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(j--4)'I) ~I ~\;ll ~ ~r" ~ 4Jjli ~I.r"i)~ J ~)I ~\ 

. "l5;>i ~I.r"i ~)j (HIV)~--4 ~;. ~I) ~ ,-:?.DI 

~ .w "r1J1 IJ..,. JL-..:.....\ 0,L...1 (f 4lj-A ..:...~? ~ ~I).,JI ..:...Ulo ~j 

~ ~j; ,:.r tJ-! ~ij , ul>I)1 ,:.r 41.>.r" J ~I).,JI ~ ~Wlj ~jL:J1 

cll)j ~~ J;» (f 0W)'1 ~ ~i'~ ~ Eugenics 4.r-J1 
)~..L:.l1 ..... L;.-i 0i 0j~ ~\I~ 0~jllji 0~r:-lU" 4.,J~1 

" , 

,"iy. ~.,J~~ J ~ ~.r-S-j J~I 0La~lJ ~r:-j pj .u.r" ,:.r ~4"il 

J )~)l1 oJ..,. .)1 ~jL:JI ..:... •.L:..: .......ij " JI).,JI L.l1 ..:...I~ ~1.r")l1 0L y.;L 

" 011)l1 <L:..4)~ ,-:?jJl,-:?)'11 ~I o~L:-l43y~j ~r-:JI ...,...~~ \6 Q_",a.i 

~ lk....,- JL:l1 ~ ~- ~~llj.r.-=-"1 oJ..,. ~r:-lI)I.5:;)I\ .)1 i~L:.::......ij 

l5;>\f1 ...,...~)l1 ~ lyilkij" .uy-llj e..8-~ ~)~j ~l;~lj ,-;-,rJ\ 0)1.; 

~).:JI ~\ 01 ej ",-:?)'11 ~I ,":fi.s,)' 4...o..l>- ~\ ..:...~I,:.r ~\ 

~I)y. ~ ~ L.. ji ~L5:...J1 ~I)}J ~ ~i ~r:-ll d j ..::...:...,k ..G oJ..,. 

0j~j Jjj---o .r.? LI..l:,,~.: ...... 1i.,wl il..l:>..:.......1 o~ LL.>-~ r-lWI d "ii' ;L.:..JI 

"~lrP 

J .}li...o))a; .w....;1) ,-:?.Dlj , i#\j ~I J~ ~ yyJl )}a.:J1 01 

, e::J:-I Jjb ~ i.,wl ,:.r ~ . ..:...~Ij ~I}~ ~\.i;jlj ~1l5.,..:-l1 

~~ La jl ~lJ:.1 ..:...I~l J i~ i.,wl ..:...I,,;;j ":"'..l>i ~i ~ 

,:.r 4-::J1 Laj o~ij ..:...4:Ji ,:.r .\:)~I ..:...~I;; 01 ~ "0 j) 1J.o--J~ 

. ~I).,JI 4......~1 J~ J ~I ~I ,:.r ~ ~I).,JI 4......~1 YL..j 

~~j ~i 0~~)U ~ ..:...~I oJ.,. j;1l:;-J1 )L.=...:;"iIIJ..,. ~ 01 

"ilJ ~rll oJ.,. j;1 ~I il~"il 0l-.aJ ~j~ ~I"""';j ..:...y\...i;lj ..:... "i~;.r. 

l5~ ~}r;i w~ "i ~Ij ~\)j 4......4\ ,l:->-)l1 J~~ ~}.o ~ ~i 
. .)Wj 4.j~ .illl 
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o..i.J. 4...;1- vP~ 01 if' ~ 'i ~1,..aJlj ..:Jy\A.;'i1 o..i.J. j:.o ~'y:"j iJ.s- 01 

. ~ o~Li.:..... 'ilj ~j 4-o-W1 o.roll 

0~j ~~j ~1).,J1 ~-4JI..:J~ 4...0 WI ~~)l1 r:!'i ~11..i.J. J 
.~~I~L....I 

4\_Qtatt~~t~t 

..:JI~ ~~ ~I)j ..:JI~ ..:.,I~i J ' ~I).,JI L-4J1 ~I~ 

if' ~ :f' u..:..s::J1-:ro I-lo.Wl ~ ~~ ~> Y'j. ~ jl ~~~I 4J.\ 
jl i':>l>-i ~r:r-" ~~ ~ ~15 ~Ij' ~j:l-I o~1 J ..:J\j),U )j~ Jj>" ~\;j..1 

..:J~yhJl if' -4..wJ1 ul..:-- ..:J~I ~l.A....d-1 o..i.J. ~j . ~~ ..:JL;Ir-i1 

~ 1,ilk11-4~ ts~ I-lo.Wl J>-~j . ~ iY. J o..uL. ~15 ~I ~.,Jy.L:J1 
I-L..LJI ~. ~~I..:J~~ ~ ~ ~ jl Biotechnology~.,J~y.L:J1 

~ i~~ lS;>-ij ~~ ..:J'i')l.., c.\..:jl if' ~1).,J1 ~-4J1 J')l>. if' 

w~ jl oL.,.;l..:J~ ..:J8K11 o-4J ~.rf- ~, ~ if' 43~ r-l o-4~ .J"'lji 

~I~ 1-~)l1 ~ ~~ l.:5 ~I ~I,J-I 1-w..J11-'iy. 4lJl>. if' JI) JI)j 

~~)l1 ~ ~I ~~~ e--:. i~1 ~ lAj . lS.,J1 ~ I-l::-> 'il j lS.,J1 

..:J~).I if' J~lj ..:Jl>WJlj ~~I ..:Jbl.,al,lj ~.r-:JI.,.....:JI 0~f>j ~.r-:JI 

o-4!j ~l:->- ~L.u. if' ~ 4-'~ ~ L..y. C!,:::. ~ r-l ~Ij ~~I 
..:J#j ~I).,JI L41:f' ~L:JI yl))l ~~I i.r.J1..:J~ loS . ~)JI 

0I$1;J1 ~j~ ~':;j ~~)llj ..:JI~ ~jl4..o lS;>-lj c.")loYJ ~jl4..o ..:J~~ 

. d.-ii-II o..i.J. j:.o..:J~ o~ UA;...... ~.ullS..ll1 W.J""!. ~I 'ij. )~Ij 

4\ _Qt>.,tt ~~t ~ a..WI ut~1 

. ou.-I I' II -.::.J>..~ I ·"I~ ..l..:>..J ~ L:.4J t.J1 .II L \.. 1\ -­:.:-0 - L?'" if. . "'6"'. - - )J"' ~~ 

01..y.11..i.J. -J ~1 ~'pi Fu~Ij LI..~I ir-JlJ,f. 0'11 ~I ~ ~1y.1 e"jl 

. lS;>-)l1 ..:J'i~1 if' -4..wlj ~I~I c.l:;iJl j ~L:...aJlj ~I j ~I))I J 
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• 
- tA.. L.• CIL ~')l:.ll \,-, Li.L... U; w ulli L \.. I\..L....:...U 
~ .r-',...:.,.I JJ".. . ..r.. . JJ" ~ 

.:II}I) JL....,JI (.r" J.:...vJ1 i~) . 4,.....l..4..;:.. ...:;.,~ ~I.f-" ~ ...:;.,l.;jlS Cl;;,;~ 

.i....-.4\ ~L...)) ...:;.,1# ~l' LLs. cJ~' ~r-=ll ~ .;L) ~~II~ 

. ~IJ.,JI 

, 
~w~u ~J A.b.J..)J ":JJlh1.1 ~Jjll J~ :'1~i 

~L:l1 if~\ ~ LA -J15 ~ (.r" ~ "':"Jj-A J? J c}:a>- J)i 01 

~L:l-I if~'j c~ Jyk i..L>...:.,.....)· ~1r=J1 (.r"~) DNA'-?J,JI 

~~~ -;JI) Jf~Jr.Jj;i: iJ~)J}S : J~\ ~yk : ~i DNA ,-?)rJl 

Sodium Dodycil iy-.:I~I ~).:I).:I ...:;.,lAL J~ il~~ 4.:#1 0\J..LJ:.\ 

~JLl..1 J~ Uol-.: '-?J,.J\ ~U-I rY' ...:;.,L:..:;J,.-:-JI J...:W) (SDS) sulfate 

4-J~ ~r-' i.r9)J."KlI) J~\ )i Jf~.r.)~ '11) iJ"";J}S0I)i J~~ ~I 

~ J:i -;J\ 4.:,LJ1 u.;.kJ1 ~Ijl ..:..u~ ~ ~ . lS.:I4-l1¥I d e f65c)f''''
'

~L..a..:-:JI .k~1 e-f r.1 (.r") ~I Jy~'j~ ~L:l1 ~}) ,-?)rJl ~L:l-I 

. (] - 1j>:..:J1) ~I) '-? j5) I .:I)aJ~ '-?)rJ\ ~ lJ-1 J:i -;JI 

~ DNA~ 

f III( 

..ri-o ~ I '-:-:-'.; :.r.;...~I~ Jr:AJ1 ~ t.,..~1 U- 4~1 t.,..~ 

J~4 -.sJ.,.:J1 -.s;!}\ ~)J4 ~ 4u-Ji r).h~' Ji 
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--4)}S w~ . iY..r.-J1 V...\,.Q ilJ.>c:.....,\ ~ ~i UL.::JI ~l;jl ~)aJ1 L.l 

. j}:L).r=:l; ~~i J I~ u) ~I ~~I J};-.)l ~ ~)~ iY..r.-J1 

~L.... 48 o..ll ~..lll J O)).:l 50.000 o~ ~j5'r .h);ll .:lA) I~ ~~)1\ ~ 

3r-- / ~ 1.7 iY..r.-J1 U\":s lS~ ~DNA L?).".J\ ~lJ..1 \..h~ ~ 

~i j4-::- .)1 UL,.;' L?J,;-JI ~Ll-I ~ ~ iY...y)l1 ..l.:--")r. i~) 

..:;.j. ~r:-i)1I)~ J ~ 0:»:.r L?J,;JI ~lJ..1 U-:-k ~. ~ 

c."Y.-o)11 l.r" ~ r-=--:J L,.,l.>- ~~i J ~u..1 J~ ~) ~I 

. (2-1 ~I)~;) 

~~ ol,jl!, "7"'}kl16)}1 ~~ L?)i' ~l>- ~ J.r ~)1) 

..;.J4:; )11) . Restriction enzymes LAbUJI ..;.J4:y;)11 ...L...>-~ L?).,..:J\ ~u..\ . 
~IJ"" l.r" L?).".JI ~Ll-I j-.-.JL.., ~ J L:Jl'. ~ ..;.J4:; 1l/' U \..ill 

L.J 1970 iLP ..;.J4:;)11 oj;, uL.:...::.S1 J.:...) . (;.)11 tj ~ L~I~ ~ 

oj;, ~~ u Jl:.>. )II~) . ..;.J4:; )1 I oj;, l.r" ..;.JI.r--JI .)') \.;? d.; \..h J\j 

oj;, ~i ~L:Jl ~~I ..;.J4:;i~). l:'~ 6'YG .)1~..t..U ..;.J4:;)f1 

J~i J L?~I .:l~1 ~~I oj;, J:-C) I~ ~I 4-J:ill..;.J4:;)11 

. (1 J)~) ~\)~I d......41 

1.6 

••••~-DNA ~~l :(2-])~) J.,s:..:.J1 

,,~"::/!~j~~1 

~L.4.)II$j...Srtl .:a....w' -:,.... 
RNA	 ~w.JI-J ;; ; t t! ~ 

UL.:.s:J I ~ DNA I$jj-iJ I 

. 3r--/ r1' 1.7 
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DNA,-?J~I ~~I ~ uk; c!.YO 

lAGCTT Hind III 

d'AATTC Eco Rl 

d'GATCC BamHl 

./}GATC Sau 3A 

GG'tC Hae III 
./} 

CGATCG Pvu I 
./} 

CAGCTG Pvu II 

--.:;..1J..>.j a~ e ,-?J,JI ~LJ..I :.r (')\;... rl~j~lo 10) 0::- r..sj ~~ 

~ F-./'1~ U""l.> Buffer ~;I.:l J}:- .:lY':"Y- (~-.:;..IJ..>.j 10 )&WI F-})rl :.r 
J>-j. ~\...... 24-2 a.;.iJ F-}YJ ~~ aJr- ~)--4 J&-l4::.l1 ~j ~l.> 4'''' . 
~ Marker ~I 4,..,~ ,-?jY ~\..>. E- .:lY':"Y- ~~nS ,-?jpl ~LJ..I E­

. ~ jj)~)rl r;}..A 

~L:l\ E-.r:-~ ~.u ~I ~L.. DNA ,-?jrJl ~L:l1 0)r I~j 

~ ~I o.k ~ e a~1 u-~ ",:--"bj• ~}I ~\ oLf~ ,-?jrJ\ 

~I o.k J..a.9 ~l ,-?.:ly- It • a~1 ~I :.r (r'i ~ a~1 ~I ~~ 

'~if 

~ ~ ~}kll ~),tl ~ '-?# ~\j ~}kll ,-?jrJl ~Lj..\ 4..k; ~ 

~? ~ 0~l; ji j~jr;l; U)j ~l rY4l-r ,-?jpl ~U-I &-' 
Labelled ~L.-;.1 ~r" ~ e U)yll ~~ Southren Blot 0)jL.. 

. .J~ ~}kll ~)~ a~ ,-?jY ~\..>. ~ l.:l.:lj ji I~ ~)ro ~ probe 
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~i ~i~~~~ J:-l~ 4W ~» :.r 0),11 ~~ 

JJ ~I <..?J,.JI ~LJ-I ~ k .L.): 14-7 o..u V"'l.> ~lk&. J ~j 

. (3-1 ~I) ~ ..L.: r-W1 .;.- ~I~.,...... oUj-'>S ~}kll 0),11 

u~)}1 ~ ji u\;)}1 ~~ \....)1 ~~I ~ 0l:->\l1.r.r-=s ~ 

u~1 ~ ? ~ 0i ~j , Uu)}\ ~~ Jr---J Gene~ Bank 

(eDNA) \.0 - A<..?Ji' ~l...>- ~ ji <..?L~I ~U-I~ il..L>c.....:.-..~ 

(rnRNA) JL.....,.1.1 <..?J,.JI ~Lll (J" oj o' Complementary DNA4 

. oU~WI J~I.)l";'Lb ~ J~ rr)\ ~j Messenger RNA 

D 
2.0"­

2.3 

4.4 - -<? B 

6.6 A 

9.4 ­

23.1 

Kb 

3 2 

. ~I ~ x ~I ~ - - ~L.....PJI.MI ~ JJ)~~I (:J.Jo­
.~ E' p-i4 -..::l.olu ~ DNA 1.jJ~1 ..,.-i-o\,l.\ c:~ j -I 

. Hind III f-.i'~4 J-lu1..l.:-o~ ';WI DNA (J" -rY c:~j-2 
~)}I J.-l..rJI ~J~I ..,..a..LL..l Lj-> ~ J.u -rl ~I.).r-l' Y~~I.)U~I-3 

. (¢> ¢» -.lr ,,:",#1 

J.u~' lfW~ ~~\.:ijJ.ill4-~I..~~ ~u-*o~(DNA)l.j~v"u1.> thi:(1-3~) 

.~I t'" ~I B l.j»"-!' ~l~••m.•Wjio:l(3)~J4.Aj>J\.i~~ta.:.J I'l-"'.Y~r'~l:t.,..~ 
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jjli e o~ ~; ,":-,}kll ..:..),1.1 ~ ~I <.?J~I ~L:l-I ~JA ~ ~ 

Js- ii)~tiJ l:Jl;. ~;b ii~ DNA <.?Ji ~l>- -.:..L;~ if' : jjl,:J1 . ,-:--"l:.A 

i..l..::-=':- U jrJ.\ JtI,:J1 J-..2-9lj . ~ ~,...... jl ~I ~~I ~~\ 
-.:..LJL...lIj -':"\~jYL;J1 ~ ~\).,JI 4........41J~I J I~ G ..l.>.-:.....J.lj 

~~ -':"\;),-0 Js- jjl,:J1 oiA. ~ <.?y...-t. . (4-1 ~) -.:..\..L::-"j~lj 

oiA. l.J~ l.JI ~j . ~ , o. ;. 4 4Jl>. J lA~~j :U~ J 4-::-k u~~ 

jl -.:..I...I..::-'"j~\ J ii~.r:-,tl ~.r.J-1 -.:..bL.al1 ~j\A..,. -':"\;)JA ~~ -.:..\;),1.1 

. jjL:J\ J ~j).i-" -.:..\;)r 

~lJ-1 ~ Uj J::- "1J PBR322 J.::-4j~ ~ ,J.>..:...J.I jjL:J1 l.JI ~~j 

~ i~1 Lb.;; 1\ f-}I ~ jjL:J1 ~ '-r'" ~ "} ~t.; jjL:J1 .} ..:..),1.1 jl <.?j,:J\ 

jUI e ..:..))1 ~ ~~ ~~ . J j "11 .)LS:J\ 0;k <.?j.,jl ~lJ..1 ~ 
. y~1 o~ If~ -:,~I J-jl:J1 ~~ l.J~j Ligase ,L-,JJ\ f-}i ~\..L>L;....,~. ' 

; 

1,..4.H,I411~' 4i.!~1 ~1~1 JL:..~l :~~ 

~Jl>. ~1 ~\ j.!\,:J\ JI..>~l ~ ~I)..,J\ 4..........l+!1 J ~L:J\ opl l.Jl 

J)JI J-..2-9i l.J1· ~ rY' J •. • •J~ -4~I":")~ ~ ~~ ~~ 

~~ d'..l.i ~ ~~I jjly:J\ JL>~l ~ ~~I 

(ii~l.P ~~) ~i~)L>. u"L....-.. ~~ ~I Transformation J~I 

~J'J-\ ~ ~ ~I)~ ~~w o~l:)~ o)y>- ~)~ ~ J)b..... ~Iy' 

.u CL-......JI J::- "1 ~I I,.,uUI Jr=-" e Competent cells J~ ~jll 

~yk l.J1· ,-:--"l:.A ~l>...::.;\ .;\~ .k.....j Js- ~yU..1 ~I)j ~ ~yU..1 ~l J,.>...u~ 

~L..all ~"11~ ~~ ~j ~~I til c:=-+ 4J-L.., ~ J~I 
~)JI oh .r-.,b' f ..lij. E,coli;j..,Jril\ 4~ if'j -.:..\?I .} ~~I 

. i..S';>- "1\ ~I ~J'J-Ij ~~\ '-r'" W:>...o ~ii ~-' ~ ••L.QS o.)~) I)r 

~")\..>. ,I~I J.:s. Protoplasts ...:.........~ij.r.-l\ ~')l>. ~yk ,..L:>...:...-; W
 

.~~~ 
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p 

Kan R 

DNA 

~~ ~.iJ\ ~l..A.l1 ..,..1; 
DNA ~.,:JI .........U.I ~ 

Lh....>..l.:I·.. J; 

Bam HI &i ~Y' 

• I' A R<-OJ ............. ~;.r-" mp
 

~jlll ~4:-l1 c3~ 
PlB 8 ..J.::.oj.,s 

I..!.:-'':i ';WI,:r ~I 
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;;~~, ~~jjl'~ ~~, :"lillj 

J ~ if~l J ~J..J:.1 -':"L~I Cl!- (.r" ..lSl:.JI ti.»! ook ~ 

.ti -;J1-.:;...~I0-• .r-=-<.JI.:l~,J i)iJ ~l> ti.»1 ook ~j. ~i 4YJ..-I 

~. ~~~ 4-:-o.r. L~I ~~ jl:.J4j j---JI (.r" ,,:..,)}.I t! 
~ ~)}l J~ (~..u\ :.)\.50\ tfj ~)}I tj "')&. 0)}1 :r-) ....--=J\ ~ 

.:lyJ -rJ1-':;"'G)}1 d' ~I ~~ ~. ~}SJ\ J r~! Jil:.ll tj ~..iSj 
i~ J!l:.l! ~ ~..l:.vj eDNA;Z:~ 0~ L.>..l:.v -S,J\ ~ ..l.;:.>-)U 

~~ • l;.1.\ .....Jij,'.J;. --'1' <:' ~ ~ L...:..... . ~I L -« \1l.....L:.... Promoter
-.;..J )r v- - '-' .r.:-:--' '-~. " • .~. 

(lntrons-.:;...')\.>.!...l::..Aj Exam; )jG.:..o (.r" Wj..o -':;"'G)~) ;; ••..,bl\ ~ J 0~ 

;;.)lj1 i-~ 4~\ O)..G r.LJ ~~ ';'y-:,j . ,...4..-_,.;J.lj J!l:.lI ~ rl..G...:.........1 ~ 

(.r" t .. \1 mRNA JL....)\ ,-?jf-ll ,-"a....L.:l-I J -.:;...;,G:.I..I..:......ll o~\ -.:;...b.;,rJl 

. -,:;",G)}.! ook 

0)}1 tL::......1 ~ i~ ,-?)jrP J!l:.lI J '-?~ ~ ,;,.r:-j 0iW 

RNA Polymerase <-?j~)I ,-?jp! ~U.I o~ r-:;.;i ~ '1 ~1 ('))1 

~l; Jj..\.:...p ~~ ,-?.i.llj t.~'jl ..~ c!~ p.:J (.r" '-?.J~ITATA Box 

~ J~l :.1"" ~ 'j .ul; ~.lJ . '-.5".01 ~ ..y.. ":JI -.:;...l;)~ -.:;...I~ J 
10k JJ\.;.;;.;..,., , JL...r" ,-?jf ~\;.. ~r- C8lJ t~ '1\ ~ C\j.') '-?A 

• 0\ • I • - \I" \ ., - I • II J. _: 1\ . . cS? -.:;.J~ IJ" oUl..Pl V';' Ul..i , ~ if 

~W u..:.1.,5 il~1 J~ :.r" o~..J:.1 -':;"'\;J}.I ~ d' ~\ ~
 

J LI..l.:>.:.;,....1 ;.s":J\ y.\J.1 ~)aJ\~j . ~~ ~ ..~b ¥' y.L:.... ji
 

~ ~~ JJj.)l ~.,.-:ll ~~I-.:;...I.r".· tI ~ U;)aJ\ oh J ~. ~~
 

uPr--Gj· -':;"'~j~1 Jj.1,lJ 4')l:l..\ J.:li~)! iJ."';j)}5JI)~.)l ~~
 

i~ oUt.;~.i.l A ~j.rll ..~ J~:r 0;A-" ";';J~ ~ ~~ l:,j4
 
~ . ~ (r125) 125 .;, · II u.. ~~I A·,.,j 11Ls.L. i.:l~

j \ ~..r.:---. • r-'.r"j '-. jr:"" ­

A 0:'Jr.-l1';'~j 4-\l>- J oUt.; r-}.I ~\J.I.:lL.al\ J,b- e ~;JI o)j ~ 
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-,f'LJI ~L..all 0~ ~rJl U)j ~ ~rUl ~Iro • - \i:.r OrO. - 4 ~i ~ 
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~I)j L.,.,~ ~\j))-"" u.1)j i L.-S . LJ\ 
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cd ~i ul~ U~jy.-l\j . ~ ~I 4...pL:l-I u\..i...:a.ll d1 ~1..i;1 U~j.r.-l~ 

.~ JW ~)j ~L.a.> ~j ~l;)-I u\1L..:..J\ ~ J 
.:l.Lt..::...4 :r r-si ji ~~ :r uJ;.... ~y. ~~ (f' c).~. r ~j.;-:J\.j 

~~\I~ ~J:j c)? ul.l>j:r uJy ~~\l1 c.:u.:r J5'j. ul~1 

~ J ~j.;-:J101· ~~ r1ji d.k.....1y' ~I ~ e~) ~\I\ 

J ~~ ~~\l1 ch 0!J' 1".4i~1.>:.r..~:ruJy ~lj "l.:->\l1 

Jy.aJ-I ~ <\.it.; ~~ dl oL,.;)'~ . :i..:...-. -1~ (f' ~ '1 :rj ~j ul.:JKJI 

--4.u. j-.-y........ tf J W'J...::..>.. '11 J:;b US' u ~j.;-:JI lJ-4 ~ J LS:..;.i ~ 

,,~). j-.~1 c.:u. J ~\l1 ~l...>-\l1 Jly '-;--:i) ~..iS) ~.:ll~\)\ 4.1 

d1 ~L,.;)'~. u~)y.-Il:r I~ ~ .:l1~1 ~ JraJ-1 ~ <\.it.; ~~ ~ 

u l) 6..Sr ~. ~.~.;-::-4)..f-\ Jl5:..:.~ 0~ 0\ ~ u~).r.-ll ~ 01 

~l>JJ ~WI cJ...>.."J1 .:l~ uL:.C ~I L.i.J\ 0y')l5Jl c) J.t-> ~)I 0y,)KJI 

t'l
.~l 

..:...~\l1 ~ i))-"'"-" ~).r.-!I:r ~,lP>~) uLA..,.,I}1 ch ~ 01 

~1)."Jl ~ ..:...~i .r;:->G ~1 u..)i) , ~I)."JI C.:ll\.\ US' u..:.s::J~ Uk:ll ~I 

.:lY':'):r ~)I ~ L~ ~I uj)~ cr-i! DNA ,-?)rJl ~\J..\ )j.:l ~I) 

. l.S)~ 0).:l~) "-;-11 c~'11 '-:"'~ J)l>- ~I u1r"'\l1 ~ 

~~) ~I)) C.:lW ,-?)rJI ~\J..I ~\ Js- J).:l J)\ n-b 1928 i~ d 
ul.il ~L:.:JI ul)~\ ~ 1928 i~ .?? ~)--4.;-! ~L:JI ,-:",)\..f. J')\.>. :r 
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,-:?)rJl ~U-10lS I~~ ~;),U. rJ ~~I \~ ~)~ 01 0-"~)I Js-) 
f d \'1 RNA)I DNA yo ~)~ d..:...~..;J1 ~I).,JI..:...L.L,.JI (y J)j.-i\ 
, .­
I~) . 4 1)) C;)L....S' DNA ,-:?).,JI 1..-.,.i...lJ..1 ));) ..:...~i rJ ,-:",)~I o~.r.~ 

y-:3-1 ..:.....l5\ ~I ~j ..:...~ \11 ~~ lfllp ~I J-4-!1 ~ ..,..,aJ1 ..kL.. 

. "I.::.JI o~ ~ ·I\.L:......· - II tlJ:, t , ~ loIS -1\ 4J)l.,aJ1 - IL...ll -.::....:.... 
~ . L? v:--' - 'i":'" Y L? r .0) 

4.JAA ~tf • ~~f ~ ­~~ __ !.)oJ 

t.?x, o)~ ..:...1...1....>-) 0-" L.Ll}-a ..:...l~y. ~ ~),.:JI ~L-....>\11 

r..r'~ 0),.:J1 ~U-Il....A 0w-y ~)f-ll ~l-..>\'I) . ..:...I~~r:-:JI 

uJl,:j. RNA ,-:?jJ':':!)I ,-:?J,.:..ll ~lJ-I) DNA i)~l .u jAr. ,-:?..ul ~)\11 

~J ~)J~\.; c..,u;.u 0-" (.y.r:15.r:-:..ll) ,-:?)rJl ~bJ.l :L:.....,l..... \1\ o...l..:>.,J1 

. ..:...u.,j! ~~ ~l 6.!L,.;)'~ y lo..>­

.ub- cr" Wjll..:...~~~1 L..",. ~J.r:\.;jl ~I~I (,r" 0~~ ~~ 

l..oi ~~\ o~ ~\).r-J\J 0:--'~LJIJ 0;€\..;;j1 ~\.,.; J:.CJ 0;).rL ~I..L..... 

~ ~ L....IJ....,. ~. W·q· L, 1\ ~ - :L.;\;.\\ ~ .. ;'\
~ .;.4 - 0"'" yo '-' •.J~ ~~. ~ . 

. (1-2 ~I) ~Irl:-I) ~,)\I\ ~!; ~~I o~ ~J ~L...>-
I 

~\ W 0\s.y ~...y~r.-:JI ~;. j J>-..l..; ,-:?..ul yLJ..\ r<.....J1 Lol 

I~ ~~ ~DNA L5J"J1 ~lJ-i ~ ;)~}I ~J\11 u-P~ y--W-I 

, ~L;jl 0j-!)1S:J1 0) ~ ~.r" J.:-Sj)4' 0-" c...L:>-IJ ~~~ ~I 

Js- '-:?~ ,-:?..uIJ RNA ,-:?JrJl ~U-I J ,)~"ll ,-:?jr-,:)I yL..3-) ~IJ 

. 4.:.1\;.\IJ ~\;.\\ .)y.)~1 c) e~;.4 J:-SJ)~~~ 

o (2-2 1("· II) ..w. \«. 011 W· ~ 4.i. i.. .t.r)-I.;JI - LS)1 •.h. .k..J ­....r--' • y.:'"' .r.-' 'Y'. .r-. '-' . J' J0 

~L:.". 0\.; .!lJ..u DNA '-:?J~,.:..II ~lJ-I.j ~J~\.; ~I; t) ;)~.,J \.;kiJ 

.u;~ ..:...1..y~~I..:...I..l>-) ,-?? .!.U..u~ ..:...l...l.:-S~~t Cr" eyt~) 
~~ (,r" ~Jl 0) ~;. C-;>- .,;..,I..yr.JSr.-:JI o~.lc:- ti-J...., wjL:J ~l>-
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U&-L,a; J I~ ~ 4:-kt ..Llj'! lc LUI J}> ~~ .,>.\ ~.r.l5'~ 
~L:l-I a..L. ..;..~~ lS..l>-!0\.; ~lJ~). ";,,UJ.,J.I~) lS),JI ~L:l-I 

~L:.l\ ~4-J1 '-:?~~ 5-Phosphoryl ~)~j ~~ ~ ,-:?y.:i.,-:?),JI 

~Ld-I J ~ .:>~,J I~) -3- Hydroxyl J.:--5'))..y u.~ ~ 

. (3-2 ~I) LS~ ..;..~~I ..;..I~ ~.:b 0~? 4t9 DNA,-:?),J\ 

..w.\r-il l ~Iy' \ ,. g .; -: t: DNA ,-:?J,..JI ~LJ..I l -I \ . .h.:;.? 

(y ~) . ~))..L::--gJ1 ~ 1))1 ~.,1 (/ ~ c: .b.:-i; ~! ~)~ L:..l1 

. (5-2) 4-2 ~I) ~BU\ e ~I';'\j 0:€L:.l1 t: ~.:>~I .1~)1 4J")\.>. 

DNA,-:?).f-ll ~U-\:.r- ~ ~ RNA ,-:?).f-ll ~U-\ 0i y-S~) 
e • 

,J" ~J..>. ~ ~\).r-JI 0u ....,..L..3-1 ~I fy w)l:.;>-I d l ijL.,.;)14 <l"j! ~ 

~ RNA ,-:?j.f-ll ~U-I 0i 
-
dl wL...:;~L . 

'-

RNA ,-:?).f-ll ~U-I J 0;-€UJ\ 

.0.:>)-0 a..L. 
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~~.JJ.1t~~t~ 

D J DNA '-?Jpl ~l.>JJ.:l~)t\ c)'YJ ~.:l.,J.~ ~I ~}iJ1 ciA ~JJ 

ciA ..:,....l:..:......1 . J953 iU:. 4;-5J 0r--bIJ Jj c;~ 01.fU-1 0LtW\ ~J 

~~ . DNA '-?Jpl ~U-I J=.€J' cj~ F.:l~)tl c)":)j r...~j ~l ~~I 

\ o~ .,;-! e ~~ ~~ JI 0:=LL \.r u.J~ ,-?J,.:JI ~\J..\ 0i r...~ro-JI 

~rJ\;k9 04 0~L:J10IiA ~J..u..l. ~).:ll ~ ~~ V.:l)llh ~J 

eriJl JYl>- ~.:l ')II e 0,:€L=.lIJ 0:'-".HU I e ~I~I .1y)~ ~ ,-?..ul V.:l)\ 

~I ~ ~ftl 01J. ~j~ 2 J.:l~l.o JI iJ~120 r ~r=J1 0:! 

ciA J ~JI? .u.1~ 2 y-::-!.,..:J iJ~1 34 J5' V.:l)\ ~r=J1 0~J 

~I) iJr=-.~1 3.4 0~ .,.>-TJ '-?~~ vj J5' ~ UL.11 0}.! UJ . UL.11 

4JL:..::.5i F-.?I ~I eYliJ-1 \.r ~..wl .)1 ~)a.:.ll c..lA ..:,....l:.:...,.,! J...il . (6-2 

~~) ~»J ~J....-::.LJI ~I~I ~ ~ ,-?JrJl ~LJ..I ~} Jj-> 

c)~ o~r>t.l.1 ...,..sl ~I ~jJ~ t: ~L.:;)J ~}J ..:,..14.r.l5r:-JIJ 

ciA ~rJ ..:,.. .. G:- ~)a.:.ll ciA 0L; ..:u..u . ..:,..L..yW\ \.r ..:u~ ~J ,-?JrJI ~\J..I 

4?J 0r-bIJ 0L>L:JI ~J ~I ~I c).raJ1 ~~ e ..:,..L..yWl 

)Y'I ~) ~)a.:.ll c~ u-PL:J-\ '-?JrJ\ ~L:l1 ~.:lY' ePJ1..w . ,-?JrJl ~bJ.l 

: ~J ~1).,J1 c.:lLtl..:,..~ ~i,y- ~ 4 

. ~ ')II ..:,..l:l-JI J")\..>. ~);.::.... ')II . J 

. ..h;~y~~~.2 

.~r:- tr .:lY':"J . 3 

. ~I).,JI ..:,..lyAkJl J,..a.:l- ~.:l}1 J ~l5" ~ .:lY':"J .4 
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0 5'- end 
5' I 

-o-p=o
I 

0 
I' 

- _.' _. 
5' 

-: 
I N- ;;~li 

H 
.JC..5' / ,-­__ 

P 
3' 

p7 
;;~li 

I 
-o-p=o 

I 
0 

5'/ 
/

P 

3' 

! 
H2C 

O-%-'''~ 
5' , 

3' 

""­__--,/ 
7 

;;~li 

3' 
6 3': end 

H2 "'Y 

. I 

3 
H0 

~~I~~10!~ ~I~~~I~~ 4..L....l... ~ ~,~~~, J..4iJI :(3-2~f) 

.;->OJ ~~~~ llj~10""..J15:.l1 DJ~ ~ ~~ ~~~~ ~\.i.J10""..J15:.l1 DJ:..IJ 

Y-end 3'-end 

OH 

T....A / 5'5-0-
p

P p7 
')'/ 3' c....G / Y 
- 7 :)' 7 

- p Yp , 

3 '-end 5-/3 
:/;-end
OH 
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··· 0 CH 3 

N\_0) 
N 

N 
N o"~ N 

N N 
N-H········ . 

ON HN 
"LI 

N ~O .. ... H-N 
I 
H 

}-----'N 

I 

mijorgroovp. 

mijorgroovp. 

~L-Jl ~ ~J~j.tl W~I ~~ ~~J ~IJ ~~.,..:J I,,7hJh;',j 1"'"'.) :(6-2 ~1) 

.DNAI$»'l I 
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~.,:J14 _l.4._tM--~~~I ~ DNA ,:?~I ~~I f':!t.; i1j ~,_tJ>i 

tjB ~1· ~J u.}~ ~~ LSf-l1 ~ ~l:>-)r\ J ~l::l-II~~?. 

Ji u~~ ~J.; -rl\ ~.,h]\ i4)r1 Lr" ~15 4,s.~ ~ L?Jf-l\ ~l::l-I 

ij~~UI ~ ~ L?JY)~ ~G- o~ oly J>-b ~ u~r"Y'J~1 

J ~ ~ ~')\j..1 i~1 ~8i u~1 o~ ~)) ~J . il.; ~~ 

~\ J )yhJl o~ ~ L?Jf-l1 ~u..\.1.r::->- ~)) ~ ~. L>-I)\)}o 

..l>-I.,J\ .k:3-\ ~ ~ ~ ~\Y' ul~ ~) .1.,.;l1 o~ ~ . ~JrsJ'jl 

. (7-2 ~I) Nucleosornes uLAr"~~ ~\}I o~ ~J.; ~I 

.1~. ~LAJf-l~ 4\ o~ ~ u~1~ ~y ~I 4JlJ..1 ~J.; 

Ji ~r- ~Ii u~Jr:-l~ ~J.; wl>- u~J~ ~I L?Jf-l1 ~U.I 

· J~1.A.:l1 ~l::l-I .k......,J\ J ~Y' ~ ul~ ~~\j U~Jf. ~J uU~1 

~J ~~I y}- u~Jy:-l4 ~J.; ~I u~Jy:-l1 Lr";>T ~y ~b. 0\ W' 

tyi ~ d ~..LiJ. J~I.A.:l\ .k......,JI.} YL.... ~ ul~ ~l>- u~J.f. 

· ~~ ~l:->-)rl ~ J ~L; ~J H4,H3,H2b. H2a. HI ~J uU~1 Lr" 

~~; ..u...u. ~~ L?Jf-l1~lJ-\ e 4....p\.>- ~~ u Ur---+l\ ~~ 

. (7-2 ~I) ir"~~~ ~--4 ~LAJ}1l ~L..)rl o..l>-.,JI 

~\ J o.r:;-:-5 ~i~u~)-".r.l5~1 ~;J~; 0i ~J 

.; _- . 41i u~J~\ ~~! L?~}::J iL....i;'j1 ~l;ji 0;JJ.;-:JI ~J' JI).,JI 

. ~.HI.d:- u~Jy:-ll Lr" ~ d! ~ ~~ ~~ 

Uk.:.... -}~.r" ~ Lr" wy. L? l.g" .1\ ).,h]I-} u l . - . ,ali ~ 

kJ . ul..L...;;L..J~l: ~I ~J.;J Centromere r::-"J~4 ~J.; ~ . 
· ~I )yhJI J L?Jf-l1~lJ..1 ~~ ~ ~~L.,J.? Lr" Wy. ~I 

. (8-2 ~I) u~1 J .r--"J?I ~Y' ~ W' 

· LS.r>i d! ~ Lr" ~I J.s- L?Jf-l1~U-I~ ~)~~ 

JkL:lI J~ ~ u~1 -:r.}; ~ 4A..ol'-J ~IJ ij>S ~I JkL:l1 ~J 

44 



t~':ll a--4.L.:Jlj ~I JbL:l1 ifJ.j· 0}l1 UU i~ UL:...S j!)rl 

apl y..-S;- -.:,.,b.)rJl ~ ej Heterochromatin .:r-l:-=11ji .r-Ldl 0l...j.;>:J~ 

~~Ij Ub' j!)rl JbL:l1 if-'u ~ JbL:.l1 c~ J ,-?J,.JI ~LJ,..\ J 
-.:,.,I~ ~rJI -.:,.,\.;),1\ JbL:11 c~ J ~j Euchromatin ~I 0l...j.;>:J~ 

.~\~a)..wl 

~~ aUyAJ1.5 .. l;-;-)rl lr .)..u:, J -.:,.,\ _•. ~11 ~ ~j) ~j 

aL;,yAJ\ ~~ ~Ilr~ ~~ ,-?j.,J1 ~ld-\ lr ~ Jb~ 

~j Lambbrush chromosome ~L.;.yAJl -.:,.,~~ -.:,.,~I c~ if-'uj 

. (9-2 ~\) -.:,.,1rJ-1 ~ ~WJI .).AAJI J ~..u.L:.." 

~ 0G -.:,.,l _ • . all J DNA ,-?jrJl ~u...I.)~j ~l UL,,;'?l~j 

4).Aj."s~LtI J JL:l1 ~ W <\.:..4 ~~ ,-?y...:i ~j~~LJ\ -.:,.,~I 

. ~L:-:JI-.:,.,I~~lj 

146-160 AO H1 (j~ 

~ J.P- ~..H.4l1 ~L-JIl..tJ~ ...sl..4.:W1 ~~.J I"'.,......~~I ~..;J- i :(7-2 ~I) 

...,a....L-J1 .:.l.4J ~ 4...>Uo. L.......G l..tJ~.J ':'u~1 0-4 .:.u....~ r,iJ~ 0-4 w~ 

~Lo~ A:I..,s:lII"'..,....~~1 ':'1..J..>.J J.:.4:i...>1 ,-:-,~l-<..:-' .~~I 
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Aubmetacentric .?)I ~4->.?)I.)J> 
TelocentricAcrocentricMetacentric 

Lambbrush chromosme 

~ 4),.-11 ':'U.»l' ~~ J-I.-ll ~t J.:.-~J' ~U.~I~I :(9-2J,U.) 

~ ;;~I':'~J.>-!l!~\ ~I.>J~ ~~'1' ~y ~Il.a 
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"".,.at ~t..l:' -.~ ~t ~ DNA \$~t u4A~t'.,_4.>3 
ij~BLJ\ ~? ~Jj ~~ ~ ~~l5 tSrJl ~I~ ,,~)tl ~~ 

~L:l1 J:w" ...:J~I.+ ...:JI~ .i .••• 4 ~;b ~j.>S ";JrS0)'I#1 ..::..d-~ 

~~ . Folded chromosome U;ll\ ~~ o~ls-· t./'J..J..J 4 ~ ~JrJ\ 
"~l ~ ~i l+l0i ~ ~\ ...:J~J.r.-lIlJ" ¥ ~ ~ ~11.lJ. 

~~ , ( 10-2 ~) "l::-->)t\ 0.lJ. ~ ~J,.;JI ~u..~ J"'U-\ ~I.. ­
~;b Ul> ~ 0~ ~L.,.;)'I ~JrJl ~LJ.IlJ"~.r>11,,~ ~~I. ­
0.1". ~~J ~ b~ ~~I tyl ~ ~ri- ...l.iJ . Plasmid4jYL:J~ ~J..J.. 

~ )~l ~ ~~I ~L...; ~I ~\3.\ ...:J\jJ.,J.IlJ" ~~ ~ ...:J1~jYL:J1 

...:JI~ jYL:J\ ol .?-4J . tSy>i ...:Jw Lo ~l .jjL.,.;)'~ 4>L.::J-1 ...:JbL,al\ ~JLA.... 

. ul~~\j \:";J.j.p.B1l10G 4-iG ~1l?j.,J1 ~\.J..\ (f ~ o)~ ~L,a;;; 

. ... I.t·) .
lJ" O~~ JI ~J~~ 41"";'1 dl::i 4Jlj ...:Jl.:1WIJ ...:JL..Jf-wl JI ~IJ \ lAl 

~ . ~rJl ...:J\j)}IlJ" ~..u:. Js- ~~ ~.uIJ J.,kJ\ ~I ~JrJl ~U-I 

~L..a..:J1 ~ .i.....,.:.L:;. ~)o o-4lJ RNA ~J,:JI ~u..l tS~i ~\J) ~ 

~L,.2..:J1~ O)~\j r:S- ~\)J ~i L~ ~IJ)I ~J . (11-2~1) 
. \..l.j5.r" ~ ~).,JI o~lll ~ .i...,.:.\.> ...:JL:.:.;J~ ~IJ)I.k~ . jA.:-l1 
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~ '1 'I .••.• C;"".r""~ 

~~~I 

C. q .' .;i~ 

.VRNA 

fl~,S?
 
:.~,.: 

~:.~.; 

\ 

:r J~I •.u .:.r"">'; 
J,J'11 ~I)I Jl.,q...Aj\ 

.J:,~t\ .•. I,J 

f-.i"lrl~4VRNA 

.~lt~~1 

. J."~I ~I)I ;I ......I-~+I~
 

~1J"! ~,J"r-:JI
 

. ~Wl ..:,,1.J-',r.!1)
 

t~";{1 ~jjl ~GJI r~ ,ASVu~llJu............ ~G ~L4i DjJ.:l :( 11-2 ~I) 

l$~..) I$JiJ ~l> 0-" '";{ ~ ~j~1 v-o,,:4-i-o ~~ ~l>~~IJ~~I 

. ~I ~ ~'>JILA.ia:' ~ l$~..) l$JiJ..,.....~ ~ ~l J~ ~....:.c~ 
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DNA 'i.".:Jt ~bJJ' JaA~t ~ ~~t 

~)ai .s.:..,.;pi l.A d1 i~\.:.:....1 ~ ~~)1\ .} -?JrJ\ ~\.J..I ~W,; ~ 01 
J l..,a.Q.j I o~...L,.;, ti:.~ L/' -?-'.,..01 ~LlI ~L,.Qj ~ 01 . V~).I 0J#\ 

. ~~ .h:.,..; ~l.:-l ~li5 .h:.,..; JS il~IJ ~WI -?JrJ1~\.J..\ ~.,..; 

..u.1y-i\1 ~J) ~.? .;JI ~J)41.r-='IJ)1\ ~ ~I oh ~ 

.} li.>- ';1 4-::J1 J~\ ~~ ~~}i .ua.....lj! ~rJ\ .} ~J.i-lL:JI 
Lf'J:j ~ Jkl:.A Ji ~.} ti:.r.)1\ Jl..,a.Q.jII..2.~ ~. ~~UJI J~\ 

~~)11 ~~ JklJ.\ o.1A ~ (i-L:-:) ~L.,a...:jl J..-'i Ji ~L..a..:J1 d.~ Jk~ 

.} ~I~~~I J-L-i d! LL:..:.......IJ ~) )11 ~I..y~~I i\J..>..:....,~ o~..ld:-I 

~r.)1\ ~l:J U,.,..;,)11 Jl..,a.Q.j1 r-:--:.J' ~I ~ e 4k!) ~ ~UJ\ 

o.1A .} J>J:j . (12-2 ~\) ~y,)11 ~r.)1\ Jl..,a.Q.j1 JL-:SI if-> o~~\ 

DNA -?-'.,..01 ~U-I o~ ~~;i j.:..-- ~~})1\ :.r- --4..L-.lI:i ) .JIQ 

~~.IiJ Topoisomerases -?Jpl ~L..J...I ~)..> & ~~;IJ Po1ymerases 

. ~~})11 .:r I..2.~J ATPases ~J).i.:+lI..rPIJ)11 rS 

~~ ~~ ~):o ~ -?JrJ1~bJJ ..k;~1 ~ ~WI yT 01 
~.Y':"J e ~l;l:-:_lIJ ~lilr.J--IJ ~~IJ ~~WIJ ~IJ)I.} m~ ~ ~l:>-)11 

. (14-2~) (13-2 ~1)..:.lJ~.)~ JJ} 
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3­

ll:.."...:.t ~ J),U. ~ WSLolj ~l...4jJ1 ~ ~G11 ut...J.J,:J'i1 : (12-2 ~I) 

;;~~t i$~1 ~WI 

~J.,.:JI ..,..a..~1 ~L;a; 

~ .:r.~~ .JJ~ 

J ~ 
-y .r : :»J'.' : )"'(j.'.' \ 
/ . .. 
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w.J1~1~\$~i \$J.¥JI ~Wt ~1.....i:U J.>tJ.l. ~t~1 tLa...:.~1 :( 14-2 J,S:..:JI) 

J.i~ H3 ~.J)~\~ ~\ w=~~1 ~ \$~ ~I~..b....., ~ ~W, .E..coli 
~II'L.O:lI ~u ~ ..bl.4j.,~ ~~t \$»"l\ u"-WI.~.~...J-U- iJ.!--L....4l1 ~ 

.~~U'~ji(I)~I~"('":J)'L-~~~L4aI~~\$~1 

51 



Genes ul:lJ.Jo1t 
U j 1000-500 0! VI? ";:"\..l;:-i~~I :.r .,;:.,b.:l} :.r o)~ : .,;:.,~)}.1 

0! ~. DNA L?)yJl ~lJ-! .,;:.,b.:l} ~ ~?) Base bair(bp) L?Js.l9 

. .,;:.,1.:l.:lrJl :.r J::.L; .:lJs. :.r Wj..o ~~ y>-T) ":"')y 

~ ..~\1I.,;:.,~:.r ~LS ~~ Js- ~I).,JI O.:lUI UPI~) 

JI}>I u~~ l)ai) . .,;:.,\ . • . a 11 o-Lt. ~ ~I U~ .,;:.,U)}I 0L; isrJl 

J.Lu> 0}..9 i~ ~ p) u.l::..>..-o 41J ~\ .,;:.,U)}\ .:l~ 01-9 .,;:.,\ _•. ,.:211 

~ 0\..; iSyJl ~I~ ..~~ ~~ ~I . ":"')r" uJl 100 Jly> &. .,;:.,U)}I 

:.r J.91 \..l..:lJs. 01 ~1 L?)yJ\ ~L:ll ~rZ ~ Js- ~~ 4-! 6.-.pL::l1 .,;:.,U)}I 

)I~) Jl ~I))I J ~~ J.!) iSrJl ~ .. ~\11 J 0.:l~}1..!.lli 

.,;:.,\;)}\ Jl uL,.;)f~ DNA L?)~I ~u..1 L?~' hU .,;:.,U)~~ 

W'
. 
~~ Jlj. ~~) ~.,JI U)~ ~ ~ .,;:.,b.:l} Js- ~rJ\ 

~UI .,;:.,1.:l.:lrJl) Repetitive sequences o)'pI.,;:.,b.:lrJl J JLl-\ ~ 

, l,.,.~) Satellite DNA 

ul:l·tt~ ­!.).". . - ~ 

~.,JI JbL.!.! .k~ ~1· UJ;.,JI ~ J1L.!.! :.r.:l~:.r ..:...)}\ \....Jt~ 

~ L?jJ\ Promoter ji.sh\ j:...> JbL:..: ~\).,JI .,;:.,\p\ ~i j.:C ~I) ..:...)}\ :.r 
u~ ~ 6.-.pl> 0;"":' j.:C ~ ";:"\.:l.:l}~) ":"')0 ~LJ-I ~4-J\ J 
~~ .. ~~ ....L;J ~ )~ ~\) RNA L?)~\ ~L:l\ o~ .,;:.,4:}1 
.,;:.,I.:l.:l} ~ ~\y~ .,;:.,U)}\.,;:.,I~ ~~) . .u RNAL?)yJl ~lJ-1 

..?JJ. TATA. .. 0.:l~I c:: ~L:..l1 ~ J1..H .,;:.,b.:l.? t....:- o" Wj-o ~ 

.?-Y' J)J...:....:> )i Hr. J)..J..:..p )1 l.;~ J)..l:...,.::> )1 ~l.; .,;:.,I.:l.:l? .,;:.,b.:lrJl o-Lt. 

~). tL.:.....~1 ~ ~ Js-~ is?1 .,;:.,b.:l} ~ #, L?~ W" 

~ .,;:.,U)}I ~ oj 04.;51:.)· #\ ))...u ~L.,.;1 I)).:l ~.f-4l\ ~ .,;:.,~)y.-l\ 
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Terminator J-lWlji ~I~~ ~)rlJ 4..:Jl:J1 ~4J1 J loi . #1 ~ 

~ -.:;.J\~~; ~ J-lWI -.:;.Jb~; ~~ . tL:..... '11 ~ w~1 J )j~ 4J -;JI 

0;i I.,..J:.I :.r uJ3--" )Gji :.r uJ3--" ~ i j i 4J WL::JI -.:;.J b~rJl e u-S~ 

oJ.." ~ . 0;i~ij 0;€l; ~ 0::-".BL.....j ~I~ ~ 0;i~ij 0;€~ ~~ 0::-".BU 1j 

oJ.." -W; tL.-:.::...... '11 F-;i ~ wu.:1~ ~ ~L,.:. ~I)j -.:;.JI~ -.:;.Jb~ rJl 

#1 ~ J .J\.:.:.,. yL,.;i -.:;.JI~ ~l.::->- \11 ~ J ~L...; ..uj . -.:;.Jlpl 

. ~iw~'1\~ 

~ -.:;.J~Jr. .blz;)'1 ~IJ'" ~ -.:;.J1ri.=J1 oJ.." 0}.9 15rJl ~\~ ~l.:>- \1\ J 
-lPW 4;i W 0W1-.:;.J~j.r:-! oJ.." ifJ.5 tL..-:...::..... '1\ ~ w~1 ~~ 

. (15-2 ~I)~)}I j-4 RNA ~jrJl ~1J..1.1.;""";' J-.a.9 ~ 

~ ~I ~l:>- '1\ J -.:;.Jl;)}1 '--:-:?; J ~.;Arl:-\ -.:;.Jl;J\.:;.> '11 :.r I~~ ~l:..l> 01 

~~ ~ o~ o...l>-Ij ~ 15rJ1~I~ ~l::-> \11 -.:;.Jl;)Y' J opl ~I 

J1'l.:Aj Exons )jL¢.4 ifJ.5 o~ J1'l.:A ? 15rJ\ ~ ~l.::->- \1\ J ~)}I 

JS 0 ~I 4J1'p u.:~ oJ.." ~? . Introns -.:;.J')\>1..L::14 ifJ.5 o~ .r::S­
~ -.:;.JJl>.IJ,:.Uj )j~1 ~-lP ~ W' .)~ ~ ~1...l.:A J5j ~1...l.:A)~ 

15rJl ~I~ ~~ \11 -.:;.Jl;)} opl ~.,JI ~\ 0U ..!lb .)1 1~L:.::......\j . ~)Y' 

. (15-2 ~I).hi; ~j.A)~ ~I J ~ 

J ~;:-:..; 15rJl ~\~ ~l:>- \1\ -.:;.Jl;)J'" :.r ..l:.M..l1 0i -*' ~ ~\ w')\:.>.'1\ loi 

oJ.." t L;;;...... \ ~~ . 0Jr.j '11 i ~ ~..l: 1.A y.j .v.lj J-ll.i-j J..>.lj ~ 

~ 0i ~ J i~ ~~ RNA ~jf ~l>- ~~ C~'j oJ..>.lj 0)"'" -.:;.Jl;)}1 

. (15-2 ~I) ~ LI.> Wli-j I~ 15rJl ~ ~l:>- \11 J ~)J'" 

~~L:.-i 0~ 15rJl ~I~ ~l.::->- \11 ~j ~~I -.:;.Jl;)Y' ~ 0\ .?-4j 

t:-JI o~..uwj ~ll'j ~~l>-i -.:;.Jl;)J'" ~~1 ~ ~ Single copy gene4.>.-J1 

. 15rJ\ ~ ~l:>- \11 J 
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Terminator ~ Jl Jl~Promoter ~ 

~I~ ~l....:->~I ~ ~).,ll 

I.$.,JII 

il 
I 

(4) ":'-JJ" 

II 

~4-> ~I ~ ~)."J.I 

I.$.,:J \ U::A> 
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- -

~# ~~)}\ 0t ~ ~JJ-\ F~I ..;JWIJ#1 F d! ~L.,.;)'~J 

~~~ Antileader JI...u1 Ji ~UJI .)~ d'..li 15.,.>-i J1L. ~ ~i 

mRNA ~J.,JI ~1J-1 ~i J ~.d ~i oJJ ~;...:.J.I 4ik.l\ ~I~ JJ j-ishl 

t~ 'il ~I)) a.s::... J1l:.A .)~.,J iJ-"~)1 e uWI Lr ~I c~'i~ 

. (4r llJ 

Uk;... ~ ~pl 4ik.l1 ~~ J ~ 15.;>-i J1l:.A ~ ~~)}I ~~ L.S 

15J.,J1 ~u..1 u.J;J ~I.)i .) ~i oJJ Antitrailar ),J:-I .)~ d'J.:j JJliJl 

t~'il ~ J ~~ .;5.l:J ·15.;>-i ~U;JJ ~I if' ~ ..l:;l4..d-IJ RNA 

J ),J:-IJ ~UJI .uL -:r-# ),J:-I .)~J ~UJI .)L,a.... J1l:..o ~ ~ ~ L; 

(16-2 ~I) 4ft ~\j ~ J1l:.1.l c~ 0i L..S mRNA ~J.,J\ ~1J-\ 

. (17-2~1) J 

TIC 
Anti ~ene Anti 

Promoter Leader TAC - ."- - . - A TC. Trailer Terminator 
I~WI'3< I I
 

JI..l.lI.\...4. ~);I ,; '~I Y.h.:.ll
 

Leader 
A/G AL:G - - .... UGA Trailer 

mRNA '5 '3>
JI..l.l1 

~
WIU!..;... }):-I 
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----- --- --------

2 3 
1"'''''''''''''''''''1 I """"""""""'1 '3 

J ;.,-. J>1,,\;;,o 
-1 tL..:;...,! 

JI.lJI 

~~I 
5 _\- ----------·'3 

,:?J~I 
},.J:-I tJL-....)I 

'-:!'·1..l...;;,,~1 mRAN Spilicing . 

32 

GT ,.... ,........ lAG GT I AG
 

»\$.1 & ~~I
 
2 3
 

JI.lJI '5 ----- ---_--_--- - - - - '3 
;I.r!:-I 

_ - _ -j ~...l.-$c.}.~'3
~I~I f---- ­

W:-i~ )rl
mature m RNA ~L:JI JL..}\ ,:?J"pi ~1j..1 

~~l ~ ~1~'.:{1 JL....jll 1$#1..,.4.-0L-l1 ~.>-'~IJ~I u~:( 17-2~1) 

lS.,:.Jt~ 
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Genetic code A _Utalt ~~t 

~l:J.1 o.h.) 6)}1 -i o.? J.k~ ~~ 0L; -.:;;\;)}I ~; -i \.;.?~ W-

i~· "")li 1("" .• \;II-.:;;\..w- 1< . i ... ..uu WI .• - • I....: , - -1\
~) L!' ~ C.J )Y' .~.Y-" ~ .• ~r) ~ r '-:? 

L.,)\ o~~ ~I)) o~ ~)~\.; ~I~ 6")li JS J:.C) ~")li ~I~ o~~ 

l.,.;...l>- 4-=--::-;) ~:L..:.:......I ~ ~I)) o~ JS J:.C) Codon 0)~~~ d'J..J.. 

o~ 64 ~~ 0L ~)r-:.L.:JI ~\.,..aJ1 :.r efi ~) ~~ 01~) . ~i 

~)li.. ~)li uP l...>-)I I ~~ tlAJl~). 1.·.oiLvl>:.r..?- J:.C (44
) ~\)) 

?~ ~ 0~ ~)I\ uPl...>-\l1 ~ ; ,:AI 0\ ~J J.Aj ~\)~I-.:;;lpl~...u..: 

. (2-1 J)~) oJ>.l) ~I)) o~ :.r 

Genes expression ~~.).,.tt~ 

-':;;\;)J'" ~~ 0\ ~~ rf' ~\ ~ ~)..l9 ~ -.:;;\;)}I ~~ 

-.:;;\;)}\ tL:..:.....1 if') J)\I\ : ~~ ~I ~)' o)..wl o.h.1+J ~ J.:j~ 

-.:;;I~I ~; if' ' ~L:..J\) , ~ ;;y-:k mRNA l?Jf u..a..,l..>-~ "l::) 
. mRNA ,-:?J,JI ~\J-I ~ .;-11 ~I)~\ 

Gene Transcription ~~.).,.tt t' w -':""",1 

6)7" JS 0L. ((o~~ ~ J..J..~ 4..LL.... ~ 6)7")) ~yh; Jll~L:..:.......1 

Cl::.;'j ...u..: ~~; ~ ~\)~I -.:;;\pl :.r ~L> ~ -.:;;~\:;.; ~ 

~~ 0\ u~ 6)~1 e ;;r-~ lJ~ 'i ~I o.h. 0\ 'il· ~\ J..J..~ tl-L 

. (mRNA) JL..)\ t.,?)~1 ~\J-I~) 'il ~\ o.h. -i ~) 

,.:.lL~ L,.:,l> o~ -.:;;~}\ a......\~ JL..)I t.,?)rJl ~L:l1 ~~ "L:.: ~ 

,,~)l1 ~) RNA Polymerse-RNA l?)rJl ~L.,L\ oA -.:;;l£}~ ~J:j 

rWI RNA t.,?)yJ\ ~L:lI;;~ f-}\ ~ ~.llJJ I~~ ~}\ ~~\..S' ;;I~\ ~\~ 

. RNA l?)yJl ~\J-\ t f \ ~ tL:..:.....1 F-} \II \.h. d.k.....\~ ~ ~ 
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F-Ji -./"j ...:,Jl.£J)l1 o.1l. :r tyi ~')U ~I· LSrJl 4_;;. ;; >- .,.~)I\ ~iQ" 

~LJ..I tL:..:.......1 (f' Jjj-ll RNA PoL IJj)l1 RNA l,?jrJl ~L:l1 c~ 

..;l;J1 RNA l,?jrJI ~Ll-lcA F-Jij (285,185) rRNA ifJ-")-:":.)Il,?jrJl 

c~ F-)j JL..)I RNA l,?jrJl ~L:l1 tL.....:.:-1 .y- Jj.;-ll RNA POL II 

~U-I t' .. 41 (f' Jjj-ll RNA POL III ~L:.l1 RNA l,?jrJl ~LJ..I 

. (rRNA 55) '-:f".,.....~)ll,?jrJ\ ~L:l-Ij t RNA JiUIl,?jrJ' 

U C A G 

U UUU} PheUUC 
UUA} LeuUUG 

UCU}
UCC Ser 
UCR 
UCG 

UAU}UAC Tyr 
UAA 4:--Ochre 
UAG 4:--Arnbai 

UGU}
UGC Cys 
UGA opal 
UGG Tryp 

U 
C 
A 
G 

C CUU}
CUC Leu
CUA 
CUG 

CCU}
CCC Pro 
CCA 
CCG 

CAU} H"CAC lS 

CAA}CAG GluN 

CGU}
CGC ,
CGA Arg 
CGG 

U 
C 
A 
G 

A AUU}
AUC ILeu 
AUA 
AUG lS~4 met 

ACU}
ACC Thr 
ACA 
ACG 

AUU}AAC AspN 

AAA} Lys
AAG 

AGU}AGC Ser 

AGA}AGG Arg 

U 
C 
A 
G 

G GUU}GUC Va]
GUA 
GUG lS~\' 

GCU }GCC 
GCA Ala 
GCG 

GAU}
GAC Asp 

GAA } Glu 
GAG 

GGU}
GGC Gly
GGA 
GGG 

U 
C 
A 
G 

~l:.:i 0AA:l~;;~ JS .~f;jll 4:i1~..9 '4 ~'~ :IoH ~~I ~~~I:( 1-2 J..9~) 

.,.1...w....~lul· .~.:.IS ·l.4.>~I:"-'~;;··· ·~<I.l J.i..>~ ....I...:i~~1 .~• ~ <j~ ~ ~..,....;- ~<j ~. - • ~ 

.,,~~1j 

~ J; RNA l,?jrJl ~Ll-\ cA F-) )~~ tL:.:...... ':11 ~ Ly 
~L:l1 dJ,';;'i ..L>-i ~j~I).,J1 ...:,Jly-L:J\ J:i -;J\ J11:J1 ~ ~lS:l1 y...Uh1 

ljL.;~ RNA ~ .,.~ ~~ i~ . V"'u..I1z;rJ~./--4 l,?-UI DNA l,?jrJl 
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, 
~I JJw:'..,J1 ~ ..::..)}.I J ~j~L:J1 J.&.1."aJ1 :;,:;,} ~ b~I..:;..U~~ ~\ 

l?J~1 ~U-I.h;~ J~lj tL...:;...,'J1 ~ u~l ~~ L;JWI.uh.:.o 

..:;..lj)y oJ..&. t~1 ~ -srJl ~I~ ~l:->-)rl J -0i ?~j . ..::..)}.\ (f RNA 

-SjrJl ~U-l .h;~).ri- ~j . .1..>lj L;J~j .1..>lj ~ 4S1~'J o.1..>lj Or" 

-:r' ~..uJ1 ~ -S~ d.; ~L:JI .r.:S- .h;.r=JL jj~ ~-4j ~)}.\ -:r' RNA 

P: 'J ~ "':J ')G:..1J..:l.\ j:i ~I Jkl:11 .:r ~I ~~ . ..:;..I.r.~\ 
Poly Au:?::>)r\ ~~ J:~ UL,.;l ~ w . ~ e )j~\ ~) ~j ~_; 

~! o~'j~j . (18-2~) . ~L::l1 6.:4-JJ ~\-,~I ~j .t.:.lWI .i.;4.1] 

l?jrJl ~lJ-\ -:r' ~,,>-T ~f t\......;;.....1 ~ do; JL..)I RNA l?jrJl ~lJ-' 
: Wj RNA 

CH3 
OH I 

N 

7-methyl guanosine 

HzN ~ 

N 
o 0 

- II I 
)+ Chl-0-P-O-P-O-CH o i~l; 

1------4 - I I 
o 0 

o O-CH3 
I 

0'''1; J.;Jk J;:: O=P-O- ? 
I 
o .. ;h"cJL:.J1 ,,4:J1 t" ,1.L,.;;'~I-AAAAA(A)== 190 AAAAOH"3 

t: J,L..,;) ~I 

..... lJLl ~~ 

-
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~Yj . (t RNA)Jil.:.lIj (rRNA)L?"J-""'J-:'1.)1 RNA l:?J,.:J1 ~Ll-I 

~ ~I ~L;ll -.::,..1.r.~1 ~ ~~ 0i w- ey)ll o-u. C~'j ~\..>. -.::,..t;)y 

. (19-2~) ~ ~ Jl 4.9L.;'j~ ~ 

rro 

'3 30 S Pre-rRNA '5 ------------­
t! .:j ",1:(19-2~1) 

u~-' ~"""'~jn~WI 

16S rRNA 23S r RNA 5S rRNA ~~I tt......:..:w~1 ~ Lo 

~L.....",jl ~l.$~~ 

~I ~iJI ~J---"'~~1 

~luU-l~ 

16S 4S 23S 5S 

Translation ~~I 

RNAl:?j..,J1 ~Ld-I ? ~~I ~I)il -.::,..I.;-L:JI ~.?~ ~j 

l:?j..,J\ ~L:ll~.r.' -.::,..1~1--4~ ~~ C\,;j'j -.::,..LAJ-".H)I J JL.)I 

.yK:J L?"J-'"".H)I l:?j..,J1 ~U-I ~~ ~fi J IJJI Uk.:.... 4.h......1y. J L....) I 

L?"J-"~)Il:?j..,J\ ~L:l1 J o~~-,.U ..!..lli t: JIJJI uL J o~~~1 -.::,..b~rJl 

. -'::"'~J-"~)J uJjll 

o,;l~ :r-~ ~Lo)ll 0 JL.)I l:?j..,J1 ~lJ..\ !J~ v.-U.: ~ 

~ -.::,..I~I oh ~ I~~I ~\ --4.u. 4LL ~~ ~ j h~ ~I)il 

. ~I)i\ -.::,..Ipl ~; Jl o..l:.:.-4 .;>- 'lJ1 .,b IJ.>.l j ~)l1 vPL..>-)l\ wL,.;; 
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IJ.,. ~~ ~lE ~~ )J~ t RNAj:iL:J1 ,-?JrJl ~u..1 i~J 

d"A..o ~ ~i ~l> .kl.:J)'1 L~ ~ Anticodon o.:>~ o~ ~l.J.-1 

~ J--: ,-?.il\ Aminoacyl tRNA Synthetasef-})l1 .k~) '11 IJ.,. J o..l&-~J 

oJ.,. i~ ~ . iliL:.J\ 4.;JrJl ~k>-~ o.:>L,al1 -.::Jlpl e ~)l1 ~k>-)l1 ~) 

-.::JLoJ-'~)1 dl ij~.f!.UI (f' ~)l1 ~k>-)ll ~ iliL:..ll 4.;JrJl "";k>-)l1 

-4..uJ1 ~I oj.,. J ~~J' 4J ~U.I ~I).,JI-.::JI;...:JI JLL ~~ 

~~)I\ ~)J ~I -4..u- a.J...... .ul11 J ~w .;JI ~;>-'11 -.::J~Jy-:-l1 (f' 

. (20-2 ~I) ~JL.JI oj.,. r-~J J~l J ~.lSJ ~ e ~)l1 
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- -

H H 0
 
I I /1
 

H - N - C - C + AT; i .i 
~.r-::-" for\°1/ l"i· 

..•. tRNA
.r--:-"~ ~ 

-f':"l ..,..a..1>- - AMP - tRNA

1/
-f':"1..,..a..1>- - AMP+ tRNA 

(7p ?lJ
 

~) - jiWI -,?jrJ! ~l:L-l 

~ ~".....~~•.JL,:, JL...jll .s",.:.JI (",~Wt ~>= .I"".....~yl ~ ~~I j~r :(20-2 ~I) 

Ja..r.s ;;.)~ ~~I t~J ~".....~YII$J,,:.J1 ~G.Jt ':"1.).)~ ~1':"1.).)~\ ~y.. 

~1 J.a.....~ W .~I;,,!I':"~I:'~ ii! ~~ .."JI;:;J ~ J:...4~I, ~~I ~I..> 

~~1 . ~~I.h." ~. -.. tRNA l. ··1' ~'1 "1 AMP ... I-'I.....s·l\z:-e - - ~ .J ':?"' ~ u=- 1-':!-" ~y J ~. '.r 

.~ ll"...-lt ;;.)~' ;;~\~ I.)~t J,iWI 1$~1 ~Wlll.I~ 
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'<, r.J-'~.)l 
_____ tRNA -arg 

----i.~ \ 
mRNA 

G U U C G G U
=Y-...,J I ~ Js, .u...J... 

AG A G C G /'I 
L 

A 
I L­ .J I 

F-meth 

tRNA-Ser 

,J...r:"" - jil:JI -,?JrJl ..,..a..\,l.j 



"l.;.>-)rl J ~~j i~ iJ~1 -1-1.)l5:J1 J l:.')l:ll J~i~ 
4Ji )ll..b-Ij -:.~ ~ LF.)lS l:.~ !J')l:..1 :r ~)I ~. l:.')l:ll o.:l..lA.;:.4 

jl ~-,""...Lli ol:.~ ~l,:.j )I 0l.J)'\ J ~1l:.')8..19 . ~ (f' ~~ ~ 

~ J w')l;...>.)l1 Jl.:l~ <.?~I WY\.:..>)l11~ d ~j..liJ . .i .1..a..-l1 
<.S.,.>-i ~j~ ~L;)r ~~~ l:.')l:ll ~ . ~L;)}\ ~~ 

JGI J w')\.:;>.)l1 01· uS~.~j ~L; ~j <.S.;>-i ~~ ~ <.S';>-\ l:.~j 

o~,.u;. ~ l)f .:l~j .1S}. ~j J w')\.:;>.)I i ..!1llSj ..b-I~I oJ! l:.')8.. <.?# 
. ~L;)}I ~ ~ oA-J1 ~ 

~~ w~ Jj)rl.l:.')l:ll J ~I --e :» ~L;).,.ll:r ~y:d ~ 

~L;)}I ~ ~L:.JI L,,\ . )~~ I+~ ~I jj.r. i~ ~I ~j~I WI.:l 

~~~ . ~l> ~l.;.>- WjP J ~ ~I ~j ~I ojl.\ 

~ ~1· <.S~~I~ "l;.>)rl J .:l~-,""~L,, (f' <.S".:-ll d.;1~ "l;.>)rl J ~L;)}i 

~ )I ~ ~)\ <.?.:lI...\..A)I\ tilj ~l;Yj)ll i lti 0=,;1 (f' Jj)rl J ~\ 

i~ uJt:.;.. ~ <.S.;>-i ~I J.:>:-f lef ~l;j.r.j)l\ i lti <.SyJl ~ ,,~)1\ 

:r 0Ls-y !Jl:.Aj . ~15 ~)r ~\j ~rJl ~L;)}I :r ~~ :r 0Yj)ll 

~l;Jr.j)l,~. ~I ~l;j.r.jlj~ ~WI ~l;j.r.j)ll : L...J. ~l.;Yj)l1 

0=,;1 ~ ~LJI ~I ~j. ~}ij ~LJI ~1~.,6.: -:....:.JJ ~lA.J\ 

0;1j.r. ~~ JI <.?.:l}. ~\J-I o.:lU\ :'~j 01 ~ ~~ jl ~GlI O.:lUI :'Y':"j 

~I 0;1j.r. ~ J~l Jl4:~ <.?:.~ k:.~ 0j.r.j)ll ~ ~j ~I 

4->~I.i J .. c. U-iy-j.i •.• <)?I ~U)}I Ji-=-- e ~.r. <.?..ul 

. (21-2 JGI) 
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/t
 
I 2 

~Il 

~12 

2 3 

3 ~~--~-------,--­2 3 

:.r .r:-:----:J I ? 
;jljiJ ~)}i ~~I .A f.;I L:...~ 

~~I I.$jJ':"'.)1 I.$J..P' 

o 
':'ujjll ~ ~J~u ~I ~JJ-:l04 J.;".,.~J..:...-...I..t J.:l1....4.J! 0J.)-l.J~' :(21-2 ~I) 

~j ~.l.> ;;~1.A ~~j r'~ .J..:..::. ~1 tA ~Jo:l~~ ~~\ 0-" ~..r=ul 

~~\ ':'uJ"l1 ~~~~j 0J-'~ ~~ <l.JgL~:bll.!.l.! ~'I$~Ji ~l.> ;;~Lo ~~1 

.~~~I0-" 
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;)Y':") .ul.>- J ~I ~ 0Jr.)~\ ~ .J')l>. 0-" ~ ~}I ~\ L.i 

.;)...L.....j ,-:?;)l>i-CAP iJ..gJ\ 0':?Jr. ~ :.r..~ ~~ :r JI ~) -GLd-1 Q;)L1.1 

~) . 0Jr.)':>U ~rJl uG)}1 ~ e .b..:1.r. ,-:?.DI cAMP ~\ 0'};) ~I 

0':?)y.-l tr:: ~ u I..li....> :.r..~ Uj.,; Ji,-:?;).h-9 -GLd-1 Q;) l\.\ ~~ l.oi ~I ~ 

~I:r 0Jr.)~1 w~1 ~ 0-") ~rJl uG)~1 ~ e .bL.:.;)~~ ~\ 

. (22-2 ~\) 

~ c..l.>-,J ~l5 ~ ~~I ~i J -GU-I Q;)UI ~y. 0~ ;S~) 

~)1\ ~i 0-" jp':>U10Jr!)i ~) . l5.r>-i Q;)L. ;)Y':") 0-" ~~ .} 0Jr.) ~1 

0Jr.) I ~ L...s . ..:....:>JJ 4.l:LiJI uli).r!)~1 J ~}I) ~UI ~I ~ 

~ ~~~~ 4.l:WI uliJr.)~ll.oi. ~}I ~I ~ j01)~1 

~G ~~ t: 4l.:J) ..l...A: 0)r.) ~I ~ w~i 0-" ~l5:J1 0':?)~1 ~ ~l 

~ r-: ~ .4JU-1 Q;)l\.1 ;)y>:-) ~ :.r..~1 u~~ 0~) -:r..riJ\ ~J.S 

~) . -:r.yAJ\ u~~ :.r..~ r.LJ -Glli Q;)l\.1 ~y. ~ ~I ~ 0)r.)~I 

24) 23 JI.5:....;;~1) uG )r.)~\ .r" uJI I.h. > D:...o)11 uLA.9i 0u~~rJl .JJr.) I 

. (.26-2) 25) 

~r ' ilk; ~ L5y:J1 ~I~ 'l:>- )1 UU)Y' ~~ J ~\ ~L:..l1 r\kJ\ l"l 

0~ L...w- uG)}i u~ wlA:,1 ~ it1..:.J1 \.h. ~ . ~)i ,-:?;)l..u ':1'1 til 

f'lk.:J ;)Y':") ')\j L5yJ! ~ _Q,;; '> ,~)11 J L..i .J~ l5~ ~\ ~fu ef 
Jlj. ~) i~;Si L5;->-f (7:"i;. ~ 4-::-! ~I plk; ~) 4-::-9 u lJ )r.)~I 

"<\.,...j\~ ~ ')1 ,,;-.;J\jj.......,.-4~. j,;. rlkJ1 li •. .h..,;,...,

" ............. • J V \ L.5- ~... .......... J
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ara I 

ara 0 ara A 

1 
~.,.tl ~".. ~ l\ :( 22-2 ~I) 

4.J	 _ i s: ~ ~~G~' ~J>-J.J~ 

~1)~I~~~~~jJ~1 

~
 
.J!~ I e ..:-. L>J' ~J.;--II rG.....::J i 

. ~Jr.ll ~ ~I.s::.li 

I~ 'II .1\..;*)11 I~ L; .-r- e " ~).) ~ 

':'UJJ-ll ~ l.J-O ~I ~»:'~ ~~ t,~ : ~ ill ~J>-J.J~ rj~ :(23-2 J.s:i'J1) 

.:.u.)jol.I ~~ 0-" ~ ~I~..;l ~ ..bW..J"tl.:',jSJ3 ~-l.>y wjS'..: LA~ ~~I 

'''~:~S~I 
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Lac .Ja;.. 

ilvc 

metE 

trpR 

#1 
t.L.-:.:...... )I \ Jl&- ..:;.. L..; l:.;J/)I ~\ ';~I#I~I 

.~~~Lad trpD ....----.-----r--l!I-pA~trpE trpC trpB 

40 160 1560 1590 1363 119i 804 36 250 

bP ~~\j t» 

~ :'_11 cll.:o..t. "I . .I.:... ~ W· T• -:'11 u· .~(' ......... Ul - •. ~II . l........s - :(26-2 1(" -" 1)
 
~ u ~ _ '7'''- ~ ':r U IJ-'-I.r- U.JJ-'J •• ~ v-­

a ~lj trpC,B,A wUl,.:u~1 ,:,uJJ-O tL.....:...:i...f ;;,)~ P2 ~~I.,;..:a.-1lj iP I ~yll 

,w.JJ-'J'J1 ~ 'I~ ~ 4:J'J trpR ~I ~.»A~ '::Ij trpL ~I~.»A ~ ~lyl 
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.~ J. ~~ u. ' \,-, 0 1_ II 1 .. l;·11 l~·~ lJ:aj 01...l>- ..uJ 
~. ,~ .r: .r::-- ) '-' J:T" orr: r .) 

c.i". ~\ ~I J~ o?..;:...~ b:-j~) ~ ~I '"7"'j.kl.\ ..;:...l;J)'1 

.!lljJ 15.,:.11 ~ s-l:->- "J \ J ~~\ ~ ..;:...~ ).r.-!I J ~, ~ L:..::.U 1;b 
. 41--J1 c.i". J IJ).:l ~ 0i ~ c.j l! 

~ s-L;..>"J\ J 0~\ ~)rll ~\f\ ~i ~Y~\ 0~1 rlJ:aj ~ 

. cj~I)1 ~I ~ ..;:...l;J)'1 ...:....d- ..;:...I)..;.~ ";:"'~J"'~I ~ ~ oJ.,h:lI15.,:.11 

;;~I r~ ~ .u).rl l tl.:... "JI :.r Ecdysone0.r-=...l.5'~1 0y/' ~ 

~ ..;:...l>-li:.il J# ~1 ";:,,,.:ll ~WI ~~~ ..;:...19.r. ~l...A 01 b:-) ~ ";y~1 

~ J \J).:l 0Y'~\ \-4l0i ~ J.5~ lA~) 4!L.JJ1 o..wl..;:...~ ~ oWriJl 

~IJ) L1f. j~'l ~ 0)L.;.! ~l:ll c.i". J 0yn-ll ~ 01 ~) ..;:...ll)}1 

. ;z;".,iS) ;;.i'~ 

~~ J ..;:...~yn-ll Jj.:l J? dJ.:l"JI:..ro ~L.l\ .:ljJ):.r ~)\ ~j 

J ~)-" ~ ~\ ~"Jl ~i 01· .!ll~:.r ~ ..w.1 ~}I 01~! ..;:...l;)}1 

; , ., .bl! wllJ}1 ..;:...l;J)'1 c.i". J=-' . .\...:JI...L:: ~I ~l1~I ..;:...l;J)'1 ~ J~II.i". 

~ 01 ~j ..uJ . 0..u)1 ~Ij)! J O.:l~).\ ~\)I ~\k~1 ..;:...l;)~ oy.1.J\ 

o.i". J.~ ~1 ~I~ ~I ..;:...l;)).\ ~ JI ~ .:l~ v~\k~\ o- 0;-::-:-5 
..uJ . o~ ~ :f~L i~~ \~~ ..;:...l;JY J! :i..:...ol5J1 ..;:...l;J)'1 

~ ~l . -L>-i)1 ..:.,)}.l J ..f-->' ~ w\;))'1 c.i". ~~ y ':"1 b:-j 

.r" ..L:>-lj U) ;;";1)) orib ~ ~I o)raJl .)i J~I :.r ..;:...~ ~ ~)Y 

J» o" r>-I Q).,J. i..?; ~~ ..:.,),11 JlQ..:j1 ~ j\ ~j~1 ..u-Iy.ill 

. ~\ J\A.;j~\ Jy.a>-) ~I )~~I 

JS}. wL)\Ii c.k w')L:>.l ':"1. h.• '-Ii ~)..LJ,. ~?i l;,b !.\b .:,,\ L.S 

~ JGi:1 I.i". -} ~ L. ~~\ 0: .'':';~J,11 ~ i-~ c~\ ('I.k.; ~ 

JI.f- ~j. ~\? 0~1 ~i..L:>-1 IF ~i~ ~Ij :L::.:LSJI..:JU)).\ 

~ J.W ~\j 41 o~\ ~)u ..;:...c)}1 o.i". jJ:> )1,1\ j s-L...W! -.Y.l...-.:: 
. 0lk~1 ~;;~ JL.~I 
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~1 ~t..-~I r..u. .:JwYi 

~\...ul ~~\ w~~i . I 

~).;J! f'~1 w~~i . 2 

RNA L$~I ~WI r..u. .:JwYi 

DNA L$~¥11 ~WI r..u. .:Jwyi 

~t~~ ~lQJl Jl Q~I .:JwY~1 

~1.:Jw··i l .. ~ ~I .... -:>J u-- '- j-4
 

~La.!1 .:Jwj:l~~ lliW,1 DNA ~#I ~bJl ~~
 

~W, L$jS.;l1 ~~\
 

f"~'.~~L...#1 j)~1 

~l.;l~1 ~l.4:"J4j.?~' 

DNA~~~ ~L> ~~ ~I .:JL.uYl ~1j-4 ..b.J1;> d ..'7 

rG...Ui .:J~....)j; 

DNA L$~¥11 ~W!~ ~ ,,~I.:Jl::t~I~~ 

~ijjJ\ :';;3' 

<19 



, 
'~I ._.L.ILJ 1.·.:wl:GJGtf"-l. ..;--:'~ . v=: 

<u~1 vAt.-~I;;~ uwyl 

DNA ~#I ~WI..>-l~uL.:j:ll 

.. .tt -~~llJrl uL....!··lr.n-IJ~ . !) ~ 
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~l:J1 FI Jy.;j DNA '-?J~I ~U-!~ ~\)..,JI L~\~ 

~\.:.o ~ Lko Ii c~ .r..~ u~1 c~ ~ J.i LS . 4.:.0 ":-,,UI )~'1 

Jib e ~U- ji ~ ~~ l:"~ 4.Jljl j i oL.,,;'j &.oJ! c~ u..~ ji 

~.;b ,y-u~1 c~~ ~ . 4......4\ 0t-L.iS 0;)4) yL.,,;l& ji ,,:-,,\.:.0 

~j . 4.;1)..,JI 4.......4\ u~}i ~ ~ ~I u~}~'1 :r 0.r--? ~~ ~ 

Jr- J.r::-;S )j;)lr" 4-l Ll. ~i 4 1).,JI 4......~1 )\..$") rsi cr" u~})l1 c~ 

d d b~l....J UlJ)r-U ~})I\ .kJ1r=L1~.~; ~ wr-:Jl j uU)}.1 

u~})1\ )L...:-:->-I ~i 4JYL> :r ~j .~ u~})l1 ci'j-"j uU)}.1 ci'j-" 
ui~ r' ')II ~ J 4.;1),J1 4.......410i J..-f.1.~j . ~ UU)J'" JjAJ L....,UI 

..w u~})l1 c~ ~U;j w~ '1 \)i;j u~})1\ c~ wL..:..::.Slj oJ""-A b~ e . 
:./' ~) t:~ u-->- ~1..!.JJ.lJ ~ ~ 

~jrll ~l...> ')II rJ.J> u~;i. ] 

Nucleic acids hydrolysis enzymes or Nucleases 

Ligases rl>J..l1 u~;i . 2 

Polymerases o.r~1 u4:}\ . 3 

Modifying enzymes .r.~l u4:}\ . 4 

Topoisornerases Jl#'1\ ;;Jljl u4:}\ . 5 

Phospho- ~)I\ ~l:J )yL-A.ji ~i) ....;I~j ~ ..:.:~;)li o~ ~ 

;)~i j.:.C l.c.,.:Jl j ~}> ~. ~ ul~.r:JS~\ k; ~\ diester bonds 

: W ~~.. ~ ...:..4:}')I1 o.i;, -.:.-..-.-;, :l.:.jrll ~L..:>-\f\ J-;,L.J ,-?;..i.ll 
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~4-> ~\ i..lgJ1 u~;i '-:1') : Endonucleases ~I JJ\ i-4J1 uLs;i . i 

Cl;.;i ~i ,-?~y) ,-?)rJl ~LJ..I J....YL. J>-I~ o" ~)11 J8 JyL..-.,...;J1 ~I)J 

. (1-3 ~\) ,-?)rJl ~Ij..\ (f ~\ W::.:,:..,. ~ 

~4-> ~I i..lgJ1 u4:;1 '-:1'): Eonucleases ~)lj.1 i-4-!1 uLs;i 0,":-, 

Cl:.il ~i ~~jA ,-?)rJI ~Ld-\ ~JL,. u~4i Jr-- \11 J8 JyL..-~i b:1)J 

o ( 2-3 ~I) ul-L.;.r.JSy.-:J1 cr ~\11 ~ o~;-. uU->-) 

(5)rJl ~LJ..~ ~l.>- tJJ. u4;i ~y;-) ~ .wG ~~i l..:.15 d).. , "" .. 

;S)rJl ~Ld-~ ~l.>- 15.r>I) Deoxyribonucleases - DNases d'~ DNA 

o Ribonucleases- RNases d'~ RNA 

.r" ti .0:A~ ~I ..w ~ )~~ (f u~;)11 oj", ~i0 

iJJ. ~ ...Ik...: ,-:?..J\ Rl\ase I~) .E.ocoli .).,.i~1 4~ (f ..::;~; \1i oj", 

0-" W~ ~ ,..L..:..:,'j .:i..:.lLJI 4..,1 .0'1 0-" 1)L..::...s.! LL,;.I~ c,oo II ..i.oLJ..:;;.LL.,
v J L L' . "'T"-' v - 'i'Jy-' ~0 

'-?J,J\ ~L>-\ .;LL., ~JJ, ~ ~ ,-?lJl RNase II f.;!) oJ.>.\j o..L.:-J~r.:-i 
l' ::- '" 

;;~}--o o-L.;~~:.r wJ-o"..w (.l.i)' ~l;L! ~4-:-\1 (f j)~1 ~}>-j lJ>.1.) 
...... '-­

~lJ,...i t:>1~0\1 . -.bl.J.) );>-iJJ\ f' I. Ii ~ ~ ,lJl RNase TIl.:-"";!• "....4 
....... ~T ~_rv '-3 1~V'·""""1...:? r;:..)..J
 

RNase) ~ u'Ui~i ,-,..L:.~ :.r?b iJJ. f-;i uPY\_~·.:-...\ FLoS - ... \ ~ 

;:.-J! ../ G'...:.: ':"~)KJI ;;)~ e u~..l.::-->~I .1~) ~Iy '~b r~ (A 

~J..:-A~ ...:..u.-.:.:~\.5r.:-i .r" 1.....aJY' ,-?)y ~l>- &.! C\..::.;)' I~ , ~L.J-I 

.>-1. J.:,;.\-, fool;.. c .,or ,J-,.p ~ L.S . ";~I ~ 15'q.; ,.,a..,l>-".w J\ ~L..C\ o~..iA
J .....:? ; i....... J, _- ... -I.., ~ l--.,.:'-:> Go ~..r--

J;;. ~ (RNase T J) ~ Aspergillus oryzac~;-:-_)l1.;b 0-" 

J"J.hO 0 1..,.J:-I ~ ,-?y.]- u\~.r.JS ~ ~Iy J O~~}\ 2\11 ~I)) ~4--

o .i..-AIJ-I ~ 4-:-\1 
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.:.L.i......~ - J'~.....n~tJI.:.t...J,.j.j~I".:u,.Jl~ .~I..uII"~I':'~j.:ll ~:( 1-3~1) 

JI ;;~~ ':'I~~~~l:iJ~ ~J~j.1.1 Ji ;;~~I DNA ':?»"J1 ~l..-JIl.b~~~I..ul 

~1 ;;~T~ i.S~I.:.t...Jj.jII"j-4J~ ('-:"J I) l.b~~I ...:.u. ~ J.I...;J.> ~ ~J~j..o 

(~) DNA ':?»"J1 ~L..:.Jl~ ~J~j..A..h,,~':'1~~~~ ..u..IJ~.J)~ ':'LO........"s­

...h,,~1 ~ ':'I~~~I ~ lJJ~ 
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t
 
Q-V-Q-~ 
6-6--6-6---6---8
 

t
 
Q-V -y- Y y----qJ
6-6- -6- -dJ- -6-G 

wt&j
 
D -0­

-D -0­

D -0­

t
 
qJ---Q-m'.
6-8-. . .
 



~
 
-<if y-y-y--ep--<p­
-0- 6----0--6----6--0­

~1~Ij~t ~ uL..Jj:l~I.,.:u....9~ .~JL;.Jt ("-41\ uL..tj:ll ~: (2-3J,s:..:J1) 

44al ~.;Wl..91~JWl ~.,.tl ~ ~~ ~I '11 ~1..lJ1 ("..I.4l1 uL..tj:li '+!~ 

DNases -(DNA) ~n:J1~~I,-.a u~jJi 

j--~.) 2)11 Jl;j JrLoyiJl ~I)J 4lp ~ ~~})11 o~ ~ 

. ..l::>-)1\ :.ra ~ eii :.ra 4J.r f ~) . DNA t?).,.J1 ~l:ll 

r..i.+ll ~J\> DNases ~~}i .i.;yU E.coli 0}.,..aJ1 4~ 0i ~) ..u.9 , 

~l..g-.o.P- J))1\ F-})11 ~ ~. (Exonuclease I,Il,III) ~ J11i 
.)1 4.)~ RNA)f DNA t?J,.:J1 ~L..:.JJ o.)rill j--'.>LJI ~ r---)11 ~I)J 

l:"~ 4-::.! ~; ~\ 4.:4-:-11 :.ra) ~14r.-lS ~\ ~yU ~I-l.>-).)I 4- ..hii; 

j-.')Ljl L/ L:.l1 F-})1 I ~~ ~ . ~ ;;.:JL:.l\ 0YoJ l5:.l1 0> e ~)J..L:+l1 

~). J))11 F-})11 ~ e1j-" ~~ DNAt?).,.:J1 ~l...-U 4).))1 
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:.r ~)~)I ~)jU-\ ~JLJI ~ .r-=----\q ~I)J ~~ ~ uL:J1 {-;)l1 

. DNA'-?J,JI ~L:l1 

~) JL:.J:, :r ~~) ~I..L!I i..lf.l\ ..:;,..~;i :.Y' ~j I,)",,~I f W 

~ DNase I J))l1 {-; 'li ~ wi.:- . DNasel j II ~~ ..:;,..\.;Ir-J-I ~J..S:-

j)~ '1 ":;"'\...l>-) C~l Jl
. 
~~r DNA ,-?).,JI ~\;..ll :i..».1..L!\ ~I))I 44-0 

t: ~r" ..:;,..Li......; ~~ ~ ~ c...l>-) JS '-?y.:t. ..:;,..1~.r.l5~ ~) 4J.,b 
. ~ ;L:JL:.l1 0y.J\S0\ cJ~ t: ~r" ~)J~ ~~) ~1j..1 0y.J\S01 ;;J~ 

~ ~~I c..,I.~.lI) JGJJI :.r ~I DNaseII JL:.l1 {-;)l1 ~~ 
:; ::;; 

~ 4J.,b ~j. '1 ..:;,..I...l>-) ~ Wb DNA ,-?).,JI ~L:l1 i..u. ~ ..:;,..\.;Ir-J-I 

~ ~l3-i 0y'JL5:J1cJ~ t: ~ J;-S)J-41t-'"~ ~; ..:;,..1~.r.l5~ ~ 

. 8L:.l1 0y.J\S0/ cJ~ t: ..:;,..\..Q.....,,,,JI t-'"~ ~; 

i--4l1 ..:;,..~;I :.r lS;->-1 u.~ J~ f..l..4,j ..:;,..~;)l1 o.h. Jl uL,.;;r~) 

4......1lill )1 c~..uhl )1 c~1 ":;"'~j-i)f~ ,•• DNA ,-?).,JI ~L.:.JJ ~I..L!I0 " 

4........41~ ~I rsl) ~~L.. :.r ~ rsl Restriction enzymes 

. ~IJ."JI 

4ab~t..,i :;~I ~L.:j.j~t 

Restriction endonucleases or enzymes 

~L:l1 c~U; ~ f ~ 1962 it;. Jl..:;,..~;)l1 o~ wL:..:S1t:).; E:".r.. 
K..:;,.. 'l')L..lI o- E.coli 0."J~1 ~~ ~~ ~I Host-controlled restriction 

)l5:;) j iliy&-)I t: ~~~ cyP-I ~~) JI ..:;,..~W~ ~L,.,l~ E) 

. ..:;,..~Wl 

c~UI W;Yul ~ L" U:~ J.-; ..:;,..4:;1 ~~ :.r o~)I\ o.h. \....AJt..::.; 

c..l.:-ill ..:;,..~;)I~ ..:;,..~;)l1 o.h. ~ JUoI ~jJ . WW ~ )1 ..:;,..~L..U ~IJ."JI 

. c~...t.shl )1 
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e ~ ~~I 1962 il&- <-i Dussiox &Arber .r.) ) c..rS~);:' ~) ..lil 

JWI ~LP1 0~L.i.5 <-i ~ vP~1 ~.b.: dJ4 IJ..:.-o'J JWI) 0,J~1 4~ 

)1 E .uYL-\1 ,J- ;J)j--o ..;:.J~L...: K.JJL., 0,JrU\ 4~ ~L,.:,1 ;:,I.f- ~~ 

,J- ;J)r-- ..;:.JL..;u- ~; ~ ~L,.:,)l1 0~l..L5 <-i vP~1 ~.i..5) . ~1 

. ~I )1 K.uYLl! ~1.P)l1 o.)l&-~ E .J')LJI <-i K.u')LJ1 

~~ ~I).r?- \1\ Q• .; 0 II ,::,~L:J.I JUJI ~1 0~'&.J1 .~ ..;:.J~ ..L9)L 

•.h. ~G i~~ W' . 0;:,~1 )1 0~1 ..;:.Jl.s; \II ~» :f' ..;:.J~wl yW 

o;:,ll.\ J.,1 ~) ~ elY' <-i .f-ri J~ L Q. 00 II ~I),J\ 0;:' ll.I <-i ..;:.Jl.s; \II 

~)..L9). ~I <-i .r-3t.:JI,J- ..;:.Jl.s;\lI •.h. ~ '1 ~ \ Q• .a 01\ 4.}\),JI 

c:\.:::c.A 4.9L,.;1 ~ ~\ Methylation ~I <-i ~ .f-~I \~ 01 \.v.. '1 

. ..;:.Jl.s; \II •.h. J.os- elY' ~1- CH3 J::l1 

..;:.Jl.s;\I! ~ I;:,~I 4~1 <-i ~l:l\ JUJI ~ oyJL4,J-~)I~)
 
Ju Ji) . ~~ ..u: :i..l:.,1..;:.JI.f-" J;"':""'I 4l'J1 •.h. J.os-~~ 01 '11 0~1
 

\ 

~I y')l e~ I~I r-+.".5 1978 i WJ ~y o;~ 0UU)~).1':),J- J5 
..;:.Jl.s; \1\ ,J- 0~..lJ;. tyl J.r t ..lil . ~\).,JI ~41 <-i ~I LfWI ...1.>-1 J=i 
{-.Ii 300,J- rsl 0\1\ JJ- ~1..;:.J1.s;\l1.)..lJ;.~). 1970iWI.i.:.... •..l;-itl 

. 4.}1).,J1 o;:,ll.i ~~ )1 ~ eY' 100,J-}51 r.-J ~ o);:,~ 

4a.b~t JI ~~t uL.:tjj~1 ~~i 

~~~\) ~I ~I ? ~)Ji ~ I;:,~! ..;:.J~;\l1 •.h....:...-...j 

: I '1 dj"jj 1\ \ "\.1; LW UL-SJI
~e'" l.f~Y.i- ._­

: Type I Restriction enzymes J) \II jI..,kJ1 - oJ _ ; Ii ..;:.J4:} \1\ : ~Ji 

~L.all E) K .uJLjI 0"JyilI4~:r~\ y)\li ..;:.Jl.s}\I\~) 

. DNA ,-?)rJI ~L:.JJ JI~\ ~I J.&- ..;:.Jl.s;\l1 eh~) I..l.:-"'J JW~ 

<-i ~);:,}I J--yWl i~ i.y ~ ~\ elY' <-i.k:-i; ..;:.J1.s;\l1 •.h. 04 .b-.,J) 

U-.L. i~ Ut...u: I~ ~ ~~y:; 5000-1000 0 Vi? ijU ...1.>-1) eLfI 
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c~L. ~I~ ...:.-4:.I"J1 c-h. (.~' J--li (f ~~ Ui?j 0?-i oU O,:)~ 

~~,:)ij ATP ...:.-LQ.....rill J"j,J 0::-"~,:)i ~~j Mg+ 
2 iJ- ..~I ...:.-li~i ~ 

, S-adenosyl . Methionine ,J?f-::-" 

~ : Type II Restriction enzymes -iL:..J1 jl)J\ -c~1 ...:.-4:.1 "JI : ~U 

J\k.;.ll L1j ~1...l>..::....t:1 ~I ...:.-4:.I i ~~ ~i:r ...:.-4:.I"JI:r ~~I c-h. 

DNA,-:?j,J1 ~L,ll cl=U ~ 4;)~ ...:.-4:.1:11 ciA jL:.c . L;I)."JI L-41-i 
jSJ ~I :r ~l; L~~~ .h.Qj Restriction sites ~ ~I)-" ~ 

~ F~ i~ 4il~~ ...:.-1,:),:); ...:.-4:.1 "J\ c-h. u~ ' ~~ "JI :r tf 
. o~~ ...:.-1,:),:)rJl c-h. ~ ji 

'5 G"AATTC'3 ,:),:).rJ1 ~ uA,:"i Eco Rl t LilI F-.I)U ~~ 

~ i;"" F-.I)rl ':"l! I~j . ~l;ll ~4-:J1 :r ,J?,:):1\j ,J?I~I ~ F~ i~j 

, ,:),:)rJl U...~ ~ ~~ ~I ~I.,.ll ~ -i DNA ,-:?JyJl v""uU-1 J-'')L... 
.r>-T .)1 F-) .:.r ",:,-4:.I)r1 <L,:.k U ~ ~I ~I ~IY' ...:.-1,:),:); ,:)..Ls- ~-' 

,:)I~)U 1)2;j . ( 1-3 Jj~) ...:.-I,:),:).J 6.:...... .)1 ~) ~ Oi? ~WI -i l+-S0j 

:r JS "-'<-Pj ~ rU2.i C?I F.ul.; ...:.-4:.I)r1 c..i...l.:r ,- .; • -5i ~\ c~1 

: Jl:JI~! ~j 1973 r~ Smith & Nathan ,:"l;lij ~ 

F-))rl r-I:r Jj)rl u.r!-~ F-.I)r! y ~I ,-:?jJl ~Kil ~ T".r. (i 

Eco...,-.11 f..I)r1 ~,oJl r-I:r ...:.JL:..lij ~L:JI ~)-~ JKiI oJ f4.r.j 

~ r-i .:.r ~r>L F-.I)rl r--I:r Jj"Jl u.r!-u E.coli ~~\:r ~r>L 

~~\ tf r--\ .:.r LJl~r>L ...:.JL:Jlj -iL:J\ LJU.r!-\j Eschericia ~~I 

. coli 

Haemophilus ~~\ r--I :r ~y>-tll Hin F-})U ~~ JL,l\ ..;JJ.i.Sj 

Haemophilus parai 4~\ r-\ :r ~.r->-L Hpa F-.I)rlj influenzae 

. ...:.-4:.I)r1 4),' W~ Jlll..:.lJJsj mfluenzae 
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i} 
Aha III TIT 

~~ 
AAA Bam HI G GATCC 

Asul G<:7G (N) CC Bde I GGCGC<:7C 

Ava II G<:7G ;fcc BCll lbATCC 

Alu I Ad'CT Clo I ATCGAT° 
AvoI COCCGGG. CVTCGAG ChI l:e.OGCCC 

<:7 
AvrlI C CTAGG Due I d'T(N)AG 

<:7Aluy II G1CGTC. DpnI GATC 
.(} 

Aha II GG CGCC EcoRII .(}CC?GG 

AcvI GG<:7CGCC EcoRI G<:7AATTC 

GA.(}CGTC EcoRV GAT<:7ATC 

Ace I Gt5'ATAC Fnv 4HI GC~(N)(;C 

G'rt~GAC FokI GGATG(N)9 
~ 

Ala II UACGTC CCTAC\N) I 3 
. v

Apul GGGCC C Fnv DII CGOCG 
.(}

Asull n:e.CGAA Hac I TGG CCA 

Hint' I d'A(N)TC 
{7

Bal I TCiG CCA Hpa II COCGG 
~}A 

Bsr NI CCTGG Hac III GC;vCC 
v

Bsl EII C;vCIT(NiACC Hha I GCGC 

BI:", [ GCAGC(N)8 HindIII A<:7AGCTT 
<:7

CCiTCG(N) i 2 Hap I AGGCCT 

Bin I GGATC\N)4 Hac II AGCGCvT.GG CGc!'1~ 
.f} £'CCTAGrN1S Hgr CI Ci GCGCCG GTACC 

;, 
i}

BglII A0GA,TCT Hind II GTC GAC 
.<:7

Bsp PI G'CCCCiC Hpa I GTl AAC 
<} 

Hund II GTT AAC 

HgI JII GGGCCvC 

Hgr AI UTGCA-!}C 
-!}

KpnI GGTACC 
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Mba I 

Mlu I 

Mst I 

Mst II 

NruI 

Nc II 

Nat I 

Not I 

Nsp CI 

Nsp BII 

Nar I 

Nae J 

PyU II 

Pvv J 

Pst J 

Rso J 

Sau I 

SaL! 3A 

So NJ 

Sty 1 

Sea! 

SmaI 

Sac II 

Sa II 

SphI 

TagJ 

Xrun I 

Xho II 

Xma J 

Xma III 

Xho I 

Xba J 

~GATC 

lCGCGT 

TG~CGCA
 
CC~T(N) AGG
 

{"
TC GCGA 

~G 
CCCGG
 

ZI
 
GC GGCCGC
 

GC':>GGCCGC 
~ 

ACATGT 
i} {\ 

CAG CTG. CCG CGG 

Gd'CGCC 

GCC':>GGC 
v 

CAG CTG 

CGAlCG 

CTGCA':>G 

GT':>AT 
i
 

CC\ (N) AGG
 

':>(JATC 
.:>

GCGC 

AGdCCT 
.:>

AGT ACT
 

CCC[.7GGG
 
.:>
 

CCGCGG
 

c}'TCGAC 
i} 

GCATG C
 
.:>


TCGA 
i1 

GAAiNN"NN)TTC 

A~GATCT. d'GATCC 
.:> 

C CCGGG 
~ 

C GGCCG 
i} 

C TCGAG 
~ 

TCTAGA 

79 



~LP1 ~ 4..iL; ..:,;\s. Ji ~j~ ~ ~~I .i..lYLJI ~1.f->1.i..lb- d (~ 

:..r" J:-=.11 Eca ~.I)lI.i..ll>-~ ~. f..I)l1 r-"'.)1 JWI Ji ~j~1 r--"\ 

f..I)l1 r--"10L; RI..l;:AjJYI ~ ~~ ~~\ ~15I~t.9E.cali ~~I r--"i 

.r ~I Hind f.j-i)U 4. . l~ JLJ.I ~..i.......SJ EcaR I ~ 

. Rd ~j~1 ~ ~JlJ..1 H.influenzae ~~I 

i..L>....;;..... 4..iL; ~~I :..r" crJl u-i:-l f..Ii :..r" r-si ~r':"J .i..ll>- ~ (~ 

EcaRII J EcaR I f..I)I\ .} JLJ..I!.:?'" ~ r--")l1 ~4 ~ ~l...AJ)1 iu))l1 

. Hind IIIJ Hind IIJHindI J 

: Type III Restriction enzymes ...:.JL;j1 })JI - ;;..L:-A11 u~;)l1 : L.~.m 

u\.;y.1 c.~ ~jJl ~\.;jl jI}JIJ J/~I jl}J1 ~ 41li..,.:. ~.k......J u~;i ~J 

~ E-J~ ...:.Jt:JI jl}J1 u~;i i;;' ~f-:11 u~~IJ ATP u~?"J i~1 

u~~'1 ~b- 0i '11 ATP u~?"J i-'- .. ~I uliy.i .)1 c.b.':J c~~ ~IY' 

. w· 0"""· Ii- r:- 'Y" '-"::')-::"' 

JJ.!-"4:at u~~i J,.4.c ~t..... 

~ ~ ~Ir ~ ~L:l1 jl}J1 -~I u~;i 0l.; ~L li?~ w 
~ j u~;)l1 ch ~ us:J. 4-..ki j ~DNA~J.,.J\ ~lJ..1 

cJ..,. r'i:..r"J' ~lfJ E-JI 0~J ~I Ji ~I ~Y'~~ ~ )Y')l1 

:0 lo u 19')l;,;.:.'11 

ch ~ 0l: ~ 4..iU u\.fj-i)ll ~~ t!.,.; ~')L.,.r: ~Ji 
~ Cohesive or sticky ends ~) u~4-> ul~ & c.l:i1.)1 ~~}. u~.I)l1 

i~ ~. Blunt ends ~)~j ~~ u'-!4-J u\~ ~ LS;->-i u~.li fl:? 
0~ ~I.rd:-I ~ ~J '5GGATCC'3 ~~?I ~j-" y __ -: Barn HI (.;)11 
, 

. GATCC-'3 J '5-G ~ ~lJ..1 ~4-:J\ 
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.(7 Bam HI 
'5GGATCC '3 ~ '5-G + GATCC -'3 

'3 CCTAGG'5 '3-CCTAG + G-'5 
1J 

~ F~ \~j '5G*AATTC-'3 .).)rJl c!r j--;:-€ Eco RI F-})l10i W 

AATTC-3, '5-G: 4ll:J1 Eill ~ L...otl\ ~4-J1 ~ U;?.) )llj U;?1yl:-1 

'5cfAATTC'3 EcoRI +'5-G AATTC-'3 

'3 CTTAAG'5 '3-CTTAA + G-'5
1J 

'5-CTGc1h -'3 Pst] '5-CTGCA + G-'3 

'3 GACGTC- '5 '3-G + ACGTC-'5
1J 

~UI Eill u~4 0~ u4;)1\ o~ J...s-,y- ~l:J1 &ill (f Ja.>.~j 

~jJ LS.;>-i Or" JW':J4 ~~ It Complementary ~ ji ~ 0~ 

c!r dl u~~1 o~ CL::.;l.)y-.!.j . ~)JI u~t+J\ ul~ Eil4 Eill o~ ~ 

J La! . )>~~ 0~~ <.?J,.J\ ~\J.I C:j~ ~ ~ ~I 

L....S Lli o;;~ 0~ oh Eill el~ 0L Smal , Hae III j Hpa1u~;)11 

:J! It Ja>.~ 
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'5-GG ~C'3 Rae III '5-GG CC-'}
> + 

'3 -CCvGG-'5 '3-CC GG-'5 

'5-G1'lAAC'3 Hap I '5-G1'1' AAC-'3 
> +

'3 -CAA 1'1'G-'5 '3-CAA 1'1'13-'5tr 

(,hall oh j.:... fJ.jj ~l:.ll &a1l u~~ J Jots::ill':>Y:-j 'i <!.it.;~.i! 

ul)':!~ ~ 'illS.r>! Of" ,W'il ~ ~J..Li ,..w ~WI u~4-:J1 ul~ ~l~ 

.~ 

Eco RI j Barn HI u~jJ)l1 ~:r ~L:JI,.k.il\ 4.k.>JL..,J-": ~~ 
' ­

~}JI u~4-:J~ ~\3-1 ul~p\ ~Jt~ .b-Y'~ oWL; Pst] F-;)l1 (f' ~L:J\ ~11j 

ox-.c Eco RI j Barn HI u~;)l1 (f' ~l:J1 ~I ui~~ ~,o~'il~ .... 
F-;)I\ ,J-" ~l:.ll ~\ J L-aUl\ ~4J\:r o..L:..c 0~ ~ alW\ ~4-:J\ :r 

. Pst I . 
~ . 4J1..L.:Jr;l5~ .:>..ls- ~ Ul;:..>..j J __ a-Ii ~Iy-A ub.:>; 01 : ~~ 

JL::l-1 j' LS ~ ji Lt.~ ji ~ ~j .:>.:>rJl ~~J ~ ~IY' j-:-€ u\.f;)I!- '- .... 
. San 3A j HaeIII j Mba I u~;)l1 J 

{} {} 
Mba I '5-GA1'C-'3 HaeIJI '5- GGCC-'3 

San 3A '5-GA1'C -'3
 
V
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~..,.ll ~ t.?jJl EeoRII f.~\lI) 'S-G.c,GTCC'3 ~.,.t'~ t.?jJ! Avo II 

. -.::.J4:;\lI:r \..!..r-i-) 'S.:CtCCAGG-'3 

:..~ l..:..;) .:l.:lrJI ~I..L.,., ~ ~\~ -.::.JI~ loS"> \II -.::.J4:; \II ~\; .... 0~) 
~ ~ ~ 

'S-GACGA-'3 1:9.1.J-::-€ t.?JJI HgaI F-;\l1 J-=-o -.::.J4:;\lI:.r u.~ ~~ 

-.::.J!~.r.15~ ;;2) J)'ill a..LJ1 J -.::.J1~.r.15~ ~ o~ &iJ~ \~) 

. ~ I.:.!! ti-LJI j 
{\­

'S-GACGC(N)5 

'3 (N)IO CAGCG'S
 
if
 

c!yo:r -.::.J1..y..,.JS~ ~W ~ F~ i~ t.?JJI BbvI F-;\I\ ~f) 

.) ..L::-'".r:-'S,...; ~ ~i ~) ~) \1\ ;,LLJI ,} '5-GCAGC(N)8 ...l.::-•...i.::.J1 
• • .(7 • 

.b.'iI) loS..,->-i -.::.J4:;i.)l UL.-,.;l i~.'3 (N)12 CGTCG'5 ~UJI4.LLJ\ 

, (4-W- ~lrJ ;;~I -.::.J4:; \II J)~ 

~))..w~ ub.:l~ ~ -.::.J4:;\li ~ ~I~_.-.::.Jb.:l} ~ ol : ~I). 
~ l;JS J o~'ill ~ ~\ ~Y' .:l.:l} ;;~I; ~ ~ Palindromes 

Eeo F-;\l1 J •.4i c!.,.t 'S-GAATTC-'3 .:l.:l?1 ;;~i} ~ ~~, t.?)rJ' ~Lli 

. t.?)jJl ~LlI .;LL J o~'ill ~ R 1 

'~GAATTC-'3 

"J-CTTAAG-'S 

..:,l.s:; \II ~ ~Ir ~ ~))J.:JL .r.? 4.:..0 ;>-~! ~I ~' ~IY' 0i 'ill 

~ J u4:;\l1 o~ I •• ai ~i)-" ~ ~ Fok I) Bin I) SbYI 

.:l.:l.r-=-JI :r -.::.J\~r:15~ ~) ~ BinI F-;\l1 ~ ~. t.?)rJl ~lJ,.1 
J .:l.:lrJ1:r -.::.J\~.r.15~ .L..-...>~) ~)\l1 tLLJl J 'S-CGATC(N)4'3 

. '3- 5(N)CTAGC-'5 4i1.:.!\ tLLJl 
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01- u~.I \1~ ~I :f tfL:JI ,-:?)rJI ~U-I &! J ~')l::.>. ':lil : ~l.> 
.i.fL:J1 L?)rJl ~lJ-I &! 0}3 ~jJ ~u ~ ely u\~ o..l:-ti\ u~.I \11 ~ 

cr" tfLJI ~\ ~, :i.::u) ,uJr"-" u~~ ul~ 0~ u~.I\11 0.11. ~:f 
~l.5) '3-CTTAA) '5-G ~l:.ll ub.)rJ~ WI.) ~ EcoRl F-.f\11 ~ 

) Hinfl) DdeI f..I \11 J.:.... L5.;->-1 u~~1 J .t.j1':li1- u~~ \11 ~ J JL:l1 

u~.I\11 0.11. 0\1 ~~ Ul:..>...,. 0~ 4J::.~ :f 4..fL:JI ~I ul:~ 0~ AsuI 

~tJ\ ul.).).rJ1 ~ DdeI f..f)ll ~ -~~ e)-" lr;Sf yd ,,;6: .. ~ 
~ ~ ~ c:--­

) '5-CTCAG-'3) '5-CTGAG-'3) '5-CTTAG-'3 1-/') .u c4? ~I.,...s 

&-ill .t.jL.; ~\1~ o~jll F-.f \11 1.11. ~ el)-" tia.>-')L..lr) '5-CTAAG-'3 

:1-/') ~ u~l.g.; t)~ 0~ 4l..,:.j :f .i.fL:J1 

'5-C '5-C '5-C 's-c 

3-GATTC) 3-GAGTC) 3-GACTC) 3-GAATC 

.QL:.J\ ~ ~I lr ~.,.JI ..yy.15.r.-JI .) Wb r \..:..l. ~')..:;.>. ':li\ 01 .k.>-y\.:.) 

_~L:JI 

\1 

01 ~) 5-GANTC-3 ~\ ey ~ L?jJl Hinfl f-.l)I\ t: ~ JlJ-I) 

I __ ;; -II ~r ~ ,-:?jJl AsuI f-j---i\1I) (G)I C)I T ;1 A 0~ ~i ~ N 

u~~ DNA ,-:?J'; ~l>- &! ~ JraJ-1 ~.t.jl ~. 5-GGNCC-3 

er ~ ,-:?jJl BgJI F-.l\11 :f ~L:JI ~I e JLd-1 ~ L...S ii~..l..-" ~ 

L-"'r--" ~ ,-:?jJ\ XmnI f.j--i \11) 5-GCCNNNNNN~C-3 1 _ _ ;; -li 

.u~.I \11l,r" ~~) 5-GAANN NNTTC-3J . .c-li 

~ el}1 o~ ~..L9) ;.sy::-.::-.. ~ el)-" .u u~.I\11 ~ : l-.)L.., 
ii);L::..l.1 u4:~ \1~ u~.f \11 o~ i./J.J . e}\ ~~ uSL..I )1 0lSJ.1 

0~ L..~ Perfect isoschizomers L\i o);L.. 0~ ..,l.j) Isoschizorners 

u~.I \1\) HsuI) Hind III u~.I \1\ t: JLd-1 L/" L....5 4L.:....:.... ~ 01.5::... 

. Xho I) BamHI 
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{\. 
Hind III, Hsu1: '5-AAGCTT-'3 

Xho 1, Bam HI: '5-GGATCC - '3 
'It 

Imperfect isoschiz- ;1L:.:J1 ~l; ~ 0~ o;1l:.:11 ..:,.,4:;)11 ~ 0i w 
SmaI ..:,.,',,€;)11 J=..o W::.>.... ~ CJ5~ij ~l..:..:.A ~ ~Ir 4-101 ~ omers 

. Hind IIj Sal I..:,.,4:;)1lj XmaIj
{\. {\. 

Sma I : '5-CCCGGG-'3 Hind II: '5-GTCGAC-'3 

Xma 1: '5- C~C GGG-'3 Sa] I : '5-qTCGAC-'3 

~ ~}.:I~ ;);)j J ~ 0i 4..J::,WI..:,.,4:;)1I:.r;).h..l ~: ~L... 

..:,.,4:;)1\ ~ . .:I.r-=ll ;);)rJl J>-b ~ ~~ ~ J50 01 ~ U:-­
~~ '5-GGATCC- '3 ;);)rJl J.s-~ Sau 3A j Mbolj BamH I 

~~ ,-:?.DI GATC -/,~)I ;);)rJl ~ J.--.l1:.r Sau 3A j MboI 04:;)11 

. BamHI F-;)11 ~ ~r j:.€ ,-:?.DI Lf""1..LJ\ ;);)pi 

;);)rJl ~ J j )1 \ F-~)11 ~ ~ Hind IIIj Alu I ..:,.,4;)11 ~.L.5j 

~j--A j.:-€ ,-:?.DI AAAGCTT Lf""1..L..J1 ;);)rJl ~~ ,-:?.DI AGCT-/,~)I 

~) ,-:?jf ~L>- ~ Cl::..i1 ~1 ,-:?;)y ..:,.,4;)1\ Q~ 0i. L/L:J\ F-;\I\ ~ 
• t • I _ • ..L •

..L>I if .i..f~ ,-:?jf ~l>- ~ ri..L>...:.......\ r: 0\ ~I:.r ~u ~.D ..:,.,~~I 

D j . u.~1 Q~ ~ .r" .r>1 F-;4 ~. Jj~ J 4-:---..L:..2>j ..:,.,4;)1\ Q~ 

. ~ ~)j ..:,.,4:;)11 Q~..l>-i ~ ~r 01..ili ~I ~.l.E ,-:?;)y. 
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4abWt uL..J ..~w 'UAla1t DNA ~ .... ':tot . ~t. t...;' . L_4_!)oJ • _~ ~ ~ v-'" 

J ~..L:>..:...J.I ~14l1 ~i..l.>i u~):-I Ja! J ~~I <,~I J.;b ~ 

o~ (f .)..\.&- r-}a.; f ..w . ~I).,JI ~41 .) ~~I ~)rJl uPl....>-)'1 ~ 
::;. .. 

O..\.&- 0~1 }?). 6..;L:.:JI4.;~~ 6..;~\ u~):-I ~~)' J;kJ1 

JI~fL..)~\) I')\;:. ~ °MI) ';Lill,-??)I .);kJ1 ~ J..a.ill ~ J.;b 

&' ~ J.;b ~i (f i> ~ 0~1) ';Li.ll,-??)1.);kJ1 ~.;b~). v..r-i-) 
ul~1 (f ~ J o.,.Jpl ~W\ u4})'~ 4LWI DNA ,-?J,.:JI ~L:LI 

. 0):-1 0j.,Jl) rd-I ~)r-") ~ &' ~ 4J~ o" J~I ~ ~I) 

Ultracentrifugation &L.4Jll.$jSjll ~..;-bJl 

uP l->':J I ~ J ~~I J....illl J.;b i.Gi:.r ~)JI o~ ~ 

u L-:..~__.lI) ~")\.j.. I ~) ~ J 4-c I~I ~1 UL.,.;1u Y).r.-1I) ~).,.:JI 

04 ~~I ul:..:..rJ:-I uP~· 0~1 4.,Jy.WI ul.:J.rJ:-I) ~j~~YLJ\ 

41. I -4 u~ ~ JI ~4-:J1 J ,-?.)y .);kJ1 <,wi ~Iy o~ JI ~;kJ\ 

v.;W -....Q....aj oJb .) ,-??)I .).;hJ1 <,wi ~~I ~\j . ~.rJ:-1 0j.,Jl) oL.:SJ1 
. ­

.);kJ1 J~ J (rn] cl:5 '-!~ j-Pl> ,-?)w Fe '-??r.).;b 0.,.AJ uPA (r) 
: .i..)l::J1 ~.)W~ ..!.U~ J:.' ~) . (w2 r) 

,-?lll) (Ill) c)\ yUI 4..l:.5J ~)L.. (rrr) ~.r-:ll r-=l:-I U:S 01~) 

0\~) l-Y-P .L-. lll~LIi .l~\s. . (~ . .LI4S 1 ~WI o-~l\ I',..• - ,-?J - '-? r--' cr: L/~' .r": r-' u:­

~ Q,jl.; Ill. (J}.¢\ o~ ~ (P)) It_ ~ L:f'P'0.rJ:-' ~I ~ (v-) 

: Jl::J\5 ~UI ~.)WI ~l:S 

Fe=m- w2r =m (1- VP)w2r 
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.).;WI c.,.; l,?jW ..l:.&- (V) ~u ~.r-! .)}JI J~ ~ ~I !.l~j 

~I ~~ ~r-',)G..:L\.l..l. (f) ~I !.l~1 N ~W Fe l,?.r5)1 

: l,?jW 

Y= Fe m(l-Y P) w2r 
-

f f 

.).;WI J~ c~ e 4.):> ~l:..:; ~.rJ1 ~r-'.)4 ~.bWI oh ~j 

~ ~j J#I) ~I ,-,,",,1.,..>- > ~ ~rJl0f ~ I.i~j. l,??)\ 
", JI·,I· ,I . "--:7 ''-'!)j.) tJ.S-.r'" L5...l.4 ~ 

J: lO:'
.)\-, <L:.l::S e ~l:..:J ~ I-l,?"r:" '-;-:--'} ~-'- JI c~; ~ Q,.j\ W 

I-l,?.f-I ~ j\ LS . ol:5' J.;\II 1-l,?):-I:.r.r,5i ~~ .:i~ ~II-l,?):-I 

\r ~i .k~ I-~):-!.l~'11 ~\-j . .).;WI J~ J ~j) c~ J}}. 
ol:5' ~~ '-;-:--'rJl ~rr' 0i L...S . i~ rs i I-l,?~ !.l~ '11 ~L...... 

r.,.,uj J..>.lj \r ~i (Y- P) #1 y~ (j~ ~..l:.&- ul.:;.f-I '":-""? (P) J.#I 

.i~ l,?jL..;, L...l:.&- !.l~ '1 j cll~ \r .,..:sf (jlS' I~l 

(jj.,Jlj ~\ ~ ul.:;? ~ J ~WIl,??)\ .).;WI rl~\ ~\Ij 

y...,. UL;,5J\ u..w. J~~ ~ dJG DNA l,?J~1 ~L..d-\ :.r 0.rJ:-\ 
~)}5 & iiJ..:>...:.....,\ j1 % 20 jj;:-JI J~ t: %5 )j;:-JI J~ il~1 

dll,?jpl ~lJ,..1 ~ J~ w~ rl 5.6 ~) '1r" ~)~ CsCJ2ry-.r.:--J1 

J.#I J>I.) ~~ l,?j.,J1 ~lJ,..1 ~ (jG ,jl)j.D1 ~ l.4J..:.s:. . .)}:JI J~ 
~ ::; 

~j. )L:...::..;'1\ e ~.r5)1 c.))hJl crill ~ 0j1.".:J1 ~~ '1jjj b~ 

C)j.) uJl 70-40 ~ Vi? l,?.r5.r".))o c; rl~~ (j}~II.h. ~ J~I 

l,?j.,J1 ~lJ,..1 ~ ~ (j1)j.D1 ~l+ Jj . ~L.... 48 c.u rpm 4;; .;.DI J 
ol.Pl~ ~lA;.r. ~ r}-I o.h. ~3) ~j . l,??)1 .)}JI ,":",~i J>-I.) rj>S 

. ~I J; ~)I~ ~~)l1 cl-l.Pl..l:.&-j l,??)\ .).;WI ~ ~l.oj.r. iy-~'11 

. (3-3~1) rill:r ~;J~ 4illf ~ ~ ~)I\ J ul.:;):-I u.>i ~~ 
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~rJl 0\.11 J.&- \~~I u~jJ;-1 ~ jl 0jJ;-' 0j.,J\ ""7"'L.>- ~j 
: ,-:?jW 4.0)-\ U::5 01 ~ 

C2m 2KT Loge _--".._~ 
(1-v: P)w 2 

~ K j oI)j...l.lI )7"'-" l.r" [2 j [I ijL-. ...I..:.&- .r.-S?I ~ Cn c j 01 ~ 

. Wkll c)y:ll ~)~ ~ T j Boltzmann's Constant 0L..?y, ~L; 

J~ J.;kJI ~~i l.r" -yW I ,-:??)I ~.;kJ1 ~Iy, j-.:UJ\ ~;k ~j
 

~I u~jJ;-Il.r" C~LC J.&- J~I I~ ~~Il.r" d ;;1· ¥ C~LC J.&­

""7"'L.>- ~~\ l.r" olJI W , ul..y~~I l.r" ~ Cl)j~ ~ (f' ~
 

d it; ~ J~ ~i U:.;kJ1 o~ 0L..:.LJ..u. tl,~j ~j--:l:-I I,-Jlj)\
 

J~ ~ ~i) ~WI u~../:J~ ~WI ,-:?J,.JI ~lJ-\ ~ J-a.! u~
 

. ~ ~)j 4_· ii j J+--\llj ~~ ;S\ll ~~.rPJ1 crsJl 

1.35 ~ 

/ ....." ... ,/ ............

." ... ,/ ,/ ,/ ... ... ... ... 
,/ .." ,/ ../ ... 

... ... ... ... ... ... ... / ... ... ... ... ... 
", ,/ ", 

vA"lJ-1 ~ if>" 
DNA l?)yJl 

ULi.S ~;J~ 0~ J.:..>~.J I'''"'~t ..u..»-!S ~~-':' J,.>L.AJI -.?j.S-rl' ~#\ :(3-3~1) 

~U-.?~'~UJt~~...A~~·~~~to~4ULAJ'~'~jJ~~ 

>~til~~~ 
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: Gel Electrophoresis f"~t~ ~u...*-!I ;;~1 

o~~ ~ ,-?jrJ! ~u..! u~~ J.,a.j J ~)JI oh J •••, 

. -.;~~ )\..:J ~.f':"y. !,~I J#I ~j u~.r+1 . ' 

~~~ ~ t.; ..!lJjJ :i..:.:-:JI UL.. ,-?J,.JI ~ lJ..\ u~.r:- 01 ~j 

..k.:J.j ~J'U ~\ ~ u~.r+1 o~ J.Sr" ~.r" 0i ~j..LiJ. ~)I ~I 
•. J II .. l,-. 

.. ~.T7 ,+,)j If'' 

. OJ> ~L>.... J ~j i~ J O~\V ,.::,:l:<~1 o-4J~~~1 0~1 '-?:!­
~l:.L...i.:?1 J.r.-li i~j A~arose jj)~ '11 i)1;. l.4A i~1 (y" 0~y 0'11 ~~j 

. li>- '} ~.r--" L.S ~'}~I ~j Polyacrylamide 

~ ~~*<JI J~I d (v)\..l.~ jl ,-?jrJI ~lJ..1 ~ o~ ~r" 01- - '­

J"L....,. j (Z)~~~I 4..:..:-..:J1 Jl-.P '-'~ ..:.lJDj (E) J~I i..k o~ ~ 

: ~L:JI ~bW~ 0~1~.r"? ~j - r)\~\ ~Y:-j:..r ~L:Ji (f) ~~'}I 

EZ 
v=-­

s: 
I 

uSL,..l!~! ~ (.;.~I) ~'-:?rl-~ c:..D ~i ~~~\ oyJi r...i.h..a;~ 

f ~Ls:.:::...-'JI ~L....< ~ . ,,,'.I _\\ ...... c,c..,L1 ~K:.>-\ .~ \ ."j -11.1\;;,;,..• ·\1(,\-_ .J ,./~ '- '-?~. u <..::<;'"' ./ - ./.T' . 

.r---i:. La i-lft,j - .h.....,;, ~"t~j ~) o~41i Q~~I as o" JS' ~ 

...., ul:.S ,..:Sf). ,b- ';l: p),~ ,J~ ~i _ 0 "';j"'''J - Ii yO:; I'i~i ~,j)L:..:>. 'j\
'-l ~..JJ' '" ~.r::-- ..I \, /"""t-' If \ ~ 

. , .. , ~ / i '(.11 • f " '\ -, .' ',.s' I '\ -, , ..uL.:..:.r:-~ ~W ,J,~;..I)~, uu ~ \..l..+J5 ...l.!.~, I ...jrJ' f'jVI' 

L..-:...-, r-si jf (kbj ;;~lj ~ 60 -I ...:.-;-: ~ [p'? -.?)rJi ~U-I 

o~l,; » ..L>-!j 0:.~ 4-c~~ ~y? ~\ '~I u~.r+! uL..:..J \-;L:J! f'~ 
~ - " . 

. \ ," II ! ,(', I '\ . "I )1 .. " ... ....1-. ,r' ._f:.)1· ~Gf>v' l.>" ~'-"-::-'.r d.r.J j )jJl.::; ~ I' VI' ,,--::-"L-o d ~ ;"'::...';" ~l .)y.:. - y,-"I - , ­
~~Ij 0l:-W1 ~ u.J; ~I <0L.i:...:....o j jp'}lJ:-\ :.r u.Jj.A jj)l:::-'}\ !'~ 01 

F\ oy.-:S uL.l.-.> ~ ~ ~ ~j)~I.r'!j)r! JJy ~ o..l..i...... ~ 
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6.JJL>. o~~ ~)f-\I"";L..->-)rI0-" ~I o~1 u~.r=-.LJ ~ It 

i)a; -4k:J.;S1 Jrll i~ J o~1 u~LJ.1 o~ ?;~ ~) . (4-3~) 
. ~.1&-U t: ~)HI --4L...::J}'~1 o.:l~ .1~) ...li..:J 

• ".' I...i.,a.i ~.1 Q )' Q)l>-~\ p~'''''' % 0.8-0.3 pl..u:...:.......1 0\j ~..u
.r • .J J • 'u , . 
~ 60-1 ~ L.. VIT-i ~I l?)f-\I ~LJ..\ u~~ ~ ~L:.... 0~ 

, 
~ L;-...L:.... ~ 0.3 ~) %40 -4W.;S1 Jr.J1 i~~ ~ . o.1&-u 

r::S; O.:l~.f.) . l?-Uou oj 300-1 ~ ~ Vl~ .rJ1 l?J,.JI ~u..1 u~~ 

i~1 O)..l.9 0~ ~~ :.r ~) .~ y:S)r1 u~):-I j...a.! oJ..l.9 .:lbj:. i~1 
, 

o~1 ~;-" ~\..:.;,j). or.,S; e 4.:lyb ~~ l?)f-\I ul::):-\ ~~~ 

- j))~i i~ i'::' ,a-i 0:"~1 ~ ~I 0-" -G\ W". i~1 r..s; e ~ 

.&;; II ei\i'::"~ ~ 6.JY\.> 0-" ~ -4L...::J.? I JYo 

~.r-W ~ u~~ J~~ ~ i~10\ .r")rl ~ J ~t.; I~j 

r-=J ~I ~ o~1 ul::~\ ~ ~ i':4l1J~ ~.r-: o~1 u~~1 

I~ o.l.l>L:....o ~) . 4 _·~~I ~:j)t ~ u~~1 0-" CJ..l.4 ~ J~I 
, 

-4L..Jr. iY-~~~ j))~ ~I i')V. ~~ ~~ . ('':411~~ ~ ~~ CJ.d1 

~I j""; ~)r~ i~1 o~L.,.;l ~ ~L. o..u 3r--/ il;')~~ 0.5 r:5? 
. ~ll ~\..Q;.r. ~:~ ir-S .iJ~\ DNA ~)f-\I ~LJ,..I u~? ~ ~ 

u l? il..u:...:.......~ ~W.;SI .)~I iYJ. d l?)f-\I ~LJ,..I i? )411 ~ w
 
, .. '- ' 

. ~ )i 0}J1 ~I.:lr" if>S l?)f-\l ~l:l\ (r ~~ ~\ 
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~~ •..p­
i':4l\ t$j.,J1 ~b- &i 

tSj.,Ji ~lJ-i .uy.aill
I 

+ 

t$-4..1>- .k.ol.---,>•• • 
~uP~ 

.i..lJ 
J • 

(l$)':> J}-o) 

> 

J~I i~ il~i J.:.&. ,-;--,U\ ~i)' ~~J~I c~1 j~ -'-:-' 

.~~.?I 

...,.4Al..>.l1 ~..J.-..S ~ 4.A.J .;.; ",II ~u~16~16~1 (.)-A 0~~: (4-3~1) 

. DNAt$..3j-iJ1 
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r-U ~ l.l»yJ;)' ~I ~I}~ ,-?J,.JI ~U-I &:9 r-:--'y ~ L...S 

~)li..,J t: ~ I..;--'l.:.:;; iJ4-l1 J~ ,-?j,:.\1 ~L:l1 ...:.J~~ JSr" 01- ~L....;, 
: wl:J1 4.bWL ..!olE I·; - c : _ • :-1.1 1. , ­. - u::- u"":-j L?-T - ~)j 

D=b (Log M) -a 

~ ..::...:\Yb j aj 0):-1 ~jj M j 4...o.;.:l1 .'is.r- .uL... = D 01 ~ 

. ~~~I 0NI uJ); ~ 

o~1 Uj? U~~ ...:.JI~I J i.r:-=-s i~ 'j 4.J~W\ cJ..,. 0i ~1 

~L ~--4 L. ii~~ ~ ~l •. .j Or" JS ~ ~~~I 

~~ ,-?jY ~l>- ...:.J~~ o~ ~)j~ 0~ ~ Standerd Curve,-?~I 

4 1j j f .r--u';j ~ ~}h11 ...:.J~.rJ:-\ t: ~.rJ:-\ 0Ijj)1\ Uj.r--' Marker 

.~.II ..r": 

<.f"L;;j ~~n-SJI oM' <Y" .,.~'jl ~ i~1 4i-~ ~):J' cJ..,. J ~ 

...:.J\.;LlI ~) ~~I 0.j,:.\\ ~\.d..1 & <y" 4.,.k; JS ~ ~I ...:.J\jLlI 

.k\...Q.; --4...Li ~lb ..u., ~ . ,-?~i ~I )jl-.o ~ ~):-I ~ljji ~)l$..,Jj 

..Lu lAJ. L...il! '\1 ....::..J u· 1 i I -I- i . ,li. I • l!UI JolQ.;- .r -.? ~ r-") \. ..r;" Ii-')j ~--' y t: I.-.i L 

~ ~j .u.J~1 ,-:?),J! ~\.d..\ ij>" <y" ~J>- JS ~ ~I ...:.J\.;UI ~~ 

. '-?~\ ~I J ...:.J\.;U\ ).?'-" 

I"'. C- ".k.>.j~! ~ "'-"-r JS0 .uLJ.! j~ J" I' .c· • .k.>. r---".r-

j.5:J ~.rl\ 0j.,.i! ~, . ~rl! 0\)j)11 ~)\S-.,J).?'-" r- ~! oj." ,J.4 .".>1 

~.rll 01jj "JI r-::..d-~; J.~ ~ c--4~ ~r" J 4J~1 tj-J..! ,J.4 L.j->­

jljj"J\.r-..\.ij J tk;J...1 ~ 0~ ~):Jl c-lll> 4.J.*-, <y"~)1 ~j. ( S-3~) 

'-!)Li- ..L>.'G ~ -.I ~~ i..b.>. p J"" j %5 f L.J-i: ~ ~.rJ:-1 
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. <: ~ • •
.r--U; 4-l~ :.r ~ lS.;>-1 y~) ~» !.)t;..~ 0tj ..!ll,) e j . ~I).,JI 4......4\ 

> ~L..5 ~)J\ o.h. .L..:.Aj . ~~ ~jj ~l>- F ~..rJ:-1 01jj \)1 

0N1:.r s:4=-i '1 I ~j . ~~~I 0M1.; 4---t;; ~jj ~l.>- ~ rl..l:>.;..,...1 

~U-I ~ :.r ~ ~-y.:; ~ .;JI owl -4~ ~ 6..il; r'4l1u.l.:-..cj 

~L.11 ~ L?-4 La C~I ~ -fj ~..rJ:-1 ~Ijji ..!.U..i.Sj ~~I ~jyJl 

: 4J~1 ~.)w~ ..!.U,) ~j. (mo) 

/ 

I 
I 

cr'l:iJ1i.fjrJI ~L:!-I ~: • I 
___ .1 _ 

J~I i.fjyJl ~ll-I ~, 0 I 
I 
1 

I I 
I I ____ ~---L---
. I 
I 1 
I I 
I I 

I I I 
I I 

- - - - r - - - -1- - - - L - - ­
1 

I I 1 
1 I 
! I 

I 1 I 

---~----t----~---~---
I I 
I I 

I 
I 
I 
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m2-ITI3 L2-LI ) ( x m: -rns mr -ms L3-L2 
=mo 

L2-LI ) ..J m2-m3( X L3-L2mr -ms 

L2-1.I 
:::KI 

mo -rnz mo -mt 

Kl-LI 
------ =K2 

rno-m] 

-,r'L:AJ1 ,-:?jrJl ~U-l &! ~ ~I .;...LtLlI ~ L3. L2. LJ 01 ~ 

.~)~I{~I 

. ~).:-I 4-i1jji ~ 1113. mz, mr j 

.i""..k; ~ "l 0rl:-1 0j.,J1 ~~ <l,jU ~LJ\ .;... ')I.)WI ~~ iu.;>.;.....~-' 

: ~l::..ll ;.,bWI il~~ J~I t?jrJl ~\.,l\ ~ :.r 

Kl 
K2 + ----, =L
 

mo-m
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Isoelectricfocusing ~u..#1 ~l4:U4~~1 

~I.Y' J DNA l:?)yJl ,--,~lJ..1 J....JL,.. ~~~ ~WI u4:;\f1iJl 
iJj}\ ,--,,.....i:..; u4:;\f\ o~ ~\ if ~l:J\ ~I ~:J~.J.j)~ 

. l:?)yJ\ ~L.J-I J--~ ~ ~ ~IY' o~ ~I}\ J J=i ~I )110~\ 

~ 4-l ~\ ,-:?)yJ\ ~\.:ll u~~ <::;-f > J<>-Ai ~UI J)JliJU~..u 

l:?).,.J1 ~U-\ &.9 j-.a.j:r ~ iJl iJ)~ o..L.>\).Loy...> J 0~liJj}1 

~L.J-\ & '-~ ~.; <!.il.; ~..u . 0rl:-\ iJj}1 ~ 4J ~I u.~1 

Sr>.i ~yk ~l ,,&\ ~ ~U~ if -';:rl:-\ iJj}\ ~ 4J l.,:~1 ~),:JI 

j5 iJl ~ ~ ~)JI olA. ~ . J~J..p:J1 yw~ r.sr-li ~~ u ~ 

Isoelcstric Point ~ J~y+S JlC ~ 4J l:?)yJI ~L.J-I ~ -:.r-~ 

iJ~ ~j)-41 ,-",)11 \lA. J..:¥). ~L., (PH) ~))..y ,-",I ~ (IP) 

~~ iJl -:.r- ~)\ ~J . \.;1~ ~)~ ~J~~I ....:u\.:ll ~ ~I J~ 
~ 0f )11 ~rl:-\ iJj}! ~ 4.l ~y1J! o~ ~ ~I)\ ~JyJl ~L.J-I 

J~~\ jJ~\ ~ J uJl;.>- )11 ~~~j . ';~~I .J;lC ~ J ~ 

.)1 ~~Y.. \.t .i~)r-JI ..u.\~1 cr" ~\.j ~$..o ~ J u~ )11 .)1 (PI) 

. 4::k o~y:-,l\ ~}I) ~UI )1 ~LJ!)! ~}i u~\ ~~ J u'")..;.>.)11 

~! ~\ -!" -:r;"-" D[\iA ~Ji' ..rUG- ~::.):- ';~~I JL..:.l1 6.kA.; iJ\ 

-»L.; ~L.,.Ji ~i ~ ~ 4}i ,..... .i..:JUI u~\ 4-::-! J~~ . '- ...... 

,-",)11 (j..L:.....A.h.....j J~.r ~ U2.iJ1 olA..)l ~~I ~j .I~ 
.)1 ~ ~ ~~~\ uGy.:":J 1 4-:Sr> ,,\..:jl~) ~U! ~j)~\ 

. 0:"-" ~L., PH ~. ;.)~ ~Lb iJ~) ~~~\ ~~ .; iJl;)1\ .tJl>­

. ( 6-3,-~\) iJl;)11 .tJl>- .} ,f'J .~}I !lA. ~ ~rll :..,~ ~rl:-I Uj.,..:;)
- - '­

)~ 4J J~~I JL-::JI ~ ~ u~~ J~ ~.,.kJ\ olA. ~Iy' ~) 

~;:. ~~ ~). o...L>lj ~4y+5 ~ J u'.>l:..>-)11 ~j~ G ~J 0.001 

6.;~~1 o~~1 "i.r:-~ ~~J J~-~\ .r.:srJi e 6.;~~! 0J~I )1 J;->?I 

olA. J-a-9 J-:::- ":J ~~.?I J~\ J\ j))~ ')11 r';AJ:, rl~L l:?J,J\ ~\.:li F 
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JIi ~ .J i~ ~ ~i iY4J1 ~y. ~ 0.rJ:-' ~jj ~ I~~j ~I 
~i) ~~~\ 0M~ l+l ~ ~ ~~i J~\ i"J.;. y... o.r--=-s J~nS 

<L • ""1 1':L...:..l1 -.t \,... L~I <. .1 \ Cr -'1 ,u-,L:..:.l1 u~ ·.11 I A~'~ ~ I..j .)"&-"-' U \. - ~ ~.r'7")~ T; ..r:- u-- ­
.4J 

G 
7­

G
 

':'I..L~I~~ ~u~1 ~\4iJl.:'~.,,:al.:'~..u ~1 ~I~...rk :(6-3~1) 

.Jsoelectisc Point ~l.:'~1 ~~I4.b..4,j~ 4-!~1~" ';Ii ;.. tsl"..... ~I4 

~lJjS ~ ...kA..J! ~f J..-..i.:..Ji ulc-,,;i w ~I¥, ~~. -\1 w;.;\1\ ~\,;l\ c:»:- C .. 0 '- _ ,-?-,,, -~ _.J •J - -./ 

. j 0.;::-:5 ~f .;,;i~ u4:; \I~ U.WI Y ~U\ DNA 0j.".:J1 ~L-l\ .~ ~~ 
~ - ~ 

e: L:... . "'. ~l, .i.,\-4J1 uu")\...p .:>L:...,lq ,L-I\ u"-....... I).:> ( I·'. uL..I,JJI,..., J.....wJ1
 
,~~ > -i ' .. "",; ..I~ u-'" .J '-" ~ 

LL~l....:>)1 Lc-.;)fl ~ij...1 lc.l~~i .....l:.:>-"Jl q r-l~\I! ..... ~4A-~ '\"')'l-.~ 0"::-:' 
."........-- - .. ...J J ~ u·.,J L..-' v ..J.".r--'.../ • 

01 ~ . ~\))I ui,rikJi; y ~UI ~I))I ~I.r" "1\ 0L.;.;s'\ :-~ W" . ~j.".:J1 

lS0Q '<;j..:J1 . "a...,LJ-\ ~ : .... \..;j...JL.4j I~j~ I~J...? iuu·"-'l...A...L......A; ",-,,;i . 1<:' 
...,J J -= J -- \-..- v ..) L.? .. '-"-- - .... i-.J ~ 

.jJu ,,;)1..L....i:.J1 ,.jl¥' ..l..-i j ~ ~I'j 0;1 ~~j 4Jl>-.'; <l,jl; ~jJ. Y~ 
..... '1- -.., L -F ~.. -.I.J... ~ \,,;". 

-~ ~Y' •. li::..>1 ~ ~I ~.uJ\ :..r" uL;i 0~ ~UI ~I ~J...? .:"L 
.)ll:?~jJ ~I & o" ~I)j u\~ 0L:.;S1 .j ~IJ..>...:..,..I~ ~ . ..l>-ij 

. u:"-" F-; ":l ~~ ~ c!yo)~ 
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U G)} \ ~\Y' ~~ ~ J+--:. 4; \)1 .w1y3-1 ij.r"-'" iJ\dl ijL,.;ll~ 

~L.; , ~~) uG).,J.1 Q~ Jj&' ul.)...s. J ~LJI u4:;\)1 )~I ~..lS) 

~WI y ~Ui l:?)f-ll ~Ld-I &' ~ .r.~ J ('':4l1.r? ~1,~1 o_~\ 

)i ('pi ij)T-" ~'JI.:l ~ ('I..~~ ~.rl:-! ~\j)f J..:..l.i ..:lJ..lSj u4:; \)~ 

l:?)Y ~b- ~):- ~ -.:.;4:;1 ~? .. ~ ~ \)) . Markers ~jJ:-i iJlj)\)1 

.:l~ ij.r-') o.:lpi y;\)1 u~Li..::JI-:r~ ('~I~.H <Gl; (DNA) 

t: ~)..u) ~~~I 0~1 ~> Y ~ ~Ui l:?)f-li ~lJ..1 & r~i) 

iJ4:;i ~.=J~ ~).:lj'~;1 u~\A; ..!?l ~~ ~,\~I ~).r--o y'JI.:l 

d 0...1.->-1) ~r:-i\ ..} iJ4:;'JI1 J.'-U; ~ D), Double digestion 0.r" J5 d 
.. ..' .. 

d)\)1 ~}I, ~r" ~ ~1.T":"\)i ~li.:J1 U)); ~ ~I.r-=-I ~l>-

l..:?)rJl ~G-i &' ~_o"; ~ s:~'JII~) ...\..>1) (.}I t: Yli.:J1 ":_~i~ 

~lJ\ ~Ji s:I~i,.j" Jq\)1 ~li.:J\ u~ ',.4~), ~~\.~ ~Ui .. ... ~"\ ~ u u .. ~· iJ· 

y ~l:Jl F 1J# (oJ ~LJI u))2Ji~; e) -iL:J1 F-/'JI ;,.jL..;1 L/") 
. 0.:l)1 J&-L.i.:.ll y.c ~Y ~ Jy.od-i r: i~) . J, ~i ,-,l&-L.i:J\ 

s:l:.., ',.4 • <:: .. -, o.:l ~.\ I u~L.i::..l\ ~l...:.J ?-" ~).:l"\ 1uY'~W\ ~l...:.J ;;";)Licq
,U ~ r--" ~ '- . .r: -.:...J 

.1...>-1 1\ :i.....>-L:.li ~ iJl.....>- \)\ . ~ j. U\.C''':'\)i o~ ~ ~i".l W~\ ~...>-
..J .,L7'I'.' , ,.. "'-F"--' ~ -" '....... I....... -"'J .,oJ
 

L!\..:j ~ ..J.j L?...u i ..r'~! ~ j3- Parnal dige-rron ~~ u';A..~.L.i; 

~_j~)i jl o.,)~,.dl ~l;;jl -.:.;~L.i:J1 

Jwi:.r ~;"J\ ~~ ~t ~ w5.f ~_.; ~ ~):-i u)l~L.i.:.l\ J 
; 

0)';> ~)-'-: yL.i::..l1 ;;";l.A>- ~~ ')1...:.....9 . "'" v8-i ~I ~iY' ~ iJ'! ~ 
'- '- ­

i -' ,: e, ~l '-11-; I 1"- ; LJ.. .' til ! ...... ..k.......::.:J 0 4 \.:...0;":' ~...:- ...
C~t~uLa...:..J~j~): _'.r:-f.J";:J,~ .... r v ~ 

lL.'l L....>J\.)l; JI 0.> \)1 ~ jq .•~ ~i .....~,.kiJ (:-.;,'YJ d.L>K)1 w ~ II
L v ..J ~. ~.oJ -- ....... J --:. 0 '- i-.oJ ~
 

~) ~L:.; ~) 4i1::-...:,..., U).f J yLdi s:i.r:-l dl c.l:.>.: ~):-i u-y~lQ.;J\ 

" ~L.i.:.ll \.A,20 -:r uJ+l1 r~ l:?..iJ1 y.... \)\ u yhll )~\ 

97 



r:: u..L<J1 EAJI ~ ~ ~ o~ 0~ ~~I -.:;..~li:J1 ~\.::.; 0) 

~jJl ~~I j)lf ~ ~ ~\) o)~,r ~) ~~ )1l)5 01)01 ~I 

l:..;G 4;)/1 'w1)-! \f' 0).raJ1 ~~ ~)/). u..L<JI -.:;..Yls.l.i.:J\ J' ~ J.j 

. ~) ~~);Sf 4-W:- ~)/\ ~ l>-L 

#20 ~~ ryj-A ~ ~j~ ~~ 04 J))/I Jl:.\.\ J ~yA;J 

o.i+J Pvu II, Bam H!, San 3A ~\ -.:;..1..£;)/ 4;)/1 ~)-\ <.~ .::1.1-) o~\j 

.1..i..9 -.:;..~;)/I o-Y-J o.::pl ~;)/I-.:;..~li:J1 ~l:.; J.:li JYl> :.ra). J-:;'~I 

: 4.:Jl:Ji ~ \.:.;j\ -.:;.. ~) 

AS20 ~ ~ ~~j~1 ~)y:J! ~L.Lllr 0..L>-1) ~ ~\.:...l; 01 

..L>-I) c:W c!Jo-A f..;)/I 1-4J 01 ~ I..\..l.) . Sau 3A F-})/I ~ \f' ~'u o..uu 

\f' ~L:JI ~\ r>- 0\.5 1-41) .kO ..l::---jYWI .Lil> ~ ~! ~ u..WI u}) 

;/ Bam HI f.;)/\ ~lA.; ~f 0iw. r)/\ 4j~1 rJ- ~)L.... YL.i.:J1 

;(;)\j '::Y':") ..l5~ II . o~\j AS 2, 6, 12 i~4 ~)y.Jl ~ll\J" ~ ~'YJ 

Pvull f.;)/! t: ~li:J1 ~\ ~ . ~)rll ~L,LI ~ F-;)/II-4J ~ c!l.~ 

\-4-; ~L>-,J:u.lJ~)-"" .::~iJ 
.""' 

i~ o~u J4S 4) 16 ~ ~ -:,....:..~ 
~ ~ -

. F-; "11 

: JWts' # ~.p)l -.:;..~L.i:J! ~~ L,.,I 

}-:S 1,2,6, 11 ~& ~ t) ~f BamHI+ Sau 3A~L4.; 

~ & ~ ~'YJ Pvu II + Sau3A ~t..Qj J ~\ .::~ 0\.5 ~ o~\j 

~i J...i9 Pvu II+ Bam H 1 CJ.::)I ~L:.ll ~L.i..:..ll Loi . 0~\..3 AS 8.S, 7.S, 4 

o..\..l. ~l::.;,.... .k>-')\., q • o~L9 J.S 1.5, 2, 2.5, 4.5, 9.S i •. -- ;.L ~ . -.:>­
~ u ...; .J - ~ L·" \.- "-' 

:-f L. -.:;..~ldl 

\f' ~L:JI o~U ~ 12 ~\ J.>-I.:: San 3A f,;)U ~ c!ro .::~) 

~r:-~) olA ~)y.Ji ~U-\ ~ ~ c!ro ~ ~ Bam HI F-;)/\ ~U; 

. 0~L; ASI1 ;>-\11) o~L;.~ 1~ & J))/I 
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Sau 3A 20Kh 

BamHI 12kh + 6kh + 2kb 

Sau3A + Bam HI 1kb + 11 kb + 6kb + 2kh 

J:.S !6 r=l' ul~ ~I ~ &- Sau 3A () \JI ~ c!r- .:;i u,s 

~).))\) o.)ri~·U u)\&.li::J1 ~)li..o cr" •.!l.Ej Pvu II{-}\J\ J~'ui:; j-" ~L:JI o..l.Y1j 

: Jl:J\SJ u4:}\J1 041 
Sau 3A 20kb 

Pvu II 16 kb + kb 

Sau 3A + Pvu II 8.5 kb-- 7.5 kb-- 4 kb 

: Jl:J15 y. Sau 3A F-) \J\ ~. c3Y' iJl! ~.u.Ll 

8.5 7.5 ji 7.5 8.5 
I "It I 'it 

Sau 3A SaL! 3A 

~ c!r- .)~j ..lSy 4il~ Pvu II + Bam HI Cy)i J~L.i.:J1 ctl.;,j ~i 

~ Bam H1F-}\J\ (/ ~U, oJ...&.w ~ 6 ~I ~ &- Pvu II {-})U 

~ .jL:..l\ ~\ c!Y' &-~ . c..l.YL; ~l:51.5 j 4.5 W ~ di I~~ 

~~ ~ Bam Hlf.}\J\ J&-U::r ~~: o~L; M 12 4....k.il! ~ ~})rl 
, \ 

: Jl:J15 ~Y' Y. Wj o~l.; ,.l:S 2,5 j 9.5 4-0~ ~-Ji 

Bam HI 12 kb + 6kb + 2kb 

Pvu II 16 kb + 4kb 

Bam HI --Pvull 9.5kb + 2.5kb + 4.5 kb + 1.5 + 2kb 
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2.5 4.5 ji 4.5 1.5 2.5 9.5 ji 9.5 kb 2.5 
I I I I I I I I I I I I 

{f{f {f {f 

";l:J1 ~}I Jj\ll ~}I 

;;.J.&.l! H 4j 16 W ~ dl ~j~1~ Pvu II f..;\1\ 01 ~j 

: Jl:.l15 ~ Bamll lj PvuIIu4:;\lI~;l~~I Jl....::.>~10t; ~jJ 

2 4.5 1.5 2.5 9.5 

B P B P 

u~li..:JI t'f 4..;)l.U:.yo ~~ Sau 3A f..;\l1 ~ ey L.i 

t.,l.,o; Sau3A f-} \II 01 ~ Sau3A+ PvuII j Sau3A+BamH 1~j,,))1 

H 1j 11 ~ -:,~ d\ BamH If..; \II jYUJ o" "-fLJ1;;.J.&.\j H 12~1 

.:"i W . ~ .J ~\ eY &j (Sau3A+BamH1 0,,))1 cY-li..:JI) ;;.J.&.l! 

~ ~J'" .) (PvuII F-; \II ~ ~LJI) ;;~L! H 16 ~\ ~; Sau3A F-; \Ii 
~}I ~~ d W' ;;.J.&.\j AS 7.5 ~LJ: PvuII F-J\I\ ~ ~Iy...l.>i ~ 

,:,,\...9..:u~ Js-j ;;.u.l!}:-5' 8.5.uy (Sau3A+ PvuII 0,,))1 cY-W 1) L/~I 

: 1l:.l15 0 c - . ....L....o. yUl \ ; . I .:L..c" \II 4..k, :l I
I.f ~ -) . ~ - -r -r 

, 
4.5 1.5 2.5 8.5 1	 kbL 

Gc\I11H i Bam Hi Pvu II Sau 3A 

DNA ,-?j.,J1 ~L>JJ ~./~1\ .wl~i r--') ~	 ~J ;;,,)L:j y \lJ 

: JL::JI ,;>-<:}\ Jl:11 ~t 

4}\I\ ~~! r--)' ~~ ;;.u.u.AS 48.51~~ ~Wi ~ & 
~;i u)Ju;.U; s-I~l ~y-::: oJL ~114 KpnI, XhoI j Xba] u4:;)U 

: ~ W' uJ\s:.li:.l1 0.1l. C\.:.; -.::.,.j15 ..l9j . u4:J \II 0-4\ ~,,~·Yj.Aj ;;,,)~ 

lOO 



o..\$-u .#JL. ~I.. ~ ~Wl ~I~..\$- f-~~I 

24.5 ,24 

33.5.15 

30.17.15 

24.5.9,15 

24.17.6.1.5 

1.5,17,18.5 ,30,31.5,48.5 

2 

2 

3 

3 

4 

6 

Xbal 

Xhol 

Kpnl 

Xhal+Xhol 

Xbal +Kpnl 

s ,,-!,? Kpnl 

: .i.J1:J\ &:11 \;';';;""'1 '\.::..;jl oJ..,. . I 1.2'. . «,. ir: <: ~ ~ J-" ~j 

~r ~L:.;, .)\.; ctJjJ ~ ~j~ I~ ':l JWJ ~\).,JI oJll\ .)\ L.: 

: JI:Jl5'j Xhol , Xbal ,.::..,ls:;)l1 J-" j5J ..l>-Ij ~ 

15 9 24.5 kb 
I i 

{t {t 
XhoI XhaI 

.)ki., ~ ~ .J .)\..;.ili-\.Q.; '\.;:,j. Ii IJL::......i.,9 Krill "yU L-Jl, La\• ..- L:? - Y' ~ ;,5. F-r. . 
~Li..:J1 .b-':l) Xbal,€;)l1 ~~ y .i..fl:J1 o..u-W .A-S 24.5~1 ~ 

~l.i.:J! ,Irl J.k.....i)-: ':J~ L.~T" J..:.~ ~ ':J jSJj . ( Xbal+ KpnIUJ)1 

. Kpnl F-;)I\ t: J..f- I 

. ....2...LJ..1 \,;i o..u-lj .\ <: 48.:'1 ~'.)L ~ui..:J\ jJ..,. ~l::.; ~j. .,.4 
~ (..; ~ ·u I.:- v I.:- .. 

~LA..:..i1 f\"; o~L;l c 1.5. [7,30...hili \..:i ~ £',j)lL ~I ~ 0j"Q
u ~..1 ~ J ~....,; ... \ .. ..1 ~ i ""- .. .r-' 

... :j)U ]~j ~ui..:J\ ;1..; ~~\j.l.....S 18.5. 31.5 ~I l~;. f.:j)U 1.l.5J! 
I"-J - L?.J' L" \.:.--.1 J-..- -' '- U-..) ,..../ U 

;WaJ1 ~~~~ .)~~ Kpnl f.;''') I ~ ~Y'')L; -.:.lE ~lIJ\.:.::......lj 

I~ ':l ~L....U ~I).,JI OJL.J.l u"KJI ~;)l1 ~y3-1 .)L.; 1-41 . o..u-Lj ~ 1.5 

: JI:Jl5'.)~ 

to1 



15 9 6 1.5 17 Kb 
I I I I j 

i t 
XbaI KpnIi t 

X hoI KpnI 

Ligases ~L:...U1 u~j.jj 

~ ~)1\ ';W )~.r-Ll1 ~Ij) O.:l~l ~ v~j-i \II oh ~ 

ji ~Ull vls}\l1 ~j~~ IJ~ UJ;}\ 0-4: <./"j. vl..l:i~~I 

DNA Ligase W vls} \II oiA :r .JU:.y }.H . ~'j)1 oh ~ .;JI c~1 

.k~) c.:lU:.l ~ F-}\11 Ih ~j ~\ v8\SJ\:.r ~ tyi:.r JJJ-"li 

NAD~'~Ll\ JoWl JI C~j .k.O ~)J\ v44J1 vl~ <,?J,.:JI ~lJ-1 cW 
~ T 4 ~WI ':'rA JJrJ.1 T4 Ligase {-}\I! ~ ? 'l\ f.c} \11 l.oi . ~l o~ ~ . '­
c)..Lii1 .J.ji J Jj\ll {-}\l1 if {-}\lII.h ~. E.coli .j}~1 4~ ~L,.:.! 

J....>. ~ ~~I ji ~)JI v44.:J1<,?~ <,?jrJl ~lJ..1 ~ i'~1 C.:l~1 ~ 

v U).,lI Jj-J \)2;j . .J......s;. it£'l ATP J.s.WI (..~WJ ~~I J1 ow!. ~Ij-" 

v~-S ~ J~I.J~)'~ ~ij \.;1)) 4-:---..W!> f..w vls}\I! 0-4J cpl. , 
L.; ;1. . - L.. L -' ~. <:

'.. ~ (,Jr.j _~ or.:-:-' 

l:'~ (..J:,\..:.... iLJ.. <./" ~\ ~')U..\ J ("WI vls}\I ; .•.. W\ 4...i...:1}\ 01 

J vL.L..yDll:"~ L v l..v.r.1S~I J 3-0H ~t;jl ~4-:J1 J J:-5j)~1 

;----"JI ~U )~;JI ~\j) 0-!.~j 4-l0)j~\ v\..l}~.r.JJ 5-P4.......Al3-1 ~4-:J1 
• i . I • I , • 

v;~ ~8\ )jJJ\ (..,...4.; '+' 01LS . DNA <,?jrJl ~\.;l-\ ~L.a.; ~U\ ~~j 

~IJ) :..r..~ v~} \1\ o~ i~~ DNA Repair ,:?JrJl ~U-I ~ 

J v~}\l1 o..i.e. CU j . ~l.a· Ii vl..l:i~~10 .".:-..\11 ~U vL.i.....~ 

':"~.:l \II ~r'.)1 ~~ J~ o.u.w, Joly JI ~lj)1 o.h .i....ol91~ 
fl.} \1\ L h..;Yo l?.D1 AMP Adenosine rnonophosphate vU-...rAJl ~.:ll>i 

. ~\j)1 oh ~i ~ o~ll~ 
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.ls-lyAJl ~}" -rJ1 ~j)~1 ~lj)1 4y ~ il:>JJ\ u4;i ~~ 

1_.: l.~i l. DNA ,coll-='.U-I t, .• \ ~Ls:.:11 ul...Lj ic . ·11 ~ ·"1U- "i!"' u: ,-?jY"' V--~.r-' • ~~ • - . jr'""' 

i WJ1u~;i .)i L..S . i~~1 ~Y ~ ~4-J1 ~~I ~Ij) (y!.~ ~ hi! 

0i~ 4,jl; .!.UjJ dj..L,aj\ o~..>..i L. rj ~\ u~4J1 ..\.i-JI ~ ~l ~~ 

~.,.,oJ1 o.h. O.:l~) rl:>JJ1 u~ d 4~ l5jyJ\ ~L.:l1 0-" JLs. j-:S}" 
I .. .. ~ ~ 

...~ F 1 u~~ .)~ L.~ l,.,ra>-j 

.:lr':"j 4..ll>- ~ oy-;--:-S u~4.:J\ 0-4-1 ~I ..U ...:.NI 4....,.:.~.)~ ~ 

~~I ul~.r-JS.r--=J1 ..l$-I; ~ ~j)..L:+l1 r"'lji..l$-W ~l· ~)l\ u~4.:J1 

~ ~~I ~I) ..~ i.J....$. 4..ll>- ~ dj.!.U~ ~j 0 .L..prJl o.h. ~y ~ 

~ l5.r>i or" ~ ~) F 1 o.h. .)L ,-:-"l.:.11 ci.,J\ ~ ~)Li.::.\.\ u~4-J1 

,-:-,jkl\ l?jyJl ~U-I & ~}" .)G ..:u~ ~j . ~j)~1 ~Ij) u...-; 

tf j iG.:.U1 {-;i r?}"j ~ \....h; jl l5.r>1 \....h; jl Jily -=....;lS ..\)-"" 4-->U­

~~.r.--JI wj)i11 .)1 djL.;ll.h. ~I J~ ~r-: ~ .d )j.:l 4.l u~4.:J10 

rL.:l ~ JIy>~1 tr:" ~ ~j. u~U:J1 0..iJ. J=l ~j~1 ~I 

o.h. .r.yt. ~\ (J" d ~1· .. WI u~4J1 ilJ.- (J" ~ ~i ~)ll u~4-J1 

o ~) u~~ .)14-4yt. ~ ~ ~ ~L.~ u~4-J1 

u~y ji Linkers ~\) ul.;? !,IJ.>..:.-.,I o.h. .r.~\ ~L..i ~i (J"J 

Homopolymer Tails "-.;~ Jy-~ jl Adaptors 

u\~ jilJj l?j~~ ~~ ~ !,i~i J-.a.i: ~I)~I L41u~ J 
~)! ~j . ~ o))-p ~\ j L~I ~i~,.;:-l ~ ~ W~ u~~ 

o....:.-....L:..a> .:l1}1 iSjpl ~u..i ~ ~j.:f \.I/l~y ~ u~4J1 o..iJ..)\ (J"- ..... 
. . • , . ('. 'I ,I to • tr '.' ,<' i - \1 trl \ :l:J1 0 

~ J~i ~ ).!.u.:l;J:J . ii}='l.:.::-A ,,:,,'4:j-;4 jl t1'l..-iJ (-J;:J. A J-' . j 

~) u44-: ,)~j ~-!'" ~\)}\ ;c,...·4i ,-;,,)Lf ~ i}y ;.s~! O)~\ .)1 ~1· \~\.,) 
. ~ ~ «.it; ..:ijjJ . ~...I...:.Jl> .,)1)\ J'jq.;J1 . "";",,U-I ~ ..~ ..;...l..t ., ~ L;UI'-' .,-- '-? J '-' - "-- • 'T' J :'F• 
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~)J\ 0~4J1 e L.,j~ 41d:- ,,~10~4-J1.r..~ ~ c,.jl! wj.J.kJ1 o.u. 

. 4;~j o.u. .r..~1 J? ~I,y ":"'~j. J3W 
, 

Luikers ..b.J.J.)l' :':If3t 

;; .·.a,4j .).)r.JI OJ.r-'' ~j.)~ DNA ~jf ~\...;.. .;:.J~~ d" .kh)l 

~.Y' ~ L?~ ~.).); 0\ '11 ,,~ 0~~ 0 1; 0L;~ ~i -~3 . ~~ 
\IJ.>...:....,~ ~I ~. {-.II <J4;.s"l ~Y <J4;.s\ jl ~~ F-}"l .)ju ~ 

~J,.:JI ~1j..1 ~ .)Y:-j e,J~ r..s? yli:J\ .) ~.r-!f ~;. ,y .h.:\j)l o.u. 

"I~ 'j ~l:J.! Wj)iJlj T4 ~\..;,JJI F-}i .)~jj ~.r.~ .)i)\ "l~i 044J\ 01~ 
, \ 

. 
'-' 

\.Y LQ.:jI I.u. 

...h.i.l "L..........J\ 0l) .' 1\ ',..4 4.,\.: IS j.h, \ \ ~:..>- . -" ,.;.sl ~ l>c...:J\ ,.....,..
'-.. - _~........ -~ =- ~ '.J .. .;. --.,.' ~ , \_
 

1 .• \ L".., , ~1..i:J' ~\ . .:i.....i:..J .- ~ldl i.u.· \.':'}I . - .·11 . lol' 
~ ~ ~ . ~J" r-' u . ...r'''~' ~j . ,-?jr- ~ I 

',..4 ,,'..::-,..kj ~ ..:',:,"l\ I.u. \..,.,u ~ kij)1 j...l-..ij ~'l-" .J LS..iJ\ ..:;\jl ,..., 
'-' J. L U·~ -,' - '. '-? • - '-' -' L 

.h.:\j)1 ,J! LP.,.--:-91 ~. ~.rU1 0L:y..:J\ ~ o,,1;~~ 0L~ ~ij)l 

~)JI .:;.,~4-J\ 0l! Bnmlll :€.r)L ~ ~r ~ L?~ J\;,l\ I.u. .) <\..4~\ 
. 4-S eGA 'I'C(' ... 'I' • 1 0;,1' .' 1_' • • '\ I
"-' ' -~- 3/1 -,'.),),.:.J, ~"~~:~r\~4":::')\\~ t-Yi.,Q; ·,..4....s:.wl 

- ... ......... --:.... • .J' '- .. ..., ..."I.......
 

(7-3 ~\) S,~' ..,.:l.4l>-i ~ ..:.:..>(,l",; '"" 4.,~ 15 j 4..>.)
'I"..i .. .J~....... i......- .. 'T" V .. \0' V '-? . ~
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~i ...l>-i u'>\:-Ppl ~j . r-~ LS.,..>-i.J» rl..l>.;......\ ~~j u'1LJ...1 oJ.." 

~ l.:.p-Iy -;JI JSL:.l1 J ~~I 0j.:l c.~ ~\..l>.;......1 ~ -;Jlj J.,kJ1 oJ.." 

DNA ~Ji' ~l.>- u~r:- ul~ ~i ~ ~lj)15 u'>\:-PrJl , ~Ij)l r\~1 

~~4.l0iJ~lj)ly~~ ,4~~j.:l.:lrJl~j~U.:l.i-" 
u4~1 e ,~I 4J4~ rLJ... J ~I~I W~j . ~) LSy>-ij ,~ 

u4~ ~I 0.0, ~ U...s::.".j -..;44-' r-ri- .:ll}i ~J,..:JI ~L:l1 ~ ,~I 

. oJ.:~~) 
r---------..,

A-A-C-G-A-T1G-G-A-T-C-CtA-T-T 
I I I I I I II I I I I II I I I 
T- T- G -C -T -A-'C- C- T- A- G - GL T- A- AL ...J 

Linker "f-;'j\ ~~.,../
 
Bam HI
 

DNA c?Jf ~b- w.; 

-,-,~4Ji.~ 

~r: (7-3~1) 

Bam HI f-;':II4.iL.,,;J 
I
i 

..b.:o1~\('I~! 

~Linkers 

~ 
~~j!u~4=> 

~ {W1 i$W~~..':W. 
~ tzr 

1'1-\~Q~e DNA 
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d.:1+J1 ~ 4..;4-i uLL.,~ ~~ ~ ~ u~y.U ~)JI d.:1+J10~ 

u~4:J1 t: il.>...:J~1 ~ u~1+J1 oJ..,. i~1 ~; ~y ~ Q"jL;~.u ~U-I 

i~lL.lc 4..>-~ i~~I~; ~j l".r-Y' .:l1)ll:?jrJl ~U-I &aJ ~W\ 

J~ uu......~ ~~ oLPl ~.H dj ~.lJ. u~PJ ~~I d.:4:J1 

~ ~I.r:-l ~j r-~I ~:.ro ~~~I ~ u~y.U ~}JI u~4:J1 

~15 F-j-JI e u~4:-l1 ;;)~ ~l\ tl..L.u:~.) ~j. ~ ~l; e L-4\ 

J"j(; U:--''''':';.:ll ~~ .:lY':"~ Polynucleotide kinase u1..l..;;.r:lS~\ .:l..L.t.:...A 

~)j ATP 4..;~:.ro uu......~~~~ F-./11i~ ~ ATP u\.Q......yiJl 

. ( 8-3 ~) 6.>,-}JI u~4-:-U ~8-1 d.:4.:J1t: 

'I ~ (.J....,J101 ~~ 4JlL,..,ly ~;;~ u~pI0\:.ro ~)l ~j 

F-/yJ ~ ~\y .:lY':"j J~I ~ u~~1 o~~ . u~~ ~~ 

~ u~4J1 )~ll:?jrJl ~LlI ~ J u~PJ ~}JI u~4:-U ~I 

;;)~I l:?j.,.J1 ~U-I ~ ~ u~.,...-JI ,-",,~I ~~\ :.ro ~ 

,. 0 4' ..u.; u~~1 o.k ~ ~I ~\ :.ro Q"jL; ~.lJ . ~l; e L.J.:.g.Uj0 

u4l+D ~\ r-./:AJ oLP~ LS.;->-I ul.€/~I ~ ~Iy ~ l:?~ u~j 

. u~J)l1 o.k il~~ ~~I ~ \.( 6.>,-}J1 

~1 J):JI f ~ ;;~~ ~;, ~4--:l1 u\r-:-l~~ ~.l..:J1 ~ 

f o}.~ ~ W~I ulrJ~\· ~\ ~ J11:?.:lj-i ~j ~l..., u.?~ 
, 

~j 1..l.:-i.r.J5~ 50-5 ~ l"..:l..ls- V\~j ..l..>lj..l..;;.r:lS~ 4~ ul.:l.:l} 

Terminal(TdT) -J)aJljl JI+JI j:.y-::-L-ily-:JI F-JI i\~~ ~~ 4--.' ....i 
;;)~ ul..l..;;.r:lS~\ o.k oW~ i~ 1:?.lJ1 deoxynucleotidyl transferase 

\~ 4..>-U- \ 1:., . ('3-0H) 0 ~("II cJL:.l1 U-S I .114",\· .f\ II WL....:.... . .r"j ,J-"'"" • • j)~ • '+""' iJ'. . 

~lJ-1 ~ 4l.w ~ Q"jL;~.lJ (~l;) o~ ~j)4 d.:4:JF-J)I! 
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JWI ~ JJ.r--J.I ~)L::l-I j ..15.r.-:.l1f-;4 ~\ ." .1\ u~4:J! ul~ ,-?J.,JI 

0-4J L-oL::l-1 ~ 4-:-11~ ul~.r-lS'.r.=J1 ~Ij~ r~ ,-?lJl A exonuclease I~'1 

j......J o~~J ~~ Ji ~li 41:--5'J)4 u~4J Js- J.,...aJ-1 ~! ~~j.-o ~I 
u\..y.r-lS'~ ~L,.;!~ Q.jL; u~4-:-I1 o~ J.:.:jj ~\lJ. (9-3~) TdTf-;\l1 

.k, L".~ ··\11 i..A.., ~ ", ..YJ oL.,.;1 1c.lA.:l.l~' • LJI l-, ,("~.r. f-r T-· • I·r •u- u::---'J-'!. ~ '-i'.T­

~y.~~ &ill ~l:JI.i). 5'J)~1 ~4:J\ ~i)~1 ul~~~1 o~ 

.u...a ~I o~ L..l:J> ~\)I j:il:J1 a.b ~ W' . u~4.:J1 o~ ..l:s- ~.HL. 

~I~ Jy.~ r,l.:::J'j ~I.,)-I Js- ,-?y...j. u 14r:l5~ uL.,.;b ~)JI ~ 

. ~..l:J> ~I)I ,-?J.,JI ~LlI ~ -I 0:-'.f:.W 1Jy.lJ ~ 

J y.~ r,b'1 0;€L:J1 Ji ~~ '11 Js- '-?~ ul~.r-lS'~ rl~l ~ W' 

. <'y' W I ,-;-,).-.\11 ~ 4J ~ Jy.~J 

u~4J1 t: ~)I Jy..ill Wji! uI4~~1 ~~ ~\ ~ '1 

~i L".~..w ~J . j:il:J1 Ji ~..l:J> o~I)1 ,-?J.,JI ~lJ-1 ~ ~J)-41 

Jy..i.U Wjil ul~~.r.-:.ll ~~ 0lS klS d~!. 4.......41u~ );":"""'1-1 

o~ ~~ -I d w~1 ~Y':"J 4..l1.> -IJ . ~yKJl ~j )~I ~bj! ws rsi 

f-;i rl.J..>c::......,! ~.H Q.jL; j-il:JlJ ,-?J.,JI ~lJ-1 ~ wl):>i -I ul~~.r.-:.ll 

~L,.;! w')G.:. '11 I~ ,y- ~l:JI u~I.riJ1 s:~ ~ \I Klenow fragments ~I 

.} ~)I ul~.r-lS'.r.-:.l1 ~~ 0lS I~! Q.jL; Jl.> ~i Js-J . rl:>..UI f-;i i\~ '1 

o~1 f-;i rl~ '1 ~L> '1 d..; .r-si Ji 1~.r:-l5~ 20 a.LS::..:l1 JkWI 

~WlI .)1 ~ ~ L~I t9 -I ~\.S ~);":"""'I ~Y':".,J ...!.lE ~I) 

~1?1J u~I.riJ1 ~ ~I ~')I3..1 u~;i i;::-'" ~ ~L,.;! u~ 0J~ 

.W 4JrbJJl 
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OH OH 

"- / .u- ­G - A- T- C- C- C- G- G - y 

AdaptorI I I I 
~).ll ~~I G- G- C- C 

/ '" OH P03 

~~I__­

1 
. /~ B%J. 

l:>J.l1 .' j .t,;lPl r f.,r • 
DNA Ligase 

OH 
-, 
~L- r?8tr2J t2kt:::J - 0 H 

2ATP 
f.,r"j .t,;lPI• 

Polynucleotide kinase 

2ADP 

P03 

~L-~~jl u\:4=l ~ Adaptors u~J-:i.lI1"l...u....:;...,l~T: 3-8~ 

.u\:~1 ~~ DNA 4$~ 
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'5 

A exonuclease f.;)fl e:: ll..WI 

'3 

~\,; ~J).J..f" .,;.,4lti Jlj-

TdT "jf.r 
+ +TdT f.;1 

dcTP dGTP~ ..k~ LiL.,.; )f 

d.:..~ Iy:- I .:rJL-.. rccccccc 

ccccccc 

il.-lJl f.;I ~W>I 

DNA Ligase 

WI "''1 I.U- )j cr'~ U 

.Homopolymer ~~1~~4~.:.L;;Jt ~T :3-9 J5:.,.:. 
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~1l:?jrJl ~ri4l-L-'1 .f O~~ ~")L l:' pi ~ O~\ ...:.,,~}i J.....u 
:i...~ orl:J1 ...:.,,~}i ~ ~j . RNA ji DNA l:?j'pi ~LJ-\ Lr" ~W 

. o~~1 tl-U1e.:· oj ~ I~ ~J~ j.-.J ~ ~b. 01 ~ UJjA ~G 

ji DNA LSJ,.J\ ~u..\ oA ...:.,,~;i Lr" jj:, OJ...y !Jb. 0U ~".L:J-\ ~l:J\ Lr" 

.j~ lei u~;)'1 o.1l. ~ i:~ ':1 .t.;\)~1 L~\ 0l; ..;.l.b e j RNA 

. Lg..:.... JjJ..>..., J.J.j;. i\~1 ~ ~W\ 

J5 .j DNA l:?J,.J1 ~lJ-1 oA f-}I Lr" j;' ~J\j J.rj ~ f .li9 

. L.JJ 0 .1 . ...:."L.:- .•j ~J\j J~ ~ L......:..... ' t"\1 ~ ..L.>)'I L -« II ....rz." ~ -f .T \ -. ur-' . - . j.~..r 

~ LS"JI ~I...l: .. ~)l1 J ..L>-Ij tjj LS"JI ~ ..~)tl J R~Al:?J"J1 

·4AJI 

LJ..:.+l\ J~. \.i Wl>-i~ o.1l..f ...:.,,4.;i~) ~b. 0U ..;,lb e j 

DNA Jj)ll ))a.H DNA -?j"..J\ ~LJ..I o~ F-;\) . - -lj' ~I)"J\ 

J ~..L>.:..::.....j ~\ u~})l1 o.1l. Jjl ~)~ f-}~ ~..l: L. ji Polymerase! 

Y:-:.i ~ E.coli J~".AJI 4~ J" Jr-l:?.ill f-; ";;\ 1.1l. J---:. . ~I)~I LJ4l\ 

~L:Jij DNA LSj"J1 ~GJJ ~jJ).\ J.k"";'\f! ~ ~rJl OJpl 0~1 Jklil . ­
J.k",,;,1 ..l>-i ~~ 0;! e} Jy.a> ~ll:?Jy~ ~ u\...l.:J~~ .j1.li9 Y 

:r \)L.:&-I t.ri-i\ \.1l. .. ~ J ....wI j.&- f-;)'I I.h. ~-,. l:?j"J\ ~u..\ UJjA 

\.1l. .j i»- .kl.:.J ,:)~yli~j . .J ~\.A.S .r>-\'I ~rJl L....\..>..;:...- 4.:J~1 ~ 4:JI 

.r>-'i I ~ U;-I :.r- l:?j"J\ ...rUu..\~~ i~ r~ ...,L; ..L:.:JI .kL:..:.I ;UL.,.;1f-; \I\ 
~ f-J\lII.h. 0L; ~~ lol. ( 10-3 uLS:..:Jl) ..l:~1 ~rJl .. ~ JL..S:.:......f, 

~y..; ul~ 0) _ a; ~,:)~ J"....:':"Yo ~lLS l:?j"J1 ~L:.J..J JrA--o ~~ ~ 

0L; ~~ ~ iJ-. _... 1I ...:."lly-1j ...:.,,1~,J5~1 ~I ULa14). )j)~ 

.~WJ~ 
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'5 A-T-G-C-T-G-G-G-T-C-A-C-G-T '3
 
I I I I I I I I I I I 

'3 T-A­ C-G-A A-G-T-G-C-A-'5 

DNA ,-?Jpl ~u.l oA (.}I wL.,.;j 

.dNTP4.-0j;AJ1 

t!.,i ~~ .i..l>..... -1A-T-G-C-T-G-G-G-T-C-A-C-G-T 
J:,~il~4I I I I I : : : I I I I I I 

T-A-C-G-A-C-C-C-A-G-T-G-C-A . ~L:..:JI 

.ulj) U>.;--"-'":"' 

A-T-G-C-T-G-G-G-T-C-A-C-G-T ..:..>1..L..::-'.r:;15~1 , 

: : : I I I I I I :r 1)~1 o)J~l 

T­
C­

G­
»-> 

A­

C-C-C-A-G-T-G-C-A 4..-....0 WL.I z,4:-11 

.b~,.I~L., . 

A­

~~ U>r-'-~ 

A-T-G-C-T-G-G-G-T-C-A-C-G-T :.~ t'~ I t!r-iJI 
I I I I I I I I I I I I I I i.L-+l1J:,L-:...; 

t- a- c- g- a- c- c- c - A- G- T- G- e- A 
J:,~il~~ 

. (.$.;>1 OJ'" ~L:..:JI 

DNA I$~I ~l..-ll o..r-"-4I""'JJI ~ ~..I........+!IJ ~~\..kL.....:..:! :( 10-3 J.,S:..:.Jl) 

~~1~lj ~l..4.S J.o~1 ~I ~~I ~j:I~1 04 ~~J-Po1ymeraseT 

. ...L+11..k~ 1~1 ~ .u.tliJl;W1 '''I' I ~I ~LWI I_~ aJ~L.& ..._~tl J.:..., ..0.11u-" ~ . _. __ u-" '.) . . v-:- ..r::--:.r-

l......ALiJI <I::''+J1 
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L.iJ~ ~I..L>-j..::....j. o..L.s- ~~.,J {-))1llh J i-4lj ~L)I J:,~ t:".r.. 
~ ~~ ~JL,.. lJA .wJ~ ~I..l.>-j ~I oh lJA o..L>-lj J5 . {-/)U 

,c . i .•.1>- ..::....j. ...aJ L........! • II J:,L:..:., . '11 s-L:..JI J:,L:..:., \ .'. ~~. i ~i 
~.r j iT . i""+' . r": j. . 'T""'" r-- (..r-- --..j 
1 ~ ;, • ..Li..9 L.>. \- c .11 • [j K., )T I .L .\ I L:, ..tia..:..;)11 oj",. I r-. 0 L Il.,u- f . -:T'~ ~ <)r--- r-' j cs:" r-::------'. 

~ (f' (DNAPoLI) I~) orl:J1 {-.Ii J ~L:.:J\ J:,~ (f' ~jj-ll o..L>-.,J1 

i~j . Klenow fragment ~~ f.)G e...L.>-.,J1 oj",. " . ~ -'. ~j..L>-.,J1 

: ( 11-3~1) DNA L?J,JI ~lj..\ ~r.i ,,~ ,j L'lj jlk ? F-) )r11J.". 

«-Ii . L.;,;.....,'11 ..j~,j 4..J1 .11 4...,., \'. II j ~I ..:.JL:.JI ")11 L,.,i
~ C {-J J" .))"' ~ 1.:" i {-J 

!J.". ~. Retroviruses o..lj)\ ~\j)\ lJA Jjr-ll Reverse transcriptase 

~l>- ~r-.J-.4 W~ ~\.j i~ d ,j ~UI ;;.rL:J1 ~~;i (f' f.))11 

,j \,,;:5 f-))1IIJ.". i~j DNA ~r.lJA.u~ ~ ~y RNA L?J~ 
. DNA-Complementary Strands ~\ DNA L;?jf-ll ~1j..11-'~ -/J.: l. ~l: 

.r" Jjr-·U .jL:J\ RNA L?jpl ~U-\ ;;A f-j-ii ~ c:: 1) f-j-i)11 L.i 

ji ~ 0)"lmRNA ~~ J 4....A1~1 ~j. £,coli ~~I 

. .uyi.:l10j.JI:u".....~)1 ~ ~U)Y' 

4.$JY ~l>- ~ A-A-T-G-G-C-C.A-G-T-A 
I I I I I I I I It) ..:"I~ DNA T-T-A-C-C- T-C-A-T 

""II' + Klenow frarnent 1~'& f.;l <;(.,;j 

A-A-T-G-G-C-C-A-G-T-A 
I I I I I " I I
 
T-T-A- c-c- g-g-T-C-A-T
 

J.....4:a ~~t J..~ I"I~~ DNAi$",:JI ...,......G.JI t..L:a.! t~1 ~f:( J 1-3JL:.) 

DNA POL I i$..u:J1...,..;a..WI ~.J-4-l.:a ~j:I~ 
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.j r~1 l:?jyJl ..,..a...l..>J.l 
< 

\.r.~ ~I)yll L4\ Jyk ~~ 

~Iy. ~~I c::'~1 ~ ""';h ji oL,.;l ~yk y ..!..U~j .ilili ji 4......4\ 

~L.JI J~I J)L>. u~})l1 o.u ~ y -.:....;..u..1 f Dj . u~})1\ 

~i .)1 ~~ .:Ji ~j . ~~I u~4-J\.J'-~ ji uW~~ ~ L,y.a>-j 

cr" Jj~1 Alkaline phosphatase l:?~UJI ~u........,...J\ f.}i Y'"j u~})l1 o.h. 

~lj1 ~ {-})l1 o.h. ~j)~)l1 ~~i ~i cr" ji .E..coli .:J.,J~\ ~~ 

o.h. ...l&-Wj . l:?jyJl ..,..a...\J..\ ~ ~L:l1 ~4-J\ .} 0.:l~}1 uLL.;J1 ~~ 

~\ ~~ e ~)JIl:?jyJl ..,..a...\J..1 ~ JWI ~L...:>-i~ .j ~lj)'1 

. o.:l..u!:\ u~})1~ 

oL;.1 0) .13 .u.:Jl! Polynucleotide kinase ~~.r.J1 .:l..u...:....r=.l5' f-}I Lof 

~j l:?.:lj: ~ Y'"j . l:?jyJl ..,..a...Ld-\ ~ ~ L...,.\j..1 ~~ u\.i......~ ~~ 

~ .T-~I u~ .j ~I ?- '11 {-})I\ ~i . l:?...l&-WI.2lL.yiJl {-})I 4.-.5k.. 

Terminal deoxynucleotidal transferase .j;W1 ji J4J1 j.~\.rJ1 {-;i 
. L.d-\ ~ 4..:.JL:.l1 ~ \ _1\.l,1 _·\1 "e(i i..w Ie( . ijL,.;L - .DI 
~ c- - . j)-,-::+, - '+-'-'.r-- j - )":""-' J-::;J r l:?e , ~ 

. (12-3 ~I) l:?jyJl 

DNA l:?JyJ\ ..,..a...U-\ tiff .r" \~\ ~lj1 ~~ -rJ1 u~~)l1 Lj'"j 

l:?jyJ\ ..,..a...\J..II.h. ~L..a; u~ .:Ji .)1 \~j . Supercoiled J~';I .~J....7, 

.AI u~~i J.-" J-~ -I o~.L.:J\ uu~';1 ~Ij)' : \rji C~ d .,'~ ji 

..!..U~ ~j. DNAl:?jyJl ..,..a...L.d-i ~r- ~ J~';I ~lj1 \rji ~ Q,jG ..!..U.D 

.u~ 4J ~I u~})1\ ~ .:J~y ~\. r~1 ji J~)l1 ~lj1u~}i ~Iy. 

Topoisomerase I I j..r--"j.\y.yJl {-}4 o.h. ~ 1971 rW\ ..i.:.A 4L-J1 o~ 

~j ~ ~~ u~})l1 o.h. r.,..z . Topoisomerase II, II j..r-.:-'"jj.ly'plj 
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J,..,a-J-I .)! ~~~ 0--4..L.:J1 uul#'1\ tllj!.)! ~py" lc l.?J,.:J1 ~LJ..I Cj~.r­

:r ~I ~ u4:; \II o..iJ. J4-lU. ijr,-A y.S-~ C-'~j..4 l.?JY ~l>- ~ 

~rJ LS~I ~.,..-ll Wjll u Li.......,.; - ~I r"'lj1.r-S JYl> :r u L;L:J.a; '1 \ 

jl i.,J1 olofl ~ .!J.J~:.llj ~}IIlP. J &-~I u44.:.11 e r>lllj~}-" ..l>-\j 

o~ i~-' . e."U 1..iJ. J \~I tlljb y.....,JI ~ ~ J~,}lji wli.:J'11 

('~ Gyrase j....r.U:-~ d'~ L. jl ,-~L:JI ,£}\l1 ('~ ~ Jj\ll F.} \1\ ~I 
, .. \ I , 

~ l.?~ ~J'" J5 J ~ ~i ~..iJ. 0~ ;5l....,. LSy>-l Or ~rJl u44-i 
l.?J,.:Ji ~L:l \ :r Ul.:..>.-. Jk\..:.. i U-j J-s ~ .;.j t.; ~.Lb ~j J l#i j 1i.r. 

~b. \~ '1 ol,.il '11 u4;)1\ olP. ~I:r ~)I ~j. ~ i.,J1 tllj!~)1 

~j; yWI u 15rJl 0)1 ~~j ~I).,JI 4....,..-411 u '1~ J ~ ~j~ '1! 

. ~ 0f'~ ~..l:-"j~ yl~ ul~1 
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P03 OH
,-?Ji' ~l>- ~ 1---/

DNA 
OH P03 

'5 

• • • • • 
dNTP + TdT 

• 
'3 

• • 
{-joJl 

'3 

T
/5 

/5 

I 

1­
'3 

'5. • • • • • • • e ee -ee e 

000 

.;.".:Jl ~Wl u~~ ~~ ~ L..~I uLwj:l~' ~ J.4-C ~T: (12-3~1) 

DNA 
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4.oWI ~l v4l.4>~1~~
 

JY~J.Hjj..:i :r".J~J.J~ :J#~ ~I­


r"y.J.=-uJ1 ...u..J~ ~ ~ ~W\ 'fF-rl1.l~~ J....a..i11­
a.....:;~ D...u:,t.:g ·-WI .t"~C t I .l LtLJ 1_:1\­_ • _ ~ ~ '-?~r .f=". ~ 

~l v4l.4>~IIj4~1JJ.b
 
r"..J\ w!.:.J.S' 0-" DNA I.,?JyJl ~W\ ~~I­


t-»JIJ 4:-7".!".itl ~jW\ 0-" DNA ~W\ ~~I­


~I
 

'f~\ DNA'fJyJI ~W\ ~~I­

'f~jYL:J\ 'fJ_~1 ~WI ~~I­

'fj:l...Gfi.i'=U' 'fJyJl ~Wi ~~I­

w~W\ 0A 'fJJ-'.l1 ~Wl ~~I­

.lJJ.>J.\ ~~'}ll­

t'-"I.,JI ~~'}ll­

r")4JI 0A DNA I.,?J.~\ ~WI ~~l­

mRNA JL...jll 'f).9-;UYI 'fJyJI ~WI ~~I­
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4A..L4A
 

L.?J,JI ~l:>JJ ~ e~ ~J-':"J ~ L.?J,J\ ~U-I ~~ 01 

vl...:1-s- 0U..!lllJ. vL..}.-a:r ~~ Lo JS ur-oJ LIJ...LlI~)I 

~I . ~J,.:JI ~~)I\ 4......IJ~ L/ ~I ;LS)I LS...l>-[ ~ ~~ '11 

~~'1i -.:...;LS ~1· ~IJ.,JI ~i Or" if~.,1 0.;-9 j;; ~Jf-ll ~l.o...>)l1 

~; J..f"" ~ ~I ~l::J\j . ~I ..:,;~)l1 ~ ~I..i.;i v~Jr,JIJ ~Jf-ll 

0y-kIJ ~J L.?lJl ~~ )II J~I e~1 J~ ~ ~IJ ~Jf-ll ~l.o...> \II 

~ J~ I~ L.?JJrP ~\.;.Jj ~ ei ~~J 0i ~ 1953 \~ ~?J 
J~ if ~ljJJ ~...:....L..a>- L.?lJl ~pi 0l; Jw'1 ~ ~J . h...,.;'J ~\.::.; 

~ L.?JY ~l> e~ ~ L.L....i ~, ~i ~~ L.?JY ~l> 0J~ J.:.Ls: 
~L..i ~ ~Jf-ll J"'k>-)U pI ~~'110l; 1..i.gJ. 4')\j..1 if ~\ 

~Jf-ll ~l.....>-)l1 )~~ u~'1 i~-' . JIJ.,JI J J~I ~\~ L/ 
J)o ~;S~ J.v uL..:UJ1 \..i.A ~ ..;l.....J ~~'11 J)o ~~..L.U 

~~I ~ 0)1 I~-,. yWI-vl~1 L/ 4! J~\ ~~'1\ 
4')l;lIJ vL;l..JIJ 4~\ ? ~l:->- \1\ ~ ~ ~ ~Jf-ll ~~)l1 

~ Ld J-JI L/ 4-iJJ~ ~ l:-> \1\ o~ 4....:s J)aJ J~ <>,j G ..!lllJ 4-:--:J1 
. <..Y"~ ~ I (f' ~..l::ll 

, 
:J.=.41~i :P'~~ :J~1~ :~~i 

v ~J~I e--~ iJ."JJ.,.KJlj J~I 0J..u ~ ~)aJ1 o~ J " • ,. j 

~~ oJ-LilI4J 0i W". ~Jpl ~l-)l1 (f' 4Jr'J e~\ j O~~)\ 

Jl:J~J vYJ~1 ~ ..!lllSJ DNA L.?Jf-l1 ~l>JJ ~I v~~\1\ ~ 

o~u.s if JY~J.r.J~'11 -.4~J . .r;:-"...L..:JI :r ~J,JI ~l.o....:>\II ~ J;l..LJ-1 

. vYJr,J1 if ~I ~ iJ.";J~1 
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.r ~..lJJ1 ~ '-?~ yW I -.:..\SrJl ~ (f ~I yUI J~IJi 

L,."y.a..>-) ~)rJl ~l....>"l\ ~ y4'G Ji ~\ (f ~I) ~Ipl) ~IJ.:lWI 

~I.:.r -rJ1 -.:..~;\jl.j-A J.:...wJ1 ~ Ji~ V DNA ,-?J,.:JI ~LJ.I 

...Il~ t.~)fl~ o.r.-:S O)..u J~ J\.; ..:lJ~ Jl ~L.,.;1· ~ k;.3 ~\..L>.:......I 

clA ~ . cL.ol~1 ~ J~I ~U ~ ~ ..Ird.:.r ~ "l ~\.; ..:lJjJ 

JLo rl....> ~ J~\ .l.•. ; ~y, ..:lJ~) (Hood).:l~ ~~ ~15 ~ ~l 

8-Hydroxy o.:lLo .:.r 0.1 ~L.,.;!J ~I ..\y:-l ~ ~L. o.ll r65 oJr' ~)~ 

4J)..G Jl4jw.l ~"ll J}J~ J~I :.r..}; ~ o.:l11I clA J-......u. quinoline 

~ ~ ~I ~) J~I ~ O.:l~}\ ~I .).:lWI ~ y4'l:.!\ ~ o.r--:SJI 

~ J~ y.) ~I ~ j STE J~ i~' ~I~ ..1~1 

w~ (STE:O.I M Nacl,0.05M Tris-Hcl,O.OlM EDTA PH.8.0) ~ 

.k.l:L\ .i.k......ly, 
< 

\~ eft) J~ 3r-"100JS0 STE ~\ J~ J"'r-" 50 

J~I :f ~I 0 Jl,a.Q.;1 ~ 0:- ii} JJ ~fi) ~G:-j Pipet~Lo .i1.....1y, 

u..kJ1 clA .- 0 C~...La-. I .:. Ii :i,,;i..l, • ~ (Wb ;;".ie. , i .:. Ii .i.i.1). U .r:" -. ~ . ~ - -r-....r----'. 

JI; ;;;Jl; 0) cfl)1 .k.l:L1 ~ .:lW) ~l; Or" ~ -.:..li:.6.J1 ~?) iSy>-i Of' 

~) J~I .l'A'; JI ~I J~.:.r 3('"'"'" 50 W~) ~I~ ~~ 

J.:-- k5 ~I ~ .:lW-, (Jy.;.' 3r-- 100 ~ '-?ri- J~\ .l'A'; JI )G.I 

J. ~1\:i...iJ, l..:.~ ~~, 

<

LoLC .i.Z\ . I
. 

.:.\\ J.\_-~ - - -.:..\ o..wr::- . ~ )....r----' r-r: . ~~ .r" 
Jl:..9 . J .. .; Ii ~ ..i·'I J. ~11..l..-SG ,! I .:.11 J.l_., U-1.,d ~ .) ~ e ~ C"~ ~(f ... . 
J..a!) J""~I -":l.>- ~ . ':' - 20 o)? ~)...lJ .JAj (3t"""'40-20)~ o~ 

~ ~I 4;Aj..1 J~ ,;:: J~l .:.r)W ~~ DNA ,-?)rJl ~t.:L1 

:f "j~j I~ J#i r.j€ . (is?)1 ;.,.wl ~~i) ~) ~ ~G:-j ~~i..... .. 

~)!Ij ~"l1.)1 ~ j.klh... Uk; ji ~\r. JJj 41....,1y, ~~)!I ~~.,b .
 
. I~ J#\ C?i ~ -.:..If' o..w "j~ 

~ .:lW ,::./",}Jji 0:-;;}..u r65 oJ;>- .i..::-)~ ..)\..4 rlo.> ~ ~~"J\ ~; 

,-?jrJl ~LJ-I U:-1 ~~ ~ , -':"\y-" t) ji ~')l.:J I~j is.,r>-i Or" cf' 
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· ~U,) ~ 0..l1 ~..Ll\ J o)j,) 5000 o~ L;??)I ,);WI ~.,1 ,f DNA 

~j DNA L;?J,JI ~LJ..I J:i ~# ul.a..:-k 0)1:, J! ~~ J#I ~ 

4....>-. t 0-11\.,.~ ~ u.....kS' . - II l-s::.:.., ~. J. ;1\ 4....L.b I";: . .r r- -." . <J:' jr:-- u- - -. .r-::--- . V­

.~ 

DNA 'L,~) u> tl oj." -.I ~) 0~ DNA L;?j.,J1 ~LJ-I J~ 01 

~.,.wl L;?j.,J1 ~\;ll ~ ~ ~?- ~jJ (~~ lS.,J1 ~ "l::>-)'I 

· ~ ~j.,.)1 ~ ~ r-u- ~)' ~..L:, )i>..:, ~ )~~ ~L. ~Iy' 

~ .,j~j ~\.; ~ ~ ~J-' . Jl DN·\ L;?j.,J1 ~L:l-I ~L. ~ 

~ j..a.kj J.:--' kS j~ UJ 1:24 ~ ~Ij): \).,..9)yK]1 :..ro/,'---" 
vlA.:.;j L;?j,J1 ~1J-1 0 ~ . L;??)! ~)aJ1 .ili.....1,: DNA L;?j.,J1 ~1J-1 

Wj ;;.,:j~ Or" c}l ~ ,)l,,:;j r).,..9).,.KlI..:.,..,/.~ ~ .,j~j ;;.,:j~ ~~~i Jl 
~~ . L;??)1 ~;1J\ 4.k....1)-! Lt..G..: DNA,-?j~..:J! ~Ll! ~ . ~ 

& JJJ.::..-. J-" r-)J~LA 10 .,j~j 4.....-: 1) .i.:~i JI·\;.G..: L;?j.,J1 v~U-\ 
~ ::: 

:..ro w....a;j 0~.,j~ .~ I~ J#', '?':.J:.r.j 2.5M ~)~ lS~ Nacl rWJ\ 
\ - ..~ \ 

<.Y.J' ":,,,y .1.J..';' "j-4' ~~ ~ Jjs\:l C.fJ (r--20) ~i <..:.111\ Jy~ ':1\ Jy-S 
.; <:D~'" 0" t , ~;'Ii" \'\ JI ,- I'· "I.-.A-:-: J::'J~ L. (\ ~'~I -/..,.::L4i..:>-i ..I~A:'. -.::..~ ~<:' ~I: _L"-''''~' 0" ,,-;--::u..::..;, 

;.,:a.: i_~J..s'_7~ <~ •.;>' .:.,~ .: ,_.~~ ;..U \~- ~(:~ ;_._~...:- :~J.)~ ~~~l ~~...u..; 2'~,>,;, 

~ ,--H~j L;?J,.JI ~ \.>.1 '-;--:.--'; ..r Jlkl\Jj'L:,>"~ \ j.IJ 'l.J..J, Jy L!Y:j,i. Y 

. ( j -4 ~\) L;?j.,Ji ~i.:ll JJ.J.;..... ~ :i..:.,~ 

http:L;?j.,J1


, 
f'-,",~I ...u..Jj-lS t:-Lo tA &Wt ~jS.,J.1 ,)#'~...,..b :4:s~ 

~L.:JI J.;k]1 i.J'" Ultracentrifugation ";UJI LSj--S'}\ .,).;k]\ r. - -1 

.. l.:ii !J.r-:ll ~\ vPA' ~.,JJ:!~I) ~~I u~.rJ:-1 j....a9 J r\~':J1 

.,)yb J~.)I (w) l".)..li ~)Ij~.r" ~ (r) l".)ai U-,a.; oJb J l:?jS)I.,))J\ 

j.Pl> ~I \J...,. ~ Fc ~.rS}\ o.,)).kJI oyAJ11:?)W) w 2 r 1:?)L; c.r:-).'>­

: .,))JI J~ J m-~ '-;JrP 

Fc= m- W2r= m (l-Y-P) W2r 

\.h l:?)~) .i.-5L..... 0'; J~ c!)1 ~LJI 0":1 m .u.::.s::.J1 i.J'" ~i rrr U:SJI) 

. J#\ ~L:5 ~ p) ~ ~rJl .)}:-I ~I ~ Y-~ (l-V-P) 

01 ~ Yf= Fe l:?)l.J L..~ Y ~L;~.r-! J~II.h ~ ~\ !J~) 

l:?)l.J ~\ l.h ~; ~r-: 0t .!.Ujj . ~I !JK:>-I .}l..A y" f 

Fc m (1- Y-P)W2r 
Y=--=----­

f f 

.,))J\ J~ o~ c:: 4.)yb ~L:.:.; ~?I ~r-'" 0~ .!.u~ :.r" b-Y'~) 

. ,-?.?)I 

ij\..:..5 ,7;).J...o:li 4J\:.r" l:?)rJI ~L:l! ~ ~ ~)JI o.h ~i .;~) 
'- - ­

.. L;;! ~_""';)I\ J.,k ~ ~ uL;~ rY--r.--.J\ ~),l5 u~~ )L.:...::..i\ "y'yb d­

. ';Wi l:?.?)1 .,))JI ~ 

J22
 



"" q b 

o).r->4)~~ 4 Q b 

~~oi!~~65 ~~I
.,r;~'11 t.~i 

.:...Ir o..w -.?J.,.:JI
~p).1 ~)all ~ 

.:.r JL-..c ~> UW! 

. J:.-iJ y.'1IJ r)""')~1 

~) ~ ~'-'a->-

~ e:: f65 O)I.r--> ~ -.?pr ~» 

oil 

I
 
-.?J.,.:JI ...,..,...I"l..\ ,,:-,-,I~ 

J~:.r~UW!~J "-!I~!.J [ 0. ,; f-/ 
~J~ oi'J ~)L:J\ Jy~'11 

. ,- 20 ;}~ ~)~
 

1"~J..ljlUlj J~' ~I~ \$~I ~G.ll J.....:o.....'l La.,;~ ,blb.;.j: (1-4JS.W11)
 

.J.:..a 1..iJ.:I ':113 
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& (f ~)'1~ 5.6 e ~I ~')l3..1 J~ ~ ~)J' o.l". ~ ~ 

~ 0~J~ ~ (3~/~1.7lA)jj ol;,5'~; ~)I) CsCl iy-.r.-J1~))S' 

100 w~. EDTA Jk u..~ j~J~~ ~~i dJ-Ui~J' ~I 

d ~I ~I*I (f ~\ ~J 3~/r.AL lO ~~Jr. iy-~)l1 cY' .r-:JJ~~ 

~ O)~J I~ ~~)l1 ~ . r-W1JUI ~I.r.ll 4,;L,.;.l-y-)o (f ~~)l1 

-Y-)o (f o~ ~l5" 4 ~I*\ u~liAJ\ ~ cY' l.lC ~I ~I.T-J 
. ~ ')11 1,-. ~I .k;..."ill • L 4..p~ 4.k......\ ,'I 1\4,;L,.;.1.r.-' ~. J )J-'" ' J! 0::J .r < 

~I.r:-l J...:s. ~JyJl ~L:l1 ~ H Jl ~~1-' ~I*\ u~li.iJ1 ~~J 01 
~.;sr dJ~ ~ ~~)l1 ~#, ~~ ~ ~I ~~ dJjJ~.;s)1 ~)J\ 
o..u ~..u\ d O)J~ 48,000 o~ ~y-JI -.;w\ ~jS)1 ~)JI j~ d '\zl! O)~ 

o~~ ~)~~?)\ ~)JI ~ ~ui Cs" iy-.r.-J1 uLy-i!J~. ~L. 48 

'"';--';.1\ ~ Lc u~~ ~1y:...J1 ~)-I Ji} ..:..:.i'11 e ~)-I oj"" j!1?J.rAJ1 

}_:.:;IJ u\.;y-)l\ ,-:-,,} ~ 0l.; ~L. 48JI~ ~J' iy-r.-J1u~y-)I ~\ 

~I olf~ u~y-)U Jl.Q..:.j\ ~? ~i dJ~ ~ ...;;.;J.i.'1J J#I J 0/p u~rl:-I 

.r-il\ .:r ~\J...::I iY-~\ u~y-i j-:-S'\} .:r c..->..u ~ J~ ~\ dJ~ ~~Y..J 

~L:l1 01· ~/ ~ 1.65 \r.:s} ;;'11 E-JI oLf~ ~/rS- 1.8 Ij-::S.? ;:.5)11 

iy-.r.-J I uL;J!i ~ w l..lC J..i-')lIJ ~)l1 oLf~ ~i!J~ DNA~JyJl 

. cil.:.S' e '-:-"~ 0::-v LS~ J...:s. ~ ? 

'(,j..l,;s. ",..,---J1 ..::.-lJ ... i ~I.:.S' . ~lC DNA J.··\I ...a.-lJ...\ ~L:S.)I~ •..r::-' ..J \ ~-..J" ../"" ~ ,-?J.Y-' '-'"" I: .. J 

DNA --?JyJ! ~Ld-\.)U ~jJ 3~ /~ 1.7 ":?JL-.l ~I) ~)'iJ-'" 5.6 

.d.,i\ ~ ....;1. J s.d ~\J..\.u.L>- z.J~) .~. 3,.......,1.$- J.7 ~L:S ~. . .J..:.$....r- .J. L..!" _J.../ I".... .. ..J U ""..J \ . \" ~ • .. 

~~ ~l J"'; ~)U ~~)I\~.r-=-: dJ~J ~~'ii ~ s?)\ 

o..l.l>~ ~ L....5 . "--" iy-~)I\ ..L:--oJr. rPlJ ~ u-U ~\r->-~ 

~~)ll ~ J RNA ,,:?jyJ\ ~lJ-1 '-:-".H ~ y\1 ~ u~J~\ 

,. (2-4~1) 
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JWl)L.-o ~ 

.- II~
<J:'J.r-:- •

.~ 3J­ .hhhhhhhhhhhhh h h 

.................. t:i~1
 
... ... ... ... ... ... ... ,", ..· ... ... ...· ... ... ... ... ... ... ... ...
 

... ... ...
 
,', 

~ ~ . 
... A ... ... ... ... ~ ~ ............ ,', ...
 
~ ~ h ~ ~ ... ... ... ...· ,' ,", ... ,', 
... A ... ... ... ~ ...· \ ,.., . 
h ~ ~ ... ~ ~ ~ 

· ,", ." ," ,", 
... h ... ,.., ... ...
 

... ... ... h ... ~ ...
 ......... ,", ...
 

... A ...· ... ... ... 

.r:.: .,. 
~ 

h~h.'·"·~·:·h .....................
 .....................
 
"~I ..-. .. ,.-. ~ ..-....,.. .. r­ ~Jpl..,..a...L-J.1 

<: RNA-r").r.'.) I 

5.6 ~.,....H-JI .J.:.»lS ~ t'" ~UJI-?j.S....-t1 ~.#I ~~l...l...a:'~~1 ~~t: (2-4~1) 

1'~11'.,..~I.J:.»lS A!~ tiJA ~,;s ~ DNA-?..»-'J1~WIl.d..b 0~ J.:u,.~.J -?)"JJA 

(1) (2)1 

• 

~ ~
 i __-.I~
 

~L....>Jl ~~~ t.- " >j~...;-b: (3-4~I) 

~#I ~~l...l..a.:'~~1 ~~I u-o DNAl$..»-iJ1 

I'~~I ..w~ ~~~ J,j1.4J1.sjS.;J.1 
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4.:-:1 t:.i>- ~I~~ ~}JI ~~i cr" DNA l?)~\ ~\J..l 2~ ~ ~ 

~ ~l~ rl o~~ l?J.,..:J1 ~LJ-I 2..Ab-~ 0.r!)'1 j~ ~~ 

J;\.;J\ J.hhl ~j L5~.1I ~u..: ~ c..:i ~.kl\ 4.J.....;i ~.~ W , ..:.u~ 
..I 7~ l.:-' ..J.r- '- ~ ..J ~ • ,-, .. 

I ') -4 ~ <.' • 11') _., • i . ~ . 
. 1,- v- c~u"""'d. ­

.~)}5 0-" 0';-:-:s ~ ,).v '-?~ ~j.r-ll DNA L?)~I ~LJ-\ ~ 0! 

~ ~I,tl 0.0. ~r" ,~I ~ 4.iU...:u..u --4~jr. \)-:.4i ..!JJ.i.5j \J!,j-:-.J! 

-I' - L -..1 . \11 ,. .: il "I t I I '.. .» 1\ • \ I \ ­
~ c..Y-.r' (/ C7l--" .' 'f ~)T' ~I.;>-I 0~ r"""!. . L?Jr ~l..:>- '"':'~.r' 

Jy.:,- ~.ui ~l.L ~ s-L:.S- :.r ~~ .J~ ~ ~-,ld-I ~u)'l "i ~.r.-')I\ 

1..!5 ~l;,),\ j; ,y-;s:J1 r::!'y... rLS:>-~ Jl.v~U; ~ ;.r:-S J ,-?jyJ\ ~U-\ . 
Js.L.24 oj..\. r.~L...;J1 ~rj ~L..?~ ,-?lJl TE J,k-o ~~~ JjL.....,,- . 
~ o.;=..ill olA. J')\.>. -:,;I.r" ~} ji ~')\j J.~~I JLL~;_.... \ ~Ir.j r4 0);>- ~)~ 

J~ J1..l:-=-'Lj r.s;J\ .j J"':k.> ~I~ TE J}--- Y'" e:ll l ,.;:.>LJy..! G~ 

o~Lo f ~\ j;:-)lj. c!ll I~:..r" l:JS v~\ ~ d..,; -:,;iy-" o~ 'IE 

.)1 ButanoIJ.,;t~i Jy>S J~ l,?j,:J1 ~u..\ e 0r~L-.l! --4L.j .f. iJ'>~'1! 

~\.ib r->")10}J~ JpSJ10~ ~ L~ crj L?jr!1 v44 LJ..1J~ 

~y..J..;'11 :.r L,15 ~I r--- dJ -:,;I.r" oJ.JJ lSy>i ~ .J\..L:-=-~" J~l 
. 0}J1 ~Js. wi) J~~ ~ y:.! 0~ ~ ~1;.4jr. 

,j)J1 ~f :..r" iY..r:--J1 ~)}5' Cl,., e ~lil\ -.??}I ~;kJ\ :u.;)o ~ 

I..r" \~L>-j \. oj 4-~-",,;Jy~)r l-?j".:J1 ~LJ..I J.a-' ,-::,j ~~.....11 ~W\ 

4..>-y..o.u, UWI -:,;I...I.:-"j~\ J...ai J e 1j ~ ~}JI oJ.,. iJ-~......j· ~!r=J1 

1-" 4.;)\...i.. ~.,::-a\ -:,;1~jJl;.l\ p Yl..v cs-~ ~.r- .J.:L.jr. iY.~:;1 01 ~ 
~. ~ 

~L:S .j J')\.:..>..~I di ~E ~~}.j J.A..W\ -:';\~j~\ e ~,,~\ 1.\.;):;1 
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~.il. ~I ul~j~!:r ~\.:$';.si UlJ-1 t>-.fA11 ul~j~\ ~ ~ 

~-~li - 1....Lo·')LJI.:i....'i.J::, r • t- ~.\r. .u.....k5' WJ.I ul....Lo·".>LJI.:i....'i.J::, I ~.;.: y- '-' -). . ~ -r- . -).. V­

. ~\.:$' ;S\ll 

~\ ~)yJl uPl....>)l1 C~lt ~ 4}'j </ ~)JI oiA iJ.>..:..-j L..S 

u~Wl ~)yJl ~L.o..:>- \II J...a-' </ ~\..L>....::.....1 ~ LJ . lS.;>)l1 J.;hJ~ 

. \",.~) ~I))I) 

, 
~~ :5"y:'lj tA J,jWll$jS;l1 .)~, ~...;b :~L) 

? DNA l?)yJl ~Ld-I :r 0~1 u~..rJ:.1 ~ 4i.:.)JI oiA i~ 

l?)yJl ~Ld-I ~ 0~1 u~..rJ:.1 :f ~1))I) ..::...L;WI, ul..l:--jyYl ..::...~.,I~ 

.J~ (PH) ~))~ tJ'"! ii..l>..;:.....! 4i.:.)J1 oiA </ r.:.:. . o~ )1l?~1 DNA 

.)1JWI .r~\ !iA l?~.Y. ~ i Y-~~I ~))~ il..L:>..::......~ 12··11 ~ Vi.f-! 
~.~) ~J,.....:J\ o~.ri--' a,~i .)14...,~y}\ l?),J1 ~Ll-I a,~i J...a-' 
Acetic Sodum acetate ~'~I rY-~J~\ ..::...":/1..> d..!L.,.:;~ d·:-·::~J)41 cr ~I 

~U-i:r o~1 0~rL\...li..::J~~j l.5.;>-i 0;" ~~ril! a,.~)lI.k~:') r.:.:. <Gt 
J>-I..t:.:, .:.J}Ji ~~ o~~ 0":."$.:' ~ ~ ~)1 .J..,. d ~t l?)yJl 

oJ.". ~ SDS JJ~ ~1 ~')\j..1 J~ 4.LL....... ~ ~i ~I ~)~I 
</ o))~ 48.000 ~r ~WI --??): ~)J! ~i.rd ~ .tb-)I oiA </). ~! 

. .4.aL:l-I. uw. II. .:. - 1\ lS~...J: .4.aLJ-i ~,..::., ...:........,;. .i..s-L.. o.ll u..,j...ui
u· ...J _...J~.J ~ .. J../ .......r - '-J - - ­

)\ l::';l-JI)i l?..L::-j:>Wi l?)}'.:J: ~u.l Ls-)G ~H)l1 ~ </ RNA l?)yJl 

,i ~I JJ~~ ~1 il~~, 'y1) \ J#\ .j l?r.-J.:.rSr=;UI)\ ~I)I 

~ ,-,i~)..!..U~~ ~. 0)rJl ~iJ-I~;~ <lit.; JY~).r.jj;~1 . . \ 

. i- 20 o}J'> ~)J.., ~) ~I J~! ,lU j' TE J~ :r 4---LA 

~Y'y. ~jS)1 ~}h..l1 J.:.-- lS;->-i 'l;)== ~\;;l> 0)J ~UI J.;hJ1 .)1 oL,.;iJ~) 
, .: o,.Jt> l..:' - l:...; ~I . \...::UJ LI...L>...:...,...i ·<i d ~I; C Ii.. Ul:...->....o. <\­
;..~ .' '-'. )~. u .rr" < J)~ :r .r:--' r 

" ~jyJl uPl....> )r\ 
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~",V~i!J ~~l '->A ~l ~~~l ~~l ~ 

l;."k ~b. 0l; D".;..4 L,?)yJ\ ~ \J..\ U""~I ~ I)1(.~ro-JI w')\.;..>. ':1 i)i; 
.,;:.,~)~\ j-" ~\ J ~ - 0 ~ ~~) w.yJI i.1l. ~l JJ-""'}J oJ..:~ 

. U""')\.:::.::..... ':1 \ J."k ~i ~)Y 0~" LSr:-)l1 ~1r=J\) 

, 
~..lJt ~l:>S.J-4 DNA 1.:?Jj-U1 ~WI ~~l ;':1.,1 

L,?~ ~~ i -i 4.:... D l\' A ..,?)foil v"a.., l.J..' U"")G.:;.....,! ~ I)I r"u! r!i r­
J..,a..e ~).~ )i rJi~raJl ..:;lr-- J~)I EDTA ~ ~I ~L,.;..., ~ 

~ o..ll. l~JJI -! o))~ :2000 u-~ L,??)I ~)JI i.Y-» if ~~i if r"u\ 
- I .• < -r I' _1\' ".) I -1'\ I_ ")1 _\~.II .1:
"-:--" W ~ .u:z....."Y- "-:--"? l:../'-""""' ~ ~. ,)uU) ~' Lr~' ~ . c.Y u,) 

,)~.j J...ali L:~ ~ij)' l;hi- ~L.. 3~ 100/ Nacl~\}- 0.9) ~\ J#\ :r 
.)1):z..a1 ~LU:r 3('""""'3-2 w~. ~I} ~!.:.r ~\ ,,'.1L,?jS)\ ~)J\ 

~}:z.Al\ ~U\ r~ ~ ~ -.?"~j,)~ ~\y. \~ r.}) ~')L:l\ 
- '-C. 

../ 4..G W f..wJ l.+--" ~I 0 LAI.r-::-"-U-' ..i..-JI r..ll! 4YL>- -J \J'.L.~ 

. C~.sf ;~J r~) U""y~"1\ 

~yWl ":;-,,-"-i ~11! ~i :r i..-.,a.G;,.;:Ji ~J ~ W ~JSr J#l ~~ 

J,.Ls::L.. ~\ .,;:.,w $J\ .~ . ~\ ~! -J-I p"ui .,;:.,LJ -5 J..L>......o . W . -=..Ii 
oJ • .,. -..J i_r~~- J \ ....,;.J '-" L.;? 

'-,,-2-05 yLJI ,-?~.s)1 ,)}:.JI :.."'" 0..r?-)l\ O))JJ\ c.i ~yl! ',"!':>\.>JJ wL.:2-: 

PH70-00<:i M 1\1"-c!.0r 0.5 SDS.O.! M ~ac1.) L~Ul.: w~ J~ ',.(
.A -" - .... u 

~)-"..u\ 4")A...:!... I u\)~ '-'~ .> ~ l$JJILytic SOIUtI01; (000' 1'v1 EDTA 

"J:'..:J_.....a.l\ J:......y);.,:.,W-.. ~~\...o .....~ .J~; J#: s.~ \,jl>.)",""4 jY\.bt5 .. ~i 

.~ ~ ~.lS-, ~i))i o~l1l J')\1:.;" C;yJl .Jl)~ .)~ f' .~ ;.;JI SDS 

Proteinase] j.".i).;-:-li (-yi .uL;~ oiA .,;:.,L:-i).;-:-ll ~ r-=-: . .,;:.,l.:;.;).;-:-ll ~. 

..,?)yJ\ ...,.:ulLl j-" ~">...:J1 RNase A j-:.il) ':1! {-}I wL.....a-: Lo.S J#! .)1 (K 
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~G:-j ~~i ~ ~p ~ ~G:-j;)~ ~1y'1~ J.#Il:i"~)' RNA 

j...a4J\ J~ LS..l>-~ DNA t.?)rJl ~lJ-1 ~ ~) (t.??)1 ;)}JI ~~i) o..\.lp 

. [J,aAJ1 ~..li4 ~ ~ ~...LJ-I F~I] rWI 

~J ",itl tJ.Jl1 JI " .......... J «,.,t! r~Lo.:J' 0A DNA I$~I ~WI ~~t :i:."~l,j
 

dl~)~ j}LoJyiJL ~~-' "-AI~I ~}kll~" ·Ii r!i l>}. 

~ ~~j ~ J>-b ~) I~ o;)l>-~ d.h......1y.1~ o.~ ..I~i 
, ­
u.~1 ~u v--i~ d l ~lE ~ 0~1 ~I s:I~)'I ~.~) 

MSB-EDTA .0.21 M Mannitol.) J~ ~ ~ ,"-" Motor Homogenizer
'­

..I~)'I~) (0.07 M Sucrose. 0.05 M Tris-cl PH 8.0 ,0.01 M EDTA 

o~ t.??)\ ;)yhJ\ d.h......1y' 4')Uli '-:-"'"'; . ~;) o.ll ~~I 4.k......1y' 4~ dl 
4')Ull J--'U . ~i)i .r" ~\ ~j "yL!J ~ o..u. 4;;)..ul J oJ);) 5000 

..\~)'I ~ .:..~ ~ . t.??}1 J .J~Ji) ~I J}.¢.I ~:y. ...:."I,r" 0.L..l 

/0.25 pS.i-'. 0:-:?1 f-;L .. ij-> )';, ;,L,L"... ~) ~G ~A 4~ :Jl ~I 

~I ..!?)'i t: oS,'; ..u.., OJ.r-" 4: ')\>. )1 ~I ~ F-} ':1\ i~~ 

. ~L;.) ~ )! ~;) o_~ 

J5) 0'11 ~ W~ ~..:J! 0')\..,W\ 0»' dl ~i Q)14~ C~:I) 

.l..., _....J j 4.....>- l>-J' ~u ;;.h.... i oJ ~\ s:~) ..... uJ)1 \., ')l:l.. i ,~ .A ;) i oJ lA 
.J • I.:: ..., . J. - -......... I..:'.T,)­

ll...l....o. r . W Ui..uJ1 ;)1.,1:..... _\..::--11, l>-:J \.,.< ..... \.1.;).1. ~ 4.....>-l>J. 
~ .... ~ ~ ~ v ~ ...r.F T-I .... 

...:."I.r" o..w w')'GLi '~ . .k..:....J! '~0\"'; oJ...J ~ ~I F-}i "-" J,)1 ~I 
"~' :...,;. ~ .. ..., \.. \.....- _ J \..:.......
 

Jw.. 4JGli ~ j\..p-:Ji 'e: YGl I ~ ~ t.??)! ;)}JI t:' ~I J)-~~ 

Pesttl glass ~4)\ ~~~ J~ J/:JI 4'YJ\ 4- o~\ .r" 0w-f 
La"......,y ~L:_lI) A ...j~L La"......,,,..... ~))'I 0~1) ~ ~ Homogenizer 

~ .b.....; ~ J:;b :r 4')U..1 01)'.~ ~ v--i~1 I...u, r~ .Bw.rL~ 

o-~ t: --r-L>.)I ~~\ U~i ~ 4Yl3-1 J~ c~j c:PY- .~ 

J~) ;;~. "':"'1.1"'" 0..i.AJ~) \r)i A tJ.D1 ('~ r.1 MSB-EDTA: J~ 
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Or" 20-10) J ul;-" oJ.....! At)··Ui ~1y. .k.i-,aJ1 ~ .:l~j ~.:l~ 0J~j 

)a:! 01· 15;>-i or" ~I ~ .:l~j B t J •UL At).iJ1 J..L..:.....-jj (~~ 

A t).ill ~J?J\ 4.:4-J1P J' .Hi! ,J-" ~1~~.r.5i ~~)i ~~I .i.;1,k--i 

JyU,lJ ~)'J..I ~ ~j I~ .r:-? ~)'J..I ~ hL.J.I ~I .)l;~.iJ B j 

. J}s!:1 ~l ~j~.HUI 4-i~.f--" 

~jrJl l:: Metal Homogenizer ~..uJ.1 ~~I il~1 ~ ~ 

:r ~ W~j L..u.., ,:)~I ~..wl ~~\ J 4JGlI Jj:...... e:!'y,. .yUI 

~~I )j~ ~~~ ~tluJl ~I~~ ~L).I ~j JUI ~j.r=-JI 

.r..jJ.; .:lL...:j J~LJ! ,~../~ jpl ~..A J.:,;..o ~~ w~ ~.:l jl ~JJ L;~;+S" 

j-....w L~ 4')Lli J~~ ~ yUI c.,~j?1 ~. LS.;>f •.r-J j4J:-I 

~~j ;~1 \:.')IJ..I ~~ -T-j..l:ll ~U( ';..ull ~L~ 4l>-i.Ji 0\.;.....:)11, .. 

~ c! J,.,..;. .:lr-s- .\k.....,iy. ~! l:.)\j..\ J,,b...o ~ J~ ~l 4..:.4.r. J# \ 
0~j~ ...r- ;~j c;:-J .u~I c};>- ~J; t.I ~.r3~ ~l:>j ~jS.r" .):> ~r.-ii J 
~ jJ\j.) v~ o..u ~JJ\ ;./ OJ)') 2500 ;;"~ 4y5'r" J#1 .:l~ ~ J}sk\ 

uL:~! __~ '~ 4.:~'}i jA-..-1 ~~L:Jl;Li 0j)~ l:.~j 4')LlILSf ":-'-'-"? 

-Sf-ll ............. i) ,-:-,U-:j ~!)\ ~! Ji; . .yl)\ J#I J 0';>-"'11 ~jy\':~U\ 

c!J (':r20)SDS J~:.r ~j-,~\...... 200 j TE J~:.r '!"""",3 UL,.;~ 

w~ ~'WJ~) 4..l.>-}! 0.1l."; J#1 ~ ~ ~~j.:l~ .\k.....,1.,.:!~ 
.. ....... .. 

~j (TE \.-,250 / ~ Sj:;5;) K 2j.r'I :£jJl J~ J4 ui-,":')j,~\.4 10 
\ ' '; 

;u..... ~LAi~ 100! ~ 10r:s;) RNase A f..jJ\ J~ .r" uir-Jj~L.., 
\ - I \ 

LS..l..>~ ~lE ~ DNA ~J,.:JI ~U-I vL.,aj ~j J#I l:: 
s-

!~ U (~ 

~ <\.ji ~,.5i:. ..' . j...a.AJ! I~ ~..u.... J ~ ...:..-;..u- i ; ..;J\ ~WI J.-a-ill J» 
uL..;l~i .r" L;?j.,J1 ~U-\ J""~! .f ~t ~yk.ll o~ ii~1 

~ • \ I 
.~~! 
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4$~1 DNA 4$~1 ~l~.n ~~1 :bJlj 

JL. ~)j .k.....J J i.Y'~ ':J I j 4--o1~1 '":-"'yU:J.\ ~.r.-:_S:.: ..11 ~ 

~,;"LlI ,.; o)J~ 180 _I' ~)~ ojl~ J-=...,.;l> d ;.37 o)y> .i...~J~ Lr.a:iJ ":--,,L. 
.. .. ' 

:r ~r.~! ~}J t.??r-~):o ~Lii~'; ~~,j..1 J~ ~' ~L. 24 c...u 
~I J\; . ';L;~ u--> o..u. ~..lll J o)J~ 4000 o~ ,-?jS).i ~~I ~» 

~....JI J#~ u1r- o~ ~?I ~~\ j..-i;J ~l;)lI.:.r' ~.,.wl 4.~UI 

. ,-?jS)1 ~}J~ o~ J5 J 4)"":.~1~; r,:!j ~ WWI ~\}i:.r"~ 

STE J~'''''' :l~5- 3-", 52 j ~I.i; q . L.ill :i.J.~ r>\ -\.A., \.,~! ~ v \ \ L!"...J '-'.; • ..,.. . ,-' 

,:!J %10 SDS d~ LJA r-}'~L, 5002()OuL.a~j (L~\""" d-;-:S; ?~) 

~.lSJ ~I).,.ll O.:lUI JJ\.10 ~~I ~)\j..i ~i y-::-AJ:i l-)&. ~~ \~ 

:Lb-)I oJ..,. J A~\) 'JIJ K~,y:-!l ,.:.;l~) ~L,.;l ~~ lAS . u~jr.JI ~ 

. \.p; ~J.:l-I F ~~\ J..aill J):o 15..l>~ l:?JjJ\ ~l:ll ~ ~ 

, 
\$~j~1 4$#\ ~WI ~~I :~G 

":--,,Lo ~)j.k......j J,J~ .....)k1I..l...:-"j~1 ~ .i.:jU-1 i-:~I ~ 

:i ;;....lll J o)J') 180 /' ~;~ oJ!..~ LPl>- ~ r37 o)r- ~JJ.: ~J yL. 

O.:l~j ~)I ~))! h......,.ll Ji J~J)}>J! l:?~1 ~L..ai! u~J ~L.24 o...u. 

u~J~1 ~ ~ l:?~\ .:lL.,.;l! iJ..,. u~ ~ !~)l.J-! j ":)~jY\..)\ ~ 

~n'-' ul...l.::-"j~I;G ':J ~ -.?~\ ~JjJl ~\.J...I ~kJ ~)j~1 

3t--' 5 ~ J..>.~J ~L. ~ o..u ~')l:J1 J ~y. ...~~ ~ 4')\j...\ J~ 

~J J.:.~\ -yLJ1';I~i .k......~1 LJA 3r- 5 t:' ~" ~~i .} t!'iJ 

br- JI ~J"""J t? jA)! jA o,;-J ~Ui uj}JI ~ 15,;>iOr' ~~I 

Jr"'J or-! Ji jAj iJi ?~J . (S-Phase br-) DNA l:?JjJ\ ~U-I ~Ldi 

~)lI:r oGG ~jJ,;>t Jl ~~ tf:r ~ b)1 oJ..,. Jl ~~I 

J..:s. Optical density ~."..aJ\ cil:5 Ii..l}j ';L;~ 5 JS ~ 4')\.::L1 :r f:!i l.>-i 
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550 -4-).:l ~ 0.5 ~ ~,....;JI .u~1 JrP)~) L)~i 550 -4-).:l 

~I J ~~ ~~I r..~f~) ~. S-~.r" J ~~I ~~ 0~ L.)~I 
J o)).:l 4000 o~ ~j-S.r" .:l.,..k; ~ 4J.>.)1 o~ J ~')lj.1 ,-,~)I ~U.:l 0..uJ 

JUL, - I o..w l,")\..j..1 l .:.~ ~I)I u.....kJ1 JI··. ·<U.:l _:L u........;..IJ1
~ . '-' .r" • u--) ..T t.Y .....r---- . 

3r--'5-2 oL.,.;~ ~~ ~ ~")\..j..\ 1..;--"1) ~I~ . ~jS)\ .:l}J1 e ~I ~I 

0.2N NaoH.) JUI J#I :.r r-=J)~L. 500-200 '-'~) STE J~ :.r 
~I~J#I U. (.;....oI~1 :.r';\j.:lo~J:JJ#I~%lSDS 

~)rJl ~U-l) u~)y:-ll~ ~ SDS J~ .:l~y. ~WI ~~I ~w . 
d. u\~jJYI ~ ~ I~ -4-) ~~ ~ . ~~~ ~..ul ~~I 

. ';1)1 J#\ 

:.r ~I ~ ":) rJ/i\;:J~~ 1 r.:S? RNase A (;i ~~ ~ '-'4 
NaAc iJ~.:lraJl u~ ~1 '-'4) ~I J e;:)1 ~y-. RNA ~)rJ\ ~L:l1 

~) '-?:':--;~J)~I U"')l1 ~ J>:- ":) (PH 4.8.0.3M Sodium acetate) 

I..;--"? ~I,-" ~ o~ ~I ~ e;:)\ ~) ~~I DNA ~)rJl ~L:l\ 

o)).:l 5000 oyi- ~jS.rA e;:)l .:l~ . ~~I ~)rJl ~\..:l-\) ul.:.::1)-,~\ .u)\.>. 

. ul~j)i...J! ,jJs-~~ ';ij ~ J~\ ~~ ';U.:l ~ 4;; ....IJI J 
iS~~ ~4j')lj\ L?).,.:JI ~lJ-1 ~) ~ ~~j ~~i .)1 ';1)1 ~ 

. ~ wi ~W\ j..a.ill J;1 

, 
1.S...>=..u..,s~Ull.S~1 ~G.Jl v~~l :L.....ol.>- .. ..­

.:l}J1 ~ 019~..u ~j~.Hwl u~ ~~I0lj)":)1 ,-,')\.:;.>-';1 \)2.; 

. ~ ~ o)~ ~ J~\) u~\ o-k, 1-",": ~ W:.>....., r~ is;5)1u----' 1...::. 

:.r DNA l.?)rJ! ~LJ..I U""~I ~ 4.....>~1 ~}JI ~ t~1 r: 
J;JI) ~.r.J.j.,s.H U1~)rJ! ~L:l! U""~I J>:- \1 ~))I ~')l:L1 )i ~ ":)1 

)i ~~)I ~~\ rl~\ ~ 4.....>~\ ~jS).\ .:l}J1 0"'; J Y' ..l-:->..,JI 
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e" 4 e"-.::..17 0 ~~ l.l.)l;\ I..SJ-" ~ '1) ~ ~ ~~l-'::"\ro tl 

~~ JS dl ~~ . -i'.hJ1 .k-.~' J>-b ~ oLA..;, ~I) )I)JS -.::..l::JWI 

-'r-" 50,Mg 504.~ 2,Nacl & ~ 5,8) SM~I J.,b!:\ 3~5 J~)ll o~ 

)~~ ~I j4-::- .} ~-'.;hAl! ..t.l.\ ~.rJ L:? ,,:-",I.t 0:?~ c!iJ2 Tris-cl 

-i1.hJ\ .k-.~l .:r -.::..L;WI ~ ,. :-""" -.::..~L 4-3 ii?-l J~)l1 !.l? (~I-, 

. oJ.>-\-, ....;.; J.,b!:1 ~ l.l.~ ~ SM J~ dl . ~ . \ 

Polyethylen glycol PEG ~'11 .:l~ J~~ o.:lL.. ~-.jl..,aj 

-' r-"] 50 j5J / il~ 2.5 w\...a: ..:ll.l5'-' J#I (y 3~ 150jSJ i\~ 5 r.?? 

.. t.l.1 ~~4 211.:l~y. PEG ~.r' i~. ~Nacl rWJ1& .:r J.,b!:\ .:r 
o.:llo -' -.::..~WI J~ U· '-??)\ .:.)J~ ~} u4-=J uL;;WI ~-' 

o..u ~I 4-.:..! aJ~ ..Go.: Jfll ;' .. ; t:Pi il:J\ ;)~)jJl ~ i~ eli'" PEG 

ii~ ~j5r J.,b!:I.:l~. ;)}ll ..~ U:1S -.::..L:,;WI "--:--"? ~;Si)i -:.,~L 
,,--:--,,\)1 ~1-4) ~I} Y ~!~ ~U.:l~ o..ll ~..ll\ L:? o)).:l 5000 

l:?-,rJ1 ~l:l-I J.a.9 ~~ ~ TE Jy.;.... if 3r-" 5 ol,.;~ -.::..L;;W\ ~ l?lJl 

. ~UI toWI j..MJ1 J;' 0J..>~ JW\ 

-.::..1..L:--jJL:-l1 )1 -=--~L.JJ l?)pl ~LJ.j J""')~I ~ o.:lU-~) 

. I"y.r.-JI ..l.:.J.,l5 & .)~y. ~LiJIl?j5}1 .:l}J1 rl~1 

c:-'1~1 J""~)fl ~;, (":-"' 

,/uJl L?'-~\ ~U-I :T' .r:-5i ~~J~I ~)JI o~ ~ ~ 

1 J....:,;:.i ~,;.k.ll o.i..l. "::) ~ . :..... I~1 ~I)~i ~! L:? ~I~I ~~ 

200 e ~ ...l>\) J5 U) -'::"~Wl J"k-o.:r .r:J)~L. 100-" 10, .r:JJ~lo 

~-,\ L:? o~ t:Pi 3~/ 4l>- 109 o~ 4~1 ~')\..>. J~ (y .r:J)~lo 

w....:w 1..S.rU yLJI JI.l..;J1 .k.-~\ :r 3~ 50 ~~ J.5 l:?~ Flasks 

~)~ ~j j_~L.. (/;~O.2:.r 3~ ~-' MgSo4l?;~1Y' I J~:r 3~ 
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- -
~ . ~l..., 12 o..ll ~..lll d o))~ 180 o~ 0}jP' ~l>- d r37 o}y> 

I- ~ c II 11_ -\1 - I~ ~ ~I L:...>-I - L .« II 1\2 ~')U ~ ~Iu-:- ~. ~ '-' -) ) - r) -~ r.r- - ) 

0~ t.i ,j-A ~jS.r" ~)O ;; ...; J ~I 0~1 YJ ~I ~ . U""')l>..;...... ~I 

o)D J4 j-;-S~ RNase A j DNase 10j-ii ~I W~) Beckman 

2.92 ~1 w~ ~ ~L-.~ oJJ. ~~I 0)':> ~)~ !J?) -\--,Ip\.r:-)~LA1 
\ \ \ 

0~)..u\ ~ I~ U) PEG o~Lo o" ..;.,LoI.;-i- 5) Nacl iL..k.l1 & ,j-A il.;-i­

~; ~~ u.L..)i u.L.. ~ oJJ. ~I J ~~ ~I e::Pi· ~I 

L!'I)I JI.f- . ';\j~ .r:-s- oJJ. ~}..lll J o))~ 4000 oyi: ~jS r" ~.;k; ~ ..;.,L:;W\ 

,j-A I.r-))~L. 150) SM J~ l/' 3~20 UL,.;,~ ..;.,~WI ~I) ,-,\~) 
\ . 

J50w~) oJ.1....=, ~~j ~ui ~I J}s\:1 ~. ~)~r ~ EDTA J~ 

~rs- 4..6......1y.1~ U) %25 <r:S; SDS J~ l/' ..;.,ir-:Jj~L. 10-5 ~~i 

fl~L vP~ ']1 ~ir.jLJI ,-?jrJ! ~L.:l-\ ~ ~ , ~4-j 

...\.,,).1< ~ l'-" ~l...AJ1 1..5' <r!,j ;,kJi ~I~ ~ ..]"';l> • .,J' •.,i: 1').....;.).1<: J~I .. ~ "-- ""- u .. ..J.... ..,' I .J..) •..1.;- \ ~ ...I yo- ..I'".I 

LA .... <GL D~,'\ , •..J! ..a..-l..J..' "o~\ s:u\. j~~I . ...:u..., j
~-:.. '-::'.,)..; '-....... .,).. u·· '-E
 

~ ~~ j~~' ,-?},Ji ~,A.4~ ~ .} ~"o);~~I O..W r~ ~) 
, \("1 • , . <

~L:..:.U ri~' ;J\..;:.. -!j ~~ ..:.oL.;j~1 j\ ~i ~4:.f')U ~~ 

.j L.,: . ~I),JI L-4l1 ,-,)\i.. ~ ..; ~ o;L.i.:-~i ~ ~ wy-" <\.il.9 ~)y.ll 

o)~1 ..\? ~\ :..r ~)y.ll ~G-i c!.f ~~ <\.il.9 J~I ~\ ~\..>­

Low ~i uJ\ f j))~ ~i f'~ i.i 4..;~~i o~\ -.Y.)o y ~ ~I )f 
J.:L.»..r. ry-~'t,-: \'.>\.tJI u.~ ..l.J..: ~! "!j->-~! k . melting agarose 

l-lSJl,,.. •..;J\ ..a...GLi .t;.. ~ ;>LA~I ~ o~l ~1J., ~ .... e..l:.C ~ 
~ lo...?..J..I V ~ ... \ .J .r -r»: ... u 

~ ~~! ~1~) L)--4 ¥lj))...~)T1 ~ ~ ~~.k.O o~l) Lj-:-S 

~ J)a.l\ o~J-~"'..J , ~ J~ ....:... j..alSJi ~jy.l\ ~u..\ vP~i ~ 
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jj)~ '11 It .k~ F-} \'1 i~ ~ ~~yU Agarase j:.)4- '1\ F-}i uL.,.;l 
ji ~I Jy~'1\ UL..,.;~ L?J,.;-JI ~U-I~.? ~j 0..:...0 ~\j 

" JY~Jr.Ji- '1\ 

~I~ ~\ DNA L?j_~1 ~LJ..\ (r- Jj-&' U-:):JI L.~ ~ ~ 

. ~IJ.,JI 4.....4\ J :i...o~lj ~Lill u~) \'1 

.~I O~~j ~~ .)1)1 :i...orl- I iL..i •.ri->-~~ : ~WI ~)aJ\ \..oj 

~ •• ~ <\., .('1\. ~AI\ .\ A_ I;. ~~ ;; . I i II TE . .oL.,.;1 4.-S\" .('11.r • '-!' .re-> ~)~ u::-- j :r>- L5"'< ~ .j. ...'+"-' 

~I ~ ~jTE.rW! .)1 ~jf-\! ~lJ..\ u~.r:- ~ ~ .j.:L1 0L:Z~ :i...orl\ 

~ rl ~J,JI L.~U-i o.)l,.. l:: Q;' JL6\ ~ J.;~ ~ ZjG,lJ?-~\j 0}-1 0 

~b> ,)! W iJ!.~';1\ ~)r. .r" ~ ..u..: Jy~ '1! ijw~ ~L:l1 '":--:-"} 

Seph)F50 v-5~I •.)L.. ~ L?~.)~ \\..l>...:....,.,\.)1..l:..:..-j U~ ~.;b 

•.)L., ~ %0.15 ~ L?~)a.L lOG J ~~ ,)~I j! (adex GSO 

;Sr- ~ •.)lJ;. •..L...Y \'1 o~ "Ir- ~ . ;;,wl.> •.)w (Lathon GG) GG ,)fKlI 

~> y ~~ l",..~~ w l",.r.? jl JL:1\ ~~ Pharmacia LS:...)19 

~ L?J,JI ,-,,,a.., \J.. \ J-a.9 ~ "I~l ~ . ~LJ\ .)I}~ ~~j.)~ ~ 

:r ~ oS}j .).,..-ll J.,tshi .oL...:;~ ~~j TE J~ 6.k... iy' J.,a;i.ll .)~ J-i' 
'-:-"#! C:"-~! v...w..J~ (ui.;'" 6-4 ) u!J"" o..w ~I ~ .)~j ~4-i 

~4-i .r" ~ji 0 yLJi !J.i:j j-.aAJ!.)rs- ~1 ~ DNA L?jf-\! ~U-I J.r 

O?~) TE J_~ ~.lE..w..J~ ~ Jj! 4· ... J ~ ~ ~ .)~I 
". \.. .' II • , '. 11 /. I <: I < II J \).1

~..i,,l> ;5"':'-") ~..:: ~ if.)~ ~~ j-" ;':'.)~I ~j '..L.:-w '-'j'ii ' r-'- ... "'-- '­

.))Ui J./'-;~'';L ,;:~;-JI ",,~lJ..\~; H' (DNAL?jf-\1 ~L:li .» ~\ 

.. " <:" ,~', I, f « . 'I· I' -, \ t ••, '~II 11 ~ - I 
<\J...<> _......<>"::' ~,,_~~ ;.)..~' j' '-',....;:J~ 0.)'-" ~ • ~~ ~r-i ;";~Ij 

<\j\..; TE Jj-""'-" UL,.;l ~j o..L>-y ~ J#! L5)l; DNA ,-?jf-\I ~lJ-i 

. J#I c: .)~\ ~4.i :r ~ LS?-i OJ"" l.?jf-\I ~U-I ..J.r ~~ 
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w~ ~.r")l1 J':'"..,J0y-~ ;.sr- \~oo6.·oo .. I i~ ~J.>. ~I) ~~ ~~ 

)i J~I ~l..45" ~ ..G ~I ~\r=J1 .:..r" DNAl:?)rJl ~L:l-I 4. ji'j SL...,i 

J ~\~I:.-~ p-, ~.r::-"-, ~I 0.:lWI)i u~)~\)i iJ."';)).,KJ1 

u}5' ~~ ~)JI o~ d"Xi . rY4J1 .:..r" J)j->tlIl:?)rJl ~U-I U""Yl:>....::-..1 
-~)JI c~ J ~,.;S-UI ~WI ;.sr=J\ ~Iy' ~)~ \..b.:lIY' t.~) Gene clean 

J~I ..) d4-Ji r-srJi .~ ~l~) 0~) NaliY-.:lr-aJ1 ~.:lY- 4,.;l.P! .. .. '­

2 w~ W ' ~~I)i ~ .:l\)Il:?J,.:J1 ~L:l1 i:j.)1 (l:?)~~ 4 

J C~~l t!'Y-) I~ .:l1}1 U ' Silica matrix ~I o.:llA :.r .r-))~l.o 

~~ \.)5 J~~~ l:?)f-ll ~~ L,.:.yiJl ~1.;i1 <'yU.:l ~ o..u ~I 
~ 

~I lP>~ r.:.:. ~...Lli J o)).:l 2000 ~r-: 01'; o..w L;?r" C~~\ .:lyk;) 

New Washd"-4l:?-U11 o.. \,;·"l\ J~ ~Iy ~I)I ~ r.:.:.' ~\)I.:..r" 

..Lo) Jy~l, EDTA) Tris cal) Nacl iw.hJ1 ~ :.r J,#I Ih ufL.:..J 
(J:J~I o~ J 6,j~! 0).:l ~~ t5r=J1 ~) r.:SrJl)i ~)~I W)~~ 

r.:.:.) LSy->-i Or" ~j-5.r" C~~I .:lyk; ~ I~ ~\ J~ c: ,-;--,,1)1 U' 
U""~I lP>~ ~ uir" 6~ c~ ~i ~ .:l~) ~i)1 cr" ~I 

~L..i» TE JJ~ lJ-4 ~ ol.P~ LSy>-i Or" ~\ o.:llA .:..r" l:?)rJl ~L:l-I 

\..b~ ~I)i l:?~ ~ ~jSr".:lyk; ~<~...Ll ~ 55 o},.:>- ~)~ C~~I 
, \~ ~I DNA l:?)rJI ~GlI ~ 

-mRNA JL...~ll$~YII$~1~WI V4~1 :wU 

~ 4.J1)..,J1 4......--4!1 ~)~ .r" ~..uJ1 J JL..)I l:?)rJl ~L:l-I i~ 

~ r:-Y ~ ..:..)-".,.1L..:..J ~~ k5. c DNA ~ DNAU-L... ..~ 

~L:l-I e J"~.:J 019 ~I J). tL:JI ~).,.)I)i .u JL.)Il:?)rJl ~L:l-I 

~ ~ DNA l:?)rJ I ~L:l-\ c: j-->k::.l\ .:..r" p:.s:.." ~i RNA l:?j.r.:!)1 l:?)rJl 

, JS01 l:?)rJl ~GlI .:..r" % 10 LSr-- JS01 RNA l:?)rJl ~GlI ~ 
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~ J~l J1 ,-?.:ly DNA,-?-'.,.JI ~U-I if~1 J» ~ 01 
DJU dJjJ . RNase A f.:}i rl~1 ~ r-lL. RNA ,-?j~)I ,-?j~1 ~L:LI 

J;k \\..L:>...":.....~ Total RNA JSJI ,-?j}7.!)1 ,-?)rJI ~ll\ ~ J,..,aJ--1 ~ 

.:l}J1 ~Iy' if~ '11 ~;k rl~1 ~ ~j ~LJi I.J~~ '11 

,-?j~)l L?jrJl ~U-I r..~,i 0~ ~ iy-.r.-Jl -4J.,l5 & t: .;WI ,-??)I 

-.:;.Jl;).l.l 4.k.....\y. ~I ~r" ~U-ll.h. 01 ~ \~ ~ J'Aj LLc ~ RNA 
\,... \ 

~ 0.r->\JI ~I J):> 01 Jl UL..:;! I.h. ...L;:..>- \11 :.r L".d ji ~~LS 

'"7"'1~ , JL....)I ,-?J)-:':!)I ,-?)jJ\ ~\J..\ :.r ":r:- 01..li! ~l ,-?.:ly J~I r1~i 

-.:;.J12j~LA 10 ~Iy' ~LJ\ J)J~ Jj~1 r\ ,-?j~)I ,-?jy:.ll ~l:l-I 

. ~iTEJ~:.r 

l?)~l ~u..i i:~ :".-A mRNA JL...).I ,-?jrJi ~U-\~ ~ 

Oligo T cellulose -; ~.J.:. ,-?JJi \...J....~_ill .:l~ ri~~ ~I ,-?j~)I 

O. i ~)~ \.~.:l,,-..aJ1 .1.:.--5)J~ Jh 'ljl.:l,,-.-JI ~ . chromatography 

u~ . .Sri> ~ J.~ ~ ~ ~ J}--c..:1J~ ~ ~ ~ 0J'1)"'" 
.. '.. 1 .. 

~L;.: ~..I'"! ~ ..!..U~ ~ .:l~1 J! ~I ,-:?j~)1 ,-:?j~1 ~L:LI ~§ 

L" G~) ~I J#\ :.r jWI r.:srJl .:l~y. .:l,,-.-J~ JL.)\ ,-?j~)I ,-:?jrJl 

;";L.,.;i.~ Jj't)l J#\ rJ? :r ..~'11 ~j . .:lr---ll .i.:\+ :r J#\ :.r ~ 

C-::-> .)~I ~4' :r ('JL;!..I JUI ~ ~j .:lro-JI JI ~I ~I J#I 
~ ,--, .. 

~J~i .r" JL..).\ ,-:?j~)l -?jy:J1 ~ll\ r"''G ~ ~I ~l J}¢-\ \~ 

,-?j".J1 ~G-I J~ ~~I l.a ~j . .:l~' .i.:4J ;f J#i e ~ 

-.J~\ )~ J"'~ '11 0..1"'; J:» y ....:...0 ..LSl:J1 ~j JL..).\ ,-?j~)I 

~LJ-I ~; ~lb ~ ~ . 
~ 

\.r=-::--"yli 260 ~J.:l ~ Spcctrophotornater 

:r ~j (<'?J '1)"", 0.3 -i~ "r.:S;) \y-.:l~1 -4J"l5 J~ UL:;H <.?jy:.l\ 

. ~I Jf~ '11 Jy-S 
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~t....L.t...4·~t 
- I) • 

4..:It'-;"~1 • 4..:Il·":4~1~1....L.t...4·~'_:.r- ~J • 'j"""-". _ I) • 

~t~j~I' ;,~;.o; 

~!»JI ~41 ~ ~t~ ~I~j~l 

~ .~.tl· ~lA~l~jAA;tl~t....L.t...4·~I~I·'"'''''''It'''r.r .. '.r--.I). ~ 

~L>~I 

. 
~I U""'.riJ\ : ':lji 

~I U""'~\ Ji ~ 0j~ U""'.ri11: ~G 

~l..:lWl 

~!»JI ~~1 ~ ~I.,:.s ~~Wl 

~l..:lWl~~ . 
~1l-'"".ri1\ : 'lji 

~\ U""'.ri11 : ~G 

~!»Jt ~~l ~ ~l.,:.s 0~¥J1 ~ ~~Lc. 
DNA ,:?j.J1li ~WI ..6~ ~jJj-t> uL;iW\ : ':lji 

•
DNA 'fjyJI ~WI ..6~ ;;J~ uL;iWI : ~G 

~t~~1 
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~LLJl
 

~tJ.9t~
 

QX 174 ~WI­


M13 ~W\­


M13~W\w~­


M13mp~WI­


MI3~W\ 0A ~ \5y..1 w~lc.­
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~\J..I 0-" Wj.o ~.,Jy-~ ...:.,,~~ L/" Vehicles ~\).,JI ~.l:.f.ll Jily 

~L...,s oiPo i~ . "':"'YJ~I 0-" ~J l.?JrJ1~L:l1 Ji DNA l.?JrJ1 

L5.r>-i ~JL>. .)~ DNA l.?J.,J1 ~u..1 0-" ~ ,,(~i Ji ~ ~)r" ji.:J 

. ~ o--4~ ~ )~)1 

..!.illSJ I, 0..l::..Ld:-1 ~')l;ll J>I~ ~L.a..:J\ ~4-i)~ JiI."..J1 o~ ~ 

0-" 0--4..Ld:-1 J4)rI .)1J\.i.::j~ \ 4J ~ L...S '4-:-9 ~~1"I~)r I ~ l.,.;L... 

~\j ~J o~ 0~ 0i ~ JiI.."J1 oiPo 0l;..!.il~ .)l.uL,.;)1~J . ~')l;ll 

0-" ~~I J.1 o~ ~~i 0)..G 4-l0iJ 0--4~\ ~')l;L1 J>I~ jl.-.:JJ 

0-" 4-P)G..;:......IJ ~ Jra-d- I ~ L...S 4! V"'~ ~ l.?JY ~~ & ~~ 

, ~ l:!- \ ..l:.&- ~)Ij..\ 

JilrJI o~ 0-" --4..uJ1 0\1I)i ..w ~I).,JI L4\ wl..u.i w")\;.;;.~ 1)2.iJ 

. t"..r."J ~\J)lJ ...:.,,1..l::-..j~IJ ...:.,,~WIJ ...:."I..l::-.oj~15 

Plasmids ut.y..j~t 

. ...:.,,~I if Ji:-..o ~~ J~ ~ DNA l.?JY ~l>- ...:."l:.:.~ L/" 

...:."I..L:---oj')LJl ~ C-'I~ . Replicon .;\;;. .. ~L..aJ o...L>-J J=i ~ UJ 

(o...u-u }:S 250 .)1 o...u-U AS O. J 0) ~I ~ 0-" %20 .)1 0.050;-! 

}~J ~ ~)J~,r;. ~I)J ~Ir ...:."I..l::-.ojYWI 0i:.r.o ~)I ~, (1-5 JJ~) 

~I'p" 'j ~ wJ;; J 43L.,.;1...:.,,~ 4')\J..1 --4JJ ~ O)~u ~i ~1 ~')l;L1 

. ~~\ ...:.,,1~L..al1 .4..oJli.o "':"'~)r ~ ~ ~\.>. "':"'~)r ~ 
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---

--

--

Lo~1 

~\ 

I 

I
 
I 

E.coli 

Ecoli 

E.coli 

E.coli 

yeast 

yeas! 

Ecoli 

yeas: 

Ecoli 

.) 

EculJ 

pesudornonas 

and other 

Ecoi! 

,:,Js. 

~I 

150-1 Of) 

150-100 

rsoioo 
100-50 

3OJ!)'"" 

I :iO,;')'"" 

I 3()J\~ 

I 
i 00-30 

i 5-1 0 

40-20 

I ·W-2CJ 

I 

I 

I
 
I
 
I 

PCSUdOHll'na'; I 
I 

putide I 
Agrobactenum I 

tumefaciens I 

x''J0 J:J', 
X610 .:;]1, 

30-15 

5-2 

6-_~ 

2- j 

_~- I 

2-\ 

-

;"'.#1 u..,.,JI 

.L.... ~i .... lA.­v_ _ .J 

.:-~~, ...,lA.­

.:--;K:L....IrJl, ~,.~I "',l<.. 
~L-I;.:J\, ~r;-J..,.<~I "',l<.. 
AL-'.r:J1j ~)\ ...,Lt. 

~L...:rJ" c~':J: ...-,lA.­

v~l....I;.:JI, ~'1: ...,lA... 

u~)}5:1i, 

.....,.,,'1 

,:;-J,s:J: Clo;i 

I ~'1I .....,lA.­

0::-'-A'1! ....., lA.­

~L-\?\"',lA.-

v:-L~L-lr:J!, ~~I ...,lA.­

.
 

4.2::: 6.36 Kb 

02 -= 95 Kb 

U:---! L.L:.S:.1i, 

t,;~' -=-bL..;11 :r ,..\&. 

::".l>b ry>-' Clo;l 
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#J~~I 

kb.~u 

0.46 

275 

3.658 

4.362 

I	 
5.5 

57 

5.995 

I
 6.3
 

6.36 

8.48 

ii.20S 

12 ~nl 

54 

93.885 

95 

98.42 

117 

21.' 

..L..o "':lUI.) " 

PBR345 

PUC k 

PAT l:'H 

PBR 322
 

CYg-YIP
 

YRp7
 

PBR 325
 

.2 ~ \1.
 

COLE]
 

RSF 101()
 

RSF 2124
 

PSCi(Jl 

RP4 

RI
 

F
 

[nl P307
 

TOL 

PTi Ach5 

I 
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~LoI~1 JI 4,.;LP'j4 ~\).,J\ ~I;:LI 4) ~\)."JI o~lll )""i ~ w~ 

"-.it; ~l J~I J ~I . 0\.)-1 i,w ~I ~~I) ).,k:J1 ~L..I)~ J o..l;..wl 

~I~~I ~)l4..A ~\j))-" ~ ~~ ~I...YjJYI (..r" ~..wl 01 U.r"-" ~ 

~~).r:J1 ~ ~ i~ ~ 01 Jl ~L.,.;1· ~I ~i~ ~\.)-I 

'-I" W' 0.r>-1 ef l ~ o;k::-JI) ~~I (..r" ~ ef i J=-9 J i~ ~I 

~)r. cl;.;l ~ 0)~UJI0.,J~1 4~ J ~.,sJ1 ~LL::...AjJYI J JlJ-1 

~I ~u...1 ~Jlj..I)i ~)181 ~).,k:J1 ~~I ~I~ ~~I J:i: ~..Lli 0;--l~1 

U::-"y.y:-ili ~)r. c\.:.;l.Js- o)~\..ill ~1~j~1 ..!..LllS) . ...l,:.AjJYlllA JL;.;A.i 
. 1.r.-l~1 ~~ J:i: ~..Lli Vibriocin 

~ u:....)'1 j...Q.9i (..r" Streptococcus lactis 4....... \I ~1).,s:J.1 ~ W' 

~i ~I~ ~Ls}i Cl::..;l ~ 0)~L; ~I~j~ ~ ~~ ~I) ~L:...aJ1 ~)'I 

. ~I) 0~)r1 ~~ J ad 

Conjugative and Non-conjugative Plasm ids 

~1..l.:-"jJl:.ll) ~I?)JI ~1..l.:-"jJL;.J1 W ~~ Jl ~14j~1~ 

Fertility ~~I ~I~j~ ~12)J1 ~1...1..::-..Aj~1 ifJ..; ...l.!) . ~I?I~\ 

:.r ~p! ")....S ~y. ..w) , Sex Plasrnids ~i ~I...L..::--oj~ jl Plasmids 

. ~ (j~)\ 0.1.>1) ~ J ~I~j~\ 

J~ Cl.-.JI ~ o)..wl 4J ~I ~1...l,:.Aj~1 '-I" : ~I?)JI ~I~j~\ 

~I -4)} o" .j,?)JI ~jYWI~~ ~~~ ~~ (jl?\ 

~\j))1 (..r" ~~ -.Y..,b ~ (j1?)J\ ~~ a~1 ~ . <l..:..A ~ ~\;jl 

~\j))1 olA J...:J:-y. tra ; l+l ~.r.) Transfer genes tl:;\..:J\ ~\j).,.l~ if.); ~I 

~ J ~I?)JI .r.? ~1...l,:.Aj~1 ~ -u) , .k.O ~\?)J\ ~I..l.:-"j~l J 
W~~) J.:s. ..!..Ll~) (jlri)J\ J~ J.:s. 0.r>-1 Jl ~ :.ro J~)J\ (..r" W))aJ\ 
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~I J>-I~ ~~ ~t.; ~\y-:..9bUI..;.JI..l..;:-aj':>l:Jl Loi. ~llS..L>~.) ~ 

..;.JL..J-"Hts <:L..J.j'1~ Ji ,-?#I DNA ,-?-'.,.:JI ~\J..I (f .;\ Ii· • o)~ 

. ( 1-5~1) 

..l..;:-aj~ ~ '-?~ ~I ~Y'J..I L/'J P ~ ~1?'11 o)..wl ..;.JI~ ~Jl:>JJ f"J!. 

P4l>- 0:! o1y-:..9 '1I J~ ~J . ol,,;..o 4lL:l-1 4Jl:>JJ F' ~ .r-J!. ~ • ~1y-:..91 

.u:..,...;,i ..L>i 0~~ PiIus'-:-'La.>-i '-:-'~ i 4.k.....1y. 0lk;.;J!. 4 t.; F lSr: iJ 

0~.rJ1 ~~ ~~ F -~I ~1 ,-?4j~1 V~)I DNA ,-?-'.,.JI ~ll\ 

~I?I ~j~ ..;.JI~ P ~ ~1 F....).:ll J~ ~~J ~I '-r" J5.) 
.;12'11 ~jYL:ll';\Ii· \1 ~L.,a.;J1 o)..uJ1 ,f rS-)1 ~J (2-5~) 

~;J.;->-1 ~~ ~J cr" ,-?}:ll ,-?Jpl ~L.:l1 t: ~ oGi '11 Autonomous 

Transposable (Tn) 4l~'11 .J"""\.;.J~ d'J.j ..;.Jb~;~ <01.".:>'1 o..i.;. 0lj 
~I,;;JI ,f ..;.Jb~; ~) Insersion elements (IS) <:~J.j'11 .J"""~ Ji elements 

,~ . ,-?}:ll ,-?-'.,JI ~L.:l-I .) o~~y ililc ..;.Jb~rJ ~I ~-'.~L:JI 

'-?-'.,:11 ~L.:l1 ~..iS J '-? J...:..4j ':>l:J1 '-?J.,JI ~LJ-I ~~ ~# I ..;.J 4:.1 )rI 
wl»)rl t: cr-a1..l.::--'j':>l:J\ ..;.J4~ ,l.>..:J1 ~~ ~ ..;.J1~~.rJ\ oh..l:.Y ,-?}:ll 

. ~1y-:..9'11 ..l..;:-aj':>l:Jl ~~ ,-:-,~I ~ ~ ,-?.#-I ,-?JrJl ~l;.JJ ~.,..:-iI.1 

High frequency re-(Hfr) ~~.rJ1 4lls. ~~~'11 ~JU-~ ~JU-I o..i.;. ~ d'J.j 

. ( 3-5~1) combinant cells 
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~~\ O~J . ~J <-;S)11.5J~1 ~L:l1 ~~ ~~ ~\ i~ 

. ~~l=:l-I (y ~~.l.:l:-I J~ ~I ~I ~jY\)1 F 

JlA.;.j'1II-k (..J~ ,-?.)Y-J . F- ~')l;.:. ~I ~jJl;Ji ~ Hfr ~~\..>. r;'; ..G, 

'-?J~l ~L:li J" e:\~I ~ ~ ~...I.~~ yl)j .;...b~1 ~ J~\ i)l 

. ( 4-5JGI) . ~~..L+I ~)lj..II.)I ~j~1 e ,-?}.:,l\ 

C)~ ~I .J.>.b us-L.a-:; L:.l; :......s ~L; Z~i ...:j\')U1 ';"'\...l.:--j'Y~i Lol 

~ 4'JD .)~-, . .;...L..J-')-:-!\s l,?}::Ll t.?J_,J1 ~lJ-1 e CL.._l.j'1~)1 ~ 

~I tf (y CLo.\.j'jI.,-.&'\.;.s. ~ .:l..u-- I.-~. CL....lj~I.rPlr.. .:l~_J CL....lj'11 

~.r" ~ u-->-) IS l~! :.-'"'" ~ .jW E.coli K -J..JyiJl ~~ ~j .;->1 

. 154) IS3 )"""l.:..-JIl.r" ;Si JI ~J 152 ~I 

~J' ~l.i;.;\ .I~\..:s- ~ l;r::-"~Ij .;...U...::....j">l:JI ~ ,-?~..GJ 

.:l~ ~Jl.4-. 0)Y' ~ '-?Y-~ L~/il d J' ~..::..:>:-L..J.j'11 Y' ~lA..:.j'1I.,-.&'i~\ 

. 0J-".tl (y" }51 Ji :.-~ L/l::-> 

to" ~j~I ...L-:U1 J)U. ~ Hfr ,),)~I ~l.: ~.:lG.:j~II:~1~~: (3-5JS..:J1) 

1.i~11.i~1 u4AGJ1 
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Hfr Hfr F Hfr 

CD CD CDCD
 

4.Y' ~w..rIl:!~IJ Hfr .u.."..:;Jl ~~ A:~~~I ~~I ~ W~~I : (4-5jS:..:J1) 

Hfr l:!~ 4.Y' ;;....I:!~ J~l tttl;i ~~~I ""':!-Aj~1 

~ ~! 4.J~1 .,;.,li)}1 ~ ~ i.>~1 ~I .,;.,14jyYl ~ 

:L/' l:"~ 

~ '-?~ ~I .,;.,1~j'.>Wl L/'j :F-Plasmids ~~l ";"'~j~ : ~Ji 
. ~~Il;JlJ..1 0:! ~I 01fl)'1 Jy.a.> -i ~L; ~I tra..;..li)}I 

, 
~I .,;.,1~j)\)1 ~~ L/'j: R-Plasmids ~JLAl' .,;.,I~j~: ~~ 

, ~r--J-I .,;.,\.>L.all 4.Ajw}5i ji ...I.>lj ":")JA ~ ~1)."J1 ~.>L.. -i '-?~ 
, 

~ ~\ .,;.,\~j'.>Wl L/'j: Col-Plasmids ~~l .,;.,I...I..:-oj~ : ~m 

. ~~I0:?Jr. cl:;!~ ).>WI ~~\ ~)JA 
, 

~ .,;.,I..L:.-oj~ L/'j: Degradative Ps ;;1)1~1 .,;.,l~j~1 : ~') 

j:."Jpl ~ ~.>~)'I~ .,;.,~~\~ :.ro ~~I l;JU..1 ..\.soL.; .,;.,li)J"'" 

. "1\ • .1. l\ ~~j 
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.;JI .;..I...l.:-oj~1 L/'J : Virulence Ps W...-1' .;..I...L:-"Y>l:.ll : 
• 
L..-L.> 

Agrobacte- ~~ J .:>~.,ll Ti .;..1J.::---jY\.:J1 ~ yWI ~~ ~Ir)ll~ 

JJ~I ~r. ~\ .;..IJ~ .;..t;l...;.; ~L.,.,1 .)1l?':>; -rJIJ rium tumifaciens 

. Crowngall disease ~l::J1 

'4 _u !.>.,J'I ~~I ~ JlI~ ul~j~1 

4-0 ~J. ~~J YI).,J1 L..~I J JilrJl ti i ~i .;..1~j~1 ~ 

.;..LA..,." .)1 ijl.P1 ~ jA~IJ ~Y\>..;.....I ~-*""J 4s-.PJ ~I J '-:--'l:l\ 
l".~J ~"";-I ,..:).:>L.,all ~JLa.. ';"U)J""J c.:>.AA::..o ~;i.r-S ~IJ"" ':>~J ~ LSy>-i 

Circular~J Relaxed~.i--") ~ Jl.S:..;~ l".':>~JJ J.k-ll ~L..,.;.;J 

.;..Ij-;-'J .;..1~j~1 .;..I~ l:~1 ~; ~.H-' ~1 ijLP;r~ (Linera ~J 

. c~Js. LSy>-i 

4", . .1.-1 ~~I ~. 11 ~11i • L:.A; j l~1 .IIL.II II ~ 
.~ '. J ...r7 )J" <-J. LY (.)'"' "+' )~ If. " J 

,yo c).,J:.1 .;..I..l;:-ojY\.:J1 ,yo ~? .:>\~i ~ J.raJ-1 ~i J.ij ~\).,JI L..~IJ 

~lj1 ~ ~1· ~I).,JI L..~ Jiip W~ rsi ~J d •••• kli .;..I...L::-oj~1 

..l....;:-.-oj':>Wl e:k 4j J:;' y ~I..l....;:-.-oj~1 ~ 4--:-J ~.,s.)1 ~ ~1~)l1 

<.Y-;' if 4-:-9 ~~}i F\ J~ ~ Restriction enzymes ~lil\ .;..~; '1~ 

t: ~)J y...,.,~iJ Gel electrophoresis ("jv. J)L>. ~~.rPJ1 c~1 

Ji LSy->i ~~j~ ~Ij->i ijLPi e Ligases t.-"YJI .;..~~)l1 &""IJ: ~ 

o~ il~~ f..w· s.us rsiJ .)~i .;..\...i...:.\J"" l?~ ~~ ~j~ ~ ~Js. 

J ~J yl". ).,k.; ~l.;...:>i -rJ1 ~~I .;..I...L::-oj~1 ,yo ~.L.l1 ~~ .;..l.:;.i:J\ 

~\ •. ' .. '11 o)'Lill 0L; Jly->- '11 J5 ~J d '11· ~\).,JI L~I .;..I)..G 

~\:r o~U ~ 10-5 ~~.; '1J o':>J~ ~.;..I \. ojYL:-U 

.c~~1 
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" Insertional Inactivation ""k.!!",jl\ ,-"",~I :~Jt 

~~J J:..o ~lQ..::j\ ~ ul~ ul~j~ il..L>...::......1 ~)aJ1 o.,L,. -.i ~ 

DNA ,-?JrJl ~i.:l\ ~ L~ Ji CJj ~ ~l· v:::.? ~~~ ~)lil. ~JY' 

46•. >jJ ":"J}i w~l ~l '-?~Y- ~ uUJ}1 o.,L,. ..L>-i .h.....) ~ c!~ -.i '-;--!.~i 

ul...l..:-ojyY\ J~ ~J . ~~I ul~L..4l1 ..l.>i ~jl.i..A u..,., ~lA.::...>-1 ~L:J~J 
1 .' 

oJ". ..l:>-\ PBR322 ~.iJ\.:-l1 ~~J . ~uJ\ ~li::.;'Jf1 ~I ('i~~ L..L:+ti 

. • (S-Sj.>:-:JI) ~ 'JfIJ .:~L..I.r:J1 ~Jlil. ~JY' .)s- ,-?.AJ ~irJl 

~J ~WI u~} \II ,:r -4..u..ll O~~ ~IJ"'" ~ -l.::-"jyYll.,L,. '-?~ 

o,;,ij Bam HI &W\ F-})fl i\~\..l:s- ~. ~j~1 ~ ~ ,-?i i\~\ 

DNA,-?J", ~L>-~ L~ ..l:s-J ~L..I.r-:J1 ~JLL ":"JJ"'" r-S ~ 

k ~L..I?I ~jLi.o ":"JY' u~ ~ ;::.-:.-. Q.jt F-}'Jfl ~ ~~ ~;. 

~IJJ ~-41 ul..l;:.AjJl:-\1 J~ ~ J Q.jt ~~ ~) . ":"J}I ut .)1 ,-?~y. 

Jki .;JI ul~jYl;J1 ~ .k.O ~")U ~jlill ul..l;:.AjYl;J1 J~ ~ Q.jl.; 

!~IJJ ~..l..:+" ~ ul..l;:.Aj;/-: .r?U ~L..\.r:JIJ ~ 'Jfl ~Jl.U ~ ~~ 

~J\.i..o ":"JY' ik.:JIJ ~"lkll .:>lS:l1 J ~~I ,-?JrJl ~l:L\ ~ il;..,;J1 P 
. (5-5 ~I) ~41 (..f.:j ':>\5 LS ~~ lS;>·\ OJ" ~L..I?I 
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t: .t.,Jii ~IJ 

~ 
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..u l.4.S ,,":,-,..;-iJ11$.JJ-'11 ~GJI~ .u~ ~~ 1$.:lJ1 4...o.JL4J.t ~»A ....~! ~! 
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PCU8 <.::.J\...L:-oj'Y--.;Jl J JLlI L/' L....s UW)II) ~.iJ-I)i -.?..ls-U (Jj 700 

~L.;!J ~)11 ~j~l:r L"I) ~~~..i>- c.Y..;1:f' ~j~ F-:r-jJ\ PCU9) 
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~ ~~lul~j~1 ~ ~I L.J'";-iJ! ~)o i\~\ ~ '1 

";';)Y' ~ '-?# ~I ul~j~1 e ~f J ~.r-J-I u b L,.;11~jli... UG)Y' 

J J lJ.-1 if L....S , ~':"-" I.;1.J.i. {-J> Y~ .r>-1j ~y-L '-?~ ~~ .t.,.j u...., 

,-~.J..J.. .r>-lj ~'j\ LojLL ..;.;)~ d¥ i..?~ ,-?jJl PUC8...L.:--ojyYI 

, B- glactocidase j..J...:L.p~~1 {-}i Lr" ".rJ:- A Lac T..;.;J.,l~ 

{-}i wi, Bam HI ~UJ\ (-./YJ;)~ t!J-" ~ ..;.;)}llh '-?~ 

'1 Lactose: -"':>01 «: . I.'. -., i.A; -Ii - \.c·')rl..l.>i oJ> • J.JL. -SkI.:...., 4.f )y-'.~,p--. __ 1.f"'..,;;..J -r J .r.. -}- ._. 
o~UI J ~~,tl Lac Z- ~)}I ~ Lr" o~ls- {-})r\ I..u. A, jP~j j.,5'~ 

Lr" o~\1J\ u '1YL-l1 ~ !Jb. wi'll· E. ~oli w}~1 4~ ~#-\ ~\)}I 

~)}II.h. ~j Lac T ~~ ..;.;)}\ I.h.l;-" "T':*.)I ~ 4~1 c.h. 

. j.~L,..,P~ - ~ ('£}'i! o" "? if ~I a -Peptide WI .u....L.J 

..l:¥ '1I j..J..J..L.p~ -~ {-} '1I ~ Lr" 4JJUI c.h. J=.... ~ '1 

. 4~\ ~)" Lr" .)."A.it! ~.rJ:- i ~ (,> lJ\ PUC8 ~j ')\.)\ s~ j 

~~I ,-?J,JI vP....U...1:t...h.; wl.; PUC8 ..l.::---j~1 4-.~ ..l:¥ G.,jl.; .!.lJjJ 

.)1lpj' Bam HI {-})rl ~Iy, ~.M.; LacT ~)}i ~l.::- ~.;- ­

4j~1 Lr" .k::l:>- ~..u w~ G.,jij ,,-:-,-:.;..il 0).,J1 ~L:l1 ~ i W \ ~Ip- '­

l;... ~ G.,jl.; B.coli w.,JrJl 4A .)1~ -W;~ ~I ~j~!j ~I 

J...7"j')LJI ul~ ui~lj ~\ ...l.;:.--oj'>l:Ji u:~ ul;" • - \1 ~ ~i 

~ '11 Js- L?~ JIl.S- ..k.....j ~ ~~I u.1)~ ~~ ~ , ~ll 
tI 1,'" I - . -., t I .• L:. '-<: 1\ ,­u I;<>-.- cs"" '::":'-P~ 0~ ~ u l; " • -I )J-Y ~ ~~ ~j 

...l::-"j')\~1 ~ '-?~ ~I .::..:I__..........-:-l! wl· j...\.;L.P~ - ~ {-}i J:,L:.; L.J'"l:A-l 

, {-}y\ 1:.L:.;1~ c)~ 'J .d- 4-:..S:J ~)U ~ j La.. w.,>,::-.. 0:~1 
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LacZ' .............. Eco R 1 

LacZ ~.»AJ~~I A-oJl..4.o~.»A~ l$~ 1$.:Ll1 rUe8 ~j~1 :(7-5 ~) 

~ "'"'"~ ~ Lac '~.»Al$~ .j.:~L..~~~I~j:ll~ ,.J-:?J ~ 1$.:Ll1 

.~t uL..Jj:ll ~~~..w ;;~~I ~I til.J-4 

~;-iJ\ ,-:?",.:JI ~U-\ L...1U ila.-.1y' LacZ-..:,.,)}I .h. . "j ~~ 

0~ ~\~ ~\ ~jYl;J\ ~ '-:?~ ~1 ..:;.,Ir " ,,' \1 ~i. L..~I 

(85 1(' . 11) ',.("1.' ·'1' 1 \~ I: ' ':..1" ,.. . u-..:..., j.:.~ l.,..i.i- J~ - ~ F-} 'j I c.\;,j. ~ 0),)""" 0:f-:-" JU 4..4"W 

• ')\.s;~ ~ <liG . ...uL.. .• (Jl>.- L:..-.J\ ,·I.kL.; W 1_ ~ 
<.:..> i r.. - r-' . -. F-r <J"'. u: " 

-: .J f"r.. ,-:?.:JIJ jp'YJl y-CJ J~I ~I \~" - dLU ~ ~~ 

..r'~ • (5-broTno -4- chloro-3- indolyl-·B-D-galacto pyranoside) X-gal 

~}:, ~ o,)~J ~G- J F-}~II.l". i~ ~i. j.:.~L..p~ - ~ F-;!.kl:-; 

X-gal 0).1 J~ -..jL-a.;. .i,j\..; ~jJ. ~wl J)j~\ 0}J~ J,#I (T-yG" X-gal 

.1...."J1 .....,JI (lsopropyl-thiogala ctoside). IPTG ~ ~}~I ..:;.,1#1 J..:>.I L 
• -II' t· . ! -.<::' II' I' I. ~ 1\ )10-Sy,>,f Vir""': ,.f:> 0" ') 4.;.~ ":;"Ir "' - II ~~ tS...lJ ~). 

'. '- . . 
. L-.;;'" .\.J-i u; .,,' Ii . ....i...:: ~ J \)' ~I 0\ It.,· . - . \i ,.....;. ...\..-.....a)·YLJI \~ 
~ -J j :J'''. ~ ~.~ J" ... ,~ 

.\....9L:;1 " c , ,....,s. ,A.....> "1i 0 \I\..,. ~t_~i 0.,) t i- - . II)' L \'. \ I ..:;.,I..L-o)·Y\..J1
, __~ \"",.' -, ~ •..J\......" J \~ ~ - • 

.bL.,,,\'! T- .a....:z ,,8: ~))1 h....~1 .)1 IPTG 0j-i~\ rJl" X-gal --..5.r" 

~LJI ~l:J\ ,....ii .k J ..L:lJ..\ ...;.......... L. .« Ii ~ Po..l.>..:....... ,.3. w)0\
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CI I-l:-- '1 -iWI ..,...a..U-1 Ul> r--S 
..l.->-' Ua...1y. "i.1.,.:JI 

~l..-iJ1 .;,.,\.f....)l1 

In vitro Packaging 

d·..···;····;····;··? d.:····..··:·..····..·? 
d·..····..····..····..·? 

"i.1~1 ~U-I &i 
~...,;JI 

~I 

.)so ~I ~.1 .;,.,L;W 4 E.coli L.~I ~~l I 
. ~L.. 48-24 •.u .;I.1P Ja.....1 f 

;'. HI.;,.,~WI&. 

Clear ~I ~I)I 

~ld.;,.,t...;WI& 

Turbid ~I.~ -=:::::==1;:~-

A..al.:a..i .:"L...t=...>~J .CI I~~ ~L...a.tl ~~hJ: "j itt (jM.;-&JI~~:(17-5~) 

~I ~ A.4i"':;J .u~, ~J I$~~ L.A CI ':"Jj11 u~~~ ~~t 1$'#1 ~u...tl 

~u~Wlul.JQ.;,,'4~~~IUJG~'u4=lWlul;u;" Q~J 

~I;:;~~I 
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d:.:.: .:.: ':'.: -:ill d" ':'.: ':'.: ':'.: .:tz3 

d:·:·:·:·:·:·:·P 

-: ~ 
:"j} 

-.sJ.,.:J I ...,...z..U-I L.,1j 

J-:..1 r lJ • ..wI.rJ1 

<i tl ~I LJa.AJ1 

';WI 

SPi+ 4.l~ E.co!i i.>}.,..all L~ ~L...,.ol 

48-24 • ..Ll ';Ili .h...J ~ ~I ~J 

.~\..... 

~\ u~WI~ Spi" AJ~ w~.jA1\ ~I"'~\ ~~:( 18-5~1) 

P2...1....l..4·~1 ~1 ............... u··~<·tI4.l~1· :.,. __ 1\ ''::'WWI''<A~''':J~t-" _!.J. I" ...:.r.::--:-....,.... ~.J-o!:-&- _ v--- _ 

~I ~1.JJl1 ;;~UI 

173 



~)aJ\ ~ ~1 v~WI if~lj ~ 0j.) V"~I .;;~ W 

if~\ ~L- .j ". ~,JI w')\;>.~IJ vl..l,:AjJl:.l1 .j ~ ~..l:ll f ~I 

. (~~ Jj>" ~.d.i.ll J~I .b-~) . JWt <..,?j.,:J1 ~l:l-\ 

, 
DNA '-i#1 ~6..t1~ ~-,~j.A u~Wl :':i-,i 

AI~~~W,.l 

# 49 Jlj>" """~~ ~ ;1· oli...t1j ~I o~\ ~\j)1 J.>.i ~j 

.. V~jr,J\ ~~j ~WI 0;;' ~jj-11 v\S)j-\\ c:r ~..wl.);;. <..,?r.j o..l>.\:i 

4.l 0--4...w1 v li:..:;.1\ ~ J ~l dJ)J"'" d ..:.-.:J ~WI Ih ~i ~t; 

4•••. !a1l 0;,...J\ ~\~~ l)2.;j' 0r..~ <.Y..;'-~ v~WI c:r ~.L..l\ ~~-I~~"" 
o\.4l~\ ~"......JI c:r d; 4,.,..kWI v~} \t~ (.,.:,L:J-I ~I"ll c:r ~..wl .);;. JWJ 
<..,?jY ~l>- ~ L..\.;.A J' <LAI~I ~ ol,jl; ~; e j ~I),J\ L.,41J' 
<\...p,)\.>..::.....1 ~j ..:.J4Y'-"" .)~j e oJ.;;.U H 3 jj~ ~j ~I o~ DNA 

. ( 12-5~JI) 

. 
;;""'41 J.,b ri~~ ~~ ~\;.;1 ~ ~ .r-S- vL;t&- if' ,..:.>~I 

. , . 
~j JW~ J""'lJ-1 \':?jr!' ~Li-I c:r 4.:,)j';-p ~~ .ulj! ~ ;i . ~\)__~I 

v~ e:..1;.j'j J-li ~~i .uJ. ;;""'41 J' dJ~liS c:r J.:j: \..c ~ ~\ 

.)J..;;. ,:r ~\ f ~ ~lil\ v~~)1\ ~ 0)'p1~!"li JWI l.u. c:r 
~ 'y> .);;. 4.\ajLs!: I e F 1v~} "J o.)}-- ~ I"... v \; v ~ t&- e:..\;.;!J ~ l"lI o.u. c:r 
~ J-g-i v~W\ oh e ul--J\ ~ \.c v~Jr,J\ t.\.:j~ ~L,a;.l\ v\S)Y' 

.~IJWI:.r 
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~l; ~ J;\...L,l1 t: ~)l1 JW\ cr oJs.l;N 18 JI.f""" 4Jljl ~ -Aj) 

~)\A.. o~l; M 15 JI.f""" dl Y L41\ o~lA.S ~) F..!.U~) ~l~) ~L,.,l 

cr i~Js...:;.J...l4.3 4~ ~ll..:;.J~WI ~ 0\ 'il· ~I JWI cr oJs.l;M 3 t: 
'i o~J..J;-1 ..:;.J\..i:..::J.\ 0\.3 clUJ ~}::ll ~I).,JI o~UI e ~W'i ~)jriJl ..:;.JIJ)}\ 

J-JI w~1 L.S . ~ ..:;.JL;L.S..!..l.L.;) 4.:J~'i1 o))..ul Jy>-~ cr ~ 

I~ rsi J-JI j..oJ:- o~~ ~l; ..:;.J~~)r o~~ ~Iyo ~f ~I ~WI e 
(o}'YJ &i ~Iyo 4.:....... ~ ~# ~\ J~ ~I).,.JI c~UI 0~ .?~) . 4JJi--") 

UL,.;l Sal I r;'i~ ~l> ~yo) Bam HI (o}Yl\ &i ~Iyo L......>-j BglII 

oJ?I ~I}I :.r ~I ~ . <.S.r>i ..:;.J~)~ wLj...\ ~I}I cr r=-T ~...u- dl 
In vitro ~yU..1 Gl..> ) _ .;6-li J» il~~ c:W-II ..:;.J~}~ wl3-1 oooUl)I 

o~\j ~ ~ ~')l::ll Gl>· ~\ ~ . ~\ '"7-'~'i\)\ mutagenesis 

. &W\ f.})l\ ~li ~ ~}I~~ ~I ~yo j>-b 0.1..>1) ~)~li 

G w 4-- II ~~r.J1 0\..; Bam HI F-}')U ~r" (T ~l 4J1.> J ~ 
~i ~)i 0~)l1 cr 'J~ 0:€~1 J')G.~ G GTTCC ~ d ~ GATCC 

ll.L....... -.Y.» (f' (o}'il ~Iyo <::..9 ~ W, ~.".AJI ~ ~~rJl.:.r-P0..l;\j 

. 1<- .11 - le··I.1..>t l,.ol..Ju ~UI .6;;\1 J.. ~ ~ "'il.. Will o~U\ 
~~ <,,;..J -r . (,) ). C- r-' r-' (or. -)J"' 

~ ~I ..:;.J~l+ (T ~)~li O~U 4Jljl ~~ Exonucleases ~)L:l1 

-r~ ~ LS , (o})l1 ~Ir" cr ~I ~ I.,K.,.) <.S",.>-i O_r-4 F\ iLd- ~ 

(o})l1 &i c!yo J Oligonucleotide i~ o;-::-a-i Yl:..,., l?)Y ~\..;.., ~ 

(oJ)l1 Ei c!r--o t.~ dl..;.U~ l?~Y.. c...::- i~1 O~u.l rJ ~~ 

,( 19-5~1) 

..:;.JI~ ..:;.J~W\ (T ..:;.J'i"J\-. JjS' ~~ ~I '"7-'6:.;,;'i1 il...L>...:...v1 !.Ai 

..:;.J~WI ~ ~) , ..:;.J4:})l1 &i ~Iyo cr }5i )i ...l>1) ~Y" J ~I).,JI o}hJ\ 

cr ~..wl ..!.l1.::i ~~I o~ 01~) ..:;.J~W~ 0.,J.,AJ1 ~~ ~L..,~ o;\.kll 

~~}'i &i c!lyo ~ ~\ ..:;.Jl;JWI~.x;~~ ~\.; F 1..:;.J~}i 

cr oJ\.; ~L,.:.i11 yip) ~1;)l1 o~ J~).).rP 0)~ o~\.klI..:;.JLpWI~ ~ 

. ~})I\ tAJl ~Iy" cr~..loJj o-Ajl,; ..:;.J~\$. ~ J~I ~I 
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r-.ri)J I &i c!J-A 

EcoRI 

J..j- 1< . 4.11"- .r.- .r.' ). 

-i 

Eoo RI W'~ t'l~;',t~/:J 
'.",',". ", 

Oligonucleotide .~ ~J.f ~I> Wai I ~ 

.r:-S- ~jJ Eco RI &.All r-~)J ~l...J1 c!}1 
. ~\:.ll .).)rJl .... I..IllJ ~t.,.. 

-o~ r.$JY ~l> u.lai r' J..:>.;:.....I ..;....,k .y f-;i ~ ~.,.. :J:J'; r.dU-~ 
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Charon 16A 16A .J..1)L.t ~Wf 

l.h ~I . ~ .rj:- j!L:S i~ l.?.DIJ l..l:--o ~ JWl ..:,;~ J..>.i 

& ~IJ I~ ~ JWJ l.?JrJ1~L:l-I :Y' ~jS)1 ~I 4Jljl.Y.» :f JWI 

C!". ~ l.?~ l.?.D1 Lae Z-";;J,.I.I 4J~ ~iJ o..u-Ij H 18 JI~ ~ 

. EeaR I F-})U--4} 

~ Vir-:. ~ ~~\ l.?JrJ1~U-\ ~ l...Ji9 j:il:Jl Ih ~~ 
F-})r~ ~ ~ Lae T..;;)}1..:,;4 0:! ~\ o.h r.Y'~J o..u-u.f:.S 15-10 

X-gal J~\ ~I il~~ 4+1\ ..:,;~WI ~ w.r-=JI ~. EeaRI 

. (9-5 ~I) ~~ d.>r-{~~ 

NM 607 I~~ ~W! 

l.?~ l.?.D1 CI ..;;).,ll ~L,.;u I~ ~ JWI :Y' ~jS)1 Uk.:.J.\ 4J\j~ 0-- •1J 

. ~I r.Y';iJ1 Jilj :Y' ~ ~11--4J. EeaRI &l.ill f-})U ~~ c!". ~ 

H 15-9 ~ Vl~ ~ ~.,;JIl.?JrJl ~L:l\ :Y' ~ j!l:JIl.h ~~ 
. o~1j 

~Iy' ~ ~ CI ..;;).,.1.\ ..:,;4 0:! ~~ ,-;-,#1 F 1.r~ 

..:,;17 0 • - 0\\ -y1) \ 0}l\ .y.» :r-~I ..:,;~WI ~ ~J EeaRIF-})r\ 

. ( 17-5~1) ~~I 

EMBL5.j EMBL4 ':"~WI 

.k, • 1..L..... ~ 'L...U 4.... <')1 .t.Q.1d1 .i..' - L .~ 1·.lA::....:.1 - JI..L.:.....\ 1.1'.) r-' . L/ -r' C" tJ!..r cr "t'" F . r..r y 

..:,;~r=JI) Linkers ~IJ) JiAdaptors ..:,;':>L::-o~ ~j-S)I 4...J:z.i\\ ..:,;~4 

l.?~ . (&\j F-}i :Y' ;.5"1 -4) C!". ~ l.?~ ~I o~ ..:,;b~; ~IJ)IJ 

..:,;~}i :Y' ~YUJ 0--4) c!lJ-'" J.s- ~I ..:,;~WI oh ~ ~jS)1 4...t.ki.l1 ~\J) 

~L.J..I ~ c!l.,.l1 o.h.y.» ~ ~J' ssu, BamHl J EeaRl L/' J ~I 
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~j-S)I d:....ah:.Uj.r-'- \II w)Jlj .:.r. \II w)J1 ,-:'" &-I.~i ~'jJ Jl JWJ l?J,.:J\
 

. (20-5~1) ~jS)\ ~I .:.r ~~ ~~Il?j.,.J1 ~\J-I ~ V""j;- ~j
 

. \5j.,J1 ~U-I Cr° o...l,&.u.,.w- 23 .:.r r-s'l ~~ 0i -.:.,,~L.JI o-4J~)
 

C-;:> ~I~I il~)l1 <.Y-).> ,y ~I).,JI L..~~i~ 0i ~) . 1..:-!}oJi
 

rL-.lli (-;i uL.Q;j JL.JJ ~JL:JI J:.I~ \II e ~~Il?J,.J1 ~lJ..' &! ..kl.>..;
 

~~~~ ~1~ o)y-.a.; ~ V""}oJ1 !.Irt.J ~j-! v..PLJ-\ ~Ij
 

.:l~ 0i ~ W' . ~ -.:.,,~~ c:t::.:.'j .;WI u~t e I..:-!}JI l?jy.ll ~l:ll
 

l.t.:......E,. t:'~. ~ ~ -.:."W~ ?'"t::.:.)1 y)~\lI: ..... 1__ ,0.0, j 4.,''')1 ~\ ",I.>L:JI
.r-v: _~J .' F-- • ~ • I..:: -.' '1""""../ '":? z.r: \ 

o~\ ~Iy' ~j ~ L,.:.)' I ..LA: 41 '-?j.,.J\ ~U-I IJ"" ')G:...;.......\ ~).> ,y
 

d:.....~ ceLiS ~ J~I ~\lj. UWI-.:.,,4:~)'1 ~Iy. ~Ij ~~.rPJ1 

..u.)}5 & .:lJ:>;-y' ~WIl?j5)1 .:l}aJI~).>,y JWI tki J.,aj ~ .uL; ~~ 

. ~.,JI WUJI .:.r ~\j Jw u~ \1\ il~\j o~W\ ji iy-.r.-J1 

JJl...> 4J ~~.rPJ1 o.~1 (.Y.).> ,y .k.O u~ \II ~ J~I ~ W 

. (23-5 j 22-5 j 21-5 Jl5:..;.)II) .k.4j t!~ \II ~I.,.. Jr ~ jj)G:- )II (>~ 

E..coli 0"J",AJ1 ~~ ~l..Pl~).> ,y- ~i ~I CJ~L.JI ~ ~) 
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. ~I j-" .k.4j ~I -.:.,,~Wl ~ ~l 
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21 Kb ,/ " ............ 9 K-b
 

I' ...... - ~ , 

'" 14 Kb ' '" ',''" .... , ,'" ........ , ,

"'.... " "'.... '" 

~I)\.t....bi ",'" ............ " "
 
'" .... " ,

Polylinker '" ........ , ,
'" .... , ,
"'.... S "A ' ," »" au :) " ,"''''............ t ',,',


'" ".... .... , ,",»:> ,~ 

~::--G GGT{ G A CjGG A TC CGG GfA TTC CC----~, 

Sal I EcoRI 

Bam HI 

~1j..>-""':!~1j ~~1 ~......wl~", t.la!.::~ 0-A ~j.tl EMBL4 Jj"'"-Jl : (20-5J5:.,.:Jl) 

~I...i)ll ".:.u. ~ .~....,ll ~I ul:!4J ~ u~,t\ ~1j;.l1 ti,.... J.:..>~J ~,;-tl 
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.~-.Il ·WI 
~ I.E' 
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EcoRI 

~ Hind III 

. ~:l1 4....,\..0.. -:")Y'
 
AmpR
 DNAI...L:-o~ 

Sail t 
~}IJ PBR322 .l..::-'j':>I.:Jf ,JA U::...:J.I JkL:... Y Ja.>.')\.,.J. pJB8.yj~l: ("30-~1) 

BamHl 

cos 

Uol.-o DNA ~J""..,..a...1-~ 

. 4s-L... 48-24 •...u ~~4~';'" 

.)1 ~ .k....J-

A.......~I ~ ..I..:!-Aj"s:JI.aI~j 

~ lA ~~ 

~t L...~I ~I~l r~ ~ 

.~uLU~.. -

cos 

.)s- 1.~1 ~J B..coli <J}.".aJ! 4A ~L,.ol . 
~ 

. ;;,pLA8-24 •..u .:.r-L-o~ Lo is.4.. .....r, 
~~I: (31-5~1) 

ul~j,,s;.tl i"1~i 0 1~)U-' .~\.)jJ1 

I~'.i ~LaJ1J ....I..:!-Aj~1 

l:.:l'.i a....:iL.",. ll...a:ir .. ­ . 
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. PIB8) ( 32-5~1) C2XB ~..l.>.:-11 ~1~j~1 r'i) 

Viruses ~!J.>.tl 

. ~I)."JI L~ J!!p LI~I o~l ~\..:j\,5;J1 J!i ~I))I ~ 

UL.,.;l YI)."J1 4J.)L. d o~ ~I~ .)~)) ~I))I~dl~ .)~) 

.~~ ~ ik.:. i "j 0i ~ ~)L..; ~JL)~ J~\ o" w~ 

~I)) Camv~\..;.rAJ1 ~I) J-=-o ~.)~ rl...L>...:-.....l) w~1 f d ~1 

. ~ ~I))) l:?.H\ lA~L:JI) 40 0~\ 

, 
Caulimo virus Camv ~u..r4J1 ~G :~~l 

-0.)L.o uJ"l.;.j) ~~~I :r ~..uJ1~ ~L:-; ~\) yo ~ \..;riJl ~I) 

~ '-?~) o~ljJ45 ~W Jlj>" ~ & DNA ,-?)f ~l>- o" ~I)."JI 

.J ~;)rl) ~I)."JI ~)-I. Intergenic region~)~ ~L..;1 ~\.;)r ~ 

~ <J"~ ~.lb) L~ J!l:5 ul~I~) (33-5~1) i~ U)~ 

~I)I . ~\)I j,\...:.j ;~ 0\ 0).) ~."JI ~\ .k......) ~y-iJIl:?J,J1 ~U-\ 

. ~L..;! ~')l.~.)1 ~\j..1 0).)) ~~ ~L.,.,1~ 0i~) ~L...:JI ~ 

~LA 0\~! ~\)."JI L4\ J JiL:.S ~1)llh 0~Li..5' :r rS-)l~-, 

.)1r-U oJ YI).".J\ o.)lll 0\ .j'> ~~~I oJ...,. J)i . .u~u.s '-r" .J..:i. ~~J-"-'o'" 

~L....-::- '11 <U Jj 0l;~.iJ. 1...\.....4~ 'WI ~ llik u.k., . -. Ii j ~ -. -) . Lf'. -r-: rJ::'.J.r.-' ~ . 

lS..l.4 ~ 0-' 0?)r\ ~~I Loi. ~.r.l5'~ 300 j)~ ''1-, 0.))..G....> 0~ 

~~.)~ ~I ~~L:-:J\ '-r" ~ i.)~ ~I)I Ih ~ ~ ~Iy 
.)\~i 0.)4)) ~~~i -0)"Li o.)~) ~ ~)L::....,., ~~). Turnip) Caulifolwer 

.~~ 
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C2XB ..1...0'·<'11• ),Y"' 

. Sam I J BAM H1 ~;;)l4 &i 

Sam I »: ~Hl ",samI 

.~ ~~ .-,--,•.-------r-p-.t 
Rep 

Amp f 

Cos
 
Sam I I
 

c9r--,.r--"'=:"---" .~ ~l+J 
Cos 

/ 
~~4 u..\-A.....o DNA '-2J~ ~L>-&i 

t.:-:--~ i)~ ';-'::';L.L.."...AJI {-;;!J Sau3A 
. (i..l¥\.i #45-20) 

Cos 
I I Sam I 

~J E.colj ':1.,J.ril1 ~ ~L.,..l 

. ~)llc:.-';1.i$>Ja....,J ...~~1 

r'~1 ~~t :(32-5 ~t) 

.4..~:1I.1f11 L...~I ~ C2xB """:A~I 
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VI 

';';~jr .~ ';';~)J-"/ 
~L,.a;.ll 

~~ ~ ~J~\ ~I Ja.,.~.J SV40 ':'~I ~GJ A.4~ ll...)\.;.: (34-5~1) 

.SV40-5 ~GJl J~I 
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Gemini viruses ~ ~IJJ :..~~ 

~rJ ~r:- rY t.}IJ.,JIl+.)l.A utL:; u~')I1 ~..L> ~ljJ L/'j 

. c~L;» 3.5 Jlj>" ~ ~.))...o DNA,-?jf ~l>-

~lS01 4j.rJ,\ i-w \)i; .d ')Ii . ~I)I ..;:.,~~I :.r L~ ~lj)1 c.h. ~ 

~I? \ll j ~U;jj ..:.A;J}I ~IY' U.r"-" i~ ~..iSj 4; \ll j ~IJyll ~~ 

\~ .)j..t>....> ~IJyll 4......--4-11 J J.!lyS 4..:..0 c.)LA..:....... ')II 0l.! ~L.a:J ~jJUI 

. ~ ..;:.,L..,wl J~I ~l>- J c~lyll J9lyJl :.r 0~ 0\ ~ ~j 

Simian 40V(SV40) 40 ~~1 ~G :"W~ 

» 5.2 Jlj>" ~\ c~ ~IJj c.)LA :.r ut~ . ..;:.,4..L:J1 ~Ij) :.r ~j 

wW c)Jr2J1 ~I}!:.r -4M 1.).f':"jj ~ ~)i;j. (31-5~1) c~L; 

. ~J..:+o ~r-l5~ 300-200 0~ ~Y-'- ')Ij c.)j~ ~k.... ')II <0)Jj 0~ 

~.)j <0~lli t:» ~L...:......')II <0y D c.)4) ..;:.,')IjU:1:.r -4..uJ\ ,-?~\..L!j 

4\ ')Ii SVGT-5 j SVGTA j SVGT-] ~ ....:.... J9lyJl :.r .).,w. JL.L::....;,~ 

~I~ ~i SVGT-5 J9W\~) . c~~ ..:.....-J ";:"~yw::' ..;:.,1,) ~ 

:€;')II Ei ~y) HindUI F-;\I\ &' ~Y' -:,~ ~ ~I ;,;:.,\.).);:.\1 u..i..>- cY-.;k y 

~I <0)j') J~! .; .(j~Lo J>. "1 ?I ~IJ ~1 ~l:>..; <01 ')Ii Bam HI 
- I.- \.:... 

. (35-5~\) 

lOi 
-~ /' ' 



ECOR~ 
\J Hind II I ~I I ~ I ~~I 
~~ 

1 Hind III I I ,~ I I I 
~ ~ ~ ~ ~ 

\J 1 HpaIII~ 
~~ 

1 HpaIII II~ 

1 HhaI II ~ I ~ 

4770 3710 2650 1590 530bp~»li C-Jj 
I I ...,I I I I I 

5300 4240 3]80 2]20 1060 a 

.40 ~~I V"u:l4l ~~I OJUI ~ 4.akWUI':'~~~1~ 4k.)1.i. : (35-5~1) 

(~ ~,tl) Eco R 1 ~~~I t.bS t=i~ l~ J..j~1 ...:u. ~ wi ~~J 

Bovine Papilloma V. (BPV) i$~ll.o*4!I~!; /I..a.;!!; 

~I).,J\ ~.:lL.. uJl:;j J . ~u\~1 u-o ~..uJ1 ~ .;JI ~IJ)I..L>; jAJ 

U ~ . o~L; ,l:S ~W Jlj>' ~ & DNA ,-?JY ~l>- ~ if' 

~ <l:..o ~ 100 Jlj>' .:l~l ~J 4')l.:..U ~L..,l ~ .L.:.-oj~ c!'1)l1~ 
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.~I~ljily.l 

. ~LSJI jily . 2 

, 
".iIb~!tl:tI~1 Jjl~ :~-,t 

~ C!JA 4::-11 ~~ ~ ~..L:l1 ~ -;J! O)rll L..l:+l1 j.9ly~) 
:;,:;,; e ~)) l.?~ ...7:.J)) #\ ~~ J:}> '-~ jilrJl o~ .. l:.> ~ 'l.?; 

C!)II~ ~ ~~ ~)kl.\ ...7:.J))\ ..r'_~ ~-' &l! F-}~ :;,ju C!JA ~ l.?j=->cJ. 

u,..... -4~1 ...7:.J),l1 0l; I~) " (36-5~) &l.ill F-;~~ or-S )1 ~..L..: 

RNA l.?)rJ\ ~L:LI tL:.:.....I f-;i 0t J\:J~) . ~I J.9l; ~ y::1l:; ~ c!=­

~ I:;,~\ u0))1 ul~;;~ u')\::..>.~ 1)2.;). ~ o)~ ~ w,..... 
(f ~I dll.?:;'Y ~~ ul~ .:\l:A 0l; ..:JJ.iJ . ~l.:.il ~ 4')l;i..i ~l> 

~ ul~ ..b:-y ~ ~~ u~ ul.:.;)r. Cl.:;L, 4~ o)~ 43 G)JA 

)l:-:>-i ~l C\:..:i ~I jJly .. ~ ~ 0t al.JJ . ~ tL..::.....i J..uu u\~ 

. jilrJl 0» ~) . ;;~ ~ ,y-~I ~ ~..t.J:-1 ...7:.J).,i1 ~~ ~; ul~ 

~ u~}~ oy-L.:J.I U0))1 ,j-4 J)j-otll trp ~I ~ l.?~ l.?.iJ1 jiL:J1 

~))1 l.?).>c-.o ~ ~I tac #1 ~ l.?~ l.?.iJ1 jJl:.J1) . 0l;~rJl ~l>­

l.?~ 0y->-1 jJlrJ oLP1Lac #1 ~ l.?~ l.?.iJ1 jiL:J1 ..:JJ..i5) Lac) trp 

. ~~) rec A) Ie PL ul#\ ~ 

~)~i~ ~~ -y1y ~J ~ ~ J.9ly .:\~ 0\ W 

. ;.:..j.,JI ~~ ji\y) ~:;,~ j.9lp 4--!..l:>..:....,.,i 

~ ~;;j ~.LU ,.:_.. c..l~i.~ ~ ~ elY' jiirJl o~ :;,\..A.;,j~ 1)2.;) 

. JI.i;.J\ .k..,.):, :..7.4 ~ o:;,lo 01..w )1 ~l..<'1 J:)o ,y- ~\ o.h. ~ (; ~I 

(f trp ~i Js' l.?~ l.?.lJI jiL:Ji ~ u0)).U ~~ ~~ 
J:::- ~ 0l;~?\ ~ljl)1 ~I uli;\ J:::-~ J1..l.;J\ .k-..}J 0l;~?1 oL.,.;i J:)> 

3-indoly acetic acid ~}\ ..J'}Ji ~ ~~ W' . ~I )~I 
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L...ll.> e=--J 
..l.....-.o·~1.. ) . 

&lAJl F-;''J~ 

F-;''J ~.;-A-o &i c!~ 
C.r) &u F-;''J ~.;... &i c!yo

C.r) ~ &li 
k'" t 

'3'S I 

p#1 t 
l.JS' j .; .!:.I ~ 

C.r) F-;''J~ ~)}I 

'3____....L...­

,,:,,}.hll .;..I.:).,ll o:~ c!~ 

. If.:s-~ IJ l.f=-~ 

",:-,L:..o ~)Y' ~ ;Uw.~ ~~J ~I ~I 'pli .~ u...> :(36-5 ~I) 

. .J..:..oj~1 .)1 0d- Ji '-?~ 
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~>:f Lacjjl:Jlj tacjjL:J1 J ,.:)J))I~ ~ o~1 ~ L....S 

~I..I.A!j ~I ~ ~ ~ Isopropyl-B-D-thioglactoside-IPTG o",UI 6.jL,.;1 

. .ul4;1 ~~ 

~II~. ~I 4l-J ~I ~I~~I .)1 ~I ~I jjlj P 
~j . ~I~I .ul> J ~WI ~Ii 01 ~ ~I JS~I ~ i",~ ~L:.". 0l; 

: JS~I oiA 

~> :f~I ~ .)1 jjlrJl oiA il~~ L~I ~ C~' 1 

j:?}j 4S ~ J ~..ul ~ ~~j JIJ.;JI ..k....jJ ~15 ji ~l> ",Iy> 6.jL,.;1 
. ",1)1 oiA 

~~ ", • ..I.A! ··'1 ~I ~ -11 ··'1 1;;1' 01..LAA..l ~. 2 
~ .Y- .r.:-:---' - e:: .r ~ if.Y .• 

.)1 ~",j.; ~.ul ...L.J-I ~1l.J""~1 ..:..).,11 ~ ~1 ~j~1 <s~ t.UJ)l .)l 
~~I .,;.,ro .)1 ~"'}. lc <s.,.>-I jl ~~ ~.,tL1 ~_:-...~l al\ .,;.,LJ......JI J ~l:J1 

01 ~~~ jjl:JI J ~l:J1 .)1 ~"'}. ji ~~ ~L,.::.l ji .i a_ .all 

. ~~ o.jl.ili L:)j 4W-1 J 0),;:.....1~ 

.i..tL.,.;1 ~~ <s.,.>-I ~ jjlj ~~ ~I f o.jG l".~j ~~)l1 0-4J 
J11i. ~I~ ~Iy> ~ &-aJ1.,;.,4:;1 J..>.~ "';11 ~)I "'"'}j ~~I j-i:-.U 

. ~\.S:JI jjl~ jjlrJl ~ crJl liA ~ 

" 
~~'Ji'~:~U 

~ . ~UI ~I ~I jjlj ~~ jj~ ~\.S:JI jjlj t- u 4' 

V"'U-I "'rill ~)I "'"'}j ~.,AJI #1.)1.i..tL.,.;1 jjlpl ~Iyl ~ (.... 0-11 liA0 

0G ~~ ~j. ~\~~ 4..oj')Ul <s.,.>-~I ~I)I ~ &Lill F-J)I~ 

.)1.i..tL,.;1 JJLi-j '-:f"""""j-:-:!I)I .k~)')U ~Y>j ~~ jA..:- j-4 uJ~ ~\.S:JI Jiu 
J ~~rJI liA 0~ i)a;j. (37-5~1)~ &u F-;:'~ "'~ ~r.o 
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.tl..oL....o ~ JilrJl o~ ~~ 01.; d.llJ. of' ~b.).rJ1 ~l; u)J'" ~I 

c!ro r-S ~~ ~~ & ~\.fjJi 41z...., ly' ~yi ~I~ ~I'; ~lS)ro 

Jily J ~,.lhll el}1 ~ J;u..J..I) ~14~~ ~lj1J ori-=ll ~b.).rJ1 

c!l}1 w")\J! i..ls- 0L-.aJ o~ o)a.:-. ..:;...:i. ~I o~ ~ o.)ls-) . ~lS:J1 

~))l1 ~)I Lr" ~~ 'il ~) . o.rL.:.l1~b.)rJl u--o ~I d.l.lS) ~,.lhll 

~ 0:'--"& f.jJi 41z....,ly' o)~ ~I) ~~~ UL.,.;l ~ ~l.; ~KJI ~L:.:J 

~ 0:'--"0}5 Jil; J ~I..l:! ~ ~LJI ~)ytl Lr" :i. ;; . :JI c!l}\ e 4--oLd­
. ~ ~l5 Jil; ~ J~I 

JSL:.l1 Lr"~ 'i ~i 'i1 ~L.... Lr" j.,aJi JilrJl o~ 0i Lr"~)1 ~) 

~ ~ J~I.)I)1 ~)r-U o~1 ~b.)?1 ~ 4Jlj! L.I.C ~~I Lr" ~i ';1. 
Jily Lr" ..l:..wJI 0t.J .;JJlJ . ~1~)l1 o~ u.b Lr" Ly>- c.Sr>-)l1 c!l}l) ~I 

l:P~ La I~) ~ u..l:>.u ~)l1 ~)}I Lr" o~ ~b.)~ ~ ~~I 

1J"'..L:+l1~J.,ll Lr" .rL.:.l1~J~I Lr" Wj-o ~ ~~-'.r. ~ J~I ~1 
& • So .::: 

. J..,.:o)/I ~)}I Lr" ~I o'pi ~b.).rJ1 ~ l:?lJl 0)~1:.r ~I~\) ~I)) 

l;~ 0~ ::.,..:411 ~)}I if tU I 0)~1 U"'~I 01.; JL:l1 ~) 
ii~lA..S d.l.lS . ~l;y.nJl)i ~~.f)l~ .r")l1 ~ ~~ ~.,....a->-) ~~~~ 

lJ~ 1J"'4\ ~)}l Lr" t " \1 mRNA JL.)Il:?)rJl ~U-I~; 

~lS:J\ J i.f'J-"~)I.1l:J) 'il c!y ~ oWl ~LS lo I';! i~ :i ,a'; ~ 

rsi ~, ..l:..u:. J'-"')L... ~~ ~ i4 ~I ~)}I J 0.HtI O~) 
• 

. I~~.r.l 20Lr" 

~I~l ~ d c..~) 0'i1 i~ ~l.; ~~~I o~ j)l:f ~)I) 

Jil; e ~~ 4k!) ~ ~ ~~ l.!"'",.....,~)I.1~) 'il c!ly ) ~lyJl) 

~~ :i.'a; 41z....,ly' el}1 o-4J l:?~1 ~I ~ ~ 'l:?.)~i:i.i}5 

. Polymerase chain reaction (peR) ~r-:Jr.J1 :iLL ~w 
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- (1) eli r-;'J .l';'" ~ c!J" 
(.;'J .l~~ c!.r" 

.~ p~ t ~ )I 
'S W..?;I t.:.;.:.; .:.J '3 

R '-:f"r".r,!.I) .11.:")1 c!~ t t eIJ (.;'J .l.,A-o ~ c!yo 

..l...:--j~l~ _(2) 

eliJl F-;'J~ 

J.ll$. 

.. ~.. ­:cb...­

W"..J t-:·;·:-;1 

./ PRL T 

/ (P)#\ 

«.~ (R)'-:f"r".r,!.1) .1>1.:";1 c!~ 

:-.; ~ (L) Linker.e.t, 

'" (T) J.ll$. 

- uUJ' V"':r-I<'IA~tl,,:a·--'" ..Jo - •..:.........,LQt_ 1<'1 • l'L:..J• ~: (37-5v--'I.. Atl)
~ .J-A ~ l:r..r-'~ V'" Jol 

~Ijlt .:"..0 ~~ ~ I.$~ TJ R~.J-A 0:l-:' ~I; l..a..b..i ~~J..,JJ u~:-'~ l:a uU»l1 

~ t-i1jlt ,,:a ...1.>1 ~ ~~ ",:",jol.J.a1t o»lI..,.,~ ~J;' ali';" 4 ~ uL..oj.:l\' ;;~1 

",:",jOl.J.a1 t !'"'j:!\'4 ~ 
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~~;~ ~lj..1 uLo.,L.l~ ; ~~ ~l.AJ ~I o.lA J ~~ 

j~ ~I ~\.4b uLo."w1 o.lA ji;.; r10)j-A ~ ji ~ JJ~ ji ~~ 

. DNA ~J,.:JI u40lJ..\ s-~ ~Iy ~ ~~ -;JI ~l:.i.ll ~ ~..uJ~ ~.r" . 
;~.,s:J1 ~)j -;JI uL.."w1 ~ b~1 ul..y.r.1S.r-J1~.r. j~1 ~~ i~ 

_::U . ....,,")G:..:;....,I - • ,.....rILI\ ~~ -II s-L:... JL.....::..5'1 - 0w)l\.., ~L......::.....,)l1 0 ~ c- v ~r-'.r-":r'. ~ • . j 

J~I .1P)I) ~ ~~ ~yL4 Lr<Jj ~I ~ 0.:..0 o~~ ~ "~j 

Ji~~ 4k!) ~ JiUI ..L:J ~.,.lkl.\ .. 1~)1\ tr:: s-~ ~j . (lSy>-)1\ 

.i~ .i.i:.";~j 4 ij ~l:A ~ Jily ~ J~I ~ I~j ~t5 
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~l ~Ijll tA J,ALa:i.Jl...w.c l4l~Li.Jl ~'".Jl u\.1,~ ~l 

~1;Jlt ~ u~ qjj LWI uLoI~~1 

w).-L.:. L..i-..:J\ ~ 1..)---4­

wG-.JJ....Ll Jj...-...£.J' ;, '~, < 

wG-.JjJl,.,2 <~~­

w G-.Jy.I.J 2 .' • i J...tL=...:i­

u~l . -. ~L~lul.U..4:iJ1 
.	 ~i.T ­

~lw~1 . - -.1­. ~ dJ-'"" 

4fJ1~y­

4fJ1 ~y j£.l..2:i ~ ;;yj.1.\ jAl,..Jl­

4fJ1 ~y ~Yo y~­

d.:i~4J1 dJUol­

wlj~4J1 aiu.t J>b­

:;I~\ d.:i~4J1 ~­

;;~y1.l.1 cG~4J1 j£.l..2:i­

~J~I ~WI wl:l.&.i ~ji­
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~Jj-iJ\ ~W\ a.:~ ~j3­

RNA ISJj-iJ1 ~W\ ~ ~­

~l~u~l~ 

~'~~'~.,:i 

~~, ~~lllJ..;-Wl.;i u~l ~ 
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"LJ.,JI )~i ~ ~~~ ~I ~I)I ~L;..:.i;J1 (.$..l>-1 Probes ~WI ~ 

LS , i."LJ1 :.r -4..wI.l-.,b" J 4.";;-11 o.,L,. ~l J.jJ ' ~~\ ~I~ J 
i~ , ~I ~')l;l..1 J ~~ ~I ~J\s.u..::J1 :.r -4.LJ1 WI ~ J ~L 

~J.r:J1 Ji 0y')LS:J1 Ji ~J)~\ ~ ~ ~ JIJ_~1 ~ ~WI 4.'oj 

o)~ J\~I~~, if'L-.:.l.kL:J ~I~ o~ .r"'~ lJl>~J )yi--yi.\1 Ji 

);-.,..JI J\~IJ (i.f-!;) H3 ~WI ~J)~I ~ o)~ ~I ~J).1:+I1 

'J~ 14 0y')LS:JIJ 15 J 14 ~J.r:JI;U2.i il~1 ~..iSJ p32 );-.,..JI ~ 

~.; ~L...).,.wlS ~~ ~Ir" il~1 ~ W' . 4.- ...k.ll ~I).ul:.r 

~~I Ji if'L-.:.)'I.kL.:..:..lI;i ~ Jl r--}I ~WI 4."0; w~. ~WI 

t'.,.JIJ 4}\l1 ~Y\..&-l.i.:JIJ ~'-:-S)I 4.Sr": 4j~J L~I ~1}IJ;U2..:.1J 

JLJ-I J ~i ~WI o.,L,. i~ W' . ~I ~~ .r..-':-J ~IJ 4k~1 

. lJl>~J 4,J)JJI oJ.i.lI)~ j:..o ~ ~I.r"i~ J Jl:l-\ L/' LS ~I 

:.#-~ 4.;.; lkr-l1il)J\l1 ~ ~\I 4.·0-l! o.,L,. ~~I ~...l>J 

j~ JJl>. :.r ~l::...A ~J ~)I ~ J ~J ~r" ~~ ~Ir" 

~J ~.;-=:ll ~ \II .} ~I}I o.,L,. jS? ~ Tomograph ~I ~ \II 

. ~J W yoJ ~ lky-JI ~I~ -4~ 4JJ\.>. cr" 

..l>-i ~I 4--o1~1 0~ ~.;J:-I 4;1).,JIJ ~I).,JI ~~I J.ii..> .; LAi 

..uJ, 4;1).,J1 iP:r ~y-AJ\ -:r-.,L,.)~.} ~L..... ~I ~)I &L.ill 

~~ Wi ~ wr-=JI ~\I 1952 i~ L 4 - - .\\ ~WI ~~I 

~\ ;Ui.:J1 il~1 JJl>.:.r t..,...L;.J ~/' '-:-')~) DNA ~J.,.JI ~L:l1 . . 
. p32 )~I J S35 ~fl 

.} .1j~ ~ ls.,L ~ DNA ~J.,.JI ~L:l\ 0i '-:-')~\ o.,L,. ~i 

; ~I V~)I 0J):l1 ~~ ~\J Gl:Jl ,-:-,)~I o.,L,. ~l;:j ~~iJ' ~W\ 
, ~\;jl ~I J ~ ~.lJ-1 
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JajLshI ~ ~L.,a..;:J1 ..;J~)' 1958 i W I L:i ..;JWI ~.L.,;,. oil L-.S 

.J!}aJ f ctJ~ ~ . yl)l ~~ )llj eZ1j)lj ~~\ L:i DNA ,-?jrJI ~~ 

~L... .Dj . ~J"" ..;J\.;)j-"j qJY ~l>-&i ~ J~ ~i c~ il~1 

. iLo~ loJ.j ~I)}I i)s:- i.1AJ L:i .J!}dl \~ 

~ 0i if' ~ ~ ~1 ~~! ~}.I..;JWI il~1 ~ 
o)}SJI J")\j ~I ~l.> ~)I L:i ~I~.r.:i- ~jrJl ~l.4-> )llj ..;JL:..:;jy-:-l1 

~ .' ~ 4)11 ~l-....->-)l1 ~ ~ (TCA) (IM)Trichroracetic acid 

. ~ 0~j.u1 '-Y' o~pi ClI~~~\J 

.uL,.;~ ctJ~ ~ J,.jt.; ~~ ,-?jy ~l.> ~ ~ ji (.)""y ~ )Ij 

15 ~j?l ji p32 )~yiJ~ ~L-...;I ~J"" ~J? .~lj J~ 0:"-"" ~~y:; 

~._ .6 ..;J1...l.;-iy.:l5~ :r ~ L.. ~ \.S~I ~WI .k).> ~1 c~ ji 14ji 
OJ';; L:i ~Wl!.l; ~j . .L,.:.tj..., CI'~lj CI~;)l1 ~ l5.r>)l1 uJ)aJlj 
~I .h...l.;ll ~ • I...WI Ii TCAw)1 uL..,a. ~. 0 ~ ~t ~J\.lly - ~~- t' c.r If . - ~ ) r--j 

~l.i.:J1 ~ .tl>.1..Ll1 ~ ..;J14~ ~I J ~~; J)J ji i'Yvt. ~~ 

. ~I 
, 

qjrJl ~l:l-I ~.rJ1 J)Jjl 
. 

~.,.-.ll L:i ~ ~ (~W\) 

. ~I 0·11 • LJ-I Lo..S.u . c: <\.,jt.; ~'11 Lo..S Li,if ,-?jr- ~ - .r..o ~ t . - .r - .j 

~1 ~}.I ~I}.I .uLP1~» (f' ~~I L:i ~I c~ (.)""~ ~ W . ~U:.l1 

. ~IJ.;JI .kL...j)l1 

CI~\).,k.:J ~j' ~\ CI~j.r.51 ur-l ~~ ~ JyiJl ~j 

-Y.» (f' .i.i._j~ o)~ CI~L.t...;.)'1 4S (.)""~ ~I :r i~1 ~i J,.jl! ~JJ..I 

Y i..L..:>....::.-1 yLJI ~~ Scantalation counter J"...l; j~ 

~ ~rP ~I ~1 ~I}.I '-Y' ;i • •. ·11 Ul1J1 ~~ ~ Scantlation fluid 

-. ~~I .uL:5 ~ 1~l....:&·1 t.L....;)'1 4S (.)""Wj .i......L> ~')\>- ~ '-Y' 4.4')\.:.....1 

4'M-.I ~b ~JrJl ~l.4->)l1 ji CI~j~~ iJ"l>. ~ y.lAo ~l:.A 01 

~ . t.",~ 0j~ ~L:-J-\ ClI..:-S")1 c-4! ~l> ~ ~\Y' i\~1 ~1 Ct..::.:...: 
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~.r.-""i ~ \II ~L:L-I ~i ~ ~ ~,uK1.l)~ ~~I i~ 
~r--:I ~ \II ~L:L-I ~ \I ..!ll~ ~J,JI ~L:l\ 4-S (j'"l:-i ji U&-~ ~ 8 

~r--UI ~\l1 ~lo.>-\l1 ~~ ji . ..:;.J4)~1 ~ J>-Ir L5J..>.1 Li J>---4 
" . .'~L:l1 ~h ~4 Wjrll .:.r 4,j\ ~1· ..:;.JL:.:;jr.-!1 ~~ .J..:s. ~I ~Ij 

..:;.Jul.r.-=!-I J ..:;.JL:.:;j~1 4........1)..ll ~~ loi . ..:;.J~j.r..)l ~1 ~~ ~i ~ ~ 

J r JL:L-I u->Jj ~I.ii- J ~ .:l1J"" t!'j ~ ~ 4,j4 ...lSjll ~r" 4,j\.; ~I)I 

~}>:r ~1).:l ji ~u ~ij ..:;.July.-:!-I o..k ~i.:.r ..:;.J~j.r. uPJ\.>.::.....1 

. Tissue Culture ~J.;JI ~,w..1 ~ \il 

'4 a ,-I',tl ~I,tl ~ JALa:a1 ~ I.A~~I ~1.J11 u~~ ~I 

~ ~I ~1~ i~ oj=:- ~I .:l1}1 ~ u-:-l4,j4 J.,AJI .:.r ~ ~ 
).:lL..a.\1 t.1.A...;.)'1 0"'; Js- ..!ll~ ~j od ..:;.J\l.~1 ~~I ~j.:l oV-A j-okJl ~ 

N 14 
, N 15 14, 15'u::":"j.r-'".,\ r '\12.; H3 ~\.;j\ . \ .1\ l:.~ ~I 

0
".:llli cr"j '-'~j)"",+, .r:.---' . . 

~ ~ I.·~. ~L:JI "~W~I o.,j ~\I 0 L.~ '\12.; -.:..-J C4 4 ~ l501". "'T" ....... ,T .r-- .r' " Yo) j 

~ Js- Ip
32 

) 32 )~.,.AJI ~ LAi . ~I J1.r>-1 (y' ~~ ~ 4i1 
Hot Source (}:>-) ~ ~ ~ ~j ~.,AJ\ ~I rPl.:.J\ .:.r ~ JL::l1 

. l"..J-::-i-.)1 ;j~l Wlj lA~j ~ ~i~ opl ..:;.J~I.A...;.)'I ;j1S ~ ~j 

}ua:J~ uPb:-~ ~J""~ ~ \II .:.r ~t Jlj>" \II ~ J ~j 

d ~~ .s:-G..-,;,)'I (y' ~u.,J\ u~ \I J--JI ~ .~L. \1\ .1j~ o\.s.l.r"j ~I 
"~ 

~L:l1 ~~~~ t.ll t-..a: J>-I..lli .:.r ~ ~~ ~i l..k J-JI ~r 

~.:lWI il~1 i~ ~j &-JI JJ~ ~ JJj~ ;j~I .:lj? ~ij ..!lljJ 

(j"'~1 JJi--:l) JJjUJI ek-~ C~)I c:Pj iJ...$- ..!lll.Sj ~\;,.,... J 
. (J.--l1 "wi ..:;.J~I.A...;.)'I 

e~ ~j Jj\s. ~~ ~"Yu; ~~ JJjlk.l1 .:lj? ~i ~ W 

Plexiglass Jjly il~1 ~j . JA--~~ ..!ll..i..Sj ..:;.J\.s.L..-;.)'1 )j.rA 

. ..!ll~J..:;.JI~ 10~j 
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Jr-- t: ~Jr ji 0.f.l.6::.A ~Ij-" J ~1.L ~I .:l1}1 ~ 0~ i~j 
~ ~I~ ') ~IY' ~~ .:ljf" (Hood) ~\> ~\5 }? 0\ ~ 6"jl; 8.l.lJ 

~y..l.G u~ ~ ~\ .:l1}1 ~ ~~ d ~j . 4l>1~ ulJ-.JI 

~.H W ~ .t-:..ll .:l1}1 ,,:-::-!~i ~.,J ~ 4~j Joly» iJ"'~)~ 

~ ul."kJ~ ~j) Geiger Counter uu-lA...;,')1 (/' ~I j~ .:l~j 

U~) (0A~ 4.;)...l..,..> 4J.,J) ."kJYlji 4.;.:lWI 4.;)J......d1 ~\x) ~j) 0~l:.J~ 

~ J ~I ilJ...:>...:.....I t~ ~ t'- 6"j4 ? ~j. o..l.;>-Ij G) i..L~· ; ulj.:lij 

.:l1}1 u~lA.; ~ ~ L.i . ~\ .) ~I ~~I il..l>...::....,.\ O)j"""';j Jlr-JI 

~ J 4.-oj'>UI ~ u1j.:l\flj u~lj U}l.\ JI)j~1 Jy..s--~ 6"jl..;:t..-.:J.1 

~ ~# 0L:.; .) ~I Jlr-JI ~ W , ul¥W') I ~~ r"Y' iJ"'l> 

~I ~ d'}"~jl~ JLuj :Yy.L.:o JI.,....)i tW')1 ~~loJ; 
l..SJ~j~L. uci 20-10 (f ylA...;,')Il+.,.i -4; '1 ~j ~I JIr-JILr" 

0..uJ J.9.r. ~I ~L. ~j ~I uP~ ~~.r. 8.l:'j ..I.;>-1.,JI i~\ Jf 
- LWI LSi ~ -')\1,'11 \,.. ~\ - Lu.:J\ .. '1 'i ~. ··U.:l

CJ. if. j'-'. ~ CJ. ~ U . '. 0' 

~jl-.; 0..l.G L/'j ~i 4-3 o..u iJ"'L,.,)1 Lr" Jj..L:-p ~ ~I ~Ir-JI ~L:.;j 

J ..!.lJ:' ~ ~J ~) 32 J;.....~I ~ ~ U,.,a.j ~ ul.r> L/W JI~ 

iJUi ~\x) ~\ .:ll}\ il..L>...::......\ ~ Wb~.H l-S' . 4.;.:l~'11 u~li:..ll 

.>...>-i ~j (l..SJ..l..4lI) ~L. ~I ~I ~ ~j ~j ul¥lA...;,') I(f ~I. . 
~~ jS.r> J ul¥lA...;,~ uP~\ ifY j4J:. tt:-"i JS 4JL...JlJ .l:J1 C;L.:oi 

j~ il..L>...::......\ ~ W , r~'1' Gh ~ tL.-;,')1 t.::-o..S o~\y-il ~J.lJ1 UUJI 

~ ~pl (f u..:..s:..u ~l+j J-li 4.;1~ J ~lJ:.I)u~W')1 (f u..:.s:J1 

. (1-6 ~\) lA~ )i ~y.L.aJ\ J=J'J:~ j-AJI .Ja....,\y. d\jl8.l:' .u.: 
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000 
000 

U--_I 
~L..i...;.~IJ"'" 

:..r- ~IJ 

t..~')I1 

•..L..:. U"'~ j~ 

t..~')I1 

Geiger Counter 

J.:u,.~..J 4...a....:J.1 ~I.,.tl ~ JAL..a...:AJ1 ~ 4....ojWI J...o-aJl;;~ 'h1h "J:( 1-6 ~I) 

La..:.':ilt . WV" _ -I A_ 'I ~~14...i1 ~I..A...:.' I.)~ iJ". _ ~ ~!P" Ah-I I ~ "~I I~~I' I A~'-l>l~v-- ~~ ...,..­

.4a..a1 ~I.,lt ~u, JAI~-, 
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~WJ'I ~ u' "':z...ua...WI uLAt~-~~1 

: ~ i4-0 o~ J r-}\ ,-?JrJl ~lJ-1 ~ i\..L->..:.....\ ~ 

. ~~lA::J1 ~Ir -] 

. ~l;)}1 J.rJ w..::.s -2 

. ~LJ)}\ ~;J ~-3 

. ~l;)}1 ~ ~ -4 

, 
u~L4:U'~!J-4 :~ji 

o~ Ji DNA ,-?JrJl ~L:l1 ~ ~ J ~I ;1J2.J1 i\~1 01 

~\ 0).;11 J.olyJl -4~ ~ ..!ll..iSJ ~~l.i..::J1 oJ..,. yr ~r--o J I~ ...u-~ 

~ J ~~ (f }5i il~1 ". ..!ll~ ~ J~ ~iJ . ~lA::J1 ~ ~ 

Cornple- . (eDNA) ~I DNA ,-?JrJl ~LJ-I ~J\....,.. ~ ~w Yl.r" 

~ y1r" J H3 ..:.JL:JI ~J).l..:-fJ1 ~ i~ ~ mentary DNA 

)~,..J\ ~ i~ ~ ,-?JrJl ~LJ-I (f JJ)1\ ~rJ\Ji ~J)11 U-LJI 

'\1.:J\ ~ W . (2-6 1<:'" II) 'L:JI k "1 ~ wi j p32 32t:,-r i LI -r"" ~ . ~.u--' .r" 

,-?JrJl ~\.:..lJ ~):-\ 01jJ)1IJ i~i U"'t;; J 0~l-.1J Marker ~ ~t;; 

. ~L...4~'1IJi)~ '11 i')..J. .r.S' ~~~I 0~1 il..L->..:.....\ ...L:.&­

, 
u~-»ll J';':j ~ :~~ 

J JGlI ~ W' ~l;)}1 J.rJ w..;.s J ~}I ~WI i~ 0i ~ 

Insitu ~\ . • . all ~ 0~-:·lIJ jJlpl J L-411~U)}I ~ ~I 

Ji1rU ~JrJl ~L->-)11 -.r'~1 ~ d,..jt...; dJ)1\ ~. hybridization 

. ~L.... ~ 0~~ Ji.r:li J)J ~ \~'.:; ~J J4=--~ ~I)J L--41\ 
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- -

oligo dT Primer 

1'- Tn - T '5 
A - An - A- OH3 '3 

mRNA 

* H3 
I 

dTTp, dA TP + dGTP 
dCTP 

eDNA 
1'- Tn - T 
A - An - A- OH3 

,\\_epNA( III ~I ~I ~I I~ ~I 1'- Tn - T • I III III III 
............Y' ~~ O':>.r"-"
 

H3 .:.::~-,)..L.:-fJ1 ~ dTTp 32I;' i' 1 
( - -) dATP + dCTP DI'<'A POLl 
ir...J' dGTP 

J2p ",LyJl ~ r-r .1.
;jE ;jE ;jE;jE ;jE ;jE ;jE ;jE;jE l'- Tn - A 

.T~ ,......yo ~r- I I I 
H \ ! ll!----!~""'"!_*- 1'- Tn - l'_ll!--l!l!-!!---!lll!~.ll!_~.....-ll!-..1

.' ~-,)..L:+l1 

i$~1 ~L,.J\ Lk~t "1..:0..:' u~ld,4.j ~\.)..4 ~ A..a...:J.1~~II"I..u...:.......1 :(2-6 ~') 

~-' J-'~I.b...~Il":!_"".¥~ H3 ~.J)~I~ I"'~' ~~J eDNA ~I 

. ~W", .b...~1 ~.¥ ~ p32~..~.,..n 
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.ua.....lj-! o).,J1 ~~ l:?jrJl ~LJ-I 4.k~i~ ~;; o.,)~ ~~ ~ 

~ e ~II..~ ~r..' .Jj-&- '"7"",lkll..:..o).,l1 j.:.€ ~ ~L.....;, r'r" ~ 
~rJj x ~i ~ i l..l:>...:..,.,4j ~I..:..o)"ll ~ ~~.;JI ~jfJl ~lJ-\ 

. ~I.,)~ ~ ~\ .1\.;))i ~~ r-W\ ~ ~~ 0.ril.r1W 

LS . (3-6 ~I) '"7""}klI..:..o)"l1 ~ ~~ ~jJl Yl:Jl--4~ \..l.~ ~ 

u..:...5j --4~ J)j ~ j-aJlj ~4~1 0~1 J ~I i\~\ ~ 

. ..:,.o\;)}l 

~ ~J\.3..1 ~ ~ .ut.; ..:,.0\.;. al\ J&- l.\--4~j ..:,.0 \;)"l1u.::..s J L..i 

iL...i;i -.j~l ~\j CoJchesine ~.,5J1 0.,)4 4-:LL...o ~ ~G:--j L!I~ 

. J.J: ; .• \ oW '1 .11 I,. \..l...lJu V)l::l\ ..::.......:; WI· '11 4.1.»1 ~ L')l::ll
0'" C? . '+""'" . c: r-' ..s- . - .. j-'" • 

.ua.....ly. ~')l::l\ ~ \..l.~ ~. JyL:.:-l.Ij ~I ~l> (..r".k::l>- ~ J~I 

\..l.~ L!lrJI ~j (H3 ~L;j\ ~j)~1 ~ ~) ~L......:. r:~ ~ 
\..l...lJu .;, A .2. ~ 0 • ~ \ 'YJaJ1 . ·,,..:JI ~ wi . . . .t.....:..J')G.. u...k., 

. ....r-- - r'"' i -r c: ~ j - ~y.~ - - . ., 

,-:",,}k11 .,:.,)}I ~ <.?~ <.?jJ\ ~l J"..! ~bJ-" ~~~~j 

. (4-6 ~I) ~ u..:sJ\ 

~lSj ~ pi ~j~1 r3.i 0,r-o.". ..:,.0 \;)} I ~; ~ (..r" oxWI 

..:,.o1~xlSy.-JI ..:,.0\..).,); j.-l-; 4j~ ~~ ~ . ..:,.o\;)"...JJ ~.f-I ~".:L\ or" 

t.........y ..:,.oi~.r-15r.:' rl.J..:>..:..,..\ y? DNA Sequencing If'--4 L. ji ..:..o)yJJ Wjl\ 

~l>..U ~4~1 0~1~» if ..:,.oe),u ~; ~ ~ lo.S . ~\"...cJ1 

. 0:~;-lIj J).,JI jiJlj ~j".J1 

J ~\ J»j ~4~\ o~\ .1a.>-'1) ~W r'~ ~ i\~4 
. ks? '11 Jy.aAJ\ 
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2 3
 

~l>~ 

DNA~Jf 

wV'" •
 

Marker
 

DNA~Jf ~l>~ 

~~)_J ..Ll> 

~W ~u....,.~~Ujj!~..;-s:;...L..a..:i~l ~I~ l..J h>j :(3-6 ~I) 

I$~\ ~Wl tw ~ 3.9 2 tsJ11 ~ I'j...:-JI.p~J A..£.r..L..OJ1 ~~j.j~l..:> ~ 

..".....4-4JII$~1 ~Wl I tsJ11 ~ i"j..>J1 ~~~I ~ ~jl ~I 

~1~JG-I'~~t~J'~l.a..j,{"-"'J-'"~ bJb;.,j:(6-4~1) 

. ~ ~I ~I ..l..l.0' ..La.:' ~.:..»-" ts-'"" ~ ~I "I~~I 
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, 
u~'Atl - I.I_-·: w t ~~~ .!J 

oJ..,. ~ 4.....,... ~l..o i4i il~1 J:» (f' uU))\ ~~~ 

..lS't.:J1 l+l~ (f ~ o.r.-c ~ ~ lk&-L, ~I (f' tL:JI 0'?)y.-ll e r"l::J1 ~ 

~I uYl:>-~ o~\ 4 1~ . ~I.r" ,-:",#1 ..:..).,.....LJ J:,L:..; J~ (f 

~ (f' tfL:JI ul..lA.JJ.10l; ~).,li ~ i\~1 4Jl>'; ~ i~1 
.. ~ :If. - ~ 

~ J~ ~ ~ J~ ~ 01~\ ul~ 4..;~ L..:r -r 0\ ~ ~lA.:.l\ 

~ u->-JUI JraA-J1 J Y ~..u..1 r-=-:-LS.r>il.;»,:\~ 0i L-5 . JI)) 

. uL:..;jr,ll ~~~I 0~1 J Jl:L1 '-:I" W" uU))\ ~ ~ ~I~I 

1.:lL...:s-\ uW!:\ ~y yL.) U.:l...w ...w d.. ;;-I\ oJ..,. J ~L:l1 )p lja; 
uWI ~ J» ~) J)JI (f 0':?f U~)~)~ u-4!1 ~ 

.~Iri-)~I 

~ "'1'-1 ... _., • -~.... t_a"ft u~ J-.!t:Q.-....J~ 

: '-:1") ~I uW!:1 ~ J» oJ.;;..:\~ 

Nick translation ~I 4';. I 

. Primer Extension ,u.:lL:J1 4JU:.~. 2 

. Ends labelling ,-?J,J1 ~L:l1 u~~ r-:-"y . 3 

. RNA ,-?j~\)1 ,-?).,JI ~L:l1 ~ ~ . 4 

Automated solid phase method ~~I olJ;.1 ~)JI . 5 

Nick translation ~I ~>i 
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..:J~ ~i J ~~ J;kJlrsi (f ~iJ ~):-I 4.,Jy-l:-!1 ~ 
o~ ~ . ~l ~I ..:J~ J L-L.... · tI DNA <..?J..,.:Jl ~I..=ll 

i..l.f.ll J DNA POLl JJ)l1 DNA <..?J..,.:Ji ~lJ..1 oA f-}i ~lj L~ 4..4:;kJ1 

Ji ..:Ju,Iy-i!1 ely ~ ..:J1~.r:lS~I ~lj!J i..l..+! f-})l1 I~ i~ ~1· $.L:_:-.llJ 

4JL..;\ ~l> J .s.jL.; ..!.l.LiJ 4 ~ $.~I .kl.:.,j L~ ..:J\S.lyiJl $.~ ~J ..:JlyikJl 

J,...=J-\ ~l::J4J $.~I ~ d ~~.b:-t:...., ~L.; ~L...; 4.....-,"" ..:J1..y~~ 

~~~ ·J&-u...:JII~ :.r- Jl:JI ..:JWI ~ . ~~ r-"J-" ~ L~ 
~w J\s..kL:..i ..:JI~ 4-i.,.s:J..!.ll~ ~I \..r" ~ JLS::..;i d ~I~\. . 
I~ . -:~ DNA <..?JY ~l..>- J o--4~ ~ <..?~ ~)J-" ~L..:l d-> ~ 

. 4..4:;kJ1 o~ ~I~ cr..r.-dl .r.S.rJIJ ~I JI 4JLP)'~ 

f-}i wJ ..:J~})l1 cr" ~..,.:J~~~ ~I~; J&-Ui ~ 
DNA <..?J..,.:JI ~lJ..1 oA f-}iJ Pancreatic deoxyribonuclease (DNase I) 

. DNA Polymerase I (DAA Pol I) JJ\'1 

~~ 'Y...s J ~I~ o)~ Nicks r-U ~I..L>~ JJ)I\ f-})l1 i~ 

3- ~ J. )J)4 Or ..:J~4 cr.~ ~14~j--a l....+l.,k ?J <..?J..,.:J\ ~LlI 

. 5- Phosphoryl~..)~;J hydroxyl 

i~ ~1 ~) ~L:.; JJ \'1 DNA <..?J..,.:JI ~lJ-1 oA {-}i ~~ 

(f :I~\ ..:J1..l::J.r-J5~\ ~Ij! JJ)l1 .J:,L:..i ~J 0)-1 ..:J~4=J1 ~ ~~ 

~J. <..?J..,.:JI ~I..=ll ~r. ;f.S d ~~I 4.:4-J~ :I+JIJ Lol3..1 4.:4.:J1 

~lJ..1 L~ ~~I 4.:~1 (f :\~I ..:J\..l::Jr-lS'~I 4JLP1.J ~~\ .kL:..:..l1 

d 0~~}1 ..:J1..y~~I u-- .;s-i Ji i..l.>IJ o1 ~J $.~ ~l;S f...uJ1 <'sJ..,.:J1. , . 
~~1)y. L~ <..?~ tl:Jl <..?J.,..:JI ~I..=ll 0L.; ~ ;~ ~Y' J&-lA.::..l1 

J ~ {Jj ~)l1 <..?J..,.:JI ~1..=l101 ~J. ~ L~ J,..d-I ~ ..!.lJ~J 

~I ~J.&. o~~j,J rsi 0~ ~ ..:J1..y.r.1S"~ 6jL..;10L;..!.lJjJ o~ Jk~ 

(f ~~~ ? ~\ o)D o~~j JL.:J~J ~L..-;,)'I .kL.:...:J1 ~b.f. 
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. il?~~ ~ ~i J1 ~ DNA l:?JrJ1~L:l1 .r ~ ~j -:.JU)} \ 

oj", ~Iy. r-}I DNA l:?jrJl ~L:l1 ~ il?J~~ iL.l>..:.....1~ d,ji .;5l...j 

. (5-6 ~1)~)aJ1 

~I ~ - I_W .;; ...,~tl I AIA_tl .•-..;-J u- ~ ~~ u- '.!r"' ~ 

. o,; ..L.iS ~ J1l:?~; .)\ ~ ~\ J->lyJl .r --4..w~ cY-~1 Ij", )~ 

: J->Iy-ll oj", ~ j 

~~I DNAl:?jrJI ~L:J-I ~ e dl}.o ~IY" ~y::-j.)l : ~yWl . I 

ji iy-..L;)11 ...l.::--'j.r. ji iY-.r.-J' ~i ji i)"..;).,.KJlj J~I ~~ ~ cY-~\ J 
DNA l:?jrJl ~lJ-l c~ {-.Ii J.o-s- w.;y ~1l:?~Y.. .)i ~, ~j~1 ~~ 

~\y Lu: l:?jpl ~lJ-\ y;; ~L.i..:JIIj",~ J..4.il1 ~ dj ..!..LLU Pol I 

. i~ll:?jrJl ~L:l1 d..::-S ~ ..!.ll..15j i~1 ji Columns ~I c~i 

J L~I -:.J4:.I)11 j-:S.; .)L.a..ii ji c~~j .)1 : -:.J~j-i t;\ 2'; . 2 

~ DNase I f..I)11 c~~;. cY-~1 ~ ~ ~G.J.)~.)i ~ cY-~1 

J i~ll:?jpl ~U-I -....i.l; J1l:?~Y.. ..G lc ot...:...;JW c~4j ~i l:?~y. .)i 

J~I )1l:?~Y.. .)\~ or?.; .)~ 0i \..S ., o~ ~ J1 ~ ji cY-L.Q.::J1 

l:?-UI DNA Pol I c~1 F-.lJ e ~i JlJ.-l j . ~}kll ~ ~I ~ ei)-" ~ 

. ~I ~I ~~ )1 ~\A>.il j\ or?.; c~~j l:?~Y 

.)1" (r 15) ~ c};>- ~)~ .)1 ~Li..:JIIJ..,. CL:.:...:. : J"Li':Jl cJ1r-- 3 

)ll:?~Y JL:.l~j DNase I f..I i J:,L:..; d o~4j )ll:?~Y c);-:l\ d c~~j .i..:i 
... \.. ­

ij", . ....JUJi:r .. ~'1i ~~! ~ j......J~ f..I)1! i~ ~~! ~ 

c))-\ ~)J.., ~L.Q.::JI ~j 0~ ~j LS . tt=-" ~ ~ J~I)l ~L..d>)'~ 

j\ c))-I ~)~ ;;~~j 01J -:.J~L. '-~ )1 ~~ 30 0;: Cl 2 j Wl:.>..: 4.;-....\.:11 

yLi..:J1 ..; .u>.1~ H:l! ~IJ'" ~ J~i )1 '-.?~y f..I)1i ~; ;;~~) j\ ~~\ 

-~I c..lAS ~~ lc cY-L.Q.::J\ J o~\ r.?- ~I}\ d..::-S ~I~; Jl:J~j 
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'5 '3
 

'5'3 

DNase! r-r---" ~ A 
~AI]
 

dGTP 
dCTP + 32p - dATP DNA PoLl 
dTTP 

,/
~,;.JI~ 4,.....JA tsl.JA 

32 .p

~~ A.-4.J..;-b: (5-6 ~I) 

;-..J ick translation ("I I i tl 

uA-L-J1 ;;~ ~j:ll ~i ~~.J 

."..l.c ~ DNA Pol I .s»"J1 
'3 1"..L.6l1 J.:.L.:.,j 'Lo~ ~II"~J 

'1...-0,,) ;., j H' 4 ~~I "~~Jj 

~ ;;..-s~1 ul~~~1 

~ I~IJ ~l ~J ~L..4..:jJ1 

~,;.JI~~.JA J,j':J1 ~ 

tL..J..jj ("Ij .! '" A:!U..!.1.J.:.IJ p32 

.~~ 
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~I~ -~.t-1o.J.~ :.;-.~ 

~u.::JIIJA j~l j o;-:JL~ 4-::k-~l ~J U:.~I 04\ '--;J~!.l~ 

: '-'r.--Ji olA tY'J . 
)...lAJ DNA <.,?J.,.:JI ~~I tY' ~ op:S ~ .)1 Ut.)aJI oJA t.~. 1 

j ~I oJA tY' Jii il~1 ~ 6,ji tY' ~)I.)&-J il~J~L. ~Iy. 

. ~ Specific acitivty ~L.t...;)'1 ~I oj 0i ')11 ~li:J1 

. .s.:;)r- ~);)J ~li:J1 ciJ ~.)1 ~~\. 2 

. J'-lQ;J1 j .w.:.1..ui ':"'~J)l1 ~ ~ 0~1. 3 

0.)~ ~J.,.:JI ~l-..>-)11 r-=-f j ~U-:JIIJA il..L:>..-::-..1 ~ ')1 . 4 

.~~I 

Primer extension ~~WI aJ\.b1. . 
~ DNAPoLI <.,?J.,.:JI ~L.:l-! 0A f-~i 0)'.19 ~ ~u.:J\ liA ~ 

spi DNA <.,?J.,.:JI ~L.:l-I tY' 'Wli L.~ ~.)~ tY' i..y o~..l:::- ~ t-~ 

. ~I~ ~ c.\:::.)' ~1.r4-l1 J" ~ JI.,ki i\J-~\ ~J . ~.rJ1 

F-J)11 ~.~ ~I~I -:r" ~ ')1 6,j~ ..!JJlJ f-j-i)1i I~ t-~J i-u 1.l.:,.j .)~.,J i;bJ 

. ..lai; t- t.:.:J1 .b~ (f JJj-l. \ 

,;)J--:...o tY' :.r}:r:- j-4 uJj-A DNA PoL I <.SJpl ~L::l1 oA ;~jjl 01 
- 1 

<.,?lJIJ L/Wl t-.;.:l::-\ ~~ iJ.+l1 .bl.:,.j (f JJj-li t-~I ~ JJ)f\ ~i~\ 

~ rJjJ· t-L;JI1.l.:,.j (f JJj-\.1 t-~I 0pb 76000 jl.r-- ~~ V\~ 

ti...L....: Klenow fragments fJ5 ~~ <.S.i.\IJ t-L::JI Y JJJ--l1 t-.rJ:-1 
'- ­ -

f-J)l1 IJA i~J . Protease :r---;J.r. f-J)I~ Ji Subtilisin o.)~ J-.':')11 f-J)I\ 

. ~~I ~ j ~L;, o)~ 0\11 
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: ulh4J1 AJlb! J..>.b 

Random Primer Synthesis ~I#I 4j~~1 ~: ~ji 

:L/') f~1 f.../~11 ti ~ i.:l~\ j&-LdIIJ.,. :r 0~y ~~) 

oj.,. ~..L>..::....,.,I : ~I & f-;i ~1 ~4 ~1~1 ~~L.:JI ~ (i 

. cU~ ~ v~\) ~;) ~ 0~L:J1 J;3 :r 1983 i~ ~)JI 

.h:rJl .:l~ DNA,-:?).,.:-JI ~U-I :r ~u .)1 j&-L..L::J! \J.,. c:~ 

~Iy. 4..::--).:l)141.r:- \11 j...a.9 ~) (il~Y l; 25 Jlj>") ok l) r.?.2) ~) 

~ J~I ~}") ~\j.:l2.J.l flOO .};> ~)~ ,-:?).,JI ~L:!-I J~ ~ 

'iy..:l~1 ~))..l.:J> J~ j.:..o .~l; oL.,.;~)i o}JI.).;>- 4..::--)~.:l.r.-:. cU~ 

. J~\ J.:.:---~ M 13 ';l.-.lJ .h:rJl .:lyll\ ,-:?)yJI ~L:l1 i\~1 ~ W' 

.)l 4Jl;l v j JUI vi~y:15~I) ,-:?).,J\ ~L:l! ~\j .;I~y. ~l.A.;jIIJ.,.,-:?~ 

F-J\1I) ~.:l~ .)1 Ul;l ~L.-...:. ~.,ll vl~~.r.-=J1 Cr"rsi)i :;..l.>I) .:ly>:") 

~ 0~ j&-Ldl IJ.,. :; s:L.iS 01 .k..,J . cU~ ~l:l\ ~I ) Klenow Fragments 

~WI j-:S}" 0~ lA~) f25 :;).;>- 4...:-)~ JYL..i..;j\ ~ L..J..:.&. ~'jl> ~i 

~I ~j ~li:J1 J ti>-IJJI ..:lI}1 ~ I..~ 0! J..c-~ \I~jl; 30-25 

. v~\....., ..;..;')U JY\.>- %70 :r .;5f .)1 

Y~l:;""; ~ J~i ~K..l ~1 ~)JI oj.,. il..L>..:......\ )L.:...:..;I .:l~) 

~ ~w~ ./' ~ ,-:?)y ~l> fl~1 ~ .d .)1.ul;1 y~ 

V~)~ ~\A.;:.\I ..1~1 ~ w . ~ ~;; .:ly>:"))1 rJ4J1 ~ ~ ~Ir=->-I 

IJ.,. :r J~\ ~ W . f37 <4-)~ ~ 0 y-iJ1 0)';>- <4-).:l ~ --4; :;).;>­

v\;)Y' ~ A L.. yo) il~yl; 30-25 ~ L.. j-zS? ~~ j&-Li.:J1 

. (6-6 ~I) oJ.>-l) ~? 
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Hexanucleotide sequences 

..::,,1-4".r.lS'fr314--I ..l..o ..::,,\;~4 ~ 

; 

DNA ,,:?J~I ~U.I ~u :r ~;-A-o .la.~ 

..,..a..1.> il..l..>...::.-I ~J ~~~ ",:".".uatl 

. ~.;.. ~DNA,,:?J"" 

,
.,tJ ~I~ ..::,,\;~~I bY;! 

.ub;.,.. ely 

~ ~ 

OH OH OH
 

32p 
.' 1<.hO ·1r:- c- f-:rdATP + dTTP 

dGTP dCTP Klenow fragments 
32p 

~I~I J.:r.>~..J~1~ ~j.jl~I~~~1~I4jJ411~L4.J :(6-6 ~') 

"::'\"c'I·":'f\ J ··~ll..1.<-l~ ~1i.S··~tl . Wl.....l~ 1,.. 'WI • '·-·-,,::,UJU~ ~~~y .__ ~ _Yr" ~ . ~ _ ~~ . 

"::'U J 4J 10A ;;~I ~j)~1 "::'l.:!4-"J1 'lA~ 
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Reverse ~I tL-.:..:.....";)I1 F-;i i'..l..?r.;;..,.,4 ';I~I 4;.)~1	 ~ ('":"" 

: transcriplase 

~ . • \,... ~ .1\ . L.:.::....... '11 ··Io.,lj \..... 1.... WI	 \J..,. ~
 
~~~C f...I) or o: .. 

IJ..,. C~. RNA ,-:?)".:JI ~iJ.1 j-" ~j-A ~u ,y DNA '-:?Ji' ~l.>­

~ I ... <:» LiJj-A ~~~ RNA ,-:?).".:JI ~Ltl ~u .)1 UL.,.;l ~U-:J\ 

~~ ~.r-si)1 ..L>-I) ~~)) 4.AjJU\ ..:.,,\~~ J-:'~.1I) Oligo-dT Cr;€L:J1 

J,.,aJ-1 p) i'37 O)r ~)~ ~~l.i:JIIJ..,.,-:?~ . f.../J11J1 UL,.;l ~L....;,1 

\J..,. i~) . ~L. ~r-:) y.L.....;.)l1 oyiJl J~~ ~ .J~ cr" 

J) ~I .k;rJl l.,.,ra->J cDAN 0 1,-:?)rJ' ~LlI ~ J i~ . ~l.i:J1 

~ b f-~~! )r=-Ij "-,,i~! ~~j~ ~l.i:JIIJ..,. ~ ~~). D,.;,... 

. RNA ,-:?jrJl ~l:l-I ~l; 

tL..:.:...... '1i j\ ~I & F-.;';\ \I~~ ~Iy- ..:.,,\.i~LJi (;' a; (..,~LQj~ 

:r YSI f:S?) ~..:.,,4-0~ JraJ-1 J1 '-:?~~ ~~ I~ ~lA.; ~I 
0\..; 4...J.:.Ji ~.? ~lA.; e o..;:.j)\.4..: ~) . ~L.i.:J1 J i~1 ~W\ .r.:S; 
EJ il~L l.,.,~j ';:';G~UI (;'~ ~LQj 0\ '1[ ~ 0~ t Ui f:SrJ! 
~ 0;)'--:i..i.:A:~: '-~ ~ ..:."L.i~i J W~ ~ f-J5JI 

.·..s,;:Ji W.9 .. L....,;,'1i,k'L.:-Ji 1~. pl~1 l":'~, 
.- 4 v-)-'? < '-:?~; ...r--:. 

..a....lJ-1 '\"~I~ ~: .... .;:.;~ ~L::.:,'J p~ (ji.~. \('\1 ~ ",~i,jl 
t...r- ....; L. J- . \.:.... "\ .. i..,F~;' ~	 c- ("=oJ ~ 

~ ~ l! Js'li:.J1 iJ..,. i.)L:.,. J :vI 1'< j wJ '-'~ It7,-"f J J lJ- i -/' L..S '-:?j rJl 

,y rl~yU 2) M 13 ~L.JI ~r=-)\ .h.;..> ~..... !':.~yU 50 Jir> pl~i 
., ..	 I... \ 

...jL.i.:.J1 0~ ~ L~I L-.>L;l: ji .cJL:J\ ~4J1 .r" ~ f..;~\ I..l.;-;j ~~l)! 

(.}"--4-',..:."L&. ~JJ ~~ L:..,.;y:.;I}9 . JW ,-:?)rJl ~\.J.-I .k;~ ~L; e ~~L:JI 

~ 0l! JLill 4-.ol:J-1 ~4J1 e ~~L:JI uu.:J1 ~ ~\j ~ ..:."),,.. e ~\)) 
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~i}1 t.;.-.S ~~ 0~j (WI)j (,)""41...:...).,,11 ~l+i :r) j9LU t-L.:-J ~yl 
~U\ ~4-i ..L:s- ~Ul UJ~ ~ F-})\ ~ ~ ~)a.:.-JI yW~ ~I..J\ 

~? ...u..: ~L.i::..l\ uli;'j EDTA ~~L. ~L.,.;~ ~~j ...:.,).,..JJ ~ ~L: 0j~ .h.U 

~j .hi..; yLU ~~ r-">-" ~~ J.".-.a-.ll ~ \~j. O~j 
ultl:Jl 0-" ; .;\- >.-4 ~ ~ t..?~.r-li ~ ..:.:).,,11 ~~ J 6...A\~1 

. ...:...)}Ij 

\~ ~L:.:J\ ~ 0l! ~lill 4.:.J\;j1 ~4-J1 Jr ~.)~\ u\A.:J\ 4Jl>- ~ Lot 
. (...:...)}ij YUI) 4,..~ ~laJ\ 0-" ~ ~~ ~j (,)""41...:...)}I ~I~ :r 
o..l>.,J j9L:J1 ilJ~1 ~ L.S ~ d,.41~lj ...:...).,,11 ~ ~) ~ ~j 

...:,..L~\ ~ ~ e1j Jlk ~ ~..A.):JI o.h. y.... r..L:>....:.....j . .r=>-I ~) 

~1)-1 ~~ 'j ~..i5j DNA Fingerprint <..$jrJ! ~Ld-I ~ 4";;-~ GL:l1 

. (7-6 ~I) .1..;1).,J1 

Ends Labelling I$'~' ~WI ~4~~.j-J 

J:~ y 5-end . 3-end t..?J,.0! ~Ld-I ...:,..l:4-i ~i ~)JI o.h. d ~ , .
J 4_-_.6.\\ "':"'\J...;y.l5-,~1 :r 'j~ 4..........,J.U ...:,..1J...;r.1S·~1 J'A>.L, ~L:.:Jlj i-451 

0~ Jj u..,.rhJ1 o~ ~~\ ...:,..~ ~L.....;.)f\ ~~\ 0~ ? l~j . "WI 
d.,; ~U! ;;..;..L., ~~I~j.j ~\.:.)I ~ F~1...:,..1~~rJ\ J}> ~ \~~I ;(..~ 

~riI! j! o~~i ~b} Jl:;j~j 'y.L........:.l ~.,li ...:,..1J...;.r.l5~1 Jy>-.)~} ~b; 
.~~L.....;,)'I 

, 
: -/'j ~...L>.:.....ll ~4-J1 ~ b~1 ...:,..~4;J1 ri ~ J~ ;;~ Jb 

, 
. 5-end ~L:..JI ~4-iJ' ~~ :~~\ 

. DNA t..?jyJl ~L:l-I ...:,..I~..l)s" ~ J.-L; ~I)~ ~ ~W ~~ -/'j 

r..'w)' &li f-}~ ~i ~\}I DNA t..?jrJl ~L:l-\ tl....ko ~)JI o.h. J ~ 

·~~t..?jf~G-~ 
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pi' I (.;1 

dA.. IP + d.C.J.TP ~ 
dCTP + dTTP'~ LKlello>t/ 32p 32p Klenow 

fragments fragments 

I 
I 

< >1
I

\ 
32p \ 

\ 

... 
;'''' ....rt-~I&u 

" .... .... ...--­

... -­ ......, ... 
'" " '" " 

;' " ;' " I \ I \ 
I \ I \ 

\, I I 
I I I I 
\ I \ I 
\ I \ / 

\ I \ I 

.... ... .... ... " '" " '" 
...... _--"" ...... _--,; 

32 . _:1\ t:... ~L..U 32p )."A-"..aJ1 ~ r-Y ~ P ;Y-.r-,;-:--. t""J-" ~ 

4A.o ..,..J..:..&ll ~);IJ .1W MI3 '-E"WJ 

~ j'-I...J.:It, '~lll V"'~I M 13 ~WI t"1~4 o~~I4j~4l1 ~L..4:i :(7-6 JS:,.:JI) 

. I~o·t..··"tl 4j~WI..bWI.i . I~'I~~I~ ... _tl • 'L~~ .~.I~tl 
~ '.;--::--" . . ') c:-''''' ~ -~ t.J-I'" . ~:r-:-

~u:i.tI..A~ 
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Alkaline Phosphtasel,?Js.WI p;lA......;J1 F-;~ l,?J,J1 ~\.J..I ~ ~\.-j 

.i.-...o~1 ~4-J1 (..r" )~;JI 4Jlji ~~ ADP ulA......;J1 J8 ~.:l ~I .:l.f':"y. 

T4 polynbucleotide F-.;.;)fl J~ ~ uu-"'~I ~l:J ~.:l)fl ~1 ~j 

ii.:l~~ i~ ,-:?..ul (T4 JW~ 4.:L..al1 E.coli 0yl,AJ1 ~~ 0-" Jjy..ll) kinase 

.L-L::l..1 ~4-J1 ~i r:. ~t.; 32 )~~l ~ .:l~y'j L-oL:l\ ~4-J\ ii.ri--3 

. (8-6 ~\) ~L...;,1 

3-end ~.Hilll..ll A~tl ~~ - __"t!""'" :"W~ 

i..?jY ~G- ~ il~I~.,b rY' j&-L.i.:JII~ J WL:JI ~4-:-l1 r-i 
Teminal dioxynucleotidyl TdT F-;)I! 4-:Ji J~ e19 F-;~ O)~ DNA 

33,000 J1.r-> ~ ~f-->;" 0jj i..?j U:?Jr! 0-" w.Jj-o f-Ji y.j Transferase 

~1c~ ~ D.,jj ~1 ..~1 J DNA l,?J,.:J\ ~LlI ii~ f-;i !.l.,.L ~j 

...~\ ....\) ~L; 

~I+ uJ )~I 0j.:l .t:.Jl:.J1 ~4-J1 ~! ul..l:J~ ~I t9L;~ TdT f-;i i~ 

~ d; ~L...;,i ~y ul..l:J~r.-i .:l.f':"y'j' (~)ji ..~) l,?jrJl ~\.J..\ 

,-?jY ~l>- ~ rl~1 ~ L5 . l,?jrJl ~L:l\ EAJ ~L::JI ~I~\ ~i 

ojb: ~Wl .j l,?j ~ Cl:.;l ~;kJ\ o~ J ~j . ~li:J1 I~ J ~ ulj 

. (9-6j5:..:J1) 

~ ;.:Jl:.Ji ~4-J1 ~rJ Poly CAl polymerase f-;)l1 \i.~\ ~ W­

J"WI I~ C~j r-Y' ~ cLi)l ~l4.5 RNA l,?j~! ~L:l\ i\~\ 

, ~.:l)ll 4....y u l..l:J.r.l5r.-ij T4 DNA Ligase i~\ f-;i ~l ~~ 
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c:2ADP 
2ATP 

n1
OH 

"OH 

32p ~ T4 polynuleotide kinase 

'5 

"S 

"'POJ 
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DNAv~y 

TdTf.;.il 

0--0-0-0 
I.$J; ..,..:i.ol> .k...r­

~.;.. DNA 

/ 
d ~TP 

32p 

I.:u. ~J .:,,1 '" '!" Q It 4,jJl,jJl ~4iJ1 ~.,;i~ TdT j'-Ij,jl t"'1~1 :(9-6 ~t) 

DNA. ", .. ~ II . l..:>Jl ~t..i .• ~ I ~I - ~ 4,jJl.lt14..lt .~II .-'0 ':"f..L..:i •. 1<•. -.11 • '~I
~:»- ~ c--t..r-J. U.J _........ .",.- _ ~~ j'-Iy 

~~I ~ 4j~4J [~ 'J W 4.A~f 

il..L>...:-.1 ~\ :.r 4"il; c.ll:.lIJ L..,o(j..1 ~4-:J1 r-:-'y U:}> :.r J5 ~J 

yu. 0~ r-:-"r=J1o~u..s 0i '11 ~J~I ~U-I :.r (£.J.)j-" Ji.);-A-o ~~ 

~~J)I\ :.r o}IJ 40S ~1 ~~~I o~ [.~ W . .).;-All ~rJ\ il~~ 

~I..y~~ ~W)'I .1L.:.:J1 ii; ~~if'~)'1 .1~1 iij ..Lo.::..UJ 

. (6000 uci , 3000 uci 4.-...}\ 
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.. 
End repair Labelling ($AA~tl _ ~6.J1 A.JI'"0'"'A" ~..)oJ• -:L:iJl:I:»""" _ 

F-}4 tl...l- ~rJ\ ~j.:lj-A ~jY ~~ ~ il~1 j&-lQ.;;JIIi#. J ~
 

Ii#. J L~I..:,..l.£}\I\ i,zj ~~ jl~) F 1~\.S f!1 ~~j eu
 
~r:- i~j (~)JI) J.,kJ\ ~jL;ll~ l:?jrJl ~\.J..I ~ ":"'~~~.2 j&-Li.::J1
 

il~~j l5.,.>-i ~.r" 4J~ r3 J.,kJ\ ~jL;l1 ~j.:l)1 u.~)U UJL:JI ~4-J\ t:..r"
 

~ ~ J~ ..:,..~4-J1 oi#. ~i ~ <\.it.; ~L-;.1~.Y' ..:,..\..L::J~ ~
 . 
. ~L....;,1r-".Y' 

~LA.; !Jl:..lI 01-9 j&-lQ.;;J\ Ii#. ~ I~I J 4..0 J...:>..:-ll ..:,.. '-€} \II U)\;:.>. ~ 1)2.ij 

:w~) 

~I ~ F-;.ii il~4 ~rJl (i 

~jL-;..., d'j ~j.:l.r- DNA ~jY ~I..> ~ .)1 j&-Li.:JIIi#. c~ 

F-}\l1 i~j· ~~I tl,~~ ~\.;j\ ~4-J1 ~Y' t:..r" ("7"'rJl ~~ J.,kJ1 
~4-J1 ~rJ ~lAS L-AUlI ~~I J ~j.:l)1 y.)- ..:,..I..L::J~ ~\ ii..l>.:..::-...o~ 

~ l".1..L>-1 0~ 0i ~ ~ .rJlj ~j;!J\ 0.)-1 ..:,..I..L::J~~I .:l~y. .!JJ~j UJL:JI 

Ii#. ~I.rd ~ <\.it! .!JJjJ i~1 F-} \II ~LJ.. i)2.ij . ~L....;, L.Y' J.!\I\ 

J l.Y'~1 ~ J~ ~~.:l IS O..llj U;-iJlo)y->- ~)~ j&-Li.:J1 

. F-}\I\ ~w 

DNA Pol I Jj\l\ DNA ,-:?j.,.J1 ~u..i or-L f.}i i\~1 ~ ~ 

.k....j J j&-Li..::J1 ~\~~ .!JJ~j ~ i-4-l1.k~~ ~ j&-Li.:J\ Ii#. ~Ir- ') 

.(r 1O-S) ~ o};> ~).:lj r.:srJl J~ ~ 

T4 DNA Polymerase f.;.i ~l i l ~4 ~rJl ('-;-' 

DNA ,-?jrJI ~l:l-I oA f.}i yW JT4 DNA Pol F-) \II ~~ 

~4-J\ cr" ~ i¥1 .kL:..i i..l.:-: ~ o\.i~LA.; ol.;i\ J ~~ &j Jj\l\ 

~ ~L::LI ~4J1 if ~L:.:JI .kL.:...; \..L:-!, ~ CS¢'}l ~Lj..\ ~ ~L:JI 

. J~')I ~~ ~ ~~ ~P~ F-}\lIIi#. i~' C3¢"S)4.:.JL:J\ 
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~jY ~L> ~ ~~y. {-j-;'~;I i~ ~ Replacement Synthesis 

~Y' d o}J ~ (~ ~ wL.,a;) or- ul..l::i~y; ~Y':"j 0j~ .h.U ~j~.l-" 

ul~~~\ oLPl ~j ~ r--4lI .bL:..i L~ u,~\f\,0" :i..:..l\.:.l\ ~I+JI 
ul..l::i~.r.-JI Ul.Pl tY-;1 ~ u\~\ oh~? i~ a..j\j ~w......;.l ~}I 

~)~j4 u,r-i il~1 ~l2:..l\!.1;, <J~) ~13-1 ~4-J\ ~\:; ~ \~~I0 

~ {-}\fI!J; ~ '} d }"ill0" -4 '} d W' J.,kJ\ ~)L....~ )i 4.:)L... 

o ~~ )r=o)'1 i..u-~.,;J ul'p' ~i ~ '} ? ~}o oraJ 

~j ~~ 0p.:, J)J! 0.1;, J o~1 YL......;,)'\ uWi o~ 0i.,.5-4) 

(RNA DNA) l?)y.ll ~k>- \f\ u\~~r,; J-L o~I}) t? <J 4--\~1 
. ~rl .' ." I . . uLc:.;), ,.JI,...., j ..d.~. ~I :.J...\ ",w • 

• J '- ~ • J r oJ 

RNA \$j~'yl \$~I ~WI~~ 

RNA ,c • ..jl . ..a..,l...J-I;;~ ~:";\il~i I". I-o-L.i...:JI 1..0. ~ 
,-::,.).1 u· - ,.J" , .. ../ ~ U V" 

~ ~.)1~ <J ".yl ~\f {-}\f\ \.1;, C~' RNA Polvmerasc 

.....;>o.A ~ ..lJ Ii .1•. RNA. r • ..JI "a...,IJ..I . .....;>o.A J'--:....a:; \t:~ \...I-.J Promoter u -. L.:' ..J r \.?..IJ- v ,-," c ~-.-

d1 ~\ oj", ;;.....~ ~ <!.it.; DNA ~)Y ~l>- 4...w.k.il ~L.....;, r"'y RNA 

" \., .~ ~i JI ~I ~~ Transcription Vector . L-:...:-...i I.\.j
~~ ~ ,--' . C if 

o (~i)"J1 6......4\ u\:;ly uL.a! .h>-'}) j:.~ 

u,~ ,-?).,J\ ~~! ~ j.&- J~I ~~ yL:J1 ~ ~~ ~ 

J\ uP\.J..\ ~\ ,..., ~~14....-}\ ul~.r.JS ~I wL.,a; ~~. Lr!#i L-~ 
~ -

.~ .... ) .t Reverse rranscriptase c -II rL....:..:......'}1 ~ ..;i wL,.;.,. \s-Li..:J1 
..I [.. ..1..1 ~'-_ \ ..J .. ..I\.,....i 

";:"\r-¢\ '-'r<:;Lo~~ u\~»\ -t"; .> !~~\) RNA l?j:Ji ~"a..,ld-! 
;- .. , .. - . "<:"" RN API ' . f··.t' .....;' ,w,.,"" . ; .. ,::"'IJ~: .JY'"' LA~" if"\.. 0 .....;1 f'~ "-'~ ~~ 

.r->: ,..:..,1,:., ':-'< ~,! . (o~W\ 0»' j ~"..0J! ....v.., ~ <: - iI r~ '}I'-? ~,' -' ( , "-:: ,-",'. ~ ,~ ~ 

..vu. 0 o":!"";- :"..._.< " uJ\ '..,4 lColi:J1 f...I....J .• \.: 11 ili· .c. 'J' 
. "-:: -,,--' v v ' ..." v::-::."..' JA C-----'" ': ~ 

'-:?)rJl ,~ld-I :L...b --:--lL; o" ~I ~)).,-aJ1 0" d.iL YWI .r" ~ 1..0 '} I 
u~w...:J1 .r: ~~'JI ~ ~) .l~ ~I DNase r-;i UL..,.;.~ ~~-' DNA 
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~ ~\.i:JII.1l. 01, .i.e'; 0j~ ~I J ~I il~1 ~li.ll (y" ,_r4.l~:Jlj 

~ ~l.i~j L1.r-yli 350-250 ~ L-'I~ ~I (y" J\..p ~.; ~ J~~ , 
o~ a~1 uWI ~j (10-6 ~I) .i..:J~ ~L....;,1 a.,!j %80,:r;Si.)1 

, .i..:J~ ~L> ul~ ~ykJl 

4111 II I II ••• iii I I I I 

tl.....;..;.....)l1 {-yl 
pJ2 

dATP pJ 2 

dCTP 
'AJ1~1 dGTP dUTP 

RNA i.SJ~1 ..,..a....L.....J,.1 

~ u....; r-'~"" RNA.k.....,.:. ¢ RN A :1, I' I' '1' '1' '1' 'I' 'I' 
.'1' "" i. 

';");I~/ 

, DNasei~/ 

~~ r-'Y' RNA ~ * * '" * * * * * 

uAo~l o~ uL..Jj:ll ~1,DNA ~Li u-o RNA ~~~~ :(10-6 JS:.,.:.) 

~j:I~1 t~ ~ .. 'O'O,;,,"j 4 u~ '-"', t~ d...4.J...rbl1 ".:.u. ~~l RNA 1$~1 

".:a '-"'I DNA 1$~1 uAoL..:.J1 ~I~ ~y tL.........:U...'i1 Jil~ '-"', ,,~I ~..t.U.:.u 

u~' 
233 



~ --i 4--o1~1 ~j 1S.;>)l1 ~UI J)J~ .;...WI ~l....> J~ 

. .;...~ jy.J1 ji ~j,J1 vPk>)I~ vPLJ..\ ~I tyi 

il~1 ~ ~~j.r.Si O~~j lS.;>i O).ra; j&-~llh ~I?"l ~ w 
}5i j&-~IIJ.." --i .:l~"~11 ~ iJi ~j ~ . ~ DNA ~jY ~l>- ~\j 

. ~L.:.r 

DNA ~J,.:JI ~u..1~ L...,~ j&-L.L:JI U....~J ~L:J\ ~)J\ ~ 

~4-J\ :.r "':""'.ril~ ~.:l~ il~~j . M13 j.9l:J1 ~~ ~yo ~ (~Lill) 

~~ J:.):' y l;r:- j.9L:J1 U1.> Cj.:ljl ~ oUt.; ~ .;...1~.r.l5~j UlL.:.J1 

~I oLf~ ~.:lL:lJ alL.:.J1 ~4-:-l1 :.r ~1~lj ~\ ~ F-}i oLP~ ~G Ul.>. 

.;...\~~.r;-JI ~l UL...,.;,I T7 RNA Polymerase F-})l1 w~ ~ L...,l:.+t1 

~I~I RNA ~~ F-})lIIJ.." i~ ~ vPlll ~Ij ~L-;.l :L.-...J.U 

F-})I\ IJ.." ~j. ~L.:.JI #1 ~ ~~Ij ~Lil~ i)Lo ~j':Jl #1 ~:.r 

.(j""':; .!lJ.L5j ~I ~.? :.r ..l:.~ lc ~u J50 .;...1.;--4 o~ t l " .':JI o)j.:l 

. (11-6~1) ~k;,~1 

r--:--'Pl --i ~ .:llyo il~1 i.ll- .;...WI oJ.." ~ ~):. ~ 

jlLll ~~Ulj Biotin ~y-L.:JI J.:..- ~.r.? lS.;>i .:lly: ~ ~l.A:.....':J\j 

.:l1}1 oh J>-1..L:jj Acetylamino Fluorenyl ,,:-..5)\j Sulphonated Cytidine 

o-4Jj . .;...\~,J5~I t:' ~; ji Inter calation ~j,J1 ~lJ-I .i.1~i ~ 

lS.;>i .:lly: ~\ ;Q.,L...... ~ iJ}llj ~,...aJLS ~ O)Wl ~~l ~ ~l.il\ .:l1}1 

.:l1}1 rsi ~y-L.:JI ~j. Strep Avidin ~.,lji "':""'r-Jlj Avidin ~.,lj':J\ J.:..­
. ~}I .;...~I ~ --i ~~\ ~I.r.? 

Biotinylated ~y-~ ~.r.l5~ :.r uJy. B .;...~~ -L>-i J"" ~y-L.:JI 

. (12-6 ~I) ~1l.1 --i ~I~ nuvleotide 
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DNasel 

; 

dATP, dUTP 
dGTP, dCTP 
32p 32p 

T7RNA 
Polymerease 

1[1 II II' I I al' 

),;.-"aJ1 ~ t-yo RNA.;...~ 

p32 

~~~.~L4SDNA~rt~~RNA~~"U.J~:(ll-6~t) 

~~ ~~J ~".;u.J~l 0-- ,J~.&>i ~ J~~ ~..;LaJ1 
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H-N N-H 

H2-C CH-(CH2)4 COOH 

H-C t-------l C- H 

&i~~~....-:J..iU)J 

~Jf; ..,..a...\> 

999 
rTTl rrrt rrrt 

~J'!l:J1 ..::,,\:.,~ 

... 
•• I~_• .:r-...I.,j~4 w)."J1 ll..L......o 

4.;--,. 9".'1 J""; ~~4 .).~~I 
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_ _ 

J>-I~ ~I j>-I..L:JI ~~ <.,?J,.JI ~U-I ~~ e ~y-L:JI ~ 

~.",;~ -:r-..l,ji ~r-Jlj -:r-..l,j\ll ~ -.:;.Jl:Sr il~~j ~lAJr. iy-~'11 ~r 
• 
~-"""'" ~ ~~ -.:;.J\~ -.:;.Jl:S.r" il..L>.::......1 ~ L.S . ~Ij O)L:.1 ~ J~I 

~Iy. ~ ~j -:r-..l..;-A.r-L:JI Js.lj e J&-LQ.:; ~I ~ j)}S ~I J:.:-- '11 ~ 

. ~81 ji 4.1 \II J pi 

~ '1 .ui '11-.:;.J~1.J _ ,a .l'; J)JI oJ...,. ~i \..J-4 ~)I ?j 

~ ~I J JU-I L/" L.S o..L>-lj o~; ~ -.:;.JI~ -.:;.Ju)J"" ~ ~1...L:>c.:......1 

. (13-6 JS=..:JI) <.S?\II ~I)I ~~ \llj J~I -.:;.JU)J"" 

(f' ~I ~ \I ~81 r-:--'pi 4-:-9 i~ <.S.r=-i \.;» ~b. 0i k5 

(f' ~I).,JI ~~I (f' ~I ~ ~. -.:;.J~jy-:JI ji -.:;.JU).f1 J ~~\ 

~)I i..u10I1r~.r-~. 4 _. _ .111 ~ -.:;.JL.:..;j~1 (f' ~I J:y6 
<.,?~ <.,?.l.ll ~ib~1 ~ e Chronic melogenous Leukemia ( CML) 

l:i' 11~I ~).fl ;)r-;-j «:» ~ 9~Ij 22 ~I ~~ Jli.::.;1 ~ 

y.~ ;)Iy il~~ .",;L; ..!.ll.l.l. bcr y81 -.:;.JU).f1 ~~ c-abl JI~ '11 

~ e ~.r. <.,?.l.ll ~I 0:?J~I :.r u..:.s::J1 0~)'~ .ut....;.~ J-" 

. . \l1.i.-......kJ1 . -.:;.Jl:....1 Ii u.:s . ~ Lli ".: L: . ~ ~ "lib~1<.S? - -" .r.:&' - j.r:- L/ or-' ~~ ~j ­

~tw~t ~.JoJ­

il~1 ~I \..J-4 .",;L; 4-:.&- ~..tJ-1 F~I ~UI Jpl ~1 ol.P)'~ 

il~1 ~j . ~I ~~I J.>-b ~.,Jy-~I -.:;.J~)I ~ J ~I ;U2.:J1 

J:-o <.S;>-i ;)1.,.... e ~.r" ji o~~ o)~ r-:--'Pl I.h. J ;lk:J1 t!yi ~ 

0~ 0i ~)~I o.h. J .1.r-=-:.j. lP..r-"j i~J""\l1 ~))Sj -:r-...L:;Ulj -:r-~\;jl 

.J l.li.ll .h.....,J1 J ~I ~ JG;,.U ..l::>-.,JI )..L.,aiI L/" ~I.T""'l..J1 

ji 14 ~j?1 ~ y; ~ <.,?~ <.,?.l.ll i~J""\l1 ~))S i~ ~ 
~~I ~ ...L:s- .",;L; ..!.ll.l.l. JI-WI .h.....,J1 J ~j? ~j)~ 15 
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~ ~J.?\ ~ il..L:>...:.....ol ~ o~ i.).~ ~~\ i.)L; .k.....,.ll \.Lt. ~;u... 
J4)r1 i.)t; ~),:JI ~~)rl U&-L.aJ..l:.&- ~t..;...:.u.u~) ~I ~l:Jw 

)JJ..J;. 4oL:.J! ~! ~ ~ W' . ~j.?1 ~ 4..-..r i.)~ 4.;.. ;;--4~1 

Yl.r"~)r ~j).L,a......S ~;lJal ~ i.?~ J~ ~ -.:Jl;L;..J1 

• ~~j~...~~~l 

. ~)J\ o~ ~~:l-\ J>b ~ j&-Li; ~l:""j ~I ~ dj U.5:~J 

~~)1\ ~ ~I).,.ll 0.)\11 U&-L.aJ ~I).) ~ C"I) J~ ~)J\ o.Lt. ~ i~ j 

i~ LS ·lS,JI ~ ~l::>-)rI...:.u.iSj ~1))Ij ~~I ~ 15.p! ~I..l; 

. ..!.U~ ~J -.:JI _ •. all LI)')J o.r-l:J1 -.:J~U; -.:J~L.fI Ll).) ~ ~t 

. (14-6~1) 
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(S)35 ~~I~~ t.S~ ';I.li- Ja...." ~ ..:;L,;w4 ~L..all ~l ~ . . 
~~ "i o~41 ..:;~Wl d-".:".r.J1 4..lli.\f1 r-=-'~ ~~.:....~ J..:>,,)~ 

~,,~I ~lJ-1 r-=--~ ~\f ).,A-~ ~J)~ (p)32 ).,A-."AJI ~~ 

o~41..:;~Wl 

~4 .la.>~-, 4')U..1 J>1.:l r-=--PI ~ 4..A-L";"- 1\ J)aJ1 t.S..L>1: (14-6 ~I) 

~-' u.}aJ1 o~ L-.r" 4..-'f vPL->i" ..:;~".r. ~ J~I ~~)'4 

o~~ t.S.,>i ..:;41.'-" ~~I vPL..>)I!"i ..:;~".r.J1 ~ ;';;1) ~I~I 
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Automated solid plase method ~\tl ~~l ~..#4w~1~ 

o~1 tlU-1 ~~ RNA)i DNA -.?)rJI ~U-I ...:;~ ~ ~ 

~rJl)i t.~)1:r...:;~.)1 ~ C.:l.rU ...:;\..L» ULP~ ~~ ~'J'I 

~L; C~) c~ t: .k.:-r; ~ ~~)I ~I e J) \'1 c~.,J1 .k.:-r; ~ Resin 

..y~~ J-:7.) ~y..:l i./' 4..A~1 &.:..:..ll ~.:ll> 'J'I c..l>-.,JI 01 . I~) 4.;JL;) 

~) Deoxyribonucleoside 3, phosphor amidites .r..~1 )~~ 3­

JJ) ~I ..y~~ ~l...:.A tf) Protonated phosphoramidite ~i 

..y~~1 j-" ~~ c~1 ~~ j ~ 0i ~ 'j ~i 'jl ~).r:.l; c~\j 
tllJ..1 ~l.4; J) . (15-6 ~I) 0LP1 ~lo..::S ~~ .:l~.,J i~ ~I 
I.L GL,.;'j\ ~I' -1 .: -11 ~ UL-.S - Jl&.\.i.::., . c . Q"jt .ijlJ-1
~)). • l::" . :r ~ . . . -.;..J • i..J""":. • 

. ~~~~ 

~ ~. ~ ~)? ~I~) ...:;I..l>-.,Jlc~ ~ J~I~) 

~)?I c~Li.l1 ~ ~ c..l>-) ~L,.;~ ~~) ...:;b.:l?' U).r-" ~~ 

4.;JL:..l10y,}5:.Jlc).D ~)\'I c).k.:-r; ~ ~ ~}klI.:l.:l.r.J1 J J)\'I 

c) e ~)I DMT ~~ ~~ ~ JIJ . t.~)\ e .k:-;)I ~I)I t: Y 
--4.)yKll ~8 41l\ ~L>- UL.,.;I ~> (f u-"L.::l1 0y,}S:ll ~) \' I 

~ -.?y.j..;.1\ ~L:..l1 ~I c~.,J1 .ijL.;1 ~~ ~ ~ Dichloroacetic acid 

0y,)l>J.J );......."..oJ1 c).k.:-r;. ~ ~}klI.:l.:l?1 J ~L:..l1 ~)?I c~wl 

J) \'1 C..L>-.,JI J u-"lJ-1 0y,}S;:.u ~) \'1 c) e c--4.~1 o..L>.,J1 J ...:.JL:.l1 

. ~~)I ~l ~\) e ~)I 

c..L>.,J1 .b~) ~ ~ -.?.DI.r:---\'1 J'}.j ~rJ\ J )rL--rJ\ 01 
J~ Y~I -r-k.:- );.......,.; JI .J;~ ~ \') Y~I J'YJ yo ~L:.l1 e J)\'I 

J1 ~~) .u..l...-5i ~ \' .:lr:.ll u~ Q"jt..; .i _ ••. 611 ...:;I~ r:l5.r::JI ~ yo II 

J ~LJI ~):a.ll ~ DMT ~~ ~~ ~ JI.? 2\'1 J"'j,J )~.,.; 

\~). c..L>\) c..L»)..Lil: c~~1 U-LJI J.,b .:ll.:lj:.~) J)'j\ c..L>.,JI 

~}kll ~I ...:;b.:l; j--l-; ~ i.:lk::.s.Il5.r>- \'1 ~ c..l>-I) ...:;I..L>.,JI u~ 
.~ 
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o~\,; ! 
1 

+ 

o~\,; II 
(.:J~lo..l>}I.bL:;)~Y' o~\,;'1 0 !I 

~ ~ I il : 
OHi.l-o-p.~I-o--o-e 

i I : 
'" ,I 1"J.I OCH3 j 

Ai.b.....1-":l ~~I AlWI ~ DNA l$.ll-'JI..,.4AWt A.b~1~~~ :( 15-6 ~I) 

~~I~~~¥JI 
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'-?~ ~ -.:;I..l>-j i\...L..:..:.....~ 
• 
~L.....:.\ r-"y ~ ds- J~l ~j 

o..b-j ~L;n o)j~ JS J;"::'-;j. ~I ),.z.....;J1 o" ':1~ 32 ),.z.....;J1 ~ ~, 
. ",:;Hh ~ Jlj>" (o..b-I j 

JS J <\oi! ~ ,-?jrJl ~lJ-1 ~~ ~ J o~ ~)JI o~~ 

~ ~FI ~b~.rJ1 4 ~j ~~\ t,lpl d' ~I ~ O)j~ jfop ~Lg.; 

).rc:j Thiophenol ..;::.r.->J1J~I oL;~ -.:;LL...yill Yi.,J1 J:.=11 l:"~ .uljl 
u-~ 0 .r:---~I ~I) ~~ 4~)I-.:;L:J.1 d' ,-?jrJl ~l:ll ~~ 

-.:;~I e ..6.:J)\ ~I)lj Jj~1 o..L>..,J1 J ~L:.l10y.).s:J1 O)l.l ~j)..L:+l1 

~~ JI; ~ i~y~l..l::--Sj)..yd' j5r" J~ oL.,.;l J:,.}>:/ ~G:-)I 

~L:J,.I ~~i~ ~j?1 ..l&-lyiJl o" Isobutyryl J,!r:.-!J~ ~Ij J,!j~1 

J}> 4.k.....1y. ~I 4}'i ~j . (16-6 ~1I). i~,..~1 ..l.,:--Sj)..l:,Jb e ,-?j.,.:.!1 

o~ tla.....ly. o~lj ~L-;.14..-...,l1 ~WI il~1 ~ . ~\ ~I 

ji DNA ,-?jrJl ~lJ-1 if' J,!~ "'-?r:- ~~ e::l:; :r ~I ~ ~)JI 

ji L?J,..J\ ~L:J,.\ oA ~ ~ -.:;U~l:S ~1J.>.:;,....1 ~ W' . ~ J ? 

.~\J\)j~\~~ 

DMT - 0 - CH2 5+ 

DMT Dimethoxytrityl 

H 0 H+
 
I I I
 

H - CO - P - N 

hi" 5H3 

CH CH 

C~'cH3 '(:H3 

L~I Protonated Phosphoramidite ~1 ;;..L>~I ~~: ( 16-6 ~I) 

.1:J~ia4-Jt Ltu.JI U1..>!o~ 
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d • f";, c'J1"
~ ­

- ...'..cI ! c'!il ,wl_'"'" - ....,..~-~ 

~J~I u4-0W I ~­

wL:iW\ i \.J-<II wi - - -­_ J~ ~~ 

~I wi.; ~ ,;, .... il\~­

. - L~ i wLu:i·· ·11 . -­
~..J J -~~ 

-i~1 ~L..-Jl ~1~~.;J~;;~!J.--.! 

w~J r-L.....5LA a....4..J..)o­

U".......,J.,..,s'J ~L....., a....4..J..)o­
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4-..w 

'1 ~~~I o~IJ ~WI u4.i \II il~l.r.S' l.?J~1 ~IJ..I J:U 01 

l+J1.,ki 0i ~1 o~1 ~Ld-I cW u~~ if ~jJ\.liJ ~I.,JI 0).raJ1 ~ 

~ ~ ~ 1.:l~1 ~ ~IJ 4=-0 .ill4.11.:ll~~ UL,.;l, ~ 
. ,,:..kJlS01 Genome 

, uljJ.,l1 :r .:l~ ~ ~ ~Il.?~ & l.?J~1 ~Ld-I E-' 0i w 
~lJ-1 ~ ~~J Ur-o <J\l1 ~ C~~ 0))-" L..~ 01 ~J 

&.i ~;; .'ai 0G..!..lJjJ .I.:l~ 4-- .ka;J l+J~ ~\I ~~ -;J1l.?J~1 

~ ~ JG.~ Ji>- J lA~ Ji ~L...:J.,5'11 Ji i~1 ~ l.?Jpl ~Ld-I 

. ...J~I llA JA-Z L>?i J.;b ...J~\ J ~\ F1-4J . J~I IlA J o~ 

~ .kL:J Jr> o}pl uloj.J.\ :..r ~}.llh J O.:l~ '1\ ,.;;...i ..uJ 

l.?J~1 ~Ld-I ub.:lj O).,.\j J~ ii}rll uLoj.J.IJ l.?J~\ ~Ld-I oA u~.ii 

~ i..yl ~ il~~ ~I d1 ~r- \II :.r"CJ) Cr;~ .kL;.;) '11 ~ 

O.:l~ ...JJ)?~; ~;u~ ~ uL;))"":.;.s- i_i.:..s~.lIJ ~J~I uPL-\l1 

u.".gJ; 1975 i~ JJ' ~jY ,-;-,}kll uL;)}.I;lla; J:i 
< 

~L.....;.14..-..Y' u~J 

South- 0)JL.. ~J Ji 4..o~J ~ DNA L?J~I ~Ld-I ~ ~.;b JJi 

. ~ r'~ ern Blot 

uL:.:;J..J1 ~J RNA L?J~I ~IJ..I ~ L>? i J.;b u# lA~ 

~ ~UJI ~ l.?J,.J1 ~L:li :.r" Cr;.:ly-U ~~ l.?i 01· L>y->-i J.;b J 

olA ~i 01 ~ . ~J~L:.JI w~l;t .kl.:J) J:,.;b if l ..~ ,n_: e .kl:J) '11 

~rJl;AS J ulJ..::.J~~1 P ~ l.o ~J 0;':"""'" ~ 0~ u lkl:J)'11 

~LlI 41~i ~ .k.U ..!..lJ~ ~i~ '1j' Complementary fu~ 

. RNAji DNA y->-IJ RNA.k:~ t: ~i~ 0i ~ J DNA l.?J.,J1 

}f L..S JWI J:..:--~~ 0)Y';;jrl ~LS:...)'I}; 4.';;-11 olA 0\..;..!..lJjJ 

u.,.,Ld-1 ..::...I~I""';L;.;SI ji ~~ J ulj)}.\ ~ .:l~ ;;j,r-" ~ 0)..u..J\ 

. ..!..lJ~ .r-S-J ~\).,JI u\plJ ;;';L.;)'IJ ...JJ.,l\ ~ 4-:! 
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• • .4-:.. b.,.u;. 0\'1 !.lL:.. 0~ ~I ~\_·;;i J ~ ~jJl ))a.:1llpJ 

Filters hybridization ~)l1 ~-i 

Southern Blotting 0}JL t.....,.,J -1 

Northern Blotting 0})y ~J -2 

Dot Blot ~JrJl ~l:L1 &-3 

Insitu Hybridization ~,t;L1 ~1~1 ~ -~
 

Western Blotting ~~J~I ~ -~
 

DNA Sequencing ~JrJl ~l:L1 ~b.); j.-L.; 0..1} -.)
 

. 
~ .... ~t • ­

''1'C~ J-~.. .....,--...........
 

~1 ~ ~ ~JrJl ~l:L1 &i ~ ~1 ~I :r oJl Ii. w..l+-!. 
• I. \ _ I I • 

. o.)~ 4k~1 o)~ J"J ~ ~I>I ~J 4,.,.,6:- JI)JI 

~iJ 4s-ly i ~i 0i )'1 ~I Ih J ~..t>.:....J.1 JI)J)I\ ~~ 

JI)J)l1 0-43 01· Hybond ~~ ~I 0,1:L:..l1 JI)JiJ j}:J-JrJl JI)Ji ~ 

Ii. ~)I 0)y!:1 t;~1 4--. _.bll
•p ~JrJl ~k>-)l~ J;1.4.::.>-)'1 ~ 0)J.AJ1 

. w-4J1 

~ .... ~t • - ~A • t_
.!f11C~ ~~ 

f-})I~ u..WI DNA ~JrJl ~l,;ll &i~ ~ ~.;kJ\ oi. ~ 

.ua......ly. 4,.,.,l>- u..~ \~I u..L....o rl J~~ J:i> J jJ)~)l1 i;;'" ~ &I.ill 

...L:.$. ~1 ~JrJl ~l:L1 &i Jii rlJ J.:.I~ 

246 



.ua.....1y': \1j l l2jf-l1 ~lJ.1 & ~ l2~ l2.u1 jjJ~\l1 i-y.". ~~ ~ 
& ~ ~\I ~Li~.r-s- o..ll (l2J'iy 0.25) 4J.".!SjJYI ~\..>- J~ 

~ ~L:..iJ1 Jl4JlA..:.;\ ~o~ ~ Jl i~1 -i L/'j l2jf-l1 ~u..1 

..L:--5"jJ4 l2J'i.r" 0.5 (..r" ~y. J~~) l2~u J~ Jl ~~ i~1 

J.#I ~~ o.L>lj ~L o..ll (i~~raJl .A:J.".!S & l2JY 1.5 j iy-~raJ\ 

tbL.......o ~ ~j ~I ~ .:r l2J,..J1 ~L:l1 ~r=.i ~~ l2...ls-UJ1 

J.J.J.".!S l2J'ij-O 1.5 J.#I~) J~~ J~.) o~ i~ ~u..\ v-"\l1 . ­
45 o..ll (PH, 7.2, EDTA l2J'ir-" 0.001 J..,.l5 -~; l2J'ir" 0.5, i~~~I 

xI)! i~'i\ ~I.r. ~.u ~I '--~ ~)I o.h. -i J~ \II t> '.J~ u..j~ 

0~1 ~~j il~1 ~) .l..9l:..:..l1 ~~j JI ~j J.#l (..r" o.L...>- ~;'-i 

l2~1 ~L,a:... 'il ji .i9l::J1 j~ uJl::.;. (Electrophoresis ~~ -i ~~~I 

. ~..r" ~j ~j j.:Jb......1J ~~ -.J:il.r>. l2~ ~~j (..r" 

.:,..\.;Ij3-I-i l2~1 ~l.,a..:...o'i\ -i i Go- UJ.#\ji.rL:J1c!'j ~ 

i1j A4.1 j iy-~~I J..;,J.".!S i'j- 87.7 (lOxSSC) J~ i\...I.~...... 1~) yL:l:-1 
~; U Jj J1-:Jj (PH 7.04)a.L ~l.o J-o 1000 -i ,-:""I.L' iy-~~I .:,..\.r=-­

-i ~I~ J.,L:.; ~ j~ ~.,J\ ~\ ~ t:PYj~\ .il.b· 

~I ~rJ\ 4jJj ~ ~1,.gJ\ .:,..\s.lU.l1 .iJljl ~I; j y lJ:.1 .:,..l; 1;3-1 j.:Jt..:....... 

UJ~ ~ ~ ~rJl U Jj ~ ~ i~1 ~. ~.,JI L..<dl ~j 

'.JJ4l:Jl ji jALjr:J1 OJj '.J~ '.Ji ~I.r.j (..Aj.r,:!~) '.J~l:J1 4jJj ji j}:Ljr:J1 

4jJ.,J1 ~ ~Y '.Ji ~ ~1.:,..~lUll ~ .iJljl ~I; w i~1 ~~ 

·uJ.,J1 ,..r..o.S. ~ o..;L; ~1,.gJ1 .:,..\s.lUll ~ (..r" ~I ~ ":1-,. i~lj 

'i~l Jj ~j J.! .:,..\.;1)-1 J~-i 

y\ll ~ ...I.>lj t! t.\...i;J~ ~\ J1Jji (..r" 0;-:-:5 4S ~~ ~ t:PY 
~~ c~j~ il..L.>...:......1 ~ i\~A-S '.Jjy. jAJ t:PY- ~ jA-J1 4jJj J""'; 

c.W'i .:,..~L...... 10-6 o..ll j4J:.1 ~fij ~I JIJji Jj (r 20x20) ~I 

'.JJ4L:Jl ji j~j.rJ\ 4jJj Jl J-olSJ\ JlA..:.;'i~ l2j,J1 ~u..1 & i Loi J~I 

. (1-7~1) 
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- - ----- - -- --

DNA ",J'.,...c. "'.?-~ 

,:?Jr!l ~L.J.I cj lJ ~ - - 1
.woWI ...:-1.£;';~4 DNA - - - -- - ­

~\J.I &.i ~ ':?~ i)lo. 

DNA ,:?J.".:JI 
II I I I I 

II III I I 
III I II 

&.i JLA...::.; I J_·dJ4.l...J.;-:.:J' u)J
 
~ . 4-:J1 DNA ,:?J.".:JI ~\,j..1
 II 

. ~~J'"~~j ~ IIII 
~U.I &.i ~Yo ..,.5' L....;I rUl 

~).hll ...:-\,),)rJl ~~ .;:JI ,:?J.".:JI 

!.­

~ r-I..u..::w..!.:' DNA ,=,~I ~G.!I~~ wp.JL.. A..o~.J ~y.:. 'C 1-7 JS:.,.:JI) 

~!"""",... 
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i~ L..~ JA-JI u)j ~l iJ4J1 cr ,-?j,.J1 ~L:l\ &i J\.A..:j\ 4W- ~ 

u)j ~ o)L:...::..;1 ~ i J4J1Jlr->-~ ~lJ:.1 u~IjJ-\ ~ ~~}I J)s!:.1 ji rWl 

C,)~LJ! ji j.,.L.:L.JrJl o)j O~~j ~.,JI ~I ~J\..j ~I ~I ~rJl 

C,)~L:JI ji j.,.L.:L.Jr-J1 o)j ~1 o~ ~ ~~j . ,-?jyJl ~L:l1 &i ~ ~l>­

~I JI)ji o~~ ;\.;).,JI JI.r>-~ u~I)-1 J~ ~ ~ ~ ~ ~i.9 

~I ~ i...?jyJl ~:'-I iY> C,)\..; l.J..S::.."j ~I J~ ~ ~j~ ~\ 

~j . ,J4-l1 .) ~ ..:.,.j\.S i...?jJl ~}I ~ ~j C,)~L:J\ jl j.,.L.:L.Jr-J1 o)j 

~j ~j.,.L.:L.Jr-J1 u)j Jly ~ ~I ~,:, ji:J1 ,."j-!. JA-JI ~ .r ,,~'jl 

~lJ-\ ,y" ...)1...:J.Q.:..;\ ,-?jJ\ &-11~ ~\~ ~ o)...:.~ ~f 

<: . • 1._;' I. \~'Ii . lJ-1	 ... ,li~ '.1\or--:-' ~; -r)j ~ ~y. ~ ,-?jr- vA" ~j ~)Y . ~ ,-?jr­

~Iyb U:-,,.A-o e ~r" Hot Plate ~L..~ jl..p- .) e:!'Yj ~I 

~ "J ..-.)s. "J\ ..)1 ,-?jyJl ~lJ..1 (r-~ '-?~ i...?jJl &-11C,)~, CJi ~Ir..j 

4..~)~ U:.~L.., eJJ. k...:J1l:?~j . k..:JI ,,8i ,-?jrJl ~L:l1 iY> t~ ,.).s­
, ":--....L:l1 ~~ ~ 0Y"'G:- ;\.;).,JI ~ ~..w , ,80 o)y> 

~ ;"~",v ~~ _:);, ~')~ ~ ~I~L Ji))"Ji,~ '-~ (~ 
f ,.. - - , . - • -. -, , I - I I -, 1 ' '1' c' ~. ,

'-::"_~' ~r II ,~~ "-:.~<: '0,,+) '~l>- J..:.J;.. 'Jr'"-'	 ~.o/. 4.JUj;. -':1""'":.' "->-~ 

. .\.-.p\,>, O,:)U...... '-?~ ~~ 

J ,~ W'. &~ .;,,;,-'" ~~i ~..J\ 'fl;Si ~!i ~\ o~ ~j 

EQ\i oi..b J;:":':' , ~! r-~ .r" ~........."i) vLS:....:J1 ~ C,)~ ~~~\ ~ 

. ~')\J!''''' .\s;.~ O~~j . 1..,;,,\1 ~~_"" ~ 
... 1o..1..J	 ~.J-

J--L.u , ~~~\ .b.i....aJ1 j o)y-d-\ ~Iy' 4..l ~\ ~4-J1 J.hJ ~ ~I 

4-)~ uL... eJl Pre -hybridization ~I~J~ ~\y. \r)i 0).,J1 
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4-J~),42 0);-> ~)~ u.L. 12 o.ll jl (0~UI JI)j)l ~~) ,65 0)';>­

,\~I ~) ~I ~ J~~ . (~I 0~Ulj j~jrJl JI)j)l 

..LA 3r-' 2.5j .,:.,)~~ J~ 3r-' I j 5 x~SC J~ JoLS : ~l;jl J}sh\ 

4...1.rZ)l1 J~ )fJljl 0.,..JUI ...:L........:.r- 'lj:r-o DNA L.1~j~~ 25 )ai.. 

:.r- js:.J ..l..>lj ..~ :.r- uJ~ .k.:.l> :.r- .,:.,)+~~ J~ ~_AJt.~) (denatarated 

~I ~ ..1~1 ~ .. l~)lI.h.\..;,:.jj BSA j PVP j Ficol400 J~ 

. l5::.>L..!D ~ ..u.. 4...... ')1\ h..:.iJ1 :\:: 4.......i:l-1 . (0 'La
,.. , -.~ or: j ,- L/ r'. 

~)~ jl o.1.>-lj ~L. o.ll ,°65 o).;>-~)~ J\.,.4 ,l...>. J ~\ t!'Y. 
JI)j)l1 olJ. .u...L.... ~ .;>-~ ~j o-~I CJ ifl.r.j ~L.. 12 o.ll, 42 o};> 

~ r-l-;JI ~j.,J\ ~l...>-)l1 & ~:.r- ~I~)J ~\ J.:.9 Jk 
L?j.,J1 ~l>..lJ o~.;-ill tl:.r=-)l1 JL..a-:J1 ~)I ..!DiSj 0).,J\ ~~~ 

CW'J ~I J .uJ+--l1 rJ;- ~I}\ e J}shl J ,.A.>..::-l\ ~I DNA 

~ W 4-- ! W . .J 4.L.SJl j l 0~1 el}1 t:' J~JU ~I ,LAI J~I 

Y J}sh o).,JI ~rJ ~:.r- ..~'JI ~. J}sh~ o~ o)~ u).,J1 

~~)l1 ~I:.r- ~I ~ J~ J1 r-'}I ~\ J~ w~~I 

Sodium dodo- 3/ ~ J.:--.j~j~ 'Y.~~ J~ :.r- r-' ~ w~ w 
JLuj Dextran suplhate 0.r? 01.r-5~ J,b.-.o:.r- 3:-, 2 j cyl sulphate 

~ 0;» (f \~ J}shl ~j~ o)~ <.S.r>1 Or" ~.r.-i)ll ~\ 

. JUI ,UI J ~j J.:.9 .,:.,If o..uJ ~I 

CJ e u.L. 24 o.ll \'65 ~)~ ~lA rl-> J ~~~ ~\ t:!'i 
. .;>-T JI ~j :.r-~I 

w~' ,I~I 0)>-~ }~ ~}I .,:.,WI ,I~l dJl>- d ifl.r. 

..-1\' I I~-I\ 0L.-a.l ~yUi' jl-I-...ib:- -; .!j 0 i .. WJ\ willuPr--' o" ~ - - . ~ r "'-"'+" --eo: , - j - r 
. .,:.,~L.....;.~ 

~ 4-U1,...- :.r- \rjl ~I C:;~ ~~ ,jJU! ~.,J\ :.r- ..~'JI ~ 
.-;·-·!I~'I I 'I LiJ.-IV·'.~;; 
~ ))" C..r>)j·- -'t"' e­
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• • 

":l i I ~~ ~ . « oIl .t>- .L.o ~~ 1'L:..c i..L...> oIl I .. ~~ 
j u--- " .r:-r .) . Ift". o' ))" u--­
o)~ ~)~ u.L... 2-1 O)..u J41 U-O.i!j Us:..j j.i)JL; j-:S; rs)J\ J#~ 

tf ~ ~ ~I ~t.-.. 0i .-S~j. i 65 j ljr'J1 o;l~ ~)~ 0:! cl? 
~ ~j i~ ~~ opl oJ..,. ~ W' ~Ij JiJI ~ i~1 J)il 

. ~l u-ojj 0))--1 ~)~j ~\"hl r.s; u-o ~L:.l1 Uj)a.l\ 

.:&U:-I u-o ~j~; J)j 4.k.....1y. ~j..!.ill ~ ~I o)j.l>y 

U~I ~j G~j--" ';.L-o ,.~ ~ ePYj · Cling Film J.:-i) 0.,.l:~ ;,Lly. 

~ .L . i..L..> ·..wl ,.UaAJI ~I:.. <i ~i .u, 4j II Uw ." ~I.) . c:::'»s o' '-I ~j l..r-' ~))" r--'0 

.t-.,.;Ij o)~ L".)~l~? ~ls-~~ .i....,p.".AJ1 .t>-I:.'j i~i 10-7 o.ll i-70 0)';> 

u-o ,.~)l1 ~j ~ 0)-~;.!lJ~ ~ ~I ~. ~1)-i~1 ~I ds­
~l;;j IlL • u.:...J ~ . j ~L.o....5J! ~IJI ~l ~1·)lI...l..> _I~II I:.. :. --0'1. (.}r-' ~ r) ). o' r-~~'0 00_ 

.lh.)I 

Northern Blotting ~~ ~~,j 

L?J,:JI ~u..1 & Ji.i ~ 0;j~ ~)aJ ~WI 0,.l..lS:.l1 u-o rS')1 ds­
~L:LI ~ ~j;; ~ ~\;.A .r-S- ~ykl\ oJ..,. 0t; j}.:LJrJl J)j Jl DNA 

-.i i..l>..:.-ll J)il u"t.-~ r-=: 1Sy:.1 ~..,k .r..~ f <\.it; .!lJjJ . RNA L?jrJl 

. RNA L?jrJl ~L:LI Ji:.l W~ 4J:. ~W Ji:.ll 

~ IS~ ~WI .u:ykll .:.r Ub.; )I j , 0';)y ~~y. ~ykll o..iA ~ 

~u.. r"ro ~ il~~ JI)j)J\ oh ~. iL:". \i J)~I tr0 

. eDNA ~ ji DNAL?jY 

Dot blot 1$~1 ~WI~ 

~ L...S t..1LaJI ..:..4:../:J~ u"L.... 0j~ DNA L?,rJ1 ~u..1 ~ ~ 

..:..l.:-S .l>~ .!lJ~ ~ . 0.r.:&-j iJ4.l1 il~\ J! 4-LJ...1 0j~j ~LJI ~ykll 

~ 0~~ ji j}.:Lj~~ J)j ds- ..:..\)U ~ ~j L?J,:JI ~lJ..1 u-o o~J..:>...o 
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J}s!:lj ~L;.) v-> a..ll ~).,l5j)~1 ~l>- J~ <yLu ~~ ~!.l? 

~A ,-:?jrJl ~lJ,.1 " ,'lj ~; JI)j~~ ~ LSy>-i ~l;.) ~ ,-:?Js.lill 

, a.?~ ~l.JI.1.i.:J1 j~j r80 a};-> ~)~ ~l.J1 ~I 

JI)ji ~~ ":"'.))j ~I L...i;yh.J1 ~ J\)j)/I ~~ ~ ~ 

. (2-7~1) 0};LJl j i j}:Lj? 1 

Colony /Plaques blot u~WI-,1 ~l u!; 4olI' 'f! 4 ~ 

..?I ..:,..I~I~ ~ ~j ~LJI ~)JJ.r.~ ~)aJ1 a..i..l. ~ 

~ e 1j ~ ~l>- r..l>..::.-;j DNA ,-:?J,JI ~Ld-I LJ.4 ~~~ 
, ~I)}I ..:,..~I J l;1)j L~I .)\}I 

~ ~ -.s.l~\ ..,.....U-I 

, (.)".41.:J1 ,,1 j.".l:L"fi\.; JI»I 
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Jl ;,..A .:"I~ 

.:,,~~ 

~ 
Jl j.,,4l--J~L; Jp
 

.:,,~\,;
 

L.~I ':"I)~ J.=.U 
. L...J..I 4.1 ·1 I ~ 
~ .r-"
 

Lh-I~ DNA ,-?J.,...:-JI
 

,.;..;I~I ~1J""..)so '-?~...-5'1 L...:.I ~ 

,~,,:",}hll 

uWWI lU·~(",llul - - -(3-7 I(".~.tl) _ j ~ ~~ v-­
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+ * 

•
U--J 

. J:l~1 

';I~.r~ ~ 



J~ "-,,.....-e. ....;·;...,.A JiJ.lf 

J~t...:... 

~~~.JI)} 

4)}5.lJ..I.:-fJ1 

~ 
• • • • ! . • !

f: I ------..> I~ ~ ] 

t t
 
J~" •.• • JIJ.lf J~L...~J'J.lf 

J~\...::... i Yo ~raJI J."...S.lJ..l.:" 
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'-:f')j.h.....j ~ uL;;WI ji ~~I u\) .. ·- ~ ~)aJ\ o~ J4 ~ 

(>)1 j~i~ ~I r-li .\.k.....ly. uLA~ ~ . ~l:...o ~j .~ ,,:--"L.. 

0~ ~I..LJI ~I A) ~;I~ 4.i)j ~y ~ ~l:JI u1r...:.....1\ ~Y' ~l 

~ u).,J\ ~ ~j u1r.... - l\ jj 0~L:J1 ji j.f:.L.-jr-11jl)ji <f (~I))I 

0;! c!jrj.rJ ul~! j.'; ij).,J1 ~p. ~))l0~1 ~ 4-:1\ uL.')W1 

~ ul~j ~L:l\ &-JI 0~,",-~) ~Yj ~~ JI; ~L.. -~L.. 

4..i.i~ 20-]0.J1 \.,"1 ·It 11 __ JJ_~ ULlI • -II -I l . 4.i..1 - . ( \'-'~I 
_ _ JI.>cJ.) ~ ~ • tr:r' 0)j (.r" . 0 y .V­

~j u).,JI ~. DNA ,-?j..,J1 ~L:l\ j~u ~")l;l101)~ ~ ~ ~ 

~l.>- J~ ill:J.1 ~rJl ji)jl lr LSy->-i ~ j~ ~';j J-!Ul ~I 

lr LS.r>\ ~~ ~~ (J.i;j -yLb ~ :;..u '-?)'l.+", 0.25 ~~)~j).yJ1 

J~ ~ LS.,.>-I ~j ~lj.; u~.J1 ,-?~lj J~ 4.11)1 C-- :'rJl jl)ji 

··rJ\~J~~ 

DNA ,-?j.,J1 ~LJ,..I ~ ~ ~4l::"";'; jl)ji j.'; ~y. u).,J1 U.if. 
j (3-7~1) ~}k1\ c.:,~I~;' "-;--- ~j. ~UI ~)JI ~ 

. (4-7~1) 

~ \\~4 uL:-~1 ~ c(-"-" ":";Y' ~Y' ~ ~}J! oi;. J ~ 

(H3 ~j)41 ~ r-Y' v~ ...";~i !-4J .~l~· r..L>.:..:......) ~L......;.l r".+'" 

. ..:..)}I ~Y" ~I c.:,0 G- Banding G- \~ Ujrll ~~I ~;'j 

~L:JI ~I ji ~\ (>1)1 :"-.-4 ~}> ui~ r\~1 ~)JI ooLt. .} ~ 

. ~\.>. ~L:.-.S uY\..o\...... ~ ~I ~ \II ji uGL:JJ 

Jly.- ~\ )#1 J ~ 4 Q a' 4 4Jl>. \I~~ ~)JI o_i.A I..~ 

.~Lo ,~-A~l0;;' Y' )"kJII~ J ~)l:J..1 o~ ~ J~I ~j Metaphase 

d l 3r /ilr:-j~L. 3 r..S? Colchesin ~~I ji Colcemide ~~I 

ul:-JI ~~ i.:?-UI ~\ll j)jJJ \.e-:il;l ~ w . ~L.. .J1j ~I ~J'J..I 
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E\~ ..? o..lA ~JUl.-1 ~ , ~)~I ylJl ~Ilr ~JUl.-1~ .ul>- J. ~ 

J')U:.!J <..S."JI) ~'YJ..I 01)'..~~~ J~ e ~\..;) ~lC ~ ~~j 

Jr-S lr .k». t: ~\..u. <.Y.;k :.r- E1rJI ..? o..lA ~ , u~1 t:~ 

~)~ E1rJI UA..f. ~ Glacidal acetic acid ~I ~I ~l>-) Jf~ '11 

, ~j lr (J:-"I J")\>. ~ i~) ~jJl o};>­

, < .. , RNase",)J-I-~ ',- ... 114--'" ~; \.>.)r '1 '1IoJ..,. 1,L..;r::-- .rr: ~~ .. cr - L r-r- o:\-J 

J=J~ \..l.~ ~. u.L.. o..u i 37 o};-> ~)~) 3r-"/ il~)~L.JOO 

o};>- ~)~ /.70 ..l::--o~)yiJl Jk \..l.~ J-oL.; (%95-70) Jf~'1llr ~).L 

ti,r-I ~~)f /.J5 iY.,)~1 ..t:-S))~ Jk)1 ~- 00-0.9,) o..u i a70 

J~~ '11 J)~ ~j ~ E1rJI J-iu .u~1 J DNA <.,?)."JI ~L:l1 

, (5-7j5:..:J1) wjJ\ o};>- ~)~~) ~)..ul 

J ~ ~ J~) /.70~L.).,..,J~ ~ JI))\ Jr9 E1rJ\ ~f 

JS jr9 ;~L.....:.l r".,.11 ~I ..? <.,?~ <.,?.DI ~I J~ ~Y.) J~I 
~lrJl ~, ij:.L., 13 o..u i aa37 oi,>- ~)~~, jl:-b)f\ I..;h;, ~~ 
.~\)I~ 4Ju)1 ~ ~I .)1)1 .ulj)',r?rJl ~~ JJl.u ~L.:d-I ...u..: 
~ UJ:. J ; '- ~\.-:JI ~. ~,..ul 1 - <:'1, UG..... J, L.....A:i, • .r: ~ ~-' L J •• J U ~ ;.J- i~- ~- --- - ~ 

j E!,...:JI ~j Photographic eJ~uJsjan jlyi-f;J1 ()\~\ :Y' ~) ~ 

~\ -:,JI , ~ . ..:5\ ql y~_.hJl,. 700,1,..> ~)..l..> ,:l~ Ii ~ ,) ...... i Ij •..\..:....&>:"'-..1 j.J v' \ • 1 .I ..J.JJ ~r....;:r--

~ '-'~ Ci - \ ri ~L~ t...,aj) Jki..o £. lc . ciJ~ ..Ut.J J......i.J) Wb.,. .u,;, .} 
u~·",.,j ,,1,)'1--" at ~ ~ ~..:.........,.. .......5}:. ;a.-aJi ~I :i.b....,\..,..!...Uj 

- 0 -T J J - '-_ " --' -, ~ .., .,.,' ../­'-' 

. (6-7.~) WY' l..~ ~}kli ":"'X~i ~.t" F ~ 

~)......., l--JL::..:..Q pl~\) o);·!j ---.ih::.i. iJ.>- 4......l......> ~ k,ii o..Gb 0\ S..l..>q

F - 1.0". \, ~ _ ..I. ...r- ...i-J 

u.., '~I! .h....P ".;u..uG- ~. «: ~ j\ " -: . -il ..G.J . L..;Ji ~ ~~~ ....,;l.:.ii
-~ , \ ~ ~ c ~ ·u--- - '-::' ..J­J 
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Hypotonic sol.
 
.....w:... J~ 4)\j..1 a..lA..
 

J')\.!:.\J 4)\j..1 ~ 
..::.-~I~~ 

~L>-: J.f~~1 ~	 4':>U-1 ~ 

~I~I 

RNase F-;L 4')1..;l.1 Jow 
RN A -.jJy:J1 ..,a..\.:>- 4Jlj~ 

-. -'. -. .. .,.' ..' .."- . 
,,- " .......
 

.) oUi~1 '-:-":"r-J ~..-Ji .) ~irJi~ I 
. ~m ..Loo..: tr-"!...J;; f 

'- - AC'I . _" A.o'WI u~ llAL-!Il...>l>: tI ;><J1·-'lllAlaA ;." A' 4.4." -r.; :( 5-7 1e'':·'I)~ c;r- ') _ _. .'.J"" '- 'J-- ,,""""'::"""":;- v-­

~.,..wl 
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Jj-.J /.70 4L.o).,..u~ ~ rli J;J 
.I~~~ 

~ 
. ~L.... 12•.ll ~ 37 .;\'r- ~)~ ~J Jl:J:.~1 J.lN 

t 
. ~I Y' o.l.lI;J1 .)1)1 ~Ij~ ~ J:l~ J-S­

t 
I. 95 - 70 Jf~~l J.,....s" o- Ub:..o.r.s-I~ ~I~I J-S­

t 
.; ~ ~. ~~I Jj-.'; ~I Ua.....ly, ';I~y.,..ul ~~I'; ~J~lrJl ~ 

. ~J':""'I-e:r.-I •.ll ~-70.}r-~)~.)"....1 JJ~ 

t 
G ~.;-:;JI ~ LP~ ~ ~~I )~lJ ~ 

~~ ,,~I ..,-ill ~ 
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~J J.;k .!:.J;}J ~l:J, uSJ., ~.; l~ ~ J~ ~ 0Jr. if u.:s:J1 ~ 

Solid Phase immunoassay ulJ:.1 c/UI ..rL.:-AJ~ if--4 lA l+-c dJ~ j.-.J 

U J" ~ «:» ~I ,-;-,}kll ~.,.r.lJ ~L..a..o ~ c:PYo ~)aJ1 alP. ~., 

~ UJ.,JI ~ ..;.J~.,~I ~ ~~ c:PY- ~ ..;.Jlr-:-~I --4~ cr" Wj-A 

0)"'" oJ.,J1 &-~ o~ J-.a=b., ~ ~l;l10J~1 t: o~L.ali i4\'\~.r-­

..:.~-,.r.-ll 40S ~ up tW)'1 o;..ry~., &lA..:lI.r.:S- ~\.,LI .iJ\ji! 4ilS 
. ~~I ~I ~ ~}kll 

~ . 

JI ~~ JI ~J.Hl1~~~~I.,.:u, ~~J .Jl~1 ~Lal U""4-4!t :(7- 7~I)- -
~La...:.l ~ 1"'~1..:a ~J>:I ~.JI J~'.JI r..1Jl w.o 4 ~ 6.l~1 r~~1 ~ 
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j-:.JL.L....,..D\ F-~i ~L,.;~..!lJ~ JL:-::->-'11 \~ ~L.>- o"~j f...(9) (7-7~) 

"L..a11 ~I ,-:-,L-.-Sl ~~ '-:illl Alkaline Phosphatase l,$...u-UJI 

,,)1 . ·\~11 ·J.IJ.l..;,s.~1 ·<:~L .\~~ 'L;j\ - _...:...1\) '-:?"""JY--- .rr'=" c.r-:- • JY- .) '-I ~ 

~../') ELISA Ij-;J\ ~~ ~ykjl o~~) ~I J"'; ~\1~ 

Enzyme linked F-~ \1~ ~).I ~l:..l.1 V""\ a • • '11 v-"~ ~ykJ 

~ -4~) ~I J ~~I ~)aJ1 1.r.J1 U:.;1 ~) . immunosorbent 

. (8-7~) ,.:.A:-;:JJroll 

0&)1 J.:->-; ~ ~ykjl o..\...l. J). 0~) 4.A~) ~ WWI ~ykjl L.I 

J.i:.i ~ SDS 0"L. ~ L5~\ -4W;-5:}I -4~ :.r uJj-A iJU. J ,.:.A~)~\ 

. ..!lJ~ ~ ~) (jALJ?\).ro-:-l..JI-4~:.r ~ JJ).)l ..:,..~)~I ij> 

~I :.r <-~'11 ~) ~y-L:J~ r--'y)1 ~~ r--'y ~ "L.,a.., ~ 
~) ~ 0; J v-S1~i ~~) ~)I ~ "I~I 4Jlj)' oJ.,J1 ~ 

~ ~ ~~ ~ ~l::JI J.:U ~)~ ~ i
.
70 0)';>- ~J~ ~ o~ 

. (9-7 ~) . v-SI ~i ~ <-I"J-" d.Aj>S ~ ,-:-,}hl\ ~).r.ll d.Aj> 

.".......~,,~~.jJ ~ ~ ELISA ~j.:J~L:o ~J-l.1 <r''-".ll V"~I~ :(8-7 ~I) 

->=.u:iJI ~ ,,:,,~I~~I e:-- ~t....o:al ~.lL...<oJ.I ('4~1~ .......,j:i~1 ~~I.J.A 

~ 
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.;" ~j.;-:-ll 

i~~ 
,) I • • • 

uJ-!--4..----, 

•.:..'\':.~j~1 

.u».)1 

~I ~ ~ ,,1,)y..JI4A~I~~ 0~.J 4A~~ ~~ ~ ~~1 ~ :(9-7 ~l) 

'~"':'jl.tatl ~~~I J.:lw ~I ..,...sl 

: DNA Sequencing DNA l$~' ~Wl u,~~.;;~D~~ 

tr' ~ 
~~ oJ;; ~)rJ\ J""~ JI ub.:l} J.-l-' 4jr1 ~):> .:l~1 ..:.,.,..1.>1 

c" .. ' I ....L .' . , , 'I ' ~;" - '\ 'I' \...1\ -., 1 \ .. I -11 
~} QJ.r-" 0" ~ i.7 -::..>-W .r ~ y JY <L,.,,~) ~r <0 J)" 

1y::J\1 i+,~.:,,\ ~ ..;Ji) .~ 41 ul..l.::Jy.:l5'~\ ~i5') ~~ u\;J}1 
.. " 

,u\;J}\~~~ld 

4.u..u ~)j 5386 4-1,,1 ~ L?)Y ~l>- ~ J--l-i J)\ ~ E:"r.. 
L?J,.JI ~U-I J.-1-; ~ ,...; 1975 r~ .)1 <P X174 J~I 0" I~r>-L 
322~jylc)! ~) 1977 rl&. (~..i.»-U --» 5243) SV 40 ':"~I J"Jf-W 

j.--l-; ~ o)..u-L--,,).ri-L... iU 1981 il¥~), (4.u..'U ~)j 4363) PBR 

1~'1 -JW! ;~) 0..i.»-t.!.r.15 16.5 ~,,1 ~ L?lJI ~r-)I ~J..Li.,,5 ".:.:lll ~ 
- - '--'- .. 

. 1983 ~l&. o..i.»-t.! A5 49~,,1 ~ LSlJl 
, '- ­
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.,;:.,~ DNA ~J,.:JI ~U-I .,;:.,b.).,; j.-l-; 0~1.rAJ ~.,.1 !.l~ 01 
Maxam- Gilbert Method ";:"~J iWL. ~;, wJ 1977 L ~ wl:15 
\ ,,-+1. ,<,\.,ij ~ 0~ 4i \II Sanger- Coulsen m. 0.,....J.,5 -~L.... 4.i:;'J . . 

. 1;::-:5 

: Maxam- Gilbert Method u~.J rlwSLACL4.I~ 

Specific Chemical ~\ J~l J..=JI (""""'~ L2:i 4.i:)J1 o.l.t. ""';.rU 

(""""'Y' DNA ~J,JI ~LJ..I (f.).;-A-o ~~ i\~~ ~J Cleavage 

Pol- ~\ -4~ ~l5 f-Ji 0.)!s-~.iJ i~J (32 P)32 )~."AJI ~ ~~I 

J J:-5J).yJ1 ~~ ~I )~,AJI~~ ~.iJ1 polypeptidal kinase 

.~.ru L,ot;!..1 ~~I 

O)~J ~) )11 .,;:.,14~~\ ...L>-i ..l:s- ~IY' ~ ~rJl 1.iA .r--S ~ 

41,.,..;:.i <:l::.i1 ~1 ~~ ~.)Y.J . .i a a~ ~~ .)\..f. u..WI ~;, :.rs-~ 

o.l.t. ~~ . ~ o~~ :l+:-iiJ t.........}\ ~~I (f Wb i..y J)JI ~ 

~ ~.iJ\-4~y5\11 -4~ i"'J.J. il~~ ~~~I 0~1~.,.1 (,f 41,.r=.)1\ 

o.l>-IJ 0~r-15~ J J)J~ .....;~ \l10l5 "J ~~ (,f 41,.r=.)11 o.l.t. ~ 

0.)J~IJ i'.>Uill J ~ o.r-AJ ~i t.-=.i ~ ~~ ~ i~1 ~ ~ . Ju; 

. t.~'il ;i iAJ ~J 

.)1-"," i\.~1 ~;, (,f .,;:.,4~1 oJrJ-IJ JI.,k)11 ~ 41,.,..;:.)1\ <:l::.i1 ~ 

. o~0.)· J.....j 1< • tll'\ 1<". l •• ~~ WL........S 
~ J u:- . y.:'-' J'Z' ). ~ r..r- . . . 

J:..=..o JL:.; .,;:.,lAL UL.,.;l ~.,.1 (,f 4-=Jljl ~ (~.)iJ ~I~) .,;:.,~)~u 

~LJ\ ~JAl:J1 0).iJ (CH3) J:..=..o ~~ ~ ~.iJ1 Dimethyl sulfate 

. ~.) \II J 4.:.11:JIJ ~I,J:-I J 
c..r'i ..l:s-~~ .i \" • ,,11 ~JrJl o.u.UJ\ (f ~\~ ~ 

o.u.Ul\ ,y.o.Jl> ~r:JS""'; l?~ ~~ <:Gl ~ I~J J.)Wt..::....o ~J)~ 
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:r- c~~~I 0.1. c!Y' J L...l:s- ~.r=JJ l:?;-U-li ~.,..-.]I A. . ~J?I 

~~l; ~}i c~Lo ~~Y- ~~\l1~ .!.lJ~J L?"k:J-1 ~I U1>. ~lj1-Y.;' 

. i Y-~~I ..L.:-SJJ~ ~ 

0\1 ~I~I ~ ~JU-I-.:.JI~~~I,:r lA.r--S' ~ ~\;jl ~~\l1 01 

~~'YJ It ~ ;Si ~I ~~ e .kl.:JJ'YJ i~ cd ~l; 4J c~WI 0.1. 

J}aJ1 ~ ~~i ~ Jy.a.J-1 ~ uS:''''J' .h.a.; Jlil ~~ 4-:Jlj1 ~J 

. ~Iyl:-I ~ l:?~ c~.r-lS~ ~J 32 J;......,AJI ~ ir"}\ J;.......,AJ~ i.y 

~~)!lJi ~I~I ~ l:?,::-i -.:.JI~~~ ~ ~~i ~ J.ra-=ll ~J 
1. . .s: ">~ . l>- . '>11 ~ o~l.Lu ~ >\1\ ..• .!.lJ~ 
~~ ~ c..I r.r-- ~ ...r" ~ J 

J G c..ls-W~~ ~~i ~l:..i1~ -.:.JJ.S:..,.J . ~I ~Ij iJ ~}i c~ G ~r':"Y­

o (to-7~I) ~L::.l1 ~\.;ll J A+ G ~~w~ ~ ~~iJ dJ \II ~\.;ll 

oL,.;~ \ 0 ~.: \'. 4 ~ dj (0:€~IJ U::-'~UI) -.:.J~...I..:-a.r.l:1J~~ L.i 

UL,.;~ ~~\I\ r-S ~J JUI ~~ l.o....g.;.Jljl ~ Hydrazine -:.r.j1J41 

.!.lJlJ c...L.:J1 J ~JL.:.... 0~~ 0:€~IJ U::-'~UI 0i . Piperidine cr.--4~1 

. ~I ~ ~r" ~lj1 ~ Q,j~ 

~ 4 ~J J}aJ1 ~ 0~ ~U:JII.1.:r- ~LJI ~~\l1 01 

J~I ~~ dj ~~\l1 ~ ~I ~\lJ' (T+C) 0:€~IJ U::-'~U~ 

i I:.~ . .k.O·ftl"WI i.hi!· . UL I. - .- . ~ JLtl ~~ 'i \,.­r J u.-:. J u:---'.Y'"!. . ~ c> Q ~ r-: cr" 

~IA.:J\ ~ -:.r.j IJ--4l1e (2M) l:?J)!r 2 ~J~ iy-~~I --4J)5 & ~Y':"J 0\1 

.k.O. • LJL 4-. ~ tl:. 'i \,.- J -1.I.t..l:s- • .ut.;·ftl"~14>-.u:---'.Y'"!. • • r-: cs"" r----. r-: u.-:. e0 ':" Q 

i.;~~ U"'l> c!r J ~ JS ~ ~ -.:.J~1A.:J1 0.1. ,:r ~~)!I ~J . (C) 

4.l ~L...;,1 cJJ""" ~ Jy.a.J-1 ~ ~J --4LJ:.?)!I--4~ i~ il...l>..::......~ 

. CoT J CJ G+A J G 4..;J~ l:?-,-~I ~\.;ll-.:.Jb~; j-L.J iAJ 
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A 
I 

CH3 

J2Pl1T 
CH3 

t 
o)IrL-L JI}I ~I ~1~1 ~y I 

t 

G T A 

DMs ",LU.. J,'- .;'" ;,U4 <1.1..~ 

~-')~) .t..p .~~ -t~ 
()U.. ry-~.,....aJ1 

32p 

;;..~~ ul::04-'J 1~J>- <$~1 ~G.Jl 0A~J-" ~~ u..~:( 10-7 ~1) 

u~J ('L...SL. u..~ ~J ul~~#1 ul':'':'.;:i J.,......L...:i 
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WLJI ..:,.,b~rJl j--4 \_QJt~ i.,.......}1 L;?j.,.:J1 ~L:l1 ~rZ 0~ L,..;2' .,.L; 
~ J~I ~ DJ\j ~UI..:,.,~Li.:..l1 ~I~~ DJ\j '5TGGGCTTAGC-'3 

: 4.::.ll:.l1 ~~)l1 eji 

: C .~w~ ~ ~I U,.r-\'I tfi : G .~w~ ~ ~I U,.r-\'I tfi 
32p_TG32p- TGGGC
 

32p_TGGGCTTAGC 32p_TGG
 
32p-TGGG
 
32p_TGGGCTTAG
 

: T Ji c ~~w~ ~ ~I U,.r-~I : A Ji G ~~LaJ~ ~ ~I u,.r- \'1 tfi 
32p_ 32p_T TG 
32p- TGGGC 32p_TGG 
32p- TGGGCT 32p-TGGG 
32p_TGGGCTT 32p_TGGGCTT 
32p_TGGGCTTAGC 32p -TGGGCTTAG 

G A+G T+C C '3
 

- ­

-­
-­
-­

C 
G 
A 

T :(l 1-7 J--<' ,~, If) 
T 

~~~I~o~~
C 

TGGGCTTAGG 
"'" ,.'5C-'3

G 
G 
T 
'5 
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• • • 

Sanger-Coulson method lJ..,..J.,s-~~w~ 

2.3 dideoxy nucleoside ~~ il.L..... 0 dl ~ ~;hJ1 o~ J .. -j0 

J ~~'ifl (.r ~j 4.- .6 11 ..;:..1.y.,J5~1..;:..~L:....o (.r L/'j triphosphate
o 

~~I J')l;;. (.r l:?~~1 ~ DNA l:?J,.J1 ~lJ..1 J...~ ~ Js-L..i.; 

i..uJ JWI .y.,J5~1 t: .1~)'if1 (.r ~ 'if ~j 4..l4.-0~1 4:.,.)~,.aJ1 

~4-:J1 ~):-I o~ ~ 'if ~ 2~1 Jl;j ),A-,.aJ1 or" -Yj ~ 4J)...li 

. (12-7~) Or''} I o~ ~..l::JrJ ~)jrAJl C30H) ~j)~1 

~.rl:-I o~ J.,>-~ Jl>-~~ l:?j.,.J1 ~~I 4.LL j 0L; ~11-4J 

..;:..14~~ o~ ~L.:.lI..;:..~.rJ:-1 (.r tyl ~;1 ~~,J I~j. ~L:..:JI J 

..y.r-lS~ ~ l:?jY ~l>- J...~ ~ J~10Ko)'~ ~i -IjL; ~I 

..;:..)'.s.L..i.; ~) ~1~1 i):..-; ~)aJ1 o~ 0L;..!lllJ. ~JrJl o~WI Wj.)"'t-A 

4 - 611..;:..1..w tc . .1\ ULPI ..hi; 0~1 L:.....~. ULPI 00 UL-...S0 

o o. ~~. j '4-! or':" • r-' - - 00 

~ JS ~ .;J\ J...~I (.r eyi ~) ~ J~ Js-L..i.; JS J ~) ~I 

~ -IjL; --4L..J;S'ifl J.:~ i ';Nt. ~ 4..l ~~.rPJ1 0~~j • W::..>....o o~~ 

4..A1! J tl:~1 o~W\ J-W ~ JS ~ ~I W::..>....o if> ~ J~I 

. U-\ 4..A1! . 4.L..LJ1 o~lill II ~ I.·. 1< \.;: • ..... ..LI Ul:.>....o . ~I 
~ ,J 0 r.r- "i-" U-- c.r- ~~ vA-"0 

2.3 dideoxy c~tosine. dd CTP -.I' 0~1 ~.rJ:-1 ~LS 1';1 ~ 0l:?j.,.J1 

-.I' 0.rJi.J1 ~.rJ:-1 ~LS I,;ij G ~i~ i~ ~UI i~1 0L.; triphosphate 

. ..u-I;JI 4).\ ~~ U~j C 4-ii ~ ip ~UI i)--I 0L; ddGTP 

-.,?j.,.J1 uA-o~1 0-" ~~.k:~ i\~\ 0rJ.,.s-~L... ~;.1 i).:...-; 

U LPb . M I 3 ~LJI d V"'J..:.,p <\:i1.y.".JS.r.:-i J-W U r--- ,":-,}hil DNA 
32 ~}hil ~~ lil)j V"'4t1JWI Jj-... ~1 (p ) ~~1 t........Y' o~ c,.b~ 

~ ~r" lJ.1..l.>-10~ 0\~) ~) ~l 4 .111 ..;:..14~ ~I ~~jj- 0
0 

~I &i r.:}i 0L.; (ddATP~) dd o.rJi.J1 oJ.s.lilJ UL,.;1 (32 )~.,....JI 

.k:.r:-Ll --4 ~ .k:~ ji 0--4 ~ 4.L.L ~ ~I~ 4.k.i:.S ~~L;JI iJ....?_o--:-'" 
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~I ~~ J.,>-~ ? --4.JJ:.1 ~rJl ~ ~J ~lAS i~ ,-:?jJIJ V"~I 

..u-I.,AJI 0i ~J ' o..u-WI oj.,. ..l:.&-..t..l:.&- .}-Li.:..ll Ui~~ .}-li:J1 d. ddATP 

4._. ,kll ~.rJ:-1 ~ ddATP 0~1 ~~ UL.,.:;)f~ ,-:?#.}-li::.lJ Ul,all 

~~'11 ~.y~~ JJi..l:.&- Wb ~~ '1 .}-u.:J1 Uiy 0t..; IjJ dATP 

Jy.a.:ll ~.!lJjJ . ddATP o~\ ~):.I J.,>-~ ..l:.&- .1.i; J .}-Li:.l\ ~ j>---4 

, ddATP o~ ~~~ 4 ~i '11 J}JI ~ j...~ Ji ir-i ~ 
dd o~ ~~~ '-:?~ ~ J5 4t a ';'4 ~~U;~)~I~i Fl..A I~t..; 

, ~4~\ ~ ~r-)ll if' ~~~)~ Jy.a.:ll ~ <I.j\.; ~ 

P-P-P-OCH2 

"ddNTP" 

I"~' 2.3 dideoxynucleoside triphosphate ~~\ ~, :(12-7 ~t) 

,..~\ ~ A.t..?~ ~ ;;~I...ll~J ~ ~ ~~I.J ~I ~~.J:-'.ll ~~ 

J:i) i':Jvt. ~ ~~~\ oMI ~Iy' ~r-)l1 oj.,. ~ .!lJ~ ~ '-:?~ 

L..)~I ~ '-:?~ ,-:?jJ\ --4~?'11 --4~ ~(k-.. ~ U..,a.j if' j.ii) 

~~)l1 ~ ~ 4 W1o),rlIJ 4)~1 ~L..;) i060:r jA; '1 0)';> ~)~J 

0~1} ~ ~i ~i r.ll ~ 0~1 ~\.;j .r-~ ~J ' (,-:?J.,JI ~bJ.J ~J~).I 

, ~I raii Y-' ~IJ i~ 0~1 ~)--I if' i)~1 J-WI 

ol,jl...l..::1.r--l5~ j.-LJ Ur-o '-;J#1 '-:?J.,.JI ~ lJ-1 ~~ 0i L:...,.;..r=--tl yl; 

J ~.L~- II U~~I 0U '3-GAATTCGCTAATGC-'5 J-L-.:.l1 if' wJj..o 

267 



~t.; ~UI uJ\...ylA..:J1 ~1.r:-1-! ~t.; '5CTTAA-'3 J--L-:JI (f Wy. ~li::J1 

: .y1:J1 U.~\tl til ~ Jy.a.:ll r 
: ddATP o~1 ~1 rl~1 ~l>- -i U,.r.~1 t!yi­

'5 - CTT AAGCGAdd 

'5 - CTTAAGCGATTAdd 

: ddGTP .~I ~;J:-l rl~I ~l>- -i u,.r. ~I t!yi­
'5 - CTTAAGdd 
'S - CTT AAGCGdd 
'5 - CTTAAGCGATTACGdd 

: ddCTP o~! ~I r' ~I ~l>- -i ll:>.r. ~I t!yi­
'5 - CTTAAGCdd 
'5 - CTTAAGCGATTACdd 

: ddTTP o~1 ~I r' ~I ~l>- -i u,.r. ~I t!yi­
'5 - CTTAAGCGATdd 
'5 - CTTAAGCGATTdd 

.:>\.; v-Si ~i ~ ~..;.U~ ~ J,...d-Ij ~ ~~~I oM' ~1.fd..L:s-j 

. (13-7~1) J w-.:>~ ctL:..:.J1 

~ c} ~4j~ ~ (f 1980r~ u~ dU~):o u~i.i9j 

4;~~\ J ~)}:s ~~ wj. ~Y':"j ~ ~)aJI •.h ~ Nature ~I 

<.S..;>-\tl u~l..L:.U ~~lw;kJ\ (f' ~~~wj. ~U; js:J ':>~.J 

~4nS rYL.J1 ~j o..l.>l j ~~i .;..;.U~ ~ l+-_ 0 ~ uJ\s.l.i..:J1 .bJ.:.:.jj 

~4J:r :u~i wJrll ~)y..J\ ~\ u.;~..;.U~ ~ ()4J\ ~ ~j 
t.?J,.J\ ,--,.a...L:li ~ .; ~j \t\ o4~~ ~j)j Jji j~ ~ r'>L+l\ 
(~~yl )~\At t.?~ ~I C7"""i ~ ~)aJ1 •.h uJ.,b ..Gj . J""'~I 
w)aJI':>y\ ~ d..i~ ~~ \1.,k> j4J:.I ~j ;;\;;- 4 .)~ ~W JS0 

. (14-7 ~I) J'-Ldl J r~1 ~~I 
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J:» (f'DNA t,?j.,J1 ~1J..1 u\..yy,:l5~ J-1-; c..lj J» Uj}> LS 

l)i u I4 ~r:-JI J--l-i ~~)-"L:l1 ,~ C-.::->- ~)-"L:l\ ,I~I 
. t,?j.,J1 ~1J..1 (y4 d ~ J;i ~I ~ 

• 
~~j 

e1j-" cll.lSj u4:;\1\ & e1j-" J.:.~ dJ.iS ,~~)-"u..10\L.S 

L-SlA.:l1 ub~;J1 J.:.~ j RNA t,?j.,JI ~LJ..I ~ ..4-:-i1j ..IJ..::.!I ul}·":'l 

~j ~.l;WI ub~rJl J.:....I..>~ ,YJI ~J-"'l>JJ~ <\,j\ W . Palindromes 
. <: ~ • •

~)-"l>Jj ~ <>J\ L.S. t,?j.,J1 ~LJ..I :..r-~ til ul~~.? 4,jj l.L J..:.y 

r:-"lj . ul~.r.:15.r--JI J-1-; ~ I~~I ~ \II ~L...> \II j-l-.; .. ~l 
. ~.l \ 6J1 11 j «» ~ ~ I'~ 0'J11 1J..1..r: jJ" l.:? I.J- j. ~r" 
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--

----

--

DNA ':?J..P I ..,.a..1J.' Ja..,r. 
M13 ... '5. I I -'3 ....MI3I I I I I I I I I I I I 

C G T A A T C G C T T A A G 

dATP+ dCTP+ dGTP 
+ ddNTP+ 

#~pil 

klenow fragments enzyme 

A 
I 

A 
I 

T T 
I I 
4,;,)~1 

C 

\ '5 
p32 

ddATP ddGTP ddCTP ddTTP 

ddATP ddGTP ddCTP ddTTP + TTAAG'3 

C 
G 

'~. 
,~. 

C 
'"1., T1~ .0 A 
~ A.,., 

T-:) ~ :Jt G 
C 
'5 

..,.....GJlu'~~~ul~~J-.l....:io"!>-i~,.:,,....J.,.s-~L....~ :(13-7~) 

~~I """"1..0.11 u....l....J4I ~U:!l ~J ~~.,;.:; ~u:al ~ dd u.~ JjJo-~ ,.:" .DNA ~~I 

~.Jr~ J~I~ oUts dd u~ l>A tl.~r ~.Jr i"1~1 ~.J J.,.>.JJI ~,.. ~ 

"L:!!+'lI4,....jll..,.....WI uUJ~ l>A t1..~r 
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/5SS
 

T 

T 

~ 
;~ 

A J U 
~ 

G,J ~
 
c 

\$~ ~L... ul~~~ ul,u>i J,...J.....:i ii~ f.>.4J ~jj-l..4}1 ~t ~y.. :(14-7JU) 

~U..ill.:.LJ . ,.t.s~' ...1.. ~ , ..... t, 1_ l.5 - ~l...iLi JS '1,' DNA~ U.7' _ c:r-"'..;:r- ~ '.;- <.r- _~ U ~ 

~ L~t ii..l.CLAJI ~ ·1.~~1 ~~I""#~ 4-.J-A ~~l~ J~I~ 

u L-J14.b-1 'WT '~11 -- .•~t\•!.to'" ~ _ ~ !JA-'j ~~ 
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, 
L.:4S.A ~w...J L.....llll 'AA~tt • GJI. t...a ~:"J 1 . .. t.$:n- ~ c=-- - ~ 

u~~l 

~I 0A I.#jyJl ~WI ~ J~­

r)4Jl0A DNAl.#jyJl ~WI ~ ~~Ij J~­

cDNA~ll.#jyJl ~WI rl~\­
, 

. . l..:ooJl. t...a ~~ ~L:J.' "'WI L.....::i..>1 :LU~~ c-- j. I..J""' J_ _ 

A.a.o t.$~l
 

~iy5' w1J-tAj)4l1 .J~I­


J:21y5' w43 W 1.J~I­


~1y5' w\J-tAj~i .J~I­


u:lL.411 ~l '~!.JJ ~~t Jj!~1 JL>,)l :b.J~
 

J~I­

G)l>J1 L;. ~I­- [J . 

l:~1 [.JL;.. ~I ~ 4:J~1 w\~1 rl~i­

u~..alI'4 : jS' 4 ~ '4 I"; CIt! uU~!,)..1....C ":JL.........> 
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a...~ 

U\ -II ~L . .s-.l. L. ~~ 1.\11 1••1- j U\ -II L \.. 11 ~ iJ...j
.)~. • l.> • -;:,r-; 1..f.J ~r L.:' .)~ """"+'. . 

~ ~1 ~I o-h. ~~ w~~ . Genes Ba~k-.::.,,~).,ll ~ ~i Gene Library 

...,.a...l.>- &i 4 ~ u:--- ~l5J ~\).,JI o.)ltl ~ l:?.lJ\ ~I~ ~r~ 

~~ ~i ~)JA J~ 4--1~1 ~ ~ ~ . ~ Ji~ L..l:+- DNA l:?~Y 

-;J\ ~ L/" ~I).,JI -.::.,,~I J.,aJi 01· ~I).,JI ~-4l1 w\.ui i..l;.;,; .;..iU)J-" 

~~ 4lS DNA l:?~rJ\ ...,.a...lJ-\ &i 0-'" ~L:... ~~ ~ l:?r:i­

t LilI r; \II ~ EiJI o-h. ~ ...r'~1 ~j . ~l5Jl -'::"'~)JA ~ ji 

l:?jrJl ...,.a...U-1 ~L.L....... if ~L:JI ~I.).,l&. Ji l-1s'j U»I o-h. J i.L":'- 1\ 

&i )l.:-=->-1 ~j . -.::."U).,ll ~ ~L:.:J J.,aJi dJ~ 0LS t lill f.} \I~ DNA 

o..u..-ll -.::."Wu . ~I ~ ~ ~I).,JI ~--41J ~l:.J.1 l:?jrJl ...,.a...U-1 

0-'" w~~I-.::.,,~ ~ l:?~ yl)1 ~l..:->\lI-.::.,,4-0 J LS ~I o~lj 

. 4.::J1).,J1 -.::."L:-=S:J.I ~~ ..l:.&- -.::.,,~),ll o-h. ~ ~ ~~I 0-'" <\.iij -.::."U).,ll 

DNA l:?jrJl ...,.a...l.J..1 &i 0-'" Lo '~Y o;:-:S i~i )~! ~I ~~I ~ dJ.i.l 

yl)1 ~l:->\lI-.::.,,~0i~14jL.;1Ih. -.::."U).,ll ~ ~~j ~41 ~\I 

y. ti.lS -.::."U).,ll o-h. ~ J~I JA.S0 4--L:... ~I od -'::"'~)JA ~ l:?~ 

. ~l:.l1 t WI f.} \I~ ~?" ~l5J1 ~I ti.L...o 

~ ~I 0J~ l:?jY...,.a...l.>- &i .)r':"j ~ 0.rJ:.' ~I ~y- ~1 

EiJI o-h. ~~}5 0\..; JU-I ~j. ~II-h. if ~lJl EiJI ~~ 

~ 4.it; euu o;:-:S ~~I O)..l.i l:?~ ~L:... Jiu )~1 ~1 ~l.:......: 0~1 

-.::.,,~ ~~ Loi. uP.,.-J11-h. ~}; -;JI -.::."I...l:--oj.,sJ1 Jily il..L:>...::.....\ ~1 

~ l:?jY ...,.a...l.> &i ~~ 4.it ~\ 0~1 ~l.:-> \I~ ~lj..1 -.::.,,~).,ll 

H 40-20 e ~)l.L ~I J 4'~)JA ~ ~~ o~li.M 10-5 

~) ~1).,JI4'~ ~ yl)1 ~l.:->\lI-.::."U),..~ ~ l?)j~l o..-u-li 

. (1-8 
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~ ~L>- \rJi ~ <lJL.; u~J}\ ~ ,,~ J ,,~\ ~ dj o.)W\ JJ 
~U-\ &! ~ ? ..:lJ~ ~J ~\ u~J)-'" ~ ~ i/>lIl ~I 

ti ~)kll .i...:-lL...:.:>-~ \ ~J J.oLS:J\ ~ I ~ ..:lJi5J d.4\ ~ \ c;Al' l:?J."J\ 

~ ~~~I ~.:>\..; u~J}1 ~,,~ ul~i u':k..>-~ I;k;J. ~l 

uuJGJI LIJ.) ~JLf J JU-I L/" ~ . ~J~I ~ J ~JJ~ ~ 

o.1A ti u~ 4--o1~~ ~l~ l:?JY ~~ chi Jr-JJI ~J,h:J\ 

d I~ ~JJrP ~IJ~\ ~I d 4L..:;.;..~1 ~ U ro ~ ~J' uJ~1 
- . t, JiL:..lIJ ~~\ o;:.~ ~rl..:lJi5J ~ 0J}'" J r u\~\ dj~ 

: ul~ )II o.1A 0A ~IJ~1 ~I ;:.~ ulJ.Ai o..A&o ~l.:J> 

~J ~IJJJ~~ &! ~ JLS:J\ u~J}'" ? -I 

. ~i u~ ~L,.:. uPl;'~ ~ u~J}'" Jr ti ~1..l>.;......\-2 

. oy, ~\J ~j.,kl\ ut.;JWI uL.IJ .) ti ~\..l>.;......\ - 3 

rJl~~ Jh-.:; ~I ~~I dj.)\f~ ~\J..I ~JWI J ~1..L>...::......1-4 

. 0:-"AIJ 

. ~\J~\ .hjl)-~ ~L:J-I ~\;')lI u~J}\ ~I}'" ~...I.i -5 

. t.rP}\ J~ J ~ ~...LJ.-I ~ L>~I wlJ.Ai -6 

: ~J u~J}1 ~ ;:.~ ~ J J>IJ"" o..A&o ~l.:J> 

. ~I ;:.~ ~L:J.I l:?J."J\ ~LJ-\ &! ~·.~i -I 

. ~!~ ~r"J ~L.al\ J ~IJJ L~\ JiI."J1 JL,.:..)l -2 

.. 
u~··t'~~L~ ..".n,,~L:J.I,l"··~tl " WI.t...a".d~, .... : 'I i

'Jr" •• ~:n- ~ c-- --::"\7'"' -' 

~,\ ! .• L..i·~~ L ~b. .:>t u~ .11 ~ "L:., ulJ.AI w':k..>-~ I 1.:.,
~ ~ ,-,.--;J*' Jr.· r-' 

: L/"J u -4-11 1.1A 
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~ l.?~ 0)y ~ ~I 4J1.> ~ ~I :.r l.?J,.:J1 ~U-\ ~ J~-\ 

-.:;LI)JJ 4..:-Lo ~I~ l.?)Y ~l> ~ Jj-&' ~l.> J )\ ~)\~ 

. ~I;JI .)~!J )}d\ 

0:"..A 0)r ul~1 4J1.> J eDNA ~I l.?).,J1 ~lll il~I-~ 

~I 0:"r.-l\ -.:;L;)Y' Jj&" J Jll\ L/' LS ~)r-" ~J\.>. J ~~ ~ 0"; l.?~ 

. l.t.y.P) V'"'~.HI ~Y\.>.:.r ~~)fl-.:;L;)r)\ ~I oL:.; 4Y\.>.:.r 

~I :r '-.?J~I ~LJ-I cki Jf' 

l.?).,J1 ~U-\ uP~~ ~I).,JI ~\ ,,~.)I~)'\ -.:;~ \-l.:-' 
l.?)rJl ~U.I ~ ~h . ~I).,J\ a •• ,~,,~ .)\).\ -:}L.S:JI :r DNA 

<\it! al~ ~)f). )~ ~ ~15 (j~ (j\) 0.,L y.P ~ (j~ (j\ ~I 

~L:... uP~1 ~» i\~1 al.iS) LlC ~ .(jL:.; il~1 ~H 

-.:;U}11 :.r.JL> DNA l.?)y ~~ c.~~ ~ ~l.+-ll .;. ~~ 

. l.t.y.P )\ iY-.r.-J\ C')\.,o\ )\ J~I )\ i);));s:J15 

. 4.:... l.?).,J\ ~L:l1 uP~ \ r-=-::- y=-'I ~ yUl\ ~ u')\.;..>. )' I~) 
. al~ Jj>" .u:U\ J~ tr")I ~). al..iJ ~ l;» ~lP. (jt! 

o~ i~ :r ..L5L.u DNA l.?J,..:J1 ,-,..vU-1 ~ ~I :.r <Gl 

~ c.~y.i>i J;» y al~) uP~)'\ "U\ ~}:J-I -.:;~;)f,)\ -.:;l.:.:;)y:-l~ 

~ j-ots:J1l.?).,JI ~lJ-\ ~ ~ j))~)fl r~ ~ ~~y+5' ~;) <I..:.A 

(jLS I~I ~\ . 0~1 ~\..u ~y ~ \~ ~)' .k.U 0..L>-1) Lj->0-5 )y-5J.1 

~ ~~~I 0MI ~ (''>I.+l\ ~~ d,j I)~ l.?).,J1 ~L:l\ 

c.~y (jLS i~\ ~ Il.b . ~"l1 ~\ ~ 0~1 ~\~ ~y :.r -L:i ~L;-; 

-';l.:-J1)\ ~~I )\ l.?~Il.?).,J\ ~ll\ c.~y J W"1...li....A l.?).,Ji ~lll 
. ~ I,r-J-I )\ 
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~~ Jf ~~ ~ &li f-.i'~ ~J.rJ1 ..,..a..~1 Uolu 

. ~~I d' 4:Sl...J+S31 °M4 F 1j...ai ~ 

!> 
~ 

Qw-~Q~--o 
. (~ ~j~)	 tkL.-AJ1 ~'jl ~ c: DNA ~J.,.:JI ..,..a..u..1 &i ~u.. 

F J ~ ";'. 1\ ~bJJl f-.i't rl~4 JiWlI 

'y' LJ1~J.rJf ..,..a..~1 

~'»11 ~l ~~ ..~~_u~t :(1-8 JS:,..:Jl) 
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- -

4JJ r-l1~L...:JI J W' ~I~ ~jf ~b-~ ~~I 0ls' I~l Lai 
~WI:.r \).~ ji ~I~~I ji ~~WI ji ~I..l:--oj~1 ji 4J...li~.Hlll:.r 

J d,j4 .?~j. (J"; W -3) if> ii..lAS ~ ).,.....sJ.\ ~~10~ ~I ii~1 

4 ~ ~..l.:--j~1 ~J,J1 ~l:l-I ~..lit ~I..l.:--j~~ ~\.:J-I ~L...:JI 4Jb­

tS? )rlj Relax Plasmid ~L:,.:..,::-.)l1 4Jl:> J ..l:--oj~1 y.c Wl..l..>-l.:.t:=-"~ 

Supercoiled Plasmid -yLAJI ....;L.....L::.l)l1 ~L.> J ~j~l~ ~ 

. (2-8~1) 

iMI.~l 

~\"~I - iiiiii

-
5 4 3 2 

. r:JL,.. \.o..r-&-j & cJl ~ (JI) -F ~L(J) DNA eJ :I 

. r:JL,..j)~ .r-&- (JI) -F ~L(J) DNA eJ :2 

.& ..:,J\j cJl ~ L?.l.:--j~ DNA eJ :3 

.)~ .r-&- L?.l.:--j~ DNA ~~J :4 

.til..>- .j I.J~ L.~ ...L..,.-oj~I)J-" 0L:.....rJ-1 ~j)~ ~ L?...L..,.-oj~ DNA eJ: 5 

. ,;Wl ....;L.i;J)l1 Jl •b:-.r-)I I 

~~ VA ~l:iJt ~~ m~~l r~~ ~W~I ji~t rt..u.....:;",..l :(2-8~1) 

4.i.:!- l:!~ VA v~J;·; "" 1DNA Ii~t ~u.J1 
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,\;';i ...I..:--ojJl:..l1 ~~) ~~'j )~ ~ ~L5 ~~II~ ~~) 
, ~I ~~ J&- <.Y' ")\>.:;....,. ~ I 

'-.?).,JI ~LJ..I c~j J ~}.o ~IY' ~~) r...\s- ~ JSW\ ~ L:.;i LoS 

C~\.C e W,lAJl..:;.,4:;\I\ ri~~ 4;i ..:;.,~L.i; o...\s- ,I~~ ~~) ~\ 
~ ::; 

~~ r;}vt. JY\>- ~~~ ~~ rl~) '-.?).,JI ~lll ~ I~ o~ 
j I t: 

,~~ 

~l>- J i?- 4 J&- ~lll )~) '-.?).,JI ~lll ~\.C ~ f L.. \~l! 

~ 4 ~ } ..:;.,1~jJl;.J\ DNA ~ rJ-1 ~ '-.?).,J\ ~Ll\ ~\.C 

(~~) ~~I DNA ~ i~ ys\ll'-.?).,JI ~LlI c~\.C ~l>- d~.,k 
~ ~~ <\,ji.; o..l.>-I) ~j>S ,-?).,JI ~lll ~ 1~1 Loi ~ 0~ ~~\ 0L; 

. ~.;>-i OJ" "-)'j ~~) W,WI..:;.,4:;\I1 ~ ~ ~I ~\}\ ~~.,L 

0~ ~I).,JI L..L:+l1~"l ~\ '-.?).,JI ~LJ..I ~li ~ J 
> 

,~.,L C~~I 

e ..:;.,~\..i:;j\ J ~ll\ \~ ~~)}j: ~) RNA '-.?j~)I'-.?).,J\ ~ll~ 

~ ...:..0 ~\ ~ u-SJ), ~}i c~~J~ ~ L......S , LJ:.1iJ\ ..:;.,4;\11 

ji i)"';)..,.K!l j J~I rl..t>...::..,.,\ J:.i RNase A ~I) ~I r.:;i ~L..;~ <.Y'~ ~I 

, ~y..r--l\ ~)}5 & e <'yW1'-.?.?)1 ~)JI .i.k.....ly. 4.?J" ~~I ~? 

'-:-'~ ~ .J.,t i-U-) DNA l,?).,J1 ~LJ..\ ~ i~ ~ JSl.:J1 ~ 

),.Uj))a.il\ ,u.~ ~) ~"ll ~r-:JI 0-" r~ ~ ..i...>~ al~) cJ-:;5; 

d.,...,aJ\ ~\ 0,1; j~ r\~~ C~~\ ~ 0~~}1l,?).,J\ ~l:l-I ~ 

~I 01 ~ (260A)L.j~i 260 lj':-}.I-J#\ ~ Spectrophotometry 

50 -,?JW ~.,ll J..,kJllh ~ (l)..l>-I) Absorbance ~ ~~~I 

~Ij'_"-~ II d DNA U.~\I1 V~)I -,?).,JI ~lll r.,S; 0-" LI~)~L.. 
~ L......S (3r-l~I.r;-).f.-...L,. 50=260 ~.,ll J.,kJl ~(l) 0,lrU1) ..L>-I.,JI 

~)I J#I~ C~~I o,IA ~~) C~~I 0)l4; ~ ..l$'t:.1J j4J:.\ I~ rL.~i 
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.~I~\ 4-i \.>~ lA~ ~ L.?J,.:J\ ~\j..1 i!j ~J rJ~i 280 J 260 

(f' ~ ~...l.:s- J~\ Ji 0}J~~ G~J 1.8 L.?Jw ~}I JI}>'l! & \..2.~ 
. ~,) 

~.;1 (f' ~.r-..lii ~~ i!.,....:.]\ j L.?J.,.:JI ~ \.;L I r?; '7"L.>-~ W­

e r~ d' ~~ftS' _~rJl J~I L.?J.,.:JI ~\.;LI :r rd-I r~ c,)j ~ 
C,)r-Ji e ;;"'.,Lli r-S1rJ\ ~)l..iA ~J r-S1.r..l1~Jr" .~-U..::..A L.?JY ~l.>- c,)\i 

. (3-8 ~I) or.?; .r-J.A.:.l J~I 

~..l5J DNA 15J.,.:J1 ~\j..1 4>-Yl.,p <Y' JSt.:J1 -.;:.J~ ~ ~4;.;'l1 ~ 

~\~iJ ~~I ~ ~L:1i ;w"WI -.;:.J4:} \1\ ji F-}\1\ )L;.:.>-\ ~ . oj:S; ~T-" 

~ ~J y.\..Q..:J! ~y.-ii j L.?J.,.:JI u~\j..1 i!j ~ '-;--"~ :r-s; t:Py. ~ 

L5)~ J~ ~,) ~ --9~ . ~~I ~ ~ i.YL.i:J1 I~ j L.?J.,.:JI ~\.;L\ 

~i ~ o~l9j j&-li:J\ c.~ ~L:li --9J}Ji )y. L.?.iJi j F-}\1L V""L:l-i C...i.)I) 

W-. J\~!	 I~ j ~\ -.:,;LSrJl .r" -G1.r=. ~l.>- j f.} \1\ e AJI ~r,-if 
. . 

..}>- L.?~ \.>i ~ 6..J::,WI -.;:.J4:} \11 -.;:.Ji~ ~ \.>1 ~ ~~ o~~ 

JYJ~ y.\; L.?IJJi ~ J~ ~~J Mg+2 \J. :~I -.;:.J\.;y.i ~~)~ 

J.:.))5' & ~~) ~.is'j ~ t-1j i~ r,:,'-ll ~~ \1 Dithiothreitol 

~r' .\ . 'I I, ~ I \ PH	 '. 'IF-} )1 <-.J~ ...:.W ~ . !£;"U "':--"~ ~j)~ ....r-"\ ~fj ry.~~ 

\~I L.?j"J1 ~1j..1 ~.... r:rj~~lA jSJ \ 1 LInIt) oJ..>..\J o..l>-J O)..G r?? 
~UI rU.>.:.:.......1 ~J . i?J)S:'".'v. 20 y\.clJ ~I ~i 0~~ ~~\ d
 

- 1	 • 

~ JWI ~ ~j . J&-Li.:.U ('rAJI J5Ji ~i .)1 ~\ JL,SiJ ~\ 

10r-:-Sr=J1 \.>~ ~ L.?jrJ! ~U-I c~j cr" r-:JJ~~ 10 GL.,,;l 

~ ~J:s::.~~ 2 j (lOX) f.} \1~ L~lj..i ~I cr" ~j~~ 2J -.;:.,~Ir:-J].s:.:~ 

. ~I JLS)l )a.iA ~Lc -.;:.,i.rJJ~Lc 6 J (-.;:.,I..l>-J 10)F-./:} \ 
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+ 

°MI.\.fl 
~L.~I 

5 4 3 2 

lOOpg 200pg 300pg 500pg 

.r.5rJ1J~ DNA el: I 

.r.5rJl ...;.... DNA eli: 5.4.3.2. J 

~J.¥ll ~WI~.;J~....u;:;Jjj)~~t I'~J-:toC ~u~t ;;~II'I~1 :(3-8 ~I) 

'IDNA' 4l.A.I_.~ ~·<:I - A:U I.4A - •. 1_' ~ .._tlDNAr .r- ~ -=-~ r:.o !) ~..r- ~ ..n-:­

~~L.i;~ ~L."iJ.. ~L:..I.I ~)...I.l1~ r 37.5 o)r!-I ~)~ c.>l 

o};->- ~~)...I.l CU ~~})l1 o.h.:..r-~ I~..u. ~~~) ~WI ~~})l1 

~lA-:JI ..~ c.>1· ('°65 0);> ~)~ C~ i..?.D1 TagI &lAJl r-})l1 J:... ~ 

~ ~ j~l ~ O)~u r-})lI:r 0.1.>-1) o..l» c.>i ~ ~lS ~ :is-L 0...11 

ol,j\..; ~~ e) , ~L:..., o};>- ~)~ ~ 0..l>1) ~L J ..l>1) i'r-)~lo ~ 

orAJ ~r-JI ~ l.4> ~.15) ~ li::.lJ r-})l1 :r ~L...;l ~ 1.1.>-) .i,;L...;l ~)l1 :r 
~lA-:J1 Jlid ~ ~L.,aj..1 :r ..~'11 ~) , ~lA-:J\ L~ c.>L......aJ ~ J}>i 

~ o ... ;'\1 ~l;y-i e.rP~ i..?.DI EDTA J~:..r-o~ oyki UL.,.;~ 

..L>-~ ~~) ~L.i...:.ll L~:r ..L5L:J1 ~~ ~ ~. ~)~ o- ~u..:J1 ~ 

~ ~ j))~'11 i~ ~ ~~.;+5 o~) ~lA-:J1 J~ lr r-:J)~lol 
o~ )i (~i..?)Y ~l> ~f il..l>...:.....\ ~l> J)~)> ~~ ~ ~~) 

. (4-8~1) ~li::.lJ~~ ~ i..?)Y ~l> il.~::.....1 ~l> J) (;>­
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Ji ulil~ ~~ ..l.iA,. <.?JY ~l.> r}i ~ i~ ~I ~)~I J 
(f .....;~I ~~ 'Y ..(; ~WI u4:J)I~ ~I ~I ~ 0\; ~I)l ul;WI 

~101 ~. ~I or::--? Uli)r J~ ~)l1 ~ LA~ ~ra>-J 4..i~1 

~1 dJ~ <.?~Y.J <.?J,.:JI ~L:l-\ ~ o~ ~.)s- J~I ~1 <.?~Y. JSJI 

~-' ~w~ 4Jj&-~ ~ ~ o~.AA.:.A & ~1 o~1 Uli)}I ~ 

;.-.s- ;ijL;L.!lE U. ~ :J I Co L.i::J1 -. - 4A. L l .:..i 0\; .!lJjj . 'U..iL.,;oo,~....._4-
.. •. J -.r:-~ '..T <L:.:+' ~ -r err: ­

yl501 ~.rJ1 F-J)lI ..LJ.:u;.l i.LJ O~J or-J ~U:JI 4..iL.a.> Ji F-J)l1 ~ ~ 

~U-I & (f <:~LC.)s- J~I ~ <lit .!lJ~J' t.)s- <.?JrJ1~U-I ~ 

. ~ I ~ <.?JrJ\ 

~ "->-~ (f JSl:JIJ ~lll &WI F-J)l1 e ~L.i::J1 ..1~1 (f ..4-:.i'Y1 ~ 

.)s- i~~i <.?JrJ1 ~U-l & J~ ~)I) i~ ~ ~~~ <:~~I~ 
or-ilJ (Marker) 0.rl:-10j.,J1 L,Lu <.?JY ~l.> & ~r':"y. (~~I ~jJ 

u...a.:J (?/il.r:-J~"J.. LA 50) iy-~'YI ~J.r::-:-! i~1 ~ . .!lJjj ylS ~j 

<.?JrJ1"""a..LJ-1 & l!r ~~ ~I J"; ~)I~ i~1 ~ ~ ~L. 

. (5-8 ~I) L--4U ~lll 

i~l:r DNA ~J'pi ~l:J..1 &i ~~IJ J,j&­

: ~l:J1 J)JI <.SJ...>.~ ~\).,JI L--4U ~ll\ <.?JrJ1~LJ-I & Jj&-~ 

~~i ~1 ~J ~}6l1 <.?-,rJ\ ~LJ..I ~ .)s- <.?~I i':>4J1l!r ~-i 

~ (>l.-fJI ~~~.r:-')U Agarase .i-)~)l1 f-;i UWl ~J L:--L:... 

0;l5-~1 ~;, Ji G50 -.rS...L:W1~~ il~~ ~}6l\ &AJI ~ 

~ ~;J . ~JrJl ""';k>)I\ ,-",,~I~ ~~ ~.LJ-I F~I 

. (6-8 ~) ~I Jy~ 'YI ilJ.>.;...,~ <.?JrJ1 ~LJ-I 
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20 ~ ..; ~L...i.;jl 

r:JJ~L. 

ir-<" .",i i + 

~~~; i ---­
I - = - j.PL.i..:J! C:'.,J. 

~l:J1c 
I 

";":'l.i.ll yLdI e.,J. ------::l>~ 2 

tk u ~j.jl tA DNA I$J,:.JI ~L-..U ~~'tl ~~I ~I..I.LJ ~~: (4-8~1) 

~ l.O:iJ! ~ JI r~ j.A ..ISt;..l\ , 
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J.#~ I,.,.jLj Trough ~}kll t.?jyJI ~LJ..I ~ c!r iL..i O? ~-~ 

0.#\ oLf~ t.?jyJ\ ~LJ..\ ~ ~J ~ ~~~I o~~)~ '11 ~ TE 

~ Jrad-I ? ~'ilj u}-I ~ J.#I r::f ~j TE J~ ~1~ ? 

~ W c.')lA\'lj iy-~'11 ~j.r.:.r J.#I 4.• '; ~ ~ ~}kll F\ ~ 

.uL,.;~ ~I '-;--'.? ~ 4.;jyJl ~k.>-\'I V"'~I ~ ~ ~ ~..L:ll 

. (7-8~) ~I J~! 

~\~1J \g'; _.; f.j 4-:-.:--; ~ t.?J~~\ ~\J..I ~ :r-s; ~~ ~~ 

"ykAll ~UI ji TE J~ :.r ul~ o~ 

.~I.~l 

4:L.~1 

2.2+ ==;;;;;;;;;;;;;;; 
2.3!!!!!!!!!!!!! 

.r.:lS 15-10~&i 

.~li 
4.4iiiiiiIi 

6.4 

9.6 

23.1 

. (Marker) ~I ~ &iJ~..rY DNA c~j: J 

. (~ Bam HI F-)~4 J-w I..l.:-")T DNA) 

" ~I DNA c~ j : 2 
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-

,-?J'pi ..,..a.-L:l-I & .); '-?~ ,-?.i.ll ~~I ~ 

. ~) O.)\:.-~ ~!~ ~1~L;11 = 
= -
= 
iiiiiiI 

-r'..;; DNA 

~L:.l1 ~IJ .1-'..;4-\11 {.}i 4.jWl-4 
4,,;.A ~IJ )J)~ \11 ~ 4.>..r:-i)lJ 

. J#I .; ,-?J'p i ..,..a.-lJ-1 & J~lJ 

&.i ~ ~\I GS0..rS ~I.)~ ~I.w.:...::......i --5 
.).,....JI ~ ~."i ~ .YU.:.JI Jy..-. If ,-?J'p i ..,..a.-L:l-I 

~ ,-~J'~I .:;1)aAl1 !.l""';';J c.~.r.:.ll r:j>J-!. ~~ J~ 

"=~ J~ ~IJ.>..;;....~ ,-?J'p i ..,..a.-L:l-I &i c.~"& ~ 

.~~~ 

~U-I ~ ~~ ~I ~\l1 J~I"';~ 

&i ~I) ~I~i ~ ~1)1 ~ -,-?;$.r" .)):r -,-?-,'p i 

.p.. ~L. .:;lr.h~L.~ ,-?J'p i ..,..a.-lJ-1 

Kb 

6.4 

9.6 

23.1 

. ~I··tl ~11'\..j."J L......tal DNA .s.. ~tl . L-JI. t...i ~I :(6-8 I.,..~.tt)~ _ 'J:r. .. _:n- ~ c=-- ~ (..­

~j:ll &>..."Jo ~..ill~ ~~~ ~I j)~ l$~ l$.:Llljj)4-~1 r~ ~~..."Jo 

...,....s~I.l~~..J.:!J4-~t 
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!!!!!!! 

•.1A -i ~~, Jlj-! ~ "pi ~Y !!!!!!! 

~4 c:.r &i J.o'>;f Uh:J.l = 
\ -­
~==-

...,..a..1J.1 ~ ~J-'" I _ 
~L:lllojJ~' r ,L ...I 

Kb 

6.4 

9.6 

23.1 

"""yDNA 

4.5r--~~ oM' J).-o;r ~L.,.,.s.:Jl0MI vP~;r"r:-e:..;A; ~-1 

.~~ i.?"w' &-JI 4.5"::--- ;r Jil Jpl 

u.l »}4 ';I..~t )l:-ill ..!.m ~ ~J "pi ~j TE J).-o;r 4.:-.5 ..JL.,Q.;-2 

TE Jy1.-o ..JWa,.,J t....,r.'l -i ..#' ;r TE Jy1.-o ~J ';L.~I )L::J,....Ai~. J.lU.:l 4...-> 

TE J).-o ~ OJ"" JS" -i ~ I.lS:.J»}4 4.5.,..-1 OJ"" ';1..~1)L:;1J ~J"~ --4...\.:1:­

. ~.:l 25-20 o..u 0.#1;r 

..,..a..lJ-1 ~ ,-:-".;"J ~~~'JI J...:-AJ.r.;r ~ F 1J}S J.f4J.;-:J' Jyw.S..J~ 

.)alll ..UI;r ":"'\.r::lJ~L.~ ",,:",1.l;J ~ loj.?}1 .:l)aJ4 '-:-".;" ~ J~4lojJ~1 

-.?.JJ-'J 1~L-l1 t.b.i ~~1 ~~ Trough ;;~11"1~1~~ :(7-8 ~t) 

~\.)JJI ~1 ..l¥ ~Lal 
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0;-€L:J\ ~.J..s. J' u.Jj-o .G~l: J~ ~ ~Lill ~4 J "Poly A" 0~ ')II 

y.-9.,:J 0~ ':11 ~~ J:j e ~~~I .~ .h.:-;; jl ~j)~ ~~ u 1j "Poly 1'" 

~I tL:.....')I\ {-Ji ~~ i~' {-J"}I ~ ~l:.A Or ~j)~ ~~ 

DNA l:?jyJl ~Lli ~ ~UI dNTP ~)':1\ ul..L;:-i.r;-l5r:-JI ~yy. 

J' ~I ~j ~ r:.. ~I DNA l:?J,JI ~LJ.I J' o~ j.A ~ l:' pO! 

~ ~u.:J1 ~1 iy-~raJl ~j)..y ijL,.;~ JL....)1l:?jrJI ~Ll\ ~u 

~. ~I ~LlI~ (f' ~j JL....)Il:?jpl ~Ll\~ 

ul~~y-;-:JI e ~I Ei {-Ji ~1 J~j ~\ l:?jrJl ~LlI ~ 

J o)p! Hair Pin Loopr-=JI <J"y.~ .u:.~i ~~~ {-J"}I i~ ~ ~)"}I 

~\ r:.- ~I DNA 0"a..,lJ..I J' ~~ ~~W ~I ~lj 
SI Nu-.r.dS r--JI {-Ji 4.9L,.;~ r-=JI <J"y.~ .u:.~1 J:.C ~I ub~?1 jA ~j ~ 

J' u44.:.11 l:?Y--" er> ~.r=. ~ JraJ-1 if ~4-Ji J ~ clease Sl 

4.11'\ 1.-. Sl : \<"-:.]1 ··r O•..l.i -G. (8-8 . i(' .,)' DNA· .. -\\ ("'Ii . "a..,\.;l..1). .r: ~.J- {-J'.J <-I .rr: r-- ~jr- u 

4....>-.~;11 ~ u\J....j· l c . .11 . t....::: \ r-: <u)J....9 ',-4 ,.......:Ji, ... 4J~ .u:. ........:J ui~~.J 
• J -.I.r;..- -~~ ~ ~ U -.I V ..;. J ...I 

. :u.k.:li .~ 0..\..:.;.,.,;1 j ;;~~.J.l1 

)j~ 0~ ? ':1 .u\ jA r--:ll 0jpi ~\J.i ~i :..?G L-5 
,- ­

.iJl>- J uGJ.,J.1 .~ y ~! j o,;-:-:-S ~i ~jJj.1..Q.; u~)}I(uUr-5l) 

>.l:?~ ~! uU)}i ~ j! . ~41 ~i.J.....JJ ~L....a-S 4~1 il..L>...:.....\ 

u~;':1 ~~\ ~~\ r..w ~~I j ~ y ~\ jA u~I..cl\ j )jLs!:i 

Y t\..:JI JL....)I ,-:?j"Ji ~J.I ~ u)\..>.l~ oPU! ui~~rJl :..;-" ~I 

\...i.A Translation 4; r ')I <\,jl; J\;j~j U G)} ! .~ Transcription tL..:.::.......! 

,,-:?jrJl~\.;l..1 

289 

http:jJj.1..Q


~~'il\ 
""" " , 

-4~ ",9 
Ploy (Al Tail 

Poly (1') 

________ .......L_J_..L_I ~ Poly (A)
~....L.J

~i tL..:::..... '11 (-:;1 ~j .»: dNTP 
Reverse transcriptase ~ 

~n 
ONA- mRNA V 

...L...IL..-L....L-L....L...J......L...L---L....l-.JL-L....L-l-.L...J....J.....J.~ 

(Jl'rJ' .....,,).y. NoaH ~ J 
~~DNA.h..~ C .:.JS,...w ,,1 

~. ..... (-r
r:J1 .rJ',~ 4J:,~I ~ 

Klenow Fragments 
Hair prn Loop enzymedNT~t/ 

~t 51 Nuclease 
51 ;"IS-'" ,)' 

OR.. 
'-?~ ON A	 tJ~j-o
 

..;:.,4~1
 
~ OH 

-i.iiJ ...,.4.A~ J.:...~ 0-'" ~ ONA 1.$.iiJ ...,.4.A~ rJ~j-4 ~ :u.....;-b :( 8-8~ I) 

.·.l.. ...J...1i ··.. ·'1 '~~I "1 l~uJL...~~J~ r ~y (' . IJ-A 
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Transformation J~l 

L?-,.,.JI ~lll ..:.A~~ J~I ~ ~WI4J ~~I ty\fl ~ 01 

~~}I 4.h.....1y' ..;:.J~.r+1 oh J:U ~ J-; ~-' JI.WI 4k----, J o.)~}1 

~L.:lI..;:.J~~ ~ 010~\f1 ~ J ~. ;; .;\-.,;..-4 <f!y ~1 ~I 

o.i.l.? t: ~~I ~JU-I ~~ ~I. ~I (yA o~~ ~ oh L?-,.,.JI 

cW ~ ~ 0~ ..;:.J~.rJ:-1 oh ? 01· <l..;:-il~ ..;:.J~~ ~I ? ..;:.J~.rJ:-\ 

&ill o.i.l. 0\..; ~jJ . ~~I J yo II ~l...:.A ~L.,a; ~i ..;:.JI~ L?-'y ~l.>­

1~1 ~JU-I j..:.1.) ~~-' ~ -,I ~I DNA t: i~),1 \..r" ~ 

~-' . ~~I ~WI ..;:.J~}\f\ ~ 01 0-,.) ..;:.J1~j~ 4 ?..::.-.;lS 

,-~-,. ~jY\.)I.)~-,~ o~~..;:.JU,..p~ ty\fl o.i.l. J.:..o 0\..; JlJ-\ 

J~I-, J~I ~ ~I o)J.i.l1 4J ~~I (yA ~ ~Iyl ~~ 0l! ~~ 

. L?-'y ~l>- cW -,I ..;:.J1~jY\.)1 

1928 il¥ J 0lS ~~I J J~I Jj>" ~ .;JI ..;:.Jl1i>-JUI J-,101 

~ Dawson & Sia ~-' 0--"1-,.) ~ (yA 1931 il¥-, Griffith ..:..,.;~ ~ (yA 

0~WI s-)'~ i~\. Streptococus -' Diplococcus ~)I ..;:.JI~ ..;:.J~-,? 

i 19 . y)\ (S)~JL.-, ~)I ~ (R) ~JL. L/' ~~I o.i.l. (yA U;=JJL. 

~ ~WI o};-=LI ~> :.r (S ~)l..JI) ~)I ~)I..;:.J\~ ~~ ~ 0~L.:J1 

\J.~ ~ (R) ~)I r.? ~)l..J\ (yA ~I 4~1 t: ~~I o.i.l. .)L.) I}J..:. 

\~~ L....l:.&o-" ~)I ..;:.JI~ ~~I ..;:.J\.il,r.:-> ~~1 ~~ ~ Ip )'-, 01r-J1 J 
04 ~~ (yA Ir~-'- ,,1. (S) ~')Lli (yA ~I -'~-' ~~I o1.rAJI (yA ~~\ 

~YLJ\ .)L.) e 4kl>- ~(S)~)I ~JLJI ~1...:J"i (R) 4-P)I.r--'- ~YLJI 

J DNA L?-,.,.JI ~lll )-'.) J~~ F-.J.A.; ~)W' oh ~ r-l-' . (S) 

. ~I o.i.l. ~i :i»-)' ~)lf 0i)'1 J~I 

(yA o~J.&. t y i J J~I J~ .ASy .;JI ~l::..:.J1 ~)~I o.i.l. ~ ...:JI; 

~~I u-'~)U ~ .;JI 4~1 (yA ~ tyi 0':J1 ~-" ~~I 
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~ Neisseria, Moraxella, Haemophilus . Streptococcus, Bacillus 

L+! ~ ~I ~~I ef \'1 u-o .1;.u.J1 ~ LS . W .jJ,.-:l1 ~~I 

J~I ~\j .:JI .)14,.;L.,.;11..lA. E.coli .:J.,J;JI ~~ ~ J~I ~ ~WI 

J"..-.:JI ~ 0)..Lil1 ul~ ef\'1 ~.:JI W. i~ db._"'; .)j\'l ~~I J 
DNA ~~ L?jf ~l.>- i l L ...... II ~ Jr-:JI -.? J.:...i.i l!'- .. bll 

J:~ ~\' u':Jjutl .r ~..u..ll u.r; J....o..:LJ..iJ. ul;JWI ",f u lJ....::-.4j".>L.:J1 

4-a1..tk.,.:. ':J u ':Jjl;;\ o..lA ~ P (f ~)I ~j . 
. 
~ .jJ~1 .r-S- ~~I 

J.lilo .:JUWI r:f 1970 i~ J o..ii ':J1 ~~ ~j ~Lill u4:})U ~l:ll .kL.:..:..l~ 

u':Jj\..::.c.... ~~ ~ 4-±. ~~ ~~;, ~~l J Madel & Higa ~j 

t: ~j J.lilo .:JUWJ J~I ~;, J LJ"'L..\'I ~ ..:.....o~1 0.1;J.s- ~l; 

. J~I 0.,.\.45 o~~)ul}'!~1 ~ 

0.1 ~)y. ~I Cacl2 i~~1 ~)."l5 J~ ~j J-..uL. i~1 

~ O)~\j 4L...J:. ';\j~ 0..LA.! E.coli .:J.,J.,.AJI ~~ ~~ u...~ J L?) ':Jr" 

~ i l Go· ..~ W L.S . 1..L;-o ':J JWI L?J,JI ~L:l1 (f .,.\~i J~I 

~yk.ll o..lA}'!yi- f Jjj. ~~I ~ .)1 PBR322 4j'Yu, JL>d J ~yk.ll 

~~ J~ 0.,.l.A5 ~ J~I.:JK..)'~ .:J~\ L"""i ~ J~I 0.,.\.45 o~~)I}r 

. DNAL?jrJl ~\J..I (f il?j~1o/~J07:r;5'f.)1 ~ 

J ~~I ~\ ulJ..:..4j~1 Jl>~l J \.r--=5 J~I ~;, i~ 

~~I J.=AG ~yk.ll o.k J ~' ~~I ~L...ai1.)1 u~)Y.l u~ ~~ 

~)~ ~\ iJ. ..-11 ~)."l5 Jk 4-=-La~ . ~L.... 24 (f \..l..ru- .1;.f-. ':J u=J1 

t: J"Wj L?jS)1 ~yk.l~ ~~ ~ 4~1 ~. ';\j~ ~ oJJ. L?)':JyoO.1 

\..l.~ ~. d;;)~ 0:2 oJJ. L?)':JJ"" 0.1 ~)L:s- ~\ iJ-::_..JKlI ~)."l5 J~ 

~~ ~ ~I)j.! Competent Cells Viability··.J.,.jll ~UI ~j-::>' ,":-,L..>. 

I Q .. .; >,:j .} ulr" _. \1 ~J...&. ,":-,L..>-j ~ ~)j .b.....j ~ ~w 0..LA.! 

.~ 
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L.1y:-yU 20-10 ~I jiUI J~ e u",jll ~~I ~ 4jjr-" ~ d 
';1.A iL-:l ~~ ~)I ~ . ~L.... U-.,aj o..u EJI J ~)I ~y-!'j (jil:J1 ':'-.,.,0 

~ ..i..>Y.. -yli~ o..w LS;>-i Or' ~I .)1.)~ ~ 0:-;;)~ o..u 42 0);>- ~)~ 

<..::.J~ o~ ~ ~j Transformed ~~I ~~\ J~ lr ~ 

~ .;1.1s-.k.....j ~ ~j U::-9G:.J 4.;JU ~ O.)~ 4S EJJ. 10-1O.IO- J 

J.rJ1 0~L6 ~~ ~ . ~L. 48-24 o..u ~L:.... o)y>- ~)~ ~j ';~I 

4~\ ~\; ? ~I J:JLs!:1 ~G ~ 01· ~Y8-1 ~.r.>" ~L>- ~~ J W 

.)1 t, ~~ l?~Y cJlo ')II ciA 0\ ~ o,ji ')11· 0'11 JJ- Wj.J""A r:? ~~I 

0\ W . ilil:J1 ~L:.;J\ <..::.J~j.r. 0~l.iS o.)~j ji ~~I ~~\ 01)~ ~~l..i; o~~j 

J ~ ~..L..:> ~IJ..> ~ Y' ~Y8-\ J.;y.1 ~ r42 ~l.s:. o)y>- ~)~ il~1 

~ykJl ciA i~ LoS . <..::.J\..l..;:--oj'>l:lJ ~')Gli J~\ o.)~j .)1 ~:p~ ~L..:.;j\ 

. I~ ')I JWJ ~! ji!.,:J1 Jl.>-.) ~ L..a:\ 

J Y' U ~I~ ~)I.) ~j.).i-" -til>-~ I..l.:--'')I ,;WI ~~ ~1 

r')f\ ~~ J ~j ~I ~Yl>- J>b ~W~ ul;;WI \...l:-i. <..::.J\~jY\.:J1 

~j. 4J i.J"" . - 4 J.:..2 wi) ~ ~ ~\ ~~I <..::.J\r"·- ~.)14 

4J'~\..iS .)\ ')11 <..::.J\;J.,l1 <..::.J~ ~~ ~ JWI w~ il~1 ~\ ~ ~)I 

,-?j.,J1 ~lL-\ cr" LI~j~L. /~ 10 JI?)f\ ~i J LS..u...::; ')Ij ~ 

~ ~I ~I)I ~4>-)U ~I)}I <..::.JL:-=-SJ.I ~L:J W)G ~~ It ,;WI 

. 107 Y y.; ')I 0~L6 

Invitro Packaging 4~1 al.>- ~I 

~W\ )lJ2j\ ~I..L.U ~I)}I L4\ J 1..L..o')l ';WI ~)f lja; 
0'11 ~ ~ ~I ~)JI ~y.., ~)~I ciA ~ij . a..l~ s.us o.)~j ?)f 

1977 i\...s. Hohn & Murray ,-?I)j-"j 0Y' cf ~I. ~YL:l1 CJl....>- 4 < •••J~ 

<..::.JI~ I~ ')I u~l.s:. lr ~JL., ~ J.raJ--1 J 0l.:.>-l:J1 0\iA :.f.i . 4!Y\k~ 
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~ J (E ap) J) \11 .uYLJI ~~ D,E ,.::..A;).,ll J ~I)) u l.ri1 
.u')L.J1 l~~; \-:..., .L......U U \11 ')1 . "." ['" "lJI E ." Iicrrr: _. l:f' -) <J'")) ~ tJ:;').r! (,)""""':. -e tJ:;')~ 

J".>.:I ~ y) \1\ <J"')3)1 ~ ('~ ,-?lJl D U?).::-!I ~ J (D a.;1Jl) ~L:JI 

C\.:j1 (.r" ~ :1 4~ ulyAkl\ c..4J~). 4-::-11 '-?J,J\ ~L:LI u~~ 

. (E.cloli 0.,J.,AJ1 4~) ~I 4~ J>-I.:I ~l; u~\s. 

J." J5 0l.:J)L.lI 0\.;\..l. ~~ ~I u~).r.-11~~~ 0l:.>-~1 ('U 

u~~ U ~ 4Y\.:L\ CJl>- ~l; u~\s. c\.:j1:r ~~ ~ I~ ~ . .:11;';1 

. ~I uL:.;).::-!I e 0\s. ,-?)j ~l.>. 
.u)l.... J." ~ J5 '-?y.:t. E.cI0 Ii 0.,JyiJl 4~ (.r" 0l::J')l.... 0:11 ;'p) 

'-?y.:t.) E.cloli BHB 2688 J) \11 4AI .u')l.... if,); 1~:1 JWI :r a)lk 

~ '-?~ ~I E.coli BHB 2690 .tJJLJI) E 0).,l1 ~ y-9L.kJ1 JWI ~ 

~ u~L.JI cj",. uL:.;).r! u\ ..aJ:.:.- 4)'p W. D0 ).,l1J )lkJl JWI 

, Freeze-Thaw extracts) Sonic extracts W rJ:?)\f. U?~ 

~ ,-?lJl)i~:1 ~WI ~ ('1..l:>...::...,.4 J~I (f ~)J\ cj",. u.1::..:.:..; 

\';')l:ll CJl.>- ~L:JI u~WI ~ ..:...i <\.ji J (J~I ~;. J «:» ~..l;:ll 

~~ ~I u~WI u~ Jl.>-.:II ~ ~I c~ 4A14')l>. ('~ ~ 

.J~I 

4~1 (;Jl> ~I ~ ~~I ~1~1 il~1 

ul~ \..l.~ ~ i..l.;-A:1 JWI uL:.;).r. 0~ ~L.. l;.?~ W
 

.i...)) \11 <J'")3)1 J.:i Freeze / Thaw extracts ~1~1 U?~ 4 J." ~)~
 

~J...L> ;;.:I~~) (.$,;>-\11 u~)~1 p Sonic extracts ~L:..JI ar.---ll) ~L.J.l
 

J'b ~I).,JI L.~I J ('..G...::...-11 ~I J.9l:..l1 0i L,.;2\ j; . ('-°70 .:141
 

uw,')l:ll L;~ ~Ij; lu.:.-" 4')l:l1 CJl.> 4' .• -II ,l'G:- J'b) EMBL4 JWI
 

. ~ <J"'ts J 0L.....,.;j ~ 4~)~ ~\~ ~...L)\ t LPi 0 ~y, 4....i).r.-11
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- -

Freeze/ Or-" Jl EMB L·+ t.:.~\ ~;W\ J,l~ 0-" ul~.tt~.~ 4 wW-:.: 
~ . Sonic extracts o.r;-" 0-" !~_,~l.o 15 ~)i 1.Lt. ~l J~ ~ Thaw 

, 
. ~L.. c-U i21 o}r- ~)~~ ~ illy o..l.A.ll??)1 ~yhJ~ !~ ~)I 

\~ ~~ o~W' (_~ J~ ~L. tr'~ ~I ~ rlCi ~ ~I_~~j 
<l:...a ~j ~\ ~._~ 0-" ul.r-:Jj~L.1O ..G:-.;: .\.,jL..aJ...1 ~ , C;\j~ 4-2) 

"1-_ - . . • - 1< - I .::' I ""OC) i .: • '0. 5 10- 1 . ; ~I . - -I I 
~ ~)~ ~ WW 0-" .r::-'Jr'~'-"':' ....,...y.. I -1 ~I.><.; <U-.........
 

(~L.. 24 ~) E.cloli P2392 ~~I J."ko 0-" .r-:Jj~ L. 200 e .k1.>.:j 
o};>" ~J~ .i.vL.. W,.,aj o.u ~.r-=~\J ul:JWI ~~.:.-~ . .htl-I ~ ~\.,u, 

,u')\; r~j ~ ~I..i..'- .1L.,i:? ul';W~ ~L.all ~.r.-~,S:,:-11 G.I r3 r37 
••• _ \('\ -I 1 ~ 

. ~ rl.Jl:b 1 

~ 0-" ~r-\ "Jj ~ LlC ~\.,j il~ 'i ~)ULI Gll>-~I ~ ill 
oJ..,. ~ 4...o~1 ;; "_~j.J1 u~1 OJ\.i; i..w ~~j ~I o~ -.k ~ 

~I.r:-l j l.lC t>....'ji ~ ..us ~i ~ J~I~)1 ~t~.lJ. ~! 
£, \ \. - I " d.l.Jj . ~l.:;..J ,. 5 '-" '<1 Ji u~\ oJI,.> 6..>-.~ tl.A;J\ ill ~I . ~I ~ -......,. \ \,...) ~ v" J -,..) "... 

, 4-:-..r. ~~J: ~ j-:A; dl:J~j uL:;),.)i ~ ~ Jl15~Y- i...l:>:­

uyW\ '-r" r::~ Jib ~.)\j..1 CJl>- ~l j i~1 EMBL4 JWI ill 

~~ ,":-,,,l1l1 ~\ 0-" ~jJ':' ~l..> ck3 ~ J~I ~~ ~\ ~I 

~}S=JI J -.:,...L:..;j ~ t: 4&-)i~! 15.,..>-ij J ~\Jj? 

0-" ~ Q358 j P2393 0"J"..a.J1 4~ 0-" ~')l..., il..G....:.......lilp ~jJ 

uWWlili ~1· Library titer ~I ~)~ ,":-,L>- dJ..iS j ~"KJI O~W- ijr~ 

~ P2392 ;J')Lj1 J>-\~ ~WI ~ ~ ~\ if ..k.O ~L:JI ~I 

. Q358 4J')LJ1 ~~I' ~L:J\;' - . II :. ;. - .11 - UWI,. 'YS' c.>.• 0"". ~.,r..f-j~-.;..J_ ..r" ~ 

ij.r"-'" 0-" ~ l:.iU ~ Js:J WI)I ~I ~.u. '":-' L..>- JjL>. 0-"j 

. ~I ~Jl:s- ~~ ~..iSj JWJ ~IJ"JI L..~I s.us 
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~\),JI ~I o~L. ~ P2392 .tJ")LJ1 :.r ~l:.J1 wi)! ~I iJ.>.:.-Jj 

. ~ ;L,\L\I ~. - .11 • WWI.h.U L:i tl.l\ o~ 0i ~ . .~ ~~. u 0- . 

il...l>..:...,.,\.tJl> -i i~ ~Lo ~ ~')lJ..1 CJl>- ~Ij J~I ~jP 0i 

~L..,a... ji ~~ ,-:-,--,l:; '1 J.j J)JI o~ ~ . ~l.,a..S E.coli 0,1,;.11 4A 
~~ij.r.ll J~ ~jP ~ LSy>i Jl>-~l JjP .)1 ~~I ~ ol,jl; ~.D . LS.,.>-i 

iJ..:>.::-j '1 4-iL; ~)JI 0;i~ ~~ i~ j . Microinjection t,?~1 ~~Ij 

.j ~..u.:ll J>-I)I -i ~IJ..>..;....,\~ u5Jj ,.:."L~)}I ~ ~~ ~I~)'I ..l:.&­

. ~I),JI ~~I 

u~JJ1I*' reM ~ *' L:"~.tl uu~1 J~ ~~ 

~I ~:r- O)~ ~I -i 4l:.ol1 -.::,.,Uy1501 ~~ ~L> ~~ 

~I),JI .u~L. ~ ~ t,?.D1 ~I-:;~I ~ ~u)J-" ~ 4l:-=-' LS.Lsj 

~j 1976 0y.}Sj !J)'YS~;k o~ ~L.-:l\ ~jP d i~j· ~I 

: ~l:J1 ~.bWI 

N=	 In (l-P) 
In (I-n) 

:01~. . 

-i ~I ~U).r"~~ loo)l::-=-->-I ~ ~I -.::,.,U}SJI ~.-u- =N 

.~I 

. .)~I ~ .)1 ~1)j ~-411 t,?J,.:J\ ~LJ..I & ~ 6..:-i =n 

. ~I -i ";';)Y t,?i ~~j ~lo.::.>-I =p 

d l:..P?i}! (Kb) o.-u-u J4.S 109X 3 t,?~1 ~I ~ & ~ . 
.o~1J H 20 r ~I)j ~-41\ ~I ~ 
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: L?J L..; .l.U..:'&- n .:,,}! 
20 R 

11= q =l.4XIO 
10 X 3 

: L?JL..; N ~.:"t /95 ~ ~}b11 4J~ '11 ~15" I~t 

N = In (1-0.95) = 4.2 X lOR 
In (1-1 .4 X 108

) 

8
/95 JL...;..,..I ~ JraJ-I ~)I':"}5 10 X4.2 )~I ~~J ~ !~J 

. ~I J ~}b11 0).",U ~~y. 

. 0).,11 ~ ).f.-.ll 4J~I ..:..dj J~ '11 ~)~ u~lj WS"J 

~ L:.Jj ~L. ~L.>- F~\J ~I).,JI ~I 4......... e (N) ~ ~)~j 

....,...;I~ "J 4i~uJ 4-- _"lbl ..!lJ.l.SJ ~j~ f ~I .i...:l1).,JI ~\ ~ U ~ ':"1 
~ ~I (N) ~ (f' ~1 ~ ...:..J; LJS Q,jl ~1· ~I).,J\ d.....-.."yJ1 

. ~ ~~..._lIJ ~I ul;)Y' ~ 41::-=i r...w 
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"W.I l...lGo.::U~L~~ •• t I J'J-"".. . '»'" ~ 

~~.at'~ w-o ~~.atl J~ 

4$~ ~L> ~ r'~4 ~~.atl J~ -'~jl 

eDNA ~ 0-A ~ ~.JJA Jj..c ­

..\..\~I ~ ~ rl~4 ~ ~.JJA Jj..c­

, 
~l.:...A~ r'1~l.:t ~u.J.,.t1 J~ -l:.W~ 

wL:i.Jy.lJ ~Wl Jj.LlI­

~~..al'~ w-o 4JJj.at1 ~u..all u".!~ 

~~\ [.Jb. 4~i-

r-JI ~\ 4y:i-

J. : . I\ ~I ~ -­:JJ- _. . j-J 
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u4:})f~ ~J 4~ 4Jl>. :.r DNA t,?J."J1 ~L:l-I vP~101 

4...th.9 ~ J~I 0r-' w~~ ~ j.Jlf-! ~L:..l1 EAJI G..L:..l>J ~Lill 
s: ~ s: 

· ~I)~I L..J..+l1 u~ j-':")f~}k.o ~ \;))-'" -? o~ t,?JY ~l.>-

~I ~~I ~J ~I~ ~ \.;..u. ~ ..;:.J\;))-", ~ ~~ .L:l..s- 0L; ..::lJj..! 

· ~.,lkll ..:...)}\ J.:i -rJ1 '-?J."J\ ~L:l-! ~ ~ JJ~I 4JJl>. :.r r-=-....... 
~)f J L:.JI J--JI \..:..... ~ ol".j t.; ~ liJl o.l.lb Jl J.r"~1 ~ J .,.;L; ..::lJlJ 

~ )f"-1I ~ uUJ.,l1 ~. J ~I ~I)J L..l+U JiI."J1 :.r w~~1 ~ 
. ~)kil ..:...)}I ~~ ~JI J3L:..l1 

~i ~1-:",:"-,, ":"')y Jj>' J uLj)}1 ~ 0~1 ~)fl j-" rS-)1 ~J 

U:~ ~..I.: L. rL~1 ~ ~I . w-4J1 .!..U~ tf:-l 0..1-:->'~I ~)JI ~ 

. ~i uU)f.! rJj&' J Direct selection .,..;,L:J.I ,-:",,\.:.;w~1 

·~ ,jlh.i, ,3 '11 i>J...:>.::..-j:l. o~.~ u....b ~UII,...Jl:>...::.;'11 u.. 1- 0!
'-T..-~ '-::'~ &. \ ..I J -~..)'" ..r ,. 

Y' ..:....:...u...1 ~I ilJ. ~ r-"-::-,' 0..ullh J ~rj 
• 
I..u; G-~l; 4-:SJJ 

. ,,:.,U)}! Jr- J uU.u11~J ."...;.L:J.I ,-:",,\.:.;w '1 I ~yk \I~I J.:...::ol~ 

-Jl5:.l DNA t,?JY ~l..> &.9 WJ..;..!> \~ ~ ~yb ~yl ,-:""G:...:.;'11 

u~?LJ..+l1 u~ ~r" ~4-:i '1! ~ }p ~~ J3u U~? J -:.,~ 

..:...)}\ ul~ ~I JiI,.J1 d ~J' Jj&' ,-:",,)kiI..:..o).~.U ~ j.iL:..l1:.r ~ 

~~ '1 ~ ~G..;,:I ~\J..j;. .h......J ~ yL:J1 ~l,a... ~ ~ ,-:",,)kil 

. ,-:",,)kil ..:..o)}1 <:: ~I Jii."J1 ~ ,-?;:.:i- ~I 4)\.;l1 0~ 

~J ;~ yL:..l\ ~~ ~~J ~}1l1 oJ•• ' 11 Jr- dl~ ~ ~ 

. ,":-""L:... &l.i f.}~ JiL:..l\ ~~ ,-:",,)kil ..:..o)}! Jj&' 
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JjS' ~)' -:Jl:.A .l.>L.. l:..; ~ rs\ ~ l.:1\ '7'L.;..;.; '1I ~» ~y ~)' j 

f..J''1 ~\)trp A ":"j}lj R6.5 ..L:---j~ (.;-0 0;-:.~L:..s::J1 wjLw ":"jJ-" 

. E.coli 0.,J;J1 4~ (.r" (Tryptophan synthetase 

R6.5~j~\~ 'Jji r-:.: <l,j\..; ~~lS:J1 ~jLL ":"jJ-" JjS' ~~ 

..:.,-y,:; e.G1.)1 f..J')'1 I..\..!. il~1 t.?~y. ~ Eco R 1 &LaJI f..J')'\ 4.k....ly. 

J!li e ~I c..\..!. iLJ- ~ . ~~w:J1 ~jLL ":"jY' J:.e ~1...L>14....k9 o? 
4A .)1 ~\ j.jUl ..:..~? J\.>.~l r-:.: ~ PBR322 ~j~\ ~ ,-:--"L:... 

. ~ ~JJ-I J.:-' ~I J~I ~~ 0.,J;J1 

~ U::--!Lol:S t.?.r;-:l-I ~L.al~ LSrL -;I~ .h....j ~ 4~1 ~ 

t.?r:i- ~I ~ ,,~~ r-JI cr" ~ Jili ..:..~~ ~ ~I 4~\ j...:..i; 

JiUl J.r r-=:. 4J.*-' ~j I~j . ~L.lS:J1 ~j~ ":"j~ t: ~ Jili ~ 

c..\..!. il~\ ~j . (9-1 uL(..:JI) J-4-=-l1 ":"j.,.t\ ~ t.?~ t.?..Dl j '7'~)1 

~~ ~\ ..:..Uj}1 ji ~~\ ..:..1~L.2l\ ~jl.i.. ..:..t;j~ JjS' J ~)JI 

. ~~I .i..;1li- .1L..ji il~~ 4-l.rj 

d"~\ 'Jji r-:.: <l,j\..; 0.,JriJl ~~ (.r" trp A ":"jY' J~ 4Jl.>- ~ ~i 

,,-.6..;;.\ ~ Eco Rl f-J')'I j;... ~ f-J'4 4..::LL.....j t.?~\ t.?J,:J\ ~LJ-I 

..l:-"j'>l:Jl j;... ,-:--"L:... Jili t: ~\ ch 4......~ ~ ~ JI.,k)'\ ~ &.)1 
. PBR 322 

f..})U JY ..:..I~ 0.,J~1 4~.)1 J~l ~~~I JilyJl J\.>.~l ~ 

. E.coli trp A- ~~I (.r" 4J~1 cl". ~~ ~j trpA 

f-}i ~ yAj 4JJL-l1 c-4J trp A ":"j}\ ...,; ~Ijj o~ ~~jj ~ 
'- . 

. 0L;· -1\ . •. 3J..D'l....;. <:: _." '1 JW......i:- .k..;.j ......$.. •. 0L; - •r-'..r-~ cr" . ~ j F j F--.r.:--" ~.r 

(Minimal 0L.;~.rJ1 :Y' J\.>. JI~ .h....j ~ I ~ .. Q '.1 ..l;s. ..:..j 4"\..; 3J.lJ 
. medium) 
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EcoRI t 
c:::::J c::::::J c::::::::J c::::::J c:::::J 

PBR322 -I.::--j~ 

EcoR J f...;''JI4 Cp.. 

~ -1.::--/>'-: 13... 

~~t: ~ PBR322";"\-I.::--j~ 

I R6.5 -I.::--j~1 ~.J4 

~I PBR322 ~j~....A:t....a.. ~ I 

I , ~J\.i.. ;r""'-'

t ~ ~L.oI.:.QJ 
-.sr-L-- ';1L- .k....J . . 

~L.o~IJ_ 
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0 

.JL> Jlli-.k-J ~ ~I Jjlp~ .u~1 trp A 0.,JyiJl ~~ ~ 

tiL; ~I -1\ & .. l:.:......L. -_oIl L. .« II L.~ l·~: ~ 019 - -110r..r If'"' . r--- l.r" -~ - U- - ~r l.r" 

. (2-9 ~I) trp A ~)}~ ~ 

u~../YJ 0;...:11 u\;)}1 Jr ~ r.l:11~l>..:;~1 4i;;k ilJ..>..:....\ ~~ 

Jr ~ 41 r..l>..:..-i flJ 0.,J;J1 ~~ lr ~.r.d-I ubL.al\ 4..oJ~ JI ~~I 
. ~I U~~\J )LJ.\ l.r" u\;)}1 0.1l. ~ 

~~14 ~-l5:4i>A~l:u.".t1 ~ 

.r.l:1i ~l>..:;)11 4i;;k:f' U\;J.Y' ~ lr u\;)}1 Jr 4i;;k ~ 

J~ u\;)}1 ~ il~4 (j)l.i.o i...l;r; O.:lJ..b....o : ~JtJl tiJ..,kJ1 0i ~! 

~ ..~ -.JI...I..'>I ~ dl UW1 1.1l. . 4:.. Uu)}\ lr L~~ .:I.w. 

. u\;)}1 

w..I+!l ~~ u\;)}1 ~ lr ~ U\;)JA Jj.J J;k o~ ~b. 01 

~L:...,.:. JI ~JY ~l>-~ ("IJ..>..:....I ~~ L., J):J\ 0.1l. lrJ . ~l:: lr 

...):-II.,L" ~ J)a.ll 0.1l. ~ JJ~J 0Jr. J\ 

, 
I.$~ ~G. ~ ~1~4 u~.Jj1.1 J~ :~~i 

~ 0)..Lil1 4J 0.:1y--ill ~Jp\ ~U-I a."",;,1 lr C-'j JS 01 wJr-l1.:.r 
. ~J.i' ~l>- C-'.:Ij-o ~\:::,'j ~ wJ';; J .b~) \1\ 

~ .;-11 ubi.i~! .:I~ ~ ~Jpl ~L:l1 U.r.1C-'.:IYO )~I ~ 

u.:l1j ~ . ~ JS ul~.r--lS.,.; J o.:l~}1 ~J.rJ1 ~lyiJl CJ) ~ 

u\;~'11 .:I~~ . ~ ~IJ C-'.:I)\ ~r=J1 }~I .:Ilj ul.:l~)I1 .:I~ 

o~ ~ ~LS::.:JI ~ O.:l~; . U.r- \11 0.1l. ~ u l4r:-lS~I j...LS:.; ~ 0.1l. 

. 4~ ~ ~Jpl ~\.d-\ C-'.:Ij-o )~I o.:l~j dl ~.:IY- ul..l:1~~I 
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LA DNA .,.sJ.P' ...,...a..lJ..\ 

E.coli .J.,J.."aJ1 
trpA< 

c:::::::J 

t 
Ligase ~lJ.. trp A ~).J'" 

trpA 

PBR322 ~j~ 

EcoRl r-J~~ ~ 

~IPBR322 

Transformation JJ" ~ 

E.coiI .JY.."aJ1 ~ 4')1.> 

>..J.r:-- trp A- ;J')L.. >.. 

(J" ~l.> .;I.u .h...J 

Minimal .JU~..,....:JI 

medium 

trpA: trp/v! 

~I..:oll ,,:,,~~1~ E.coli w"Ij-4.tl ~ iJ-'" trp A ":'.Jj-O J~ :(2-9 ~I) 

3 J I 



~~ ~i~ .:>i ~ DNA L?).,.:-ll ~ld-\ V~j-o ~ '-'~ \..,) 
. RNA-DNA ~J.,.:-l\ """;~)'I 

~l>. ti,~f ~ I..-ily. ~ il~1 ~ .4:.A.i ~):J\ oi.l. .)\..; ~..u 

ti,~f ub~?~ JS )i ..jf>:" ~~; ul~ .i.....-:ll ;l1.:J~ .:L.-.....y> .~.ri-" -.?JY 

~~ J-.,a...U ~ ~y> ~):J\ oi.l. Jj>" ~\ . 4.lj->' ~}kll ~)}I 

~I j:9\y ~L,.:.. ~ ~ ~):J\ .)l; rl£. ~ . c?J.,.:-l\ ~l::ll -:,~ 

.)1uL;WI )i ~~I ui~ ~~ jA.:.; . ~~ ';I~ .h....) ~ ~1).,Jl 

o~\j e JI)J)'\ oi.l. J-o~ ~ ulr··- 1\ c::1 ~~ ')~l;)i j~)~ J)J 

L?).,.:-ll ~L:l\ ~ ~ ~I j:9\.,JJ c?).,.:-l\ ~L:l\ ti,~f~ ~~ 

rl...l>...;:.....~ ~I~ t~ e:: i 80 0);->- ~)..u ~~ ~» (f J).,JI ~ i~ 
JI))\]\ J-o~. ~~I ~ ojAG:- ~~ JI)J)' \ ~.~..u ~L,:. ~ 

r-}I ~UI ~I ~ '-?~ L?..ul ~I Jk ~).,.:-ll ~l....>-~ a.L:l1 

..jLA ik:>- ~..u i~) ~~ 0lr ~)~ ~L. 24-18 o;=-iJ ~I .T:h:J~ 

. o~\)1 ~\ ~\}I ;;Jlj)l ~\ J;JG..;; JI)))'\ ~~ ~ . (jIjA 

~ ,,\->b ~) uS! ~!~ ~) ~I)I "UI ~ JI)) \]1 w.i.f. 
.;Sf Ji U:-"f o...Ll i-070 o};:- ~)-4 .\..pl;;.~.h...o 

~ L?~ .;Jl ul~1 Jf o~1 ~J~) ~~ ~ r-W' Jlj: 

.t:}kll 0r"·- II J~ . r-Wl "L;;.i. ~ "by-' &)i ~ 4.l~ ~)hll ~)}I 

f-.fi ~i~L: j:9l:J1 1
,+-" ~LE ~ ~>- 1) JL. ..j\.iS-.h....J ~ ~J 

~I).,JI J.......41~I.f)' c?J.,.:-l1 ~ld-I .i....ki Ji ~)}I i~ ~ ~L:... eli 
. (3-9 ~\) 0?)'1 

Orr--~ J~ '-'.}kll ~).,....u~ ub~; 0~~ ~y~ 01 . ­
uLo.M1:.r J.)-4JI '1[ ~ w~ '1 .;-\1 u\;)}\ :.r w'1'11 ~L:.". .)\ ~l. Wb . . 

. l::15 '1~ JI",:':' '1 ~J 
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. .:J.AWJ1JJ4LJ.f-!wJ)J .;..- ..;...1.,.-:-11 JZ ­

. i).h~I)~ a.....1'y' ...:...1.,.-:-11 ~­


. DNA ;JJ"JI ~~' ':, .~i j....a-:I ':-'~ oJs.li c: J)"JI .u.lA..­


. i"'SO 4.:JWlolfL.~ ..;:...1.,.-:-11 ..r"L.>1 ~­. 
. y:.~1 r-"JA ~ J)}I ~­

. ii..l.ll)i .)1)1 AJlj)l ~I ~ J)}I J:-.G- ­

. ~ 0)';>- ~)~ ..; o.r'J ~-' ....,...51 ~I ~ J)}I ~ ­


.~!o.lj • ...w1 ~­. .. T.J \ ~_ 

, 
I 

,~. ~ I«\.. .. 
............. '-- ............. · ....... 1
 

'-'~II' 

i
 
I
 

~J-A .;.~ ~l> ~ ~I~l.:' ~.:..JJ-4 J~ ~ ~WIl..4J...rW1 :(3-9 ~I) 

~l....j,! 
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II 

~ ';I~ .k-.) ~ ~I).,JI ~I ~~ ~ ~ ~\.; tlL:l1 o..lJ. ~) 

~':f.-;;- ~. ~ Jy.)i j).;L.)~ J)) ~l..;..lro ." II P rl ":-,,,L:... 

~j o~ iJ.,J))pl)~ J1 Jl))\l1 ~.A J).,JI J1 tl~I";"\r"·" 

(f ..;..l:.:;)y:-ll ,- ."j . J).,JI ~ 4-l ~1..;..l:.:;)y.JI ~ ~~I ~ ~ 

, ~lJ.1 ti..o~ •.!.lb ~ JI)) \II ~ . o).rl4 JI)) \II U# J:» 
~Yl:L\ J ~ (f~! ~ ..:..)}I O)..l! iJ..>- -*,: ..;Wl J~)tl Loi 

":-,,,8 iJ....J)i -Sy.ll ;; " ;; " b. ~l:,..>-i J1 ~~ ..;..l;)}1 )i ..:..)}I 0.,s:J ~~I 

.~,~ 

.» 1\ ~ \..:~A.~ ... ~ ~ ~IJ..>-I tl~ . I..:,;. 4"j\.; ~l \ i.1I..Sr' .. _ _ U)y. • 1./ u--:- .' -'+' 

~~ ..;..I~ J&- c?~ ~ ~Ij) (eDNA) ~ c?)j ~l> il~1 

..;..\~ ~I t,?J,.JI ~LJ..I c?~ ':J ~ . ~~I o..lJ. ~~ 

0i ~ . <1..:...0 <iLl! JL.)I c?).,J1 ~lJ-\ ~ ~~! ~ \,{ ..;..)\.>.1..1...:11 

J ~L..:~' c?).,J1 ~lJ,..1 ~ c?.D1 ~I ~l; ~ c?~ ~ ~y:-) 

. ~I c?).,J1 ~bJ.l JL..)I t,?).,J1 ~L:l1 ~~ ~ 

..:,.,lj)~ ~l:J.1 JyJl 

U~) . 4..l op\ ..;..L:-.;)y.J\); ~ ..;..1,;)rlJ ~lJ.1 Jr-JI ~y1 ~ 

. ..;..G)}I ~ :.r Jf' 4.J~I :.r ~ d.9 0;"-A ..:..)y: V""l> 0 Jr. if-:. 

(Antibodies) o~L,.Q11 i~ \II V""~I ~ J~II..lJ. ~ o.p- Jji .)1 

c?Y'..l!1 I..S.~! J U:-l)y.JI J~ :.r ~~ JJ\.>- :.r ..!.ll~ ~ . U!)y.J\ 1-4-1 

~ L...:.lL ~;- o~Lo 0)y.J11..lJ. ~ )~':J i~) . J\;ll ~ ~ ~I}}J 

;j ,a ,a~ o~L...:U i 4 i ..y; ~ ~ ~ ~lJ.1 j4J.,.1 0\J ..!.ll.i.l ~I))tl 

~ J~ ~? (4)f1 o..lJ. ~~; ~). 0r.:-"~)i 0)y.J' ~~1 J&-~ 
-

;J)JI ~ i..l!( J..a--~~» (fL..g-:.~i~) j-i.d..I:.r i~i ~JU 
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ji j};Lj?1 JI)ji ~~ ~ .1.>j'; . ~\) '11 I;) u-o 3r- 20-10~.,.....:J ~.?)\ 

4:s- ~..lJ..1 J.:-' ~\) tl6.cl\ ~! ~I.r0"- ~ ~~ ~I ~ J.r.-ll4 

~j~1 t: ii.rll O;)UI ( 4 )1 \ .h:.i; . e.)UI ,4'1! J;'-'" J ~j (~i 

"u~ 1.:.lE ~ JI)j)l1 j-JU . «» ~~ ~I ~I -:,;1~1 J v"a..,a>..:;ll 

.)r:JI ~ r-}I (Protein A)A ~j~1 t: Jow ~ .Jjl)! J~i 4.ilj)' )Ull 

~jy:-ll .,. y.l:.ll i 4 '11 ~ t: -kl;.J) '1'4 ~jy:-lI!J..,. r.~ ~ ( I 125) 125 

~ \..; ~j iir-i! ~j uSi ~i ~ J!)j";l\ ~~ r'~l 

r-W1~ "bY'" ~ '7'F1~)}I ~ ~~ ~I ii~1~~ r-W1 

. (6-9~1) 

uu.),tt 4 ...:.s.. i>A 4t.JJ..at1 uU.),tt~.! -> ft·1 

;.1l. J ~4-:J1 ii..,kJ-10~ '1 Jj ~UI J)aJ~ ~ ~)Y' J~ ~ 01 
;)}~j ~ od ~) ~ ~ ~..L:l1 J.:-' ~I J)aJ\ u-o ~ . ~}I 

. ,,":,",#1 ~)}I ~ ..:...)}\ \J..,. 0i ~ % 100 .i.;~ iJ..A.i 'i 4:.S:J ,-:",}hl\ ~)}I 

:r Lli ..lSl.;Jlj trP.,l1 ~~ "1 ;"~L,.;l ~ J.;k dl ,,~I ~ ~.iJ 
L.t.~j -:,;Aj iLSL. ~.;k rl~~ ..:...)}I ;);); ii"l) j)aJ1 oJ.,,:r. ~)}I 

~.M.::....i LSy>-i J.;k!.lb.. ~L, J~ J ~ ~..G-I J.:- ~I J)aJ\ :r 
4?~ L?-4 lA ji ~JU-I (;Jl> ~ ~ ~.iJ1 ~j.r. ,1J..:>..:....,4 ~)}\ 1..J.:1i 

. In virtro translation ~ JU-I (;J\.>. 

~;~..,1 ~~i ~j.r,J\ ih ~ rl~'1~.;k.:.rr-si ;~j 

Hybrid- Jj~1 ~\ ~;j Hybrid-release translation ii.rl-\ I~I 

. ~\j)}1 ~ ii;)~j ~)I arrest translation 
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o.>WJ,1 ~~I .1l.:i) 
~1~J.r.c:: 

')'.,,- ...,.) ... 'r" ,wI Jw. "" J,.--"4 •-"1)1 ,,}~I} """ "'"1"'-'I '"'" ~"JI ;."Ju; 

~ .~\.:;,;jl.~I}J~'~ 

-rJi Or' ." i i y..c ~I.>..,..-JI .........L.:J!
 ~ ....-5' ~i ,..Ll 

~~t ~,,:",#I ~)}I ~13~ I ~1 
, • I 

• .>\......li ~~~I rP\;j ~J.r. ~..r= I •.......
 

~.J.~~~1~~1~~"., . .,>jl\o.>l.4.l;<"~"iI<,,I~\,(6-9~1) 

.,:,u.J.~~~.ujL,,:-,~~ 



In vitro translation ~~I [..)L> 4~1 

~I ~~\ U~ ...:.J\;)}~ ~Ull ~L..)I ~)."JI ~~\lI~; ~ 

Cell-Free translation o.rl-\ ~}:l-I ~.rJ1 i~ ~.J.J.. L...., il~~ ~~) 

)i 4.k.:J- \ ~.r.-J-~ I ~ yL;JJ ~}>- L,.:, ')L>. :Y' i l12...:J1 IJ.." u.Jt~ . system 

L,.:,~I oh ~~ . Rabbit Reticulocyte Cells ~\}>ll s-Ir-J-I i..ul l.:.~ 

t RNAs iliL:J1 ~j.r.-:)1 ~).,.JI ~L-:>- \II) ...:.JL.r--.r.-:)\ :Y' o~ .:ll..u-i ~ 

. 4;.J\ ~ ~jyUl...:.J~)~\ ...:.J~~~) 

L;?)."JI ~L:l1 ...:.Jl:.:r:- Gr"~.;1 y l.:.~1 Ul>- ~.rJ1 ~ ~ 

~~\ ~\I\ ~l...:>-\l1 ~ 4jL..,;! ~ ilh.J1 ~':>\> c: mRNAs Jt.....)\ 

~~\ ~ ~}I 0:?~1 ~\l1 ~L:lI.:ly>:-) c: ~)r.ll ~ ~jyU\ 

C8 'j JL.)! ~)."JI ~U-l...:.J~.r:-~~; ilh.:J1 !h J ~. (S35) 

. 35 ~.r.>Ji ~ ~Y' ~y:-:.. ~)r, ...:.J~? 

~) i~ ~ ~~.n-SJI o~~1 J.;.;1 :-~ oJ.." ~).--JI ~~r:- J..a.-ii 
~). J.~ 0-?Jf.~? J5 F ~ X ~i ~ il~1 ~> y lJ,.I-~ 

ii~1 ..w- iJlj) \II ;U)~ ~~ ...:.J~).r. il~~ ;; _<-.:.;J:-I y.;lj)i ;U)'""-" 

. ( 7-9 ~I) UL .c-q
u - '.I..1fr'-' 

~J~ ~I ":"'~)-,J\ ~~ J ~ ~!~ ~ykJi .J.." r~ 

;:D'-::'\-- ,........:... --?)_;, ,-,..aAl.>- ~ Js- ...:.JG)}\ 

i)~ J')G- db ~ J>-.l-' ~j;;fi.i ~..w ~\ o~:Y' (~UI 

~?':1 -s...:u:.u Jk i':>4J! y~ ~ ~L~i o~1 ~;k j))~'l\ 

LJ""~i ("::,,,)),Li ~~ ~jji) ~I L;?)."Ji ~L:l!) j.9lJJ ~).,JI ~L:l1 ~.,:.i 
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4JL.r ,-?Ji' ..,..a..'- .,;:., l:...,r.­
.1.r-J-1 ~JJI 4~ L.,.o~ 4':)1..>. ~. a l ....• • ~ 

. ~I;'~I ~ .;y:.ut 
.~ 

~v---S1~1r-U 

~I 

. 
"'--::-~ .,;:.,~J.r. .,;:.,\..:,,~ ~ y.~1 .........}I .,;:.,I.:..,;Jr-J1
 

. (Marker) . 35..:.....,r,SJ1 

. In vitro translation ,=~I Vl.> ~.;:;JI: (7-9~\) 
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~. 0}jL. ~~ 0~~ jl j,l:Lj~ J)j~! L;?jrJl ~LJ..I ~ 

L;?J,.:JI ~L:l1 ~ ~~ ..'.wI t::~ ~ f80 0)1.;-> ~)~ dl~ ~ U).,JI 

JL)I L;?jrJl ~L:l1 J~ ~ 0).,J\ ~ ~ ~).,JI J&- • 
I~ ~I JiUl 

..:,.,)fl ~ L;?~ ~I ~yU..1 0-" JL..)I L;?jrJl ~LJ..I ~) mRNA 

JL)I L;?j,:J\ ~u..1 ~~.k.:J; ~ (~UI J)J~ ~I .k~..:';.lIj ~)kL1 
L;?j,:J1 ~L:l\ u~~ 4.llj)' U).,JI J-ii "o~rill d"";'l ~ ":"')f~ <L.pL3-1 

L;?jpl ~LJ..I u~~ 4.llj! ~ ~ ..:,.,)fl t: .k.:J; r-l ~Ij -Sr> ~I JL.)I 

~ 4-- _ f-j L;?';; J~ ~ .il::li ul."ki il~~ ..:,.,)fl ~ ~)I JL..)I0 

Cl::.;';1 ~.? ~j ..:,.,)f~ ~L3-1 JL.)I L;?j,:J1 ~LJ..I ~"..!.U~ 

" 4J1J-I G\.>. 4rJI ~~ ..:,.,)rll pi U'}j..J1 

J)j ~1..!.U~ ~ ~j ~~~I 0~1 il~~ i~.r.S' U'}j..J1 J.>-.r. 
~ i- 70 0)';-> ~)~ o~ ~j uSl ~I ~ J).,JI ~j j~j~ 

" ( 8-9J>:..:.-l1) r-W1~ ..b7'"" ~~ ~#I U'}j~1 ~~~ 

il~1 ~j" J 0):-10j.,JI .uJ'""-A ~ 4--ol.:-! U'}j.r. u~~ il~~j 

"-S.;>-I u~ ..1fl"1.j tUI U'}j..J1 

Hvbrid -arrest translation (HART) Jjj..sll ~I ~~ 

< 

~ ·'1 ,".0q II ~,.::.; ~ ~--=--.i,\- "~JL.U.:u. 1_11 o..i...l. ~ 
~ '-"..-J~ U - \'"'' ~ v- .. -~ 

0t# ~~ . o.r=-L.> ~ o)~ eDNA uU)".., ~ 0-" Jj~ ~ ..:,.,)f 

:.r" 4.lL)\ ~j,:J1 ~lA..>-"J! u~~ ...r')G:..;.....,\ ~ ~ .)j"J\ "~)Jl o-4J 
uL:..J II " - l~: '0>- - -- . ': ;WIll 4.....:SJi ..L. j ..:-o~I·'1 L')\.;:L\A ,......,.- Jr-~ j ,..-. r \ (""' -)J", " ~ L?' ­

:.r" ..:,.,)".lL ~I J-iUi J~ -.:t ~U\ 0#\ . 4')UL\ GL>. ~ 0~1 

~ t: ~\ J-iUI J}>c-.o & ~ o.r--J 4: _o"j ~ ~\ u1ro • - " 

, ~j \II 0¥1 .j 4-:0~\ J.:--- L;?..i.J\ 4J\-)1 ~j,:J\ ~lo.>\1\ u~~ 

~ ..:,.,)".l~ L,.:,L3-1 4JL..)\ L;?j,:J1 ~LJ..\ u~~ .b~)1 ~I e)1 Ih L;?~Y-

"JiUI t: ~\ ..:,.,)fl ~.,.;.f 
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Lp")l>. t: ~I jjUI - ~L..}I ~)rJl ~~ \11 -.::,.,~~ .h.:.l>- U 
..\..:.:.:....,~ 4..lL..)\ ~)rJl ~l....>-'jl e:;..:>:- 4; ~ ~ ~')\j...\ UL> 4rJI 

~ . .(;)~ t: ~l.:-J) ~ -.:...);.~ U""U-I JL..)\ L?J.,.JI ~L:l-I 

-'::"'~J;-:-ll c~j t: ~~;+5 J.>-.?) ~')\j...\ Ul> ~rJl (/ ~l:J1 -.::,.,~)y-:-ll 
~~ ,:,>};.l.; )ij~)?l.; 0)) ~l-.::,.,~)y-:-ll ~. ~)\1I •..,kJ-I:r ~l:Ji 

4.;)~ ~~ lA~~ r-70 .).r- ~)~ •.r-il~) u--S'I ~i ~ 

L;.;L:.l1 •.,..6J-I cr" 4L:J\ -.::,.,~)~I t: ~)\1I •..,kJ-1 US" 4UI-.::,.,~)~1 

~)\1I.)J-\ -.::,.,L:-;).r. c~j J')L>. (/ -.:...),11 ~Jr. ~. (9-9~1) 

~\ ~L)I ~)rJl ~k>- \1\ -.::,.,I.::.rl:- .pl -.::,.,~).r,JI~ »:-y ~ 

c~j (/ ~)~\ \.J.." ~ 4 ,-:",}1l\ -.:...)}\ ~J..r. ~ ~ ~yU...\ :r 
. -.:...)}i t: ~L;) ~~; r..w ~\.;ji . 'p i uL:-».r. 

, 
d I? F'~ ~I) ~! J.;hJ\ :r ':'>I~ ~UI ~rJl ?)O 01 

.. 1 .. .. 

y... G.r>i L;)o ~b. .:.>\..; ~~ t: fl) . -.::,.,U)}I ~ ct~ ~ -.::,.,I~I 

~ \1 J~ '11 ¥ 4->i 'ji lA..r;?J In vitro mutagenesis ~Jl;L1 UL>~: 

. ~L;JJ ~J.y.;::s .)I} c\.:;.s: 
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JiL.:..lI .)so '-?~ ;r' •. 

eDNA.:.,,)}1 ~ ~I ,J' ~I JiL:J1 vP~l 
. .,;., l.,..-:;-ll 

. ~ 
+ &I.i r-A JiWl,J' ':"')}I ~ 

........ ")\.:;.;:....lj~t JiWI { 

vPL...>~I .,;.,L:...~ .la:-l>- "'L...,.O..:.­

. j."..L:.Lj.rJI J» ~ .u l...) 1"-!J."JI 

.JL....r-" ,-?jY ......... ~ .,;.,~~ 

.;JI 4'>U-1~ ,J' .. .,.a.I";' . 

. .;.,~)}I ~ ~~ .; ";,,,..L:>.::...i 

.,;.,L:..~ ~..;c c~I.J:,L.;;)~1 , 

JI 41r-I ~ JL....)I ,-?jpl ~\J-I -------------­..... 

. eDNA 

;.J""""'WI .,;.,L:.......;.:l:-I ...,.,')\....,;,..:..1 ~ ;.r"'l:11 ~ ~L.....)I ~."JI vPL....>~1 ~Ij~ J)}I ~ 

. . v,)WI ;.#1 .; ~')\.,;,;....l:J 

.)-'1' ~,r." 1:"'~~i J\.t, ",rJ''''''WJ ,>1"-,.1:11>- 4p' 

t 
;r-AJ ..,.....51 ~1 ~ ~j ad' jl j.ALj~\.j J» .)1 JA" ~j .J:'jrD ~1....;+S .~o __.~"'" ;,'),,..w' ~ r'''''''' 

. Hybrid -release translation (HRT)~t~I ~~: (9-8~t) 
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jiL:J1 .)s-~~ OrO •• 
eDNA 

(eDNA) ~;}I e:: ~I 

~ljiWI 6 
Ub;.. .JL....r ~Jf..,.a..'- ..:.,,~~
 

..,.:JI 4~I ...,-A.J ;r' a.I ,;, •
 
.JL...) 1"-!JrJ1..,;.L.-':I1.1J.,;. 

~I jiWI ..:;,.,~~ t:' . ..:;,.,U;} I ~ ..~ .; ..:-o...l;o;;:....l 

~L.;~~JY_~:~,"~ tHt 0 eDNAm::: 

{~t~~r,----/
. • • .:.- \., ')lj..1 L> 4.......> •
 

~~~ .. CJ . .1' 

.JL...)I ~.,.JI "';'1.0.>':11 ;r ''p i ":;"'~J.r.31 
.JL...)I ~~I "';'L.....>':II ..:;,.,~~ ..,.a..L.> ~~ .1~; ':I ~;}I ~Jr. .. ~~ 
..,rJ14':>\....:l..1..,.....w;r. oJ,,;' II 

(1C;j)· u.. JL...)I ~J.,.JI 
• .• U .1 I ~ ..I.:.. ~ ..:-o...l;o;;:....l.,;,.I;r. . l$l . 
. I+I.:.:JJ.r. ~ 4')l;l..1 CJt> 4.; 

(2 c;j) 

. ~\:,; , ~ , ..,-s'l ~I rU' J;J vll JA" ' ":;"'~J.r.31 -r-;r-:J ~I..-* .~ 

;r ~I ~J~I 4...j-> 

~;}I 

(2) (1) 

.Hybrid -arrest translation (HART) J.1J.al1 ~I ~>i :(9-9 JS..:JI) 
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, 
, 

: 

! 

~l ~I J~~~'»lt ~41 u~ 

wGj..,.t1 (...)-O~~ :~Ji 

• . 

tly~1 tJ:::-! d.:.J~\ wl:9).l.J1 .)4::!i : ~G 

. ......... ... ~ ~":.. to.


0:"~1 u,..,~?".....:uJ "4A~1 a.bYI..=..s~, :~G 

• 
Ji i..?; ! ,<') II ~ wGj..,.t\ w~L:;:; ...l:~: ~Ij 

~1~aJ;,1l 

.t.",<""; WI) ~L.:oJI~I 6-.U1··tl ~.: Atl( ~:r.r-~ . _ _ _ IJ _!»", ~ 

a:;~qJ..l\ ~~~I ~ ~~\ ..:.JL,j-4.w1 ~L:WI ­

.·~I .~\
'-':'~ 

._:tl4.b.;.tId..l··~··!lwL. .• 1\.,..-..... :..r--:- 'JA...Ht-' 

\::Wi ~i - ­
~ -.- ~ 

L:Wi~\· ­
~ - . - ~ 

~t........jilo.,....J\ Uj-4jA ~\::W\ ­

tJ:::-!jjijilo.,....JI Uj-4jA ~L:WI ­

~I wL,\~1 ().A ~I wL,j-4.w1 ~L:WI­

wL,l~i 0A a .j1-,';"1I ~~I wl..L:=i~\ ~l.:W'­

~\ 
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): 
-:)­
~ .l!' 

-~-
~ fit
 
:~t 

t3­
·~t ]t 
- ;~t

~~j. 
·-3

]. 
­



u1y..J1 0A U:::'-,~jil.AWI u~jA ~tu\ ­

~~t ~~)u ~I ~ut~l rt..L..;'" j ""I 

~~~l~l;)-, 

~~ lAJl4A ~ ~ul~ ~twl 

~l ~I· tl ~l>l.A.U1 twl-. - ~ ~ 

~~, ~b~t ~twl ~ ~l.»!1 ~41 rl~1 

• ~A'A·.. j<'.lt1 tw'.ltlAWI ~I - '.ltl-
V=~ ~. _._,>",-"" 

~4-U1 ~ ~4-J1 ~l 

~ D~~ ~~.»-A JL;.~~ Ti ~j~1 rl~l­

~WJ\ 
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4A..\.4A 

4J..,>-.) d1 (.$.)1 ~I ~~ ~I).,JI t...41)# 4Y..l>1 ~I o)pl 01 

J» w.)I..uJ. ~. Ii•.1-1i url l tJ~ ~ ~)~~ w';;~ J 
~ "11 .1L:...:J1 J:--o )r-" "11 :r -4..u...ll \ . Q S ';j o.)~j d1 ~I),JI L....41 

~) ~f"1I)~ ~.lS) ..l;..>"11 ~ o~~1 wbU:';;\ )~) w~~';;I) 

t>~) 1~~1 ~;I ~\ I~ J=-o 01 ~ &.;.,';; ll:). ~ILA~) wl;)}1 

~ La V""...L31 d1 ry.,J1 l;.j IS:..o~ 0"1I L:""'I ~ )Y' "1 I :r ~ bl)y.ai J 
Jl.:l o~ 01 s:l:..; ll: ~I ~) t...J.i.l.1 V""ls01 )1 ~I).,JI 4;.)L. Y') ';;1 ~Y\.:l-I 

...I..,........l> ~ 0rll) ~L.;)II 0.r--" rJ.>::j ~l.;.>- wl)~ 

~I)~ 0~1 ~i 1976 rl.P ~ L..6.. 0lS L. 0L; ~..Ll ~) 

0rll J~..l>1 J ~~ .....;L.:..:SI d1 s:kWl ~f:r Iy:-> ~y. ~ r-lW\ 

.. ~1 ~ ';; r.,J1 ~I ? 4;~ )1 ~I).,J\ t...4\ J» rl~~. 
, JJlj :r ~.,J~I o~ u...lQ.j La 

4.......41w~ ,d.';- .. ll:~I)~ ~ 0'J11l;.j1:r ~)\~) 

J wI _.;; -Ii o~ ~ 01 ~ ,-?..Lli (.$..ul.r-..L..A.; C6· ; ';; ~I ';;1 ~I).,JI 

.)1~J\..l ~I ijlh.:Jl ~ 01 L. Ly. ~u... ~ ';; ...L3). ~I J.:-ii::--l\ 
J)..l!I)1 ~I~ ~I) op\ DNA ,-?J,JI ~lJ-1 wi.).).? :r ~~ 

'-?~~ Jl> j ~Lli lJ:)) .;->-"1\:r.)~ J5:d) ~r-" 4JJG:.:r 
, w~\ o~ ~i~~ .)i})U Ji).,JI e: L:.:-l1 o.)~l J~ :r ~) 

~L:l1 ~ Wlill) ~i).,J\ ~41 w~ D.j~ ,-?..Lli J4J1 ).,k:J1 01 

4.......1)..l! ~..l.i;.,..o) 4.JW o~ ~f ~1 (.$.)1 0';-:-> "11 ~\ JYL>- DNA ,-?)f-ll 

~I Jyi>- J L:..:....)ll: J ~ ~ ~i..lAj 4i1 W. 4,Jy.l;J1 tu.,J1 

. ~L.aJ\) ~I))I) 

~; 01 0~ 01 ~ ';; ,-?..Lll 4.,J~1 o~ Jlii..::.;\ r):-: ~L; ~..Ll~) 

w~1 o~w~~~ .r.S' ~~) l:.:..:lkJ Jlii..:.ll) ~I (.$y...J.\ :r 
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o~ ~ \11 J~ )fl r->J ~r-ll l:;~ ~I ..r-1rJ1.f..P; J ~r, 

. Jl.r=-:JU A-P.f" L. L..y. ~ )f ? ~~ ;;~L; y.-!p ~jSj .;..~I 

~1''''~IJ~~4_U!»J't~-,¥I~L4:~h1 

Jl.-:l.1 ~I ~l-: L,.:.l3-1 ,-,~U-:JI tr:" ~j ~I U-- 0i 

c!'j r"\1\ liA ~ c:~ ~ .~L:.S u-- j.,aj J ~IJ.,J\ L..l:+lI .;..\;;~ .k~ 

~)f~j ~}oj 43')\ _ aqi ~ ..:...~\11 oh ~~ -';pL.>- ~l:S 

J ~~\ liA ~ c:Pj ~ illl 0~4 ~j ~\.:j J:.li J}oj ~~l:=>-Ij 

vP.,.;J -:...~)'I 0-4] ~WI .b~ vP~I ~ ~t.; ~jJ. ~yiJl ~I 

. I. 1\ It; \II <L...> ­'t':"'.J •. .Y 

~~ ~.J..:. lA J')\.>. j-" .;..~I ~ 4-d1y :.J..i.j .;..\jJy.1 ~ 

4::-~j ~!~ ~ ~)Jl oiA .) ~ . In situ Hybridization ~".>Y-I CJl>­

U>-r":.;.~ L/'j 4'\ .•. " ~ Lo ":"'JY' ~~}kll 4')l::LI ~ ~~ 

. Metaphase ..i~ '1\ 

y.1 4':>l.:J-1 a.t..v. J')l>. u-- ~)I oiA .j 4JU..1 oiA ~ J~\ ~j 

~.r" ~ L;JU..I w~l ~~ .;JI Colchesin 0~.,sJ\ c:.\.c, 4 HIQ 

~ i~ 4~1 ..::...,...:..; . c:.ll.1 oiA 41.....1y. J.rA_U wL.) w')\.;1 ~ s-Iy-::.......)fl 

r:SrJ1 ~)..l.:lI...;:.,'l~1 0-" ~ 4..:lA~ 0;}o if 4~)\ ~\r=J1 

~.,--;i~ r3 Glacial acetic acid ~I ~I ~l...>- e:: ~.LSj 

. ~~ ~J:' ji ~~ c~\j e oiLW\ 0;}o if DNA ~j.".J\ ~U-I 
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p 

r".,11 ~I ? ~~ ~..iJ1 ~I J~ e ~~J.I E1.,--z ~ 
• 

~ J.)~ ~lrJl ~~ ~ ~L.. 24-18 o..ll ~ Wj); J ~L....;,1 

. ~I if o--UI)I ~I}I 4Jlj)f ~l>-

Jlyi-y,AJ1 iY4J~ (~JUlI ~~ ~jJl &-JI) ~G:-)I E1rJI ~ 

~ ~r"i Jj~ .} E1rJI ~j ~ U';- J Photographic emulsion 

~ ~G:-)I ElrJl ~. 
• 
~Y- 14-7 o..ll i-70 0)';->- ~)~ tpYj JWI 

~. lS?~\ .,:.J~I~ J» 0-"~» ~i ji \~~ ~j ~.lE 

. (l-lO~I) .,:.J~I ~ ~)}\ c!y if ~I ~~~~ E1rJI 

~ ~jJlj oJ ~I c!}1 t: ~I .k~) J1 ~~ ~I~ ~~y 

0t JI.fy,AJ1 iY4J~ ~JUlI ~ ~j wy> --4~j~ ~}kll ~)}I 

~I~r" ~ :.r.~ .)1 ~~y WJ-'"" iflA..;.)f1 ~I -~)}I ~ ji .k~)'Jfl c!ly 

~I ~ lSi- \;jL; clljJ . .,:.J~I ~ ~\} ~);Lo (>~I ~ ~ ji 

~ li.As-~ W . .,:.J~I 0-" Ul.:..>..... c!ir" ~ ~I ~,.l.,. ~ ~~\ 

0-" o~\...i.::..... 'Jfl JJl>. 0-"j ~I~~\ ~I c!ly> --4~ ~ .,:.J~I 

. .:. _11 \,.,. 'I ~ .u ...h:._; \;jL; - 8l5J.l ~I ~I :.L 1 
~ cr" -.....J)Y' I,..y r-" c:-- -.....J - • .r": 

.r.? ~I .,:.J~? 4Jlj)f .f' ~I~ ~~)i ~\rJ\~~ 01- "­

Non- specific) ~.,.J\~ .,:.JL1L;.;)'Jf1 ~Ij)f cll..LSj o-UI)I ji ~).I 

~ lSy->.i e1r" e ,-,,..$\ l,l.:-J) ~~ J..a..i 0i ~ ~I (hybridizaton 

y.:S:- .,:.Jlk~) 'Jfl ~ 4Jlj1 0-" ~ ~ ~h ~\ J.)G.... ~i 01· ~ 

.~¥f-ll 

~~I ~I ~ .,:.J~I ~ ~ ~I~r" ji ~~ ~~ 0L; clljJ 

~ ~I ~~I 0-" <lii loS . ~~}kl\ ~)yoll ~I c!}\ J:i 'Jf 

. ~! .,:.J I)L;,)fI 0-" ~~lS:J1 .,:.JI)L;,)fI o,.l.,. 
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. ~I ;f .~I.;ll ~I)I 4.llj\1 ~ chl\.;ou; J.-i' 

. '''95·70J;'''~1 J...,s ;r Ub;.. j$1r. !I,.:JI J-' 

~ 

% 70 ~L.)."...;.J4 ; •. . .. .r:-li J)J 
. i..l:o:­~ ..r-- Jr--J~ -H~ 

. ~"-'.. ·~I -_:Ij'-?)'t"":" v-­
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~) ~ JS0) ~I ~I ~ ~L->- .)1 ,,~I ~ .wl; dU.l 
-~~ ...:...))1 eY' ~ ~~ ~.ill ~I ~ ~ L:;L.a.>1..!.ll~ ~ ~L.:.:JI 

. J~ 1(' ~. ~. UL...a>-1 <l;:jr.r--: .~" < ~. 
Extrinsic~> )ilntransic hypothesis "L..-a.>-)'I ~.rb il~1 ~) 

. ~l:.:J1 c...tA ~ hypothesis 

Jl:J1 ~I .i>-L ...:...~ \II c...tA ~ ~l:.; ~ ~ ....A.? ~Y J;:- \I) 

. ..!.ll~ J;:- \I J l:.S 
-;:. ::; 

N-ras Proto- dl~'110U,y-5I"':"')Y':..r"I...ily. ~~1 ~ i-l.:>...::.....1 

--4..L:>...::.l ~)r-ll .r.---4-l14':>\3-~ u~~ J ~~I oncogene 

. (1-1 0 J)~) Jl:Jts ~l:.:J1 .;..jts) ~ ...:...))1 ~ er 
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p 

Number of grains 
------------_. 

Chromosom meano/c genom Observed Expected (O-E)2 X2 

number length (urn) (0) (E) 

I 9.44 7.07 11 12.726 2.979 0.234 
2 8.81 6.60 10 11.88 3.534 0.297 
3 6.55 4.91 5 8.838 14.73 1.666 
4 7.27 4.45 9 8.01 0.980 0.122 
5 588 4.40 I 7.92 47.886 6.04 
6 6.97 5.22 10 9.396 0.364 0.038 
7 6.62 4.96 7 8.928 3.717 0.416 
8 6.39 4.79 11 8.622 5.654 0.655 
9 5.94 4.45 6 8.01 4.040 0.504 
10 4.58 3.43 10 6.174 14.638 2.370 
11 5.64 4.22 14 7.596 41.011 5.399 
12 5.45 4.08 41 7.344 1132.72 154.238** 
13 5.28 3.98 3 7.164 17.338 2.420 
14 4.99 3.74 1 6.732 32.855 4.880 
15 4.36 3.26 2 5.868 14.961 2.549 
16 4.01 3.00 ~ 

-' 5.4 5.76 i.066 
17 4.18 3.13 3 5.634 6.937 1.231 
J8 3.76 2.81 8 5.058 8.655 Uti 
19 4.34 3.25 (; 5.85 0.176 0.030 
20 1.03 2.30 I 4.14 9.859 2.381 
21 2.03 1.52 3 2.736 0.069 0025 
X 10.12 7.58 1J 13.644 6.990 0.512 
y 7.68 5.75 4 10.35 40.322 3.895 

Total 133.37 100 180 

**: Staistically significant at P<O.OOI. dfe l . 

.:,,~ 1~;; .. ~.~~tt~I~.slS I~L '~~I t.l~~tl: I-IOJ,.L,.-. .,..-:r-- _ c:-:- _ ~..>-A r- . t,;rl • ~ .J . 

~La..:.l ('l-"""ti 1$~1 N-ras..:..JJ-A ~ -..41';" ~~;;'"'=~~t:-"~ ... 

.(H3)3· , .. tl·'t:..~· . ~j)-::-e--~ 

(12) r!J ~I ~ ~N-ras "':"J.,11 iJi dl ~\ I~ ~l:.; ~~..Lil 

. w~ ~. Ul..a>\ '\.:j ~ .11 - \:.: - .J"""-" - • ~ Y':"y r 

~I ~I e:;jy or" JJ\..>.:r "':"J.,1II~ .k~U e:9·' --4~ ~ W' 

~~ ~.iJ1 ~"l\~~ ~jrJ ~rll WI ;;~\}) (12) ~\ J}> ~ 

. (2-1 0 JUI)~\ ~ ~Jr1J ~I c!"ll ~ ~I :r ~~~ ~ 
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. (12)~)~i 

~ ~ ,)~-,J.a.>~.J·02) ~.)~I ~N-ras ~Jjl.1 ts.,.... :(2-1O~1) 

N··ras ~Jjl.1 J~j ts.,lll.:.u. ~~ qb5-6.3 ts,tl ~ ~I 

4. • . ~u~ ~ "J ul;J.,l1el)-"" J.;J-:i J ~\ o~~ ~) 

.44..)-l u 8 lQJ) 

~~ ':r;"-" 0)Y' J.;~ ~j.,J1 ~L..>-"J\ ~ il~1 ~ LoS 

~l->"J! ~ J..a.9 J ~ ..:....:..L:l-I J.:- ~1 J;kJ~ DNA L?)Y ~l> 

DNA L?j.,Ji ~ll-I ~ --4~ jl.::Jl ~! ..i..>-U) . ul;).,.l.l JjS') ~).,J\ 

~).,lllf .....oJ;.- ~\.-....;.l ~r ~j ~r=--:JI "L....2.:-:J1 i JJ\ u~? If \.,.:1;1.,0,0 

. V-abl U"').f.WI .;IJ:,y-J\ 

L?).,J\ ~ld-\ ~ }.~j ~~ feo RI F-}~ L?21L?).,JI ~ld-I F 
J~ rJl~\ U.4L..... ~ L?).,JI ~ll-I i:T j.i:.; . )))4--"JI i"Yv. .r:>- ~~J+5 
U;.,rb ~ 0.,l:li)i )~),r; 0)) Jl L?).,J\ ~ll-\ U.~i j..aAJ L?...l.&-Li 

4j)yll v.k \~ L?).,JI ~LlI ~~. (u~}'11 ~ pi) 0))L.. 4..A~) 

. ~ 0?4-- ..t~ 4j)~1 ~ j ,,1*\ t;~ e (,80) 6.:JL.J\ 0))-1 ~Iy' 
-
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~ . ~)r ~~ 0..,4[j ~ iL.L>...::......~ U).,JI JI ~I J~w~ 

~ ~) i~ 0~\)1 .)\}I if ]J).,JI ~ ~\ if u.L. 24-18 »r 

~ . Ly,.14-7 0..11 i-70 0);> ~).) ~ U""l>-w~ ~~) uSi ~i 
4.....0. i· .:« ~\ \.1l. ~ ~ 'L:..:.lI .1:.". 'L:.JI ,IlL) ~lE...I...A" - \.;11r) ir--' . w ~ c::' ~ ~ ~ . r­
';\1,,r--l1 0)}1 ~ -;JI ~).,.JI ~lJ-1 4...J:zj 0l; ~11.1l. y.., ~ . o..l>-I) 

. (3-1O~) Kb o~L; H 2.9 ~ ~~ c-able ~21 

Polymorphism or Evolutionary releatednes between species. 

~-:.rS~i ~ 0.)~Y' ~ tf ':.] ~)."k.:J1 uUJL,J1 .)~I ~ 

ul.>.,LJ1 0~)/1 o.1l. ~ ~\..:.; u~f .)1· ~\).,JI L....J..+\I Jy1 il~~ 

o.1l. 0;: d.:)}dl uUyW\ ~f ~I ~).,k:J\ )~':.]~ ~--4 ~ ~L:.:J Lj)UI 

uU)l,J1 .)~I w~ ~I ~\ 0~ ':.]\ o.1l. J...>.i ~ J..:,;.LJ) . tf)/I 

M. gallopro- tiL:JI) Mytilus edulis . J)':.]I ~--4 )Lsh\ if 0;Yf 0 .i..:)}dl 

~ WY\> ~b,) ~[j."..)I) 4Jlk:jJI) ~lk:.r.-ll J>-1,...J1 ~~ vincidJis 

.lo@';",a.iJ~ 

t:" ~jJ\) M.edulis )lih\ if ~I DNA ~).,.JI ~L:l\ i~1 

yU! ilJ-,,:.-::....... ~ UG)Y' ~ ~~ ~ ':.] ~lk:.r. J ~;IJ-" ~...Lo J>-IJ-" if 
. ~I .j ~I))\ ~\ o.1l. ~~ ~~ 0.lJ>L:.... ~) . EMBL4 

~I yU! U""')\.>.;......I ~':.] ~l o.1l. if ~\~ 0ro·- • u.r--=->-\ 

u\~r.:lS'.r.-J1 u\.).)}:..r ~ t!-" ~ ~f ~ ~ ,,-,,\~'1 

~ ~ ~l.oi if ~~\) ~LJI ef)U ~)f ~L,.;..i C.)\i ~ .J ~\ 

)i j} )-"'J;-:.i U)j Jl \g \,aj) i~ ~ ~~.r+S' \.h~j 4_~,J 4:loL..... 
.0..,4[j 
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F-.r'~ \$J.,..:JI ..,.a...U-1 ~ 

BeaRI 

..,..a..1..> c.;Y t: )J)~~ \ (}.;. .r.S' ~L...;-tS' •~ 

..,..a..\.:L.1 .u..,..:.i j..aJJ . ( 1) (Marker) (.,L..... \$Ji' 

. \$..I&-U J;'-' (I~~ \$J.,.:JI 

1.5 - 2.1 
-
- 4.4 

- 6.4 

-- 9.6 
:::= 
;;;;;;= 23.1 

0 
= 

0 Kb 

• ..I&-U # 2.9 ~I .,;;.,1; \$J.,.:JI ..,..a..l,l.\ ~ 

. \$r-:J\ e-abl ~)Y' ~ 

i.,?.r-:JI c-abl ~)}l ~: (3-10~) 

~1~4 ~ DNA i.,?JY ~l> ~ ~ 

2.ep ) 32 )j:-~I ~ r""'Y" V-abl ~ 

341 

2.9Kb ­

-1.5 
-2.1 

-4.4 
-6.4 
-9.6 

-23.1 
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~LJI ~~ DNA ~J.,.:J\ ~l....>-~I <:~lC j.J ~I UJ.,JI ~~ 

. (10-2 J-'~) Jl:J15 \g no'>.z ~ u-Si ~i r-li ~ ..:J~ ~I ~l:..:J1 -.::.,.j 15 

M.edulis M.cdulis M.edulis M.gallo M.gal1o M.gallo 
Mumbles Mumbles Mumbles Provinvialis Padstow Padstow 

Padstow 

14.45 15.13 11.2 9.12 14.79 11.74 
12.58 14.45 870 8.70 13.48 10.00 
11.74 12.58 7.76 7.31 8.70 
10.00 9.12 
4.030 

2.70 
2.70 2.70 2.70 1.69 2.70 2.70 
]Ji9 1.69 1.69 1.69 1.69 

M.gallo M.gallo M.gallo M.gallo M.gallo M.gallo 
Provinvialis Greek Provinvialis Italy Italy Italy 

Greek Italy 

16.59 15.84 20.41 15.13 15.84 15.84 
11.74 11.74 16.98 9.45 12.30 13.80 
8.51 9.33 12.30 8.91 8.91 10.47 
7.76 5.51 8.91 6.76 8.9 I 
6.76 6.40 5.12 6.02 5.51 
5.75 4.26 5.37 
4.78 3.31 
4.30 
3.31 
2.70 2.70 2.70 2.70 2.70 2.70 
1.69 1.69 1.69 1.69 1.69 1.69 

...,......u.- t~W ~~ (Homologous) 4.1:lWII$~I...,......t-J1i"~ :2-lO JJ~ 

.~W\~~~~~~ l$~tJWI ~~..,:.J,)~DNA I$~ 
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oJ')\>. ~ ~ Jj)ll Jj..l:l:-I ~ (3-10 Jj~) ;>-T Jj~ ,.~ ~~ W' 

. ef)ll ~ .o'?1 t.,?jfJl ~L:l-\ Ei0~ 

~1t.,?J,..:J1 ~U-I ~ 04 k 4..il..; 2-10 r-i) Jj~ ~l:.i JJl>. .r 
-.:JR ~ Repititive DNA).? t.5jf ~L,.... CJA WjA ~ ~~I 

i~ 0l..; cll~ l:j I~ O~ ~L::..JI ~ l! I~ o~ t.,?jf ~l>- i~ 

~tk:.r:-ll ~1r=J\ )t.-. ~ 4..;)~ ~~ ~L:.". 04 r::Py .0.?1t.,?jfJl ~L:l-I 

. .h.....y:ll ~I ~I"";' )t.-.j 

6..;)l.U ~pl ~I.,...:JI)~ L:f'f ~ t.,?).,k:J1 ~~ '11 ~l::..:J1 ~ k5 

. ~tk:.r:-l\ ~1r=J\)t.-. L:f'f ~ ~I.,J\ ~1;J4 

~l.->-)l1 ~\i ~ ~.r--=lIt.,?jfJl ~L:l1 Ei J)l,:. ~ ~i ~j 

~1."l1 ,.~i ~ 4..;).,h:J1 uu)GJ1 r::Py 4..;)~ o~ ,.~ )UI L:f'fJ ~jfJl 

. (4-10 ~I) )l.itl ~ ~I 

~I;)I\ ~ ~I~I uLj~ ~~'1 ~I ~.:b ~ il~1 ~ W 

c:PJ'-~ ~l:...,. J~\ Il". ~ JJ......ij ( ,":-_:.lI j 0J'!)l1 u\j~ ~y ..!..U.l5j 

. ~4 'j\ )SUI J> ~ ~~)l1 ol". J=-o ~i 

~Jj r::--o ~ ~lk:.r. ~ ~ ~)i oifl 0\ j ~lk:.r. ~ ~ 

~ -ui ~\j! ~! 1~~1 ~I (..;L..a..>-j ~I \l". Jl4.i ~I ~\; ~j l.l.~ ~ 

~ -.:JL.~ J.>-~ ~lk:",.J!; ~r:'JI 0i '11· ~~.r. ~ WI...u1 ~\j)'\ 

LS \;....uj ~j ~i ~i 0j-" ~ ¥;})I! o.l:--l\ d>~i t.,?lJl ~104 4J 
~ .; _~;)l1 U.-:....JI..::.-i;..Gj .•~I ~~i l-5 ji o~ ~j ~ ~ Y' 

}r>l ~ 0~)1~; f 4..ii '11 l.l....uj Jy-- ~~;-:.ll ~.rJ1 ~.?~ L. ~\j 

. 4.1.rJI 
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Band T'v1.cdulis M.edulis M.cJul1.\ M.gallll M.gallo M.gul]o M,gallo M,gallo M.!wllo M,~alll) :-'i1.pllo 7\'1 galll' 

(Kb) Mumble, Mumbles Mnmblcx Provmvralis Padxtow P,IJsll)\V Provmvralis Greek Provmviahx ltulv hal) Illd~ 

Pads tow Greek Italy 

I.'K~ 

1.~.U 

14.45 

JljX 

12.30 

117~ 

IIWI 

t.J, J 2
 

X.t.Jl
 

K.70
 

K ) 1
 

7."76
 

~.W 

3JJ 

~IJ A...... IJ-U I ~ A.A~I Ju.J.1 t.rSJ i.r.:-! AS~II$~I ~l..>J1 ~ : 3-10 JJ~ 

.~WI0A~ J.bW 0A ~~ 

M. gallopro.I M. gallopro.2 M. gallopro.3
Italy Italy Italy 

M. galloprovincialis 
1 

Grccc M. gallo 
Ital 

M. edlis 
Swanse 

M . gallopro.2 
Greec 

. galJopro.l 
Swansea 

M. gallopro.3 
Swansea 

Swan.sea 
M. galla 

pro.4 
y 

2 
a 

pro.Z 

M 

M. edulis 3 
Swansea 

M. eduli s 1 
swansea 

tJW ~ illl.4411$~1~WI~ ~l t~t.:u....,l~1 ~~I "U:t :(4-10 jS:..:Jt) 

.~Wl0A~ J.bw 0A ~ l$:.ulJW l 0A ~SJ 
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15~1 iL..i ~~.r:J1 ti:>rJl ..L.P ~~ 15y:- ~I o~1 o.h. ~L;i) 

..liJ, ~~.r. ~1 ~:-y ~ ~) 4-J14-=-:1 ~ ~lb) ~~.r:J1 rS'L¢I 

s-\....WI .)1 s-~1 i.r.>i )}) ~~) i\ll .)1e=--I) ~I JI))i ~lill !J"):­

- L..::o~; I ;;jL,.;\ . - <.LI \..L,.:. ~ . 'I J ~ L.....k .\.hi ..li:.J. " WI 
'-' ~ < r-) < ~y. v: - ) .,. f.. ~ . ) 

. J.·)\-""'l.\.J:-i f....li::.J ~~I cr" L~ ~I ..:....Ql5 i..llll:~ 

~» ~~\) ~Ij i \II .:.r DNA d.:)yJ\ ~~ \II V""~\ F 
.:.r \A3~ F~i)) ~ .:.r JI~ ~ il..L>..:.......~ <.?)yJl ~\J-I ~~ 

. 15.r=-i oyA:i.:A u~ il~L!;, .'. .Q i\l\ ,'~1 ~\ <.?)yJl ~l:ll 

~1tt:r:"~~11 u~ i~ o.l:1) ij~ :-~y. <.?)yJl ~l:ll i~ ~L::.; ~ 

itL::.; ~1 ~i lc ~I o.h. ~lk . \A..ll)) ii w)~1 d ~) ~ 

)~4 ~ ~I 0)~i ~L::JI o.h. .)! i:-L:.:......I) i..lll YL.aj ul}-~'>-l 

. ~~.J\ ~I) \II J 4.Al!)'~ .J CL.....JI, o~ L:I ~! 

)~j; .:.r J.>.I) iY- ~ ~lk o}::--: L..~..\...l ~I 0fi 0\ )Jj\j\ u s-W) 

.;-::-"!):- ~J~ )Jj)/I 4::+i\ ~~1 ~ J;- J r-W1 r'L.. U~j . pi 
. .\.Jl>­

DNA <.?jyJ\ -.."a."G-I ~ ;rll ..J_r: L" f'!~l ? ~I ~y1~ 

f'\pl i..-":> .ld LgJJl>. y~, Jj c.,;l..,<'; Or ~ L:t' DNA Fingerprint 

J5 J Uniqe sequences 0..l..:; ...:):-:-; :-~_~ ~ ~):JI o.h. ~ . 4.A.;\.k;l! 

..r>-T .)i :-j .:.r ~~ :-j 

~~L.:.-, ~) Satellite DNA ~L:Ji ..:.,.,1:-:-rJl. ..:.;bJrJ! .if., ~ d'x, 

,:J)JG; )/ i i ';}v. ~ ~~.nS ~.?) 4...0 u 'L;:';'; ~ <.?J,.:JI ~ \J-\ ~ J..:.&. 
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4-o1~\' ii~riJl,,;:.,b~rJl clA J:i.;J1 el}.I ,,;:., 12 J~ .,.W,JI il.:;~) 

J~llh J Jr"'I) . \..l..r:-'- )1 ~..rJ:.1 tb)t~ ~L:.l\ ..:..~ \11 J ,,;:.,~ 

~~\ ~ ~~.r. J ~) ~l.iA J ~ .;JI 4..)l::J1 ~\ ~~ld-I 

. ~W.I J ~) ~,,;:.,jA ~-'.r" ~? jiJ Jd-..:..~ \f\ clA ~ 

s-\.:jl ~~ 0.r=-.u ~) ,-:-,L.,a.:.&.1 dl r--JI J:-;..L J ~ L; ~~ 

U-;I..f. ii~1 j-4 .,.~\'I ~ .,.u..L...&>)t1 i U ' ~u..L,.,1 ~ ii.J'"i-" j-4 4i~.Y 

~ ~} ~} dl L?~~ L?jJ\ i WI ~)J\ j-4 ,-:-,;.J~ \..l..,J}I) c).::-",.J~ ~..l.,.:o 

o- ijLo ~ 0i 0 ..a.J\ ~L:J\ Js- 0LS) . UL:JI:f I~ ~JJI) J? ~ 
iAI it.;· 4l? dl Jr"}J ~.,kJ1 ~r:-ll,,;:.,\,j~~ ~.;JI Y.I))I~\))t1 

dll5~i~ ~L.a.:&-I) 4:k ii~1 j-4 ~) ~\~ J ~I ii~l.i.: 

4J ~~i) ii~1 ~ \..l.~ ~\ ~I.:; . ~15 ~L.. ii.ll 1.~.,J1 ~I..w 

d l ~ Iy>u) 0~lJ.1 Uk.:..o j-4 ,-:-,ril~ j-;)L.. If15 j-;jJ\ 0;>-yWl j-4 ~~ 

. ~;.J\ ,-:-,} ~ j5r 

j3\.,....J\ U""~\ d..:.... -.:.-:-lb .;JI ~rJl ~I jS)1 ~ ~J...:.....,I 

..l.u ~ .,\ ~L; . ..l.u ~ t • -I...L:>..:....,.\' ~ u, 1_. \ .t:~_ ~I' 4....11..r-- . - ~ - -~~) - r:..r"-r'" 

,,;:.,L...;.hl\ dl \~L:.:..,.,I) 4L..i ~~ ,ali ~~Ij ~I L?)~ .,.~J.::......,~ ~~ 

~~ ~) ~ 35-30 w:: c~ VIT-!, ,-:-,W J'1' i~I 019 iiL::....i.l\ ~.-L9 .;JI 

JS d ~~ u,.rJl ~\"";I rl.:; . ~~ ~) .u}» ,uLp)I:f l5.;->.1 ,,;:.,L..~ 

i ~\-0~ i)JSG ~JJ ,,;:.,); .;JI ,,;:.,L..rW\ dl LL:.:.....\) ~):-I c!y> J~ 0LS:.-. 

~ 0\ .\.1r=J1 ...::..s-lJa:..-,\ .)L:JI i~\ L~ d)' ii))~1 ~rill ,-:-,L.;.-:...l.>1 r 

l5JJ ) B ~) ~ 35-30 ;s. ~ ~)w.i ~ ~L;, j-;?,) J..>.i J ,,;:.,~\ 
~~\ j-4 ~~ dl,,;:.,~ ~jJ. ~ L?)t i~\'1 ~P J.:.l~ L?I U,r=J1 

~L;JI u.~ ~U . .;L:l:-I Js-~~ tbi F-..lli d ii~L-.U 
:; .. .. 

o ~ u:.~) J..>.I.,J ~yU L?)Y ~l>- ~L; U""~~ 

~~ ~~) i~.r.S- ~~~ \..l.~ ~ 4-._k;;-\~;1 ~~ IrL; ~ 

. 0~~ )1 j}.:L)? J)) dl 
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~~ \II ~ ..:.J~ 0-4) .'4A ~ o~ ilJ.>..:.....,~ 0~L:J1 i U 

~~\i 0:! ~L.:..; :>y:':"j i~ ~ Or" JS J ~L:.:JI ~lS . r+! d." oU .'4j.,J1• 

..:.Jlil~1 tY' ~1l:?j.,J1 ~L:l1 ~~jj cr.r-J1j ..L> \f1l:?j.,J1 ~L:l\ 

:>~j 0~L:J1 ~ '1j . ..:.JWI ~ ~Ij ~I o\..::..ill cr" .uj.r-l l .'4.,.J.\ 

0}"';')'1"; L..LC ~L..:..::.....o ~l..:-,.,~ ~I .'4J,..J1 ~l.-\l1 ~~li:r ~~j 

. ~~I ..:.JWI c::-+j 

~ 0b.J-"-!, ~~~I cr.j." 0~ ~J+---' ~j 0~L:J1 &-'1y. ~\ 

.}.\.A.... ~I &-L......~ \- ~a->I.rJ\ U.?1..:.J1.o~ ~1 O:>yJ~j I~j . ..L>\j 

..l:.s-..:.J~ ~I O)~I ~~WI ~L.,.::. ~ ~~ ~~\1 iU):r~) JS 
i..ul :r ~~~ ~~ ~ ~IJ"" ..t.:.&'j ~ ~I ~j JI)"JI ~I 

~1..u..U '-;-J}hil ~I r-~ U..rJ1 )~~ i t:ij .!1J~ Wj"-&'I ~ L:l:-I ~ .r-.:.ll 
~L:l:-I ~L:.....a J \J.lfrA ~I..wl \J.~ ..:.J..i.>ij ~ ~\ ~ ~)L.... .rJ1 

. (5-10 j>:..:J1) ~ .r-:JI Jjl>-l:?JJ\ ~Ij 

~P ..!.Lb l+P~ :r u....:.>J1 ~ ~~ ~ ~rl:-I oj." J:-o 01 

.rJ1 ..:.J1.o}J.1 ~1 ~~1 0l.)-1..lJ ~~ .rJ1 ~I:r o~ ..:.JlA~ 

~j ou"JI ~ll:?:>Y &-I..l:.&-Ij j:j r51~ !.ll:.;. -:r(Jj. d-...ii ~.rl:-I c!yo \J.)j 

oJ.,. ~ J .wl; ..!..UJJ . ..:.J 4-:-=J1 ~ ~.rl:- \ c!yo tY' ..:.Jl.o~~ J,...a.:l\ 

ji ~.rl:-I c!yo J ~~ ji .'4.lli:- ~i ~~ ji .'4yo:> ~ :>~j 0l; ~L:l1 

~ WI ~ ~I...u 'U;\ '..JJJ..\ L,\.i., :> \•• ~I . ~ 
j '.. - -.r L/ . .. . ~j u- - ~ L/ 

~L:l1 U"'~I J oj." ~L.; 0i ~ ~1..:.JYO ~ ~U:-\ ~~lji 

-4 ~1 ~ 0i ~~ l:?\ t: ~)u... ~ \I ~ J;la..:...> '1lj DNA l:?j.,J1 

"Jj eW I oj." j:.-o ~ Jw ~')t.>. 10 tY' ~ 0:> La.:...... '1\ 0\11 ~j . ~1...uJ1 

O)~ ~~~ ~i . ~~j i~ o~ .'4yo:> ~ u--P ~)Ull oJ.,. ~LS 

aJ....., J&-la.i j\ ~l ~ ".. iii il...u:..::......~ ~~ l:?j.,J1 ~L:lIIJ.,.:r 
. (PCR)Polymerase chain reaction fl.r-:Jy.-ll 
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=
 

I I 
J' 20 18 15 13 12 9 6 3 

~ ~~ &u {-..i-'4 u..WI ,-?J~I ~L:l-I C;\i 

, ~1';~~~';:.r"W."..~ 

.~~I ~ -.1l~ DNA i.:?#' ~l.>Ji~~ ~i~1 :(5-10 ~I) 

(1) ~j r~~! ~~ ~ ~":i ,', 4 lt DNA i.:?~ ~L> r~l.4,.;J ~~ 22-2 r~~1 

,d : >0 ~I.:ro o~pltl A:~I,:;"ul~1 iJ-O ,",01 ... i ,,,tl DNA i.:?J~1 ~l.>J1 r~~ 

r~L...:J1 ~...,.L..::.J..u:-~"::IJ ..I>IJ ~0i~.9A:! (20)~.lJ (13) ~j r~~10L...h>~ 

4...jL;j.> ' , u. ~ J~II:u.--" ~I.(l)~" ~ •• ~ll ~L.A...:.L>Jl- _W ~ 'T ~ I.-'j r '.r-- '3 ~, .
 

'I"
,(p.",,) 32.)~j-4!i~('l-"'~~~1 

Chromosome walking or Overlap hvbridization 

-U wG ,J.i lUL:.:i J..JJ.....i. j UI).,JI L-4\ wL.:...'i..; ..~ 0\ ,~ 
-..:> - J.' L' " "-:!' " "\ '-' -;. 

~ dh....y:li j o~lw4~ O)~ ~I o~ 01 J" ~)\ v.-k-j w~\ 

~ :-~ jlk:. ,-,)y rJ..>.:..-j 4-i i '11 ~~I jl w~W! jl wl~jyUl w~ 

O)~ w!~~; ~~j:f' ~U\ o~1 ~~ ~!)i .. l;..>\1\ w~ I_~ 

... ~ \1\ o..u. wGJY 0;: I~ 
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I~L ~ L -« II . J. . -·1 . - .« - .1.~ ~~; u.., L Ii oh j . ­r . -r-"7"' u:>:-~ )) ~ -~ ~ r-'--;:'T 

. Overlaped ~I? &! ~ Sau 3A) Hind III ~ ~\,; ~;i 

Hind III {-} \11 4-::-! r.J..:>,,;,...,,1 ~I ~I (,r t.?)y ~l>. ~ )~I ~ 

~~ 0:"-" 0)Y' ~\ o..l.". J=i 01 ~ A u.rl-~ ~I o~ j"?) $ 
~~l ~y ~ M 0))1 r...l.:>c..:...- . (M) 0).,l1 <lJI ~y-:..iJ) ~) 

.(B)~I~~ 

4O)L;,l ~ oJ.>.l) 0r<>J- ~\11 ~ ~~ 01 ~\ I..l.". J~ (,r ~ 

~ :i..l.rJ1 DNA t.?J,J1 ...,.a-..U-I .i.....k; ~ 0)."l\ ~ :;~) ~Y ~L......;.l 

. o~1 o~ ~I ~L:JI 

~ uP~':1 u~) 011.5y>-\11 ul~I)\ o~1 o..l.". r...l..>.::..... 
t: YSI ~)) o..l>-I) ~L-...;,l O)L;,l ~ ~I . (A) ~\ ~ J.::- \j u~ )1 

(El) (A)~10~)l.:..::...o~~I~:;W·r~~jS' 

el:; ~~ ~ ulo~\~ JJl>. (,r)' o..l:~ 0)"".- <> ~ oy4 jS' ~ 

. (6-10 ~\) DNA l.5)rJl ~ld-I ~)I UG).,l\- '­

~ t., ('+" ~I~~ t.?)rJl ,-,~U-\ ~ el:;,j .J..J...J...i. 0'~1 ~ 
ul~ ~j-il :l.k.:;>- ~~ ~ ..u.L.: lc ~I liA ~ F 1u~;i ~I,.... ..l:~ 

. ~I ~~ .r" o..l:~ ,.:)jJY' Jj>' Jl ~L:l! :i..ll>. ~ od ox\.9 

;.i..A..>--=.....,! ~ :..?--c. ~I ~i ~i u ':1~ .r" l,,;~ L., Jl.:uLPG 
uU.;,~\:..r ~..G.JI uU! J""......a...JI J "":"-:;)j...l....U ~i).,J! 4........41u~ 

.~ «l.lL . ...a.>-\. l:..;, «:; '--.. Ji.:u \........:> \ j $.:; j f ':N:, -1\ UUI L....WI
 v ..-..--r ·U· ..J r -,,' '../ ,-, .. ~ .. 

-.:,;1:;:;)"- o~1 ~ t 'ul>~. u 1_. "L-SLo ~.k "I..G...:....,.,I , "" .1'~ UG).t! ~ oJ 
~ F ..-..J ~..J \ -wi \ V"'-I cr .T. - -' 

..:w, 0:;\~10;~ ~ ~ ~j~ j~ jl ?~j -0)j-" t.?i ulJ.;r,:15~ 

~I)j ~11.r>~) u~ t.?jJl t.?~1 ~\ dy->- VA ~~ u1y:...... 

'-.?)rJl ~u..\ u!:;:;; o~I.,j 4.';;j il..G...:....,.,~ uL..i)'1 UG)Y' ~ Y ~ 

. ry-ll J :;:;; uJi I00:..r;Sf o~l}~ ~ '-:-.:-"Iy-- Jl d.,;LPl DNA 
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~.~F.;..J~)."..~-..l~~.;..JI~ ..:;..~)."..~..J~~..:..I~ 

Hind III f.;\'1 ~1~4 Sau 3A f.;~1 ~I~~ ~.~ F 

(B) ~~ (A)~,..~ M ~)}I ~I~I .;.,;,­

Hind III sites 

~L..>tIa..iM 
'-:Slp I..jJi' 

U1....,.....;L1 I I 
~I)}I~ t /1

Sau 3A sites 

. (A) ~~~ F Jl D -blll ~I ~1 .;.,;, ­

. .:. .. _tl ~ A....:.l1 ~_ J~' ul.~.n~JI _ _ ~..) :(6-10 ~t)~ _ lJ-" u~. ~!»!I ~1·.:...tl'.r­

~.J.Jo4o:l4..AGoJI~!J.:i.ll FJI uJ-LA ~I j).J.A ~~~ Chromosome Walking 

" 'ISJI .. ~ ~I uL:a'.A ~~ ~\.j.,j ~ ..J...\,j "I' .,,:.sl I~I ~ ..:>-' ~ -. _!.ll • '_ c- ~jJ lJ-" r ~ 
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~~ -.;:..L>.WJI ~~1 J ~i ~\j)\ -.;:..L:.:;Jr. ~ ~ <l.j~ La 

~ ,-?jJl ~Ij r..LiJI:/r" ~Ir. V""1..::l! VP3 ~J,tI.:r ~I 0:h~\ 

cr" ~I ~j~\ J~~ 'J ~ ~I)~ ~L."."~JI :r ~l!,u ~ CliJ l?--:'I}.I 
.~~ J ~i I~ ~I)I ~ Vp4 ~)}\ 

-.;:..l>lil5'.r.:-;S ~i ..:.h J~~\ ~I ~4=J1 ~I) ~ ":"~Jr. ui W' 

. ~ ~I)I ~ ":"~Jr. '..r" o..u1.9 'J ~ 

~)JU\j i-".r>irJI ~L.,i; Ul:-.... 15.".->i o..!.;...l..s- .,:.,G-UJ.r..,k; u'}II..5~j 
~ -

~~j !,,:j;+U15 l:?? j.IJJlj 1;J,sJlj ~r4L:Jlj ~!j --.;l5:.:Jlj I}~'jlj 

.~\ 

:;% t:' :: 

.,:.,').)11 <1,j;~ ~ l~ ~L,.., ')\.i>. ~.r.-J-I .,:.,b~\ ~l;jl Ji> ~ 
I I'	 •

~41 .,:.,L;..:.Q.i Jl 4\..:;..1 v-"~	 J-i-;ll \~ J:-" 0LJ ..;lJjJ . .,:.,1)'j j.ul :r 
. l;j'J1 u.J~ I \;;~ ~l;j\ o.:lL) 4..Jl .IiC. - u-:::--- j . • ..	 ..).Y 

:r- o)~.f' .,:.,1." ~ - li.) ~.r.-l\ ~~I 4L:J-\-.;:..b~\~ 01 

;.l:->-)\ ;'0 u~)1 ~~~ . ~ ~ ~l.;..pj ~ .,:.,~.r" 
~ ji ~.rJ! J ~ ~ ~\ ~~Ij uw)ll ji -.;:..~)a.ill L ~ .j Ii. 'JJI 

u...:..:s\ L..~ 1928 r~ dl ~~I .,:.,bL,.:.\.\ 0-4\ --.;L..:.;S\ Jji .:l~j . -.;:..Yl,aAJ1 

Penicilli- \.r.L.~-:-li .;w oj.A l:?jJl ~I <.?~I .:l~\ ~ )..l:..-.SJ\ ~W! 

4..i:-9..lJ1 ;.l.:-=--)l1 tJ,jriJ ~\ ~r:J-1 .,:.,bL...al\ Wl! ('~I ~J' urn notatum 

.,:.,l.ii...::.-:.11 .,:.,~ .)1 UL.,.;ll~ .,:.,bL.,al\ :r ~f ~:r r-si t.•. ,6 

,4.:...~~1 
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~f ~ ~ ~bl.all o.ia. (.l:.il ~i l:.r" ~IJ.,J\ 4-4\ i\..l:>L:....,.,1 ':>1 

d1 (.~ w-4JI \~ 4.'ii-11 oj.,. ~.:>t..!.U~ ~j' j.iJ-11.ia. ~ J ~j 

l:.r" l".~ ji ~l;ynJl (.\.;,;1 ~ vJ...Aj ,-?.lJ1 ~L:...J\ (r".~ rsi ~~ ~~ 

.~~j~1 

.u-L c.Y..,k:f ~ e ~~! ~bl.al\ ~.:>i d1..!.U~ ~ ~~ 
:r ;.si4-:k ~j F-Ji l:.r" }5i ~ i~ ~I ~}JI ~~I ~~~I cr" 

. 0=?Jr. ji ':>YOfo (.l:.il ~ ~\ Ih ~ ~y. '1 ~ 0=?Jr. 

J ~.,...... ~t;JYO oJ.&. 4-.l.:,,\ d1 (.l;.;..j ~\ (.l:.i1 ~ J l.;l; ..!.U.lJ 

d1 4lAJ j ,-;--"L ~ Jili ~ ~J ~ . o..L.>-lj DNA ,-?jf ~l>- ~ 

. ,-;--"L ~ 

ji o..u-~ ely ~ o~ ~\jJ.,l1 oj.,.,:>~ Lo~ ~~I J~ ~j 

J:r-:J Wb o~ ~j~ \1\ ~15~ ~~r.5' .:>t ..!.lJ~ ~j . ~ ~~~ 
~ ~Ij OJ."......=' F-...lZ ~\1j. o~1 ~~~'1Il+ibj~) ~}..:J.\ o.ia. ~ 

~L.a.ll (.l:.i1.i>L l.;t ~IJ.,JI 4.....4\ ~l.:-:Z c.Y..,k :f ~~I ~bL.,.i\.\ (.\.;,;~ 

if.).; ~ ,:>w.i W oj~ ,-?.lJ1 Actinorhodin u-;~j Jr-::-=s'1\ '-?r-J-1 

. ..!.lJ~ ~ JI;.S Streptomyces coelicolor 

:' .,)Ao"~ '~<~l l:U~ ,,-",WI~' - ~1U:~ ~. _._~ 

~~ ~~l,.ij d.L..L.. c.Y..,k:f ~~\l:.r" 
< 

~ U-;~jJ0'11 ~ 

. .A>lj ~ ~ 0Jj~ 0J~ ~ e ~t;JYO ~ ~f ~ 

& ~I ~t;J.,l1 oh '-?~ ~I d..L.LS:J\ DNA ,-?J,JI ~LJ.-I 6...Jii .:>~ 

~~ d l ~ j ,-;--,L Jili d1 ~J ~j oJ.&.L! » 30 JI~ ~ 

~~\ ~ . '-?r-J-1~L.a.ll (.l:.i~ 4.l ~ '1 ~IJj op ~I~ S.coelicolor 

'-?~\ ~L.al\ (.l:;..j'j ~L Wjj; ~ ,-:-"L JL.... ';1.lS- .k.....j J .J~\ 

. (II-lOP) 
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u~t ~~~t4.!~Jt 

~\) ~I y~1 ~~I J~ J YI).,J1 4......41~~ 01 

. 0L.i)'1 ol.;-J- 4-:..0 ~I .:llr-U 0~1 ~YJ ~I) If.:>" ~.l.>.\ 

4"~1 ~~I J~ J LS.r=-\ od ~\ ~I))I) ~l.:-iJ~ ~) 

L41~l .. iij ~ r?~) . <GI.JS.) ~) 0L.i~1 0 ~I.,JI .kl;-.i)yU 

0.1;...G:- wL,.,,\ .k~1 dl oW.11~ ~f) Ls ~\ ~ ,,1.hJI.r.:'i ~I).,JI 

. 4.:JWI ~.:l~~I) ~1.hJ1 ¥I ~I~ ~L:-:JI lr 

~)...u~ r:» ~ ~) \II 01.ll: ~ .r--::.5 <L:..A .;~ l:?JJI ';1.hJ1 ~I 01 

d1 ~.r..~ LS"'>-\ ~l:-i ~1 J ~I))J LjyUl ~) \II ~i iJ....oJ d)\II 

. 4.- •..lJ1 W))2.U 1.;-:>-\) ~I)) WyUl ~l;L:-:J1 wL,.,,\I ? \II) UI)1 0w)'1 

cl:.;l e) 0-4~ YL..) )~\ d l Uril) ~I J ~I ).,k=J1 ~L....L..i) 

.r...,k::J ~I))J ~\l1 ~I~\) J\.5JI.r.:'i ~ 0;J11~ ~I..l.: J ~jS; ~) \1\ 

L...S . ~) \II ~.ra>- (:}) ~~I 0.L.......\l1 ~i ..!.ll.l.S) Cl..::.;)'1 ~L.i 

~I~ 4.:J)...u1 ~W2.:.lI) 01..Ll:J1 ~ i~ ~I ~~ )'1) ~~..ul ~")lJ.\ ~L... 

~ Y\:) li:) ..!.ll~ J5 0\ ~1 ~)j-<JJ ~li..:J1 LSy:.-1! (:}) J ~I))~ U':L.]I 

0t YL...,JI o~ ,y r: .,.jl ~! . ..;-1))1 Cl:i~llr ~) \lILS~ e) d 1l:?.:l}. 

lr ~\ .:ly-'.). ~I...l.> d1 ~ r-l yl))1 ~~Ilr JWI Cl:i)'1 

~I) r-lL.J1 ,,\.;..j\ J 0y))1 ~ J.... ~ ~I ~L:-:JI wL,.:,\l1 tf d1..!.ll~ 

. Cl::.;)'l lr 4-ll> ~ (~O.:l~j ~) ~ 

.:l).:lr" ~I~ 0.1;..u:- wL.:..,oI .k~~ 0pL:Jl) "Lo..WI ~..u...; djJJ 

wL,.,,\I\ ~~ ~i d i..r.=s ~1)..,J\ ~L..) . o}pl ~ lr ~\ LS.:l~1 . . 
. O.:l.rl:- I ~ w L,." \II 0 ~..,..a.:J1 -.Y.."k ,y­

~i d-> ~1))1 J~I J ;j.;;.;; ::- 0); ~\ ~L.\II ~ ~...l.>\) 

w. ~L..i.o w~\ .1;41 ~~Ilr ~ ~1))1 ~I) \II lr 1...l.>1) I};.~ 
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~l:.o ~ J CG)'I ~I.:ljlj ~I (.yo .,:;I~ J:.i ~ JL::4!1 ~ 015 

JyP .,:;I~ ~~I o..k ~ J 0}}1 ~i ~ OJ" 200 (.yo }5i ~l r-lWI 

. ~l,?~~1 

il..l.:>...:...,.\ J l.S;>-i Or" ..lo..Wl.f.j 4:-:JLJ J~j ~IJ}I ~-4l1 J# ej 

.k~\ ~l tiL,.;l C)l.)Uj ~1r")U ~jl.i.o rsi .,:;'u~ C\.;.j)' .,:;~I o..k 

~~}J.,:;..rt1 I~j . ~L..., o~~ .r:? ~I..is. .,:;lA...,.:, .,:;I~ 0-4~ ~~ wl;..pi 

.,:;'u~j ..!lJ.i5j ~L.Jajlj lb\.k)1 ~ ~I Po matoi~~\ (..p 0--4~ .,:;'u~ 

.,:;'u~ dl tiL,.;l..l:+l\ j~ ~j 0~)1 ~ i~ J~ Cl::.il.,:;l~ .,:;y.}J ~ 

.(W 4.l ~jJUI orAJl u...:u J~ ~) r-JI tJ~1 ~L:.>.)I\ 

~1..hJ\ ~)l1 .,:;I~ ~I~I ":;~J~I C\.;.j)' ~ 0'\11 Jo.---li i.?~j 

~IJ}i L..l:+l\ .,:;~ ~l ~ LS..l..4 l,?i dl w~ ~ j . .,:;'uL:-:J1 J ~WI 

~ LS)-" 0W)'1 i~i (.yo ~ ~ 0)11 ~ ojlfi FLo ~j ~\J)I.T-# J 
'~(.yo 

. .,:;'u~I.T-# J ~~I ~L..)l1 ~ ~lJ~j 

-;JI ~rJ\ ~~ ~JL> (.yo"j.>:S }.Hj ~ ~j~ Y' Ti ~j~1 

~Js.. ~~I o..k ~" Agrobacterium tumefaciens ~~j.?~~ L?JJ 

J ~lb.r-" i)jJ~ dl ~~)l1 o..k t.?~YJ ~I.,:;I~ .,:;'uY\ tyi (.yo 

iJ}1 Ih ~ . Crown gall ~L:.J\ o))~ iJ,J11..k ~-4' ~J.i....:l:-\ .u:..sJ1 

~l (Transorming DNA. T-DNA,) Ti ~j~ (.yo"j->:- J\.i..:j~ ~ 

il-,Aj~1 dl ~JLlI 04! ~-4 ~ ~L,.,)'I c!r-~ ~L.:-:JI ~JLlI .,:;\ .•. ,0 

(.yo ~ ,-,",,4 ~ ij-:->-~ ~AI ~JL> }~j ~l:.J1 0))\ ~.,S:.:J ..}lby--J! 
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o.:ll&- ~j~1 ~~) ~~L; oj 200-150 ~ Ti ul~j~ ~ cl2 

T- .t:.1.r-11~\ J:i LS.,..>-I) Virulence ..1..:-"j~I~) o~ Uk.:..o ~~ 

~ 1.:l~I) C.:::~)?'11 )1 u:J~.,.J1 )1 0~) '11 <:\.;.;1 ~ ~ .k.;.;_~ ~\ DNA 

. (~j~1 TY 
-.;:; 

~) ~UI ~)l1 ~k>'11 u\.i:..:..... ~I)\ J;i f.;.'1.~ ~)J'") 

~u~I~~~'1I~L...>-'1luLa.::...:.....<:~l~~.(12-10 

o..u. ~1t.; .!.lE~). ~ c.:lu.:.....'1I) u~1 o..u. ~ ~~I i~) ~\.;.;1 

, u~l~ o~~) u~ o~~.r-&- ul~j~1 

T- .i....ki e .k.;.;..,-" ~ "=")J'" :is-I)) ~~1 J -:';\~j~! o..u. ~\ ,.;G 
J:i T-DNA ~ d . «:s-~I) 4~1 ~Jl:l1 ~\ ~).,11 I..u.~, DNA 

1..u. _~~ FJ..ij.!lJjJ. u~1 u~ e .kL:-;)JlJ ~y: \1\..:....... ~\kr" U)r" 

,,~'11) ~lAJl u~_;;)1\ J!.;k:.r- ~\k.;-ll ~J.,11 w..l>- J!.» :.r- ..L:--ojYWI 

Ti ul~j~\ (.r" ~..wl J\;;' ·,1 U:.)JI o..u. ~\y. f ...li) . .kw) '11 ~iJ'" ~ 

...I.::-"j 'Y--:-l \ uL:.. LSY>-\ ul~jJ\:) Ti ~j'.>\)\ :.r ~ ul~j"j~ J~I t W' 

. PBR 322 

~ ~~ u~.)1 ~~'11 L)~ ~)r" y... ~ ~)J-" ~ ~)I) 

uL:-J1 ~:r ~ylkll ~)}I Jj-J' \r)\ r:' )y--s!:1 Ti ~j~1 il~4 

~Ir 0~~ c!J'" j ~) ~ ~UI J)JI 0~~ ~~)U i)lil.\ ~)l1 

. ~)..JI ~~ ~ ~~j')l:J1 .kt.;..;) '11 

~~ ~ J~I e.Y..» yo :,.~-,~j?'11 ~~ .)l ~I ..1..:-"j~1 ~ 

. L>-lJI ..:.).1 11 ~\;,j'1 ~-'\ it., .C It., uLU ~ .ill a:s:J1 . . .., r I.;.. • Y"""'"" .~. . .). 
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T-DNA
 

Ti . L:5 I ...l...o'')\.,
~ J • J . 

~I F-';-:' '} 
Virulence \ ~L:5J,}1 

Octapine
F-J"'} .? ~J)'" 

Agropine ~J..,s'}1 ~I 

-: ~~J"'" 
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u\;L.:-:J1 ~ O.:l)~ .:ll~i C\.;,;1 ~A ~1 t,?:l}.. ~ ~y6J1 oh i\~1 01 

ef"1 O.:l)~ ~» l+i w . ~L.:.s.)U 4..o)LiA J4i Js- J~I J SL.i 

~.:ll,a:j\ u\;~ .r-..,k:J Ti ul~j~ il~1 ~ ~ ~ . u\;L;.J1 ~~ 

Js- ,,~I ~ J.i.3 ~.u. ~~) j) \II) 0\..9,..:JI) .r-..~_:Ji) J.k.:.J-\ ~~ 

C8 'j 4jl.P1. ~.:ll,a:j~1 u\;L;.J1 ~ -4..L.ll LlC ~L ~ ~y6J1 olA .r-.)a; 

. 0-4..l:!:-1 ~I ul~ u\;L;.J1 o" 0r~ .:l\~i 

~I ~ f.~).?~1 4~ i\~i (f ,,~~I .r-..,k:J1 IlA J F..w 
~ JL>.:l~ ~~ F' ~~I 4')U..1 d1 o~~ ~I Ti ~j~1 0~ ~~) 

. Tissu culture ~I ~I))I) Protoplasts -.::.........~f)..J1 .i.-ji-: w.r:. 

tX» (f O.:l~ 4Jl>. J.,k-o dl J~) (O.:l~ JI))"1I) ~l:J ,,\~i..i..>j.i 

F-.f4 J.--~ ~ 0.rAJ JL.. -i1li. h....) J ~L;.JI 4J1j..\~. u~.f~~ ~WI 

. ~}:ll 01)..l:!:-1 ;Jlj'j .r.J~1 

dl~) t.?#"~.1~ -'::""""'y\':YJr.:r WJiI ~~14)L;l1 ~ 

.:l~ J~~I:r -...ily. ~ J.,k-o e ~L..u) ~ ~~j 0~ 

~~ 4JU..1 d1 ~I ~j~\ wL.a: . rr=--Jl5J\ -4))5) ~~\ 

. ~ J~I ~ .:l..wl ~ ~~ 4JG:. 

dl ~I u!~jYWI C~) c.")l..\.}! ~ 0"\.45 rsi .i'-Oj .j'}\ i~j 

~jYW\ .:lY':"~ -.::.........Y\.:y).Ji 4Y\.> ,~~ ~ olA. ~ . -'::""""'Y\.:f)..J1 4JG:. 

. 4-l~ 0,,\.Q.S e)) 4')U..1 Wi ~.:l~ 0.:l4) 0-4..L..Z ~~~ u ~~ dl ~I 

. (13-1O~) Electroporation -i~~1 ~li;~~ .i.-ji-Ii olA ~ 

-:r.~ l.:l~ ~~I 01)~1 -:r.A 4J rL-.J1 ~ ;J~I 4')U..1 ~ 
'"­

-i1-lS- h....) d1 ~Y'r' ~L..-o ..l.lo.J V".,Jl5 J5 ~. (~# j..:S) V".,Jl5J1 

Jii-:i-I .)\ ~~ ~ olA ul3L.:-:JI ~ . ~ uL:-; "\..b;.L,,.....J1 ..P- "1 ~ 

. -4..l:!:-i 0)}1 (f ~I w..:s) ~j yl) 
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tl..o' • 

..::...L....c..j-i)' ~ 

L. "'-' _. L:;)' 
-~ <: 

1.1';'" 

J~~4 4~1 .u..Lu 
~.r.-II.S:JI J.."J}SJ ~),1 .l...I.A::.A 

..r}LS <:L..::..;I 

.k..........J~
 t
..J.,.. ..;I J&. 4~1.)ITi ~I ~j~1 J.,L- 4iL.;-i 

1.l)4l.S".,,:.tJ ...jr- "'"~ ~""""J 

..r}I....S <:L.:;.;I 

.k..........J~ 

~ ..;IJ&.0----. 
.;;...u..l.> u~ uL:iW Ui':i..:.....,~ , •.. 11 u~ 1~1 ~I - (13-10: 1""11)_. • .. [ ..Ij-J~ _,. _ ... '.>-'-'" v-­
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~A il~1 ~ ~ ul;~1 4.......4lS..,>-i ~;b 0f->-~1)}> L.S 

.Jijj )yhl Ti ~j~ e ~ ~)JA 4..........l:J> ~;hll oh J ~. f-~j?~1 

.h1>.; '..L...>-. - - __ .L\ 0 • .b~ ~ Ir. Ww ,;1 i .bd";. L .c 11 JI 
('""' ., ~ j ,.- ~ c- - ~ - . ,-,,)j	 c-.~ . 

. 4Jyhl ~~I e 
~~ ~ ul;~ C\;j'j ~l:..o ~1.J.i. .kL...ji ~ dJ~ ~ ~\ ~ 

. Ti ~j~l:.r~ ~I 6j1.> ~ o~~.,ll ~')lJ..I:.r uJ\>-~I 

~Ij)l :.r .)..l...&o 0'\11;~ <\,jl.; <0li::...:..Aj Ti ..l::--jJl:.J1 il~ ~ oL,..;1J 

-'ply ~ J! ty-)I ~j uL:-J~ ~L:LI ~I).,JI ;i.,.,.,-4!1 J ~l.:ll ~L:-J\ 

. 4-:k up ~I).,J\ ;i.,.,.,41 

~ ~I).,JI L41u~ Ll.f.~ o~..l...&o U~j~ ~b, 0l; i.r::->-ij 

JL:..l.1 ~ ~ ?~ij 4Jj U:1L:~ Jlj; ~ .r>- '\1lj L~I ~l>-~ ul;~1 

~ ~~:.r NEF system U\.; j4-::- uU)r" J~ ~L:JI u~jLs!:1 

l?';'1 ~jrJI " •. 'j ~~ rJ..>..::.-:j .;Jlj (Rhizobium 0)::-!jj;I)I) ul;J~1 

oJ.." ~ 4Jj Ls!: 1oJ.." U~j. uL:-:JI J! 0r.-}j 0;-"l;yLd:-1 ~ -.Y-):>:.r­

0\ \..,S. ~.)k..-5" l?';'1 ~jrJl i\~~ lS..,>-"J1 ul;L:-J1 J! uU).,l1 

u b ~I)j ~~ ~ Jra-J-I wJ-+- j lS;->-i ~ u ~j~ ~b, 

. dJ~ .r.?j ~ Ir.>- u~ j.f. 
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