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MEREHR (cell cycle) FERHZABAST 2
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@OMEANX FRDHEA (mitosis, division) x i

; 2Hﬂ@ﬁ§%ﬁﬁ‘ﬁ§'ﬁﬁio

INTERPHASE

- . U 5 PHASE
3 (DMNA replication)




& Aik 2 4

Vwuhan university

Biochemical events of cell cycle

G1 phase: Synthesize proteins (RNA) for the DNA
replication. Uncondense chromatin.

S phase: Synthesis of DNA and Histones

G2 phase: Synthesis of a few proteins (RNA)

M phase: Mitosis and meiosis and cytokinesis

l

Chromosome condense Mitotic spindle Contractile ring
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Fetaix (chromatin) Z7EIEJHAZMAEIZAEHDNA, AER. EHEH

FM/DERNAERKH, ST IERNE BN —MITERYR.

MpnHEER: RBREREBERZ (HFRAERTHEL2) HERY
AR 2544 o

MR HER: R E B A2 LU R EE—ERSHFHER R e

B EAZL & Ry PR AL B .

BHRER (euchromatin) FFEE R (heterochromatin).
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> MR RINIEERD, FERXESEEHS. AR REHZ
SESERE, HEMTEBHN. EDNAGZEELA1: 2000~1: 1000,
BIIDNASEFRK B A e R 41 4 4K 2 B91000~200015

> HEDNAS i & 4 75 4 A A HARY SHARY R HAFN AR AR

> BReERFIEHZE—FIFHEEESFIDNAKIE

> NTERERRSAZERELRNVESN. MBEHRS R
17, Xt RXEBRTZEDAEREN, NMEEZHINE.

FRER
> HEEER T, REMIEES, LTRERS, Wi
EREBRRNAERAS.

> T EFNEERBHERENE, FEALGNEIEADNAR ERYFRIEA

(1) 2B Ak BY 524+ 2 [ (constitutive heterochromatin)
ol =AY =
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Ak B S i (constitutive heterochromatin)
BB ERisf TR R, —MikAMRRER, EREKLE
A ERIEE, BIHEIRFIEZREIRTS, £EBERER, EXFEM
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M FEF (facultative heterochromatin) @ .
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(1) ZBAFRIES

X (chromosome) :
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¥ /MAE (nucleosome) AR E RRVE ARG RAL,
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The Nobel Prize in Physiology or Medicine 2009

"for the discovery of how chromosomes are protected by telomeres and
the enzyme telomerase”

X FRA IR T —
TMEMFHEEIRD : BIREF

IS BT RR 2 S RS
s BN, FRHEAZRRR
RET & &R

ALY SRR TE WS
S Telomere
Elizabeth H. Blackburn Carol W. Greider Jack W. Szostak

The Telomere cel

— Function and Synthesis

The telomeres form caps at
the ends of chromosomes.
They contain a unique DNA
sequence which is repeated
several times.

1. The mysterious telomere

The telomeres appear to protect the
chromosomes from damage. But how?

T
o0 T T adaaaTToadagd T Taogoagag T raagoaoTtTd
CCAACECLCC AACCOUCDAACCOCOCARALCLC SO AAB o

Telomere = Greek for “end” (telos) and “part™ (meros)

Telomere The DNA seguence varies slightly
between species. The one shown
here is from Tefrahymena.
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Figure 1. The end-replication problem. Copying of the lagging strand of a linear
DNA molecule by DNA polymerase occurs in a stepwise fashion dependent on an
RNA primer that is subsequently degraded. The gap is filled-in and ligated to
produce an intact DNA molecule. At the very end, DNA polymerases are not able
to fill the gap with the result that the end will become shorter upon each round
of replication.
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Chromosomes S H‘; I-EéJ::--:fif]I'I}I'_§|'i|r::EEI-Ic]::?EII1:rr12;|=1r|isrn
2. Telomere function discovered: with telomeres :3““-;- .'r 45" that lives in water
Telomere DNA protects 3 S N
the chromosomes I\ — ,\ '
~ ' Telomers DNA

/ - /mific;ﬂl ... / -

/”f

Yeast cell

J_ */‘l N\, \\*

SR AR A SN S i B N B SR IAPORE ch FR Gl L B ERIDNA, S5 A3 /st
XEENRE R BWRIATZ RIS 5. W st o) \EEEARAE. AR RIDNARY A IS/
SPERIRIE, FHIE TIEMR, MRREsE,

Figure 2. The DNA end-sequence of linear DNA molecules from Tetrahymena added
to artificial minichromosomes allows their long-term stable maintenance in yeast.
Conservation of the structure and function of chromosomal termini between very
distant species is striking.
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Telomerase synthesizes chromosome

ends de novo

3. Telomere synthesis elucidated:

Telomerase builds
telomere DNA

Telomers

.
DNAl] CCTACTGAACGGGGTTGGGGTTGGGg
3 GGATGACTTGCCCCAACCCCAACCG, T

AG
Ao G
: GGGG

. '_ 5
P i = Telcrmerasei Protein'y
I - e F '-.: ‘\
oF e ) B VD \

i
Fl

KX
¥

| =

A

LS

ABANANE

Without telomerase present, the
chromosome is shortened each
time the cell divides. Finally the

telomere DNA is eroded and the
chromosome is damaged.

Telomerase maintains the telomeres
at the ends of the DNA thread. This
makes it possible to copy the entire
chromosome to its very end each
time the cell divides.

RMNA T~

TTagaaT
CCccAA

+ & Telomers DMNA is

o built base by base

T \
_~RNA'template

L

3.

Telomerase operates at the end of the
chromosome. It is an enzyme consisting
of a protein and an RNA sequence. The
RMA serves as a template for synthesizing
telomere DNA_

i) Tha Nobel Commities for Phyziology or Medicine 2008
Nustration: Annika Rahl
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a2 AE P BUKT M2 &4 (lampbrush chromosome)
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AQB&REER 1881 FERERFIMIEFES
Balbiani&Z I, FETIGHEE E B4R AYNE
R, 5. HUENMDREERKE,

15140 SR 0 4y e M g £ B b RO REEBR 2 B
X, HTREERRREEHITIZAEF,
Mz AR 72, BRZIEZEE—
R LREE—TR, BREEHEITIO0 [T
REH], MATFEL210 =10245% 56 Bk DB wf |

mB, FEMERRMAEFHIT T RIELEARES, RIREEARMRE R 8]
WEARE, HRBEZHINA. EREEADOERHIKS, BRCEER,
tEEN EERAMEEReEAREZRKLEE; 7—ERfTa R BREHEER
w2 (bands) , 7ERMEIEAR{AES, Z9H50005% % 5000585 . 7E
ERRREF ETFNEHEANE, TUHEMES. 7HFESAHEE. T
HIHEFNFOR F—RRER— DA —E, EAEMANRINARE. HEak
EEEWTER, waUmbEE LA RAHES. IS ETURMRR
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EMPAEEAT, Ao RER: @SR MRS HB N ETETIE
o RBAEEBLDTHE (mitosis) FME7TH (meiosis) XM HFTI
HETARB A ER.
/N 1) BLDBNFAEIESZ (indirect division) , —HkE 4 T
i, S5MpERVIEEMNMINEREZBEVIHEX.
BLRHB—NEENETRE, REZEBEAESHWTWSHE, TFHE
53 RANHER
BIHA (prophase)
FHR (metaphase)
[5H8 (anaphase)
AEf (telophase)
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mitosis cytokinosis

malaphase-to-anaphase transition

prophase promaotaphasea metaphase anaphasa telophase

v
- - -

DMNA replication
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BLapHNEERTR: @RSH—IX, FEEEH—R, EEYIRY
S EIRASF LR

REREFLHIEPNTITR: MEHIFSHISaIHA- FH, &
FReAEARILBRE (HAETERIBEDNAST FERER) « NG
Hi—= REA- T— 1B HAR 8] HARVG1 B, ZEXLMEE, FrigRIR eIk
LR ERB—PERBREME (—FDNANHE)

university

BLRRNEFEFEXET: —MHABRSERT AR, SEBS5%
RAEAERBIES ExEHENRERH. EORTENRMHOEE TH
NS B, Ao ERRREHTESER e, £
2HSHHERBEFNEEER.
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A\ 2) B H (meiosis) RTER FRAREETRIKZAEAGHI TR, BEFEMEX
EERNZsEMERAEREH—R, SN FHRZFIBREGSHIE
BT R .

FUREENZ TR ATRAE X TH (SURE T3,
meiosisl) FAEE RO (TR 93, meiosisll) .

AERRBE T HPEGEX 5. FHY. FEAFRE. Ao
HISBEBHENHENZEHRA 2EENRD, B TRISE %
EEHENTE,

LERZFRBE T HT = ERNAN AP SR —ExTEN R
fERERE. AARSHIERT, BRESREBEERRSR, FU—T
— BRI B o F T E AN R R AR
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BT HNREFEX

RE—MEH, AEMREENZ7TZE. DNAR EH|—X (/8
HASHA) , WP AR CRESE 1. 1)

@ “B#E” HAZREHA. SR ERENPIRIREEANSFF. X
eEEMEENEYRFMEREEIR CGREAHB) B MaIHH;
ElREZEENTERE T FUNERWERTE, AIEREREAFENE
RIRET FH

QT HZH, IR EBEAFEBAIRELAENFHRENXR. 5%
TR EAENLLAART AZ X . FEt, EEYIREIAIRRREST, A8
FEAIRMRNER. SRXNEXRNBREER. oHRNREENE
ERSERER, BTXRBEHNAE, SBUEERYIRIVIERHILEZSR
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AL BRI S B L

Mitosis Meiosis

Diploid =
mother { 2¢

et

cell -

DMA synthesis

y Division A

p—

(2) (2c)

b - - R

[ S
identical diploid
daughter cells
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Suttonl A Kz Boveri 1902 -1903£E[8) & Fcig :

IZERE B ARSI (chromosome theory of inheritance)

HEM:  “RAFEARLEFNIKSECRT A KLRERRIE RS TR TSR T
=B /RIREE RN REM. 7

SuttonfE i HfE/REVIZE R FRHEBHIETH, BA:
OF— 1M HRE B —REBFANAEMRE INULS—EENAEHEI.
Q=ERENR, NMERZETRNEEERE—, ENFREELERFNFRBLE
QR 75T, ElRREEER, REDEEIAEMEFHR, MAE—FFAE
B o B2 EE .
@F—XfERRE AN KRR M S AR ER AR, MAZEMmEIRRE
I SRR T . SXAENFAERIRL S
OZER, KENAMN—EREAEISMERIN—ERBRFHREAES
, N—PNEARENREERBSHIEMNE S —FARENREREEALES.
ONZRINTHSEIWAEMEE, HEBHAMN—FMERN—FERTER, 7
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(1) B HEIKEHY
HLLY DNARIE
R BRI RIR T
1928 GriffithZF#H1T
HA Aifi 5 S K B
(Streptococcus

pneumoniae, |BFRAH

KRMEKEE Diplococcus
pneumoniae) BIEE1L




BT GriffithF 2 B M B E WL, SFTIEAEELRR
5lRFIERNIIRZMT 4.

HE|1944F AveryF =M XE R ZRNMMAERINKINEE
T EaAseis, mBREIMCERNAENSEEREUER T B K
noER, HITRREFERLELE, IERRFELEFEDNA, m
TREZHEXEE, EAKRMRNA, EELIREEDNAKL
ERiRESMIEM. AveryFHISLIGEREIERRZLEF 2
DNA, HUS TDNARIREHIRMNE— T MREZN—IEE
, BRff T DNARIRIZ(E 2RS4
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1952 Hershey F1Chase ¥R ICIST MBI Z I B 7R, HITT
Ui o R R SEE,  AIERADNABIZ BRI 7 F B EAVIER

T2 BEER R R A E (E.coli) HMI—HIEEF, ©HE
HRINEFDNARDR . EREATS, EEAREE—ER (
S) BU4IfR, MDNARM—=H (P) B9k, FIAX—4F4, fib
MEBSHE2PFSSEEMBEAT, FREAHITEE, BRHX
B T M AR I B R B AR X B T AU MR R AT, L
S EEORRERNMAIEE A, B ASENIREREERREES
KAF=ESTFHF-
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MEHITELD, KIANKBTERBENNEEFINELFRT, ENIH

ERBRAER, SB0%METHFRIE35S, MABITEEITET, SB0% IS EER
1832P, SCIGREBAEMFEARR L DIZH, REDNAFANMAEMAMR, MEHRINTE
EHE RN

1ZL R B BB E1ER
HEDNAMAEEAK
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I\ Jw

gERR LA E IR E LM/ S (tobacco mosaic virus, TMV) HZE
B RIMNEFRNAZIDZE R -

19575 Fraenkel-ConratHF ARG EHIMTVER R (STRRFIHR
®w&R) NEBRMRNAS ALK, AEHEXNR FESKRAEANE
H FRAHRER R HIRNA, 2 & 1T R IFHR % R BV & B RARPR ZRHIRNA
ME—#, EEERAMEMNRS, EREREMR.

EREM R LA RRRTERFISRNAZ VIR, BTAER
RNAFIE BT 2N FRFESNF, Bl FRERSNFRINEERR
HRNARER, MARHEHRREN. SAEGEkRtIEAESNER
DNAHIREF, RNARIEEHIR.

(3) MHETMVRIE

ety
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mosaic
virus, TMV)

(k)
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Fagnifloation 37, 428=_ () Raconatitution axpesarirrsant of Frasoics)
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2.3.1 DNARYSFLE5H

(1) DNAHY—ZKZ544: DNARY—RLEHI 2544
EBELEDNAST FHRAIHES N . 7EDNARY—ZR 2544
RREINFRTR T ZEFRINF. £YREERER
BT A% E R B A B HES 5 I 77 ZEDNA ST F
BENIFHEESMERENAZR, BEINF
AT, FARksEEEEENRERRED, &
Lk 5 500 72 %ot F 1) FEDNARY Z5 4 FnThsE B A E AR
MHHEN . NXPNENX EFHNTATUUERZMIEAR
EF BRI EAR1ER -




" (2) DNAEI—BLEH

i 3% 2 ()1 T & 5% B Y

>—RRIE X 1%
W AZ HEZE F4) o

> 19534 WatsonFNCrickiE H BIDNA 5 F WAL FE
ZEFFREY
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%ﬁﬁgﬁ*@*ﬁﬂg 19534 B Watson & Crick#ziH

> EiE: MERBFITHZHERE (i)
SE—FOHEEJESE; 7 — BB — R R
HE = &

> IRESIREECR : 7 5% IR E AR AL T X AR e
FAM, EEFESEEMER; MRHENN
g 2 18

AP AE S WOE S
A=T G=C
IZHEER: 20A
FE4RIEE X 2 [B]4H#E3. 4 A

12 BB 34 A, F—1ZEdE 10bp
> KiEFNE: BUZREREAMEME, TR

BIAKAE, ETxEIANG.
> B-DNA

e




" DNARUER R S A5 1

SDNAZ 2R 2540 53R PR, A EIREE TONART LLZ
M BRI AR REF B
—A% 79BRY, {BZ7K&HIB-DNARR7K, SXERTFHINZEEE)Eh{E
IK B SR M PR AR AT 45 2E J9ABY . A-DNAFNB-DNAER Ay FAZHE
, {BA-DNALEB-DNAYELRE %, FREMZIES B 11bp, YZIE

GHER 29792, 8 nm.,

FFo XL A [E]H R HIDNA]

FERR T AR AL BT, DNA

H b 5 45 HEDNATBC—, D—, E- FOT-DNA

LGB HE T —ENERTNL,

XIS FR ADNAZS BN 2 751
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Direction of helix

!

AXAX

- " o b
E DNA Right-handed DA Z DNA Left-handed DNA

Figure 5.10 I DNA Is one variant of the double helix.

{a) Mormal Watson-Crick B-form DNA forms a right-handed halixwith
a smooth backone, (b) Z-fom DA s left-handed and has an
irrequilar backone. Certain short synthetic DNA polymers (and
perhaps cartain chromaosomal regions) can adopt the altemative

(a) Aform (b) Bform (¢ Zform conformation of £ DNA.

DNAXUEZERY 2 7S 1 R =

pe -,':‘f‘!'?""'ﬂ-_‘..
. ’ _ ik
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DNARY =R £ 2 10 e B i
DNARYEBHZRE (supercoil _ for underwinding
) ZEAIZ B ADNAFRT
BHME R BIRE. e

AR HE 2 DNARUIE FEEY
W2 e 5 72 255 T FIZ2 Al R B2

FE, =DNA=ZRZEHRY O, 550 5% 50V 597, Undorwound ONA
k. ove=s GG GO SF—

Zh K 4E S AZ hEERY

HigH., Flan7fEB-DNARURAESR, B10NMZHEERIKEEsE—El, iXH

>l_“u

NiZne s iz E A T e E R IKTS.
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AR K ZHDNALUBREERN R EE

A schematic drawing of the folded supercoiled E. coli chromosome, showing 11 of the 40 1o 50 loops
attached 1o a protein core (blue shaded area) and the opening ol loops by nicks.
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Telomeric DNA forms a t-loop
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(TTAGGG)n displaces the homologous repeats from duplex
DNA to form a t-loop. The reaction is catalyzed by TRF2.
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Transcription process. The DNA double helix is denatured by RNA polymerase in
prokaryotes, or by other proteins in eukaryotes. RNA polymerase then catalyzes the
synthesis of a single-stranded RNA chain, beginning at the “start of transcription” point.
The RNA chain is made in the 5'-to-3' direction, using only one strand of the DNA as a
template to determine the base sequence.

Start of

transcription Direction of transcription

RNA polymerase _Nontemplate strand

Template
RNA/DNA hybrid DNA strand

E2-12 RNAREEREFE (5| BRussell, 2010)
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5 E. coli has several sigma factors

Factor Use

Gene

oD c’0 general

; S
rpos G stress . ] E
rpoH s i heat shock E. coli ﬁﬂ,ﬂlz—m
rpokE oE heat shock E,‘JG %
rpolN o224 nitrogen

2 28 F
fliA o (o) flagellar

virtualtext www.€rgito.com

70

Figure 9.32 In addition to o 7, E. coli has secveral sigma
tactors that are induced by particular environmental conditions.
(A number in the name of a factor indicates its mass.)

Sigma factors recognize promoters by consensus sequences

Z:E.IE,‘]0'¥'IR%IJZ: Gene Factor -35 Sequence Separation -10 Sequence
S 3 F AR5 poD o0 TIGACA  1f6-i8bp  TATAAT

moH ¢3? CCCTTGAA 13-15bp  CCCGATNT

moN ¢4 CTGGNA 6bp TTGCA

fiA o mF; CTAAA 15 bp GCCGATAA

sigH of AGGANPuUPu 11-12bp  GCTGAATCA
virtualtext www.€rgito.com

Figure 9.34 E. coli sigma factors recognize promoters with different
CONSensus sequences.
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Alternative sigmas control phage development
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/ £
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Late
gp33-gp34-core enzyme
transcribes phage late genes
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Figure 9.40 Transcription of phage SPO1 genes is controlled
by two successive substitutions of the sigma factor that change

the mitiation specificity.
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specific bases in the coding strand of the —10 promoter
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RNA polymerase has >10 subunits

kU Related to bacterial subunit
200 binds DNA

has CTD = (YSPTSPS)
[yeast n =26; mouse n = 52]

Related to bacterial subunit [3
binds nucleotides

Related to bacterial subunit o

Common to all 3 polymerases
Common to all 3 polymerases

Common to all 3 polymerases

virtualtext www.€l{ ito

Figure 21.2 Some subunits are common to all classes of
eukaryotic RNA polymerases and some are related to bacterial
RNA polymerase.
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oy RNA polymerase has 4 types of subunit . '
{E_ﬂ.a;. E. coli core RNA polymerase (ogffi o)
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Figure 9.16 Eubacterial RNA polymerases have
four types of subunit; o , B , and P have rather
constant sizes in different bacterial species, but © A FIGURE 11-6 Schematic representation of the subunit
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In addition, each yeast polymerase contains three to seven
unigue smaller subunits.
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rDNA repeat unit Mext ribosomal

DMA repeating

, . . urit
Ribosomal DNA repeating unit i

F{ibusc.n_-nal DMNA transcription unit

5.85

185 rRMNA rRMNA
gene gene 285 rRNA gene

U B B e |
[ NTS | ETS | [IT5| TS ETS
Transcription [ 4— [— — —

=

NTS ( nontranscribed spacer): IE#FR[E][X;
ETS C(external transcibed spacer) : #ME[X;

ITS (internal trascribed spacer): PJE][X .

Fol | promoters have two ssequence components

G-C-rich A-Torich Startpoint
Irr
Upstream promotar elamant Core promoter
=170 =180 =150 -140 130 120 -110 -3 -30 -20 -1 « 10 =20

The initiation complex assembles in three stages

LIBF bhinds to upstraeam promoter elemeant

Core-binding factor (TIF-IB, SL1, Rib1) binds (o core

RMA polymeaerasa | binds at startpoint

irf gttt weeean, S80I TOr, coan
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RNA Pollll RF I =P H—L o FEE/AIMEE B RNA
(cytoplasmic RNA, scRNA ) . tRNA. 5SrRNA . 7SL
RNAZS5HMANERREF). U6 RNAGEEEMIL)EF.
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Promoters have mix and match modules
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Figure 21.22 Promoters contain different combinations of
TATA boxes, CAAT boxes, GC boxes, and other elements.
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Enhancer activity requires proximity to the promoter
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Figure 21.25 An enhancer may function by bringing proteins into the vicinity of
the promoter. An enhancer does not act on a promoter at the opposite end of a long
linear DNA, but becomes effective when the DNA 1s joined into a circle by a protein
bridge. An enhancer and promoter on separate circular DNAs do not interact, but can

interact when the two molecules are catenated.
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tRNA splicing has separate cleavage and ligation stages
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Transcription unit

F.a.rly' stage in the transcription of a gene by RNA
polymerase II.
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Intron-exon boundaries have short consensus sequences in the intron

Left (5") site Right (3') site
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Figure 24.3 The ends of nuclear introns are defined by the GU-AG rule.
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Self-splicing occurs by successive transesterifications

(’:"” PURE »
{{ﬁ, ﬁl‘ '% %' '; First transfer

Wuhan University 3'-OH end of G attacks
5' end of intron

. I%Wg%ﬂggvﬁﬁé G:'Dm 5 3
Exon A Exon B pG-OH
HL%IJ : pNpNpNpNpNpN pXpXpXpXpXpX
E Ejﬁj:% (Self' l< pmpmpwpwtupw-cm
SpllClng) }i}z\z . pGp}(pxp;{pprDK
B 3 GRS, G'P

= Second transfer
i ,& 3'-OH of exon A attacks
‘:'
E ]

5 end of exon B

fig /S N SERK o
=B RE s E 4

=¥, wBK Q
ﬁg y T % ﬁll?, E o G-P =CH Third transfer

hf? y 4 3'-0OH end of intron attacks
bond 15 bases from 5' end




TAHEFEH

FETEERNE
tEBAYRUEA ., BIGEERZ

HizRNTEE

72 BT E B —
lEﬂ?l"J%ﬂl aEALS, HE

R=REH, N

BALE K2

=g F%ﬁ@ﬁ——lc}smﬁwﬂﬁamo GHIE& 5
(BIER M. BB

2 TEETHK




& Rifr 4

QU AME TFHIT
> [IZRA S FRIEEMIZERAS FARE, MAMZmRNAR
B THIBI) A LML,

> ﬁj\ T {i@ S mtRNA,éHH@‘%%%“ﬁETE’\]a\ /B bV E
, EXmtRNA, (RNALLKE#ZmRNARI{KS,

> I AFF )5 | GUGCG- - -YnAG |, fF & GT—AGEN




& At
YwWuhnan U

niversity

> REER: FLR6NZIEEH, ERNFHINNTIREX E.
LHREX SFATHREX o4 A MB PRI . THREX 62 B/ 1A ECXS

A%RE, HETHH2—OH AN —REERER M

Group Il

KAE T RZEH)
'V_F.-- T e — - N et s




o S5ZEFERNARETIZEIZMELL, || KRS FHIR
AEFEEIEZHMARTINESS, RNASGFARSEE
2 B R s i =S B Sa i AL B M X I8 . %

EEmRNARYBTRIE 12, FE ST 7572

snRNASRNARTA I EMER Z s A BT H R =

[B)&55, FEBENTIRERIX .




& Aikr4 ‘ T
meinesi (B) Az mRNARY BT

> 1ZmRNABSE I IZANZE NS F+ 0L, RA

X

FlE: ZmRNABIIRNAKBE PN — KRG, T

&, #HITERFEE.

WMRINFE SEMFEGU-AGEN
S aFY

A& 5 imRTFY] (5>GUAAGUA3’)

T snRNP(U1,U2,U4,USFIUG) A RSB 4 BE T AR B 4




Splicing proceeds through a lariat
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Figure 24.7 Nuclear splicing occurs by two transesterification

reactions in which an OH group attacks a phosphodiester bond. Figure 24.6 Splicing occurs in two stages. First the 5’ exon is

cleaved off; then it is joined to the 3 " exon.
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