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(
N DNA

DNA DNA

34



H3 H4 H4

isohistone)

(predominance)
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• (numerical)
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(balanced); DNA
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(
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haploinsufficiency ) (

chromosome imbalance)

• (consititutional chromosome mutation) [
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4.1
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+ ' 47, XY. + 21' 46, XX, 17q-

del 46 XX, deK12Mpl3. 3-^pter;

46, XX, del(12)(pl2.1—pl2.3)

der der(12)

dup 46, XY,. dup(2)(q21.1—q23.1)

ha 46, XY,, fra(Xq27)

h ( 46, XX, 16qh +

46, X, i (Xq)

inv : 46, XY,, inv(2)(pl2.1q23.2)

46, XY,, inv(2)(pll.lql2.3)
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1

47, XY,, + marker

46, XY,, r(19)(pl3ql3)

s ( 46, XX, 21ps +

: 46, XX, t(7;19)(q34.2;pl3.1)

45, XX, -14, -21 t(14q;21q)

a:" + "" -" ( + 21)

( 17q- )
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4.1
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(
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;
;
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4. 4
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X
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drome)

" supermale " syn-

1:700

(
21,
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45
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46



(chromosome gain) (chromosome lose)( anaphase lag),

4.2
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[- Martin-Bell syndrome )

X

(fragile Xsyndrome)] FMRi

DNA

DNA
DNA

• 50 •



V-DJ ( ( 18

clastogen)

DNA
sister chromatid exchangeSCE( 25

SCE

chromosome instability syndrom) SCE Bloom

Fanconi DNA DNA( DNA

G ( ) ( 3 )
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G
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(A-chromosome)

(
1000 giant chromosome)

polytene chromosome) Balbiani

chromosome)

band)(

chromomere) mterband)(
1 lOOkbpDNA

• 55 -



chromosome puff) Balbiani

ring)o

)

)
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( CEN CENfunction)

CDICDIICDIII CDI CDII

lOObp AT

CDIII 26bp

Cbf-III Cbf-III
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FGF -2 RNA,

Bicoid caudal

mRNA Nanos /mnc/iftaofe mRNA)

Xfgfrl mRNA

; - Dorsal Cactus(
( Southern PCR) . dedifferentiate),

transdifferemiation)
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> SpoIIIE

<r-

<iF
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oE <jK 5;gK jK

skin *b>2

skin SpoIVCA SpoIVCA <jE SpoIIIDc —
sigK (tE SpoIIID (jE

SpoIIID <jK, (jF cjF
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[
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6. 7

: 800 omatidia 20

( omatidia -
R8 ,

Hedgehog Decapentaplegic R8

R2 R5 R1R3,R4 R6,
R7

R7 R7 [set«n/es5(5^)]

L6ricieo/5et^5(te55)] 5er;

R7 boss R8 Boss Sevenless

R7 ——Drk( down-

stream of receptor kinase ) SH2 SH3 [Sos

(son of sevenless)] Ras RasRaf MAP (
• 79 •



, Corkscrew [ Dos(daugh-

ter of sevenless)],Dos Ras

R7 R8 Boss

Sevenless

Sevenup R1 R3R4 R6

R7 R2 R5 Rough R3 R4 sup

R1 R6 sup R2 R5 Boss- Sev

SfVffHIp,

ltt«h

-
corkscrew

^
I

ID-Rm 4 1

[>Sor

RolM

Pointed

) )R7

Boss^Sev )Bos&"Sev R7 (

6.8

(
( 6.5)

——
9t, engrailed

ezer2-5)b/)/>a; /ui/u'torazw ivingless

M ftz wingless Odd-paired

u;ingZe55 ^71«^»7«^ Wing-

less Frizzled Armadillo, Armadillo engrailed

Etyirailed /la^ge/ujiT Patched

80



Smoothened Smoothened ivingless

Wingless

Wingless Engrailed Wingless Engrailed

, ,
homeotic transformation )o

3 [ antennapedia, ANT-C, )

antenna/ieia ) sex combs reduced ) deformed ) proboscipedia )

] [ bithorax complexBX- C Ultrabithorax )

A

B(aAda;m>uiZ A AWorm'na/ B) ]
HOM-C

( 6. 9 Hox-B

3'

( 6. 9)

,
flIKPolycomb)

(Trithorax)

DNA
DNA

DNA £1^2^^6««£^/6) tmshirt

Sa/7« ^5&/-/«5, decapentaplegk

I

* biocoid)

(hunchback) (Arniadillo) hedgehog) ——

twii

engrailed Even-skipped Fushi

tarazu wingless

Odd-paired

wingless

Engrailed—
| 1

gi 2

81



6. 9 Hot

Hox-A Hox-B Hox-C Hox-

D
13 cognate groups)( paralogous sub-

groups) o
3'

5'

HOM-C 5'

Har-C

Hox fticoici f/or

5',
( ()

HOX
Hox ( )

( )

82



6. 10

limb fields) Hoz

( 6.9). (
FGF- 8

(apical ectodermal redge, AER)

, / AER

(radical fringe) en -2

en -2 engrailed FGF - 8

200/im AER

( ) ( )
FGF-8

Hot

Hot Tbx4 Tbx5

(
( AER

Lb T1 T2 T3 A1 A2 A3 A4 A5 A6 A7 A8 A9/10

-1 1 2 3 4 5 8 9

A

B

]

[z=h:

13 14

spinal cord

Hoxb-1

Hoxb-2

Hoxb-3

Hoxb-4

Hoxb-5, -€, -7, -8

Hoxb-9

HOM-C Hojc-B

Hoz 3

P

83



)
Ha^r-A Hor-D Hot

Hox

Wnt-7a Wnt-7a

xvnt-7a , "^nt-

a

Lmxl Wm-7a

zone of polarizing activity, ZPA)

ZPA AER ZPA

ZPA Hox-D

Hor-D Hor-D

ZPA (Sonic hedgehog, Shh) Shh Shh AER

PGF - 4 BMP - 2

AER FGF- 8 Wnt-7a 5/1/1 shh/iaz6-8 Shh AER /g/- 4

shh ZPA fgf-4

Shh

Hot

Hot

HedgehogWingliess Engrailed

Hedgehog

10 Wingless Engrailed Shh Wnt - 7a

(Wingless Engrailed - 2 Hor

( )

84



7

DNA

• RNA( 27 RNA 22 DNA
DNA

7.1) DNA DNA
methylation)

DNA
• DNA DNA

DNA
DNA DNA

DNA

• DNA DNA ( DNA
S-

DNA DNA
DNA (

DNA)

• DNA
DNA DNA

DNA

epigenotype),

(epimutadon)

DNA (
7.1 DNA

DNA

C

• 85 •



7.1 DNA

FV3 20% 5-
a - 1 4-

PBS1

SP01 5-

T"^

FV3 DNA lis

DNA( ) DNA
DNA

DNA
DNA

(restriction endonucleases)

DNA
DNA cognate methy-

lase)

DNA 24 DNA) DNA
DNA

Dam DNA Dam) GATC
(N^)

DNA
DNA(

DNA DNA
on'C 14 dnoA

DNA on'C cfnoA

Dam

DnoA GATC

GATC

DNA

DNA( 13 )
• 86 •



Dcm CCWGG 1]£ DNA

(Don) 5-

£coRn 5-
G-T DNA

) z«r Am

6

7.2 DNA

DNA 5-
(5 - meC) 5-

5-
10%

( 30%!^
5'- CG- 3'

5'- CG- 3' 5'- CNG- 3'

DNA DNA

DNA ^
DNA

Iffi DNA 5-

CG 20%
) DNA [^( DNA 5-

DNA
T:G

C—T

CpG 5- CpG

( HTF 1)) l2kbp
5' GC CpG

CpG

1) CpG HTF 5- meC
I

DNA H/« I CpG

Hpa I Hpa I tiny framents (HTF), CpG

HTF il)o

• 87 •



50 000 CpG house"

keeping genes)

CpG X-

CpG

CpG

CpG

DNA
DNA"" CpG

DNA
hypomethylation)

CpG
5-

X-

CpG (
DNA

DNA
CpG methyl-

CpG-binding protein)

DNA X(
DNA DNA

DNA DNA
DNA

DNA

X(
DNA

"" (genetic noise) o

LINES SINEs( ) DNA
DNA

DNA

• 88 •



DNA

:
DNA
RNA [ degradosomes)]

DNA

paramutation)

DNA
DNA

DNA
DNA

(^6^^^0/>«'5)
DNA

DNA DNA

7.3 DNA •

" "
X Xist

imprint)

""
• 89 •



DNA DNA

7.1

9 ^ 9 cT

&
81 II
A' a Aa<

7.1 (AA) aa)

Fi (Aa) (), Fi A Fi

a

)
androgenotes)

gynogenotes)

complete hytaditiform moles(partial moles

isodisomic)

( )
syntenic)(

Prader-Willi & Angelman Beckwith-wiedemann

DNA 20

imprinting

boxes)

• 90 •



llpl5. 5 Beckwith-

Wiedemann BWS) 7 7. 2)
IGF2 H19KaVA9CDKNiC iVAP2 IGF2

BWS

Ins2

INS INS

Mash -

2

fe/2r IgfZr( IGF2R Jns2

(condition-

ally imprinted) o

7.2 BWS X- XIC)

Beckwith-Wiedemann

H

IGF2

INS

HI 9 RNA

IGF2R

KCNA9 K+

CDKN1C CDK

X-
XIST RNA

——
llpl5.5

——

Xql3

BWS JNS JGf2i? ffl9

JGF2 CDMaC BWS

Mash - 2

H19 BWS BWS

IGF2 IGF2

H9
H19

H19

enhancer competition model), H19 JGK2

H9 /GF2

H19^;^2 H19

RNA /GF2

• 91 •



BWS YACs)

RNA Igf2r Igfir

IgfZr

IgfZr

Jg/2r Jg/2r

Igfir

fe/2r

Xist RNA(
Igf2/m9:

parental conflict model)

BWS
lgf2 ^« H19

lgf2r Hj9 fe/2r

mRNA lgf2

( lgf2

60%)

Fi

F1

Igf2 Igf2r Igf2 H19

X X

X

X X
(Xi) Barr

body) X (Xa)

X X
• 92 •



X

X

X

X

X

X X

X

X X :
() X X Gc)

X
Xfc X ; X

Xfc (
Xz'c XfsG Xi

Xi Xtst RNA Xi

Xist RNA X fof DNA
ES X

( Xist X

Xce (X-controUing element) Xist X

Xce X

X X

X X( X
Xce

Xce Xce X

Xist( Xist

X X

Xist

X

X

X

X
• 93 •



Xi Xa Xa

Xa

X Xi DNA

H4( 3

X CpG X
SIR Xist RNA

X

Xi -

RNA
X

( booster element

)

X Xk CpG

(
X ""

Xi

DNA X
Xzsf

X DNA

(

94



8

•̂ (gene)

RNA

r:

It

DNA
• (cistron)

——

8.1

1909 Wilhelm Johansen

20

1902 Archibald Garrod

Garrod

(inborn error of metabolism) Garrod

30 George Beadle Edward Tatum X

8|( one gene one enzyme)

1911 Thomas Hunt Morgan

1944 Oswald Avery DNA
—— DNA

:
( RNA

• 95 •



tRNA rRNA); RNA DNAo

pleiotropy)(
( )

8.2

(
the beads on a

string theory) o

Seymour Benzer muton), recon)

(dstron)

intragenic recombination )

Benzer

complementation analysis)

as-zm;» test) (
8.1)

——

—— posi-

tive complementation) o

96



8.3 -
;
(

mRNA (polycistronic mRNA)

mRNA (monocistronic mRNA) rRNA

( 8. 1 )

DNA ( 12

(a) 1

2

H h

^ RNA
.pre-mRNA

r

^^i ' ^ ' gRNA

I

(b) E, Ii Ij E3 I3 E4 I4 Es

I

El E2 E4 E5 El E3 E4 E5
I I Wlwiilll»IIHlfHB||j|||[|'m I I mmvm^immi^f^

|

1

2

8.1 DNA RNA
(a) RNA

5'

b)— )
RNA

2 5)

97



(
RNA( 27 RNA

mRNA RNA mRNA
gRNA ;
polyprotein), RNA

S
(overlapping genes)

( RNA DNA

MS2 )

DNA
TOM rCRD T

27 RNA 3

NF-1 26

RNA
nested gene)

0|3

danX F traX RNA

8.4

( 8.1)
• 98 •



8.1

RFLPVNTR

DNA

DNA

RNA

,
)

15

RNA RNA RNA

RNA DNA

UTR) UTRs 5' 3'UTRs(
NCR)

DNA transcription unit)

RNA I rRNA RNA

[ open reading frame) coding region)]

internal noncoding regions)

5' 5'umranslatedregion UTR)

leader sequence) 3'UTR trailer sequence)

5'UTR attenuator control) 3'UTR

mRNA
UTRs UTRs RNA

RNA
RNA RNA

• 99 -

(ORF)



transcribed spacer sequence) o 8.2

(a) 5'UTR 1^ 2 ^

3

3'UTR
]-3'

(b) 5'UTR

7meGc:

VZZZl

5'UTR

ZZF-3'

,RNA

I

8.2 DNA

RNA (a)( mRNA

b)

8. 2)
mRNA

2: torpedo

——
6

)

100



8.2

Zoc

/ocZ, ZocY, lacA UcZ UcY, LacA B. subilis

6.2) s/w

, spoUGA

G

M

«

, GAL4 CDC28;: GAL4, CDC28 gaW cdc2 :Gal4 Cdc2

, ,
unc-86, ced-9; UNC_ 86;CED- 9

1~4 whitew, tailless ( til )
hedgehog ( hh ); White, Tailless, Hedgehog

o

1~3 Arabidopsis

AGAMOUS(AG) AGAMOUS

1~4 SOS myc,

Sey, Myco

Am:£M)l MYCEN01

8.1

(
(S) I) P)

1

2

1

2

S I P

Positive

complementation),

) ( intercistronic ( or intergenic ) complementation)

101



( Allelic, intracistronic or intragenic complementa-

tion ) k ,
- a-complementation )

/orZ 5' 5' /ocZ

UicZ

a- i
1

212

S—— I

1

.

t

2 12

1

2

I
~X

1
1

2

S
'

2

1

2

'' '
1

2

S I P

1

1

2

' t ' t

'

1

2

S I ?

2

negative complementa-

tion ) ,
mzrw-dominant) domimant negative)

o

cis>dominam)

polar mutation)

mRNAs

- 102 -

i



complementation group)

complementation map),

(
+ - 12

345 45 ,

( ^^)

103



9

»
• )

RNA
• central dogma):

DNA RNA 9.1)

DNA
•

• ; ; ;
9. 1

DNA^^WA~^
DNA—RNA( RNA

RNA— DNA) RNA

RNA—DNA(
RNA—RNA(RNA RNA RNA

iH

DNA ».RNA

DNA RNA *?

. 104 •



9.1

( 9. 2)

DNA DNA

(
29 23 RNA(

mRNA
( 27 RNA

( 22 : )
RNA

9. 2

(

7

(
DNA
DNA

((
RNA (

RNA

RNA mRNA (
RNA

RNA RNA (/M

/5B

105



9.2

9. 2)

9.1)

DNA
DNA

mRNA RNA
"^dominant)

(

(a)

9.1 a)

b)

RNA)

RNA )

106



(
DNA

Tn5 ( 13 <I>X174 A
Uram-sensing)

(transvection)

synapsis-dependent processes) o

(

(( activator); (repressor)

() ( (
) ()(

( 29 )

global regulation ) wide domain regula-

tion) (narrow domain regulation)

mRNA

X( SOS

lac

9.3

(1)

RNA
• 107 •



mRNA
(2)

mRNA

(
countertranscription

mRNA 5'(
(3) (

RNA (
(4) DNA

DNA DNA DNA(
(5)RNA RNA ——o

RNA
RNA

(6) RNA
mRNA

DNA(
( 6

( )

108



10

• (gene transfer) ( )
(horizontal or lateral genetic transmission) !j (vertical ge-

netic transmission)

•

parasexual exchange mechanisms)

([
/130606^^^1/7« zwmwfadens) Ti ]

• donor) ex-

ogenote

(recipient) endogenote

merozy-

gote) ( )

• ( 10. 1)

DNA: () ( (
) IK

•

DNA
DNAo

10.1

• 109 •



10.1

DNA ,,
DNA

DNA DNA/RNA transfection)

24 DNA)

DNA

DNA
DNA DNA

( ) (
(

transconjugant) DNA conjugative plas-

mid) (

(sex factor)

F (F )
F

( 10.1)

F ( F+) ( F—)

F

lethal zygosis) R (R) R
F F F

F F (
DNA DNA

DNA

DNA F
origin of tranfer)orzT DNA

DNA 5' oriT 5'

DNA

(repliconation)o DNA
( 10.1)

• 110 •



DNA

DNA DNA(
( TraY;

Q-
DNA

10.1 DNA

sex-

duction)( F F 10. 2) F-

IS

DNA DNA

F Hfr

(high frequency of re-

combination) F

F F F—( )
F+

( Hfr oriT

oWT 5' ( 10.1) oriT 5'

F

F—

F DNA( F' F_

F+ F' [ (fosmid) ]:( ; ;
( F F' 10.2

10.2

DNA
. 111 •



Da
F

F
F: F

F— tra .
© —

F' F
- tra

F+

ffilO.2 : DNA

(trasformant)

(competence)( DNA
competence factors) o

DNA;( 24 DNA)

DNA DNA
DNA (

DNA
DNA DNA

DNA DNADNA

DNAo

DNA
DNA

DNA
DNA

DNA

10.3

DNA transduction)

transductant)(

10. 2)
112



10. 2

DNA DNA DNA
DNA

DNA

1J?1? DNA S ® as —
- ,
( DNA)

DNA

rec rec

DNA rec

P1; S.
phimurium ) P22

X spp

DNA

(
DNA DNA

( ( ; X

DNA X

X ( 24 DNA)

—— DNA
30

X T7

P1 S.
0^/>/nmi/nMm) P22

DNA
DNA,

DNA

• 113 •



P22 P22

DNA DNA

DNA( DNA( ;
complete transduction) DNA

abortive trans duction)o

——
DNA

X 30

Mu Mu

Mu( )Mu (mini-Muduction) ;^
gal 6zo ( X oatB

+ bio—

6zo+ A6z'o+)

[low-frequency transducing( LFT) lysates] )< attB

DNA Xbw + Xbio
-

10.3)

bio+ bw DNA

DNA LFT

double lysogen), bio

lysogenic merozygote) bio

t»t

— [ (HPT) ]
114



gal ottB bio

gal X bio

2
—

Xbio+ y v. I X 1 \bio+

gal attB bio- gal attB bio'

gal attB bh+ gal X XWo+ bio'

SlO.3 X 1) X gaZ 6io a«B 2) 6io

A6£o+ frto
— (3) (4)

A A^^+ gal

10.1 F

tra F (transfer operon) 35

traj 5' 3 : on'T Ti^

frW 3 (tWer region),

m^/ finO fwP

RNA FmO— traJ [ RNA (] F yirzO IS (
IS

Irrf trhA »rtA tnQ trbBlF tnHCSTD trhH tralX

4-

F tra ( 5' 3' or('TmiMmJ mi fra

trbE trbF

115



tra 20

tniJ

Tral TraT ( TraZ) Traf

troM

traj

traY

traA

traL traE traK troB fraV traC traW

traU ^ trbC traF traH^traG

troN

traS traT

traD

tral

-
traM

» on DNA

1

DNA

Bl DNA 81

1 (surface exclusion)

10.2

(, DNA( 24 DNA 12

Hfr F-

onT 5' DNA
onT 5'

on'T gradient of

transfer) oWT 5'

Hfr F—

orTT

interrupted mating)(
116



3+ b- C-

a+ b+ c-

c+ b+
a+ b+

Hfr f

( ortT5' , t = 1 a

a+b- C- f = 2, b a+ b+ C-

f = 3, C a + b + c+

P1 P22

1%5% 10
— 6)

( ) DNA

cotransduction frequency))
DNA ( DNA

(cotransformation frequency)

recombination mapping)

( "

)

117



11

• genetic information) DNA
epigenetic information)

( DNA
• 4

21

(genetic code)

• tRNA tRNA RNA
mRNA tRNA

• 21

(

11.1

triplet) mRNA mRNA
(sense codon)

initiator codons)

(stop codons)

(release factors) nonsense codons)

amber, UAG) (ochre, UAA)

opaUUAG) umber) 11 . 1 11. 1

""
reading frames)( 11.2)

frameshift mutation, cotranslationsl frameshift)

. 118 .



(open reading frames, ORFs)

(
(unassigned reading frame, URF)o

11.1

uni-

versal ngenetic code) o

1 - 2 -

34- 5_67- 8-9 1-2

-3,2-3-4,3-4-5o

61 21

( )

( 11.2)

(

C

UGA

U C A

U

G

^^

A

G
Asp

cay

Sil l

22.1) AUG UGA

I „..A_£LCAiLCAJLCAiLCAG -.-Ser-Ser-Ser-Ser--.

2 ApCAQCAGCAGCA Q _-AI*-AI»-Ala-AU--.

3 „.._A GCASi CAfi CAfiCAA -GIn-Cln-Cln-CIn-..

".."A T a A (3 C A G C A (3 C A (3 Met-Ser-Ser-Sci^.~

1 l_Jl_ll_JI_ll

_

fflll.2

my-

.f0



11.2

mRNA RNA(tRNA)(tRNA amicodon)(
tRNA «1 tRNA(aminoacyl-

tRNA)o tRNA A
tRNA(

tRNA tRNA

tRNA (
tRNA tRNA(

RNA (activa-

tion) tRNA ATP

tRNA

(
) tRNA

tRNA

tRNA 3' AMP tRNA

m I
3'

11
2'

tRNA

tRNA tRNA( 0 two sieve proofreading mechanism)

o

11.3

tRNAs

(

codon family) synonymous codons)

11.1)

tRNAs

30 tRNA 21 tRNA
tRNA

tRNA tRNAs

codon usage

Francis Crick (wobble hypothesis)

. 120 .



() tRNA

(AAR

AGY
( CCN tRNA(

tRNA

codon usage, choich, bias or prefer-

ence)

tRNA

(

GC

AUG
( N-

Micrococcus luteus )

GUG GUG UUG(
iV- )

CUG— GUG UUG (
selenoproteins) al(selenoenzymes)

tRNA

UGA mRNA seleno-

cysteine insertion sequence, SECIS)

SECIS mRNA SECIS
3'

SECIS

(codon assignment) ( 11.2)

RNA (
RNA

. 121 .



UGA( RNA (
11.2

AAA Lys

41

AGR Aig
' Ser

AUA He Ser

CUG Leu Gjmficia o/Zimimcaz )

CUN Leu Thr

UAR ciliate) [

(

Tetrahymena )

]

Glu

UGA Try

UGA ciliate) [
£"/>/or«)]

Cys

tRNA

DNA DNA- " "
(

(

122



12

• (genome) ""
(

ploidy) 9996 DNA nuclear genome)

DNA(
(

)
•

- DNA
DNA ( unique sequence DNA) g DNA

(repetitive DNA) DNA DNA
DNA( )

( )
•

: DNA
DNA

• model organisms)

(
( 1 >^

123



positional cloing

DNA(
12.1 .

-

(pbidy)

(haploicOi 3

, (diploid)

DNA

Helmstetter-Cooper

monoploid number)(:c)

haploid number)U )

w=:r

n :r diploid number) (2n)

C-

DNA
C - 2C

(karyotype)

46XY 46XX
( 4.1) karyogram)

12.2

51$

DNA base composi-
||

tion) / DNA

1) " " (

6 (n^noploid),

, ( 4

• 124 •



A:T G:C G:C

G:C( G: C A:T GC

DNA AT DNA
DNA)

base ratio)[ dis-

symetry ratio) Chargaff Chargaff ratio) ] DNA A+ T)/(G

+ C) AT (AT types) GC

(GCtypes) GC GC content) (G+C)/(A

+ T + C+G), GC GC G:C

DNA GC 12.1

12.1 —

) GC )
45kbp >99 48 100

4.7Mbp 99 51 4100

13.5 Mbp 90 41 6300

20 Mbp 90 6000

47 Mbp 70 23 7000

100 Mbp 83 14000

165 Mbp 70 39 12000

400 Mbp >90 44 70000

1.9Gbp 70000

2.9 Gbp 54 50 70000

3.3 Gbp 58 41 70000

3.3 Gbp 64 40 70000

70Mbp 80 25000

DNA ,

GC

AT GC

denaturation mapping) AT

AT GC DNA

((
pathogenicity islands)—

• 125 •



12.3

DNA (C-)

DNA
C -

C-

C- C- value paraciox)

DNA DNA
DNA DNA complexity)

DNA
12. 1) DNA ( 12. 1)

C- C-

DNA DNA

C- 13.5Mbp 20Mbp

DNA
DNA DNA 40%

4%

DNA DNA
( )

<10 rRNA 7)
IS l.SMbp

(Haemophilus /Z"ermze) 1500 30bp DNA
ERIC(

REP( DNA<1%

DNA

5% 40% 50%
80% 12.1) DNA

DNA DNA DNA DNA
12.2)

126



12.2

DNA

(
DNA)

DNA

DNA

DNA

DNA DNA

DNA

DNA

DNA

DNA
10~10 000

(
10 000~1 000 000

() ( Alu )

DNA DNA mDNA(
rDNA tDNA snDNA

DNA ) DNA

DNA
DNA, DNA

DNA

DNA

12.4

DNA

DNA

DNA
DNA DNA

DNA
( rRNA

(
25%30%)

( 22 :
- ( Ikbp)

- 127 -



( 16kbp)

a- <lkbp) lOOkbpDNA

2500kbp

mRNA
introns)

RNA ( 27 RNA

(exons)

100%

l~2kbp

1

)

500bp H4 9596

78 30kbp; 0.5%

170bp 50bp 300bp

B 26 7.6kb

( 12.3)

22 ; 27 RNA

12.3 - mRNA

mRNA

kbp) /S mRNA

1.5 >95% 1.5 100

4 3-4 3 77

11 3-4 3 25

16 67 2.5 13

( 12.1

473( 8000 (
4100

6340

70 000

CpG^ ( EST

256

1) ( 8, mRNA

. 128 •



hedgehog( sonic hedgehog , desert hedgehog zn^iza" /ieo?ge/iog)

Har-AHQr-BHar-C:Har-D Ras

Raf

;
mRNA

( Hot

kbp DNA

DNA
F«gz/ m6n>es)

90%)

10% -
50bp 150bp

( :
115Mbp 50Mbp

12.5 DNA

(
( rRNA DNA

(3-

11^(
. 129 .



(orphon)i )

DNA 180bp

( MADS DEAD RNA

(

pseudogene)

B ( nonprocess pseudogenes ) ( conventional pseudo-

genes), DNA ( 15

( processed pseudogenes ) ( retropseudogenes )

mRNA cDNA ;

RNA in

Alu RNA
III

redumdam)

rRNA

MyoD

m^oD

Myf-5 MyoD

1)^*011)11811)
. 130 .



1

)

—— ;
TGF-I3
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(tandem repeats) hyphenated repeats)

dispersed repeats)) ) 12.1)

AOOTAOOT
TCCATCCA

AGOTNNNNNA0OT
TCCANNNNNTCCA

ACTTTTCA
TGAAAAGT
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ACTTNNNNNTTCA
TGAXNNNNNAAGT (

)

ACGGNNNNNCCOT
TGCCNNNNNGGCA

(

12.1 DNA

(bilateral symmetry)(
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DNA ho-

mopolymer)

DNA(
DNA DNA

( 30bp)

1) MyoD Myf-5 w:y/-5

myoD

S Hox

( 6. 9), //ooD ;/
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DNA DNA
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6
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5
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< 5000 L1 AZi/(
—— A/t/

3' RNA II
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DNA DNA
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DNA"" DNA DNA(cryptic satellite DNA)

DNA
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DNA DNA DNA
(01- DNA) P- DNA 8

a- P- DNA
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DNA
DNA ( 15

DNA DNA DNA( DNA
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DNA
DNA 5. 5) DNA
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DNA PCR

(
DNA
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S DNase I DNA(
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DNA
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U G
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DNA
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'
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:10/6 ( 100
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QTLs Bi?G41 Bi?CAl( 18
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12.7)
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DNA lOkbp
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12.9 YACs
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/ ,
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DNA

24
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PCR DNA

FISH)

FISH 1 - lOMbp

DmVISH) DNA (DNA
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DNA
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DNA
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>300kbp
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RNA
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cDNA
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cDNA cDNA 200~300bp ex-
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cDNA 200000)
EST
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functional genomics)
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22 :
:

comparative or synteny mapping)
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[X X
]
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(anchor reference loci)

SCEUSs:
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^ = - kC2 (12.1)
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DNA
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DNA

DNA

DNA DNA DNA(
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VNTR

DNA DNA DNA,
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X:Y

50% Y

( DNA
Chi

,
DNA

12.4 DNA

DNA 1977 DNA DNA
tRNA DNA

DNA

Maxam Gibert Sanger

DNA ddNTPs)

(telogens) 3'

Maxam Gilbert

Sanger M13 (phagemid)
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DNase footprinting)(
DNA

50 000
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DNA DNA ——T7 DNA

al(sequenase)

( M13

dsDNA

Southern

PCR DNA ( 21

81 )( PCR)

Taq DNA

5' GGATTCTGCTACQGA > 3'

3. 5.

ddATP
5' GGATTCTGCTACGGAHH^H » 3'

ddATQCCT I I

ddACGATGCCT I I

ddAGACGATGCCT i I

ddAAGACGATGCCT I I

H

ddCTP'ill:/:

5' GGATTCTGCTACGGA^ p. 3,

ddCTf I

ttdCr.J I I

ddCGATGCCT I I

ddCTAAGACGATGCCT I 1

ddCCTAAGACGATGCCT I 1

ddCTP 1>/

5' GGATTCTGCTACGGAIMH^H ». 3'

ddGCCT I 1 ,

,

IWQATQCCT I I L

ddCSACGATGCCT I 1

ddTTP
6' —GGATTCTGCTACGGA^i ». 3'

ddT I— T

dtfTGCCT I I

dtfTAAQACQATGCCT 1 1
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transposable elemement)
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• X Mu
——

•
I retroele-

ment) RNA —— cDNA
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•
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(transposase)

DNA DNA
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•

RNA
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• ""
P

wings-dipped derivative)
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2) I

81 II SI,
SI

13.1

DNA
RNA
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(2) : ( 13.1) :
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3' DNA
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DNA DNA
(3) DNA

DNA
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TSDs 1.2 TSDs

DNA
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TSD, TSD ( IS91)

(4) :
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1 lOkb)
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DNA DNA—— Ac-Ds
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DNA(— 2bp) 3'
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1.2 cDNA

DNA RNA cDNA

(retroposition) 13. 5

I

i cDNA
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I

i
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i cDNA

==> —
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P
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——
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Pin DNA
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DNA
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(cryptic-site transposition) DNA
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(inverse transposition)

o
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DNA DNA

C
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P-DNAi) P-DNA DNA
P-DNA Strand to

strand)

--
(breakage-fusion-bridge) (

perfect)

;
"" LTRs S Ty

LTR

(strand slipping) (
(
( )

(
P

I

P ( P) M ( P

PM P P

P P M
P M P DNA

M

P

P P

P

DNA

1) P-DNA DNA

DNA DNA (
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Ti Ac-Ds
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^ (( !5
Mu -

13.3

DNA
II

(
inverted teminal repeats TRs)

ITR

I IS; 11 III Mu It

IV IS

ITR foldback elements),
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13.8

B [> tra <1 ORF |> Ira <]
ISL ISR

C O tra <] ORF |> tra <J
ISL ISR

D [> ORF Ira <]

13.8 A) IS B) IS C)
IS ISL ISR D)—

E)— F)— ^2

B C

IS

DNA
IS 100 IS

<2. 5kb)

13

IS

13. 2 IS

13.2 — IS

ITR(L/R) TSDs

IS1 768 20/23 9 G C AT

IS2 1327 32/41 P2

IS3 1258 29/40 3 9

IS4 1426 16/18 1113 AAAN20TTT

IS10 1329 17/22 9 GCTNAGC

IS91 =^1800 8/9 7

ITRs TSDs:

(L) R) bp



IS

Tn IS

composite or compound transposon)

DNA IS IS

13.8) IS

IS [ transposon coherence)]

complex transposon) IS

13. 3

13.3

ITRs

I

IS

Tn5 5.4kb 1.5kb) IS50

IS50R

Tn9 2.6kb 18/23bp) IS1,

Tn903 3.1kb l.lkb) IS903

(11

TnJ 5kb 38bp

TnSOl 8.2kb 35/38bp

Tn7 14kb 1!$ =«30bp

ITRs I IS

II I
RNA

:
ITR

II

13.4
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13.4 —
II ITRs TSDs

M

P 31 8

hobo 12 8

Mariner 28 2

FB 9

Tel 54 2

Ac ZDs 10/11 8

Spm/dsom 13 3

Mu/Mn «*200 9

Taml 13/14 3

Tam3 12 8/5

TU/Puppy 8

TSDs

10

Ac-Ds (Ac) 4. 5kb

(D5) Ac-Ds 10llbp

8bp P P

P( P

4050 P P P 3kb

31bp ITRs GGCCAGAC 8bp

2/3 P bp 2.9kb

P

Ac

P

13.1)

20bp

DNA

homing introns),
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homing intein),

imegren)

att lo

59- 59-

(cassette system)

59-

a"/

X

13.4

retroelementKl RNA
cDNA( DNA

(1.1 ( 1.2

[
(retroposon)] DNA

retrosequences ) mRNA retro-

genes) processed pseudogenes

13.5 13. 9 13.6

A
I [> g'g Pol >nt €nv

\ >|

(I.l)
B !=> g'g pc '"' 1=!^

(1.2

C
I

igog) pot ""[aaAAAAAAAA

1.2

D
I

"|aaaaaaaaaa
I I

a
I

I

B

|~|aaaaaaaaaa

T- (RNAPll) SINE

13.9 A) LTR( gagpol/i"t en"

B) env C)
, polyA gag/ 1))

RNA nil polyA

SINE RNA SS III

AB SINE
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TriJCi'ynTt ^ aBM,W} , _a PJ hk KIMA J *t pJ VP- oy ?P3^ o ^^

LTRs gag, Pol, envo pol

/
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(

(1.2

LTRs )
/S

tfl^fWC 1 TR Jo nnlvA) f^i*^^ ffilh

cDNA

SINE III A/i/Bl)

(Retron) ,
DNA-RNA

13.6

1.1 1.2 1.2 ( -SINE

(
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JAPTHE1? LINE AZtt.Bl.ID

Bsl Cm4

I.l

( LTR

U3 R U5 poly A tRNA

P

gag pol pol
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1.2 I. 2

1. 2 LTRs

gag

LINE- 1[ LINE, long interspersed element)]

DNA 1.2

DNA mRNA

10% scRNA [
SINE( ]

7SLRNA 100

A/t^ RNA III

1.2

(retrohoming)

11 (retron)

DNA (msDNA, multiple-

copy, single stranded DNA) DNA RNA ( msdRNA , msDNA-associated RNA)

msDNA-RNA

msDNA-msdRNA msDNA 5' 2'—5'

msdRNA msDNA 3' msdRNA 3'

msDNA msdRNA

msDNA msdRNA
retron, reverse transcriptase operqn)

( retronphage))

(
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DNA

•
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(1) DNA
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(3) (
(4) ( 13

• point mutations),

(
DNA-

DNA (
macromutations)

15

)
• DNA DNA

DNA
DNA

•

DNA
mutator)
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14.1 '

DNA DNA
1%10%

(1) DNA
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(2) DNA
(3) DNA

)
dNTP -- DNA

0~400

dNTP

Watson-Cnck 5000

DNA 3'—5'

£. coli 10
7

( )
'

DNA DNA ()
DNA

tautomeric

shifts), tautomers)( 14.1)

DNA RNA

DNA

ffl 14.1

*& ( *^ 1®
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DNA
register) [ slipping)

(stuttering) (chattering)]

DNA( ) ( 15

(
DNA

14.2 DNA

DNA DNA DNA
lesion) DNA

(misinstmctional lesion) 14. 1

DNA
(noninstmctional lession)

DNA
( SOS )

targeted mutation)( premuta-

genie lesion) o

DNA DNA DNA
DNA 14.

1

DNA
) DNA DNA

( mutagens) DNA
DNA

DNA S(
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sion) AP A

DNA

14.1 DNA

Ml

(
DNA
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(
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(

DNA ACG,T

DNA

DNA

DNA

(

SI

/ DNA
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DNA /
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A T C A-G

C G !^ A G-A

G C

T A

5- G T A G-A

DNA 5-

DNA ( 14.3)

( 14. 4) DNA

DNA
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() DNA
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W fliC tfjra T±.trJflR^TW T ^JE15^flB**K^iiEflK^t^Jlfini^^Wlo
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B
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DNA

DNA ,
DNA
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DNA
DNA

DNA

(1)

(2)

(3)

DNA

DNA DNA
DNA

error-

free repair)

DNA(
DNA

(error-prome) £.coZi

DNA DNA
18 DNA

DNA 14.5
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DNA £. coli
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3' - OH 5' - P DNA

174
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, DNA
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,DNA
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(CS; iaz 4vfcfx pf TU rm ftfc- tp tt lI/ /»t H

DNA
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iMk Hi M' db 4^ M-
iS

HNPCC)

, TTD XP-D

(TTD) 50% TTD XPD

XPD,( TF/IF)

(XP) XP-A XP-G)
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(photoreactivation or photorestoration) DNA
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—— ——
E . coLi DNA

DNA
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(6 - 4) ]
DNA!^
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6 -MGT II
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3 - DNA

ada 6 - MGT I Ada

DNA

C

AaidBalkA aZ;^B

DNA
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14.5

DNA DNA glycosylases) DNA
( 14.6) BER) N-
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DNA AP

DNA

(1) DNA
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DNA T4
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^0 txw

Ura-DG Ung

®

"7S UrsLr
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UDG

3-meA-DG tag 3-meA
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5-
MAG 3-meA 7-meG

MPG 3-meA,8-oxoG

rapy/o-oxoU-lAj fgp /mutm
OGGl oxoG)

OGGl

III nth !!£
( thymine glycol

-
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IViUl I ;yV 183IT 09 B?

-G

VIII nei

SI IX

uv- T4 denV

GT GT !!

S

DNA AP( /

!] AP AP 5'

AP

(1) III: 3'—5'

5' AP AP
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i^)APE/HAP(AP£:X( BAP( ]
(2) IV AP 10%

n/o APNi

AP 5' (dRpase) 5'

DNA
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DNA

BER DNA
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(NER) DNA
DNA

DNA NER :
DNA

DNA :(
g NER Mz;rAt/T;rB

i/t/rC ATP ( UvrABC 81

14.2) UvrA UvrB

DNA (UvrA UvrB UvrA

( ATP Uvi€ UvrB 3'

UvrC 5' UviC bimodal in-

cisions) ATP 5'
8

3' 5' 3'

"t;rD DNA 11 UvrC

UvrB DNA I

3' UvrB 12

(patch)( NER) DNA

UvrA UvrB UviC

'

14.2 UvrA UvrB DNA
ATP UviC 5' 3' UvrD

UvrC UvrB DNA I SI

UvrB
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UvrABC Mz/rA i/z;rB SOS

SOS "t;r SOS

2kb DNA NER

DNA
m/c^ (TRCF)

RNA DNA RNA TRCF UvrA,

DNA uvrA-uvrB

RAD3 (
RAD ERCC( )

14. 7)

NER

( repairosome)

TFIIH ( CDK7/

14.7

()
RADliradl6) XPF RADI RADIO - 3'

RADIO (mAlO) ERCCl

RAD2{radl3) XPG - 5' 81

RADi XPC ,
RAD14 XPA DNA

RAD3(radl5) XPD 5'—3' TFIH

SSL2 /RAD25 (ERCCSsp ) XPB 3'—5' TFIH

SSLl P44 TFIIH

TFBl P62

TFB2 P52

TFB3 MATl'

TFB4 P34

RAD?

RAD16

RAD23

PSO2,PS03

TFII H TFII H 6 MAT1

(CDK) CDK TFB3(p38)
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H MAT1 CAK
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1500bp
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DNA
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DNA; 5'

f^f]S DNA: DNA ;
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GATC
DNA iV

6 ( Dam

7 DNA

mMtHmM mw^S m"fD)

DNA
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15.2)

(
15.1)
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15.4)

X: P P

(
. 197 .



(
positive selection or direct selection)——
( )

negative selection counter selection) o

(penicillin enrichment)

(-
)

(replica plating) o

( (

( 24 DNA)

DNA

condi-

tional mutant) restrictive condi-

tions) permissive conditions)

tempera-

ture-sensitive mutations) cold-sensi-

tive mutations)

genetic pathways) genetic networks)

. 198 .



metabolic

block) : ;
minimal medium)

(prototrophk)

(auxotroph)

(supplemented medium)

locus heterogene-

ity) (

(

15.1 ——

hemoglobin)

a (3 ,
a- - a-

0- P- y-
S- P-

P-
29. 3 6~8- e- embryonic

hemoglobin or Hb Gower 1), a-

a- 7-

( fetal hemoglobin,HbF)o a-

30 12 y- (3- S-
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snoRNA(
RNA)

scRNA(
RNA)

RNA Ig

RNA, rRNA
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(multienzyme protein) :
(GARS) AIRS) GART)

GAi^T

GARS AIRS GART
AIRS

GARS AIRS

DNA

—— ——
intronphase)( 22.4)

phase 0)

1 phase 1) 2 phase 2)

14 fusion intron)

in-phase intron) o

out-of-phase in-

tron)
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A)

1

2

B)

00 C
11

Leu Aip Cy» A«n

] ACT TTC TAT ACA CTG

—IGT TTC TAT ACA CTCC

22 C

01 C
02

C)

T TTC TAT ACA CTGCT

ACT TTC TAT ACA CTG CT

-
-

-
22.4 a) b)

(C) 0,0 00
1,1

exon

sliding)

" "
( 1977

DNA
27 RNA

DNA
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early intron theories)

DNA reverse splicing)

( late

intron theories)

)
EST

G

GAL4

/^

EGF

- 6^ ( 6
'

22.5

( (
proteome)

( 9

(phenome),
.
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cDNA(

functional genomics)

DNA DNAmicroarrays)

(oligonucleotide chips) cDNA

RNA serial analysis of gene ex-

pression, SAGE) PCR RNA

(genetics networks)()
PCR

) 6000

()
(

)
2- D) ( 22. 2)

-(
——

——
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22.1

ft «1 (amino acid) H2N-CHR-COOH amphoteric)(
() (GO,( residual group)

(side chain),

, , 21 i(

(:
21

( CP Ca—Cp

A,Ala I,Ue L,L»u M,Me« F.Phe V, Val

()
1 r r
|Hi jHi |Hi

r
|H2

r

r
«[ ^( ^

N, Asn CCy» a Gin U, Sec S, Ser Y'Tyr

r

K,Ly»

r \
|H2 |H2

D̂, Asp E, Clu CCly

1 ) K L ——
. 282 •



three letter or one letter assignment): GlxZ AsxB( Xaa X

Ca

L-

" " D )

( )

JV- tRNA

tRNA tRNA tRNAMe' tRNA^
tRNAS^)

D- D- - L-

22.2

SDS«PAGE( SDS

SDS

SDS

isoelectric focusing)

pH pH 2- D 2-D elec-

trophoresis)

(polyclonal)( B) (epitope) B

(hybridomas) monoclonal antibodies) o

DNA
abzymes) [

( intrabodies)

]
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[ western bbtV^ immunobbt)] , [ im-

munoecreening) ]
81 ELISA)

DNA cDNA

S Edman degradation)

(sequenators) 50

( hydiDxIamine )
(Protein miox^ueidng),( ) cDNAc

(circular dichroism,CD)

160 240 nm CD a (3

CD 3 a 190nm 210nm 220nm

X X (X-ray crys-

tallography) X X,
(reflection),

(Fourier transform) ,
X 0. 1 ~0. 2nm

(neutron scattering) X
X (Fiber diffraction)

(^
nuclear magnetic resonance spectroscopy)

X NMR

[ (electron spin reso-

nance spectroscopy) ]
(chemical shift)

nuclear Overhauser effect. NOE)

0.5 nm NOE (NOE spectroscopy, NOESY), - (spin-spin coupling)

NMR OOSY TOCSY

1) 70 80 Southern

"western(" Southern; ——
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22.3

protein targeting)

(pro-

tein sorting) (protein trafficking)

o

signal se-

quences) ( signal peptides)

preprotein),

(presequence)o proprotein) 22. 2) (

preproprotein)

N

C

(signal patch)

()
NF-kB I-/CB

I-kB NF-kBax ( 28

29 )

ER) N
(signal recognition particle, SRP) SRP

Alu ( RNA(7SRNA)

SRP ER SRP

, docking protein) (SRP

Sec61

Sec61

TRAM) ER vectorial discharge) co-

translational import) o GTP SRP SRP

ER Asn-Xaa-Ser/Thr[
(sequon)] N

stop transfer sequence)

ER
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ER KDEL (retention signal)

o

,N
-

6-1^

()
N N

(leader peptides) o (25) a

Sec B

Sec A Sec A Sec A ATP

( Sec E Sec Y) (lead-

er peptidase) - 1) -

3

) -1 -3 -land -3 rule)

ER membrane

anchor signals) ,
GPI GPI( )
( )

(50kDa) nuclear localization sequence, NLS)

NLSs NLSs SV40T

NLS(Pro>PrO"LyS"LyS"LyS"Arg-Lys)/9^ p53 NLS Lys^Ai^-Ala-Leu-Pro^Asn-Asn-Thr-Ser-Ser-Ser-Pro^Gln-

Pro-Lys.Lys.Lys)o importin)

a NLS P necleoporin)

Ran GTP

/ 11 N

transit sequence) o 15~70

,
N /,

1) "thykaloid"," thylaloid"( ——
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((
PEST (PEST sites , ()

(ubiquitin) N

N (N-endrule)

(micrDautophagy)

(proteasome)

E1 E2

E3 , ubiquitin Ugase) E2 E3

E2 e-

Lys46

( )
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23

• RNA(mRNA)

• : mRNA( RNA(tRNA) adaptor

molecular)

• initiation) elongation)

(termination)

( mRNA
mRNA

mRNA ( 27 RNA
• ^(

22 :
23.1

RNA RNA(mRNA)

( ribosome binding site

mRNA

(1) $
RNA

'
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(2) mRNA
mRNAs (

(3)

3'

mRNA 5' 7-( RNA

(4) mRNA 16S rRNA

5'

mRNA mRNA mRNAs

( RNA
mRNAs 8.2

8

mRNAs

(
mRNA

(ribosomes)

( monosomes)

mRNA( polysomes),

mRNA( poly(A) + RNA)

large and small sub-

unit) o RNAs(ribosomal RNAsrRNAs) ri-

bosomal proteins, r-proteins)

23.1) 70S 30S 50S 21

S1S21) 16S rRNA 34

L1 L34 ) 23S 5S rRNAs L16 = S20 )

(80S) (40S) 33 18S rRNA,

60S) 50 3 rRNA28S5. 8S 5S 5.8S rRNA 23S

rRNA 5' 28S rRNA

rRNA 60%650/6

RNA rRNAs

mRNA
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tRNA A S tRNA amino acyl-

tRNA site) tRNA P tRNA pep-

tidyl-tRNA site) tRNA E

exit site), tRNAs

GTP mRNA

RNA * (Francis Crick)

(adaptor hypothesis) mRNA

RNA(tRNA) tRNAs RNA
75~100 27 RNA( 23.2) (acceptor stem

[anticodon loop mRNA
(amicodon)] 35 tRNAs 50

tRNAs tRNAs

tRNA

tRNAs tRNA amino acyl tRNA synthetases)

(
tRNA ( 11 )

23.2

23.1)

mRNA
initiation factors, IFs)

mRNA ribosome binding site)

tRNA( initiator tRNA) P

AUG
tRNAs(elongator tRNAs) A

ebngator factors,

EFs) GTP

mRNA

30S IF3

mRNA, IF3
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IF3

....^^…"
SD AUG

IF2,GTP,IF1

9 23.1 1) Shine^Dalgano

(SD) (2) tRNA (3) (4)

(1) elF-2-GTP tRNA (2) mRNA 5'

CBP) mRNA (3)

(4) 6 30~40,
SD ( Kozak A

P

IF3 mRNA
mRNA Shine^Dalgarno UAAGGAGG)

16S rRNA AUG GUG
UUG) Shine-Dalgamo lOnt

P

tRNAs tRNAfMet
)

tRNA^Met
)

AUG GUG UUG tRNAV^ tRNA^"

tRNAs

tRNA tRNAs^Met

tRNA A
N-

tRNA P P

tRNA tRNA

G:C tRNA N ——
tRNAs tRNAs( AUG,GUG UUG

tRNAfMet
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GTP tRNA IF-2 P IF-1

50S GTP

tRNAs(tRNAfMe' tRNA^Met)

tRNA

tRNA mRNA
tRNAfMeteIF-2 GTP preinitiation

complex), mRNA
Kozak ACCAUGG)

5'7meG mRNA
(eIF-4F)eIF-3eIF-4AeIF-4B 40S

eIF-4A 4B 5' (UTR) eIF-3 40S

initiation complex) o eIF-6

eIF-2 eIF-3 eIF-6

eIF-5 eIF-2 elF-6 antiassocia-

tion factors):

GTP

——
23.2)

BB23.2 1) tRNA A 2)
P tRNA A 3) tRNA

P mRNA , A tRNA P

A , tRNA A P
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-tRNA P A
-tRNA A( EF-Tu eEF-l GTP

P tRNA A
tRNA dischraged) transpeptidation)

EF-Tu( eEF-1) GTP

EF-Tu/GDP EF-Ts EF-

Ts GTP EF-Tu EF-Ts

eEF-1 EF-Tu

(translocation) P tRNA (
E tRNA

A A tRNA

R- tRNA(peptidyl tRNA) mRNA 3 tRNA

tRNA P mRNA

A

mRNA tRNA

tRNA

( EF-G eEF-2) GTP GTP

rRNA4.5S rRNA

(
tRNA (
tRNA, mRNA

23.3) (release factors, RFs) A
tRNA

BB23.3 A

P - tRNA
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tRNA

RF1 UAA UAG RF2 UAA UGA
RF3 GTP eRF)

tRNA

mRNA

23.3

mRNA
mRNA

programmed misreading)

tRNA

UGA ^5
(frameshifting) recoding)

( pol trucation)( MS2 Lysis( dnaX

30

SD-

(polar mutationX

Lac

mRNA
RNA internal ribosome en-

try site, lERS)

eIF-4F RNA eIF-4F

IRES

yk/2 IRES

"" ()
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eIF-2( eIF-2

GCN4 mRNA AUG eIF-2

AUG

mRNAs

mRNA L5 mRNA
mRNA

iron-response elements, IREs) IRE

IRE 5' IRE-BP

mRNA IREs AU mRNA
mRNA mRNA ( 27

RNA
L5 S8 16SrRNA

588-651 L5 mRNA 5'

30 S8 L5 mRNA 16S

rRNA) 16SrRNA S8 L5

16SrRNA L5 S8

L5

RNA (( X Q

( Fgf-2

23.1

relative molecular mass,

[ atomic mass unit) dalton) ]

kilodalton, kDkDa) 1000

Mr

(

(bases, b) nucleotides, nt) kilobaseskb)

bases 1)3113&?)1^110133868 pairs, kbp) DNA
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, mega bases pairs, Mbp)

(sedimentation coefficient)

(S) IX UP 2 X

IQis ixiou SvedbergunitS)

RNA RNA

)
M,

RTsM
"p)

R T s D I , P

(a rule of thumb),DNA 650

Da,RNA 335 Da

23.2 tRNA

tRNAs 75100 m 10% tRNA

20% invariant) semi-invariant) (

tRNA

tRNA tRNA

tRNAs

tRNA""
tRNA^)

tRNA

tRNA

tRNA mRNA tRNA D()
tRNA—

tRNA S(acceptorstem), 3' CCA
2' 3' tRNA

tRNA Wr GT^RANTC( D, 1$; mRNA
tRNAs TK:

45 tRNAs (extra arms) , 25
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\K ArxpQRO"

D

.X

tRNAs : ^ D

tRNAs G:C

RNAs X L

D

D

tRNA tRNA^^

tRNA tRNAs tRNA{u tRNA tRNAs

tRNA tRNA

tRNA"^ Ile^tRNA

tRNA ,11^"^116>1^°^
tRNAs tRNAs( tRNAs

His tRNA

( )
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24

DNA

• DNA( recombinant DNA) DNA
DNA genetic engineering)

• DNA DNA
24.1 :

restriction endonuclease) DNA DNA
DNA; DNA;

DNA
DNA

• DNA
DNA

DNA(
DNA) DNA recombinant vec-

tor) DNA
DNA

DNA DNA

PCR DNA
PCR DNA PCR

PCR)
• DNA DNA

DNA sub-

cloning)o DNA
cDNA

cDNA DNA DNA DNA li-

brary) o DNA DNA
DNA

(screening)
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• DNA : ;( ;; ;©

24.1 DNA

5'—3' h

m I DNA cDNA

T4 DNA 3'—5'

DNA

T7 DNA SI

(sequenase) 5'—3' , DNA

DNA (
Taq PCR DNA

RNA DNA
cDNA RNA

RNA il(T7T3 DNA RNA

m

SP6) RNA

DNA 1000

DNA

S1 DNA
DNA:RNA DNA

RNAH A RNA -

DNA RNA

DNA, I — DNA
DNA RNA DNA

T4 DNA SI

DNA RNA 5'

5'

T4 DNA RNA 5'

5'

DNA
3'

24.1

DNA
24.1):

( 1 ) DNA
(2)

(3) (
(4) DNA
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I

DNA

24.1 DNA

DNA

DNA DNA

( 24. 2)
DNA ( 24.1)

restriction site) 11

DNA

( 24.2) () DNA

DNA (DNA ligase) 24.2)

DNA DNA

: (alkaline phosphatase)

—— 5'

DNA 5'

——
directional cloning)
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24. 2 DNA DNA

K DNA ii

DNA
cDNA

(
PCR

DNA

W

( )— DNA

T4 DNA
Klenow DNA —

DNA

21.1 PCR

]G*AATTCf
JCTTA/^Gl

EcoRI

]G AATTC
CTTAA G

]G AATTC

r

]CTTAA Gt

ICTTAA

I
T4 DNA Ugase

iGAATTC—^M^M 3'

JCTTAAG^^^^^ 5'

DNA

jCSAATT

JCTTAA

Mndlll

AGCTT^^^^^ 3'

^ T4 DNA polymerase

AGCTT— 3'

TCGAA 5'

I
T4 DNA

iGAATTAGCTT—
JCTTAATCGAA

24. 2 DNA a)GAATTC &oRI
5'— 3'

4 5' , b)

DNA C)

l&Ji T4

DNA cDNA)
DNA ( 24. 2)

T4DNA
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DNA linkers)

DNA
adaptors)

DNA; DNA
DNA homopolymer tailing) o

DNA 3'(
3'

DNA
DNA—

(cloning vector)

(1)

DNA

(2) DNA

(3)

(4)

(5)

DNA

multiple

cloning sites) polylinker)

DNA

DNA ( 24. 3)

X DNA

(cosmid) \cos

DNA contig map-

ping)( (phagemids) M13(

DNA
DNA X, XZAP
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cDNA

24. 3

: ColEl ( 20

DNA: ,
DNA 20kbp 5~ lOkbp

cDNA: , DNA DNA
(low copy number vector)

( )
RNA,( ^

: M13( ):::
DNA

DNA:, M13 fl DNA DNA

DNA DNA

}1

XII

DNA X, DNA:: —— cJ

AZacZ - ——Spr P2 " "ga/n red

( 75% X
DNA "~ ~ lOkbp;

9

~ 23kbp

75% 105%

——cDNA —— DNA: X DNA X

DNA

X cos

X:
DNA 30~45kbp 75%~105%

: X
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24.

3

[(bacterial artificial chromosomes, BACs (fosmids)]

F:::
DNA >300kbp:: DNA

P1 P1 P1 artificial chromosomes, PACs)

P1::: ——
DNA lOOkbp

.

: P1

(yeast artificial chrcxnsomes , YACs)::: (:
DNA >2000kbp

YAC: YAC ,
YACs YAC

—— ——

DNA
YACs

DNA

DNA
DNA iLxg DNA 10

7 ~ 9

10
4 ~ 5

X DNA transformation),

DNA transfection)

24. 11) DNA
DNA zg DNA

10
9 BACs t

X DNA
transduction) X
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( DNA
DNA

{xg DNA 10
6 () (X

DNA 24. 4 DNA 24.

DNA 100%

——

( YACs

( ) -
ZacZ (3- N

a - JM101

(a- (3- X-gal(
24. 7) AZacZ DNA

X ( ——
—— A/acZ X P2

DNA Spi+

P2 P2

gczTT^ DNA

P2 X

75%105% 10596

100%

75%

X

1) 24. 10 ——
• 305 -



(,7$

DNA DNA(
(, DNA

cDNAo

DNA

DNA
DNA

24.2

DNA DNA
DNA

DNA
DNA

PCR cDNA(
DNA

DNA
DNA DNA genomic li-

braries) mRNA cDNA cDNA libraries) o) ! (screening)

( 24. 4)

( )
DNA

DNA

( DNA

DNA
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24. 4 cDNA

——
—— cDNA

cDNA a
'

a(guessmers)li )

' (
cDNA (

DNA southwestern

11

(
chromosome walking( )

(
cDNA (

a PGR 21 PCR)

N P

mm (geroiie equivalent):

N= ln(l")
Ind-l/")

95% 34rz 99%

( 457 X

( 20kbp) 8001000 0. 5

( )
(chromosome-specific genomic libraries)

(fluorescence-activated chromosome sorting, FACS)

(
( chromosome microdissection)

cDNA cDNA DNA mRNA DNA cDNA

1)

——
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mRNA cDNA(double stranded cDNA)

cDNA

(1)cDNA mRNA
cDNA

cDNA cDNAs

cDNAs )
cDNA(

(2)cDNA DNA DNA
cDNA

cDNA ( )
cDNA

(3) cDNA (
24.4)

cDNA 24. 3) mRNA pdy(A)+ RNA
(rRNA tRNA Poly(A)

+

RNA RNA() poly(A) + RNA
oligo(dT) cDNA

3' mRNA
RNA cDNA

cDNA cDNA

cDNA 24. 3) 5' cDNA( oUgo(G)

-AAAAAAAA

(a) / \(b) (dT)

/^ cDNA

\

-AAAAAAAA AAAAAAAA
NNNNNN . rillllll

(C) Z \(d)
^ cDNA \

1

GGGCGG TTTTTTT
CCCCCC »

-AAAAAAATO GGGG

.TTTTTTT
-AAAAAAA

fee AAAAAAA

cDNA :
(i)

(ii)

(iii)
I

2

24.3 cDNA cDNA a) b) T)
poly(A) + RNA m(c) (d)

SI
5', DNA RNA
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cDNA

24. 4 function cloning)

(positional cloning)

(nonscreening strategies)

DNA cDNA

(
: ——

—— ; ——
cDNA

24.3)

cDNA

)
(

cDNA

RNA() RNA ( )
cDNA

DNA RNA -

(
chromosome walk)

DNA )
chromosome jumping) DNA

kbp DNA
DNA jumping library)

DNA Cot-1 DNA Cot-1 DNA
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DNA , ( Cbf

candidate

genes)( 12. 10)

24. 5

DNA RAPDs(
chromosome landing)( )

24.S DNA

( 18

DNA

RFLP

(denaturing

gradient gel electrophoresis,

DGGE)

con-

Slant denaturant capillary

electrophoresis , CDCE)

single^

Strand conformational poly-

morphism, SSCP)

11 restriction

endonuclease fingerprinting)

DNA (

/

) /1& (
DNA

DNA PCR

<300nt)

SSCP DNA
ffl( )

cDNA /S

DNA

DNA ( (
)

SI DNA T4 VII

SS DNA MutY A:G A:C

j«

DNA h DNA
DNA PCR
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DNA
cDNA

differential screening) plus

and minus screening) mRNA cDNA

mRNA mR-

NA

subtractive hybridization) cDNA

RNA RNA cDNA

24. 4) cDNA

cDNA mRNA
cDNA RNA cDNA:RNA cDNA

cDNA) mRNA cDNA

DNA
Duchenne muscular dystro-

phyDMD)
PGR (

PCR)

24.3 DNA

( 24. 2)( 24.4

DNA Southern( 24. 3) DNA (
EcoRl Hz'ndlll

4kbp

24. 1) long range restriction map-

ping) ( 24.2)

DNA
DNA

( 12.2)
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33

0.3

35 15

33

9 24.4

SI (a) , (b)

B=fizmHI, £=&01^11^=«"(1111
BHBE EH ;M

kb &7nHI/&oRI 11

RNA
24. 6 Northern

) ( )
/ nuclease mapping)

primer extension) mRNA DNA
24.5) RNA

( 24. 3)

24.6 RNA

RNA

Northern

UBI

( 24.4)

RNA poly(A) + RNA

RNA: RNA

: BI[ Ai/>ergi««i oo«i- ) » S1

,

RNase A]o RNA ( DNA RNA, RNA /
/

RNase RNA
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24.6

RNA

( 24.5)

RT-PCR

: ( ) mRNA 5'

: 5'(: cRNA RNA: ( )

mRNA cDNA PCR: PCR( ) / PCR
RACE( ) cDNA: RT-PCR RNA PCR

(PCR)

24.5

C

5' -

DNA

,
RNA

JVAAAAAAA JVAAAAAAA

SI

1

_AAAAAAAA

, + dNTPs

VkAAAAAAA

9 24.5 DNA RNA
S1) DNA

(sequencing ladder)")

RNA DNA / DNA
RNA

24.4 DNA

DNA DNA
DNA

cRNA (expression libraries) (cDNA

DNA ;); ®

1) DNA ——
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DNA
lac trp

T7 (T7RNA

Shine-Dalgamo

RNA

( )

(secretion vector)

o

) () (3-

:
(

(reporter)

cDNA

DNA

DNA

inclusion bodies) ^(
GroEL GroES

(
EGF)
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( 22 :
—— (

- 3

22 ::

[ (surrogete genetics)]

-

(( 24.5) 2^ (YEps) Yips DNA

2)Lt

5'

( )

(baculovirus expression system)

—— 10
9

lOOptg ——
—— 20kbp ——

(
DNA

SV40

( lac

( kozak



(DHFW) 15.3) ampli-

cons) DNA DNA

DHFR

DHFi?—
24.5

re-

porter genes) 24.7: promoter probe)

enhancer probe)

enhancer

probe)

24.7

ZafZ(p>

/«^(

Tn9

(
,CAT)

GUS(p> — X-gluc

(

SI X-gal

ONPG IPTG lac

CAT S
it CAT (CAT assay)

•X-gal = 5-^-4 -3 ; X-gluc = 5- -4 -3 »3|iift-P^D> ;ONPG = -3"1>

mt IPTG- -(3"1>

(
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DNA- :
-DNA- DNA electrophoretic mobility shift assay ).DNase

I DNase footprinting) methylation interference)(
DNA

southwestern ( 17

entrapment vectors)

( 24. 6) 24. 8

P A:-D5

DNA;

P ATG' SA ATG

-(e)-^~^-0ATQ^ h^
~

ZSAI h

ATG

/

DNA

(a)

PCR

(b)

/( ) DNA,
24.6 a) enhancer trap),

(gene trap)

(promoter trap);

b) DNA(
PCR) g
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24.8

,

cDNA

cDNA

^

(tagged)( 24.6)

( )
DNA

cDNA
DNA DNA

24.6

DNA RNA

western () 22 :
- (

15.4)-
DNA-

DNA-
Oct - 1 VP16;

cDNA 24.7) DNA-
GAL4 ——

cDNA

DNA-
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cDNA

r

^JAB^

24.7 ! B)
DNA- (DNAB)

(ACT) DNA
I )

(phage display library)

(
10

8

24.7

DNA:;
( DNA

(
DNA

site-derected mutagenesis) cassette mutage-

nesis) DNA

(oligonucleotide mutagenesis) DNA
DNA
DNA (
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[PCR ]

(strand selection strategies)

DNA( deletion mutagenesis)

DNA unidirectional deletions)

VII DNA
nested set of deletions) (—

(scanning

mutagenesis)

(linker scanning mutagenesis)

DNA
homologscanning mutagenesis)

(

24.8 ,

random mutagenesis)

DNA DNA
m,Taq DNA )
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PCR PCR

(3-

24.8

DNA
DNA
DNA

DNA
DNA 24. 9)

DNA( DNA

( 10 )

24.9 DNA

DNA)

Ca2 + DNA
/

1? DEAE- DNA, DEAE-

DNA
/

DNA

DNA 100%

( (microprojectiles),^ DNA, gene gun)(,
(DNA

~~^
(

Ti

(DNA

Ti Ti T-DNA T-

DNA , ( 24.6)

transfection): DNA II DNA

transformation) DNA DNA, )

DNA
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) DNA
DNA

( DNA

) (stable transfection)

DNA DNA

(totipotent

transgenic),

Ti

( 24. 6)

( 24. 7) DNA
DNA (ES)

(gene targeting )

somatic transgenesis)

(gene therapy) ( 24. 8)

transgene)

animal

pharming) —— ——

( ) (

DNA DNA
DNA DNA

); ()

,
,
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, 10
5

DNA DNA

24.9)

~~

L

( I

i

, (

~WA T V/TTTy^

IG

~I 1 M' 3 4 I

~

X _

X

-4/J V7777X~

I

-n KF

SZZZL.

GM8
g-!1^1%

'

'

@^&
r T

24.9 DNA a) () (b) (

M* (c)- d), «> A
G418 ^fe 9-[13- -2- ] IS tk

9-[ 1 ,3- -2- ] G418

DNA (gene delivery vector)

(suicide vector)(

1) 9-[13- -2- ] (ganciclovir, GCV) ACV)
GCV- DNA DNA gancybvir ——
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DNA ( 25

DNA

——
—— ——

:; ——; DNA
( DNA

;
( )

YAC DNA
YAC

( )

(
[ naploinsufficiency)]( (

; (cell

ablation)

gene knock-

down) RNA ——
mRNA 24. 8);

( 24.8)

(gene targeting)

targeting vector)
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(
- ends-in vectors)- ends-
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Si ( isoschizomers ) S( neoscizomers ) SI ( heteroscizOTiers )

Smal I CCCGGG Smal Xmal

CCGG 5'
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O.lmol/L DNA PEG),
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T-DNA 11 T-DNA 25bp
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i^^j^
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DOC
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25.2
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ATP ; ATP
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recB recC recD

RecF
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coupUng)(, ( )

1) -(
(2)

(

/ linkage

equilibnum)

——
DNA reduction divi-

sion)

(1) I ——
leptonema ) zygonema ) pachynema ) diplonema )
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C

2) resolution of recombination) ——
. 343 •



(b) (0 A B
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H
w X Ya Zi Z2

t

HMRa

X Ya Zi

25.5 MAT fiMLa HMRa
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(
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( 1 )

(2)

(3)

\ / U X integrase family)

X

FLP/FRP( 13 Tn3 (Tn3 )
[^ Tn3

{Salmonella typhimurium ) Mu phase variation)

25.2

25.5 T-

B (BCRs) Ig) T
(TCRs)( 25.3)

10
6

10
8( (

(idiotypic diversity)

Igs TCRs (allotypic diversity)(
isotypic diversity) (

Ig( )

V(D)J Ig TCR ( )
V(D) J

B T
complementarity-determining regions) , CDR1 CDR2 V CDR3

V(D)J V- D) J-

——
( 25.4)

IXI V DJ ;
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D

N
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I

V(D)J V(D)J V- > J RSSs)

RSSs V J D- RSS

AT CACTGTG GGTTTTTGT
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/
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V

(

3 (

)
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N 11)
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N- )

RAG1 RAG2 V(D)J
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12 RAG2 RAG1-

RSS 12 - 23 RAG HMG1 HMG2
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RAG HMG

V(D)J
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V(D)J Sczd DNA
DNA X

XRCC
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V(D)J
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IgMIgDIgGIgE IgA IgG IgA

B V(D)J C

C 8 9
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IgM Qx C6
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T
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RS delta TCRS SCID
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DNA (
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RAD52 RAD51 recA
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1
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1
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'
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(hypervariable regions) (complementarity determining regions, CDRs)

TCR P

TCR y 1 S-TCR
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C
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•
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DNA DNA

DNA DNA
DNA DNA DNA 1}
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James Watson Francis Crick

DNA
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1 ) DNA (cell) ~7~
. 356 .



mmmmm ^ i mum
iiiiiii iiiiini M iii i ii i iim i

DNA

1
DNA

i (
miiiiiimm

I

DNA
+(

I

RNA
I (

RNA(

j

I

26.1 DNA DNA
DNA

RNAo

——
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""
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RNA DNA -
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DNA 26.10
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C
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5'—3' 7 X X

polA

SI

polB

(SOS

dnaE dnoN dnaQ , dnaX
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26.9 DNA

SSB(
19kDa

M13
PriB

ssDNA ,

RP-A( A) HSSB( SSB)

70kDa,30kDa 15kDa

pol a

XP-A

(
ssDNA

ssb RP-A1 , RP-.A2 , RP-A3

365



SSBs

SSB SSB

I

T4 T7 SSBs DNA

SS (nucleases)

DNA ( DNase) RNA RNase)

; (nickase)

UvrABC RecBCD cDNA

DNARNA
DNases RNases

salvage pathways)( 3'—5'
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DNA RNA
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RNA DNA K DNA
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ii *
cDNA
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26.1
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DNA RNA

SI( )

DMA RNA DNA B|(DNA

polymerase) DNA (
DNA DNA RNA Bi(RNA polymerase) RNA( RNA ,DNA DNA DNA

S|(DNA replicase) RNA (transcriptase) SI SI

rm DNA

al template primer);: 3'
ct

5'—3'
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:
DNA~"-DNACDNA DNA DNA DNA S)
RNA~-RNACRNA RNA RNA S|(RNA g
DNA~~-RNA( DNA RNA SI(RNA

RNA"~DNA( RNA DNA 81(
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DNA RNA DNA RNA

——DNA RNA,RNA

RNA
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m: RNA
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DNA RNA()DNA ——

RNA
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RNA

• RNA RNA processing) RNA[ cotranscriptional modifica-

tion)] [ posttranscriptional)] ;RNA RNA
10 27. 1

• DNA RNA transcript)

nascent transcript) primary tran-

script)—— DNA
(mature transcript) DNA

• RNA mRNA
5SrRNA

RNA RNA(pre"RNA)

mRNA RNA ( heterogeneous nuclear RNA hnRNA )

RNA

• RNA
mRNA ( )

RNA n C mRNA
RNA

27.1 RNA

rRNA tRNA
mRNA

rRNA tRNA
CCA tRNA 3'

mRNA rRNA
tRNA snRNA

tRNA lg(Q) ® (W)

mRNA 5' 7-
mRNA 3'( (( tRNA

mRNA
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27.1 RNAs

tRNA tRNA

tRNA rRNA

tRNA tRNA tRNA rRNA

tRNAs 5' ( )
P 3'

D) CCA CCA tRNA

S|(tRNA nucleotidyltransferase) 3' tRNA

CCA tRNA

RNA ( tRNA tRNA: tRNA 10% tRNA

DNA
RNA U-RNA

rRNA rRNA

rRNA rr" ) rRNA tRNA 16S

23S rRNA IE IE

RNA ni 5S rRNA

RNA I 45S pre-rRNA 5.8S 18S 28S

rRNAs rRNA

45S rRNA

(processosome) (snorp)( small nucleolar ribonu-

cIeoprotein,snoRNP U3 snRNA)

rRNAs rRNA

27.2 mRNA

mRNA mRNA— ——

mRNA pre-

mRNA ( mRNA

heterogenous ribonucleoproteins, hnRNPs)
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RNA ( RNA
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RNA
RNA

mRNA 5'

mRNA guanyltrans-

ferase) 5'—5' RNA 11

mRNA RNAP 11 snRNA RNA

m snRNA U6 snRNA (5' )
(guanine methyltransferase) G? (type zero cap)

( + 1) 1 typel cap)

1^ +2
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5' RNA
RNA 5'

mRNA (
RNA

mRNA
5'

mRNA capsnatching)

RNA n 3'

3' polyadeny-

lation) 200 polyadenylate or

polyAtaiDo

(AAUAAA) 1030

cleavage polyadenylation specificity factor, CPSF)

cleavage factor) polyadenylate

polymerase, PAP)

n

PAP

polyadenylate binding proteinPABP) PAP PABP

bicoid mRNA

mRNA 3'
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U7 snRNA

Methanococcus vannieli"

RNA
mRNA RNA [pdy(A)+ RNA fraction]

rRNA tRNA mRNA RNA

(<5%) mRNA cDNA PCR)

27.3 RNA

( RNA RNA splicing)

27.2) tRNA

3'

(ribozymes,

27.2

pre^mRNA

I

n

m n 100~ 200bp)

, n n in

B ——
tRNA tRNA ——

——
fli

~~
mRNA n
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pre^mRNA

pre^mRNA nuclear pre-mRNA introns)

27.1)

(donor site,
5' site, left splicing site) (acceptor site,

3' site, right splice site) branch site)

GU AG GU-AG GU-AG mle)(
UACUAAC(

27.1) 2'

5'—2'

5' 3'

3'

lariaf intermediate)

()
D

•GU-

B A

UACUAAC YYYYYY~AG-

27.1 pre^mRNA

(D) (B) (A)

n

n RNA

spliceosome) 40S~60S pre-mRNA

small nuclear ribonucleoproteins)

(snRNPsnmps), RNA(snRNA)
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snRNA U-RNA U1U2 RNA
snRNP U-RNA

snRNP U1 U2U4/U6( snRNA) U5 snRNP 10 20

snRNP

snRNP (splicing factors) o

27. 3

mRNA
5' 3'

exon skipping)

alternative splicing) o

SR /ft SR U1 snRNP U2AF

SR RNA
intron bridging)

RNA exon definition) o

U1 snRNP U2AF 3'

27.3 pre-mRNA ——

E UI L/2AF

U1

U2AF ( U2

A 171 172 L72AF

U2
ATP

B1 L/1 172 L74/t;6 (75 U2AF
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C1 172 175 1/6 U2AF
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ATP

C2

n n
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RNA
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P

89 27.3
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T) 16 17 7) P
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SmN
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(
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(voltage-gated)
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ATP (
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)
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GPCPs GPCPs

—— GPCPs

cAMP GPCPs

HaZo6acten'Mm feaZo6zMm )

G ( aP GDP

GDP G GTP GDP

GDP a (3 7 G
GTPase GTP

20 a (3 y:
a

G a

28.1)

STE1 STE2 G MAP (

G

a (3 7

Gs Gi

28.1 G- a-

G, G, Ca2 + cAMP Ca2 + (H2

Golf cAMP

Gi Gii-3,Go 81 cAMP S

K+ 02

Ca2 + Ca2 +

G cGMP-PDE cGMP

G,G„. SiGp Ins(l4,5)P3

G" 16 DAG

Gi2 Na+/H+ pH
G,3

ACG)MP PDE Ins( 1 4 , 5 ) ; DAG,

(RTKs)

50 RTKs
14 PDGFRFGFR VEGFR

RTKs

(autotransphosphorylation)(— RTKs

( PDGF)
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RTK Ras-Raf-MAP

07-

I: gpl30pc "yc n

10 28.1)

III

r_|
gmo

S

^
i
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28.2 I n

JAKs STATs

I

EPOR XXYLVL/V Jak2 STATS

G-CSFR Jakl, Jak2 STATS

GHR Jak2 STATl

GM-CSFR((3c) Jakl, Jak2 STATS

IL-2Rb(yc) DAYLSL.DAYCTF Jakl, Jak3( LckSyk) STATS

IL-3R(pc) Jakl, Jak2 STATS

IL-4R(yc) XGYKPPG.GYKAFS Jakl, Jak3 STAT6

IL-5R(3c)
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Jak2
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STATS
STATl
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IL-7R(7c) Jakl, Jak3 STATS

LIFR(gpl30) JaklJak2Tykl(
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STAT3» STATl

n
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)
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I
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I
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Atrl
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Act-RII, Act-RIB,
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2
2
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3
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9
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2
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CD45

(
[
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28.2

:
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28.1
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GAPs(GTP GNRPs( GNEFs(
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28. 2; 28.1); Ras
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Raf( MAP Raf Raf

Raf

Raf Raf Ras
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RasHa-m5Ki-msN-ras)( 18
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(SRF)
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28.4 RTK-Ras Raf Mek MAP

Let- 23 Sevenless

Sem --3 Drk Grb2
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Ras

Raf Let- 45 D-Raf c-Raf,A-Raf,B-Raf

Mek STE7 Byrl Mek -2 D-Sor Mekl,Mek2

MAPK FUS3,KSS1 Spkl Mpk - 1/Sur- 1 Rolled Erkl.ErkZ

STE12,FAR1 Lin I.Lin- 31 Pointed Rsk c-Fos
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SAP MAP /^
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SAP T
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Ser73 Jun N Elk - 1 ATF - 2

MAP SAP MAP
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.

(1)

(2)

(3)

28.3)

. 396 .



1 I v",A k

2 I twww< rill v",i I
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28.3
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(PDEs)

G Gs Gi Gt)

cGMPPDE

cAMP

A(PKA) cGMP G(PKG) ^( cyclic nucleotide-gated)

PDEs PDEs 1^5

28.4

28.4 cAMP G G a«

(py AC cAMP cAMP
cGMP cAMP cGMP

cGMP cGMP- PDE

A
CREBCREB cAMP( PKG G Ins(l45)P3

PKA PKG PKA
cAMP PKG 4^ PKA

PKG

PKA cGMP PKG cAMP PKA PKG

- 45-[?1(11115(45)?2] G Gq Gq
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GiiGi2) C~(3(PL(>(3) PLCSI PtdIns(45)P2

-145-(1118(145)?3) 1,2 DAG) PLC

PLOy SH2 RTK Ins(l45)P3 DAG
( 28.5)

28.S I C(PLC) PtdIns(45)P2

- 1,45- Ins(l45)P3 1,2 DAG) PLC Gq
Ins(l4,5)P3 ER) Ins(l45)P3 15^ DAG C(PKC) PKC ,
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3D 3 - (3 - P)

Ins(l45)P3 Ins(l45)P3 15( 4^
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-1345- Ins(l345)P4 Ins(l45)P3

SOS DAG 1*5^ (PKC)
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PKC D(PLD) PLD
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D3 3-
[PI(3)K] Ptdlns PtdIns(4)PPtdIns(45)P2 D3 Ptdlns
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PtdIns(345)P3 SH2 PH
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^
Î ^ I
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!? Ca2 +

I ( 28.5)

G Gq RTK Ins(l45)P3
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28.5 !?
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Ca2 + Ca2 +

NMDA Ca2 + Ca2 +

CRAC (f? Ca2 + ER Ca2 +
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Ryanodine NAD+ (cADPR) Ca2 +

Ca2 + Ca2 +

Na+ / Ca2 + —— Na+ Ca2 +

ER/SR Ca2
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^
Ca2 + ^ annexinsV)

!*5 A2
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ATP Ca2 + CaM
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(2) PTK Ras-Raf-MAP
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SH2

(3) (cross-talk) 28.6)

A

G cAMP Ras C !?
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Ins(l45)P3 cAMP cAMP

Ca2 +
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C RTK
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Ins(l45)P3 cAMP 1^5 f§

CaM 3 (PI(3)K) (AC)
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(
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(2)

(
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C-/OS) es5r/ )
RTK-Ras-Raf-MAP

( TGF-(3-CDI)

28.6

(

)
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SAP Ser - 63 Ser73
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S
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SH4 , ( Src Abl

SH4 ) SH2
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SOS
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• DNA RNA DNA RNA() ( 26.1)
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RNA
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/
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(
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(core enzynie) a (3 a2 (3

(3'
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tRNA)
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DNA DNA replication 355—373
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D D-gene segments 354

Edman Edman degeneration 282

epimutation

E E-site( exit site) of
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HIV HIV infection cycle 439—440
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velopment 82 83bx
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RAG RAG proteins 349

RAPD RAPD markers 138,259

Ras, ras SH Ras ras gene 235 239

RBI RBI gene 27,31, 238—240

RecA

in recombination 250bx

SOS in SOS mutagenesis 181—

182
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RecBCD RecBCD nuclease 339

RECBCD RecBCD pathway 339

Rel Rel family 224

Rep Rep protein

bacterial helicase 364

in plasmid replication 254

Rev Rev protein 384

RNA 204—205

RNA RNA editing 384,385t

RNA RNA viruses 426,429—30

protein synthesis in

eukaryotes 433

RNA RNA targeting 383

RNA RNA processing 374—386,374t

RNA RNA splicing 377—384

nuclear intions 377—379

RNA RNA structure 208f 21 1—212

RNA II RNA polymerase II

C C-terminal dcxnain 409

RNA RNA polymerases 372,403

bacterial 405—406

eukaryotic 407t

RNA RNAexprot 384

RNA RNA stability regulation of

384—386

RNA RNA tumor viruses 235,237,

239

RNP RNP domain 224

Rot(RNA Rot analysis 144—

145bx

R R-banding 54

SAP SAP kinase 395—396

S"D Shine-Dalgamo sequence 290

SH2 SH2 domain 394,396,401

Shapiro Shapiro intermediated 154f

SINEs 131,133

SIR SIR proteins 412

SMAD SMAD family 393

SOS SOS response 182

induction of bacteriophage

183

SOS SOS mutagenesis 182—183
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SRY 69

SR SR proteins 379

SSCP SSCP analysis 310

SV40 428

Svedberg Svedberg units 294
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TATA TATA box 408

TATA TBP ) TATA-binding protein

(TBP) 223

Tat- Tar 384,439

TBP TAFs ) TBP-associated factore

(TAFs) 223

TFIID 409

TFII H 409

Ti Ti vectors 320,333
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processing 374 375

structure 388—389 , 295bx
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tRNA Transfer RNA introns 381
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T T-cell receptor gene 353—354

T T-vector 260

UvrABC UvrABC nuclease 170—175
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V(D):f V(D)J recombination 347

Vectorette PGR 261
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Wee Wee mutants 22
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in vertebrate limb

development 81 82bx

XIST aST gene 90—93
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X X-chromos<xne inactivation 5
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X X-ray crystallography 282—
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X X-inactivation center 91

YAC YAC transgenic mice 323

Y Y-linked inheritance 5,15—16bx
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P 3"Strands 266

P p"sheet 266f
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cancer 234

multiple hit hypothesis 234,239
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tumor progression 234

oncogenes 234 241

oncogene activation

mechanisms 236 239tf
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dot blot 328
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( entrapment vectors)
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reporter vectors 315 ,

ploidy 41,123

passive transposition 155
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editosome 385

coding region 98

variation phenotypic 1 ,2

expression cloning 311 314

E.coli 312—313

eukaryote hosts 313—314

native and fusion proteins

312—313

ij expressed sequence tag 143,259

expressionvectors 312

expressivity 8

representational difference anal-

ysis 261

phenotype 2

phenotypic variance 16 17bx

phenocopy 16
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in transcriptional control

416f ^

attached chrcmosome 48

virus

replication strategy 425—431

infection strategy 424—425

r^ulation of gene expres-

sion 431 433

viruses as gene trans-

fer vectors 320

viral oncogenes 235,236t

baltimore classification 426

morbid map 46
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190
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exchange 190

anisotrt^ic bending 211
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RNA 374
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256bx
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ij difference cloning p310
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long range restriction map 310
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131

superfamilies 273

supercoiling 213,214bx

silent mutation 186

DNA simple sequence DNA 131

simple sequence

length polymorphisms 138 194

silencers 344,402
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retinoblastoma 238—239

retinoblastoma protein
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programmed misreading 293

programmed mutation 194,201

202bx
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winged helix 220

nested gene 97

overlapping genes 97

iterons 255

DNA Repetitive DNA 122 ,125,126,
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mutations involving 191—192

transposable elements as 130"
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DNA recombinant DNA 338



recombination
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1

molecular basis 350

hotspots and coldspots 147

as a repaire mechanism

181,339
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recombination frequency 136

recombination signal sequence

348
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shuttle vector 301 ,331—332bx
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cephalopathy 434 436
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196—198
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hedgehog family proteins

Drpsophila hedgehog 79—

80bx,127
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velopment 82 83bx

-X fragileOC syndrome 49,200

fragile sites 49

misinstructional lesion 170

mismatch 178

mismatch repair
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missense mutation 187
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separation 294

determining mass 294bx
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band and interbands 54

haploinsufficiency 193

haploid number 123

haplotype 341

herpes simplex virus

infection cycle 440

monoallelic expression 5

88—92
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binding protein 271,364

DNA single stranded DNA viruses

429—430
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DNA unique sequence DNA 122 125
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tion 213,216—233
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structure 226

sequence specificity

characterization of 230 233
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226
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protein degradation 286

proteome 264,279

proteins 263—286

secondary structure 265 266

structural determination 282
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tertiary structure 266—271

quaternary structure 267

primary structure 263 265

protein sequencing 282

protein targeting 284—286bx
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signal sequences 284

protein polymorphisms 138,194

protein secretion 284
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regulation 292—294

overview of mechanism 290—
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conventional 273—276

chimeric 276—279

selective expansion 279~280

protein truncation test 309

protein modification 272t

protein folding 270—271

DNA DNA-binding motifs in

proteins 217—224 218t

barrel motifs in proteins

267—268

RNA RNA-binging motifs in

proteins 218t 224 225

inversions 48 49f
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trophoresis 326 327

lampbrush chromosomes 55

iscxhromosomes 46

isoelectric focusing 282

isochore model 53 132—133

alelic complementation 100~102bx

allele 2,98

allele frequency 195

allele replacement 324

PCR allele^specific PCR 258

allele^specific hybridization

328

allelic exclusion 5

slow transforming retrovirus-

es 239

digoxigenin system 331

second site mutations 203

second messengers 396 399

point mutation 185

electroporation 303 , 333

electrophoresis 326

orthologous genes 273

positional cloning 308

targeted mutation

by homologous recombination

324

spontaneous 170

targeting vectors 323 324
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telcmeres 56
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160
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373,376
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mRNA polycistionic mRNA 245—

247

polymorphism 184,195

polypeptides 263 265

N—C N—C polarity 263—265

chemical bonds in 263

—

265

polyteny polytene chrcxno-

somes 54 55
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retroregulation 385
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unassigned reading frame 118
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maintenance 65 66

catabolite repression 422
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molecular cloning 298 305
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DNA recovery of cloned DNA

305

molecular clock 196

prosthetic group 269

cofactor 268

n episomes 151

ccmpound chromosome 48

complex mutant 185

reassociation kinetics 134 144

145bx

ccxnplexity genome 124

replication 355 373

r^ulation 26 27

models 367t

fidelity of 168—170

initiation 365 368

linear genomes 369t

termination 368—370

repliconation 1 lOf

replication fork 356

fidelity of replication 168—170

replication time zone 369—370

replication slipping 169,191f

replication intermediates 373

post-replicative mismatch repair

86,178—180

replication banding 54

origin of replication 367—369
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359t

replisome 358—366
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1

repUcative form 358
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calcium signaling 399—400
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baculovirus expression 314
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in molecular cloning 324t
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205
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amber suppressor 203
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—
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acute transforming

retroviruses 235
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meiotic drive 6
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splicing factors 379
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mating type switching 344

jelly roll motif 268

Proofreading

in translation (129)

in replication 168—169

YAC) yeast artificial chro-
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) Ramachandran plot 265- blue-white selection 304

J class switching 349

viroids 251

virion 423

nucleoid structure and organi-

zation 39~40

iron response element 294

385—386

ion channels 388

ligase chain reaction 262

linking number paradox 35

linkage 9

expression linked cx^y 346

/^ linkage equilibrium/disequilib-

rium 341

linkage mapping 342,135—139

limitations to accuracy 146

148bx

linkers 301

continuous character 11

/ sickle cell anemia/trait

195—196

strand slipping (see

Replication slipping)

leucine zipper 222 227

lytic infection 424

gap gene 75—76

contiguous gene syndrome 46('J ) context-dependent regu-

lation 415

phosphodiester bond 206

3- phosphoinositide 3 - kinase

319f

flow sorting 307

filter hybridization 327—330bx

-- helix-loop-helix 222«-- helix-tum-helix 219—221

pulsed field gel electrophoresis

326—327

cap 376
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cap"binding protein 291

capsnatching 376

enzyme mismatch cleavage 309

enzyme cascades

intracellular signling 393

mendel's Second Law 8—9

mendel's First Law 3

mendelian inheritance 1 ,11

codon 117

codon assignment 120

codon family 119

/ / usage/choice/bias/perfer-

ence 120

immunoglobulins

diversity

immunoglobulin gene 353

354

fate maps 62

model organisms genomics

122,134t

terminal redundancy 428

SI temiinal de-

oxynucelotidyl transferase 373

maternal genes Drosophila

75—77bx

maternal effect 5~6,61f

maternal inheritance 242 , 243f

virusoid 434

endosymbiont theory 247

introns 126

splicing 379—380

origins and evolution 278

phase 278—279

intrcm-encoded proteins

380—381

intrinsic termination

of transcription 419

inverse transposition 158

reversion 48 49f

shotgun sequencing 1 50

gel electrophoresis 298 326—327bx

DNA large DNA molecules 326

—



327bx

gel retardation assay 231t

232f

exclusion mapping 137

embryonic stem cells 334 335

!J pair rule genes 76

s^ment polarity genes 66,75

balance mechanism 69

balance chromosome 47

paranemic joint 213

paralogous genes 273

paralogous chromo-

some segments 215

general transcription factor

407

promoter 403

promoter trap 317

promoter clearance 403

tRNA initiation

tRNA role in protein systhesis 290

initiation codon 117,120

initiation factors protein

synthesis 290

provirus 424- leading strand-lagging

strand model 356

potency 66

mosaic 50

PGR nested PGR 258

parental imprinting 5

role in mam-

malian development 91 92

enhancer competition 90

hydrc^en bonds

- in protein-nucleic acid

226—227

in proteins 269

in nucleic acids 209—210

regional specification 59

substitution fidelity 168—169

deletion loop 46

chromatid 52

chromomerse 53 55

chromosome 52 58

/ classification /nomenclature

57—58

molecular structure 55 58

morphology 52—55

metaphase 36

chromosome derivatives 46

chromosome imbal-

ance( aneuploidy) 46, 185

chromosome walk 308

chromosome breakpoints 46

chromosome banding 52 53t

chromosome deletions 46

chromosome puffs 54

chromosome number 123

chromosome jumping 308

chromosome mutation 41 51

unbalanced 41—47

constitutional 41 51

structural 41—51,184—186

balanced 41,47

numerical 41—46 185

somatic 41,51,100—110

chromosome painting 143

chromosome duplications 46

chromosome landing 309

chromatin 32—40

open and repressed 38

diminution 70

structure 33 37

domains 38—40

role in gene regulation

37—40

remodeling 30,38

artificial chrcxnosome vector

303

human Genome Project 134

lysc^eny 424

fusion protein 41,189

redundancy structural and
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functional 129

opalcodon 117,187

opal suppressor 203

refolding model of pri-

on replication 435f

prion hypothesis 434 436

triple helix 212

triple helix therapy 335—336

triplet 117

triplet repeat syndrxxnes

201—202bx

scanning hypothesis 291,293

scanning mutagenesis 319

killer system 250

killer plasmids 251,252

killer factors 251

epistasis lOt

leaky allele 192

growth factors 387—388

growth transformation 234""^^ biotin-streptavidin system

331

germinal mutation 184

runaway replication 253

chemical cleavage of mismatch

309

loss of function 192

loss of heterozygosity 241

DNA readout of

DNA sequences by proteins 228 330

adaptive response 175

release factor 292

plaque lift 351

II phagemids 301—303

phage display 318

phasmids 301

receptor tyrosine kinase

390f

!^/^ SI receptor serine/thre-

onine kinases 292t

,ll hydrophobic core 269

PGR quantitative PGR 261
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meristic character 11

quantitative trait loci 138

139

quantitaitve inheritance 11 15

attenuation attenuator control

419

RNA dsRNA-binding domain 225

double minute chromosome 202

biphasic genome 53,132

2 - D electrophoresis 282

ambisense gencxne 426

two hybrid system 317

dihybrid cross 8—9f

hydatidifrom moles 45

horizontal gene transfer 274

ci5-«ram test 95,100—102bx

cistron 95—97
.

J ci5 -acting elements 105

d5-dominance 101 105

sequence tagged sites 141

death domain 30—31

tetrad analysis 147

relaxed control relaxed

plasmid 250 255

host controlled re-

striction-modification systems 84 85

random genetic drift 195

random mutagenesis 319

DNA lesions DNA 170—171

PNA) peptide nucleic acid ( PNA)

336- tRNA Peptidyl-tRNA 292

down's syndrome 44

lariat intermediate 378

turner's syndixMne 44

specification

conditional 62f

in development 66

autonomous 62f

site-specific recombination

338,345—346

in transgenic organism C



325

intrabodies 336

In vivo footprinting 231

In vitro packaging 304

In vitro mutagenesis 318

systematic 319

somatic hypermutation 202

somatic mutation 184,234—239

somatic cell hybrids 140

somatic recombination 346

conditional mutants 193,197

readthrough( protein synthesis) 293

readthrough mutation 187

sib pair analysis 137

isoallde 6,193,195

tRNA isoaccepting tRNA 119

autozygosity 137

n hcanopolymer tailing 301

synteny 341

isotypes 346

synonymous mutation 187

autopolyploidy 43

hOTneologous chromoscmes 43

homology 273- hcanology-dependent gene

silencing 106

homeotic genes 127

homeodomain 219—220

homologous recombination

molecular basis 339—340

mechanism 337 339

r^onal frequency 148

hotspots and coldspots 148

role in genetic map-

ping 340—344

() isotypic exclusion 347

allotype 346

headful mechanism 428,429f

mutation 168,184

functional consequences 186

190

structural categories 184

mutation rate 195

mutation frequencey 195

mutation hotspots 194

mutation screening 310

mutant 184

mutant alleles 191—193

mutation pressure 195

pattern formation 59

deamination 171t

topoiscxnerase 363, 364

1

penetrance 8

exons 126

exon sliding 279

exon trapping 142

exon skipping 379

exon phase role in

evolution 279

> exon shuffling 263,277

exon duplication 263,277

epigenetic gene r^[ulation

86—93

epigenetic information 84,117

epigenesis 59

Dktyostelium discoideum

life cycle 72 73bx

microballistics 320,330

microsatellite 131

maintenance methylase 84

DNA satellite DNA 125,131

satellite viruses 434

satellite nucleic acids 434

satellite association 53

satellite r^on 53

position effects 41 189

positional information 59,66

temperate phage 424

amphioxus 275

coiling in snails 61f

wingless 78—79bx

null allele 192

nonsense codon 117

nonsense mutation 187

DNA junk DNA 125
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physical maps 133

physical mapping low reso-

luticxi 140t

greek key motif 267—268

It selenocysteine 120

selenocysteine insertion

sequence 120

cell division bacteria 19—20

organelle genomes 242—248

organelle genetics 242—244

organelle plasmids 247

cytotype 160,244

cytogenetic maps 133

cytokines 387—388

cytokine receptors 390—391

cytoplasmic determinants 61

cytoplasmic inheritaqnce 247

248,242

cell cycle

bacterial 19—20

eukaryotes 20—31

cyclins 23—24

cyclin-dependent ki-

nases 23 25

START 22,25—26

BAC) bacterial artificial

chromosome 303

structure of bacterial 406f

bacteriophage 423

M13 bacteriophage M13 218

Mu bacteriophage Mu 424

replication 355 373

host range variation

351—352

X bacterophage X 436—441bx

gene regulation 430—431,

436—439bx

cloning vectors 310~303

integration and excision 351

transcriptional regulation bacteia

415—417

lac lac operon 421 bx
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P Globingene 421bx

eukaryotes 417—418

transcriptional initiation bacteria

405—407

RNA I RNA polymerase I 408

RNA, II RNA polymerase II 408

—

409

RNA III RNA polymerase III 410

parvovirus 428

hypostasis lOt

preformation 59

fiber diffraction 284

fiber FISH 140

dominance 1 2,6 7 192

domaince relationship 7 8t

dominant positive 193() dominant negative (trans-

dominant) 102,106,193

DNA mitochondrial DNA

replication 246 247

mutants 244t

organization and gene ex-

pression 244 246

mitochondriopathies 243

/ restriction enzymes/endonucle-

ases 325

restriction fragment

length polymorphism 329

restriction map 310

retriction point 299

plectonemic joint 213

interaction trap 317

kissing complex 255

curing 250

minor groove 210

minisatellite DNA 131

response elements 417

cooperative binding 271

concerted evolution 276

cooperative transposition 158

zinc binuclear cluster 221

zinc finger

CyszHisz 220f



DNA DNA recognition code

229t

multicysteine 221

neomorph 193

signal transduction 387—402

immune system 391 392

STATs 391

signal joint 347

RNA messenger RNA(mRNA) 205

processing 375 383

life cycle in

bacteria and eukaryotes 287 288

informational suppression 203

informosome 375 376

morphogenesis 59 66 68

!J sex determination 69t

sexduction 110,1 14bx

sex-linkage 4 5f 15 16bx

sex-linked inheritance 4 5f,15

16bx

sex-chromosomes 52

character 1 2

repair dificiency syndromes

174t

repaircficxne 178

licensing factor 27

sequence homc^enization 276 263

selection pressure 195

alternative splicing 381—383

in Drosophila sex deter-

mination 383

hemoglobinopathies 198—200

Hemoglobin disorders

molecular basis 198 200

circular permutation 428

thallasemias 11

subviral agents 168—169

elongation factors

protein synthesis 219f

transcription 416 417

stringency 327

stringent control stringent

plasmids 250 255

wobble rules 119,207

wobble hypothesis 119,207

wild type 184

DNA chloroplast DNA properties

of 245

monoploid number 123

one gene one enzyme model

94

mobilization of plasmids for

transfer 109

frameshift fidelity 169—170

frameshift mutation 187

transvection 106

heritability 17bx

genetic markers 138t

chromosome theory of inheri-

tance 52

heredity 2

genetic linkage 9

genetic code 117—121

variations in codon as-

signment 121

1

universal 118f

properties 118f

genetic screens 196

genetic networks 197,281

genetic information 117

hereditary persistence

of fetal hemoglobin 200

genetic mapping 133, 135 139

quantitative trait loci

138—139

hepatitis B virus 428

prime plasmid 250

heterozygous 2

heterochromatin 36

role in gene silencing

40

heterochronic mutations 67

ectopic expressicMi 193

allopolyploidy 43

chimera 341
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quenching 414

suppression 1 Ot 203bx

inhibition domains( of

transcriptional repressors) 422

translocation

reciprocal 48—49f

robertsonian/whole arm

48—49

chrOTnosome mutation 48

49f

in protein synthesis 292

vulval specification 77—78

RNA(gRNA) guide RNA 385

I
priming strategies 369t

I primosome 362

primers

arbitrary 261

PGR for PGR 257

I primer extension 311

cryptic splice site 379,383

DNA cryptic satellite DNA 131

cryptic plasmids 249,250

recessive 1—2,192

imprinting boxes 89

X imprinting and X-chromo-

some 5,91 93

fluorescence activated chro-

mosome 9orting(FACS) 306

FISH 140

auxotixjph 198

lod scores 135

mitosis 28

control of 26—28

mitotic segr^ation 342

mitotic recombination 342

sense strand 404

sense codon 117

mutagenesis

induced 168—172

gene targeting 321

in vitro 318

natural mechanisms 157 160

mutagen 170,171t
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induction

lateral inhibition 63~64f

in development 63~64f

of gene expression 421bx

of latent virus 424

community effect 63

bacteriophage X 436—9

morphogens in 63

permissive 63

instructive 63

homeogenetic 63

induced fit 226

threshold character 11

proto-oncogenes 235 236

spheroplasts 332

progphage 424

PCR In situ PGR 261

situ hybridization 140,312

329

prototroph 198

circular dichroism 282

homogeneously staining region 202

cross^feeding 102

hybrid dysgenesis 160

steroid receptors 393

sproulation in Bacil-

lus subtilis 71 72bx

selection in genetic screens

196

in molecular cloning

304—305

natural and artificial

17—18bx,195—196

anticipation 166bx

immediate early genes

viral 436,440

cellular 30,402

squelching 411/Ibt mutator/antimutator

genes 168

enhancement 1 Ot 203

enhancosOTie 412



enhancer 409—410

enhancer trap 317

cosmid 302

foldback elements 162

ochre codon 117

ochre suppressor 203

whole genome duplication

274—275

integrase

retroviral 151

bacteriophage X 351

imegrons 164—165

positive-negative dual selection

322f

directional cloning 301

directed mutation 195,201—202bx

forward mutation 191

site-directed mutagenesis 318f

() Upofection 320

lipid second messengers 397

direct reversal repair 172 175

DIRVISH 140

plasmids 249~256

classification 249~251

conjugative and nonconjuga-

tive 250,251,256bx

copy number 251—253

plasmid phenotypes 251

plasmid partition 20,250

plasmid replication 254 255

plasmid rescue 161,317

plasmid doing vectors 301 303

plasmid maintenance 250,254t

densely methylated island 368

lethal allele 8

transplaconent 322f

mesoderm induction Xenopus

74

central dogma 104t

neutral mutation 185

neutron scattering 284

stop codon 117

termination codon 117

tumor viruses 425

tumor suppressor genes 234,

239t

SOD 347

globin genes

mutation 198—199

transcriptional regulation 420

~

421

transduction 303,111—113

generalized 111,112

specialized 113

transformation 303 , 320

artificial ofE . coli

304

of bacteria natureal

110—111- P transforming growth

factor-p superfamily 392 393

switch regions 348

transgenesis 321 ,332 335

DNA random integration of

DNA 333—334

inducible transgene

activity 335

site specific recombina-

tion systems 335

transgenic animals and

plants 321 332 335

adaptors 301

Transcription 403

principles 404—405

initiation in bacteria

405—407

initiation in eukaryotes

407—410

transcription unit 98

transcriptional elongation regu-

lation of 417—418

transcript analysis 311t

transcribed spacer sequences

98—99- transcription-coupled repair

176—178

transcriptional arrest 417

transcription factors

DNA- DNA-bingding domains

216—233
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activation by signaling

proteins 401

dimerization domains 224

regulation of activity 414

—

416

activation domains 422bx

examples and binding sites

417t

combinatorial activity 415

constitutive 408

mechanism of action 409~414

transcriptional termination 419

transcriptional map 143

transfection 303,320

of bacteria 109

of eukaryotic cells 320

transposon tagging 162

transposase 151

conservative and replicative

153—155

regulation 157—159

mechanisms 152 156

consequences of 157 160

transposition aberrant 160

transposable elements 151

I class I(see Retroele-

ments)

I () class iKsee Transposons)

classification 161 167

used 161,161t

transposons 161 165

parasexual exchange bacteria

108

xeroderma pigmentosum 174

centromere 55 56

natural selection 195 196

suicide enzyme 175

self-splicing introns 379—381

DNA selfish DNA 126

footprints

of proteins 231—232

of precisely excised

158

constitutive mutation 193

histories

core 35,222—223

linker 34—35, 223

modification 32,37—40

histonefold 34,222—223

modules of proteins 263 276—

277

organizer 73 74

mapping function 147

locus comrol region 38,409,421—

422
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