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4 a1+-3$I ii+-, protein Ji yjd m RNA JL,Yl " 

.IS j k j  -9, >*c >-,dl i + ~ ;  -- L ~ S  h i  4 ~ i  
I ++ 0 + I I i . +YI 4kzl\l1 
>-jk'Yi 2 '+ i*21, L j  jJrZ L.X 2 ;?IJ JS b+- Code u 

d l i I J  ;*. 3 L@l d L J l  0 4  (+ j J r J l  .. . bpSCjpSCj 

L J I I I a k + I   codes 

di + j - T  J- &+ J%J J+ ,i d 3 ~  4 y ~  GL+L ji d& 
. k'jJ&\ 41 2 *a, -- G\jJ\ aL>\ f* ,+ &\b! &>> 

Unique and Repetitive DNA 

4 i. A .  6 d 2  6- W ~ I  4!yJ~ & &IJ> 

i '?pfJ_I jI;yJI bW1 2 I;,& i,,> A- 21, L;_-L,yUI " 

* j J  .L -+ GU i . ~ . ~  wJ e+i i.x J! + d l  

Density G W I  c J ~ l l  &>rJl >+I klk; &p L&*Z ;jl> -&I 

L L G I . . i bi + 'gradient centrifugation 

& u J ~ Y I  J! b- i. b . > UI +I+ $, 
G-C cl,ji ji L - y J  *hi I . . -  - 2 I '& ' G W I  cJls 

,i 'A-T j +I i. b .  i &L. j k  di ll;, A-T c~,ji pi ~6- 
. &$&I >+I +Ix! &3j / a* CgLps C-G 

Unique or Single copy DNA G d l  +JJI i . d . >  - 1 

L c +  ' i . b . i >  YL+L> b;+ &L iJ+ p, 
2 Single copy 9 i+-> ,+A 2 ;>Lc -byJ L a G j A l  
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d l  'Structural gene L L + l l  -.- Y W I  LJpxell .-La +-, N & > ~ i l l  

1000 j, LA '+&$I d l  Ji J-r p'*, '& _ j f i  b U[j +- 
a I I - 6 base pairs +,&I &I$\ 2 C3j 10,0003 

J"; "5$1 -.- &+I j! &i ' ~ t r  uii 50 L C ~ \ ~  jL-;)J\ ~ $ 1  - 
3%1 bl+Jhll> c~ilji 10 x 5 Jly d i .~.>>~pp.==-,-  r~ - 

a4JI ,yp" ji di j p  -LSI$I 2 clJji 10 x 3 21- )J& j L Y l  

21 ~ L A ~ I  r+ i. b .  > >L-! LG 7-17 $1 fi- LLAI -.- 

i-; C j l i 9  . Repetitive DNA )$dl 1. j. >, , L JUI 1.  A .  > + 
Genome P I  r&l g %90 - 1 jr i l S I  i+I LJI;U\ 2 )$d l  1 .  j . > 

J + ~ i . j . J 3 ~ ~ + ~ ~ ~ ~ 2 t + ~ + - , ~ w ~ c + ~  
6 i . l + ~ ~ K d I  pk +L J+, ',I+\ JSU A- 
bi i; AJi . $3 t+ d%L @&,, I CJjyJ$~ i,lr igjlY, 

JIr& ~ ~ + i . b . > L p * ) ~ ~  ' k & J I &  til$li+_iaI;IUI) 

.(&I ;*-, k , > y ~ l t . j . >  

Middle Repetitive DNA J91 L p  i . L . > - 2 

e - 9  i i- 1000, 100 & ;>'b iJW\ 3 - b  c31A3 

3La j&- ;J\ ;iwSiJ\ -.- D N A  2 &+I o h  

,+Ql ii+ +I4 'dJjr-$l . RNA ~a&-,&\ 3 &U & 
d 

' & I ~ I  a i i  r d i  ,+- Ui, ' W I  Metabolism 

. ; I d \  ;+I &MI L J ~ L L  " .  

i . j . J c ~ k i p ~ ~ a ~ & ~  : a + d ~ 3 t & ~ ~ ~ ~ i 3  

4 ';I; 500 - 300 j. .O ;,+I J-LS cJli-l '+I 4 j j 2 j l  

'+I 2 ~ b L  ?+I ++ 41 &,j2>! I. 3 .  pi a k  

c ~ h  ~SWI ~ _ s $ I  ..... Jb c,~AJ, ii u;li 25 2~ ~ s ;  
>+ (;' #I r b Y l  iLU l O O O j  100 L aL++-l 

L I I ' 4 6  isu~ ji ks L ~ - L , $ I  

. t+ JU 3 5 0 ~  170 

' L J L ~ ~ ~ ~ $ I  & ijwl &I 3 J.5 ~ j +  JG A- 
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i > ~ + r y  i>lc f l l  &3jm JI I. a .  dJi-5, aL+.+I I  a+ illr 

2 r3jyJ$l & ij j l+ .a  Tandem &l$l r lk, iJ* 6- 

a L  $3 . aLJjr3$l Ck, dl>yl fi y+i;ll j 3j + &L 
~ p j  JL~ j t j y  +*-r~ &i -- ~ R N A  ey'Y ;&I a-I 

. W l  aL3jy3$l 

Highly Repetitive DNA J$!l dlc 1. LJ . > - 3 

c3j 200 - 7 &- L+l+ +> Y i A l  a L y U I  3 ale- +-3 
'(A-T) lc141 c l J j t  41 3 L L ~ ~ + J I  .. ... &I+\ 3 

YL, j+ry3$ 2 hi>!+ dlJ\$ 3 i- '91 & -by3 

. r r z j l  

Constitutive e l d l  &L3>,&1 jbL ir+l 0 - b  

34; 5 3  L y3+l G i b  JF ;i4L L+ >jsg L heterochromatin 

L%rJJl'l 2 C*-,JI 3 '40 3 $1 J L  
D.virilis e d l  3 

i .b . .  JL-! j. % l o  Jlu i j lc La . ,  ja, L L J L ~ I  j ~i fi 'L .. . i a I LC. i > h  cyi + ~3 4 4 1  j 
-L $3;6'l &L a+ '&I >-L ' a L s j y s z M 1  * 3 - 

+- A ~ U  o~ bi &- AL~$~&I  'L-~ 

h JGI$I 3 c3j300 ly $ J& iii b& tj. C. +% 

, i t + + v . ~ i . ~ . ~ ~ ~ ~ % 4 > ~ y ~ J  ;+I aLJjy-(> 

r* 2 1.  A .  2 c w  j. 1 4  JIY &-3 Alphoid 

.sIrp3+- j '&>I; ;,+ a k U  4 - 3  ' L J L Y I  

. Y 3 3 3  1 L 9 16 : rJ jy3> $ bPL + $ 9 3  L ab3 jyl$I 
c -  

&L 2 +JI UI .. . i. LJ. > Ld~ LI LJYI + +&I 

a ! f i ~ i & - ~ i y !  'u3 ~ V I  '+ 

% + F ~ J ~ I  x p j y 3 2  > 4+3&1 3 1 - 5 3 d l  

j L d j& l  fL.-i;YI 2 &L J! Li D.melanogaster 

L d a ' I  2 I I + 3 '++I 2 
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Genetic engineering : vlJJI i41 

Same iestrctan sltes ---- 

- 
I "MA 

resfnctton --- 2 -4,- enzyme 
--- - - L3 .+I 

2n A A L L  
- -- - 1 DNA fragment 

- - -LLlxA =-A - 
to clone 

L a 
Llgaso 0 3 J L  a u -  ys d L y I  

- - ULp1 
.. . 

- -- -- - 
-- m-, 

Dlasmld DNA 

A. DNA cleavad at a speccfic site 2 Hybrld plasmld at I - 
reconlb~nant DNA 

or no 
1 J>l * 2 JJL 

3 Uorare mnio 
bdcfenum ~5 s L & ~ \ J  awl O h  &.+ ,a> 

Seecraon for 
pla$m\a-conta,nnq 
bactera 

NO grontn 
& & I  , L ~ ; L I +  &-isiSJ 
o u  ?\J .+I! fl ?-?-'S 

- r-- 

0' '-E 
L- - 

0 Multiplncatton (cloning) of a DNA fragment 

1 Genes for an*b,ollc resistance 2 Altered ant8bcotlc reskstance 

C. A plasmld vector (pBR 322) for clonong 
OL rplj Culture ki&l j 

~ I ~ J I  LJ+II db~i 
J-I A> cjp >Iy 



c;ll,+LJl, J A L L e l l ~  &&I o h  Jk& . U I  ; L A  L W l  a L + J I  e 
. Zl,$ & d l  eLt i l  dii*l 

. ~ > I L ~ & I ~  SF + . - '  2 +I ~ q i  bJ2 ;c~rr l~ IL j. 

gene a-I Ji ikr u-~ . ;i4L-eli -I &-I> w d l  r;? 
+ :+dl &I ~ - c  i K -  ;++ $A d J U i  + transfer 

- (4-1 +-3$1 &- ,+ 
: q U l  a L W L  . rLhil - j. Y di jl,.jJ 

Vector jWl : yJ1 

J! t ~ o !  12;4 & ~sj-- L+I ;r. eyi J! 
. Plasrnid +jK. . d l  - /I l i n  i.3 &Yl 4 1  

iJL_c + j q L  4 3 1  '+ 4 3 y  qeJ1 2 ~ 1 3  ++? / . 

2 4#l A- >I 3-1 & GL 2+ ii_s >g;ry 
c;IIJ~-Lo~YJI OL Jp ;4 c U I  A- A9 L & ~ - J I  ~;r\>Wl, LgL 

i3L iJ>b &is 2 @ ~ & + i  4% 21 L41i>!1 
&li al+j'%JI OL ju . $I1J1 J y J h  &LdI oL --> 4 4 1  

r&i>lA3 J - i+J\ J . & + L ~ ~  .. . 
$I+ L &-2 2 ++dl &I rJj + "+\&I if;&! 2 *I 

.Ls i id!+j .>~~+ 



- 5 I -i >-I * U I  + @ r+- ;" a L - - i Y I  j. + ty 
~ + Y I  oh dr- ;>A gblj *C +,i +I; c i 3 ~  &>I 41 

I L i i+-~.d~ ++JI ~ L Y I  u - - a ~ - i i  C"k 
*& &,-,.;. k3&1 d9Lh l l j .  ~ 3 h  3 - b  U1p-k 

3 2 4 A 4 ~ 4 ~ 1  y l j L  $ 3 ~  &- j l  Jrezll j3+  

J+-Jl$~&&JJ d L J $ Y \  O h  A &A3 . JLJI 3 

&;I il>i @I &&i ,& k;! d~j? L i , b b  ;. &jbL 
i &-I G!>Y!~ j - 1  +-3 . -SL. 3i + r"- ci? 

+i &I .. - +ii + +jwlJ ++dl ~ W I  +Jd~ 41 
&L 43+ &-A\ 4 31; >I+! SIJ-~I 

a l+ jKJ I  31 LWl r 1 ~ Y 1  LLb! (j. @ 2 3  i+j>q3 d 3 i  
+ j W I  &-I> 2 +&I +$I ~ j j  (j. . LWl 

. ~ $ 1  >L 4 , i  p j ~  d3+ &-JI 4~ jy- L d j 

Ls j i  il. + 214 241 b3> i& + ely p 4 . ~  Js &i bL 

. Recombinant +;MI 

Ligase DNA (;W) +>I a&>\ : WU 



Gene Mutations i ; J I  - - .  d+l4 b . 
I. Y . k Y l  .&Vl j. qIJ31 i>U &- &a ++J3-->. 

' (1 .  j >) GIJJ\ bLJ1 yL 2 +I 23 'GIJ$\ i>U CkLj rL 

" " .  ~l,+d!)k-,~$I *rI+ ck GI. LLdl DNA Replication 

21 &>> JLdkj . +3$1 L G I + ~ J \  r k  9 +- 21 G>> 21 eU-91 

w- LJWI c2 j. '&= p- u *" "3 r-Ul &I J-4 s +dl 

. LIJ++-&I c3j Y i. L . ie LJG 41 
-;- 2 *- 2; &>j;  &u\ 4 > u \  -b hbdl o h  

J - .  i$ 
gene 41 i+Jl A - 3  'J! J+ L J ) ~  &I Ih-9 . J-JJ 

. mutation 

Spontaneous and Induced Z-bc.-dl ;JI&~-~ k;U\ ~lph!l - 1 

mutations 

G-LJ' dw 8 3  L Y +  L,+ L A l ,  -. A i ;  &I 8 &&I1 
+" 21 a- 4 Z ~ I  ;+I ~i 'J&~ i+b yi L& &-3 

(;II&I> ;I\+ Zdl 2 1 4 1  &IG! (Jj! ;i3'"rJJl O L J I  2r; I+ 
& Lbi .>dl i& ~1 3lxr-ell i p k i l  J*, 42 44l 
+- dl3 LYI 3i ;,&I ZUI - - -  AI+ Z&I u- 

pi;, ++dl ZYI, (+-dl jp Z'YI +i,) +$I 9 LYI 
.(LO&, k3 kli &i3 '+I -91 



Structural mutation L5AI .. .- - 2 

,i La~++&~ j. &I L_S+- A iiji &I+- i++ 3b"J 

:;?'dl e j L l  >! +-, 'dl & I >  i l l . . ~ + & I  CI-U- - j  

Substition mutation Jl+Y I ;pb - i 

&,+& 2 ~ 2  t:"*rli J*r; +- transition $C'kj J l h l  ; p b  - 1 

p j i  i b L i  Lb dJ--P-. .. -_.. i i ~ L i  &- ij JJ-iS, eaJ l j .  
. ylkj JI+I dip ibi ks Ld+-d~ 

r+ ~4 i i s G  J* Transversion AL J I + I  i.14 - 2 

a'+ i'-i kj, &, ~ & l , i  &*dl c+ 3 ~ j - 6  & J d l  

.+pa 2 Jl+I 

@i J- &i +cs JX-! >! JI+YI ;+ L-U 

&L;+&&C-I,+&I~ J W I ,  ks)-+i 

i I i I I i 41 
;>LC4 u dlk-,l, u29+ is>* L u i  .jp ' lgr4y2 2 

. - U L J C L L L J I , , L ~ - ~ & I ~ & C ~ & Y ! ~ Y  L+'\ 

*I+! ;pi. ipkii o h  ;U,-, L2-,AI e L ,  J&I & ;;,ihll ?LJ 
nonsense-mutation 4-JS i)il. J i  L i L U I  

.&-,J &I 'y C j -  (+.k+ 

JL>L i+ - 

rl.S 4 L& J L ~  d! $1 'h,ib! i*;+$ JL,! pj. 
. & I  J JSljdl 

Frame Shift mutation JLb)!\ ~)il. . > 



F.&> 2 LJLJ! ;ill>\ a l p A J  Z w l  ;iWI LsI$\ a!,&! ;+I j + 
i I I I - . m RNA & d l  i ' j . , 

. LL>yI  

& &&I ,i G 3 u l  &\+I >& j~ A-- -I3 

L I ~  >'by &-?- A+ +. . (33639 Gi) ~I.L;++ Z ~ U  ~ L L L  

I LG,,, *LAL ~n 2 'L 'L-i b3 l ~IG+I - -  - 
i 4- A i J - - .  A p . .&I LIJ, . ~ u j  . ;+I 

"u- & 2 L  QU s+ +.A L . G L ~ .  ~j 41 jls I;! ~i ,*&-i 

. +,, e U l  d 3 $ l  ?Li L) ;$ Y *i '@I J-IW 

.L j. e~; i  i*c '&-I 3 b  ji u 
Backword mutation i , v j l  ipkl13 foreword bbvl ; 4 l  

. Suppressor mutation LlUl ifikll, 
*sI jdI ek j LA i- -- AG >I ;&I p3 :+by~ i+lI 

GJWI ?&I j. ?A 2r y. i 4 I  i r l j  J! 'L 2y 2 
2 Y- J! 41 .. . 2 4 4 *- d! +>k~ 
i~Lj\; i+L ;pi. 2r 4 A& d l  &- & i p k i l  L! . & 
241 + i+ i.141 j! & i  21 +I -. 21 
~ r ~ L C j y > ~ - A l ~ ! i j l U l i p k l l # - w d  '&I 

d i  L i - J i J IL~I i+I 

- GLYI ;&I 2y 2 ‘).+I &A\ -. 41 .. . i>h\J GLYI +.MI 

Somatic and Germ cell L L J I  - .. al+13 I a l& l -  3 

. mutation 

&A3 ~&JJl+l l> +@I L _ W I  j -I al+l 

' k h i L p + U l  L W l  I; j, ' & ~ ' - b > l U l > L n $ ~ -  

~ U I  ~i d3 . ~ L Y I  2 21~1 AIL! A +-3 

i.lJ+13 i zL-$I+ i  2 &&- Y w9 Ljlb/,J& j L ) ' l  + b y  
AG 2 ' i>Lhl l  J ~ Y I  3i +YI A ~ 6 1  y3 

A,, >- + F-3 germ line cells +..+!I L W l  j L L W l  - - i 4 l  
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. GIJJ1 
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. ,.,YLYI L ~ ~ y :  2i L ,+YI a& ~ I + J I  :+ 
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+++?Y i d &w i - I '+I 

> J l ~  @ &i ri, L ~ L + $ I  4 . u +Yi &%irk; il*, d ' ~  

Inborn errors of metabolism GJ,+l +-L'I +ikri r l  1902 Garod 

c ~ d i  mi ;J,. ;;- +i > j3  ;" AI&I '.I; & u s u - 
. + jlhi L 4 . Phenylalanie ;4Yi +y i  
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