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RNA

. BB (RSHRNA, B RNARHEH
Ribonucleic Acid) , TFET4E44H i—0 R base
H@L)\&MB ;—‘— *racjﬁﬁ 1§ (here guanine)
SEEIK,

« RNAHZEZ ﬁ@”ﬁﬂﬁ?’zﬁ@”ﬁ: SHEEAT ‘& I
ATIRCEERS omb—o. 4 ik

- RNARJIRET }LFP BIARRIENRS . U
FRZNE. GEIENS. CIgEIE, HA,
UE{X T DNAFET,

FIDDSE‘:

-----------

------------

https://en.wikipedia.org/wiki/RNA world
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RNA

Ribonucleic acid (RNA)

U MessengerRNA(mRNA) puilg QUER 11 11 11 1] 1l 11 (] Eq
Pho;hate O
C : U e
0 H N Uraci
|
A O0=P—0—CHp o) N
' =
G
OH
€ L ey Transfer RNA (tRNA)
U 0 H N Cytosine
O=T—O—CH2 o N
G ) 0
C OH
A
G
o= " D=5 i " Adenine
u Ribosomal RNA (rRNA)
Sugar-phosphate A
backbone
G
7
u Exs0=h o -+ Guanine
(0]
A
U Hydroxyl

https://www.genome.gov/genetics-glossary/RNA-Ribonucleic-Acid
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RNASDNARXSI
 ®E | DNA_ | RNA_ RNA-aDNAzam ﬁngzamz

23 iR e P TZHEAER
DeoxyriboNucleic Acid Ribonucleic Acid
TiRAEISE  BsEianE e
BEREE TURNEESH EAELER)
E:jﬁﬁu/\ (A) BRIZRS (A)
N QRRIENE (T) FRIELE (V)
R S s N
RS fEELE (C) fEELE (C)
SIER (G) BER (G)
a2 = s
iy TRT = | ,
Mg (LREETE K“'F J Ry
FE L a oEm) e
https://en.wikipedia.org/wiki/RNA_world https://courses.lumenlearning.com/microbiology/chapter/structure-and-function-of-rna/
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RNAZIRSE

RNARI S E &I RNAAFAERIE A R3Z
» 18684, Friedrich Miescher&iX1t m R E
HiziEiz+ &M 1959 &ILRNASLES
- 19394, Torbjorn Caspersson &I} 1968 EIRNA

RNAEERGRSAFINEEERE
e 19674, Carl Woesel2HRNATHER

1975 KINFIEERRE LR

By e B EgL ST ATASR 1989 AIRNAEBIEMAFFE
#iTFRNA, EEEEEEFECE 1993 AINRNABDEE

41 2006 EIRNATFHIIS

- 19768, Walter FiersiBERNAJB S

2006 EZEVIERERADFEM
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RNAH R {RiR

- RNAHER{BiH (RNA world hypothesis) : INARNAEMEKEHRE G F, X
LHHIRNAS FEATHAEDNAEEEREFEE, NERRRIEEET, Wm
2 F5 R RAHREE BB A apRUIE(E.

.+ 1962%F, Alexander RichERIEHRNAHFAIEAE L
« 19685, R/R-RHIE (EEZERE) BIZRNAEGESAIHE
o+ 19864, ERETXIG THXIAYF (Walter Gilbert) IET(IRHE

- RNA {E/ER - RNAEJDRIEYIR
- OEKEF o IZFEFFX (Riboswitch) : EEFXHRIERYIE
+ AEE R R AL z—, TEHE. EPNEEPED, MTET
- AMELRRERZAY RN SHCEND, IMEAniER

* RNA VE?.‘J ‘Eﬂunﬁﬁ%ﬁl U

« RNAEEIT (RNAthermometer) : SHEEZL

=

- LUEAESS, ZIKAE AT ERRX
- AR, TRABEMX
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RNA thermometer

- RNAEELT (RNA thermometer) 2—353BESRAVIERBRNA, EMEEEZWAIFER
EFRE, TEREERARHNSARRRNERNER, SEURL. Ln€ﬁ4k§af€ﬂ$z$ﬁééﬂ’3
HEAEIRtEXRR.

o ZREEMERETAMNZE, FRNALZERESHAIR (RBS) FEERXITFEETIER,
yeadlii] > &85 ) V] zﬁﬁBEIﬂﬂgﬁﬂw@K

- —RAA, EREHRRNAERF, RNARETHHMEFRENEIIRNAL FIH TiREARETE
ROREE. EIAEYF, RNARETHALURE— T RNAHRRRIFZFHA.

UL

Bacterial RNA thermometers: molecular zippers and switches. Nature Reviews Microbiology 2012
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RNA World

Step 2: Step 1: Step 3:
RNA self-replicates (via RNA forms from RNA catalyses protein
ribozymes) inorganic sources synthesis
=8 — m—f-§ — Lo
Step 4:
Membrane formation P ] N h
changes internal chemistry, rotein, throu
DNA, through allowing new functionality i : g .
: ! . Its greater variability
its superior chemical (20 amino acids as
stabi”ty (doub|e A transitional form between DNA and protein.
. opposed to 4
helical structure) has .
nucleotides) has
taken over as the data G— — — —
taken over as the
storage form. .
catalytic form.
Step 5:
DNA becomes master RNA codes both DNA Proteins catalyse
template and protein cellular activities

https://ib.bioninja.com.au/standard-level/topic-1-cell-biology/15-the-origin-of-cells/rna-world-hypothesis.html
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HyeRiR: RNA-peptide world

Article ‘ Open Access ‘ Published: 11 May 2022

A prebiotically plausible scenario of an RNA-peptide
world

Felix Mdller, Luis Escobar, Felix Xu, Ewa Wegrzyn, Milda Nainyte, Tynchtyk Amatov, Chun-Yin Chan,

Alexander Pichler & Thomas Carell

Nature 605, 279-284 (2022) ‘ Cite this article

76k Accesses ‘ 39 Citations ‘ 581 Altmetric | Metrics

Research Article () Open Access @ ® @

Loading of Amino Acids onto RNA in a Putative RNA-Peptide
World

Johannes N. Singer, Felix M. Muller, Ewa Wegrzyn, Dr. Christina H6lzl, Hans Hurmiz, Chuyi Liu,
Dr. Luis Escobar g, Prof. Dr. Thomas Carell 5%

First published: 07 March 2023 | https://doi.org/10.1002/anie.202302360
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« RNAZERIIE

RNAZ L DIy _ap_aipy_«aj
INIT{&im

=

5

REER

-  RNAZRBISIfgES I+
- SZMEYIRSFFRERBIER

#R4A (Transcriptome) : FIEHERTYNES, € | R
FEEFERNA, BFERRNA, HIERNAKIESRIBRNA, RNAZ: ﬁ?ﬁ?@éﬁg&%mmﬁ?
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RNAFEEEHRY

EHBEYIH, MRNAJII ﬁ?iﬂ
BHEEE, BSEHRS
WFRIEREBRNA (coding RNA)

B mISEHREETIHIRNANIAE

FRAEFASRNA (non-coding
RNA)

ﬂJn*ﬁﬁf.':RNAl_ 1&06* YN
E)AIE AR AFTRTREMA
FEFER EI’J* ::EI)J

Ihee: EEG. 1EE. (.

’EI%'J?—‘%

\

tRNA microRNA

Small ncRNA
| mRNA
iboswitches

S g @ cRNA  Riboswitch
'RNA Large ncRNA C:%,Z)
<2
/ \-/J i o=
P - Modified - i
</£/ RNA ribonucleotides  Coenzymes ;-
" A "
Histidine . Alarmone s
DNA X
¢ - Antibiotics
RNR
4—
y . Current Biology
e ERE TS

Early Life: Embracing the RNA World. Current Biology 2018
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RNAfUZRBIRTIRE

Messenger RNA ({S{RNA) MRNA EHmE

Ribosomal RNA (fZ#Z1ARNA) rRNA TN ST BEZE A ER 7D
Transfer RNA (355 ERNA) tRNA R IEPENRER
MicroRNA (fRIRNA) MiRNA  mRNAFRRSERZIS
Long non-coding RNA (IXIEZRAERNA) INcRNA  E[EFE

Small interfering RNA (/N FFHIRNA)  siRNA e REEETEA

Circular RNA FAZRNA) circRNA EFEE

https://en.wikipedia.org/wiki/List of RNAs

B ELH% - Genomics


https://en.wikipedia.org/wiki/List_of_RNAs

JEGRIIRNA

Type Length (nt)  Function
MicroRNA (miRNA) 18-22 RNA.I; Protein translation regulation
Small interfering RNA (SiRNA) 20-25 RNAI; Antiviral defense
Piwi RNA (pIRNA) 26-31 Regulation of transposable elements
Trans-activating CRISPR (tracr) RNA ~65 CRISPR/Cas adaptive immunity in bacteria
Small ncRNAs Small nuclear RNA (snRNA) 100-300 Intron splicing; RNA processing
(<200 nt) U-rich snRNA (snRNA) 100-300 snRNA subclass; intron splicing
Small nucleolar RNA (snoRNA) 60—-200 rRNA processing
Signal recognition particle RNA (7SL) 300 RNA component of the signal recognition particle; protein synthesis
Y RNAs 80-120 Components of ribonucleoproteins; DNA replication & RNA processing
Small Cajal body-specific RNA (scaRNA)  200-300 Biogenesis of small nuclear ribonucleoproteins
Long intergenic ncRNA (lincRNA) 1 kb Protein scaffolding
I(_>02n((5:10nr(]:tI;2NAs Natural antisense transcript (NAT) >200 RNAI, alternate splicing, genome imprinting
Circular RNA (circRNA) 100-999 mMiRNA decoy, protein regulation
Housekeeping  Ribosomal RNA (rRNA) >1,500 Protein synthesis
NCRNAs Transfer RNA (tRNA) 76-90 Protein synthesis

https://www.bio-rad.com/en-uk/applications-technologies/coding-non-coding-rna?ID=Q1070M70KWE7
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RNAS In human

Table 1. Human Genes

Class Abbreviation Function Estimated Number
Messenger RNA mRNA protein coding 20,0787
Ribosomal RNA rRNA structural and functional component of ribosome 5314
Transfer RNA tRNA translational adaptor molecule 512°
Small nuclear RNA snRNA processing of pre-mRNA 1,923°
Small nucleolar RNA snoRNA processing of rRNA, tRNA, and snRNA 1,529%
Antisense RNA aRNA gene regulation 4,424°
Long noncoding RNA INcRNA gene regulation 12,9337
MicroRNA miRNA translational inhibition and mRNA degradation >500°
Small interfering RNA siRNA posttranscriptional gene silencing n/a®
Piwi-interacting RNA pIRNA protect genome integrity n/a®
Enhancer RNA eRNA unknown variable'

2GENCODE (Harrow et al., 2012).

PHGNC database (Seal et al., 2011; http://www.genenames.org).

€2,000-3,000 putative miRNA have been annotated (Harrow et al., 2012), but the majority are not validated.
9Human endogenous siRNA are rare and have not been systematically identified.

®Piwi-interacting RNA (piRNA) have not been systematically identified, although estimates indicate that hundreds of piRNAs are derived from each of
more than 100 loci (Aravin et al., 2006; Brennecke et al., 2007; Girard et al., 2006).
'Enhancer RNAs (eRNAs) are generated from active enhancers, thus the number of eRNAs depends on the set of active enhancers in a cell (Kim et al.,

2010; Wang et al., 2011). Current estimates indicate that 25%-80% of active enhancers generate eRNAs.

Transcriptional Regulation and Its Misregulation in Disease. Cell 2013
https://doi.org/10.1016/j.cell.2013.02.014
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{S{ERNA (Messenger RNA)

Cell

o {%ERNA (mRNA) . Eﬂ%i_ Nucleus
RNA, EHARIEEE, FIE J/j

BEBRIG T MR =Bk
(SRR F) ENEAIENEE U N
B, FRIEEEMDNALE -
SliEts, ISSEAEAR DS G

RNA Transcript

- MRNAGSAHESRNAR I3, 19,, T09T.99. 11,8, , TT. .8, TOTATE / R
2%~5%, Kz, ighihik,
Messen ger RNA (mRNA)
¥EHE, SHEHSHES " yacueccunouscecauutecuARCCoCUOUAYY
mRNA Cytoplasm
/INET BP0 R

https://www.genome.gov/genetics-glossary/messenger-rna
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tZFERNA (Ribosomal RNA)

. ’I%HE{ZISRNA (rRNA) , B%REZERDNA, oFREKX, SHEZ%, EHig
ﬂ—yEI’J—*RNA, ERNASERIS2% A G

. I)J‘ﬁ*‘é\?:l':m RNARBIES TR BE S IEE, (RNASZHMERRES I

#EB (Ribosome) , fEAERGREYISHEY "‘*Eﬂm"

£t XB KIE IMIEE
50S 30S
[FizEY)  70S (5S: 120nt, 23S: (16S:
2906nt) 1542nt)
60S 40S
BEiZz4Y)  80S (5S: 121nt, 5.8S: (18S: ,
156nt, 28S: 5070nt)  1869nt) Three-dimensional views of the ribosome, showing rRNA in

dark blue (small subunit) and dark red (large subunit).

S: EZEH (BrFE(at&SvedbergBfs]) , SHAXDFYIRIE Lighter colors represent ribosomal proteins.
FRIRE TR — MRS B, _JIEﬂ?zz&HH& SFEHIKRN, https://en.wikipedia.org/wiki/Ribosomal_RNA
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EEIERNA (Transfer RNA)

- FEIERNA (tRNA) , H70-90MZEBSERL, 3T tRNAGHS5IEE
BA=MHETR FE | G
° ﬁﬁﬂ% tRNASRLEBE(VIRNA 3iiEMfSErMts .. P ? |

. EEiTED, (RNARSBFRBIMRNANEIBF, o gl
B RE—FRXT N, ﬁEﬁ&Eﬁtﬁ*ﬁﬁW‘*ﬁBgﬂtﬁL
- HFEEZBEEFE, FESTHRNAS—FhE

=~ - /\5 : 51 3"
NI ===O
. 19684, B{E4E W-ERIFEEERSOERNA, O’j_g

AR ST RS ERE e e

https://www.genome.gov/genetics-glossary/Transfer-RNA

-
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https://www.genome.gov/genetics-glossary/Transfer-RNA

EBHSR: mMRNA. rRNA. tRNA

. - \

TTETTT] T S =

JUULAL il c——)

Bl g SESSENS bty = I 4
Messenger RNA (mRNA) Ribosomal RNA (rRNA) Transfer RNA (tRNA)

growing peptide

amino acids — chaiin

ribosome large tRNA

subunit

ribosome small
subunit

https://courses.lumenlearning.com/microbiology/chapter/structure-and-function-of-rna/
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I \RNA (MiRNA)

MARNA  (microRNA, miRNA) “afmcurnrnnnnntney  SNEY. WS
ALENERBRNAD T, ~22 nt — e
- MRNAXZEBGZEIRGEN, EinTie A i

SEE=ANNER e
*E —"1"PIIEX. TERNA gene - Cytoplasm
ﬂ Transcription (pol 1l or pol I11)

5

[
|
o |
+ [RgApri-miRNA (300~1000nt) . — e I MRNAS LR
* Ri{Kpre-miRNA (70~90nt) | il T——— | IR RE
o }ﬁ%&mIRNA (20~24nt) i pre-miRNA :’_\:o _ - : A\ i::)
xportin-5 ’ Dicer W

 MIRNAERNAAFIEERXERE | \vwoes 7 meler

| [
e

ﬁ?ﬁﬁpﬁﬁﬂiiﬁ / Eﬁ'—ﬁ mR NAEL?‘ N %_ Ny RISC
. x , ¢=m

BN ESmRNASERIE], EiR(E >
MRNAZEFEEpoly(A) B E M Eiat, \ V. . . W

Imperfect match = translational repression strand
=42 BN = A& YAY v KV
SR EEMRNARRIR AL E B RATREER Py — S
- 1l RN y 1:|: = 1N XX https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/microrna
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MIRNA: from biology to cancer

. [ELHEFERATIn-4 Flet-7 (Cell 1993)

. — P MIRNATTLIEZSMEEE, 2/ miRNAEIEREE—AE
- miRNA BENRTHSHINEENEREEEETIIIRAR

- MRNAFEARSH. EMABNERRERBRIIRERIFEZIER

Ml
pas

miR-34a reaches "
¢ clinical trials miRNA combinatorial
miRNAs misregulation in cancer [35] miRNAs in circulation: biomarkers [58] AntagomiR targeting A - ; approach [90-92]
miRNA genes associated with 2 g oncomiR [80] ntagomiR phase
genetic alterations [36] miRNAs pan cancer AntagomiR phase |
signature [65] miRNAs diagnosis value
miRNAs - destabilize
miRNA as oncomiRs [37] miRNAs found mANA [28] compared to CT [67] =a)
in circulation [55-58] >
let-7 discovery: miRNAs as biomarkers [62] MYC regulates p| mIRNA' i y
I replacemen
The first human miRNA [9,10] =y miR-17-92 cluster [38]
RNAI and RISC [22,23] = \
. miRNAs as transcriptional 4
Discovery of lin-4: ac(:vatms |3°l j
/ |

sequence” %

e
00 00

The first miRNA [7,8]

5621 publications

Drosha: nuclear processing miRNA [20] 2014 10 2015

Epigenetic regulation R - \
of miRNA [44] 2
mIRNA involvement miR-34a m:m'nc

in metastasis [51,52) in vivo - xenograft [85]

Dicer: pre-miRNA to mature [16,17] Exportin: nuclear
export of miRNAs [21]

let-7 and KRAS; miR-15a and miR-16-1
Mechanistic role in cancer [49, 50]

miRNA involvement

Ant R
SQONIIINe in cancer in vivo [53,54]

in primates (78]

Cancer miRNA signature

Inhibition of mIRNA
from exosomes [60]

by antagomiR (75
y antag [75) Exosomal miRNA transform

Historical discoveries Publications i b D mgg;:sr:m:vrgo] normal cells [61]

e :/’m“y/ o) o

e I o MicroRNAs in Cancer: A Historical Perspective on the Path from
N Discovery to Therapy. Cancers 2015
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KIEFHREBRNA (IncRNA)

- K553EZmABRNA (Long non- modiyingcomplex S o
COding RNA, InCRNA) ZEE'L/CJEjC:_: %ﬁ ~> su212@é —
200 M ETRAVAEIRISRNA

- EERILECAE. FEMELT
ABHUBRSASEDEDTR Q2 : e

HFEE(EH, RRRAFRRA

c-MYC
[—)

Target gene Long r;)':;:oding ;ﬂpqn ﬂkm ﬂp(ll
| nc R NAﬁy*g Target gene
* RMAKINCRNA  « FEIFHEREINCRNA (rget mRNA

S s
* WEFINCRNA  « FEEHEXIncRNA LU _@\Qp
. E[EﬂlncRNA microRNA \\‘ Trar}:i:g)rt\uoi\/ -7
. ml\/\jt { 2

95243 IncRNA genes & 323950 transcripts microRNA MPVHQ

in human (LnCBOOk%l?:SH:ErE_) Front. Genet., 15 October 2018 |

https://ngdc.cncb.ac.cn/Incbook https://doi.org/10.3389/fgene.2018.00471
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LNncRNASs and X inactivation

« Have intron/exon structures like protein-coding ( -
genes, but lack protein-coding potential L=

* H19 (~2kb), only transcribed from the maternal
allele, is linked to Beckwith-Wiedemann syndrome
(BWS) and cancer (Mol Cell Biol 1990)

| -
« Xist (~17kb), mvolved |n X Inactivation (Nature 1991) Microcephaly Macroglossia

/J\%Iﬂjﬁ/ E%

Beckwith-Wiedemann syndrome

B 2

~ oY o

Xist - ok > 5 - ¢

S\
» Xist: X-inactive specific
b : : transcript

e ThA QAC&SX ‘lnag(nir)ex . Tsix: XistRR M5

XistBBIERIXREN, IIHIERFAFERN IFREBR
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XFr@BiFkiE
XPBARKE (X-inactivation, faFRxi, e FURFME dosage compensaion
g BB B3 Lyonization) , EiSHEMEFEL —
SSABE PSR ”’&'MKEI’JH':'—RSE% A N — (&Y
EERINSR, XEehs T‘BZ@ A= e S sl
@,E (heterochromatin) , FHMmELS T T A AR oSSR
eI NG AL s |

—L

k

&
v i »
N - * * o

. . ¥ ® 4 a - i a -

Xist DNA loci ' < 7
/ N / S \
/ N / X2 Xist molecules $® seed supramolecular complexes (SMACs)
4 N of chromatin architectural regulators ®, silencing “w,
19 6 1&% . 1§ , N ; 4 and accessory @ proteins. )
\ 7

Z'Z<Mary Lyon
(1925—) , 2

H 7 XERE RS

=i

,’ s ‘gﬂ?’@ - &p 5(@:#(00\} /
@ e ""(ﬁﬂ .\‘ "Lh‘ x‘

Active Nuclear Compartment Seeding of a Repressive Compartment Establishmen tof a Repressive Compartment
Low concentration of de novo formation of Xist-SMACs Incre: d molecular crowding
heterochromatinizing proteins High protein concentration Higher- chromatin changes
Gene ex| pression Initiation of gene silencing Chromosome-wide silencing

Xist nucleates local protein gradients to propagate silencing across the X chromosome. Cell 2021
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INMFHLRNA (siRNA)

IVFHERNA (Small interference RNA, dSRNA

siRNA), tHfR

FETHHURNABLITEARNA, ShRNA

BE—3XWEERIBRNAD F, KEXN
20-25MZEFEE T les

5miRNAFE(IL,

duplex

SIRNATERNAF#E

(RNA interference, RNA)BESFRCIER  rormation of
siRNATFIES B MZXEERFY RS E

BE.IJZ" =R

https://en.wikipedia.org/wiki/Small interfering RNA

RISC

SEAERIA, PEAFIERIGMRNA, JATD  siRA/mRNA-

complex

FIITE

sliced
mRNA
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[TIIIIIIIL ) short hairpin RNA
lQ&er RNaselll#E83Rhx

"TITITIIIIIT,

vlt()}

. GISC/J RNA-induced
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https://en.wikipedia.org/wiki/Small_interfering_RNA

RNATFHT (RNAI)

« RNAFH, (RNA interference, RNAI) Eig—foFE= EFBRWNGERNAIE A
RYE[E ,nﬂm?k, BN 2B RS EE R R E#hE P HIERE R,

. RNAIWL%J W ETIEY, TERRFEYF, SAARHC LENRTH

R _

. 1990£—JOFQGHSGHEHﬁEQ_'\EDAEJZE&XTTJZ%,\ ﬁ. ‘ #
SRR, 55T ARNEEAENE i i,
=+, AR B RNATFH ISR

e 19927, RomanofdMacinoEfEEEERET
Eﬂ%ﬁ%kukmmﬂa{ﬁﬁﬁﬂwmﬁ

AR,

y 1998:5, Firef0MellofEZEHARI, Xk » e B
RNAMBELIE N Bz M RNARE =~ 7 EHamaJpsHl (13\33_39&;'#?,@ (1325%'% '\Lj',f,:fss
57‘515% (Nature 1998) o 2006 Nobel Prize in Physiology or Medicine
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IAAZRNA (circRNA)

- IAH2RNA (Circular RNA) E—Ffp s—p— 2 — 3 — 1 4 3"
BAHERNA, 7 FEHIRREN, v B
%EL*L%'IE, AR, ERNASE, @« 1 3 4  — AAAAAAAAAAA

=3 ¢« 1 2 | 4 —— AAAAAAAAAAA
BHTAFRR ¢ 1 4 — AAAAAAAAAAA \ 4

INBE L, circRNADSF= -
microRNAZE SR, 7 éﬂﬂﬂ’@,czfggu >
2 3 2 3 4

miRNA;BZE (miRNA sponge) HY
YEF, TEEmMIRNASSEIEER
Tm%l ﬂE i ﬁtﬁ%fﬁp\] )?RNA ( Circular RNA biogenesis

CeRNA) WL%J A. mRNA splicing, with alternative splice variants. All mMRNAs
Sz . . . have cap and polyA tail
AP'Q . 7168986 CIrcRNAs (CIFCAtlaS B. CircRNA formation via backsplicing

23\
X "—L"E) https://ngdc.cncb.ac.cn/circatlas/ https://en.wikipedia.org/wiki/Circular RNA



https://en.wikipedia.org/wiki/Circular_RNA
https://ngdc.cncb.ac.cn/circatlas/

Coding and noncoding RNAs

; } Short
" ncRNAs
cnrcRNA
< a pseudogene |incRNA
IncRNAs Noncoding RNA:RNA Regulatory Networks in Cancer.
https://doi.org/10.3390/iims19051310 International Journal of Molecular Sciences 2018
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RNASRY (E§§Transcription)

f&5R: ERNARSHES (RNA Polymerase) BUEMAERT, 1EESE HDNA
ZFIRNARUSTE, —feoNIREl. FE(H, _-JJ:: BER

- B EREBTRNARSHIERES RENFIITE
AT SR IES B TR
. HE: BRSNS, DNATURIEHHEST, B T
RNABRAESLLE th— 4 DNAYE/E SRR,
RNAZR gl A3’-5"umh Y75 [RisEEN RS, — 2
S-SRI AR 52 RAFTEH A F boq,
HIRNAE, tHBFREERZA (Transcript) (> AT =

o £2]F: ZRZIFTDNAIEIRIL S R impfd % e oS

TR 1EF4k e

TACTG TAGTCGGCGTTCG TTAA GCTGTATT
e 3
ense stran

https://en.wikipedia.org/wiki/Transcription (biology) https://www.genome.gov/genetics-glossary/Transcription
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R

- FERIFIE (Transcriptional regulation) : 1BIEIBERERENMIEERNARERARIA
KERDRR., BREELUEHERNNZEHNESERE. RZSEZEEEARAENEREE
Wi,

+ I=NIEMTTHE (cis-regulatory elements, CRE) : {UTEREZENFYIFEERINERZRX
HIDNAFS, ATEInEREFEREE.

- RIVEMTTH (trans-regulatory elements, TRE) : ®%RiER LiFERIwEH—REERE
THEF, XFREREF(Transcription Factors), Bid S4ESMIRIIERTHEEIERRIGE
aERER, DAME: OBREREF: fTEMRNARRGHES. OfFREREF: 1
ERERFIWE, REEERNNERUERIE.

CRE are present on the same molecule of DNA as the gene they regulate, whereas TRE can regulate genes
distant from the gene from which they were transcribed.
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Rz R

o« [REREEESRIEE
- BFMMERZRFINERERE
o SRR FE—ERETTLE, R
JRY\F (operon)
E—BRNFPEREZEERERERE
fﬁ, EESU 197 E*EEL?EL_L

- REREYEESEENHIRE
- RN EEEERET
- SHUFEEREERET

- PRI EREMRET

* HEAINGEU N

https://bio.libretexts.org/Bookshelves/Genetics/Book%3A_Online_Open_Gen
etics_(Nickle_and_Barrette-
Ng)/12%3A_Regulation_of Gene_Expression/12.1%3A _The_lac_Operon

BRI F B RS R

lac operon

O

5]
lact 08 P O lacZ

lacY

lacA

[ B [ I
P: Bah¥ O: #B\F CBS: CAPESHIM
laci lacZ facy lacA
7N, X masR
low [Lac] ‘ ’
RNAREG
VA FLac | ORI
facr F o lacZ lacY facA
- — - —— —
RMApol
high [Lac]
e BB
- N © -
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BiZEYE R

BERZENSERRAERS S _ HESSERTEE

. MERKTEER: RREEEEmE T e
PAERIITASA, eREegRRe  EEF BT Yo
GRS Sy —

. BRERTHEEIRRTERRIET, 1 ©
A IVENE w0 EEuERT

. EEBREFIRNAESIEREE RS ’l.if
&k, BRNEEFIEEEFSREY 0 & °
EEII S

. WEFEEEFSHER, SERWERT e
EERRERILR, TRFIEAIERTS),
SIHERTES, MHERESR

http://bruneaulab.gladstone.org/transcriptional-regulation
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ERET

« Transcription Factor (TF): a type of protein that binds to a specific DNA sequence and
regulates gene transcription—turn on & off—that gene are expressed at the right time and
In the right amount.

= There are 1659 TFs and 1024 TF cofactors in the human genome (AnimalTFDB as of Apr 2024).

= Only a subset of TFs may be expressed in a given cell at a given time point.

= TFs are essential for gene expression transcription factors

regulation in all living organisms.

1 Activator proteins bind to pieces of
DNA called enhancers. Their binding

= TFs are of clinical significance because s b Nt
. . though they may be thousands of greethpoot e Thiancer
TF mutations can cause specific ., bepasanay Rl
nhancers

diseases, and medications can be
potentially targeted toward them.

Other transcription
4 An insulator can stop the enhancers

factor proteins
* Transcription Factor Binding Sites ? ' 2 Otrertarsaiptionfaciorproteine. ompinng ohe promoter fa
join the activator proteins, fonﬂlng the sequence CCCTC, which occurs
(TFBS): 4-20bp short DNA sequences e OISl Inalinaton) s toft
Methyl groupsi_——’ Insulator

where TFs bind. j
3 Eis protein ';;mplex makes i;c‘easiﬁr 5 gnrf_gmsrgrgﬁgigfﬂen?n of
OTH . . . r RNA polymerase to attach to the y
= There are millions of TF binding sites promoter anlstart ranseribing o st g b e mton
crcr” turning it off, allowing the
ase

(CCTChinding factor)  enhancers to bind to the promoter.

agene.

in the human genome. RNApolye
https://en.wikipedia.org/wiki/Transcription_factor

B ELH% - Genomics



https://en.wikipedia.org/wiki/Transcription_factor

EREIMISENm

BizfiiE, RBHRRNARE RS ARFARNARIII YR

]| (A i

- 5'm/N0E (5' Capping)

- 3'imfE (Cleavage and polyadenylation)
- B3 (Splicing)

- {L={Bim (Chemical modification)

- 4miE (Editing)
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MRNAJINL

MRNABII (MRNA Processing): B#EmRNASE(L IREARNARII TR,
REFMEZPMRNAZIE R, SE5'TRINME,. 3'ImSRIREE. RNARDEE
- S5'URHAME (5' Capping): FEMRNARHASUmINL7-BESE (m7G)

- 3'iwmINE (Cleavage and polyadenylation): XImRNABHAI wmi{THIZEI, FEEHIN_E292001
ﬂiﬂéﬁiﬂ/\ﬁﬁgl«)\ﬁ/ﬁﬁy RIFEERE (poly A tail)

=

CGene
Gene | ]
(DNA) | I I 2 |
Promoter Exon 1 Intron Exon 2 Intron Exon 3 Intran Exon 4
neG cap L
Transcription Transcription
start site
HN £‘> ‘
(9 Q ? | Primary transcript 5’| I N | 3
O_T_O_'T—O_T_O Base S"UTR Exon 1 Exeon 2 Exon 3 Exon 4 FUTE
OH OH OH I\/_ ?
OH OH tri jh Capping, splicing and polyadenylation
rw 1C
mRNA
5' end of mMRNA R e e o £ 0 CEs M | I I | (A)100-200
Exon 1 Exon 2 Exon 3 Exon 4
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https://bio.libretexts.org/Bookshelves/Biochemistry/Book%3A_Biochemistry_Free_and_Easy_(Ahern_and_Rajagopal)/05%3A_Flow_of_Genetic_Information/5.05%3A_RNA_Processing

Regulation of poly(A) tail length

Poly(A) tail length plays an essential role in regulating mRNA metabolism.
Poly(A) tail length is regulated in a gene-specific manner—mRNAs with short half-lives in general have
long poly(A) tails, while mRNAs with long half-lives are featured with relatively short poly(A) tails.

Across species, poly(A) tails in the nucleus are almost twice as long as in the cytoplasm.

Arabidopsis
seedling
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Pollen r2
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1 ~32nt | ol 1 ~26 1~25 | 0015  1~24 |
0.0100 | | 0.008 - L nt 0.010 nt I nt | j\ nt |
1 [ I 1 1 /i I
1 [ [ 1 1 I 0.012 ! |
1 I 1 [ 1 1 1 ‘. I
0.0075 4 | I 0.007 I I 0.008 Yl ! 1 I '
1 [ 1 I 1 1 0.009 - ! *fl‘""«&‘
| 1 1 [ I 1 1N
| [ | 1 [ | I | g
0.0050 +——71 T | 0.006 -4 s ) 0.006 1 . — ) 0.006 T T ™~
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frrl

O

o
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(10 nt bin)

. 0.15+

- 0.10

Poly(A)
length (nt)

An atlas of plant full-length RNA reveals tissue-specific and monocots—dicots conserved regulatlon of poly(A) tail length. Nat. Plants 2022

A TIRRT

Chinese Academy of Sciences
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RNABSE

RNABIE (RNA Splicing) : S3E5H5 o~ S ,
NS TARNABTIE LIRS, BANETH R ———

Primary
Transcript exon ~ intron

EAE—ERINTIIRE . o s
- BUE{R (Spliceosome) : BIRFMZIFmMRNA '. q‘lm?:"c::ggm
BIR 5 B YR B RFN/ MZRNA A

(SNRNA)BZ &R —

Branch-point A t
attacks 5' splice site,

. RNABHIBREL: HEDEAEOSAMEN, B

5' splice site

AETERNARHR S A IINE/E A A IR+ e

site,

excising Spliceosome

- BJTEEE (Alternative Splicing) : mMRNAF] " =l
RUAZFEIWERE, FERBARERRRF A \) Nl

=}
N
EU EIJEE?\& m R NA https://bio.libretexts.org/Bookshelves/Biochemistry/Book%3A_Biochemistry Free_and_Easy (
Ahern_and_Rajagopal)/05%3A_Flow_of Genetic_Information/5.05%3A RNA_Processing
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BHEEEREANSHFE
e N el N e—

I-m‘-lh . . .
E.[ZE:‘HE (alternatlve SplIClng ! Constitutive Splicing

AS, UEERIFEIRE) © £ mRNA
u17ﬁl<§|JEJZ=—JfL MRNA EI’Jsz‘ [== |

Exon Skipping

RREBIS R ER— R NN,
BIAFEE SN A RRIREZE MRNA, e

S A — = Intron Retention
T EARRIERNR.

?‘ BRI 27 E, AR : \:/

Mutually Exclusive Exons

A A 95% I E R EBFEER] D _/> /\
”&ﬂ% SHSERFNEEE - e——

gﬁw Emﬁgﬂgglu\ I'E _*EIJE Alternative 5' Splice Site
ERLERITIEHH. et it el - —

Alternative 3' Splice Site




RNAGCE(END
- RNALZFEH (Chemical Modification) : RNADFESEEELERNFHDTT
£, EEMETERNAG., IR EEEFER
- BEIEAIRIRNALHEIRRELE Z100838#, NFH: méA, m°C, W, m’G

N

~
HN HAC Eukaryota =
3 -
\\N m°D
N A mSUm
HO N N’/ HO N @) : 3.'%“.“_;1
o) o)
OH OH OH OH ;
mOA m>C ]
2 o CH,
M v
HN NH
N S~ N
HO o © H2N N 0 OH m>’Gm m'Gm m%Gm m'im
m°Cm ac’Cm m*,Cm mimG
s°Um m°Gm Archaea
OH OH OH OH
Y (pseudouridine) .o e naabany.edu m’G Motorin Y. and Helm M.. Wiley Interdiscip Rev RNA, 2011
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RNA%EE

- RNAZH®E (RNA edltlng) YFTRNASTFN
BFEZE IR FFIHITIEIHA D FIiE, @,
TRz ETRAYTEA. ﬂﬂﬂ BRABE SR

- FETEZEY. FzEY). mEi—L%
tRNA. rRNA. mMRNAEEMIRNASFF

o RETHBIZIBRA, WAEEZENIR

FORRIAA

« AAXIMNZRIE(R (Editosome) /&

NH 0
2 HO

MOBER o d

N
l \ Adenosme ] o \ Inosine

A-to-I RNA editing — immune protector and transcriptome diversifier. Nat Rev Genet 2018
https://doi.org/10.1038/s41576-018-0006-1

-

Messenger RNA
DNA (adenosine, gray)

WW’“

Edlted messenger RNA

Guide RNA 1
|||||||| blue)

(cytidine, purple)

* km

ADAR
Reference genome

DNA-seq reads

RNA-seq reads

L
b B B B B B (@) (G2
|
!m!ﬂ:ﬁ!:ﬂb !Q!ib‘
Ll

[ ] Ato-lediting  [[7] Sequencing error Genomic SNP
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RNABEfE

© RNADFHIREEHIFIMEAE (RNA Decay) RiZEH RREY
WECEOGHENEXEBOER e e,
T Qe il e — ol

© MRNABBARIIEEN, HAEREHHE e i e
\ ST > 3= 5'decay : triphosphate
A R R A LA RIS L s —
fapdd

. ZFHEIETISEMRNAERE, BEREYE }' T o
EMSTERRIRR, BWHEMRNARK —m \W'
poly(A)BYaE5 e, IFESRE, HING e ' .,
RS TEEGINEXREIEA. YEIER, e —
5 Z=3 RISMIIESIFfEEERAN 1 ey ;o

REMN&

. Bl & Lsra coraplex 'y 051::::4
- JHERHEZER I BEE SORN AR K HEES g3 . €. 0
N I Rapdl Rapd2 I [
- HAERIMGB T SRNARERE | . T
Decapping complex 5 exonclease etractare

https://www.genome.jp/keg-bin/show pathway?map=ko03018&show description=show
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RNA Interference with siRNA

RISC (RNA-induced
silencing complex) will

destroy the targeted mRNA,

preventing translation of
the associated gene.

RISC

RNA Interference (RNAi)-Based Therapeutics: Delivering on the Promise?

Annual Review of Pharmacology and Toxicology 2016

SIRNAis a double-stranded
RNA molecule that is roughly
20 — 25 base pairs in length.

SIRNA interferes with the
expression of genes by
causing the mRNA transcripts
to be broken prior to

translation.
No translation
SZFH
AN ThRekSTE
TN -
Skl
ESE=ving
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RNAZZE R4S

RNA molecules play crucial roles in various biological processes. Their regulation
and function are mediated by interacting with other molecules.

RNA-DNA

G4 quartet

DNA repair / \ Class-switch recombination
Gene expression  pNA replication

An R-loop is a three-stranded nucleic acid
structure, composed of a DNA:RNA hybrid
and the associated non-template single-
stranded DNA.

Breaking bad: R-loops and genome integrity.
Trends in Cell Biology 2015

A TIRRT

Chinese Academy of Sciences

RNA-RNA

Granule

RNA-RNA interactions are important in
many basic cellular activities
including transcription, RNA processing,
localization, and translation.

RNA-Protein

Nucleoli

Histone locus bodies

Processing bodies

Paraspeckles
Stress granules

PML bodies

RNA granules contain various
ribosomal subunits, translation factors,
decay enzymes, helicases, scaffold
proteins, and RNA-binding proteins.

RNA granules: post-transcriptional and epigenetic modulators of gene expression.
Nature Reviews Molecular Cell Biology 2009
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540 (Transcriptome)

WRE: EESESET, FREEE=R NHGRI FACT SHEETS
HEIFFERNARISFH], SiEEERNA S
(MRNA) . #ZHEARRNA (rRNA) .
FEERNA (tRNA) BIEHABRNA; I
N _EIEiEFTEEEE RHAIMRNA,

E_g %QH_JL J\%&T‘ JL,j]EE4ﬁgEHgﬁﬁ{ZIS: El] \ SIETRINE G SRRV AV

RNA Transcript

Qﬂﬁl_ﬁljﬁiiﬂﬁa Jl'ﬁ o u(e:.,s.*“':‘ W o /&
%%@% FASTIE R R
oo /@

. HR. FREASHERAIHIEE
P\Jﬁﬁ}“ﬁ-ﬁ’] RRNAS FRIRBIFIZIE, M. & g @

Transcriptome is the set of all RNA transcripts, including coding & non-coding.

https://en.wikipedia.org/wiki/Transcriptome
https://www.genome.gov/about-genomics/fact-sheets/Transcriptome-Fact-Sheet
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ERAEIGTS

« Transcriptome is highly dynamic and complex in comparison to the
relatively stable genome.

« Transcriptome reflects the genes that are being actively expressed at
any given time—gene expression.

« Understanding the transcriptome is essential for interpreting the functional
elements of the genome and revealing the molecular constituents of cells
and tissues, and also for understanding development and disease.

« The key aims of transcriptomics are:
= to catalogue all transcripts, including mRNAs, non-coding RNAs and small RNAS;

= to determine the transcriptional structure of genes, in terms of their start sites, o'
and 3' ends, splicing patterns and other post-transcriptional modifications;

= to quantify the changing expression levels of each transcript during development
and under different conditions.
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REARREE

Microarray: Hybrldlzatlo n-based RNA-se(q: sequencing-based
Control Experimental et S

Nature Reviews | Genetics

Short-read cDNA
Long-read cDNA

Long-read Direct

1995 Gene expression 2002 Affymetrix, whole genome 2008 many groups, mRNA-seq:
profiling using spotted cDNA expression profiling using tiling direct sequencing of mMRNAs

microarray:. expression array: identifying and profiling using next generation

levels of known genes novel genes and splicing variants sequencing techniques (NGS)
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Microarray

Normal Y2l cancer
Cell Q Cell Samples “,,a\./r‘. Cell

_,’Cif) = Cell Culture | o\; ® & P
mRNA RNA Isolation mRNA
cDNA Reverse cDNA

Transcription
AN AN\ -
AN ANANS & Labeling AN AN

Green Fluorescent Probes Red Fluorescent Probes
Scan
Hybridise @ @ @
cDNA probes to @ @ @ @
oligo sequences
on microarray @ @ @

G;t significant: \

. Not present in cells

O Present in both cells

Significant:

. In normal cells only

. In disease cells only/

=
@
0
N}
B
it
| B
C

JF

L] w»..wmm Il

GeneChip
S o~ e
o -

DNA microarray used to detect
gene expression in a human
(left) and a mouse (right)

https://ib.bioninja.com.au/higher-level/topic-7-nucleic-acids/7 2-transcription-and-gene/microarrays.html
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https://ib.bioninja.com.au/higher-level/topic-7-nucleic-acids/72-transcription-and-gene/microarrays.html

What is RNA-seq?

RNA-seq#l| FHEBE=N AR ARG N HH 5 AT E
RSB REERFY)

nature reviews genetics - also called "Whole Transcriptome
Shotgun Sequencing” ("WTSS")

Explore content v  About the journal ¥  Publish with us v

« refers to the use of high-throughput
sequencing technologies

nature > nature reviews genetics > innovation > article

Innovation | Published: January 2009

RNA-Seq: arevolutionary tool for transcriptomics

sequence cDNA to get information

about a sample's RNA content
Zhong_ Wang, Mark Gerstein & Michael SnvderE p

Nature Reviews Genetics 10, 57-63 (2009) ‘ Cite this article e a powerful tool to detect the Whole
207k Accesses | 8172 Citations ‘ 216 Altmetric ‘ Metrics tranSCrIptome |n Ce” and tISSUG

Wang Z, et al. Nat Rev Genet (2009) https://doi.org/10.1038/nrg2484
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EFRANMFE (RNA-sequencing)

RNA-seqa] AR I EIEE AR - RNA-seqtlth F BBENTHS

o] EI 2K, DNAGH HREE ERE: B NMEE
N2 fEERTARNFRIA
liw

LibraryPrep ~ Sequencin Data Analysis

IE%J% I £ nﬁ*ﬁ
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ERANFBPHIE

Isolate RNAs Generate ¢cDNA, fragment,
size select, add linkers

Samples of Interest

iy

2/
|

A

Condition 1
(e.g. tumour) —> , T —
N ) ) ) W B — e ——
Condition 2 S ) ) )/ ) ) : ' " m— e T

(e.g. normal) Poly (A) tail

Map to Genome, transcriptome and predicted exon junctions

pre-mRNA
Intron
7 | Unsequenced RNA RNA reads
|

Tr[ll‘lSl:ﬁpT [ V— N T = +— —— L _____ [ —
— —— =———— L ]
Short reads — — — :—; __—___ ——— S———
— — = = ] - o 100s of millions
Short reads split by intron f of puired reads

Short insert 10s of billions

l Downstream analysis bases of sequence

https://www.technologynetworks.com/genomics/articles/rna-seqg-basics-applications-and-protocol-299461
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RNANIEERER

w2 =R RNAE

Oxford Nanopore

Illumina
T it
Floweell %%%%%:(
»
TTTTTT ™
ARARRR
> A T cC C
z f
= | |
J. |1IH\|‘F(I\|H'1“1“ qu
A A .
) {TAGG ATCC TTTAGCCTAR
Time

Short read Sequencing Long read Sequencing E')irec't Se('quen'cing'
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Microarray vs. RNA-seq

[ . o
Microarray RNA-seq
« EXxplore changes in expression « EXxplore expression changes in known
of known transcripts transcripts and find novel ones
- Dynamic range: 44-fold - Dynamic range: 9,560-fold
« Simple data analysis, < 1G « Complex data analysis, big data > 5G

Note: Dynamic range is the ratio between the maximum and minimum expression level.

%‘Ké HEH - Genomics
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Advantages of RNA-seq compared with other transcriptomics
methods

Technology

Tiling microarray

cDNA or EST sequencing

Technology specifications

Principle Hybridization Sanger sequencing High-throughput sequencing
Resolution From several to 100 bp Single base Single base
Throughput High Low High
Reliance on genomic sequence Yes No In some cases
Background noise High Low Low
Application

Simultaneously map transcribed regions and gene . :
expression Yes Limited for gene expression Yes
Dynamic range to quantify gene expression level Up to a few-hundredfold Not practical >8,000-fold
Ability to distinguish different isoforms Limited Yes Yes
Ability to distinguish allelic expression Limited Yes Yes

Practical issues
Required amount of RNA High High Low
Cost for mapping transcriptomes of large genomes High High Relatively low

RNA-Seq: arevolutionary tool for transcriptomics. Nature Reviews Genetics 2009
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What Is gene expression?

« (Gene expression is the process by which information from a gene is used
In the synthesis of a functional gene product.

newly born protei _ . -

* Regulation of gene expression
refers to the control of the
amount and timing of appearance
of the functional product of a gene.

amino acids

large subunit

¢

« (Gene expression is the most
fundamental level at which the
genotype gives rise to the
phenotype, i.e. observable trait.

ERESHEFRN RERAL | B
E—ME R FRIRNATIAKF

small subunit
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GTEX, Genotype-Tissue Expression

GTEx (BEE-HLRIAAREE), AHARE
EERBY DRI ARERIZHETIR,
ITEEFIZT 7 SR E 9488 L RTRR BRI A S8k
AR17382% Ak, HFES4MER, &
AL CARREELA. 13D X, 2. W
TRKE Tﬁﬁk%ﬂﬂﬂsﬁﬂﬂiﬂkﬁﬁfﬂﬂﬂ’@% I FIX £
=3 ZIKEH: H=E Eﬁiﬂa/\$DA1$%#o

e=) GTEXPortal

Science 348: 618, 640, 648, 660, and 666 (2015)
Nature 550: 190, 204, 239, 244, 249 (2017)

https://gtexportal.org
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BHEREFE

* Regulation of gene expression includes a wide range of mechanisms that are used by cells to
Increase or decrease the production of gene products.

* Regulation of gene expression gives control over the timing, location, and amount of a
given gene product present in a cell.

: i ) Mesenchymal Stem Cell (MSC)
« Regulation of gene expression is the

MSC Proliferation

basis for development, morphogenesis, ™" - \q\‘ l

cellular differentiation, and the versatility cnmsmiE i b o e T g o,

and adaptability of any organism. e Cl) ? ? C? @ l
« (Gene expression is regulated through ) Ostoobinst  Chondrocste e s{::;*’:.‘%'z., “::‘:;‘,:3 ‘° l

. neage
changes in the number and type of Progression C? C;) | Ll/\
interactions between molecules that Ostectiast ™ Wyoblast Fusion v
. . . - rentiation <<
collectively influence transcription of DNA  *™*™ l t l l
and translation of RNA. e\ '
Maturation J % ’J«,,qu

Regulate the right genes, at the right time, Rpenmotls s OTe T CA Adipoeyte Dermaland
in the right cells, and with the right amount. SN omLAGE  musole  mameow  ENOOM  ADIFOSE comeenve
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HEZREImEDTEIR

2021.12, R KXKSFEHERLTRIENEF—HEE&a E’m”ﬁﬁ
2022.10, EFEHLWLRIKER, BFRERERuUNx2b
2023.01, KEEESHINEKREFE—TRIHE

Human RUNX2 — RUNX family

&

“ Hml' \n
W

" transcription factor 2: a member
e . s of the RUNX family of transcription e TN
e factors and encodes a nuclear ‘oo $
' protein with an Runt DNA-binding HEI— R
domain. This protein is essential e =
— / = for osteoblastic differentiation .77 e p
rendoppors A ﬂﬂ,lﬁlﬁu and skeletal morphogenesis = P o ® 3
Y)Y H if:'_) EARR /)11 b and acts as a scaffold for nucleic T
a S acids and regulatory factors
involved in skeletal gene e
expression.
Creation of intermuscular bone-free mutants in amphitriploid gibel carp by
editing two duplicated runx2b homeologs[J]. Aquaculture, 2023: 739300. https://www.zhihu.com/question/507977981 BT AR KGR AN SR MY
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HFRNA-seqiIBRFREES=ITH

10 X n, - RPKM (Reads Per Kilobase per Million): n.: LEXZEBIRE
RPKM = TN Ffread&; L: BAFEERIIMNEFREZFRLILL000, BT
ZEEkb: N: Iu\ﬁx\&tkﬂj:lzglﬁﬂﬂﬁread*ii

_ 106 x Ne » FPKM (Fragments Per Kilobase per Million): FPKM5
FPKM = I < N RPKMEIXBI: FRfragments, RZreads, T WimllE, &
/\fragmentsﬁﬂ’é/\reads FPKMRITER N readsbt X2l [E—
A&?%Zliﬁﬁfragmentsp £, RPKMITERIZALUITEEERA

TPM = 10L6 Xan Breads%
X - TPM (Transcripts Per Kilobase per Million): n.: EExZEB#r
ERXMreadE; L: BHRERBINE FKE < FFRELL000, B
T = Z iLZkb; FETHEEXNZZEENread¥En, SIZEEKEL A
EL{ERY 20,

geG g

Measurement of mMRNA abundance using RNA-seq data: RPKM measure is inconsistent

. . https://www.rna-seqgblog.com/rpkm-fpkm-and-tpm-clearly-explained/
among samples. Theory Biosci 2012 https://doi.org/10.1007/s12064-012-0162-3 : 4d : s s Y-exp
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TPM vs RPKM

KE (kb) HEAA (10°) HAB (10°) HAC (10°)

Gene 1 100 300 400 500

Gene 2 500 700 750 800

Gene 3 1000 1000 1300 1800

Read depth %) 2450 3100

HE BEAA #AB HaC

Step 1: Normalize for Gene 1 3 4 5
gene length Gene 2 1.4 1.5 1.6
Gene 3 1 1.3 1.8
Seq. depth 54 6.8 8.4

Dt ¥

TPM Step 2: Normalize for sequencing depth RPKM Step 2: Normalize for read depth
B HEAA 4B HAC B BEAA 4B HAC

Gene 1 0.56 0.59 0.60 Gene 1 1.50 1.63 1.61
Gene 2 0.26 0.22 0.19 Gene 2 0.70 0.61 0.52
Gene 3 0.19 0.19 0.21 Gene 3 0.50 0.53 0.58

1.00 1.00 1.00 2.70 2.78 2.71
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Library preparation
lllumina HiSeq-2000 sequencing

I =

A sample RNA-Seq pipeline

> == < Data collection
-_— 1 &
Tuxedo analysis pipeline
Step 1. Read Mapping (TopHat2) = = ==
\ Pre-processing
Step 2. Transcript assembly (Cufflinks2)
I S
¢ I
Step 3. Transcript merging (Cuffmerge?2) e
_ Control  Treatment Fold-
Step 4. Differential expression Transchigt I FF;K(T RERM  Ghande
analyses (Cuffdiff2 —— 2 10.0 * i i
yses| ) — T B Differential
v 120 120 0 expression
Step 5. Data inspection anaIySIS
and global plots ‘ ' :
(CummeRbund) L\\ IZ

batpemxy
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Genome-Wide Analysis of Alternative Splicing Landscapes Modulated during Plant-Virus Interactions in Brachypodium distachyon. Plant Cell 2015
University of Chinese Academy of Sciences




s5—%: §EiAAlog(ratio) 2B

5"‘*’ PITRN T EERIAMIIN_ LREEFTHESHNER, XLERBRIEEREN
setERE, HEVERRER. RESHERE éx?xfﬁaﬁi%* =K Y EA |‘1E$lEI’Jo
FAEFZN A log,(samplel/sample?)

- Gene X in sample (stress) FRiAKEE 800
Gene X in sample (control) ZFRiXKJE 200

Log2(800/200) = log2(4) =2, ZAUIEEUN4, IEFIEREE, RLIEFRR red”

Gene Y in sample (stress) FiXKJER is 200
Gene Y in sample (control) FRiXKFER is 800

Log, (200/800) = log,(1/4) = -2, ZIEEN4, REERE, RERGERR green”

Log, (400/400) = log, (1) = 0, EAFTIH, FREGEESR “black”

“ B/control C/control D/control

Gene 1 -2.3 -3.4 0.02
Gene 2 -10.2 3.9 0.01 1.03
Gene 3 2.4 2.01 3.1 1.2
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sB—: ITEEERIEEXRHFARSR

PCC = 0.88 (p-value= 0.001)

=
[
(1]
P \ —
23 X EBEREN—NEREGSHEXGT
g ] %é j(x = aHY—X AEFE '
- ~
= 0 I 1
53 Pearson correlation, Zg4fE%
o -
W oo
e ™~ lo *1338333°
@ SC6
9 8 = o nAChRd
S T T T T D —h o
= = TaEH e
3 ¢ 5 8 1T s BEBXAHESH
Log2(Gene Exp) of AT2G36010 /\ ER \II E a zg;:;g!ss
1 1 1 = nestin
Correlation matrix for any pair of genes IR =
' P
1 2 3 4 5 6 7 8 9 10 SRt
- . €100 beta
Hierarchical -
1 1 000000 080178 061237 061237 091218 025000 0.40825 040825 0.37500 . . Sits
Clustering Algorithm
2000000 1 000000 0.00000 000000 000000 0.00000 000000 00000 0.00000 o
3080178 000000 1 076376 021822 097590 053452 (.87287 0.32733 0.80178 orae
4 061237 000000 076376 1 016667 074536 0.40825 0.66667 -0.16670 0.61237 | ok
5 061237 000000 021822 016667 1 0.37268 -0.61230 -0.16670 ~0.16670 -0.61237 oA
6 091287 000000 097590 0.74536 037268 1 045644 074536 037268 0.68465 psza
7025000 0.00000 053452 040825 061240 045644 1 061237 061237 0.25000 e
8 040825 0.00000 0.87287 0.66667 -0.16670 074536 061237 1  0.16667 091856 g
9 040825 0.00000 032733016670 —0.16670 037268 061237 016667 1 —0.10210 e
10 037500 0.00000 0.80178 061237 010206 068465 025000 091856010210 1 -
pre-GADBT
GADBS
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Voo — ==
=R SHNISRERE

Functional in all cell types Functional in only certain cell types
Expressed constitutively Expressed only when needed
Expression is regulated by regulatory proteins,
Expression is not regulated hormones, etc, as required under certain
conditions

Needed for essential basic cellular activities Needed for specific cellular activities

Genes coded for enzymes of glycolysis are

active in all cell types throughout the life Genes expressed only in specific conditions

https://www.majordifferences.com/2013/10/difference-between-house-keeping-and_4.html
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EREFSHVSSEER

// o =N /

Pancreatic \ /D 5
cell : g
<& 2
Hemoglobin \ )
gene \Qﬁ =
=
Crystallin Housekeeping Genes
gone We are always actively working to
maintain the basic functions of our
Insulin house-the cell.
gene

https://biologywise.com/the-importance-of-housekeeping-genes

gene : oN D
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N

B E4HZ - Genomics



https://slideplayer.com/slide/5337297/
https://biologywise.com/the-importance-of-housekeeping-genes

GO terms specific for HK & TS genes

Description LIS
genes
HK genes G0:0006412 protein biosynthesis 29.1 -
G0:0003735 structural constituent of ribosome 23.3 -
G0:0005840 ribosome 18.4 -
G0:0005842 cytosolic large ribos. subunit (sensu Euk.) 10.7 -
G0:0030529 ribonucleoprotein complex 4.9 -
G0:0006414 translational elongation 3.9 -
TS genes G0:0005615 extracellular space - 14.8
G0:0004295 trypsin activity - 8.4
G0:0004263 chymotrypsin activity - 8.4
GO0:0005576 extracellular region - 6.7
G0:0006810 transport - 6.6
G0:0008233 peptidase activity - 6.6

Mining housekeeping genes with a Naive Bayes classifier. BMC Genomics 2006
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Circadian gene

Circadian genes are defined as genes whose protein products are necessary
components for the generatlon and regulation of circadian rhythms.

Wall Clock

SLC2A2 (mouse liver)

5,000 L]
b 1 - e »

[ ]
1,400 ~— e e
4,000 7° \ . 1200 o St
o — ¢ 1,000
3,000

800
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Single-cell transcriptomics

 Single-cell transcriptomicsis . B Pffh°'°gica'

a powerful way for high- oRE
throughput, high-resolution

transcriptomic analysis of

cell states and dynamics. )

« Single-cell RNA-Seq (scRNA- v
Seq) captures transcriptional = o™ LY e o0 © A
profiles in each cell type to 06 © oS00 "
describe the genetic basis of % T | € i
their identity and function. 7 N s

Entering the era of single-cell transcriptomics in biology and medicine. Nature Methods 2014
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Spatial Transcriptome (STM)

Capture

g o a NGS-based Il
e > V»’ , — o ,
\fvj A i Library preparation NGS Alignment
—J—L» poly T 4-1—x-
‘— Spatial 4—\—
barcode \
Reconstruction
d Spots or cells
i) Rolling
2 amplification
S | b In-situ
O | sequencing ~@ 9
S ek 8 @@@@ —> —> > 5
g o) Sequencing Alignment Segmentation &
= + imaging _
- High
k]
Probe Decodi 2 : . !
o ecading £ | _x coordinates
. hybridization X :
C In-situ L ycoordlnates
hybridization Le
\ > > 5 m Gene A
N hybridizations @ | |_I “ m Gene B
+ imaging o I mGene C
L%' I_l L B,

Spatial transcriptomics is a method for assigning cell types to Genes

their locations in the histological sections and can also be used  Exploring tissue architecture using spatial transcriptomics. Nature 2021
to determine subcellular localization of mMRNA molecules. https://www.nature.com/articles/s41592-022-01409-2

s (ORI S ¥y EE4H%: - Genomics

University of Chinese Academy of Sciences


https://www.nature.com/articles/s41592-022-01716-8

Summary

- RNAEAHES., RNAHERERIR
« RNAEREINERS = : mMRNA. ncRNA, miRNA. IncRNA.
CircRNA
- RNALEGEIZ: &R, L. B, FE. KBNS
- BRAEHFAES
« EFEFRIAGHSRNA-seqdILERR
. ,.‘j;igjj_q
= E=: TPM, FPKI\/I RPKM; Eé*/\ﬂﬁ; e =WAY =

" 1IRI: ExRER. AREGRER. PEERE
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Further Reading

Origin of life: the RNA world. Nature 1986

Bacterial RNA thermometers: molecular zippers and switches. Nature Reviews Microbiology 2012
RNA-Seq: a revolutionary tool for transcriptomics. Nature Reviews Genetics 2009

Human housekeeping genes, revisited. Trends in Genetics 2013

MicroRNAs in Cancer. Annual Review of Pathology: Mechanisms of Disease 2014

The roles of RNA processing in translating genotype to phenotype. Nature Reviews Molecular Cell Biology
2016

Advances and challenges towards the study of RNA-RNA interactions in a transcriptome-wide scale.
Quantitative Biology 2018

The Role of Non-coding RNAs in Oncology. Cell 2019

RNA sequencing: the teenage years. Nature Reviews Genetics 2019

The RNA Atlas expands the catalog of human non-coding RNAs. Nat Biotechnol 2021
Exploring tissue architecture using spatial transcriptomics. Nature 2021

Roles of mRNA poly(A) tails in regulation of eukaryotic gene expression. Nature Reviews Molecular Cell
Biology 2022

The Expanding Vistas of Spatial Transcriptomics. Nature Biotechnology 2022
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