expression(strategy,(resulJng(in(a(tendency((
for(genes(to(express(many(isoforms(simultaneously,(with(a(plateau(at(about(10–12(expressed(isoforms(per(
gene(per(cell(line.(
(
•  Cell1type1specific(enhancers(are(promoters(that(are(differenJable(from(other(regulatory(regions(by(the(
presence(of(novel(RNA(transcripts,(chromaJn(marks(and(DNase(I(hypersensiJve(sites.(
(
•  Coding(and(non1coding(transcripts(are(predominantly(localized(in(the(cytosol(and(nucleus,(respecJvely,(
with(a(range(of(expression(spanning(six(orders(of(magnitude(for(polyadenylated(RNAs,(and(five(orders(of(
magnitude(for(non1polyadenylated(RNAs.(
(
•  Approximately(6%(of(all(annotated(coding(and(non1coding(transcripts(overlap(with(small(RNAs(and(are(
probably(precursors(to(these(small(RNAs.(The(subcellular(localizaJon(of(both(annotated(and(unannotated(
short(RNAs(is(highly(specific.(
(



Some(current(topics(in(RNA1seq(bioinformaJcs(research(
(
Allele1specific(expression(
(
Variant(calling(from(RNA1seq(data(
(
Phasing(of(RNA1seq(data(
(
EvaluaJon(of(assembled(transcriptomes((many(false(transcripts)((
(
NormalizaJon(procedures(
(
How(to(assign(mulJreads(to(genes(
(
ValidaJon(of(results(



What(is(a(gene(–(an(updated(definiJon(
(

1.(A(gene(is(a(genomic(sequence((DNA(or(RNA)(directly(encoding(
funcJonal(product(molecules,(either(RNA(or(protein.(
(
2.(In(the(case(that(there(are(several(funcJonal(products(sharing(
overlapping(regions,(one(takes(the(union(of(all(overlapping(
genomic(sequences(coding(for(them.(
(
3.(This(union(must(be(coherent—i.e.,(done(separately(for(final(
protein(and(RNA(products—but(does(not(require(that(all(
products(necessarily(share(a(common(subsequence.(
(
=>(The(gene(is(a(union(of(genomic(sequences(encoding(a(
coherent(set(of(potenJally(overlapping(funcJonal(products.(
(
(
(
(
Gerstein'et'al'Genome'Res'2007(



What-is-a(
gene-–-an(
updated(
definiEon(
(
(
(
(
(
(
(
(
(
(
(
Gerstein'et'al(
Genome'Res(
2007(



Concluding(task(
Write(down(your(reflecJons(from(the(RNA1seq(lecture(on:(
1.  Something(that(you(found(interesJng(and/or(fun.(
2.  Something(that(you(found(hard(to(grasp.(
3.  Something(that(you(think(this(lecture(should(cover(bewer((either(something(

that(wasn’t(covered(at(all,(or(something(that(you’d(like(to(be(covered(in(more(
detail).(

(
Format:(one(sentence(per(quesJon.(
Time:(3(minutes.(
Hand(in(your(paper(to(me(when(you(leave(the(room(today.(
Please(write(your(name(on(it!(
(
(

(


