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E &AL Learning goals
Course Syllabus: &3MG022

Knowledge and understanding

“Explain current techniques for research, diagnostics and treatment of genetic diseases
including cancer”

Competence and skills

| “independently analyse, process and formulate relevant scientific questions...”

Judgement and approach

| “...ability to critically evaluate and appraise scientific research...”
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https://www.uu.se/en/admissions/freestanding-courses/course-syllabus/?kKod=3MG022&lasar=

E &AL Learning goals

Topics covered today:

. B History: from Sanger sequencing to single-cell methods

e 4 Transcriptomic analysis

o o Different types of RNAs and their functions
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¥ sa nger sequencing &3 single-cell methods
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Separation chemistry
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Fi1G. 3.—Apparatus for electrophoretic analysis.

E,, E, represent the electrode tubes (the larger
type), 7 rubber tubings; I, II, III, IV, the four
U-tube sections, of which II and III can be moved
with the pneumatic arrangement P,, P,, P,.

Electrophoretic machine as designed by Tiselius
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Separation chemistry

Polyacrylamide gel electrophoresis (PAGE)

e Length
e Charge

e Confirmation

Molecules can be run in their “native state”
preserving higher-order structure.

Or a chemical denaturant can be added to
remove structure (urea for s?').

Native vs PAGE.

Pore size controled by % of acrylamide.

% Resolution:
100-1000 nt down to single-nucleotide.

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00
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Fredrick Sanger

LN

e One of the few who received two Noble
Prizes.

L,

. 1958 ')

o | “structure of proteins, especially that
of insulin”

x 71980

o | “determination of base sequences in
nucleic acids”

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 SciLifeLab



55 Medical Research Council
Laboratory of Molecular Biology

Left MRC Laboratory of Molecular Biology, 1962. Right Left to right: Hugh Huxley, ¢ John Kendrew (’62), Y Max Perutz (’62), ¢ Francis
Crick (’62), ¢ Fred Sanger (’58,80) and
& Sydney Brenner (2002).
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XE Restriction enzymes &

Restriction and modification enzymes &

14 .
© Noble Prize: = Hamilton 0. Smith, 2= Daniel Nathans, and & Werner Arber.

Left to right: © Grete Kellenberger, B Werner Arber, B Daisy Dussoix
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Structure of a Ribonucleic Aci
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Fig. 2. Schematic representation of thres conformations of the alanine RMNA with

short, double-stranded regions.
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Structure of a Ribonucleic Acid

RNase A (Bovine pancreas ribonuclease):

e Only active on RNA.
e Very sturdy, survives boiling etc 43
e Cleaves 3’-end of unpaired C and U residues (pyrimidine).

RNase T1 (Taka-Diastase ribonuclease T1):

e Single-stranded (ssDNA or RNA) specific exonuclease

e Catalyzes the removal of nucleotides from linear single-stranded DNA or RNA inthe 3’ to 5’
direction

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab


https://international.neb.com/products/t3018-monarch-rnase-a#Product%20Information
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Nuclease Protection Assay (NPA)

A proto sequencing method.

Purified mRNA Probe Digested
sample
A. AAAAAA E.
Hybridize with RNA
antisense probe
_ﬁ Target 1
B. = e AAAAAA
Polyacrylamide gel - one target mMRNA
l Digest with RNAse F _ |
C' L E R N N N N J ..l‘I.QAAAAAA \
| \ Target 1
o Target 2
Purify digested
dsRNA fragments
G3PDH
D.

Polyacrylamide gel - multiple target mMRNAs

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00
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Two-dimension partition sequencing

A proto sequencing method.

380 F. SANGER, G. G. BROWNLEE AND B. G. BARRELL

+

e First seperate on isoelectric point (pl) ;

= pH @ molecule has no net electric char

AU
AAU

e Then seperate on molecular weight. ¢

B AAG

AAC

AC

---10

Fic. 1. Diagram showing the position of products from pancreatic digests of nucleotides from
ribonuclease T, digests on ionophoresis at pH 3-5. B and P show the positions of the blue and pink

markers, respectively.

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00
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Two-dimension partition sequencing

~<—— Cellulose acetate pH 35

B Q4 [AU,]G
O &) 400 UUUG 13-
CDO AUUG B, . f  J[ACU,IG
20 % > UUAG +UAUG 7€ ‘*—-,—-\[czuzjc
UUC '*--..-’
O O% O UUCO13 UCUG AU { 22N EA3U]G
10Qg AuAGED | “"CU}G
> uc() 1 - UAéf,G @ .[Aczu]c
$ 50”5 o A ﬁi‘é%@[cgulcf"‘ e
= AC @ ccud @""i':~,
L
< CAC® cecc@ UCCG Cucch,_ ‘[Azcﬂc
0 AG@ CuG Saat
l uCG 9 e g
ccc (®
uc(®) CAAG(®) “AGIG
cc(2) ARG (B) (2
accc O
ccac ) OGACE
3 cccccO
>0 (e

(@) (b)

Fi16. 2. Diagram showing the position of nucleotides from a ribonuclease T, digest of RNA on the two-dimensional system.
(a) Illustrates a fractionation that has been run for a short time on the DEAE.paper; (b) one that has been run for a longer
time. B marks the position of the blue marker.
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Two-dimension partition sequencing

168

Cellulose acetate =——— 23s Cellulose ocetate

-—

.
DEAE

e
-
Ad
-
-
DEAE

Prate I Prate IT

Prate 1. Radioautograph of a two-dimensional fractionation (cellulose acetate pH 3-5, 3 kv, 2 hr; DEAE-
paper pH 1-9, 1-5 kv, 4 hr) of a ribonuclease T, digest of the 16 s component of ribosomal RNA.

Prate I1. Radioautograph of a two-dimensional fractionation (as in Plate I} of a ribonuclease T; digest of
the 23 s component of ribosomal RNA.

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00
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dNTP incorporation has base specificity

AB'C’
ABC

F1a. 1. Cohesion of A DNA
A possible structure for the cohesive ends, in which the two ends are held together by base
pairing between A and A’, B and B, C and (',

The birth of the “-”-approach of Sanger.

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab
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First sequence of a single gene

: e Bacteriophage MS2

Nucleotide Sequence of the Gene Coding for ® C| 'Cu la I’ SS D NA ge Nome.
the Bacteriophage MS2 Coat Protein

W. MIN JOU, G. HAEGEMAN, M. YSEBAERT &
W. FIERS

Lab 'y of Molecular Biology and L y of Physiological Chemistry, State University of Ghent, Belgium

on a 6% gel. Further details and typical patterns of both
B ciedzation  of ﬁ.agmems’ ”T:a:ﬂmami:?: ]:::l]xl:::ed Sr‘:fem“::ét polypeptide i
1 15
gt from s e gt o S% |l L ST
" sequence can uced for this gene, leaving open many
Bowerlike model Is proposed for the -
secondary structure. The genetic code u v
makes use of 49 different codons to
specify the sequence of the 129 amino-
acids long coat polypeptide.

Deraen knowledge of the structure of a viral gene should
provide a firmer basis for explaining the mechanism, specificity
and regulation of translation. Because the genes of RNA
bacteriophages are part of the viral genome, their structures -7
may also have eyolved for optimal functioning in replication
and encapsulation. .
The RNA of the closely related phages 2, MS2 and R17,
and especially the cistron coding for the coat protein, has been L 2]
used extensively for in vitro study of protein synthesis’. 32P- @
labelled bacteriophage MS2 RNA was promising as a material m FF
for investigating the primary structure of this viral messenger?.
By using limited enzymatic digestion of the RNA at low
temperatures and separating the products on polyacrylamide
gels, we isolated RNA-fragments of limited length, suitable
for direct sequence analysis®. Sanger ef al.* were the first to
link nucleotide sequences with specific functions in translation,
isolating a “hairpin”, 57 nucleotides long, from the R17 coat
protein cistron, from which they could deduce a set of codons
used in the genetic message. Argetsinger-Steitz® identified a
hairpin containing the initiating AUG-codon, while Nichols®
determined the nucleotide sequence of another hairpin, which @
contained the coat termination signal; information on two

A
.

more hairpin-regions was also reported”. Working with the Seommpibonel Yy 2o
phage MS2, we identified and characterized similar coat N et
cistron hairpins®. These sequences were extended®, and we 2 — .
can now present the entire sequence of the coat protein gene. FFb; i ﬁ o-di fonal sepaé'ahon o bnmi B4 T:m RNA
ol LN
Pure Fragments from the Coat Gene gel electrophoresis. The arrows mdicate e dipaations ot the
. . first dimension was on an 8% gel in 0.025 M citric
All RNA fragments used for sequencing the coat protein rum; the th
cistron originated from ribonuclease T, hydrolysis of uniformly ac -+ -M,:x,a:’: b;e}gugntrsle“u r::l:lnmv;'a;folg:nd;: fmﬁel;
labelled 32P-MS2 RNA, and subsequent separation on neutral xylene cyano] FF (X) and bromophenol blue (B) are marked
polyacrylamide gels. Two sets of conditions were used: 1° o?ﬂ\h:ﬁs\lm Spots b1, b2 l}r_}dé:i :o)rml;pmon:llzn :{_ﬂmm reﬂgﬂs
) K & of tl coat protcm cistron al this parti lar
hydrolysis :“h 1U of enzychp;:I 2‘0] re 05 ];PA {:‘rl 3{'1""“ separation is a rarely observed fragment starting around the
at 0° C and separation on a 1 % gel; an witl per GGCGGA scqu:nc: (codmg for amino-acids 13-14) and going
100 to 200 pg of RNA for 30 min at 0° C, followed by separation till arrow 14 in Fig. 2.

©1972 Nature Publishing Group
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Sanger’s Plus/Minus sequencing

F. SANGER AND A. R. COULSON

Template DNA 3 ATGC TG =wrm——5'
b 5' MMM 3
DNA. polymerase
+ 4 triphosphates
(one 32P-labelled)
Template ATGCTG
MMWN—————— TACGAC
32p_abelied MINN—TACGA
compiear;emary 1800
o MIWN—————"—TAC
MWWN—————TA
MIWN—————— T
etc.
Minus sysV Xlus system
eqg. ~A eg. +A
—_—ATGCTG— ——ATGCT G
——— TACGAC—--~-- ——TACGA
———TACGAC —TACGA
— TACG —TA
———TACG —TA
——TACG —_TA
—_—T etc.
etc.

Electrophoresis of
8 mixtures from plus
and minus systems,

~C-T-A-G+C+T+A+G

F1e. 1. The principle of the method.

S Y T e

*C ¥ ¥A G -C -T -A -G pCl+TaA

£ e
——— " |
{ ——— -y s
t)‘ an rs—
b e |
o, . o S |
e ‘ R
ad—
-_—
— |
- - |
-
‘h R o p— l
R ““‘
e

}-.\ ( al

b

i1
RIS

PraTe 1. Radioautograph of experiment 1 (see Materials and Methods) in which the decanucleo-
tide was used as a primer. The diagram shows the interpretation and the sequence deduced. The
dashed lines represent artifact bands (see text). The bromphenol blue marker was 1 cm below the
section of the gel shown in the Plate and the xylene cyanol FF marker opposite the product 50

nucleotides long.

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00
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Sanger’s Plus/Minus sequencing

+ - + - +

y PENR L WEANR - WK = VIR

| T e = - - —

== Ay A sV A Ay AW SBS 2

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00
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Dideoxynucleotides (ddNTP) are incorporated

Polymerases can incorporate ddNTPs. dTTP 0
Leading to a single base extension followed by \fil”
termination o o o0 N0
HO-P-0-P-0-P-0— g
No 3’hydroxyl group (3’OH). OH OH OH k J
OH
ddTTP o
\TIJ\NH
O O © PWJ%O

HO-P-0-P-0-P-0— g
OH OH OH

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00
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Y Chain-termination method ¢

“Sanger sequencing”

i L GGACA 4360

GAG

S GGAS
GAAG 4330
Caces
caC 4320
AG
----- C 4310
Aﬂ-T
'I_T.A.TA 4300
-
= ccC 4290
TG
o i CAA 4280
A
N 1> C
- L AL.ca270
o ""'CA
o GG
T T
A
E o GA
T 4260

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 Scilifelab
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Maxam & Gilbert sequencing

e Radioactive 5’labeling 5' 2PGCTACGTA ¥

e Chemical cleavage // \c\

Cleavage at: A+G G C+T

o oYy

2Ppger ?Poetac?Pc PG

FPGeTAC 2PGera *PGe
2 PGCTACGT 2PGeTA
2PGCTACG
A+G G C C+T
7 G A
6 ) T
5 G o G
4 aas ae | C
3 - A
2 G T
1 G D C
Sequencing Gel

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00
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The birth of biotech

California. Genentech and recombinant technologies were already creating value. Flow cytometer and Beckman Coulter commercial

machines.
A Directed strategy
Walking method e
Deletional method
S——
——emmemen e —
Sssssssssosss G

Flg. 6. A schematic illustration of the principle of operation of the ABI 373A
automated sequencer (sce text); PMT, photomultiplier tube. [Adapted from

Transposon insertion method (42) with permission © Eaton]

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab
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Sanger sequencing

Fluorescently labeled nucleotides.

| ' ' ' ' |
\ \ \ \
A C T G

O-EO0OO0OPO-HO O >>
O-HO0O0OP>PO-HOO>P

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 0" SciLifeLab



Capillary gel electrophoresis

A -1 2 3 4 5 6 (B)
———— laser detector -
====== go l
output
VARV ERVE."ZR VAR
4+
(C) 450 460 470 480 490 500 510 520

ATTCACACTTGAGTAACTCGCTATCCATTTCTTCCAATGTCTCTTCAGCCATCATGTCTTCTATCTCTGTGTCGGA

| |
f{'\l |1 ,\ ’[ |||“|| H M ﬂl“l ﬂl' \ llf l| |||"|I| llllﬂ' ﬁqU
AUALLLALALIAY J“{J\YJUU\{

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 0" ScilLifeLab
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Sanger sequencing

6 ACT CINJT CAC G

Base calling: assigning specific nucleotide bases to raw signals generated during sequencing.

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab



Human Genome Project




PR A e

‘. *Next-generation sequencingy, ¥ '.:;,d'r {“

= D W Tl TR N L - ‘

%4 " All about how to massively multiplex sequ_encmg o8 ’ - “h

‘,- ""-.."’i'_ﬂ."" ¥ A TP "'- 3 ‘

E:z' e Pyrosequencing Primer extension

‘ ” . e Sequencing by ligation e Sequencing by synthesis

*}_ rl e Reversible dye-terminators (SBS) *

: *‘ -¢ Solid-phase substrate ' ?Segljencmg DR ":_ 0!
t:l J‘ e Bridge amplification “: h

"'.i:"_‘ e Emulsion PCR

1 e DNA nanoballs
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Pyrosequencing

™
-
-~
e
-~

..:‘-i_ ; G 7. CC AGTTQQ;"‘ Nucleotide sequence
****** G C - A GG CC T

T : Sulfurylase
ATP =~
Apy-rrase « Luciferase .

G c T A G C T

-
Nucleotide added

e Principle: DNA polymerase incorporates nucleotides, releasing pyrophosphate (PPi).

e Signal: PPiis converted to light via sulfurylase and luciferase, where the light intensity
indicates the number of incorporated bases.

e Analysis: Light signals are used to determine the DNA sequence in real time.

e Question: How can individual bases (A, T, C, G) be discriminated?

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab



Polony sequencing

A

0‘&

In witro mate -paired library construction

T

=1 kb genomic
DNA fragment

Lrin e Sl
Soquinces

Universal
linker

O paired genomic tags

Mmel ”’
digestion

= e r,.-*‘"l“‘u.\__‘
- E—

B

Emulsion PCR

C

Enrichment & Monolayering D
09020 0

¥#*
oo *,

-0
¥
-:}n{:

Cycles of Sequencing and
Four Color Imaging

Raster Position 432 Rasier Position 432
Distal Tag, Base +5 Distal Tag, Base +4

e eees
Cumulative fraction of data

31
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Solexa/lllumina sequencing

e Solid support: PCR bridge amplification

e Primer extension: Reversible dye-terminators (patent 444 expired last year!)

Cluster Growth 44

Library 88 Sequencing

Preparation

DNA
(0.1- 5.0 pg)

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab



Solexa/lllumina sequencing

0 N3 0
P
a u HJK/O\/\\O/J\/()@)LHNNj(.
HN 0

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab
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Reversible dye-terminators

A. 0 N, 0
H
e H)I\/O\/\-}/I\/ 2 H/“\../N
| 0

HN
GélxN
GG
~o 0
¥,
B.
CYCLE |
adaptor
adaptor-specific oligonucleotides
sequencing primer @'@
G
% %T
A %c
c G T

I. k il i,

> > >
incorporate all four wash, cleave dye and
nucleotides, each four-color terminating groups,
labeled with a imaging wash
different dye
CYCLE I
Toe &y,
A %c
ii. iii.

R . .
X Cd F
F 4

A® CO GO T@

TOP: CATCCGT
BOTTOM: CCCCCC

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 0‘: ScilLifeLab



Bridge amplification

A. B.

two types of adaptor-specific
sequences fixed to surface

s

r

A A

DNA DNA
synthesis "™ bending [ 1%
Bl | |
: : DNA ;
: E synthesis |
1 1 1] | N 2]
L % . W ||
B =3 B -2 || v
VA Al 4 /ﬁ}

i
flexible linker

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00
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Bridge amplification - Flow cell

Flow cell

e Flow cell: A microscope slide where oligonucleotides have been functionalized with a linker so
that they are covalently attached to the glass.

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab
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Bridge amplification - Illumina adapters

P5 adapter

P7 adapter
— 5’ CAA GCA GAA GAC GGC ATA CGA GAT 3’

e P5 adapter: common that the first read (R1) starts form this end.

e P7 adapter: common that the second read (R2) as well as the multiplex index (what sample)
reads from this end (i7 = index P7).

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab
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Bridge amplification - sekvenseringsbibliotek

e PCR used to flank our DNA library with P5 and
P7 adapter sequence.

S : e The library cannot be directly placed on the
;. - flow cell because it is double-stranded DNA
(dsDNA) and therefore cannot bind to the
flow cell oligos.

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab
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Bridge amplification - denaturering och laddning

- R e The sequencing library is diluted to very low

| B | B concentrations together with NaOH (sodium
o hydroxide).

i e NaOH is strongly basic, which denatures
dsDNA into ssDNA.

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab
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Bridge amplification - denaturering och laddning

—
I
——1]
‘}

e The sequencing library is diluted to very low
concentrations together with NaOH (sodium
hydroxide).

e NaOH is strongly basic, which denatures
dsDNA into ssDNA.

e Thelibraryis pumped onto the flow cell, and
the pH is adjusted down, causing the ssDNA
library to bind to the P5 and P7 oligos via

D D hybridization.

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab
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Bridge amplification - PCR

0]

e ssDNA annealed to flowcell

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab
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Bridge amplification - PCR

30 I puym/

e Polymerase extension from P5/P7 adapter.

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab



Bridge amplification - PCR

‘s DNA
[ polymerase

e dsDNA

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00 ScilLifeLab



Bridge amplification - PCR

‘s DNA
[ polymerase

e dsDNA
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Bridge amplification - PCR

»
vy, A0 AT AT

e Increase temperature och wash away non-covalent ssDNA.
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Bridge amplification - PCR

vy AT M1 AT /Mﬂ/

e Decerase temperature

—

e Hybdrize to complementary adapter at the flow cell.
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Bridge amplification - PCR

®
: DNA
melt anneal polymerase
‘s DNA : +
[ polymerase ; wash :
iy 41/ MA1/ A1/

e Decerase temperature

e Hybdrize to complementary adapter at the flow cell.

e Polymerase copies the covalent ssDNA.
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Bridge amplification - PCR

DNA
melt anneal polymerase

1 AT /Miﬂ7

e Hybdrize to complementary adapter at the flow cell.

30 I puym/

e Decerase temperature

e Polymerase copies the covalent ssDNA.
e dsDNA
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Bridge amplification - PCR

30 I puym/

Decerase temperature

4

melt anneal
+
wash

07

DNA
polymerase

Hybdrize to complementary adapter at the flow cell.

Polymerase copies the covalent ssDNA.

dsDNA

Increase temperature and start the PCR cycle again.
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Democratization of sequencing

Cost per Raw Megabase of DNA Sequence

10,000.000
1,000.000

100000 ——m8 —— Moore’s Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
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RNA sequencing

|

T

e |sactual DNA sequencing.

e But the RNA is converted to cDNA by reverse transcriptase.
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RNA sequencing

T — - —_— — Fragmented
m— u‘,ﬁ _F__...u-u-u -._....--"‘F #’—,.__ HHA
Convert to cDMA and
add sequencing adapters
e Hﬂ:&n
C= DNA
e —_———— _ Librarf
e .
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Single-cell RNA sequencing

A
1.Cells from ®
suspension Cell  Microparticle 5.RNA hybridization
2. Microparticle
and lysis buffer | @ @ 4.Cell lysis
—_>
+ @ @ © o (in seconds)
® Of mMRNA:
o
g
3.0Il
7.Reverse transcription
with template switching STAMPs =
6.Break ‘coc,&j-\% «r ‘Q lg S — 9.Sequencing and analysis
droplets = RN @ (s  8PCR — ) . .
e _b ) Enge— ~® Vel - Each mRNA is mapped to its
> ) & > { - - » = = = cell-of-origin and gene-of-origin
i /Q- =TT 5. /L (STAMPs = ==
91 ¢ ccc e ~~ as template) == — ® Each cell's pool of mMRNA
”\ R [N QN = = can be analyzed
coo) TEm ) g CCC nuee J— —_—
B C . :
Sample sequencing read-pair
Read 1 Read 2
Barcoded
bead
primers aunn
Cell  umi Gene identity
barcode
Droplet
formation
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e Transcriptomic analysis
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Primary, secondary, tertiary

Reads QC
W

Alignment

v
Mapping QC
v
Cellllibrary QC

W

Normalization

v

Confounders

m

Differential . Trajectory
Expression CRS COteRiN inference
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Gene body and why to sequence

CDS
> {Exon1 Exon 2 Exon 3 Exon 4
Intron 1 A Intron 2 Intron 3
Start Codon Stop Codon

e Alternative splicing

e |ntron retention, pre-mRNA

e Alterative polyadenylation (3’UTR exon)
Strand-specificity

e Allele-specific expression
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«” Different types of RNAs and their functions

mRNA tRNA rRNA

Encodes proteins Acts as adaptor between Forms the ribosome
mRNA and amino acids
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«” Different types of RNAs and their functions

RNA World
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«” Different types of RNAs and their functions

Type Percent of total Molecules Average size Total weight Notes Reference
RNA by mass per cell (kb) picograms/cell
rRNAs 80 to 90 3-10 x 106 6.9 10 to 30 Blobel and Potter {(1967), Wolf and
(ribosomes) Schlessinger (1977), Duncan and
Hershey {1983)
tRNA 10to 15 3-10 x 107 <0.1 15105 About 10 tRNA molecules Waldron and Lacroute (1975)
[ribosome
MRNA 3to7 3-10 x 105 1.7 0251009 Hastie and Bishop (1976), Carter
etal. (2005)
hnBRNA 0.06t00.2 1-10 x 10° 10* 0.004 t0 0.03 Estimated at 2-4% of Martazavi et al. (2008), Menet et al.
(pre-mRNA) mRNA by weight (2012)
Circular RNA  0.002 t0 0.03 3-20 x 10° ~0.5 0.0007 to Estimated at 0.1-0.2% of Salzman etal. (2012}, Guo etal.
0.005 mMRNA** (2014)
snRNA 0.02t0 0.3 1-5 x 10° 0.1-0.2 0.008 to 0.04 Kiss and Filipowicz (1992), Castle
etal. (2010)
snoRNA 0.04t00.2 2-3 x 10° 0.2 0.02 t0 0.03 Kiss and Filipowicz (1992), Cooper
(2000), Castle etal. (2010)
miRNA 0.003 to 0.02 1-3 x 108 0.02 0.001 to 0.003 About 10° molecules per Bissels etal. (2009)
10 pg total RNA
7SL 0.01t0 0.2 3-20 x 10° 0.3 0.005t0 0.03  About 1-2 SRP Raue etal. (2007), Castle etal. (2010)
molecules/100 ribosomes
Xist 0.0003 to 0.02 0.1-2 x 10% 2.8 0.0001 to Buzin etal. (1994), Castle etal.
0.003 (2010)
Other IncRNA  0.03t0 0.2 3-50 x 10° 1 0.002 t0 0.03  Estimated at 1-4% of mRNA Mortazavi etal. (2008}, Ramskold

by weight

etal. (2009), Menet etal. (2012)

*The size for the average unspliced pre-mBNA is 17 kb, however, most pre-mRANAs are partially spliced at any given time, and the average size of hnRNA is estimated

at 10 kb (Salditt-Georgieff etal.,, 1976).

**Based on the finding that 1-2% of all mRNA species generate circular RNA, which is present at 10% of the level of the parental mRNA.

Tuesday 2nd Sept. Rudbecksalen, Rudbeck, 13:15 - 15:00

59

SciLifeLab



