Predicting genes using RNA
sequencing



Predicting genes — finding the critical 3%

Human Genome of 3,300,000,000 bases

3%

¥ The rest

p Protein coding genes
(includes 5" and 3’
untranslated)

In Ensembl 68
22,058 protein coding genes
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Easier if you know who you are looking for...




Predicting genes using RNA sequencing

|dentify the genes by
sequencing RNA

Find the location of the
genes in the genome



Predicting genes using RNA sequencing

1.

Getting the RNA template
Sequencing the RNA
Predicting gene models
Producing a gene build

Using the gene build



Predicting genes — what are we looking for?

Transcriptio

Start Stop
DNA ‘ 5 UT Protein coding 3 UT l
\l, L R ORI AAAAAAAAA
RNA
Translation
Start Stop
RNA l Protein coding l,

|

Protein



Getting hold of the RNA

Whole cell gives total RNA
/ rRNA
MRNA

snRNA
tRNA
snoRNA
MiRNA

TTTTTTTTT-— 3
AAAAAAAAA




Getting hold of the RNA

For each sample pick can pick ...

One One One — One
Developmental Stage Tissue Cell type RNA sample
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Each sample has a different set of mMRNAs each representing a genes —
the transcriptome of the sample



Preparing the sequence template — reverse transcription

Sequencing machines use DNA as a template
so the RNA must be converted back into
complementary DNA or cDNA

DNA PolyT prime

TTTTTTTTT
Reve rse AAAAAAAAA

Transcription

Transcription

RNA

Random prime

GCTGAT

AAAAAAAAA



Sequencing methods

Capillary sequencing
One sequence from one template about 800 bases long

Template linked directly to sequence

lllumina sequencing or GAIll or HiSeq or MiSeq

Millions of sequences from millions of templates all at the
same time about 100 bases long

No template/sequence information



Sequencing methods

NG RN AAAAAAAAA

Traditional method
Sequence a single cDNA clone by capillary sequencing

NGS method
Sequence many small fragments of cDNA by Illumina
sequencing and assemble into one sequence




Traditional RNA sequencing

Total RNA All tissues/cell types at
all developmental
\L polyA pull down stages
MRNA
\L reverse transcription
cDNA
\L clone
cDNA library Thousands of clones

_ stored in freezers
i Screen library
Screening many
libraries to find
rare clone

Find a clone for each of the
individual genes

\L Capillary sequence

Sequenced clone Whole thing
costs loads!



Next generation

RNAseq
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PolyA pull down for mRNA

Chemical hydrolysis

RNA sequencing
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Synthesis double strand
cDNA

Make a library and Sequence

Note each fragment is sequenced from

both ends to make a pair of reads



Annotation genes on genome reference sequence

Species specific Species specific All the sequence
whole gene small fragments of from other animals
sequences — gene sequences - in the public
c¢DNA library RNAseq databases
sequencing

v

Make GENE MODELS
for a GENE BUILD
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Annotation gene models

Transcription

Stop
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Building genes from species-specific cDNAs

>part of human C22 reference sequence
gccgggctcatgctgggcacctccgggcaagctttgtgacttagaggtgtggggcecactggtcaccctcggtggctcagaggcetgtggctece
atggctcatgagcgcctcctgtgtcccagacctgagaccatgegtatgtcccgaggcggctgcetecggtetettgecggtgtggaaagggaac
gacctacgagggcggtgtccgagagcctgcecttggecttctggeccaggtcatatcgetccecggtcagtccgcaggcecctcetecttggaaccct
ggccccaccaccccaaccttgatggcgaactgagtgactgaccagcctcctgcccccaggcegtgacccacggagcetggccagceteectg
gacctgctgcctaccctggcagccctggetggggcecccactgeccaatgtcaccttggatggcetttgacctcagecccectgctgetgggcaca
ggcaaggtagggccggtgacccctgatcccagatccttggcccctgtectggcecttcccctggggtgagtgtgggcagtgcectgagagtcetgt
gcctcagtgcctcctgcactgagtggcatccaagtggcgcecacctctcaggttcctgggtgggcaagaageggtgcacg

PLUS

>exons of the gene ARSA cDNA sequence
acctgagaccatgcgtatgtcccgaggeggcetgetecggtctettgeggtgtggaaagggaacgacctacgagggeggtgtccgagagectgecttggectt
ctggccaggtcatatcgctcccggegtgacccgacgagetggecagetccctggacctgetgectaccctggeagecctggetggggecccactgeccaatg
tcaccttggatggctttgacctcagecccctgetgetgggcacaggeaag

EQUALS

>part of human C22 sequence annotated with two exons from the ARSA cDNA sequence
gccgggctcatgctgggcacctccgggcaagctttgtgacttagaggtgtggggecactggtcaccctcggtggctcagaggcetgtggcetece
atggctcatgagcgcctcctgtgtcccagacctgagaccatgcegtatgtcccgaggcggcetgetecggtetcttgecggtgtggaaagggaac
gacctacgagggcggtgtccgagagcctgecttggectictggccaggtcatatcgeteccecggtcagtccgcaggcecctetectiggaaccct
ggccccaccaccccaaccttgatggcgaactgagtgactgaccagcctcctgecccccaggegtgacccacggagcetggccagcteectg
gacctgctgcctaccctggcagcecctggetggggccccactgeccaatgtcaccttggatggcetttgacctcagecccectgctgetgggcaca
ggcaaggtagggccggtgacccctgatcccagatccttggececctgtectggcecttccecctggggtgagtgtgggcagtgectgagagtetgt
gcctcagtgcctcctgcactgagtggcatccaagtggcgcecacctctcaggttcctgggtgggcaagaageggtgcacg



Building genes from RNAseq

- __ — - Map all the reads to the
- reference genome and

RNAseq reads find where they cluster

Used read pair information
to group exons

B S S —

Approximate gene model




Building genes from RNAseq

- T Map the rest of the

- _. - reads to the
_— = approximate gene
Unmapped RNAseq reads models allowing for

read splicing

Intron driven annotation Intron database



Building genes from RNAseq

Example of an RNAseq gene built from the short reads for apopotosis inhibitor 5 (api5)

Sequence
22.00 Kb Forward strand me—
31,122,00081,124,00081,126,00081,128,00081,130,00081,132,00081,134,00081,136,00081,138,00081,140,00081 m a p pe d tO
Sdpfbam 131 .
Introns

Sdpfbam 286 I |
A L | i i.d 4 Lh \ Sequence

RNAS ct LU e
q genes RNASEQT00000010625 > mabbed to
RNASeq protein coding pp
Contigs CR376745.11 >
%GC M_,f ﬁ’“‘r""'-x:‘xj-.} AT — Y ,"".' R, ""'H‘ﬂllh'-‘b_,,."l l,"_ l| 11 vz vy ol | 7 ] IR ry s g H LY.y eXO n S
-
a4 Og(Bl 124, 00(81 126, 00(81 128, 00(81 130, OOCbBl 1k r ) 00(81 134, 00(81 136, 00(81 138, 00(81 140, 00(81 R N A
—=mi Reverse stran 22.00 K Se
Gene Legend B RNASeq gene q
There are currently 104 trackstumed off. ge ne
Ensembl Danio rerio version 68.9 (Zv9) Chromosome 25: 31,120,301 - 31,142,300
model

Zebrafish gene build http://www.ensembl.org/index.html release 68



Building genes from RNAseq

Example of an RNAseq gene built from the short reads for apopotosis inhibitor 5 (api5)

22.00 Kb Forward strand me—
31,122,00081,124,00081,126,00081,128,00081,130,00081,132,00081,134,00081,136,00081,138,00081,140,00081
Sdpfbam 131
Sdpfbam 286 I
& I | i i.d 4 14 Sequence
RNASeq genes \
mapped to
Contigs .
S & ‘ ' Introns
Sdpfbam 63 /
- = Sequence
i - L mapped to
- e exons
13 features from 'Sdpf.bam' omitted /
Sdpfbam 76
RNAseq
., w '-l gene
-' -
‘=l w8 model
' 26 features from 'Sdpf.bam' omitted
RNASeq genes RNASEQT00000010625 >
RNASeq protein coding

Zebrafish gene build http://www.ensembl.org/index.html release 68



Introns show alternative transcripts

I 31.97 Kb Forward strand pme—
10.96 Mb 10.97 Mb 10.97 Mb 10.98 Mb 10.98 Mb 10.99 Mb
6hpfintron (. II
Genes (Merged E... zgcl:l:66350001 g S
protein coding e
Contigs CR854962.18 >
Genes (Merged E ... Nl_w_l__w_# -—_ -t
protein coding
; I I_ | E— | I )
Shpfintron [ ] : E— I
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10.96 Mb 10.97 Mb 10.97 Mb 10.98 Mb 10.98 Mb 10.99 Mb
—=miReverse strand 31.97 Kb |
Gene Legend I protein coding I merged Ensembl/Havana

There are currently 105 trackstumed off.
Ensembl Danio rerio version 68.9 (Zv9) Chromosome 5: 10,960,285 - 10,992,256

chek2 — checkpoint kinase 2

Zebrafish gene build http://www.ensembl.org/index.html release 68



Introns show alternative transcripts

I 31.97 Kb Forward strand pme—
(e o o o a—— o o——— a—— o a—— a—— a—— a—— a—— a—— em—— o |
10.96 Mb 10.97 Mb 10.97 Mb 10.98 Mb 10.98 Mb 10.99 Mb
6hpf intron . .I
Genes (Merged E... |\ "oeacthog » Sitc
protein coding ore
Contigs
Genes (Merged E ... N‘IH—‘——HT?F~——— + 4+

protein coding
sh intron e '

%GC 7

7.61 Kb
10,973,000 10,974,000

10,971,000 10,972,000 10,975,000 10,976,000

9M

: CR854962.18 >
gont'gs(M d ... | S
enes erge —
Gene Legend
6hpfintron
%GC : & i - .
v ¥l./ | 'j\"f F'mlrl'-._,"u‘-a'ﬁrl'irl'g."’“"n"".""u"\"'-‘ﬂ" L]"l"" ~ 1,,‘(
10,971,000 10,972,000 10,973,000 10,974,000 10,975,000 10,976,000 10,977,000
—=mReverse strand 7.61Kb |
Gene Legend I merged Ensembl/Havana

There are currently 105 trackstumed off.
Ensembl Danio rerio version 68.9 (Zv9) Chromosome 5: 10,970,166 - 10,977,775

Zebrafish gene build http://www.ensembl.org/index.html release 68



Introns show alternative transcripts

I 31.97 Kb Forward strand pme—
10.96 Mb 10.97 Mb 10.97 Mb 10.98 Mb 10.98 Mb 10.99 Mb
6hpf intron . .I
Genes (Merged E... |\ "oeacthog » Sitc
protein coding ore
Contigs CR854962.18 >
Genes (Merged E... E‘_,";:i;]Fi‘*—————‘“----~i———————ll~——_——+—___——u—_____1}_____4]
6hpfintron
%GC
b 544 bp Forward strand pme—
[ 10,987,200 10,987,300 10,987,400 10,98X500
Sequence
Gene Legend Contigs CR854962.18 >
Sequence

< chek2-001
ing

Genes (MergedE...

; |
6hpf intron
%GC - .“—\ NS
Ny S 4 — T | e
T T T T — T
10,987,100 10,987,200 10,987,300 10,987,400 10,987,500
—=m(Reverse strand 544 bp |
Gene Legend I merged Ensembl/Havana

There are currently 105 trackstumed off.
Ensembl Danio rerio version 68.9 ( Zv9) Chromosome 5: 10,987,026 - 10,987,569

Zebrafish gene build http://www.ensembl.org/index.html release 68




Building genes from homologues

paralogue orthologue
Duplicate copies Divergent copies
of a gene in the of the same gene
same species in different
species

D
& -

If we sequence a cat gene and identified the protein then we can
predict the mouse protein using the mouse genome




Building genes from homologues

t/ RNA from a cat

Reverse transcribe

%J cDNA from a cat

Sequence

;%J cDNA sequence from a cat
Genomic DNA

Electronically translate
3 sequence w
x/ Protein sequence from a cat from a mouse

Compare sequences

%,/ Cat protein sequence matched to mouse genomic DNA sequence g

Predict the RNA sequence

Mouse RNA sequence QJ



Building genes from homologues

Protein Match protein sequence to DNA sequence

Protein from cat

DNA
Translated sequence
reference sequence from
mouse

DNA sequence
electronically
converted to

protein sequence

Splice sites difficult to predict



Building genes from homologues

Intron driven annotation

DNA
sequence
from
mouse

Define the exact splice sites
using the mouse RNAseq
intron database



Building genes manually

VEGA gene annotation - Manually curated

* Look at all the evidence for each transcript
* Annotate all the alternative splices for each gene
* Solve problems which aren’t possible in an automated system



Bring all the gene model together

Models from Models Models Models
species from from manually
specific cDNA RNAseq homologues curated
Gene

Build




Displaying the gene build

I 6.32 Kb Forward strand me—
51,062,000 '51.063.000 51,064,000 51,065,000 51,066,000 51,067,000 51,01
Chromosome bands ql3.33
Contigs < Us2317.2

Genes (MergedE... = ARSA.004

protein coding

< ARSA-001
protein coding

i

< ARSA-201
protein coding

i

< ARSA-202
protein coding

i

< ARSA-005
protein coding
CHE---- -,

D

< A SA-00

protein coding

< ARSA-003
protein coding

L
< ARSA-006
retained intron

CCDS set < = S

CCDS set | |
Human cDNASs (R... ﬁ I I I l ._. ﬁ
s —

Reg. Feats
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—=m{Reverse strand 6.32Kb !
Gene Legend Il protein coding Il processed transcript
i merged Ensembl/Havana
BN CCDS set
Reg. Features Leg... HEM Gene associated I Non-gene associated
I Pollll associated I Promoter associated

Uncl assified
There are currently 406 trackstumed off.
Ensembl Homo sapienswversion 68.37 (GRCh37) Chromosome 22: 51,061,865 - 51,068,188

Human gene build http://www.ensembl.org/index.html release 68



Comparing gene builds from other organisms

@ Platypus: 2 homologs

Laurasiatherian mammals: 10 homologs

SMC1A is a protein important in tﬁ

cell division. ] |

e SMC1A, Tarsier

n Wetnose lemurs: 2 homologs
Rodents: 4 homologs
SMC1A, Tree Shrew
Rabbits and Pikas: 3 homologs

- African mammals: 2 homologs

_' - Placental mammals: 4 homologs

—n - Placental mammals: 2 homologs

By matching gene builds across — Lo oo

—* —0 SMC1A, Chinese softshell turtle

species we find candidate : Lo sncia, anolefaar

‘—10 smcla, Xenopus

orthologues in other organisms. —a sucs coscare

SMC1A, Tilapia

SMC1A, Medaka

The position on the Gene Tree Lo e, orenas

shows the degree of relationship e

SMC1A, Cod

smcla, Zebrafish

smclal, Zebrafish

'—m  Lamprey: 2 homologs

——— 0 ENSPMAG00000000296, Lamprey

4‘« Bony vertebrates: 58 homologs

L———————— = Ciona sea squirts: 4 homologs

Gene Tree in Ensembl 68 L et ey

0 him-1, Caenorhabditis elegans

ENSGTO0580000081569 - Calegars: 2 hmelogs

---1 SMC1, Saccharomyces cerevisiae

LEGEND e
—__x1branchlength Gene ID current gene ™ SPeciation node

-- x10 branch length Gene ID within-sp. paralBgd“p"_(atmn node
ambiguous node

-- %100 branch length .
o gene split event



Using the annotation — transcriptome profiling

Annotated
genome

sequence
Sequence transcriptome
and count the number of
copies of each transcript

Transcript

abundance

O O O
Low High Not
abundance abundance expressed



Using the annotation — transcriptome comparison

Normal Abnormal
tissue tissue

Transcriptome profile

Transcript

abundance

of normal
tissue

Compare

Transcript
abundance
of abnormal
tissue



Using the annotation — transcriptome comparison

Normal Abnormal
tissue tissue

Transcriptome profile

Transcript

abundance

of normal
tissue

Compare

Transcript
abundance
of abnormal
tissue



Using the annotation — transcriptome comparison

Normal Abnormal
tissue tissue

Transcriptome profile

Transcript

abundance

of normal
tissue

Compare

Transcript
abundance
of abnormal
tissue



Summary

Identifying the 3% of the genome which contains the protein coding genes

[

Species specific
cDNA library
sequencing

RNA sequence data sources

Species specific
RNAseq

cDNA/proteins
from other
animals

\

_/

l

Predict gene models and
produce a gene build

/\

Human
annotation

Model organism

annotation

- -

Compare genes and use to design
and interpreted experiments



