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« EXZR1X(gene expression):
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« HEEZFIXEIE(requlation of gene expression):
Migi=HS N ERY (BBRERNA) NENEHEERE
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« ExEH (housekeeping gene):
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g EE (structure gene):

ERmEARPENEERNER, HRBINERR—RAMEET
BF. I X ERERERDEERIEZRNAREE.

IR EFB T4 (cis-acting elements):
EEEENFS e mERREL (5%R) IDNARSI, 8fFEEF.
EE AT, BB ERERSSERRARIER.
RZC/EREF(trans-factors) :
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1, BREBEKE

(1) RNANNTIREE: SNEEZARTAE. BEEHHIRER
YIAMAT R AR AT T BRI A2 A T FHRIMRNA,

(2) BhFEEE: BTz mRNASIERE R RN T ARREE.

(3) mRNARERRiFEE: BIREAEMRNAERELMMSSMRNARJSIE .
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JRZERRRAEETEREEEFKE L, BEXRA—FFMBR "FF-X" (on-off)
AP ATEREEERRRIE, BRTERKERIERIN, EELKFE LAIMRNAJIT.
RMYRNARERE, #FEEERESEESE5ERREARIEE.

e FKFEESIRYAE REE D ERRAEERIERS IR
GEEFRIEE. FDERN~YEEESE ANESIET . SEXERMEIAMCEHEY
H, ERSEEEREERIER; B EVIHIESAERT, EERXEANR
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o [RIZAEYNIRINF e T AL /K _FRIATS,
o JEE EEREAFFRAIF. Jacobfl). Monodi@EiEXT £ coli ZLNECETRYZS

FiHR, F1960FEEZERZ TR (Proceeding of the French

Academy of Sciences) L&ZRBNEI, REHFLFECE IR NEEH
— M EREENNSEERFAET, AEFEXEH T8 F(operon)

FNERNEE (operator) BIHEE.

o I F1961 IR
FNobel Prize,

H T BRMNFFi(operon theory), FE LIRS 1965
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Photo from the Nobel Foundation Photo from the Nobel Foundation Photo from the Nobel ;:s:aunda‘rion
archive. archive. archive.

Frangois Jacob André Lwoff Jacques Monod
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

For their discoveries concerning genetic control of enzyme and virus synthesis.
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« An operon is a group of structural genes whose
expression is coordinated by an operator.

?““%? EER—ERNERES T —EF IS ERE R
&, EEREFRIERI E_Eé'{_Lo WNFLNERM . FAR{ENE
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o £ coli MB{CENTFE:
> BioH FHEENE
> BB EFE R AR HELTE

Optical density of culture

Diauxic Growth bty v

2 exhaustion
Synthesis of Lag
enzymes to Ph
metabolise Y ase

Substrate X
exhaustion

e = - T I p—

Relative concentration

of substrate X {(—)
and substrate Y (--=)

KIATFE ZMEREK

v E coli BENIIMGRIR MM RN, FIFEXRAE— SRR

Time (hours)

2



FLiaiR T

o £ coli NBIFLBT e R EMTES: KT R UL A I — R BT
\ K \ A PRS2 R PO YER Bt
O B-FZNEETE  (BEBILREKAERL RER, UPEsEE.
AT T AE) l

O B-FAEE Sl (FEE
D FZN\HIE)

BERERE: TF HRERIEE: B2
HEEY (WELHE) BERIABEE SR
FERT, HESE RAZINGTE
IRRVEEA, REPRSEIEZ AT

=&,
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t HYZ BREAETR R B- 2 e
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O ¥F48: IFEBES T, lacZ, lacY#lacARS L ERKIELLAY
O =TE: AEHFSMEERFE, =M LAIRERIE (HELZRETHR)
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ZRBRFERN, FLTERNFIIRMETNG

RNAERSEESDNALY LE&RISF]
Opexeton IEIEEHSDNARGESRISEERYD

Promoter — N
Reguletory BB (RAFHE—ZEE LX)
DNA 0 ' ' lacZ
FiESH b £ ANA
(FEELHERF) mRNA <= RNA hacie
5 polymerase
S| Protein H i BEJEEEIJ:E ﬁﬁéﬁé‘{ﬁ,ﬁ, I
EERE woressor () AR AR S
WNIEVEES=
lac operon
DNA "N j—:_h—' ez | lmcy | "~ faca DANYZaN
l J HHE polymerase /
. mRBNA ‘C;;:i} MHNA::__:__———__ — —___-_#
HIESY ] d | | |
(ﬁ#lﬁ&ﬁ¥) Protein ﬂ—p& f-Galactosidase  Permease hamcerlylma‘
Allolactose Inactive
(inducer) repressor

[REERSHESMEaZR, &
BIRFETN, TEEEERNER i



PSSR

& ZXBHEERESEIDEMNIAENESISFE LR, (Uch BRE?

9” CH_OH

oo Y, : .-tt‘“\DH | O
H

OH : OH OH H

", oW H O | | O H
H OH
BEE: B, SRR
48 T, B—EE (EMP) BI#R4HEEZEFIA,

FEF— 1 ERE D FLER. Bl 2R L5 A FRRYRRIR.

PFNHIEE RS : -_—Llﬂﬂflﬂ*’—’f@r HHTT {EAT, !ZD%FPE H&@FU%%F R,

B—H 2 =R YR, NEER SE=
EE&EEE%ELL—%%ﬁt\ﬁﬁﬁmL?%

D REHIHE R 5
EMEAFERN T
RBEZER—I
R, sITHAE
ek FHEE .
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PSSR

o £ coli PINEEESIRTE (Cyclic Adenosine monophosphate, cAMP)
HREZEEEET
- RZ=EENER, EREIMUEBBEUERT, HATPSELCAMP;
- BERFER, REMUEERE, cAMPIKREREE.
O FERNTF LB — 1 cAMPZ{AEH(CRPER)EEUR
O CRPEESCAMPLFEEH WD, ARCRP-cAMPEESMEEE!
ANERINFRICRPAIR L, RNARSESA BEteintt R,

A

A
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ARERZ k7t E R ZLAEIRN F AR FNE TS5

W EER CRPE S BITE /ac/
%ﬂFﬂJ?Z@E’JCRP%éu

m, EERNTFES
\ Promoter Operator CAMP;&EQ%%*%EQU%%
TR= B E (T, . BSEEERN, EREEMLER
DNA \\/ | lacZ {EF, BATPERLCAMP;
ol “\\
CEF Bodegste: X Eﬂ?me,ase - BEREEAERN, IREIMUEELE,
CAMPSCRPZ ) Oy tive CAMPREEBE(E
aE . BiE cae \' CH"

C RP Inactive Jac
repressor
' Inactive
CHP

O FEERZAT, CAMPIREIER, FCAMP-CRPESY], ELERNFER

IR



ARERZ k7t E R ZLAEIR N F AR R TS5

AETETTE
Promoter Ope/tator

f I\ A
DNA \\, lacl lacZ
N\ a0 Hgiigl

CRP binding site
RNA

cAM PiZQ}'E"{ K, ‘ polymerase

CRP&E
Inactive
CRP Inactive lac
repressor

O BEERER, CAMPRERK, TiEHcAMP-CRPEEY), BNFEFEESY), BArREERNTFES
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BlURR R

BRI EEFEUE RAE—RFEREFESD, lad2)FREE? IIAZEZER?
BRTELVE, BIIANEERER? ATA?
SEEE:

(1) BRPTREEFEUE RAE—RRIIEFES, ladf@)FE2AFTA. EAMIERIS
BEEENESY), APERac=4EEEEHSRNFES, BLETHEXERNER.

(2) ZIAEEE, HTHRENROCEEE, IREEBRIMUEBIGATPEE{UKCAMP, cAMPS
HZEHCRPESHESY), XN ESYBESEMNFLNCRPURESR, XiFFEoF LaY#H
ANIRGESRNARSHEES. HY, HESHEERES,. ThAEHNEEERES
MEBEMNF LRE TR, RNARGESIBRNFES, FHRESR, ShoBITEIHEXES.

(3) HRTAVEBINEEER, cCAMPAEER R, CRPEFIABES BT ERICRPAISIE
#£E, BiiF LEHRNARSES mm RS SRNARSHES, S FES R FIE<RIBSRIARE
2R, 21



FLIRIR N FRIFE BB

AR HIETER:
OFESY (FUfE) B SeIERGETEREERNMEEE R,

OIINESY s BESYSHEERTKRESMERXELAES
BRAMER, EEFAN, BRLZHERFmRNA, EEH=FHEX

HYEE,
OcAMP-CRPEEYIHBETER: SCRPESMRESERIE/E
HEEEFRAEIR.

I ETE R SRR T SR
NF 4, FHEEZECAMP-CRPAGIETS.
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BRI T

(1) SZERENTFAR,

EVRERE, EIEA

RS ETAEs,

Y CAMP-CRPRYIEE,

~ 2 H

BRRIRIN TS 5EY S MAR

(2) BREIRNFH7 —/\ULHW%%{U’E j (attenuation)

BRI EEZFRIRE
AR, F5HLE

NP2

=W,

E’\J%‘"—ﬁ{i =t

M RN FRIS R —15

i%LiJEIT§i£§U§§%—é&ES7J<
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B SEIENF E— KT L0

SRR S EE e E—
@ﬁ&mvm,ﬁm SEEREAY ! -
BEEEE -

,EPCJ:'itrpT“éMEl,nm prowin Syl ——> *
E.Ti-g}% { b -_,f‘!'r_-,rpmphan

(corepressor)

Active
repressor

tp opsron

T
Pmmnmr Pr-nmnler

™ Genes of oparon

- BRERKFE L’Eﬂ /'r,-f i ‘:L,;l I o | 30 [ e T apm | tpa NI\

Operator
° Z_ EBH E E ﬂ:/ﬁjz ::E:Iatw pﬂl:.rmerm Start codon iﬁp codon ‘:ﬁl \

- [REERIREENE — e

. l
E D C B A
. EEEES e o, T
Protein “ Inactive Polypeptide subunits that make up
repressor enzymes for tryptophan synthesis
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& SR T — KRB

trp operon
/ \ POperD i
Promoter

anzymes for tryptophan synthesis

Pmmr
Genes of oparon
DNA /* o Ol e [ wpp [ wpe [ wpp | tpa /7y
l ba Operator '
Regulatory RM
gene o poldnerase Start codon ap codan
mRNA fp miNA & 1
5 ' i '
l, I N E N e
— BT p—
Protein “ Inactive Paolypeptide subunits that make up
S Lo

« SrpREERZE, AERERR, Hie TERRVERERAE?
- EEAERSEBRERGFE, EEA100%5ERE?

RINBERE (%) | EeSHE (%)

troR+ 8 100
troR- 33 100

Q BaRENFFE—BIER, MeaiRiRNFES ZKFE EREE
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B RENRMNTRISHT

F—IKF
FROERE
EIKE
RO

t Trp

rp repressor pA

W —
4

l[high [Trpl: repression occurs
\

——Ileader—
attenuator

troE trpD trpC trpB trpA

)

———regulatory region : structural genes——

high [Trp]

v

attenuated mRNA VVANNNNSNY
—t—
UGG- v

low [Trp]

trp mMRNA
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BRRIRNFRISENHT

;
E Leader peptide
'Ti."ﬂ Mot — Lya—Ala— lle — Phe —Vinl — Leu— Lys h'l:\'_ Arg — Thr ~Ser "'=I‘-"F"
“GACA AUGAAAGCAAUUUUCGUACUGH ]'_ v '“”’L‘Hrf,
R TrpL
. UGuUG 5
g + a CTTAACG *.LT{TEGU&CGACUUA
3 (CGACOCAUAGAC AACGAAS : PO |yp e pt ide
S 139 162
v

f’»L'WL.L.i.LL‘UL IGAACAAAAUTUAGAGAAUAACAAUGCAAACA
Mot — Gl = Thr -
4

TrpE polypeptide

Site of attenuation

Trp AL,
codons & "\ Pairing in
ﬁ . RNA transcript
iy | inlow con-
‘' centration of
1

tryptophan

o

R i
IEEREEREREN

SEERH2RIB
2|3-4=31RT,
HEReRIE

22-3%
INFZRYET
B SRUREE

i ST o i R

' Continuation
I of transcription

FEPEEREE

Pairing i
cg:":::?&l:;d mRNA ? *Ij
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SSICFRUERLE!

% *FWLL_ 07 2xTrpZRaFFHid
EIFRIENE, WLERM2-3=34,
MRNAZEL3-4ZA S EERRIE

«— Leader mRNA

Ribosome
\ 2
=EREKE : 3
tRN ATrpRE f l 4 Formation of this

\

stem and loop results

mRNA. pppAAGUUCACE,
:: —— Leader region is in the termination
e AAAGOACUUUCOUACIOARAGG LG completely of transcription
r% translated
3 SGACCCAUAGACUAACGAAAUG CGUACCACU u‘a.U(,L("“‘L
BRI 2XTrp s
?' L TUUUuUuUuG, TAACAAN UACAGAAUAACAAUGCAAACA—*
\mco:}ﬁcm UL AAL ]III]H)I, ﬁg?, )\JZ':}?E%%’LLEE’J
MRNAFZEL 17 2-3=34,
BESRURGE, BIRARSE

. Transcription
Ribosome is stalled i :
) continues

RESEAE " "N : /
tRNATPERS .
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BRBRIRN TG

- BISXAIThEEE

S trpREFRRWERL TUA—1+,

* SSUFIIRNARSEERIRZ I T RIS AKENE P RAEIRAT b S, SEREE

3 1=|=5E1ﬂ HY;

IRISIAEEHY?

 SSUERRRZEYPHSHIRRRIAEE AN, HEET S ER%ED 7 E

1B{ERINAE.
ZHCIRAYEE R,

- FRSIERIYE
tRNA;

o SKRASSLISS{LIE

HAEBIEFRE— N —RITE, REHE-E RS, T
RAEE T SSEIEREE R Tk,

SEAREREaER, SSUIERNESEARERNEEa=ER

N — =T ey

%EI\JEE@E\ N % =54 YNE “Z

;'. I:IQ
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FRiZENNE MR EFRERIEL

» BFRIKELNERRAFEIEEETEZNAT
« BI\FRIBLT
* olAFHYEE
« BREFHIER
- EHET (BEHREMUE
« AR ILHEFERE

3) YR

Al
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FIZENNEMEEFRERIEL

- BRE RO AIEEEER

o NEIRIFCIREERS T
« mRNARYZEHY

« MRNARJFREME
- TP ERREEERE
« M RNARIFRIE
- HBEET
« FhFEB
o« RIMEEE




=, BEERFEEERNR

- ERRIAEERISE T BRESEREN
o
RN

OXEREKXR, FaEZ~
OE RN SIENEEMENARE X,

OEZEYHIIBEEERIIRARIARERLR
=AY

» EEFRIAAHTR
OZAfERIERENME
OEFRIARIRTZSE ER(EIRHIE(L

FRIIE

HEARGR




=, RRERSAERIS

mMRNARGERESEERIXFE
2 H R EIMER BRI RERRERE

L4

1. REREESEREFREREE
2. DNAZIITEEEELI220

3. BEMERESHSBERERE
4, EEFFIEEEaEE

5. AEfmBIRNAIREE

6. MR

7. RNA%RE

8

9

Inl
1
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1. BREHSEERREFIE

¢ RBREEIRTE

¢ ek EMNEER
¢ ek EIEEER
¢ RBERRIEIERE
¢ LBREE



F BRGNS

BEzEYH, DNARIZR

=

—J

REMEEEEERIE!

AR (BREBRK

\ &

\

I

euchromatin) FliEFEi]

IR ERRRES (&

%,

heterochromatin) 2

TR,

5]

BRER: BAREREZARERAEIEEREEMR, CTHE
R, PR EE LB E 6T RA[R,
BRERAIFMEERSBEFERENE, LTERBRRAERER
REFERNOESRM, MARFTEDFM.

SRt EEAREEAT, [EH. BEHiah, BRHA, FLeSeirEk
FENRELE o HNE S R REMRIRERRLRIGL, HRBRGR
B, BAEXMELEGFIERSREATR SRR,
FrehEERERNE, SERBRBEILELRAERTD, HiEE
1EERKX, BEZEYILIETFRERETMXAZRIREL,
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« HEHEERE
BB R

QEEHSDNARRLE
&, WETEREREE
RIIBE.

_E'-E"\Ebl 5 %T"{ : . > ,_

QARCADNARE (oS E G T = BEEEL, LNz
A=) R Ccom RSN B, ALIRAORME

Juiy
B
it
K7

}

‘HEH Nimfif It =8 X
175 DNAB ER E B RO+
HIER, FHERS
DNAZXZELES.

N

H

Al

QaNEEFEHEFEHSDNA 58 T HEESDNAK
REESTIENE EHERe.
36

Chromosome 1,400 nm



EQlo M e:pE[ RS

« 1B ERYFFHEE
A5, LLANDNAZLBRFEE S FEaIEs

A A= PR MOE SN[
QSRS ERRRIEER
QE{TIEERAIRIERE

AL




& RANRECIERE

.« REREZREERE

CEHABRE 7R

X

f

XIDNARJEIE 545

T, MImiPHE

A

LR

Metaphase
chromosome

Chromatid
= (700 nm in
43 diameter)

S8 Chromatin
45 fiber

EI’\J[

(10 nmin
diameter)

Supercoiled structurﬂ

(200 nm in diameter) &
Se

Nucleosome ——— &%~
2
Histones w

S
1\

3 \\%&.\/ DNA

u“- E:Iz;anget"eir)
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E“'J‘E gnucleosomez

%/ MR EHDNAFEEBFRHRERERGHRN. =
Mz 146bpRIDNAZESR R/ \ZRK 1.7 SEIZAK.
MR DR B S0bp A A HIEREDNAEIZE,
SRR —IE SR MARRTZER.

Nucleosome “bead”
(8 histone molecules +
146 base pairs of DNA)
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RBHEBE

- ERENEHWIIEEREEREBRARE e
— 25T, WERBFREERRE. % Chromosome e \
IIMAZE R FFIEURYER LSS, (4%
REAFEZTEE2RZ/MRDNA,
XA BRI R E
#8(chromatin remodeling),

- BiZEYIHR, &XEETSIERN
e RAFRIAMET R A4S 4

== <, 4 ==

Euchromatin
“Active”
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PERSGE

657

€5 0. .0, @

A A A A

A

BRSNS
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2. DNALGHEYIEEIFRIERIFN

[
It

« DNAD A& 7 miSEEMMERER.

. DNAZSHISTHESEIAER, BEMNASESDNAN—REER,
t SDNARIS RIS X,
DNAS TR B HES IR R— R E5H);
DNAS FHIFRR LSRRI (ZRE5H) ;
USSR (SREH)
BIRNER RIS R A RS,




DNARJEIRNERE

- DNABEZIEEES SERES

PSS

L Axis

O DNASDFRIMSSHESR
thSEH R EERE, XE
e S pGEIENE

A EFREANER, HiEE
TEEIEHF A Ea1ZER
DNAfFRERVESK

DNA double helix

RIA

AR AT AR LEMEIETE, TR
ZHMREREISHIRTAREE
8, AIReSEEAEDNALLIERE YA
fEDNABESHEZRIEESX.
IEEARAIEDNARBIZIEES
b4 R Rt T DO T BE,
REREUIREEFAMIEDNARY
IR R Mt RESn?
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3. BEZBRRSHIAIVAERERE

« EMEAEBHE—MERSERESHESERSEEMERARE, S T7TX
MELINERZREY, AiesUABEET IENARETHERNSTE. B2
MIEERRERA mimE R EEM £ B E R YN —FEEFER,

Q JEMTEE(Xenopus laevis)OPEHARETERZL D 22 HIREZLERRT, rDNARIEEFE
IENE~FRTHYS 0048 I 18792 x 106548 1L,

- BEEEXRBEDNAKFEERFRIATHZRIF L.

Q /NZEW (Phytophaga destructor)E0PZAT, IP—imAYARRRIF=EZEERAS
ZRA0FZREBIN, B —iml) REREB8SEIER,
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B EHE

Bk FERNERAEEDNAKEEERFIXEENS—MA,, il
(S4B EEHE(somatic recombination), 2R MEAEENHIZ—.

- RRNEHERER:
QRIBEEX
QYRIB A EX
QRASERA

Light chain

Constant region
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B EHE

Heavy chain genome sequence (V, D, J)  Light chain genome sequence (V, )

R SETED, HERAER (HE o .
SRIRTIALERE) cREDNARBIS B AT w ”"r E?D/
= JUREHEOER (AAREHD) |

H R E R RIS R R S RS [ Bl ]

HAVFEEF, |' /’ V: Variable

« FRERD, HNSHERSERE, VK, ;' / f e
DIX, JRFICKPEEREAER, BTt {  @coivien  2C Condtant
‘HAEEEHE, BVDICHE—REERE—IE \ '

An antibody is made up -y |
of pairs of heavy and light chains )
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B EHE

Genes in heavy chain locus

(o]
VgVeVvgy DgDzDeD JaJuey C
=

Removal of unwanted D and J gene segment

- —

O

Recombination of D and J exons — DJ recombination
i

Removal of unwanted V and D gene segment

11 )

Recombination of V¥ and DJ exons — VDJ recombination

_.

Antibody transcript will also include constant domain gene

R EREEHE,
FEEARBNRE D
¥, UXmBAR
ARBYNIR.
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S EHERI S IP—1MIIF
oy T,

30D 9J 11C
B V V V DDD J JJ C C
VDJ C

AZEE 14 SEBELERAEESERREHEE A
m#ﬁiﬁa B94432 (B)

A, ZEBEE LRGN TRX (V) FE, 301N HX
D) FEE, IMEEX V) FEMIINMEERX (C) FEL

B. EHIRATERAFEREEE.
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4, REFIIMREEREE

R EEZEMERBENERERREIT

general

_transcription  RNA polymerase Il gene
gene regulatory proteins  factors regulatory

proteins

gene X——

promoter

| ————
regulatory |spacer DNA
sequence

———————————————> 1
RNA transcript
the gene control region for gene X

SERERNIRVMERATAHRERIVERETFREE
(IR EFRIRI o R EFIE TR T 1)
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4, FERFIITRERRRIEE

S5RESEERY,
QiEIDNA-FE

RIVERRTFEER D/

* 135

* 135!

Siea
IR E

el

H Rt B ERAMETSEREME

CTUER S

HEdEHE-EHEEEEAMETERGE

— e\
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4. SRS S AR

o klﬁﬂszaj' (gene activator protein): ¥EIEEH={ERAY
ﬂ} , BEESMITIEEE, DNALSSE(DNA-
bmdmg domain, BD)FIEERELE 451418, (transcription-
activating domain, AD),

« EEHPHIEEH(gene repressor protein): EEEEFRIPHIE
1, EfERTIEINT:

1) SEHERRFESRS;

2) BEEHERREHE;

3) BEESHRRETFERmEmsIER.

\
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RFENRITRTNRE
(yeast two-hybrid system, Y2H)

EERPNZYAr R A2 1989 fiel dsZEMRIE At

VEFRTT e S T R T A A B VRO < GaLeaD

R R A AT Al — \ ol 1

MEZ, FTHRENES AEE . > ﬂfJ yA B
"

[RIE: STEmAE "FE EEXERERER
DNA-BD#i{Adh, FKIABD-XGIEEH; Aa
B EDNA (JRE3EFNERY) REZEADE,
A, RAHBAD-YREEEH; BEMThE(A
TV EER RS, NRXSYERZIBFEEE
B{ER, NBFXFYHESEBDFIADHZE
S|k, WMENERoF, JARSER,
Hitta iR FEEEERNER. RN R A FIEREE

AD (BEFREERErals)  BiEEs,;

BD (DNAZ&INEEE,) | SRaFDNABEEIEEIER

)4



M
(3

¢

HRAREBNRTRRRARBERARIEE(EFRN—

ad

dd-ndd

—Ade—His—Leu-Trp
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5. IFREIRNAIREE

- RNARIHRIEE RS S8 RmIBERREEMmaZ /IMmMRNAF]
JEZRABRNA (noncoding RNA, ncRNA)o I=r7n)iol=s

97 %RIEFE Y AIncRNA, TTHESHERE (RNAEXE)
JmiS, SJHRNRFroE.

 NCRNAKXE(RI /8 "BEZRRNA" F1 "AERNA"

OFZXRNA: —fig HEREIRIA, RHBEFAERINEBERTVES,
FHEHrRNA. tRNA. snRNA. snoRNAFIiRKIRNAZE,

OiE=RNA . —RRIERA A SEEHIE S WA EM BERIAET IR
ISHINEIERIA

IJI'.I
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5. IEWRIRNAIRNE

« N"CRNAXEREZRXBYE iz
O mRNARSFEE

J

Al

SIEE

BN KERVET

Q ZEF

/

Izl

O RNAJDITZFH&im
O Mo IREN




5. IEWRIRNAIRNE

« microRNA (miRNA)

« Small interfering RNA (siRNA)
* PIWI-interacting RNA (piRNA)
e Antisense RNA

e Circluar RNA (circRNA)



MicroRNA (miRNA) 5Small

interfering RNA(siRNA)

ad microRNA (miRNA)Fsmall interfering RNA
(siRNA) IJa[i@13RNA interference (RNAI) #1

o

HHDHEIMRNARAE RESE SIERER TS

O miRNAZAENITRIERY, mosiRNAZINE

RIA,
RIS

A



RNA interference(RNAI)

« RNAFHL(RNA interference, RNAI):EigsEHITREFEER
TFHI. HAXEERNA (double-stranded RNA, dsRNA) iEA
H. EIEMRNASRUFHEFFNIISR. BREVHAEES
=8 FRI—FEEREEIIRNAFREERZFRIERITLS,

« HEMAEAZ FireF1CC MelloFERNAFHLFOEE] L E ST,
FrfEYREt, F2006F#HFia /R,
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RNAIRIEREE

INRSABIXNGERNAY— MR DicerfiJfg (RNase
ZRFERHEFRIRBINGERNARI— N R) RS HIEIR
21-23 ntBY/ND FFHRNARE (siRNAs)
SIRNAX 45 S ZFMZER B MTTHZ AR FMBRIRNAIE S
JIEAEEY) (RNA-induced silencing complex,
RISC) ,

mLaAYRISCEIS TREEC XS E L2 EIRmMRNAR R
I, FEIEESIRNA 3" 121 RENNETE
MRNA, MM5ERNATHRNIEE,

gsRNA Ty T

l Dicer
binds and
| cleaves
dsRNA
i into
Direct Do SiRNA
introduction of
siRNA into a cell l
siRNA MMMy SIRNA
The siRNA is unwound
the RNA induced
silencing complex

(RISC) formed

=S

Cleavage of
target mMRNA

ST AT
iy, iy
Ly
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5. IEWRIRNAIRNE

« miRNARBYiEE:

O— P mIiRNATTLAEZMERRE, S miRNATTLL
SIL[ERYEEEE

O {E T RRR SR
BHI30%HALEEZmIRNALIEE

AY|

X

A

J
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5. IEWRIRNAIRNE

The discovery of microRNA

e Victor Ambros

 University of Massachusetts
Medical School

7 &K

microRNA was first
discovered in 1993 by
Victor Ambros (lin-4)
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Victor Ambros

 Victor Ambros was born in New Hamllashire, grew up in
Vermont and graduated from MIT in 1975.

« He did his gcraduate research $]97,6—1979) with David
Baltllmct),re at MIT, studying poliovirus genome structure and
replication.

« He began to study the genetic pathways controlling
developmental timing in the nematodé C._elegans as a
ostdoc in H. RobertHorvitz ‘s lab at MIT, and continued
hose studies while on the faculty of Harvard (1984-1992),
Dartmouth (1992-2007), and the University o
Massachusetts Medical School (2008-preséent).

e In. 1993, members of the Ambros lab identified the first
m/|croRNA, the product of /in-4, a heterochronic gene of C.
elegans.

* Since then, the role of microRNAs in development has been
a major focus of his research.

. é(r)r(\)l%ros was elected to the National Academy of Sciences in



Victor Ambros

Current Biology Vol 15 No 15
R580

Victor Ambros

What is your greatest
research ambition? | hope to

keep doing it as long as |
can — as long as | feel that | am

still learning and progressing as
a scientist, and making some
sort of contribution. | love to do
experiments with my own hands,
s0 | imagine myself ending up In
some special home for aged
scientists, with wheelchair
accessible lab benches, and
large-print computer screens,
and so forth.



Victor Ambros




5. JESREBRNAIRE

PIWI-interacting RNA (piRNA): 5PIWIE
B{EARN/ N FRNA,

=[i=

Al

EMEZL Y EEAIE P A B —£5PIWISSEEEEERIVIKE/I26-31ntHY/ N\ FERHERNA,
FEEFETHA IR EEAEA 02,

FTEINRERNAEREER, HFFEERMNTHARIIE. BETEIEIMRNARIRENX.

PiRNA5SsiRNAK miRNATA[EIT—EMRMAIHEIFITRNATIL, EER. BRFEEEFHTX
S ERMERHTET.
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5. IEWEIRNAIRNE

) -

2 Y RNA (antisense RNA): EmRNASFIEEEAMNES, M
MoHPHEIMRNAND TAOERIE.

M RNAR R X ERFSERIIR SGEERAIY], BAASEBHIMRNAFKANZEER
ik, BRIAER (BIaNSOMZERR) RUBSERHDHEIINIAIENE, AMEEERZRIARMF

.
Sma

IRV UEERNA, Big5%R

B{F
HE

I

X

modulatory RNA (smRNA): #5750 idFiEiEEx

FHE, |

SRS TS =
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5. IEWRIRNAIRNE

Graphical Abstract

A catalog of neuronal circular RNA

Circular RNA (circRNA)

circRNA

O
. A .
[

Circular RNAs in the Mammalian Br:
Abundant, Conserved, and Dynamic

Agnieszka Rybak-Wolf,'.6 Christin Stottmeister,-¢ Petar Glazar,'-® Marvin Jens,
Mor Hanan,? Mikaela Behm,® Osnat Bartok,” Reut Ashwal-Fluss,? Margareta He
Panagiotis Papavasileiou,’ Andranik lvanov,’ Marie Ohman,® Damian Refojo, %5
and Nikolaus Rajewsky'-*

Molecular Cell 58, 870-885, June 4, 2015 ©2015 Elsevii

20 RNA-seq + 9 ENCODE libraries
computational analysis
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Cell

Guarnernio et al., 2016, Cell 165, 289-302

Oncogenic Role of Fusion-circRNAs Derived from
Cancer-Associated Chromosomal Translocations

gene 1 Alu-X

‘+

Oncogenic
F-protein

@ & «ae

IR 2 (AR 3 g 4 |

Oncogenic
F-LinRNA f-CircRNA
Oncogenic
f-protein

Oncogenic
F-CircRNA

Alu-Y gene 2
&

Chromosomal
Translocation

— Tumorigenesis
Therapy Resistance




6. WEIFIEE%

- ZHRE BB (constitutive splicing): BESRIETE EI’J N
SRR, RERINBFHORE T;zf'LEE * Itk —5FEF|7_H? <[X
/\EE}_L/-‘_ﬁFEJZ?’%E/Jm RNA EJZ—FF Hj( *E%l_(jj
H PR EEESY),

« 1PEIE M BIE (alternative spllcmg) MR R E e RS

EEHLLTHWM&HTM ANEEFESFHARIS
ByEERE, LAENARRIEEK,
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EFF IR ERY RIS

Z_%AQE—/\E*U)EH%EBQFLUL
¥, MES—ARE, F%EF
Boh—LeHb B K 2H B Al 2R
BIMRNA;

BE, EARAKBIEREA
HZE,,\EP%UH%THEI’JF'E)J¥
2, FERGTFHAHS
BRMEFREINEF, XtF
MAETERTEARARB
mMRNAFIZERK, EEFTK
TAHREBFEIEFHRE,
MFEARRIRNERRE.

e B ERSLfR ERIEAER
fE7KFE EXERRIARY !

> o
DNA mewmm%m%mm

Exan 1 Exon 2 Exon 3 Exon 4 Exon 5

RNA S — U

[ Alternative Splicing ]
1 2 3 4 5 1 2 4 5 1 2 3 5
MENA e e e e “ninisininisieisioloifeinbuinielel -,

Translation

Translation

Protem A

Protem &

Protein B

[E—FhE ERIERE
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IR R G

Exons

DNA m ;F]J G

S — R

g

Troponin T gene

|

Primary
RNA
transcript
/HA spllck
mRNA [P |
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e (EEHRRIGIF

MERRAZFE (L) HHLARITR)

| sras Y ES WET2 BT
lff%z:%
Wi AMETS SETL WET2 SBT3
Pre RNA [N S e— m— .
lasa%
AL HETS 2 3
mRNA SETL WET2 BT Y
lﬁﬁ% — — |
4 JF4H 2 Pre—RNA
R
ANEFL 2 3
) S ] T4 imRNA
AR A E B3 F lﬁi%
41 S
INERERM BB EE A BIZAE A mMRNARY 1k 3514 5T %




6. WEIFIEE%

» RNAZ WA Tz e B e ?

OSREH: SR proteins are a conserved family of proteins involved in RNA
splicing. SR proteins are named because they contain a protein domain
with long repeats of serine and arginine amino acid residues, whose
standard abbreviations are "S" and "R" respectively.

O8I RRIEREERSREHE S EIIEEEFIIRNARERY) L, J9FTHIMRNA
e RYNSEE TR RAIBITI AR,

O55# (K (splicecosome) : #Z/MZiE(REHSNRNPs (small nuclear ribonucleo
proteins)(U1, U2, U4/U6, and U5)53EsnRN PR A F2HR%,

OsnRNAs (small nuclear RNA,snRNA, #Z/\RNA) : E&U, ohR7ZE, HS
U1-uUv7,
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BRI EETE

Complex A @
&
(U2 Q 35 S U5 snRNP

tri-snBNP S
@ v excised intron

Complex B [5"Exon]3 Exon]
“P @@ mRNA Post-splicing
_ complex
|
@,\x_:r @ ond step
Complex B .
/)
U5 Eon]

Complex C
1St step .
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6. WEIFIEE%

. LHJE?E&?%’TE@T%: FFERE—Pre-mRNA_LRISNEFELE
B,

o« RTCERRERIE (trans-splicing): FIFFAREPre-mRNA
FRYNEFESR A IARERIRZEAMRNA,

o ZHpBYEIR MM BIRE (constitutive alternative splicing):
BIARMRNAE ISR M BE S BT~ S ARAIMRNA,

- AT BYEIREEIE (regulative alternative splilcing):

BIEMRNAEARNABMER. ARBVIAE. ARHE
‘RIS IR B A ANE] EI’JEJZw’fbm RNA,
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RV

RIEIE—
ik T

chromosome 3

wwmﬁ@a e }f»g

[EERRIETE

BEAIMRNAR &S T R TERIERTENE ?
RENFSHT, RT-PCRIGIFS:

endogenous tagged exons 55.1/53.1
mod(mdg4) chromosome 2 transgene
s Onny s e

specrfrc exon55 1

mRNA b
trans-splicing

forward rrmer—"' _

i'-:%
- backward primer

e {m.nmn "‘"

RT-PCR-product

Rainer Dorn et al. PNAS 2001;98:9724-9729

BRI EEER
*ﬁlirﬁiﬂ"’" =]
BEFETEZE
‘—T7ZJ':F'°
ﬁ%E%EW,W%
E'ﬁfﬂéﬁ H K
EHEEBEEH
rﬂi"CE—HTzEI’J}JI]IO
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TSI EEHERNEFRNX

o IBIFRMEERE—MEREINTIHNERE, T X 7EREIRwD
SEHMEAYEES], BIEE IR T ESMARRZAK,
I T "—EE, —FZI" I

« EIT90% I ARE R BTG F R, s P ER
E2-3FAEREERY), MNmAKY BT 20,000MER
ANEZEENEEER.
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7. RNASRIF

RIENMBENNET, BEFRIARIL, RNARGEITE R,
B EENEZER (DNA) FHIRNARIFS.

iEII%EIEE\EJZ 1 /|\|\E_IIEI@\_ -
RNAFYEESwIEERIDNAR RS A—IS?
2 & DNARIRENEE(E R EEERNAKY L4 EZENS?
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7. RNASRIF

» RNAZRIERYIRFEZE 5T
(AT SR

Apolipoprotein B gene

| |- | IR BEEMRNAYRE

Liyer Transcription Intestine
' /
Unedited mRNHA Unedited mRNA

Ei o XFRCE|URSmiE FH Fa e S ES AT
U A A=STOP fEft

Translation

Y * Translation
Apolipoprotein B-100 Apolipoprotein B-48
4363 amino acids 21532 amino acids
Function: ransport of Function: absorption of
cholesteral in the blood lifricls fromm the inkestine
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7. RNA%GHE

- RNAGRIE: EF-EMRNADFIE, BISEEENERY
XEARAIN. EbREVE BIRZEER, MTBEZREDNA
ERIEEER, EEEIEMARETEIRDNARTALER
B IRIIISR,

Al

- RNAGRIEHE— NEE A I ALF=4E TR FROEE
R, SRR EMEREN.
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7. RNASRIF

« RNAZRIERIRRFIHZL :
OZEBLAYTE N\ EBR
O EAIEHE

OSZ4EPHRTERNRNAGRIERA -, MEHRHFHE,
IHORBIG, RIXFRERIERES TAKGEIR T,
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7. RNASRIF

» RNAZREERIPRMEZE S

S5ISRNATE

Amino acul sequence ancoded
Lys ¥al Gl Asm leu ¥Yal -+ ingZgena

L AAAGTAGAGAACCTGOOTAGG...Y DDNA

Transcription
S L AAAGUAGAGAACCUGGU AGG.., ¥ preodied ENA

= =
M— 51
Ml— 51

A
¥

o=t .

U A
EHr

+Editing
P AAAGDUAGALLUGUAUACCUGGOUAGG... 2 Edied ENA

A A
T

= =
Po— =
Cle— =
= =
==
Ci— 1
—

AlAALALU
L! E| El L|| ;'!\ |3| El -—(pre-edited BHA
spread outbo show alighmesnk)

- [

*Tmrﬁlatinn of edited RNA

DO e e proteg] > o4



7. RNASRLE

Insertion editing Deletion editing

ES ES

mRNA || mRNA ! "

A
C

l 4 Endonuclease p l

CA
TUTase/
3’55’ exonuclease 4 Exo-Uase
4 Ligase p
5 GUUUUC ¥ 5 == GUCA ’
¥ U;IIICAAAAG 5 3y =y CAGU 5

= GUC 5’ = GUUUUCA
3'U AAGE; gRNA 3’ U"'l— CAGUMS’gRNA

HgRNA7 SHIRNAGRE
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7. RNASRE

RNASRIERIEYE

IHE

&

— (1) SR mBERFIAISE;

(2) SIEERNAGHIBEEMMEANENNEHE SR,

(3) EEMRNABEHIEIE;

(4) E—LEFRYhulgetliEa IR Z e F R L+,
BERFIAEES VAN,

(5) FEmRBXAIRNAZRERI=2NIRNARGISR I EIEAEBEN;

(6) BJgEIERRNARIRERE

(7) 1ERLRNASHISE RS R REREARET;

(8) IZEERRE,
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7. RNASRE

RNAZRIER GRS 1 FLiElTe?

BX FAMEEFLIEN, EAMRNAKIEERERES
HIgRNAERRIETEREFRIEEER, FHRIEBIRNASR
EIRISHFHIER™Y), BATEMHL,
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8. MRNABEMSEERARE

HEMRNARYNESERR(N3 mintfa, IXFmRNARRERIE IR E] (E4HE
ENIMNERYHERENM

EiZEYIMRNARARRE, —RREmiKAZ VT, Faptii<BUmRNAL]
LUSETERRR, £ 3— 1 g7lLHifE, JFEENR, e 78E0E. 4
WEFE17005E/5P8EEE A, rRIWMEMRNARIFEHEAYETE,

MRNARSRREM RS EREINTUNRSEEENEBMEF XN, 115
MRNAZRBBHERRINENEMZHEERG XK.
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8. MRNABEMSEERARE

MRNAZEHRNAESIEARAY

MRNA LR[ER(ES: 5 13" imfeyl, REBZREIaKpolyARES.

MRNAMEZRYIDFE: FARNAES(Rnase)f#iE, #I6TF3" im, FHEIZEATEEXMRNAFITIEL.
MRNAEEAENZTE: BETHAERAMIERE, (BFRXRZRNAEIN T HdF2P P BERE.

NncRNAZ2 5SRNATZEMRIERE, siRNA, miRNAYAESEMAINHIFEERIRIIMRNA,;

HREM, BEZEYIMRNAFESERFEMN6-PEIRER (N6-methyladenosine, m6A) {E{mEEH
JEIERNARVRSEME. AL, =4, EYIRENE.




MRNAREE[FFPRE

5 m’Gppp— ORF —A, 3
Deadenylation-
Deadenylation- independent
d dent
|r:jei;;;r;”?5 Poly(A\\shortening exosome attack
Dcpl/2
4 >
\ v 48
m’Gppp—i —AA =
16‘?@
& v
Decapping : 3|5 i Ccr4-Cafl
xonucleolytic
Dcpl/2 decay
\ 7
p— —AA m’Gppp—i
o g
4] 1y \) O
5-3 Exosome
exonucleolytic 4
decay
m’Gppp—1 —AA
5 —AA 1>
D b
xrnl 4 5 Exosome
An
Xml = 4>
¢y ©

eI R AR TR &8
2IHH’EJF MRNA BERERIT 212,
MR BT RERE,
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9. ERKREMEREAREFAEPRINER

o

\2=1

1 BRENES IS (post-translation modification, PTM)t5
= ERIA IR — RS T

BEWIL, WREN. BRI, JBHL. BEUSES.

NI
|

L
_l
<
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HERETHRIFRSR

mMRNA

Ribosome

FREA

Hydroxylation
Attaches a hydroxyl
group (-OH) to a side
chain of a protein

e
R OB
oH T“O.gﬁ,\

FRE(

Methylation

Adds a methyl group,
usually at lysine or
arginine residues

@ ot é!‘.
; W

el
Lipidation
Attaches a lipid, such
as a fatty acid, to a
protein chain

s

"":f:;a,.%'};_ Protein

Vi
Acetylation
Adds an acetyl group
to an N-terminus of a
protein or at lysine
residues

R T
Disulfide Bond
Covalently links the "S"
atoms of two different ¢
cysteine residues

1L

LAC b;gﬁ{j

BEERIL
Phosphorylation
Adds a phosphate to
serine, threonine or
tyrosine

FEE(L

Glycosylation

Attaches a sugar, usually
to an "N or "0O" in an
amino acid side chain

25
Ubiquitination
Adds ubiquitin to lysine
residue of a target
protein for degradation

KiZE=MH
SUMOylation
Adds a small protein

SUMO (small w4

ubiquitin-like modifier) ©! é‘\:,
to a target protein

4
%

OI

7

o

&

ke

B D

[ £

o

5

N AABEEEFEEHEX
Ihee =l , MBS fhE
EEZinle?

1. BRETFRE64M, HiEe
RIB20MEEE, RS8N
ERNRERREEITEES
InIER;

2. HEZImR N T EERN
XEHNEE, BNAITE
FIEMR X A A I T
NEEHRIES;

. EERFRXEREN—MG
o, ¥ RTEYNIRERIE
R,
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Mg, JRMSERIETNRWISEF

XWIEE (epigenetic inheritance) : IEDNAFFIEE(SEKESFE
HHERIDEEE R SV AEIE B 22 o R aURE o ZE MR, XS

N [ e, mexama
iy e IRl 4 B A BT
BB B

FURES (epigenetics) : ARAT KDNAFSIHEE.

S | S — M= Wk =7 5 [N ‘
MEEFRASMAEREA &L T IREM T ETHRIEEER (2) BEEEANNES:

AR A EEZ RIS RIIRLE,

FECEETEELESE, BIDNABIE. EEOEH. feFRE (3) IZBDNARFIRIZ{EEY

e il W T REE IR B LSEARRE,
YR R R RS AT, VLRIt T SR AT,
WAL FIKEE EFNZKFRYERE,
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FSEFRERARCHE

LUDNARZEAY ORNAZRIE  (RUE#HT)
OEFETE (T—=i) ORNATFSE (R
QEFEENE (F—=i) AXREIRKE (RIEHT)
Qe RS QEERZ

ORNABIE (R gy
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DNARE{L

DNA B E {, (DNA methylation) : 2iEEF E £ (DNA methyltransferase,
DNMT)BHERT, B—1HERINZIDNAS FHRIREE _EAVCFEm,

DNA B B 2 B 5 B
FIlRMRE. R
KBS I
B, EMAMEEE
R B R 4 S

R AEERER.

XS TERKF
HE RN,

EEZEYH, CpG
ZzE B2 DNAF
i (5-RERELE)
RENFEMA,
CoGEMEFE, A
MNEEREGFES
CpGRI—EZDNAF

BolFRIREMNA

LA ERERIZRIX,

MEEARRIRE
WEERFRIKKF

NI EEIE X,

FIFRACPG,

DNAREM{ S E B S EUE KR
&, PRSI REE
EFN— 1 XEER, BEEE
Kl 4H 2 R BB B L K IR A0
CoCEREHRELMEENEE
HE, XESHERABNAREE
(AN E RIS, R
EEENRIAE) .

95




DNARE(CRI=FelfelEFR

~ | 1. DNAREWERTIHREZRETFSSERIIFIRINESS.

2. BIEREADNA LA SAIERIBEY (FECPGLEAEE
St RE TS EEDNAL ARl

it
N’

|3, ElIREREN, INIDNAREW/F5ZHE
EHBRER, ERIINER,

JEEE R, ER/IVR

A

—
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FBREEFEEERE

o« REFREMINEINZITSDNASSR. %R, BENEEEER
Pl[: S8

BEMEINGAARIE
S EV{ER.

)<|l]]

BREEEENABRREYFETH
, BEERXFE. AlEacAeSFIdEFTRES

A

IImII

ERESEBEIMAR
O fERAT PRIYIIR(Z
Oz 0EEENimEERIEMEH
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S8 REERRhSE

O (KEATPRIDIR(ESH

— 8 @

Nucleosome sliding

/ﬂﬁ.

Nucleosome unwrapping

/

— #
\ Histone eviction

REREBEFESY

Exchange of histon

(chromatin remodeling
complex)

BEEATPESEM
BT ATPIK R EE R
EENEY NN

O #ZUEERNIRRERRIF

{1

H2B

HMEIMEREE M%)\
1Z|KEI’in1"J HAHEME
BHiEH T SDNA/ERRY

EElR.
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4, HBREHIBEFREAIFIN

- EEEEEE
(HPTM) S mResia
X R EEIA RO,

LUI'.I

%IJ . Eplgenetic factor %
D5 B RE SYER Wwwma
O R ENZRAEN £ S
D SERE R RS %“”\.sw b

%hMM%ﬁ ~ f<
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4, HBREHIBEFREAIFIN

- BNMNARBEEH LETFRINImEER MRS
s XL R RIFZ S ESESERAYE =
- EREERAE N(EID A

ORSEA(L “a\f

O 2844

OBREY

OADP-1ZziEEAL
Ozt
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4, HBREHIBEFREAIFIN

HEAFE: AEQPHRSITRERFSS. LEFE
ImREFR AEERER (histone code),

ANH3K4me3FzR~AEHH3 EMFENIEFERLYs EA&A
531 RENL &,

HEBANinfEE EEFE S MEIRR, ME—{IxL
Al REZSTPHANZIE,

BERJHCEInS PR IEEEERF.
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4, HEREHHNEEFRERIFIN

» HPTMS N E X 2B A9YE TS A0 8ERY =FPLH! -

O SRS,

O BIARBEREEERSESE

; E/\J =t As

-AMHo

O R EAE NS S REAFEENE

Al

Al
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5. BEAXREERERE

BHEFF% (riboswitch) : 3SMRNALH—NEILERES  S5ERNID FERRAEREE
INSFEEARNENEERANXE, XEEsSE .

BHIERARNSS, E2002EKM—FheHE S REF XA LA F mRNARIS' UTR,
EEEFRX NS BIRRNARY3" UTRFIR ST,

ON state  Ribosome Binding
Site

OFF state

Ribosomes

DNINEeiEERL: & N
ERF kit EFNIOREEVERY, . EECFHIZRIAIRIR
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. EZHEACRIERERIA

AR RBAIL, (EANTEIIKIERNARER 7 ORF
LASMY X R DO RE

» AR R A EN AL S BB Z5 Y ERRRE A,

- EEMESE (FRINFEERRIK. EVRNEES
BEBEKHIN FHERE.

LlH
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21FA)E Vil
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