
WAW
Sticky Note
مع تحيات    د. سلام الهلاليsalamalhelali@yahoo.com





:':'~ ~ ~;'I~\ ~~ )\"1 ~~\
 

_... ...l.iJ i ,~4 .....;..G- ~ -'..w\ ~ -,I
 

~ "'\ ~ V t ~ c __-5u • : ..,'i 1\ ~. ,\ 1\ ~L::
 

j,)-,,\'\ ,i :""I~ \iVY'" : '---:""' ',-~
 

~1...:.>t;.L:i1 

<;IJ }I ....-4-!1 J 

';0;')\ .......u.y.! P'j : ,..)')'.>.!I .~
 

R.~h;::.-

t, t \ \ Ar .j.jl.- , 0L.s. , ...:.>}l; : j ~~I ~I 

A/I rights reserved. No l'i!"! or tlus boo]: 111".\' be re!,rndllcc'd 
ill auvtonn or hv auv means I vitltou I th« pri.»:permission or 

the publislu«: 

..,..l:.(.!1 '_L.. J.I.,L,; ;0[;," ~-," y, ;J;~ J~/~ , 
....,...;,U'J..;.~ ,-~4? .:..'~.~. Y,I .. .... '~0)'i...:- ......... L0 ~·L' • ~ .>_~ .jl -,.1 



Laboratory Techniques In
 
Genetic Engineering
 



--
~ ~ '11 r-W 1 :.r ~Ji ~J ~ 

(~ld..1.I1J~) 

o 



~ \ 
r-

'" c.J,....-_Q.~c' ...._-.j; J_-<34 \Q

'-:? J 
~~ 



. 0~1 i~ tJ~~ ~lE ~~ j]u. ~ ~I).,JI ~ )~ ..uJ 

I\.;1 d - o' L 0 'l..::..K.;. 0 1-- 11 \ ""LA; UIII L \ .. II.:JL..:L:. ~) .r )). )y )yw--" ~ - ) -))"' ~. ) 

~I).,J\ 0}1~1 u))) ~\).,J~ ~I))I ~Ji.l..w. j;.r--JI .:J;..\I JY ~I) 

Cl,:j)fl J o)ji- rs\jl ~L:-JI u ~JLJI) ul:...p \jl ..lA..:;j)f ~I U'"'L.... \j\ 

Cl,:j~1 ~i~ iLA\j1 ~ L..G ~I))~ ~~ LA~) L5~1 J ~\jl) 

J (~4J~I)) ~I u~1 ~ ~ ~i~) ~u. ~I))I 

. j;~I) C~~I 

:.;5)1 ~i ~.,J0y-L:J1.:J~ J~.:Ji P ~~I J~I J L..i 

~\).,J\ L4\ u~ il~\~ ~I ~L:...aJ1 C~ ~\ J U'"'L.. \j\ 

JLl :UL;,I \J..,.. u.~) JL.a..o~I) J..:)~~I) ~I y.}lkJl(/ u~~1 Cl,:j~ 

~ GjyUl ~I}I) ul)~~1 ~y~) ~I J~~I:.r" -4~ tf 

..:,.,~i ~~ )l.:->-~ ~Y- ~l...J\~). ~I).,JI L41) ~.,J~y-L:JI 

l.:.:i\).;...o J ~WI IJ..,. u).,u ~y .:Ji ~ tol) ~i ~ ~I).,JI L..41 

~ 0~L..i;......~\ ~ LA ~ ~I) J..:}2J1 u\jl5:A~I)y .:Ji) 4.-.1)..u1 

. i4J\ tjJ\ IJ..,. J 

il.:-W ~I J)aJ1 )~ ,-:-",l::..S01 iJ..,. cP) oJ..,. o~\ ~)U I~) 

LLC ,-:-,",L., ~) ~L:...aJI) ~U:-I u\.2-1J ~I) ~\ '-:-"')~~ 

o~u. ~\ U'"'L.... ~I iJ...>.:J J» (/ ~ II ~~\) ~I))I) ..l.:-> ~I ~ 

. ~):-I l::~.,Jy-L:JI) ~\).,JI ~4\) ~):-\ ~I).,JI 

v 



... rL:.:l-\ ~) 

~ o)l;! ~ tplp\ ~II~ J')l>. :r ...::....0) ..G 0.,5i 0~ ~i 

. ~.,Jy-~I ;U.r-J,I J~ ~i ..b-i J~ ~ 

. ~r-=JI ~\ ~) 

~I ":;"".,ya ~I ~ . ~ 

~4J1 ~~))l1 4S:.W1 - 0Los

'4.,4.,4.,/'1' 



p 

v_~______________________________ L.-o J.Al1 

'0 ~~I ~l...>-~I ,-",,~l ~\.;.~ 4~1 ~I)j: JJ~1 j-.a.4J\ 

W ----------------------------- J......lJ 4.Aj'YJI.)\}1 

or or ------------ 4~1 ~\Jj 

H ------------ -:.JI..A-:Aj'->\.:JI uP~'i 4~1 ~\)j 

n ------- ~~I -:.J~~ tlj~ "L:.jl 

n c~ -:.J~ -:.J~WI p:S.;j~;: '\rji

or~ c~ -:.J~ -:.J~WI p:S.;j~;: ~L;-

n --------------------------------- i ..ul U\.r' ,,~I 

'l"or - -- ------------- ~I t.~ U1j-A "L...:.il 

'1"'1" . (.:..Irl l i..ul U\j-A "L...:.il 

'1"£ ~. L"l'. ~ \. ,,~I------ ~ -~cr ". U~ 

'l"i - . .',. - . \- I. -\-.---------------- - <l;:>-~ cr ~ U~ ".........
 

t'l"------------.------- 4~1 DNA ,-",,~l: ';~I J..aAJI 

to - - - J.-.U 4.Aj 'YJ\ .)I}I 

o· _ _ . ~~\ DNA uP~1 

0'1" _ -------- -------- DNA JI \....-..N oJ 
• - J 

ot . _ -- -- RNAJI:.r DNAJ\ 4}'j 

00 



oi <.:.Jl.;WI DNAJ .:lj~1 ~~}l1 

oV iY..r.-J1-4J}5 & e <"yWI ,-:?.?)I .:l}J~ ~~}l1 

0'\ -------------iY..t;}l1 ~Jr. :..r- DNAJI c~j 4}"; 

i • <.:.Jl.;WI DNAJ el.,JI ~'j.>.::-}l1 

i'l' i.:l c~j:..r- DNAJ\ ~~\ 

i'l" ~I t.l:>,.j ()jA ji i...Ll\ U ljA :..r- DNA JI ~~I 

it ~I UI)I:..r- DNAJ\ ~~I 

io ~Iy.-J-I ~}l1 :..r- DNA JI ~~\ 

i O ~"iJ..1 ~ ~G:-)1 u-i~1 il..l.>..::......1 

iV __ ---------------------------- J~~\ u-i~\ il..l.>..::......1 

i'\ __ _ ~I ~WI J DNA J\ r.S:) -r~ 

V· - --- ------------------------ ;iJ}t, DNAJI J:J~ 4)'; 

V\ -- -- DNAJI ~J .r.~J~ 2.J~;~1 il~l: ~~I ~I 

V'I" L.o..J.A..o 

V'I" _ 

Vo__________________________________ iL:.JJ\ <.:.J~;i
 

Vi -- - .r.~1 <.:.J~;i
 

Vi ----------------- ----- -------------- - - i-lfJ\ <.:.J~;i
 

VV .,.,\ -\ 1-1\. .L.dj\ _ 1_ •• <\
-------------------------- '-II;;..) »r- :..r- c- ~~J" 

V'\ .i..J:,WI <.:.J~; \II 'y\..Q.; ~
 

A' ~; \II ~I)-\
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Ao - --- ~---- PCR .f.~rJl ll-L J"Li; 
Ai -----------._------_.------ PCR J"Li; 0i 
A" ~ jjU e PCR J"Li; 

".--------------- --------~ DNA ~ e PCR J"Li; 

------- i':AA ~ ~L.~I oMI : ~I)I ~I 

"V _ -- - -- - -- -------------- J.-.U ~j')Ul .)I}I 

--------- ----.\...-o..J..i" "" 

, • • --------_.--- %0.8 j.,,)~)11 i~~ 

,.. --------_.------------ j.,,)~)11 i~.r? ~4~1 o~\ 

, ." ----------- -- ----. tl~ DNA EiJ ~):-I 0Ij.,,)l1 -4~ 

,. i -------- --------------- %12 -4~.?1 JrJl i~~ 

,·v --------_._---------- -4~.?)l1 i~.r? ~4~\ ;;~I 

,·v ------- ---------~--- ------------- -4~.?)l1 i~ ~l:-P 

'" - - -- -- -- ---- -- - - - ------- ----- - L-,...J..i" 

-- -- 4•• c..)1\ ~l i"4ll:..r DI\lAJI ~ ~»""------
, H' _ . '~.u:. ·i i., DNAJI· :.------~ .r" ~ '--::-:-' 

,'0 .___ _ t-.yll ~41~ : _r.)UI ~I 

'\V ------ ~ ~j')UI.)I}1 

"" _____________ .\...-o..J..i" 
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-------- ----- - -- ~J...i., 

,of _ -------- --------------- -- ~ Lj)\j\ ~I.,il 

---~-- RNA ~\ t-,?j'y-"!)I t-,?jrJl ~~I-.r'~l 

-------------~------- .)j)1\ ~y6JI

-~---~--------------------4~1 ~y6JI

________________ mRNA J\ ~~? 

_______________ ~li5 mRNA il~~ eDNA ~~ 

,,'1"------------------------- .)j)1\ ~I ~~

"f --- -~-- --- ------ -- 4~\ ~\ ..~ 

n"\ 

,"\V_______ eDNAJ\ u~~ u~~.)1 EeoRI ~i~)

,,"'----- ----------------.---- eDNA JI C~f 4)'; 

W,___ ----------------- U~)}\ u~ ..~: t"'WI ~I 

'vr . _ 

Wo EMBL4 JWI il~~ u\;)J'" ~ ~~ 

,vo ~ o~1j H20 - 10 ~ DNA & ~ 
, V"' ~ EMBL4 L/W\ t: DNA J\ & :L....~ 

W,, ~\j ~I ~j ;;~tAS ~L>- 

'''''1''---------- PBR 322 ~j~1 il~~ u\;)J'" ~ ~~ 

''''f _ ~}SJ\ ;; ..tAS ~L>- 

\\ 



'At __~ ~ ~~_ .. E.coli HB 101 ~~\ ~t.;-

'Ai . ~ -- E.coli HB 101 ~~I ~~-

, '\, ~ DNA JI ~I,),)'; J-W o~l} : ~WI j..aA.l1 

,'\" __~ ~ . j-<>..JJ ~jJUI ,)\.;..\.\ 

',\0 " 0.rJ.,5 - .J-L....~;, ~ DNAJI.;:..I,),)} ~ 0..1)

),)~ 
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Cultures and Tissue Culture 
for Nucleic Acids Extraction 

\0 



: ~1.l.iJl .kL..j ~l - 1 

: LB agar 

Baeto-tryptone ilj:- 10 

Bacto-yeast ext ret i1j:- 5 

Nael i1j:- 10 

Bacto-aqar i1j:- 15 

~ - PH 7.2)a.o .,.lo .rJ + 

: Top LB agar 

Baeto-tryptone i1j:- 10 

Baeto-yeast ext ret i\j:- 5 

Nae! i1j:- 10 

Baeto-agar i1j:- 6 

~ - PH 7.2)a.o.,.1o.rJ + 

: LB Broth 

Baeto-tryptone i1j:- 10 

Baeto-yeast extret i1j:- 5 

Nacl i1j:- 10 

~ - PH 7.2~.,.1o.rJ + 

: {OMEM) Oulbeccos modified Eagles medium 

.rJ 10 ~~ DMEM ).)-'~ ~ 

dnH20 cr.r ~ .,.lo .rJ 10 

(Analar) Nal-ico-, i1j:- 23.0 

\V 



Nacl il.,j 10.4 

3(-"'/O~j 10.000 0;;--J..L.~.r-/~3r-" 50 

~.) u 1rJ..! .r:-S' ~r.J1 J':>l->- :r ~j ~ I.LJI .h.-..,JI ~) 

~ W" . r= 0)1.;> ~)~ 4W 3r- 500 ~l.;j ~ .b.......,JI .12A.>-lj I~ 
-. \~l.::-- ~\..l.i.l\ .b.......,J1 ..\~ 

: McCoy's SA media 

Gibco MEM (Eagle) 3r-" 100 

Fetal bovine serum 3r-" 10 

Phytohemagg lutinin 3r-2 

Pencillen / Streptomycin 10.0004/ml 3r-1 

L-glutamine 3r-1 

Sodium heparine 3r- 0.35 

. ~ .b......j ~ ~j-o ,-?~j ~ J:JLs!:1 c~ ~ 

: RPMI 1640 media 

. ~j ~l.::-- ~\~.b......j 

RPMI 1640 + MEM alpha media 

RPMI 1640 3r-" 100 

MEM 3r-" 70 

3% L-Glutamine 3r- 2 

Fetal bovin serum 3r-30 

Pens/strept. 10.000 u/ml 3r-2 

. ~Y':"~Ui 

\/\ 

http:l.::--~\~.b


," 

~ 

J--.:.H.=o..A - 2 

: STE 

Nacl 0.1 M 

Tris-cl 0.05 M 

EDTA 0.01 M 

PH 8.0 - ~ ..\..o.rJ ~ 

:TE 

Tris - cI 10 mM 

EDTA 1 mM 

PH 7.2 -~ ..\..o.rJ ~ 

: MSB-EDTA 

Mannitol 0.21 M 

Sucrose 0.07 M 

Tris-c1 0.05 M 

EDTA 0.01 M 

PH 8.0 -~ ..\..o.rJ ~ 

:SM 

Nacl il}- 5.8 

MgSo4 ~l';' 2 

1M Tris - cl 3r-- 50 

Gelatine %2 

PH 7.0 - ~ ..Lo.rJ~ 



: %0.2 Maltose 

.r:&' ~?~ Jylsh\ ~. ~ ..Lo 3r--' 100 + jplo i l';:' 0.2 

.~)~~ 

(~J~)%0.9 Nacl 

. ~ -~ ..La ? .j Nacl il';' 9 

: (10 M) Thymidine 

. ~~ ..La?.j 3 t-"' 100 + cr-..l:-€L; i\~ 25 

: (MTX) Methotrexate (10M) 

(~I-,~ o..u e::llp) . ~~ ..La 3t-"' 100 + i l';' 5 

: ~~b~-3 

Ampicilline ~j 

(50 ug/ml) ~~ ..La 3t-"' 5 + ilyAL 500 

: Chloromphinicol J~-,).,l5 

(50 ug/ml) ~~ ..La 3t-"' 5 + il~ 500 

%2.5 :.l::-J.} 

0:-'.} J}-.o 3t-"' 2.5 

~ J}-.o 3t-"' 47.5 

~ 3r---"' 1 .....;~ . ~.rJ.l EDTA oL,.;1 ~1 ~lJ,..\ 4..ll>- .j 

.0.01 M EDTA J~ 

: Type III ~ 'i.,s 

. 3r--/iJ.:>.J 100 JL-.::....~ i~~ ~t~ 

"(. 



HBSS ~lA J..,L

Nacl fl";' 8 

Kcl ~I.;ALo 400 

Cac12.2H20 flyAl.o 185 

Na2 HP04 anhyd fl.riJ...o 47.5 

KH2 P04 fl~ 60 

NaHCo3 ~lyAl.o 350 

MgSo4. 7H20 ~\yAl.o 200 

Glucose ~I";' 1 

Phenol red fl~ 17 

.~ ~I? ~ J.".lA1 ~ - PH 7.0 -~ Solo? .; ~;i 

l.S.;>-i ~tjP 

fJ';.JJ}5 

JH 
J::.ai.J~i 

J~4.J.r..J~i 

~)aA.o Solo 

r-+6 
~ .y...J- )~ 



\." .. ~~·q~1 ...~ .).) 

-';10 .k......j ~ DNA 4 1).,J14i~la U""'~\ ~."lhll l:~1 Ujl - 1 

~)".LlI ji) r37.5 ii).;>- ~)~ ~ji... J~':JI ~I . <.?? J~i .) ~ 

. 4.&.L.... 24 o..ll (~L:.l1 ~))-I 

3r---" 100 ~ J)j~ dll:~1 ..:;.,lrQ·- <:» o...l.>-Ij:..ro".r:- ~I - 2 

.. "-;-,,L.:...o (0j.r.) J1L.... ~IJ.&;. .k.....j 3('""'""' 50 ~ <.?~ 

.) (~L:.l\ ~)~\ ~)..Lli ji) r37.5 o}r->- ~)~ J)j..Ll1 ~I - 3 

. 4.&.L.... 24 o..ll (rpm) ~..Lli .) O)j~ 200 jib ~)~ ~ ojljlb ~L:.-

3r-- 100 J)j~ d\ &Ij ~LJI ~UI l:.r.>:.:J1 ~)jA:..ro 3r-- 1 ..i> - 4 

. J1L.... ~IJ.&;. .k.....j 3('""'""' 50 ~ <.?~ 

jib ~)~ ojljlb ~G-.) r37.5 0)';>- ~)~ ~ l:~l J)j~ ~I - 5 

~ 0.5 0 d l ~)j-OlJ 4~1 oL;SJt Jr"'j ~ 4ii)..Ll1 ~ o)j~ 200 

. 600 ~Y' J."k 

V"'Yj dii_;~ 15 J5" u-)jl\:..ro 3r-1 ..L>~ ~~ 0r--o ~ 

V"'~ jlp- il~~ 600 nm ~r J."k ~ 4~1 cil;S 

~I ~ J~I~) Spectrophotometer ~.,...aJ1 4jl;S:jl 

. (~\.&. .u.)~ 45 - 30 ~ ~)kll 

d\ u-)}\.k......j ~I. ~L:.l1 ~.,-.aJ1 o~\ d\ u-)}I J~j ~ - 6 

. ~ <.??.r'" ~):> ~l.;i 

.. ~L;~ 10 o..ll ~..Lli ~ O)j~ 2500 ii~ ~?.r'" ~ l.;)'1 ~):>I - 7 



J~ :r 3r--" 2 -1 4.k.....1~ ~~I ,-;--,,1) ,-:-,.)\j ~I)I :r ~ - 8 

. STE 

~ 4~j ~~1 ~Lii .; 4~1 ~~11 ~I.",~ ~.rol - 9 

. ~~~I .; 4..41~1 ~ f4 0)1.;-> ~)~ ~I. (Pyrex) 

DNA -II .:.r (ug) ~\~.,,~Lo 100 - 50 ~ J~I ~ 

~ DNA .:..r" ~1 4S ~1 ~lJ.l ;Jb- .;." . Uo...;kJ1 o~ 

. 40#' .; 4..o-l";M II ~)j11 4S ~ 0~4.i 



LS.;.>-i o~ ~\4j~ ~L.,.;I pAM 19 ~ pAM 18 ~ pSp 65 ~ pSp 64 

. :..r--- rS~.)L.,a.... ~.J~ ":""JY ~ u=JI..!..ltL.,.,~ . . 

3r-----' 50 ~ 1.3).,~ L.i ~\...l..::--oj~ V""~I ~}hll 

..;~ ~~ LS~ (~".r.) <JL. ';1l&..h.....,,jA 3r-- 20 

~~\ Uj l 

~ ~~ 

1 

. (3~/ il.r:-.,~Lo 50) '"':-"~ 

200 ~ ~)~ ojlf' 4..:..,.;l.>- ..; ~37.5 o};->- ~)~ ~))I 1.3).,~ ~I 

. ~L. 24 o.ll ~...Llt L.i O).,~ 

2 

10 ~ ~~ 3r-- 25 ~ 1.3).,.) ~\ ~~I ~)f",jA 3r-- 1 ~I - 3 

. ~LJI :r..s.rJ1 ~ ";~I ~l..4t~ LS~ <JL. -ill&. .h....., 3~ 

200 ~ ~)~ ojlf' 4..:..,.;~ ..; ~ 37.5 0);->- ~)~ ~))I J).,~ ~I - 4 

J.,k ~ 0.5 ~.,W ~~ ~l:S ~I ~))\ JrP., ~ ~...Lli L.i 0).,.) 

. (0.0600 =0.5) 600 nm ~., 

o).,~ 2500 o~ ~jS.r'" ~):>I . ~jSr" ~):> ~L;i ~I ~))I J~ ~I - 5 

. -y lj.) 10 o.ll ~...Ll1 L.i 

STE J~ ,jA 3~0.5 ~L.,.;~ ~~I ,",:-,,1) ~~i., ~I)I ,jA ~ - 6 

.~L;)I\~~I 

~L;)l1 ~l;~ ~ ~I., STE J.,b- ~ i~ ~~I ,",:-,,1) Ul - 7 

. 4-P ~~j V""~I ~~i ~I 



. u \..l:-oj ~\ vP ')\.::.:.;;....\ ~ r20 - a);> ~)~ c:~.,.....J\ ..l:ui.:>- \ - 8 

:~WI~I 

3r---- 50 r.::- ~)J.:I ~ ~\~j~ vP~1 ~}hll ~~I uj l - 1 

. "-;--" ~ k ..lJ.r.) <JL... .;IJ.i. .k.....J 3t""'" 20 ~ i..?~ 

200 /> ~)~ aj\j.A> ~~l> ~ r37.5 a)r ~)~ ~))\ ~)J.:I ~\ - 2 

. ~L... 24 oJ1 ~..u\ ~ o)J.:I 

.:IL.,al.\ t: <JL.JI .;U..;JI .k......,J1 o" 3r - 15 ~~I 4.s-)j-* d\ u...,.;i - 3 

. 3t"""'/il.r:-J.?-:Iv. 50 ~~ J~,)}S i..?~1 

. ".k......;,; II, c .:I' L, ..C 1\ ~ • II J C· ~.1 C II ;Ul.P I 
~ ... If ~ Y- -~ ).,r" If ~J)~ 

Ji 4-L..-J..j\ w~\ d\ l.:P;~ ~ ~~\ ~)L>- ~ u~J~\ 

Iv.~..L .. \..L...,o·J\.J1 ~\..,Q.; ~t::.. ') L...:..... i "< ~ ~ 
.~ -) . .r.. _. .r::-' .r-'~..---

. ul..l.:-oj~1 cr" aJ..:..ls-~ ul~ ~~ ~ J~I .)1 i..?.:I,y

. i..??r" .:I):> ~~i .)1 ~))1 J.,b- J-iil - 5 

. ~t:;.:1 10 a.ll ~..ul ~ ~)J.:I 2500 O~ ~?r ~~)l1 .:1):>1 - 6 

STE J~ cr" 3r--- 0.5 ijL.,.;~ l:')l:ll ~I) ~~iJ ~I)I :r ~ - 7 

. ~~i j.s:J 

'\ t! ' ' 
~~j vP~1 ~r:-i\ (J'\ ~u )\ u~~ JA"I rl \~ 8-'"1 - 8 

.~~ 

~o 



~j ~?i~ ~I E.Cali .:>.,J.,AJI ~~ v ~')L.../ -4..uJ1 ~l.:..2. 

~jJ . .;W\ \~ vla- , " cr" -4..L-.J\ ~l.:..2. d LS . \~~ v~~ 

\..>.....::--"~ .;W\ cr" ~I EMBL4 .;W\ ~j ~..? (f ~.J.J-\ ~ ~1-9 

.l...i:.yk.ll JA cr" o.)L..i.:-...~I ~ . 4J' c• .a" $" E.cali P2392 .:>}.riJ1 4~j 

. ~ v\.T-~ e v~WI ./ t5y:-1 .)!..u:.i ~? 

:c~ ~~ ~~~I ~,~~ :~,) 

~~ v~·W\./ ~ 4 • " 'i ~ ~.PJ\ oJA ~ J~\ ~ 

: W ~jJ ~~ ~l.:..2., ~lj}1 O.:lLJ.l ~.r-ll vl..,.:.~1 

-..?? ,~ ~~ -JI..."U- L j ~ E.cail p2392 ':>}.,..aJ\ ~~ Uj \ -- 1 

. ~L.....24 o..ll r37.5 o)? ~j-4 ~I) 

,~50~ ,J)j.).)1 ~~I vlr""- " ~ o...l->-I):r' ~~ JA-il - 2 

. (0Jr.) yL.. -JI~ .h.....) 3r-" 20 ~ c?~ 

')j;' 100 f' ~)-4 ;_j\~ ~l:>- ~ r37.5 o)y>- ~j-4 ,Jjj..ll\ ~I - 3 

. ~ L.. 24 o..ll ~..ul ~ 

~ ~~ 3(......... 500 ~ ,Jj).).)1 ~~I·J.,L-./3r-" 1 ~I - 4 

. yL..~ I.l&. .h.....j 3r-" 50 

~...ul ~ OJ).) 200 f' ~j-4 ojl~ ~l.>- ~ u-j)1 ,Jjj.) ~I - 5 

1 0.)\ ~~\ Jyls!o ~~I ;;j~\ JrPJ ~ r37.5 o)? ~j-4 

. (0.0 600 =0 1) 600 nm ~Y' J.,k ~ 

n 



.;1..i.;J1 .k........,J1 ~ J~i ~) ;ijL,.:;~ ~))I ~ ~~I ;ijt.=.5" u..i.> - 6 

i-' _oil\ ..:;..~~ <.S~ ~~ yL ';U.~. .k......):.r ~L)1i ~)j-O-U 

. (~~ ';1J.i..k......) 3r--' 200 JI.".=--) (10 mM) MgSo4 

~)~ <-?? <3~i ~~:.r J5 ~I ~~I J~:.r 3r---" 10 J-LI - 7 

.~) 

~ ).Y--'4 4..,.:.L, 4h......IJo! .;WI ..:;..IJ ," . - 4:.r o...l;-I) 0J'". .. Jail - 8 

o .,:.,')\;JI ~~I <3 l:-ki :.r J5 ~I 

~;b ..:;..UbS ';1.Li.l1 .k........,J1 ~ ..:;..~WI ..:;..1.;-" • - .. k 
,,. 0 'YI "\.wl.k...... .11 :Ll;... ~ l.U A..;\A...;. . 1.#';>- '-:f ,. cY" e ) 

<3; ~.1.l1 4..,.:.\11 ~4-i jj-I , 4..,.:.U 4 ..:;..IJu- 11 o.h J.<i.i ~)1 

~ 0J".- 11 J>..L:......) 4...pU\ ~) . ~~~ O)~ 0.;-'" - \\ 

. ~~I <3l:-ki ~\ oJ.....::..-11 Jail) (4..,.:.\11 ~4-i ~yf 

150 jA ~)~ ojljA ~I.> ~ r37.5 0)1.;>- ~)~ ~I))I <3l:-ki ~I - 9 

. ~L 24 o.ll ~.1.l1 ~ 0))~ 

7 ~ ~) ~I o~ ~l:J1 t))1 ~ ..:;..l&.L 4 - 2 ~ 

~ ~~ ",:-"I))~) J:.k:J4 ~~I ~")\> i~ ~L 24

. wl)1 ~I ~I tJl)1 yL Jy: ~15) tJl)1 <3l:-ki ~ 

. tJl)\ <3l:-ki :.r ~ J5 ~I i);,,)}S01 :.r 3r--' 1.5 u..,.;,i - 10 

. ~-jj).1.l r37.5 0)';>- ~)~ <3~'Y1 ~\ - 11 

"(v 



. ~ ~ 4~j U""~I ~ui ~I J~)l1 ..:..4~ JA.i1 - 12 

. DNA -.II U""~\ ~ r20 - o};>- ~)~ .k..i>-I 

: ~WI u".):J1 

'--?? J.:-k ~ ~ ~1..i.S- .b-j ~ E.coli P2392 0~~1 4~ Ujl - 1 

. ~L.. 24 o.ll r37.5 ~)~ ~Ij 

3r .. 50 ~ J)j.) ~I 4~1:r oJ..>.\j 0rQ·~ 4:r ~~ ~I - 2 

. ("':"-'.r.) yL.. ~I.i&- .h.....j 3r--' 20 ~ '--?~ 

~)~ ojljJ" ~~ ..; r37.5 oi,>- ~)~ 4~1 ~).ro J)j.) ~I - 3 

0.5	 ~ ~\ ~)~ ~.,...aJ1 o~1 J~j ~ ~...ul ~ O)j.) 200 jib 

. (0.0.600 = 0.5) 600 ~y J..,k ~ 

. ~..,.AJ\ ~\j ~ui ~~ ~I ~~I ~).ro:r .r-:Jj~lA 200 ~I - 4 

:r .r)j~lA 10 j ~j)ll ~~)U ~WI J~:r .r.:.lj~~ 1 u-;i 

. ~L:JI ~~)U .r.:.lj~~ 100j ~L:JI ~~)l1 ~I ~WI J~ 

20 0...L-.l r37.5 o)y->- ~)~ ~Ij ~)l.:Jll..:-:-!u \'\ J:J~ ~i - 5 

j5J .. ..;I...ul (Top agar) ~I U..,aj ~\..L;J\ .h.....~1 :r 3r--' 3 ~i - 6 

~ .' 
. ~.n-'\ 

.h.....j ~~~ JS ..:..4~ '--;-+'j i...l..::-:':- ~u)lI..:..4~ ~1-7 

. '--??: Jl.:ki ~ ~ ~I.l&-

~ ULJI' « ~ L-- · ~\ L>	 ~ JU:.i L.._ ,,:,,~Y\.s- ...:.....J 
~ ~ .r:-- .r' -. ~ ~~. ~ . 

. (.r.:.lj~~ 100, 10, 1) ~~I 



~\ ~ L?- ~L U.,a.; o..u .u~1 o};>- ~J~ C:/)\ J~i ~..?I - 8 

. ~L 48 - 24 o..u r37.5 0)';>- ~J~ ~ r.1 ~j..J1 

u1ro. ~ .. .)~J ~ 4..;L...i.-;, )IJ.) .)r-;-J 01 . ~~\ Jl:k;J1 ~I - 9 

u~WI 4S -.::....;15' ~I or.:-? .)...wl 0.r.P5 )IJ..ll1 -.::....;15' LJ5J u~WI 

.o~ 

:r o~ U1j-" ~ ~~~ JS .)\ 8M J~:r 3r--5 u....,.;1 - 10 

~ uL.. 4 - 2 o..u 4..;~\ 0)';->- ~J~ Jl:k;J1 ~..?I . u~W\ 

. 8M J~ .)\ ~I..wl .h......"J1 cr" J~;JI :r u~WI 

,-"",~I ~l;i ~ (u~W\ ~ ~~ ~.lJ\) 8M J};-- ~\ - 11 

DNAJI ,-"",~I ~ r4 0)';>- ~J~ ~\J~~ ~~j 

.~ 

~ 

:~. ··~~~~WW, .. 4('0: ~ ":W~~ _ • .. ~j ... .)-J _ 

~L... 24 o..u ~L.a.> ~ lliL... E.coli P2392 0.,J.,.aJ1 ~J.T" :.r 3("""""" 1 ~\ - 1 

. (":"'Jr.) JL... JIi&..k....J 3r-" 50 ~ ~~ 3r-" 100 ~ JJJ') d l 

~ oJJ') 200 /' 4J~ ojljJl 4..:..,.;1-> J ~37.5 o}r> ~J~ JJJ..u\ ~I - 2 

600 ~~ J.,k ~ 0.5 ~ d\ ~J~ ~~I4j~1 Jr"J ~ ;;;;,,;..ul 

, (0.0.600 = 0.5) 

:r 3r 50 ~ ~~ 3r 100 JJJ') d l ~~I ~J.iA:.r 3r 0.5 ~I- 3 

MgSo4 i)~ . ,.. II ..:,.,~.r.5 J}>....o :.r 3r--0.5 ~ tS~ JLlI JIiA.l1 .k.....,J1 

. jrJl.o %0.2 J~:.r 3r-" 0.5J (1M) 

. ~)aJ1 ~ J)J') ~~~ 

~~I t).iA JJ,.) d l ..:,.,~WI J~ :.r- ?J~Lo 100 , 10 , 1 u-,pi - 4 

. JlrJl ~ ~l:JIJ ~l:J1 , JJ;II 



~)-'-! ojljJl> 4..:..-Pl>- ~ r37.5 o};>- ~)~ ~J\..:..ll eljl' J),~ ~I - 5 

. ~L.. 48 - 24 o..ll ~...u\ ~ o)j~ 200 jJl> 

..:,;l:JWlj 4~1 0-" ~I j-::SrJl ~ ~~ ..;J\ J)j...ul 

L5)lj...u1 .r--i ~ hi ,-:--"I)j 4~1 ~ d JLl ~ w)-" 
. ~)).I ~ ~u.,.,.j 

V""~I ~ r4 o)y>- ~)~ ..:....t;WI ~ ~r:i ..;JI L5)\j...u1 1U.>-1 - 6 

. 4-;..0 DNA J\ 

r. 



~l>- <i ... ' .) ~I t; La e i..ul C~~ .k..L>-1. i..ul :Y' 3r- 5	 ~I - 1 

.~J., 

-i1..i.;J1.k......,JI:Y' 3r-10~ o.)jf" 6.Y1)j .;._.;.) i..ul:Y' 3r- 0.75 t;jl- 2 

. \~ ~ij ( RPM I 1640 .k.....j ji McCoy's 5A l.?..,5La .k.....j ) "7-'l:l1 

~Jl:l1 ~ ~ U""~ ~ ~~J~ 6.Y1))1 .) ~W 4 - 3 i~1 

.DNA~luP~l~ 

~\.:- .) ~L.. 72 oli r37.0 o};>- ~)~ ~.)~ t;1)1 ~W ~l - 3 

. ~)~)l5:J1 ..l::--5ji ~ t; %5 

. 3r- 2 ..~~ "j-4-! 6.Y1))1 ~W :Y' -i1..i.;J\ .k......,J1 ~I - 4 

. ~")\>. J:J~ ~ JraJ-1 ~ )1 6.Y1))1 ~W U - 5 

. ~ l.?j5 .T' .).;k ~ l; i JI i..ul ~ ")\>. J:J~ ~ I - 6 

. LYL9') 10 oJJ. ~..u\ .) o)j.) 4000 o~ ~j5.T' ~ l;)/I .).;k\ - 7 

F\ ..Ill ~ 3r----' 3 JjL,.;~ ~j--"..u\ ~Jl:l1 ~I~I ~ij ~\)I :Y' ~ - 8 

. LYL9') 5 oJJ. ~ L:..iJ\ !J;I . ~I 

. LY L9') 5 ;;JJ. ~..ul .) 0)j.) 2500 0~ ~j5.T' ~ l; )1 \ .).;k \ - 9 

~.rl\ .. \ ;._ .\1 i...Ll1 ~')L>. ,-:"",~ij ..I~I ~I)l ~ o-~ - 10 

. ~I J.#I :Y' 3r-1 JjL,.;~ 

~.r.-il ji ~.r.-ii .) ~LlI o~\ ~ ~l:..ll ~r..ul ~Jl:l1 J:J~ ~\ - 11 

. ~~ :L>\':-. ~I- . _ . . )UP 

http:i1..i.;J1.k


.:r-)~I iY-,)~ o,)J.iA ~ ~ ~I t..~ rf 3r-3 - 1.5 ~I- 1 

0 0 

o	 _ '~i ~I tll: o,)J.iA 4 c) ~~I ..1i..i>.IJ 

-';l::9 o,)l&- ~jj i~) ~I)j 4':; c) ~I t..~ rf 3r-'"" 0.75 Uj! - 2 

.k.....J) -!.Ujj '-;--"l:J.\ -,f \.LJ\ .k......,J1 rf 3r--"10 -! 0,)J.i-" (T - 75 ~ 

i,)~1 lSi Ji ~I)j -';l::9 4 i~1 (MEM alpha .k.....J Ji RPMI 16400 

o ~\))\ ~~ ~ ~ -.;\;Aj\ fti . o}pl ~I t..~ ~~ 

~U %5 ~L>- .; r37.5 o)r ~)~ 4,)~ ~I))I -';l::9 ~I - 3 

~1j..1 J;-:-b -';l:...iJ1 ~I ~ ~))o ~L.. 72 o..ll 0y.)5:J\ ~Ji 

o (~l.iJ~ 0y.)5:J\ ~Ji -.;~ CL--lJ 

~')\..j-I ~IJ ... - c:: -,f1..L;.J1 .k......,J1 6-"1 ;j " ;; • 4 4......,~ il~b - 44 

rl ~I..L;.JI .k......,J1 ~ ~.;k (f ~~J ~ 'Y.->- J~~ J~ 

. ~I.r" o...wJ JL~I .,.-; o~ W,) 

~j5.r" ~,).;ki rl ~ ~j5r	 ,);k ~~i o..,u;. ~ l;')\..j-\ J~ UJ - 5 

. "';u,) 5 o...u ~..ul .j o)J') 2500 o~ 

. l;')l.j..\ '-;--"\) t: <l:...o ~ L. 0'"1 rl ~\)\ ~ rf ~ - 6 

. ~J ~ ~~j U"'~10~i.j ~')l.j..1 J~ ~I - 7 

J\ U"'~\ ~ 4-o1~1 ~ r20 - o).r>- ~)~ c.~L...:J\ ~\ - 8 

. DNA 



i~ ~ ~ ~Ij ~I tl>...; ji i-Lli r;!Y (y'> 3r--- 5- 3 ~I - 1 

. ~I t~ O~jf" 

.k........,..l\ :..ro 3r-- 10 ~ O~)j-o ~\)j ~. _.; ;j r;!r-J1 (y'> 3r--" 0.75 Ujl - 2 

.rsi Ujl . 10.0 ~)~ MTX Methotrexate 0~l..A (y'> 3r---- 0.1 + .;I..L;JI 

. ~I t~ ji i-Ll\ r;!Y r:l ~ ~._.; (y'> 

~~ ~ ~L.. 17 o.ll r37.0 o).r- ~)~ ~~~ ~\))I.j\..:j ~I - 3 

. 0y')LS:JI ...l::--5ji.jG %5 

: ,j h>- ')l.. 

~')\.;li o)j~ u~l JI c?Jy- Lc -:.r.~l:.ll ~i u~ ~ MTX ~ 

72 - 17 ))r" ~) . (S-phase) DNA JI ~l...,.;.; ~r" ...l.:¥ Cell cycle 

• ~)\ Q~ J ~Y\J..I :y %95 jly-- (j~ ~~ t/f l 4.ll,.;.> o" ~L.. 

J~ Ji-il ~ ~ ~L.. il~~ .;U...;JI .k......,.l\ e l:')L:l1 ~I - 4 

. ~ '-??.r" ~? ~~i ~I l:Y\.:J-\ 

. <.Y\.;~ 5 o.ll :U;;-Ll\ ~ O))J 1000 o~ ~?r" ~V~I ~?I - 5 

3("""""" 0.1 + ..~I-Lli ~U..;JI .k......,.ll~ cr" 3("""""" 10 u..,.;,i) ~I)\ (y'> ~ - 6 

. l:Y\.:J-I ~I) e I~ ~f"I) (3(""""""/ il~ 30) ~~G 

:4 h>')l.. 

r..w LS.".>i or" 4# ~1 )~~ CL-Ji .)1 c?Jy' -:.r.~L:..l1 ;jL..:;1 

t.Jl:J1 ~)I JI 
> 

~ Jy-:-...LJI J ~')\.;ll )~I ~ MTX oJL. Jy=':") 

. ~')\.;l\ O))J rY 

:~')l.. 

.} ~Jl>..)s-J~ ~ 0~1~) 4..:.A1?) 0f'~ (j~\ elf I 

. DNA JI ../~~ )1 ~I O))J J>-If" rY ~~r' 

II 



1 

~ j Ii_I.:!~ .;,... ~. " i t.;lj...o ~L.:.,j 1 :=J 
, yWI ~jr::-J\ 01j>-:r ~}hll ~Y\.:l~ ~l:l-I.J.i..i:l1 ;o.o;~) 

~~ 3r--" 25 ~ ~\)j ;0_'; ~\ ~Y\.:ll J~:r 3r--" 0.25 ~I - 3 

~Y\.:ll ~~ -l&-i . (~ DMEM) ":-,,,81 ~\.l;J1 .k........,J1 :r 3r 5 ~ 

. lSy>-i OJ" yWI ~jr::-J\ 01j>- ~I .tl;.#1 

..L:---Sji ~G %5 ~~ ~ r37.5 o)r ~)~ ~I))I ;'_0; ~\  4 

. ~Y\.:ll ~ ~ Jk-S\ ~ ~L.. 72 - 24 o..u 0)UL5J1 

3r--- 2 ~Jl;l..\ ~ ~I .....a..,.;ij ~I))I ;'_o;.:.r ~\.l.;J1 .k........,JI ~\ - 5 

. %0.25 ~;:JI J ~ :r 

L-e ~I)\ _. ) ~ ~ - L. '..y ~ "1 _h.~ \.'''-' -II J\~- y~ -. .. 0!.r '-F ).T ~ ~~.r-' ~ r...Jj 
~ 

. ~ G 60 - 30 o..u ':Jl......;.j 

6 

&---~ JJG:. .:.r f-} ~ ~rill ~81 0.rAJ1 .ij.ru' ~ 

0..,u"L;;.... .ul:- ~ . ~I))I ~l;j ~ 0j~ (x 10 0;) ~~ ~))\ 

. 0 ~L., "'::11 JL. ~\ _ .... :\1 ~ rr> f-r ~. c:::

, ~I))\ ;'_0; ~\ ~\.l;J\ .k........,J1 .:.r 3r 5.....a..,.;1 - 7 

. ~Y\.:l\ J~ ~ J~ ~I))I ;0_'; U - 8 

50 ~ ~I))\ ~l;j .:.r ~..l&- ~ ~Y\.:ll J~ .:.r 3r--" 0,5 ~I)j -l&-\ - 9 

, ~ JS ~ ~1.l;J1 .k........,J1 .:.r 3r 10 -! O~jj-o 3r
 



~ji ~U %5 ~L>- -} r37.5 o}r ~)--4 ~I))I ~L:.; ~I - 10 

. ~ ~")\j..1 ~ ~ JL..:5\ ~ ~L.. 72 - 48 o..ll ~~)LS:JI 

~.rJ1 J~ (.r 3~ 4 - 3 u.,.;,ij .;I-WI .k......,J1 (.r ~ - 11 

. ~I)j 4' •. ; JS .)1 %0.25 

. 6 opl -} W- ~")\j..1 ~ ~ ~ r-:;)l1 J~ Uj - 12 

J~~ \..:.A..l1 <:? ' ~ I)j .i'.'; J>J .;,.wI .k......,J1 (.r 3r-- 3 u....,..; I - 13 

.~~J~~ 

. ~ L?.?.r" ~):> ~l;i .)1 ~")\j..1 J~ JA-il - 14 

. .Yl;~ 10 o..ll U-)..ul -} 0)j~ 4000 0~ ~.?.r" ~ l;)I1 ~):> I - 15 

. ~~i J>J STE J~ (.r 3t""" 1 u.,.;,ij ~I)I (.r ~ - 16 

~~I 0~i -} ~V-I ~\j STE J~ e ~~I ~I - 17 

. u..hi u.,., ~l>'- . -" ) 

'fo 



~\~ F I J.:-! c...:.... u))\ ..L.:...;\ ~I}I ..rJ:-I ~.)i~ 

. J1hl1 J~l: ~~~ 

~\ ~ ~I C~~ .)\ MSB-EDTA J~ :.y" 3r--- 3 - 1 u-'pi - 2 . 
. ~~j I~ o~ &.)1 ~;j o~l.>- 0';"';' 4.k..-iy. 

U"'f> ~ ~Ij ~I & ~ .)1 %0.25 ~?\ cr" 3r- 1 ~\- 3 

o};>- ~)~ J..c.L.. o..u ~\ ~ LSy:-i ~~ 2 - 1 orJ-l ~\ ~.' 

. ~ 37.0 

~ - \.., ~\.c ~I .l."dJl.h.J..:,:. ~ 1_. \..,':>l;ll J .1__ '---""=- ......1 - 4
)y--" . . -'. c- . ~:.y" - ~ . 

wj)~i i..;--;:-!Gi \I~I ~) . ~ '-.?jS.r4 .)>~r3i ~\ 4.li.;1~ 

. (o~ Eppendroff tubes 

. LY~.) 5 o..u . ~..ul L.i 0))') 2500 o~ ~jS.r" ~\.;)11 .))~l - 5 

~')JI ~~ .)\ MSB-EDTA J~ :.y" 3r--- 1 ~L..;1 ~ 

. t:.')U..I :.y" -4)1 ~ J.rd-\~)1 ~?I ~L,.;!J 4--f>j 

,"-:---,,1) ~I~ ')J ~\.l.;J\ .k......,J1 :.y" 3r--- 2 - 1 w-.pij ~I)\ :.y" ~ ._. 6 

. l~)\;Li 

n 



~u %5 .:L:-,.;L- .} r37.5 oJ;>- ~)~ \ _;; .i ~\))\ .jG ~i - 8 

. ~L... 48 - 24 o.ll 0y.)s:J1 ..l::-S)i 

~1 3r--'Ii I.r:-J~_I- 50 ~ l::->- .:l L,a...S ~)f\ U L.a:. 

. '-:.~~ ..:..,pl (y" (i) I ~l...J- ~I..wl .h......,JI 

.J....--S i '\j'l..i.. C' - \ Lu= ul)\ '\...:j Lki-\ . ~\.:.~ )f - ) '-I) ~ ) '-I - ~ 

.h......,J1 ~ l.>- ~..bL.J. .j l:.i.ll J>-I.:l .)1 ~riJl (y" 0~) ls:J1 

.~\..wl 

. ~L... 24 J5 ~I..wl .h......,J1 J~\ 

~I))I ..}\...:j ~ ~> :...~ ~L.. 24 J5 ~yU..1 il..-....Q..jl) Y u.,a;oJ\ - 9 

. (x 10 oj) ~I ~ Lp..::..; 0).:l 

Confluent 0..\..>\) ~ ~) ~I ~ ~yU..1 C~ 4Jl.>- ~ 

L;..,' 0 -: \ L ':>\3-1 L.::..>.\ 4Jl.>- ~ L.I . UUI 0 L:1 \ II l ~ -~ I 
- ) .r-"'"' - C - '--? - ~ L$' U-

. lAy JL...::SI L?- '-:.")\3..1 ~;I ~LPI 

rv
 



. (Bleaches u\.;+kll :..ra 

4 ~I !J.r": ° 4.J;.\))\ 40_0; ~I %0.25 ~rJl cr" 3r-" 2 ~I - 11 

~ L:;U' 60 - 50 o..u ~')l;l\ ~ ~ r.:;'1\ J~ ~jP \rL....;,j 

. ~I ~ljj ..\.>-\ :..ra .t.,..,\..: J#\ ~I 

e J}.s!:.\ cro1j ~\).rll ..0.0;.)1 .;\.l..;J1 .k-.,JI:..ra 3r---" 5 L;' pi - 12 

~ ul.r" o...uJ lS.;->-i 0.r" W.;lj .t.,..,ll~ J#I ~ ~):> (f ~yU..1 

. O.;l~ ~')\>. J~ ~ Jy.a.:l\ 

.;ll~ i\~~ J}.s!:.1 :..ra 3r--' JS .} o.;l~.,J.1 ~'Jlj..I.;l..ls- ~I - 13 

° Haemocytometer Counter .r::-o~L~1 

j;~1 cr" 3~ 0.5 e ~Ij ~yU..1 J~ :..ra 3~ 0.5 ..i--> - 14 

UL5 ~ e ~LlI ~jr-::-:JI ~ 6....,.::.l.>- Y.} ~Ij ~I 

0 

~ LJ- \ 4..l~ .} ~I t.r)J U"" l.,.:.)1 r-W~j .hi:ll 4.• ~ u L..,.w\; 

.~jJ 

;150 ~ 4.J;.1)j 4. ' .} (12 o¥1 :..ra) ~")\j..1 J~:..ra 3r--' 1 Ujl - 15 

. .;U..;JI .k.......,J1 :..ra 3r--' 20 ~ o.;ljj-o 3r--' 200

4..:...,.;l>- .} ~L... 72 - 48 oD r37.5 o)r- ~~ ~I ~I ~\ - 16 

° 0~)LS:J1 ~ji -.it.; %5 

~1.i;J\ .k.......,JI ~I, ~')\>. ~ j;-,S:~ U>.r" ~\ ~yU..1 JrPj ~ - 17 

. ~)f=-" ~ .t.,.., \..: 

4 ~\!Jy-:>. 4.J;.1))\ 4·"; ~I %0.25 ~rJ\ :..ra 3r-" 5 ~I - 18 

~\jj .1.>\ :..ra "-='\..: r.:;'11 J~ ~I ~~\.; 60 - 50 o..u \rL......;,j 

0 

.~\ 

.} L.....S i~ Ul . 4.J;.1))\ 4'''; ~I .;U..;J\ .k.......,J1 :..ra 3r-" 5 u.....;.1 - 19 

.12o¥1 

1"\ 



'" 
o)j~ 4000 o~ ~..?.r" \..2l~):>lj '-?"?.r"~):>..;l;j~ ~~I J~ ~\ - 20 

. ~l9~ 10 0...1.1. ~...ul ~ 

(!-'"\ . STE J~ cr" 3r-" 3 t9L.,.;~ ~JGlI ~~Ij ~I)I :..r" ~ - 21 

. DNA.J\ U""~\ ~ r20 - o}r- ~)~ ~Ij I~ 

: ~~I ~)::JI 

~ '-?~ .1 .... ~ 4-l ~ ~)j-4 .,.l.:J1 ~}kl\ 4J-1 ~)I\ ~ 

~ 4-=k .1;W-\ ~~~~ J~ ji ';IJ.S:. .k.-..j ji i..ul ~ 

. ~L.. 24 0...1.1. ~~ ji o~~ ~~I o~ i\.J..>....,.,\ ~ . ~)j 

. ~ ~~j '-?.i-! ~ ~\ ~I c~y ~\ - 1 

'" 
I..L=:-o~ & ~I ~ o~l>- ~I~ o~ i\~~ ~I &\ - 2 

. ~I .h~ 11..b..J.>. II '\.l.;JI.k.-.. -Ii· 3 1 u..,.;i - 3 . . . C- . if if .Y cr" r-"'"' 

~ 4..:......:..iJ1!J T- 25 y,. ~I . ~ II ~I .h~ 1I..b..J.>. l~:1 - 4 .. - .r":j c...:r)). if .... C- .. U

. ~I))I .1 .... ~ ~ ~~I & )~I ~ ~\"-::'j
 

i~i 6 - 5 0...1.1. ~Ij ~I))I .1 .... ~1.;1.l.;J\ .k.-...,JI:..r" 3r-"'"' 4 u..,.;i - 5 

. 0y')lS0\ ~ji ..;l; %5 .i..:...P~ ~ r37 .5 o}r- ~)~ 

100.000 r.:s? JU_~I L.,JI d l ~~y...2/~i 4jL,.;1 ~ 

. 3r-"/0.J.>j 

j>-IJJI dl ~;.J~ 0y')'LSJ1 ~ji ~~ CL-...U o~ ~I))\ ;j ... ; ,,\hi. J1;u ~ - 6 

. ~I e:Y' F-J.ill JliAJl L.,JI ~ ~ i~i ~">li JS JliAJl L.,JI;;-j 



J j '1 l 4" ;; ." '-?~ J~\ <U')U ~ JJl..,a..;l\ O? ~4 ~ 

2 ~L':J\j Hank's Solution (HBSS) ~~ Jyk.o ~ '-?~ 

%0.0625 ~~ r.:S.? HBSS : EDTA : 0;--'j J~ .:..r" 3r-
. ~~ '11 t:P.,J ...:.Jl:.lI j 

. ...:.Jl:..l\ LS· - L J\ ~\ )1 4..:.......:j. wLJI ~'1\ I~;l - 7
.r. ~ 15 ) - 0-" - . i..J"' 

'-?~ ,y..b ~ '-~~ J~ c} \ @ ~j~'.h.c.ll~ ~'11 ~I - 8 

. .jl:J\ ~\ - 0;-:rJl J~~~ ~ u1r> o..w J j '1 l 

;..l-->-\j ;U-L., o...u (~L:J\ ~\) ":.J~rJl + ~'1\ & ~ ~I - 9 

.r3 7 .5 o}r ~)..l: 

3r-'"" 2 ~Ij ~'1~ ir.,;)11 0).) ~\ J" ~rJl J~ ~I - 10 

. (3r--"/o~j 100) Type II Collagenase ~ '1~I f-}\ J~ cr" 

,r3 7 5 o}r ~)..l: -.5y>-\ ~L.. w...a.; o...u ~I ~I 

, 
0.) ....... ;u;.\ . 4..:.......:j JI ~I ~I :z....:,lo L.,~ ~'1\ .1,g l~;\ - 11

j., )) - 15 j . ~ cr: 

. -J1.i':- ~j 3r--" 10~ 

~! ~;.~ 3~ 1 ~ ~~ :L.,.:.lo ,1..1..>...::....\ ~ 

~-",,--. ;; L ..L.~...:__Li Tip ~':)LJI .w...k.iJ1 ....... -"L.. '11 
'I.? - - . v <..,? 

,L-- .. -"' 

:z....:,l: -J1J.;J\ ~.,J\ ~ <-Y-? ~ ~\))I 4'.'; J>b ~'11 ~ - 12 

. or> 30 - 20 -.::.:1)'"'" ...wj LSY>-\ or> o~ w.)j ~ 

~ . 



x10:;~ ~ il~~,)~ ~ 4')L::l..1,)~j ~ ~ 

" ~\~0j,) 

%5 ~l.>- ~ r37.5 :;)r ~)~ ~L.. 72:;J.1 ~\))I 4" _"; ~\ - 13 

. 0y')LS:J\ ~ji ~U 

J~ ~L:...o:;~ ~\))I4"_'; U. ~ <SY-" d\ ~I JyPj ~ - 14 

. 4")\.>. J~ ~ 

" ~1))I4'_'; ~ 4')\J...\ Y ~ x10:;~ ~\ i~l

-i1.i;J1 h.....,J1 :.r ~I))\ 4'_"; t:~ ~ 14 :;~\ :.r ~~ 
~ ~U 60 - 50 :;J.1 ~ ':J~I j\ ~;JI :.r 3r-' 2 :ULP\ 

il~b . ~\.i;J1 .k....,.,J1 :.r 3r----"' 5 uL,.;l j f-:?':JI 4..lljl 

~ J~ -i \i.;J1 h.....,J\ e 4')\J... \ cJ-" ~ ).f--o' ~ ~L., 

" :;,)~ 4")\.>. J~ 

cr-~I cr" 3r----' 0.5 4\ u.,.;lj 4)l;l1 J~:.r 3r--' 0.5..i...>- - 15 

" -.1\ j ~ 4..-.,pl>..l:2.i..> ~ j ~. _.I\.k.a.-..>\ -;;.t1
~j.r-' '-? j - ~ C~ j r-

. ~\ ~L:l1 0:l- yUI 

"~ >..??yo ,):> ;..,. i , ) :;,),A\ 4')\J...\ J~ :.r ~ L., ~I - 16 



J~ .;l;j a.J..s. -.} 4")l;l1 u.\)j a~~\ a}a:J-1 o.1t. .; ~ 

4"jJl\ J ~ :.r 3r-" 1 ~ \)j-! ~~j 4"jJl\ :.r a.r--:S 4S ~ 

~L..a.>j JI.l..;J\ .k....,.,JI :.r 3r---" 5 ~r-:-j c:: ~\)j 4'_,; J.s0 
~ ~Y>:-j ~l:>- ";j , r37.5 air ~)~ rs i ji ~L. 72 a..Ll 

. ~l:.\1 ul}a:J-I -.} ~I ~~;}I~ 4"jJl\:.r ~ 

, ~l;~ 10 a..u ~..ul -J o)j~ 4000 a~ 
. 
4.;5.;A ~~;}\ ~."kl - 17 

.h.......,J1 :.ro 3~ 2 oL.P~ 4J\3.-\ ~I) ~\~I ~ij ~I)I :.r ~ - 18 

, STE J~ ji ~1l.;J1 

.0..:...0 DNA.JI ~~\ u:J- r20 - a)y-- ~)~ ~~I JiA.>.\ - 19 



~UJI J 'osll
 

DNA Extraction
 



: %25 SOS 

. )a.a..a ~La 3r-' 100 + Sodium Oodoceyl Sulphate 0-" II}- 25 

: TE 

Tris - cI 10 mM 

EOTA 1 mM 

PH 7.2 - ~ ~\..., .rJ ~ 

: Lytic Solution 

SOS %1 

NaoH 0.2 N 

: NaAc Solution 

PH 4.8 - Sodium acetate :r 3 M 

:SM 

Nacl II}- 5.8 

MgSo4 II}- 2 

1M Tris - CI 3r-- 50 

Gelatine %2 

. ~ - PH - 7.0 - ~ ~\..., .rJ ~ 

: Ethidium Bromide 



:~J~
 

. ~ - )ai.o .. Lo .rJ + Nael i l.}- 9 

(ELB) Erythrocytes Lytic Buffer 

Tris - CI 0.05 M 

SOS %0.5 

Nael 0.1 M 

EOTA 0.001 M 

. PH 7.2 - )ai.o ..Lo 3r-" 100 ~ ,-;-,~i 

MSB - ca ++ 

Mannitol 0.21 M 

Sucrose 0.07 M 

Tris - c I 0.05 M 

Cael 3 mM 

. PH 7.5 - )ai.o ..Lo .rJ 

MSB - EDTA 

Mannitol 0.21 M 

Sucrose 0.071\11 

Tris - c I 0.05 M 

EOTA 0.01 M 

. PH 7.5 - )ai.o ..Lo .rJ 

: STE 

Nael 0.1 M 



Tris - cl 0.051\/1 

EDTA 0.01 1\/1 

. PH 8.0 - )a.o .,.L. .rJ 

: 1o.:..A~j.i ~ I - 2 

: RNase A Solution 

Pancreatic ribonuclease A i1yi- 10 

~ )a.o .,. L. 3r--" 1 

o)~~.n-J uil rl.YU~ 10 o...u ~L. il.....>- ~ ~}'l\ J~ ~i 

.r20 - o).r- ~)~ .h.i>-I . o;J1 

DNase I Solution 

DNase I il.;...Lo 10 

0.15 M Nacl 0-" 3r--" 10 

"J \- %50.~j~ 

: Proteinase K Solution 

Proteinase K il.;...Lo 20 

~ )a.o .,. L. 3r--" 1 

. .k.O ~L.. 24 o...u Jb:..,..,~ ell,p J}J-I 

%2.5 Trypsin 

~.rJ1 J~ 0-" 3r--" 2.5 

.~IJ}J-I0-" 3r--" 47.5 

: ~.;>i ~''''''' - 3 

J~ 

~v 



8 - hydroxy quinoline 

iJ~jJ}5 

~ij~\ J~ 

JY~j.r.j~1 J~ 

J1k...~iJ~ 

CsCI iy-.r.-J1..l:J}5 

PEG J~~ ~\ Jy. 
yL.. ~\.r. 

J '\.; J--<Y J::-: :r-

1~L.. ' 0'

J" ~j.r' 

http:JY~j.r.j~1


J=:-.o ~\~\:Y' -4..uJ1 ~ ..;:..15rJ1:Y' .:IJj11 yLJI J~\ ~~ 

DNA..J\ 6}; ~\ ~.:I';; 0\ ~I :Y' ~Ij ~~j cYLo )1lj ~I 0.:1WI 

. ~.:IWI ..;:..I~I ~ ~WI ..;:..4:;~~ ~ ~J""-'P ~\ ~.:IY- ~ ~\ . 
.~~~\ -.i <\.41~1 j.;9 \~ J~\ J~ J-&. ~ <l.j~ ~...u 

. ~L ~ o..u r65 ~)~ ";lo il...>- ~ J~I yL 4'_'; e::!' - 1 

~\j J~\ yL... ~\ 8 - hydroxy quinoline o.:lL., 0-" %0.1 ~I - 2 
• 

. ~~j~l.>:l~ . 
~~j ~L.. ~\y. \~ U1j STE J~ :Y' 3r---' 20 - 10 -....i..P1 - 3 

. 0:-;;)-U ~~ Jjsh\ ~.JI rl ~li.:l o? o..u ~~j.:lrs- ji 

~l.,a..::....1~ ~~ ~~ 0~) ~LI.~ ~.,.wl ~I :Y' ~ - 4 

. (~I.,..:..u 

~ J~I J.,L- cro1j STE J~ :Y' '-.>.;->-' 3r----' 20 - 10 ~I - 5 

. ~LJ\ ;;~I ~ W" ~LI.~ ~.,.wl ~I J) rl ~li.:l 10 o..u I~ ~~ 

yL ~ ~\ ~~ ~j . ";:"\.r" o.r--J ~LJI ~l ..;:..~ .).&.1 - 6 

. STE JI_.. ~ 4.i..k, J' ~\i 
~c.ro - .. ~ 

~ i0~\ 0)y' ~ ji ~ ~~j ~l; ~ J~I yL Uj - 7 

3r--- 2 - 1 ~\y. 4'_'; J5 ~ J~' ~ ~ ~I.r-j 3r----'20 - 10 

. STEJk 

. ~1.1>.:.::...,..,\ ~ r20 - oJ;>- ~)~ ~~y.J ~ J~I ~l; 0;'>\ - 8 

(1: 24) ~iJ~1 J~ : rJ;JJ# J~ ~ 

~ ~G:-j ~ J J:..o\jj..1 J~ :r 3r-" 4 j iJ.';j)~1 :r 3r-" 96 U\ 
.r4 o};-> ~)~ ji ~)\:jl J 6J~ oM.: ~Ij d ' ~~ oM.: ~ ~Ij JoWl 



J~ :.r' 3r-" 4 (~~I ~I)j :.r' 9 opl) ~~I J~ .)1 u.,.;i - 1 

I~ eraI . 3r--/il.r:-j~Lo 100 j-::S.; Proteinase K K j.'. ij;:-ll ~;I 

. ~L.. 3 - 1 o.ll r37.5 0);> ~)~ ~.r.J'11 ~\j ~j~j 

~j~Lo 400 ji (%25) SOS J~ :.r' .r:Jj~Lo 300 - 200 u..,.;1 - 2 

~~.j .)~ i~ (,fA" ~~\ J~ .)1 (%10) SOS J~ :.r' 

~l;i .l2.i..>- ti>-.;1\ olA .J ~) . U J,k- .)1 .w~ ~ ~ 

. C.r'~ '11 J~I ~ i~i 0..uJ i 20 - 0)';> ~)~ v...p~'11 

ilo.>- .J r65 o).;>~)~ ('-;--.:-!l;i o...\&. ~) ji) ,J'~'11 ~.r.J1 ~I - 3 

.~Lo 

J~ ~ ,-?j~ ~ ~)Lj..1 J~ .)1 J~I yL... u.,.;i - 4 

. ~YlJ-1 

~j.klk.o ~ ,J'~'11 ~~i AAyt Jli- ~~,y I~ (j"1 - 5 

. ~.) o.ll o~ O)~ ~I.r" 0..uJ ~)I 

d t ~i ~ ~...u r65 ~U.I iLJ.\.J ,J'~'11 ~~I ~I - 6 

. -S';>-i 0.r" 

U ~~ ~j ~I.r" ~)":1 r65 0)';> ~)~ ~L.aJ-lj d t ~).;5 - 7 

. ONA..JI ~.)\ ,-?.)Y.. ~~ 0":1 U l ~~ J#I 

. ~t:;,;) 10 o.ll ~...uI.J o)j,;) 4000 o~ ~j5.r" ,J'~'11 ~.r.J1 ,;)~I - 8 

:dt;':~-l 

. ~L..i..:k ~yU ~ ~ wj-"" -S..r5'.;11 ,;)}JI ~~ ~~ d. . 
.' 11.u.J:, I~;: 01\\ ~l.,.2.... 1....11 ONA..J\.u.J:, I~;: 4.... 1- 11<J::' j,r.-' . u- yw " ~~ j . u- .r-

. J~I ~ .}i-Jlj
1- ~~~~ ~ __.I 

o • 

I 



.;;-4~ 

'-~-----~! 

: 4 t;>~ 

~ '1 dl..u. ;;~~~) 0 Up0 ~J;-:-l\j DNA.JI ~ 

:Y' 3r-"2 ~L,.;I ~j ~j~1 ~ ;;)j~1 DNA.J\ ~ ~~ 

-4)1 .;A~:I <.SjS)1 ~)aJ1 ~~j DNA.JI ~ ~~)a.al\ ~ll\ ,
~.--- -	 I 

i . ~I o-iA ~ I
I 

L ~ ~ ~ 

i)~j)yl5	 : J~I ~T" ~ l:?jL.... r>- DNA...JI J.,.....-L d l u.,.;i - 10 

. (50: 50) 

. 7j 6j 5 ul~1 .} us i~ Gi""1 - 11 

10;;..ll 4 Q _ ;;..Lli .} O)j~ 4000;;~ ~?.r" ~~'11 ~~\ ~>I - 12 

. ~l;~ 

r------

I :~~ 
I ~. 
i~ L...a:\ ul.A..;.b ~JU ~ J .a~- " l:??)1 ~)aJ1 ~ ~4i .} 
l~j~1 ~ d-... 01. ~ ~jr. ~Y':"j ~')\.o c: ~UI ~.rJ1 
!	 ~ 

j...:...;LS LJSj i)~j)~\j J~~ ~~'11 s.us ~ 1~3-" ~ 
I	 ~ 

!	 . 4.::-ll&- ~Jl>,,:.....'11 ;;~Li5 ...:...;lS I~ ~ ~I 

4:.., '1 'I' .1:'1 4....ci....J:i; - L ~lc ~1_11 DI\lA.J1 4......4.....J: ~\ - 13
.~ lY 'T""'" j - ).r-"'. . -~ . .
 

. ~ ~Jl>,,:.....1
 

DNA.JI J~ r-J-l:?jLo ~ifl\: i)~j)yl5 ~T" ~ ~ ~I - 14 

. cr"Jl>,,:..... '11 ~r.-i i .} 

. 7j 6j 5 ul~1 .} loS i~ Gi""\ - 15 

0\ 



: ..;:.J L..Ja.>.')l. 

0))-\ ,-?~y ~ ~l):1 t»: ..;:.JI"k>- <J -4...L.:J1 J.Ll1 ..?\~ 

1-4~ ~ t~ iJ;jJ~lj J~\ h .)1 (r65) ~W\ 

:r ~\~\ .r-th.> .)\ '-?~Y.. ...G ~ ~Lp \'1 ~j ~l; \'1 J>-b 

~~i e:;L.,.o.\'1 ~~) Ul...> ~ ~.,Jlj..wl ~ jzJLshI 

o..r'~~1 

~ ~~ U>-}I o~ ~ ,-?jS}1 ~)aJ1 ~~ <J

: iJ-";jJ~\ C:Y-'" J.=i ~j DNA --11 J.=i ~~ . ~L;J\ <J 

o J=..oijj:I 

DNA--11 J~ C,)~ ~~ l.r?j.r. ~ ~r:-j ~G- <J loi 

C:Y-'" t: <JLPI ..r'~1 .)\ ~~ ~ J~\~ ,-?.lJ1 

o J=..oijj:i: iJ;jJ~\ 

;i.., °i II \ .l~o\ ~ - L, 4....,.:.lc a., 1_1\ DNA --11 4....A........k ~I - 17

oj-:-' I...S' ~ j - Jr--' 0 0 -~ 0 0 

. (1 - 2 ul5:..;,) o-4~ ..r'~1 

. (41~1 ~)aJI) ~~ ~lJ.1 ~)aJ1 <J L.S DNA--1I '-;-"J - 18 

.1W J~~ ~~':l\ ~ ,-??).\ ~#I ~l;:j : 1-2~ 

.1W i)jJ)~~ Ji i)jJ)}S : J~I Ji 

J~I au,i 

I 

~.&~Iau, ; 
._~ 

~,-",,~':{1a.,.~1 .>L> ........ ~':{I a.,.~1 ~ ........ ~':{Ia.,.~i 

J~4,-",,~':{1 J~4 ........ ~':{1 ~.&J~4 ........ ~':{1 

.b..-ili ~.&JJ~IJ 

o'\" 



: DNAJI~~ 

L (r20 -) ~ ~~; J~>o5 DNA.J\~} ~.) \~ 

J~\ ("~ . .)~ j-:;S? Nacl ry-~~I ~)}5 :..r'" ~ J~ uL,.;\ 
I ~ , ~ 

c}l ~ DNA.J\ ~., DNA.J\ :..r'" Dehydration s:UI ~~ ')11 ~~y. 

L~\ J.#\ .) DNA.JI ~ .r-..liJ ~., . J.#\ .) ~.,b .. ~ .b~ 

. (2 - 2~) .b~\ o.lP. ~~ ~ 

~~., .ul.>."; ((°20 -) ~I JY~".r..,~1 Jr-S \I~\ ~ L....5 

. :;~~L;j.) DNA.JI J~ 

~).,l5 J~:..r'" 3r---" 0.5 (17 :;~I) DNA.J\ J~ ~\ ---.0..,.;1- 1 

. (( 20-) ~\ ~\ ';;)11 J~l cr" ~ 2.5+ 2 ~)~ \y-~raJ\ 

~)~ U""~~\ ~~\ ~\ ~ c •• li:-J\ ~~., ...,~., I~ b-"I - 2 

. ~L 24 - 2 :;..Jl ( 20 - :;).r

, 
. .Y\.;~ 10 :;..Jl ~...ul .) :;).,~ 3000 :;~ l:j5.r" ~.r." ~\ ~»\ - 3 

. ~,,-JI "LS~4J1 0-J~ iliU\ ~\ :..r'" ~ - 4 

s:\.kiJ1 .) '-:"'~ :;...\s- ~I., ~1,r:J\ :..r'" ..~ DNA.JI ~~j ~".; ~ - 5 

. ~ ~L· 24 :;..Jl r37.5 :;).r- ~)~ ~.r."~\ .1a>-1 ~ 

s:U\ .,' TE J}>- .) r-::J.,~lo 500 - 100 ~LP~ DNA..JI --:-- ... 1) ,-:",~I - 6 

. w.,)~j ~.r."i .)\ ~~ ~ J.#\ ~\., ~\ 

01 



Jf~'lll J~ 4,;L.;4 DNA..JI~'; : 2-2~ 

. ~1 J..-Ual' 
JJ-.:oll:'~1 J~ 

~I~I • 
i 

I I 
\ )
~/ 

Jj-J~~I UW>1 ~ JJ-.:o~~l &' ~ 

DNA ...JI J~ .rll DNA ...Jl ~ t::-" 

RNA JI :.ro DNA JI A.a°; 

,-?j~)\ '-?J~\ ~IJ-I ~ '-?# ~I DNA ~I c:~lC It \?- " 0\ 

RNA.J\ l.r" ~I ~ DNA ...lJ ~ C~~ Js- J~\ ~)rj. RNA 

. ~ U' or" U""'~:JI o.;)~l rJ RNase A {-.iiI :..r" r::Jj';>::Lo 5 oL.,..;~ 

DNA.J\ il~I..l:.$o l;JU:,I}y'- :J DNA~I C~~ c:: RNA.JI .:lYO:-j 0\ 

.!lJ~ 01 :JI . J.i~ t: ~~\ ji ~_~.H.~~I o~1 ji ;wJ;.UJI ~4:.;:J\ t: 
~ 

. ;";I).,JI .L...~I ,-:",,)If ~.; ~)j~ ~ 

10 j-:S.; RNase A J~ :..r" .r:Jj';>::L.. 5 DNA.JI J~.)I u.....;\ - 1 

3 - 1 o...Ll r37.5 o}r ~J~ ~\j I~ c,i-"I . 3r--'/i1y::':"j';>::L.. 

.:t&.L 

~\¥I ~ L.......S i Jy9jJ.,.l5 : J~~ DNA.J1 i:~ U""'~I ...w-i - 2 

• ;i.A.,LlI 

. .!lJ~ ~~I ~)aJ1 .; loS U""'~:JI ~l+i ~ DNA -.JI ~) - 3 

.,.'.1\ ji TE J~ :..r" .r:Jj';>::Lo 500 - 100 oL.,..;~ ",:-",\)\ ,-:",,~i ~ ~ 

. ~I.;kil\ 

.r20 - oJ;>- ~J~ i:..,....J1 ~l - 4 



8 opl) ~\~j~ U""~I .:l1)1 L;~I J~ ~l;i ~l....A..Pi - 1 

5 (~l;jl ~)JI Cr" 9 o#lj -;)..l;:--ojJ\.:-l1 L;~ ~I)) ~j~\ ~)J\ Cr" 

. ~~i j.>:J 3r"/il.r:-j~Lo 10 r:5.J RNase f-}l J~ Cr" ?j~Lo 

. ";li.:l 10 o..u r37.5 o}r ~)~ ~l;)11 ~Ij I~ Ui - 2 

. ~~\ J5' ~l Lytic Solution ~I J~ Cr" ~j~Lo 350 u-;i - 3 

. ~ ~~j .:l~ ";li.:l 5 o..u I~ Ui 

. ··li.:l 10 o..u _l~\\ j ~l;)11 .k.ei..::-I - 4<.Y r.:.....- L." .-' 

~I 3 ~)y NaAc iX.:l~1 -;...L.;:.::......i J~ Cr" ~JALo 250 u-;i - 5 

.I~ Ulj ~~i J5' 
. tS?i ~.:l 30 o..u ~I ~ ~l;)11 .k.ei..::-I - 6 

: L..ta>')l. 

~~ .:..r:?J~I + L;~I DNA opl oh ~ '-7-"~ 

. 0}l\ &-~ a:s 
. ";li.:l 10 o..u ~..ul ~ o)j.:l 1300 o~ ~j5r ~l;)1I.:l>1 - 7 

4-~j U""~\ ~r:-ii ~I -;...1...l.:-'>jyYl ~~ ~jJl ~I)I J-iil - 8 

. u.J2.; u.,.,. j . 

~ijj;i : i)""';j)}S0lj J~I ~~ -;...1...l.:-'>jyY\ DNA ~>. ..I - 9 

~I iX.r:-J1--4).,15" & e ";l.il\ ~j-S)I .:l)J\~.;-6: j i i)~j)~j 
$ 

·l4>-~.:l2 

.JI r!~ ~ . ~UI ~rJl ~> ~ -;...I..l;:--ojJ\.:-l1 DNA~) - 10 

. TE J~ Cr" .r:Jj~Lo 200 oL,.;~ ~~i ~ DNA 

~Ij o.1.>-lj wj)~i ~r:-ii ~ -;...1~jyYl DNA JyL:-.o ~I - 11 

.r20 - o)r- ~)~ 

00 



:-.,:.,~WI DNA J ~."...l.$.1 vP~)l1 

~~}J\) -.,:.,~1-lJ a~j..l..J.1 ~rJI <f ll:J\ -.,:.,~WI J~ d l u..,.;i - 1 

. 3~/ilr:-j~Lo 1 J?? R NaseAj 0 Nase I u4:;i (~l:.\lj dj'11. 
·\~U\ 

. ~L.. ~ a..u·r 37.5 a}r ~)~ ~I - 2 

Polyethylene - PEG ;;~L",J4 rl.r-'- 0,25 uL;L...J1 J).>-~I U-.bl- 3 

.)~)~ Li->" \~ c:.~\. Nacl rY.-~ y-aJ1..\.,..J..,J5 r:L,J4 r\~ 0.58 + glycol 

. L~ C")\..'11 

. a~\j ~L.. a..u e;:W\ ~ ~\.;)11 ji ~r.J'1\ .hi>-\" - 4 

. ~l;~ 10 a..u ~..lll ~ ")j~ 4000 a~ ~j5.r" ~\.;)11 ~~1 - 5 

:..r-" 3~ 2 UL,.:;~ ~)11 u~WI ~I) ,-:-,~ij ~I)I ~ ~ - 6 

.SMJ~ 

'. )Q-l~ \~ cr- I . -.,:.,L)W\ J~ d l i)~j)}5:J\ :.r 3r-- 2 u.-..;i - 7 

. 0 \-;; }~ a..u 

. ~ l;~ 5 a..u ~..lll ~ a)j~ 1300 a~ ~.?.r" ~ l; )1 \ j i ~~ '1 \ ~~ \ - 8 

. .u....l2.; ~I ~ ·i. Ii ( - UWI~) ·1)1 ~ 1;:;:1 - 9• ~ .r.-' I.f '-'. . L . U

2 + (%25) SOS J~ <f .r-:Jj~Lo 100 uL)W\ J~ d\ u..,.;i - 10 

. ~~j ~~ \~ U l (0.5 M) EOTA J~:.r" .r-::Jj~Lo 

. ~l;~ 5 a..u -;Lo iL....>- r65 air ~)~ ~l;)11 ~I - 11 

.j ~L.. ~)j W i)~j)}S : J~I ~~ u~WI DNA ~\ - 12 

.L:.~IONA~~1 

200 UL.&>~ ~I~\ ~ij (~~\ ~,J~~ ONA--.J\ '-;--") - 13 

. .,.kill <,u'l ji TE J~ <f .r-::Jj~Lo 

.r2 0 - a)r ~)~ r.~r-JI .hi>- \ - 14 

0"\ 



.:l}Ji ~~ (ul..l..::-ojYl.:-li ...:lJ.iSj ) u~W\ DNA U'""~1~ 

~j CsCI iX.r.:---J1~))5 & .:l~y. Ultracentrifugation -.;WI i..?jS)1 

: 4.Jl::J1 ~}JI 

u l? ~r-ii ~\ (.:lj..LJ\ U'""-y~~\ cr" 9 cp) u~WI J~ ~I - 1 

. ~~ (0.5 M) EDTA Jk ~~ Cellulose nitrate j~1 

. STE J~ .uL.,.;~ 3r-" 10 JI ...:.A:=i..,J\ J}>.... ~ J-Si - 2 

I..l.::-:':- cT'"1 . u~W\ J~ ~i ixj-;--JI ~)}5' & :.r i\yi- '3 ~i - 3 

ix..L;:J)r\ ~j.r. u...;i ~~ c:0l10~j~ ~ ~j ~~j .:l~ 
. 3r-"/i\~j~L. 0.5 Ethidium Bromide 

.:l}J\ ~~i ~~~ uL:=L.J1 J~ ~ 0""; yL.. ~I.r. u.,.;i - 4 

. i..?.?)\ 

~ ..L5t·j..:lJ~ ~U-I ~--lJt.1\ C.:l\..L-.l~ i..?..r-5)1 .:l.;kJ1 ~~i ~i - 5 

. ~\~I u~lQ...il\ ~ :r ~I 

DNAJI ~ lc -.??)I .:l)J\ ~\yk.PI d l ~I.J~I ~~lQ..QJ1 .:ly>:-j -.?.:l~ 

. ~r.-i~! J~ -.i 
~ii_;.:l ~l:::-j o)..w i\~\ r-:. ~\-*I ~~\..Q....jjl:.r ~\ ~~ 

-.i 0~~I)lo....-.> Jy\>.:.r (':'r:~i.J\ ~. JUI ~I.J~ c..~ :i.:ltJl 

h..,dl ji~~j 4 -.?jS)l.:lykll ~r-ii 4~ t: ~~ C.:lI..w1 

. l}]Ui ~I.JI?)~i e ~.r.~j ~-,"~~!.)s

C.:l\J.-J\)L-...> ~f ~\*\ ~~LuJ\ ~:.r ~I:.r ~t:.J1 ~j 
" 
.\~ 

o\i 



60.000 - 50.000 ;;~ ~WI i..?jS)\ ;lybJl j~ ~ 4jS.r" ~.,.;.~\ ;l>1 - 6 

. f20 c)1.;>- ~)~ ~ L..... 48 c..u ~..ul .j 0 )j;l 

J\ U-:.k ~. 4~ p·.11 J.,.! ~~I"::""";' LSjS)\ ;lybJl ~~I ~\-7 

. ~ iJ;(~~1 ~-'..r. .kL.:-;) ~ ~Ll ~I.r-> ~ DNA 

4... ·i II \ .1:'1 ~~~ \~L, o~ DNAJ\ .u....b~\-8 
.~ If ~ j - - . i	 s , • •
 

. (3 - 2 Ie ~.) ~ ~l>-'
 
~ - _.. ) 

DNA J\ J~ ~~ ~ i j;.r.:--JI ...\.;))5' ~ JL.J\ j--;:S.rJ1 0-" ~ - 9 

I g ;; 1c.i r3 Diaysis Bag O.f.!.;l ~ .j DNA.JI J}--.- cPYo ..;.U~ j 

. f 4 c).;>- ~)~ ~L..... 24 c..u TE J}>- ~ ~j ...\.;..L.:. iLS:.>.~-	 . 

~ykJl ~ DI\JAJI r!~ e ~,;ll iJ;(~~1 ~-'..r.:.r ~ -10 

. ...:.u~ ~lJ-\ 

~ i..?jL.... ~ ~\ JY~j..r.jfl ~I JyS oL,.;.~ DNA ~\ ~) - 11 

. (2M) iJ;(;l~\ ...\.;)}5 J}:- 0-" 3r-" 0.5 + DNA JI J}:

• 
. LYli;l 10 c..u ~..ul .j o)j.:l 4000 c~ ~.?.r" ~~~I ;l>1 - 13 

. f 37.5 ;;).;>- ~)~ DNAJ\ ~J ~1)10-" ~ - 14 

. TE J}:- 0-" .r)j~lo 200 ;UL,.;~ DNA JI 1..:--'1) ~~\ - 15 

.f 20- c).;>- ~)~ DNA JI r!.,t .h.i.>-I - 16 



iY-.r--J\ ~)iS i l...l>.::.....v4 ~~~\ ~~l: 3 - 2 ~ 

. ~;---11 -yWI L;??)I ~}aJIJ 

J"":'U:.':{I a;w,1 ~
 

DNA ...JI J;h-o ~I
 

1.6 

1.7 

1.8 

: i.J!~'J1 J.:-oJ..r.;.r DNAJI ~~~ d)·j 

~ t.?JLo ~ 10 o.,h> DNA JI J}--o ~I Jy\J~1 J}--o u-'pj - 1 

. ~4 i~ (j"l . DNA JI J}--o 

. ~u~ 5 o..u ~.JJI.j o))~ 2000 o~ ~j5r ~r.-i~1 ~>I - 2 

~\ J~I :..r.;.>-\ ~ u-.piJ~"14 ;";}t\ ~.,.wl ~I:..r~ - 3 

. DNA JI J}--o 

.2 opl.j L.S ~j5r ~r.-i~1 ~>I) ~~ i~ Ul- 4 

~I J~\:..r.;>1 ~ u-.pi) (t}.; Ji"1I) J~I ~:..r ~ - 5 

. DNA JI J}--o 

~ ~ ~ ~I.r" o...w J~~ DNA J\ c.~~ J..:--':-~ ~i - 6 

. ~~ .t;~.r.? Or.;.>-1 .j J~I 

. J~\ 4k....,\~~.rU DNAJI J);- i~I-7 



cJ-'" 6 o.,k;ll) uL.;W\ J:-!~ ~ ~y.:Z ~I J},..Ll1 u4~ ~I - 1 

250 ~ Beckman 0~ ~ dl (od u~ uL.;WI ~.? 

. 3(""""""" 

~I 3("""""""/r\r-j~\....;. 1 j-:;-S? RNase A j DNase I u4:y.-;i ~i - 2 

. u~WI J:-!L:....o .jl:.! lr 4'. 'j J5 u~~ 

J~~ ~I JY. cr" rl)- 5 u~WI J~ cr" 3r- 50 j5J ~i - 4 

. Naci ry-"y.aJ1 ~)}5 & lr r l)- 2.92 + PEG 

. rl:JI 0~j..u\ ~ \~ Ui - 5 

. 0...\.>-1) ~L., o..ll ~I ~ u~W\ JJL:....o .jl:.! ~ - 6 

10 o..ll ~..Lli ~ 0))" 4000 o~ r4 o};-> ~)~ 4jS.r" .j l;;J\ ".;b! - 7 

. J6 ~?.r" .).;b j~ ~ ..;19.) 

lr 3r-'" 20 ;jLPh h 'jl u~W\ ,-:-",i) ~I~I ~ij ~I)I lr ~ - 8 

. (0.5 M) EDTA J~ cr" ;:Jj~L.. 150 + SM J~ 

. u.k :L.L,., ~b-' ~\ ,---,l;i 11 uL;W\ J\~' [;;:1 - 9• . ...) r...r' .•. I..f.. ~ u--' 

~l;i cr" ~~i jsJ (%25) SDS J~ lr ~j~lo 50 ~i - 10 
, 

. ~ ~~j "-~ I~ rr\' r...r'~'j\ 

. ..;19.) 5 o..ll C;L.. rk.-) °65 o)y-- ~)~ ~l;)J1 ~I- 11 

\. 



t: -'y W I ,--??)I ~}JI 4.A.:.~ u~Wl DNA vP~1 ~ 

. SDS 4jL.,.;1 .Jj~ iy...r--JI ...l:.J}5 & 

DNA...1I ~IJ ,-:-,~i rl ~ -,--??)I ~}Jlj J~~ DNA --1\ '-;---J - 13 

. TE J~ cr" r:-lj~lA 200 4jL.,.;~ 

.r~O - o};>- ~J~ DNA...1\ "C~y .k..i.>-I - 14 

\\ 



~~j V""~I ~~I ~l ~I t Lo e .10#1 r..ll\ r:.r 3(""'"'" 5 Ji.il - 1 

.~~ 

. 
. ~t;~ 10 ii.u ~..lll.) o)j~ 4000 ii~ ~j5.r" ~~)'I ~)o\ - 2 

~I J#\ r:.r 3r-- 2 u...;.ij Loj~1 J:.s ,-:?.lJ1 ~I)I r:.r ~ - 3 

. r..ll\ ..:,..~.? j--;J 

. ~t;~ 5 ii.u ~..lll .) ii)j~ 2500 ii~ 4j5.r" ~~)'I ~)ol - 4 

)aAl\ ",UI 0-" 3r-'" 5 UL..,.;~ ..:,..~.,s:J1 ,-:-",,\) ~~ij ~I)I r:.r ~ - 6 

. "'\r-d-I r..ll l ..:,..~.? r:.r ~ 

~~\ ~I~l J~ r:.r 3r---- 10 u...;.ij ",I~I ~l)l ~ r:.r ~ - 7 

.:.r" 3(""'""'/r1r:-j.?-:,Lo 100 + Erythrocytes Lysis Buffer (ELB) ~~..ll\ 

. K . . - II ~ .. \ J .\- 
z: ~ jy-:-' ,-f r-»: 

;';"";l>- .) r37.5 ii};>- ~)~ ~I . ~ ~~j ~~ I~ [/'\ - 8 

. ~L 12 ii-'.1 ~..lll .) o)j~ 100 jA ~)~ iijljA 

. ~ ~~j V""~I..;·_·; ~ ~")l;l1 J~ Uj - 9 

V""Jl>..:-\ ~~i jSJ (%25) SDS J.".6- r:.r .r:Jj~Lo 100 ~\ - 10 . 
. ~~~j~~I~[/'lj 

. p';j)}S : J~I ~~ ",~I r..ll l ~J\.>. DNA ~\ - 11 

200 ;';L.,.;~ ~~ij ~.,....JI~ ~ 4j5.r" ~)olj J~~ DNA.J! '-:-"") - 12 

. TE J~ r:.r r:Jj~Lo 

.r20 - ;;},'>- ~)~ DNA.JI r:..~y .1U.>\ - 13 



~I)j :.r 8 cpl )i i..Ll1 .u-I)j :.r 12 cpl) ~')\.:ll J~ ~\,ji ..)}ol - 1 

~ 0))") 2500 c~ ~..?..r" ( .t:..ol.rl l i..Ll\ ()Y' :.r 7 cpl )i ~I t.~ 

. ~ Ij..) 10 c...ll ~..Lli 

• ~~I ",:--,,1) ~\,;)' .;kiJ1 ¢.UI :.r 3r---" 5 u.,.;i) ~I)I .:.r" ~ - 2 . 
. 00·;;)..) c...lll~ &1 

. ~Ij..) 5 c...ll ~..Lli ~ 0))") 2500 c~ ~..?..r" ~\,j)1\ ..)}o\ - 3 

~")\j..1 ~I';I J~ :.r 3(""""""10 ~")\j..1 ,-:-,,1) u.,.;i) ~I)I :.r ~ - 4 

i~ &1 . K ~);-:-ll f-}I cr" 3r--'/il.r:-)~'u 100 + ELB ~)...ul 

. ~ ~L:.:-j ..)~ 

100 jA 4-)~ cjl~ ~l.>- ~ r37.5 c).r> 4-)..) ~ ~\,j)1\ ~I - 5 

. ~L 12 c...ll ~..Lli ~ 0))") 

. i).,!..v}5 : J~I ~~ ~')\.:ll DNA '-:-") - 6 

~';I ~ C';~1 ~. J:-LS ,-?..?)I..)):JI) J~4 DNA.JI "':--") - 7 

. TE J~ :.r .rJ)~1o 200 ~L.,.;k 

.r20 - c}r~ ~)~ DNA J\ C,;~ ~\ - 8 

II 



t/r- ",l....:..;\ <J4 18 ul"pi L:i ~.:lL.a.>- f -rJ1 ~")\;l..\ J~ d l u...;1 - 1 

t/i-<o ",L.:..:,')J d) ~I ~yhJl <J4 21 0"p1)1 6j;~ ~")l>- <J4 ;;_~~. i 

c)).I ",L:J')J ~L..:..l1 ~..,hJI <J4 20 0"p1)1 4>- ~I <J4 ~ 

100) K ~).r. (-}I :r .r--))~Lo 10 4>- ~i <J4 ~I 

.I~ ~j"\) (3r---'/rlr:-)~L,. 

. ~L.. 3 - 1 o..u r37.5 0).;>- ~)~ ~l.;)l1 ~\ - 2 

. ~")\j..\ J~ d l (%25) SDS J~ <J4 r-:J)~L,. 300 - 200 u..,.;i - 3 
~ 

.~~~j.:l~I~U\ 

u..a..J (~L, rL-:>-) r65 0);->- ~)~ U""'~')JI ~l.;i -:.,.....4.>-\ - 4 

.~L.. 

~ DNAJ\ r!Y ~. ~~ ~lj..\ ~yhJI L:i l....5 DNA~\ '7-")  6 

. TE J}:-- <J4 .rJ)~L,. 400 - 200 ;jLP~ ~.)i 

. r20 - 0).;>- ~)~ DNA J\ C.)l.C .k..i.->-I - 7 



ji 4-:l-1 ~'l\ C~l.: 0-" DNA..J\ vP~') ~ykJl o~ i~ 

. ~~)yil~ ~.#Iji o~\ 

. J-JI h~ J-:.i ~I ~\ J#~ I~ ~I C~~ ~I 

d l ~ rl MSB - Ca++ Jk o..L..i.lj ~I 0-" il.J- 8 - 5 ~j ~ .b:- -1 

~ ;Ji;Ls!:.\ c:' .'4~j o~ l.> ~\~ 0~ L-l.>c..:..-A ~;; _;» 0~ & 
. MsB - Ca++ Jk ~I ~.; 

3 2 i . Ii -....0..,.;1 ~ l.>": L Ii 0 : -Ii ~1 ..~I l~: I - 2r-' ~ j - ~ ')~if ~ -"- C- <...r' 

"~L;~ 5 o..ll ~I r..r'/,j ~ ~ ~Ij %0.25 ~?I J~ 0-" 

-. ~L;~ 5 o..ll ~_j..u\ ~ o)j~ 3000 ~)~ ~jS.r" ~.r...i'll ~}ol - 4 

J~ 0-" 3~ 5 ol....,;~ ~I)I J--S-I rl ~I)I 0-" ~ - 5 

. ~ LS ~jS)\ ~ykJ~ ~~ ~ ~ ~j MSB - Ca-r-r

: ~')l;L1 ~ ~~)l ~~I \l~l 

~I oJ...l..i;l j MSB - Ca++ J~ 0-" 3r-- 5 Ul....,;~ ~')L::l1 ,-;--,,1) ~~i - 6 

. Glass Dounce Homogenizer ~~)I ~~I 

t r i..J>-I~ t)iJl ..kJ....,.; ~}o Y A t)iJl i\~b ~\ ~Jl>. ~ - 7 

..o	 ' :-".r" 10 - 8 ~1).;5 . ~'ll ~ ~j J4--w'l1 ~ ~~I 

" ..:.>1)'"" ~ j B e).iJ1 L~ ~I ~ -lYi - 8 

"\0 



0\ ~l ~~)\ U~~\ il~l ~ )l..:llj ~I.l...>i~ 

)LS:..i1 ji ~~I ~ dl '-?~~ ,..Lj o~)l1 0j~ c~ ok • .ali 

. ~ c)P .:.r ~j.J L..j e)j.J\ 

lJ""~1 ~r:-ii ~ ~I ~ .:.r ~L:.J\ 4yU..\ Jj.>....o ~I - 9 

J~ .:.r 3r-- 5 ~Iy' ~~)I ~~I ~\ . ~ ~ 4~j 

0-" rs l il~1 ~) . lJ""~)I\ ~~i ~I .u....;ij MSB - Ca++ 

. (4')ll1 J~~ lJ""~1 ~~i 

oJr"~ J}.¢I 4)i'~: J}.¢I ~ ~..G:-j U:) ~I ~)I\ J:S .:.r ~ - 10 

. MSB - EDTA J~~ ~ J-L.;, ~ r? 

~\ lJ""~)I\ ~lii .:.r ~r:-ii js::J MSB - EDTA J~ ~i - 11 

. ~\..; ~I ~j ~ 4')ll\ J~ '-?y.:t. 

'-:--;--'? ~L;~ 10 c...ll4;;~;..u1 ~ c)j~ 2000 c~ ~jS.r" ~\..;~\ ~ykl - 12 

. ~ 4')ll1 !.Sf 

(4).J.j.,5.f-;UI DNA lJ""~ ') d..:.o c~ \..i:.•.•8 I ~) ~1)1 0-" '-~ - 13 

. STE J~ .:.r 3r- 5 !.SyJ\ ~l) u..,.;ij 

~I (3r-/il.r-j~L. 100) K j-~·_ij.r. f-}I .:.r .r-:Jj~L. 10 ---.LP\ - 14 

3 - 1 c...L-.l r37.5 ~)~ ~\..; ~\ ~Ij i~ croi . 4")\j..\ J~ 

.~L.. 

!.Sf Jyl.-.-o d l (%25) SDS J~ cr: .r-:Jj~L. 300 - 200 u-.pi - 15 

~\ . ~ ~~j ~~ il~~ <-j--4!j i~ ~j-"ij 4yU..\ 

. ~L.. ~ c...ll';L.. ik>- r65 cJr- ~)~ ~\..;~\ 

II 



:~~ 

. DNA.J\ ,;)~j ~~) U>-)I o~ ~ J#I ~ 

. p,!jJ}5: J~I ~~ DNA.J\ ~~...I - 16 

~L.P~ ~\~\ ~ij ~~r--J\ ~ .~~ t.,.::ol:J-1 ~)J~ DNA.JI '":-"'J - 17 

. TE J};- ~ ~j~Lo 300 - 200 

. r20 - 0)';> ~J~ DNA.JI ~~~ J2.i>.\ - 18 

Electric Metal Homogenizer : ~L~I ~~I ,I J.:>..:-I 

~j r4 0)';> ~J~ ~Ij~ ~ i~ j>UJI ~ ~Lkl J--i-I 

. ~~I e 4--o1~':J yL... ~j? 4'.'; 

•
oJ _ • 4' ~ ~I ~I ~ MSB - Ca++ J~I~ ~ .1\ ~I - 1 

~I ~.J ~ ~~I c----'" ~.,..; o,;)l>- ~I~ o~ L.....l.>=  4 

. MSB - Ca++ J~ 

. 4.....-l:.o L.S u..,.;i ~ 'L .<:"'1\ 'Lshl II __~:JI ~ J_I~- 1;;:1 - 2 
,:yo. - r-' '-E .-*"""" ~ . IJ" c.:::- ~ r-- U

o...ll t:..l~ ~~ 0.r..j~ r.i ~ i~ ~~\ ~~ ~ij yUI ~j?1 
. ~~ 60 

~Ij ~ ~..lA..A Ul- il~~ ~Lkl ~ ~\ Jyo--o ~I - 3 

. ~jSf,;).;k ~~i ~I 

.i~ ~.i-"\j ~I J};- ~I STE J};- ~ 3r-- 5 u..,.;1 - 4 

~I (3r-- / i \.r-:-j~ Lo 100) K j __ ) j.r. f-.Ti1~ .r-:..Jj~ t, 10 u.-;i - 5 

3 - 1 0...l1 r37.5 0)';> ~J~ ~~':JI ~Ij i~ ~.i-"Ij ~~\ J};

.~L... 

"\v 



~~\ J~ JI (%25) SDS J~ l..r'" .r::Jj~Lo 300 - 200 u.....;i - 6 

. ~ ~~j .)~ ~ ~j-o\j 

. ~L .....A.,a.; o.ll r65 ~)~ ~~ il....> .; ~~'JTI ~\ 

. ~); j)}S : J.f-:AJI ~~ DNA --1\ ~\ - 7 

. C~r-J\ ~ ~ l;?j5)\ .)>Jlj J~~ DNA--I\~) - 8 

.&...i...>-Ij TE J~ cr" .r::Jj~Lo 300 - 200 UL,.;~ DNA --11 ~I~I ..l.Yi - 9 

.r20 - oJr- ~)~ 

"\/\ 



. Quartz cuvette 

. ~ ..t, ;;jL,..;~ 3('""'"" 1 JI V"'~\ ~~I ~ -'yLJ1~ J.SI - 2 

. .k.i9 1_~1I ..UL ~ W ~ I~L U - .:.11 :U1..:s:J1 W ;1_- h...,.;\ - 3r- .. V" • • i .. - r-' V" - J~ • 

~Ij ~y-.aJ\ ijl..:.5J1 V"'y j~ ~ DNA JI r!Y' V"'Y ~~f c:? - 4 

. 260nm ~).:l ~ ~}I J."kJ1 

ilr:-j~U~ DNAJ\ r.:S.; J:i ~I r!~ ~r4J1 ijl:.5:JI ~ I}\ - 5 

. ..l>lj r:Jj~ ~ ~ 

10 x j~\ o.. l} = C';r-JI .) DNA JI j:S.J 0\ 

rJ:> DNA J\ r!ro-=J 260 ~}I J.,hJ1 ~ 0.0. ~ 0~ L,.;?I}! 

~ ~~ u.r-- Cr=.)j~~ 5) DNAJI J~ ~'1\ r!~\ 0~ 0.5 

~ DNAJI J~~ 0~ l:...P?I}!. DNAJI:r ilr:-j~L.. 5 

~j~ Y DNAJ\ r::S.; l.J':>";' u"""-; r-=Jj~L, 200 Y" ~)I r!y-o-JI 
. il.,r.-j~~ 200 = 5 x 200 

5 

. r:Jj~~/il.,r.-j~~ 1 jl 

~ ~1-9 RNAJI jl ~j~~ DNAJI J~ c';y...:...}i;;jy-'V' tll>- ~ ~I 

~ ~t5' \,;~ 280j 260 ~r J~ ~ r!~ ~r4J\ ;;j~1 V"'~ 

C';..,......JI 01-9 1.8 ~j~ 280 ~ o.. I~1 ~ JI 260 .s:» os:I~1 ~ 

...:...yG> 0~ L, 'W~ DNA J\ r!Y 0~ 1.6 ~ Jil ~l5 1';1 ~I ...:...yG> ~ 



- -

~ .u~ iJ~jJ..,.ts:J1 ji J~I ji ~j.;-:J\ .:l~.,J.:lyt-!. ...:.-.pl 0i 6J1.> ~ 

. DNA JI J~ 4_;;'; 6J~ 

O~~j o~ o~ ~I~;~j.,s" o~l o.:l~ 4_ ;;'-11 ~ ~i~ 

. Sephadex G50 u-S~ o~i J:.o il~~ 

. 0.r.? ji ~ cL...~j tS--4...l>- J-ol>- JL-:.....~ .:l.,.-JI Jk - 1 

..u-i . tS.;->-i o_r-" dljl rl.:l~1 ~I TE J~ UW~ .:l~1 ~I - 2 

. ...:,.,\)"";ij~~1 

. .:l.,.-JI ~I DNAJI J~ C~~ u...:.1- 3 

:..ro ~ J#I ~';\j .:l~1 ~\ TE J.,b- :..ro ~j~L.. 400 ~I - 4 

. .:l.,.-lJ ~I ~ 4-:J1 

. ...:,.,1)"" ~ TE J~ 4.jL,.;\ ~ J.,s" - 5 

~ 0)"" J5 ~.:l.,.-lJ ~I ~4-:JI:..ro ~ ,-?.iJ1 TE J.,b- ~\ - 6 

. --4~ TE J~ 4-:-! 

. ...l>-Ij ~~i ~~ f ~\ J:J~I ji;1 - 7 

DNAJI C~~ ~. ~~ 4...,.::.l3-\ ~):J\ L~ DNA-.JI '"':--J - 8 

. TE J~ :..ro .,;:..:Jj~~ 200 4.jL,.;~ ~I~' ..u-ij 

ds-~~ tS.;>' o--4..u-
.
li.,.k ~L:J. 0~ ~UI ~):JI ~I oL,.;l 

~.,J~y..l:-ll 4S~ ~.:l\.,....;; ~I Gene Clean ~.,.k ~ o~~ J:JL:.

.~)""'j\ 

v. 



~~, ~ ~~j1~' ,.'1" j"lt ))
 
((DNA .U ~';Qi,
 

Enzymes Used in Cloning 

V\ 



oiA ~ . u4:;'11 .:.r ~I ~\).,JI 4........41~ .} i~ 

-11 ~ ilJ- .} LSy->-ij DNA ~j.",J1 uP~'11 ~ ~ i~ u4:;'11 

. ~ ~\1;j ul~ o~..l&- LS';>\ u4:;'1 ~L,.;I DNA 

: -./'j ~j ~ 
~

\.)~Il::"~ ~I u4:;'11 oiA, o~· .,a.i ~ 

oh i~j Nucleic acid Polymerases t.,?j.rJ1 uPLJ1 o~ u4:;i - 1 

.r:S' o~..l.J:.1 J---yUl ~ JYl> <J'> t.,?j.",J1 ~Lli <J'> ~~ 

. ~ ..l&-I;...;!j ~ ~ ~ ul~~~\ ~L,.;I 

u4:~'11 oiA i~ Restriction enzymes ~j.rJ1 uPl.......>-)'1 ~ u4:;i - 2 

~ c.l::..;'1 ~\~ ji o.)~ elY' ~ (DNA) ~j.rJ\ uPl.......>- '11 ~ 

. t.,?j.",J1 ~hl\ <J'> J#\ ~~ 

oj;UI t.,?j.",J1 ~LlI ~ i hl ~ oiA j--.;j Ligases i~\ u4:;i - 3 

. ~W\ u4:;'11 ~~ i~ ~~ -./'j ~ e ~ 

~hl\ ul;~ .T-~ ~ oiA ~j Modifying enzyms .T-~I u4:;i - 4 

. ~ ~~ tr:~ wl.:>-j 1 ~ L,.;l J')l>. <J'> t.,?j.",J1 

Polymerases ~.sj-iJ' ~I.o.>~'O~ ~~j.j' 

: DNA ,-?J~\ ~l;l..1 0A ul£.;i : ~Ji 

eyi o~ ~~ . DNA ~§;.:j :..ro::t..L~\ <J'> o~~ ~~ oiA i~ 

u4:~i 0i i\.s. ~ . Ul;"?~,-,, ~,\:j'LS ,j" ~~I u4:;'11 oh <J'> 

~..iSj ~\ "~ ~J)J-::~ .;.l .. :,.Jb Primer ~~~ ~l c.~ oiA o~1 

. DNA -11 if .)~ ~~ <J'> ~l; 

vr 



: DNA Polymerase I '-?~\ DNA...JI o~ r-:}i - 1 

...JI ~~ j5b ~ J--u 0r_ ~ .p dj:ll 0;1..L.>j:.r r-:}:l1 lA ,_Q..lt~ 

~~\ ~L:JI o..L>-.,J1 Loi L-L::l1 ~4-:J\ o~~ ~L:JI 4..:~1 :.r DNA 

~ . WL:J\ ~4-J1 ~ ~L:l1 ~4-J1 :.r orl:J1 .k~ iP ~ 

.h.W DNA ~\.,..J ~ E. coli ~~I ~~I cr" ~\ r-:}:I\ IlA 

~~~ ~~y. o"li5" rsi ~ DNA ji RNA:.r W}o ...:;..JU~~ t.~ 

i.J.A t=.k- .: r-:}:l1 0~ o~1 ~...l>-.,J j5l.:J1 ji i-4..l1 .kl..:,.j ~. DNA 

~YL...ji o~.;...o ...:;..JI~~~ r..~G DNA...J\:.r V~.roji ~~.h:~ 

. ~~~ 10-3~ ~}oVI~ ~o~ 

tJ:...L.O -.!lJJJ vl~I...L;~ ~ ~ r-:}:I\I-4l U;kL:..; ~~j 01 

r-:}i -43:-1 IlA ~ 0:1\ ';y-!'j . r-:~:l1 \lA '-:i...l>-j J...a.3 d l 0~L:J1 

o..L....>-j j.:..€ ,-?JJ\ Klenow fragment enzyme ~ ~ r-:~I.Y' ~~ 

. Poll Jj~1 orl:J1 r-:}i ..; ,,~Ij orl:J1 

: T4 j T7 DNA Polymerases...:;..J~WI o~ r-:}i - 2 

...:;..JLs~:I\ olA r..L:..;~ E. coli ~~I~ ~\ T7j T4 ...:;..J~WI i~ 

.r->Tj i.J.A .kL:,j yJ 0i .;\ Poll ~~I r-:}i (f' i.r::-=s ~ :I Lf""j 

J~ ~I.>. ~i ~ J---JI ~ 41)--Uj ~,,~ ~ ~\ :II . ,,~ 

. L5.;>-1 ...:;..JL;')\:>.:I oL...;! \lA . ~~I r-:}i e 7 e 4J)~ 9 - 8 

: Taq DNA Polymerase orl:J1 r-:}i - 3 

~ ~j Thermus aquaticus o}.J-I ol.:11 l.:~ :.r r-:~:l1 IlA Jj.S- F 

. r80 - 70 ~WI o};-=ll ...:;..J~)~ ~ yWI ~"lA5j "L.:..:-llj i--4-l1 .k~ 

~ i.r-:-=s i~j i-4J1.kL,:.j:.r Jl> Taq oA r-:~I 0:11 ~Hj 
i..l.+l1j "l)1 .kL,:.j :..r'" j5 0t~ .;-S.i;j . peR orl:J1 ~')L.., ...:;..J')4u;.Ui 

~ 

.kl..:,.j .w1..LU..l~'; r-:}:l1 \lA ~ WL:JI ~ L-L:l1 4..:4-J1:.r 0U~ 

. ~L:JI ~ ~I :.r i--4-l1 

yf 



. ~~~ ~I ~Ld-I 0j~ DNA ~L; :.r RNA ~ ~l:..:-! i.,z ulfj-il L?"j 

~l.J-1 eyi ~ ~L:..:J ulfj-i':J1 c.h. :r ...l>-Ij tj ~ o~~ ,-!~I ~ 

~':>U' <.SPI ~ ~l.:>- ':JI ~~ RNA Pol ~ ~j RNA ,-:?j.,...:-JI 

r RNA -,r"J-"~I)1 ,-:?j~)1 ,-:?jpl ~l.J-\ ~L:..:J RNA Poll J j)11 . u4~i 

RNA ~~Ij m RAN JL..)I ,-:?jpl ~Ld-I ~L:..:J RNA POlllj (285 j 185) 

. r RNA (55)-,r"J-"~)lj t RNA ~L:..JI ,-:?jpl ~Ld-I ~L:..:J POI III 

. ul.:J'WI .} orJ.:J1 u4:j-ii Cr" 01.;->-1 0Ls.y ~~ 0~~ li UWI 

ylAJI .u ,-:?.DI Reverse transcriptase ~I C '... ':JI F-~i y" Jj':Jl 

. ~I ji DNA :.r RNA ~ ,~ ~ 

F-j-il y" ~~Ij Retroviruses oX)1 ~L..j.r-WI ~.} F-j-i':JII.h. }~j 

4.l 0~ j..,kjl c.h. ~j T7 j T3j SP6 4;..0 jl~ o~ .Jj u~WI oA 

. DNA ~~j-o :.r RNA ~ ~~ ~ oJ...\.i.I\ 

Ligases \ ~ I ~ l.....f.,;;i 

.r--"'Iji ~~ JYL.>- :r ~jpl uPL.....>- ':JI ~J .)s- ulf~':J1 c.h. ~ 

,-:?y-i..ciJ1 ~r--JI ~ ~I Phosphodiestar bonds.r-- ':JI ~\;j JrL--riJl 

:.r ~\ i WJ1F-~i L/" i WJ u4:j-ii ~')U ~~ . uPl.->- ':JI c.1..+J 

T4 ~WI:.r 0~ 01.;->Tj E. coli DNA Ligases 0.,.JriJI ~~ 

. T4 RNA Ligase ?Tj T4 DNA Ligase..Jl iLd-.} ~ wl...l>-I 

iLd- u~.} i~ T4 DNA Ligase j DNA Ligase ulfj-i':J1 i~ 

u'-!~ iLd- .} T4 RNA Ligase F-j-i':J1 i~ ~ ~~)\ DNA..J\ ~ 

. DNA..JI:.r ~ ~~ c:.~':J DNA...Ll o~.rill ;u'~':J1 

Vo 



Modifying enzymes ~~I ~4;1 

~l:l\ ~ 8~\ ji ~l::l-\ ..:...~4-JI..r..ri~ ..:...~}'J1i o~~ 

: ..:...~}'J11 o~ r"'\' ..:...\..l::-J.r-l5x-JI ~ ~~~~ ~JSj L?jrJl 

Alkaline Phosphatase L?~WI .r.->\..Q.......,.,.JI - 1 

-1\ & ~ ~l::l-I ~4-J! ~ ..:...Li-.,...J\ C""'"~ ZJ\j~ f-}'J1\ I~ i~ 

. ~\.; or i~'i\ o~~l ~ ~I t1 i~j . DNA 

Polynucleotidle kinase ..:...\..y.r-l5x-JI ~~ ~ \5 - 2 

YOj. DNA -1\ ~ L..>l::l-\ ~4-:-l1 d l ..:...\..Q.......,.,.J\ l::"~ f-}'J1\ ~ ~ 

. Jj )/ \ f-}'J11 ~~ ~~ 

Terminal deoxyuncleotidyl transferase TdT .).;hJ\ ~4-:-l1 ..f..~I.rJ1 - 3 

. DNA-11 & ~ ~j)..l;:+ll 6.:Jl;j\ ~~;Sf ji ..l::-J.r-l5~~ 

" Nucleases ('J @\I ~~;I 

~Lo-:>- 'J11 iJ..p" ~ O)..u.J\ 4J ~\ ..:...ls}'J11 cr" or.-:-5 ~~ ~j 

. RNA j DNA ~~ ~jrJ! 

: RNA -11 i J..p" ..:... l.£.;.;i : y.,i 

: ~f ~~ i~ ..:...~}i o~ ~w. 

. E.coli 0.,J~! ~~ .Y' Jjj-'J.I RNase H 

. ~.HI <J"~.HI cr" J jj-'J.! RNase A 

. A. oryzae ~.r:......i )UJ\ :.r Jjj-'J.I RNase T1 j T2 

: DNA.JI iJ..p" ..:...l.£.;.;i: ~l; 

~w. 0~ ~ ~..L:l-I 0-:-' ~I orJ)\ ..:...~}i .) i-4l1.bL:..:J :ULPl 

: ~ DNA-1\ iJ..p" ~~ LSy>-i ~ ..:...~}\ 

VI 



0l:?.H1-.r"~.H\ .yo J jy..11 DNase I 

. ~~i y6..iJI.yo J jy..1\ S1 nuclease 

. 0.,J.,AJ1 ~~ .yo Jjy..11 Exnuclease III 

~j 0.,J..,..AJ1 ~0	 .yo .;Jjy....ll ~lAJ\ u~;~1 Restriction enzymes 

. DNA --II i.J..lt> l:::"~	 ~i .yo oJ..p. 

.b;;l • •:~ C=-I u~;1 .yo til .jj")0 ~~ 

AJ . Type III ..:.JL:JI })Jlj Type II ~L:J\ jI}Jlj Type I Jj)ll jlykJl
 

\J..p. J')\..> i.r--=s ~ ~...LJ-\ ~j ~i .yo u~;~1 oJ..p. .yo ~L:JI jI}J\
 

o O~j j..a.4.l1 

~WI jl.;kJ1 (..r4 ~I ~L£;i 
Type II Restriction enzymes 

DNA --II cr" 4-j~).1 ~")Ljj ~I..u\ ~I ~ u~~~1 oJ..p. J-.u 
. \,p,~ 0j~ ~ u5loi .yo F1 ~ ~:;_;..ll\ ~)~ u~;~1 oJ..p.~. 

1 - Jj~) \,p,~ ~ ej-:-C ~ ~Ir" jI}J1 1J..p. .yo f-~i js::J 0p ~jJ 

~;~I ~.)-I ~r-"	 ~I.yo Q.j1-! J--.lI ~ ~\ 1-4J ~j. (3 

. (2 - 3 Jj~) DNA ~r=- J5 .yo ~l:.J\ ~I ~.,.U;.j 

0~ \ ~ ,0· .9' u~;~1 oh il~I.yo ~l:J1 ~I ~ ~ 

" 
ul~ L.,..h; ~ u4:;~\ ~j Cohesive or Sticky ends ~) u~~ ul~ 

. Blunt ends,,~ ji ~)~ ~~ 

5 
J.. 

G AATTC-3 Eco R1 5 - G + AATTC - -3 

-3 C TTAAG 3- CTTAA + G - -5 
r 

~)u~~ 

-5 
J

GG CC-3 Hae III -5 - GG + CC - 3 

-3 CC GG -5 -3 - CC + GG - -5 
r 

vv 



--

--

--

--

-- --

. ~ ~ ~UL.I ~I ~I""'J ~LaJI ~4:;;~1 :.r ~Js.: 1 - 3 JJ~
 

~ I ~.".. 
I 

G-vAATTC 

1 
G GATCC 

1 
AAGCTT 

I 
~ 

CCGC 

1 GATC 

1 
CTGCA G 

1 
CAG CTG 

GATC 

1 
C TCGAG 

1 
TCTAGA 

r.:';---;~ I 

Eca R1
 

Bam H1
 

Hind III
 

Hpa I
 

Mba 1
 

Pst 1
 

Pvu II
 

Sau 3A
 

Xha I
 

Xba I
 

J.,> ~y ~ ~ ~l:..A.k.......,.)\ ~./'il ~~L.i.::..ll ~ ~~ 

<f ~I ~ ~WI ~lf./'i\ ~ ~~.,. ~lA.:J\ C~.)I l:P;;;;~ 

~l:.11 Buffers ~)\...u\ ~~I eyi 0:::-! .)L:JI J.,..LJ:.\ . ~J\...&.U; J.,> 
. ~lf} 'il o~ ~ 

.~, ~L£~i ~ ~ ~~I.u)'JJ'J:Jl$I: 2 - 3 JJ~ 

X10J,#ltj 

Low (L)
 

Medium (M)
 

High (H)
 

K
 

0 

Tris - cl Mgcl2 Nacl Kcl OTT PH 

100 mM 

100 mM 

100 mM 

100 mM 

100 mM 

100 mM 

100 mM 

100 mM 

100 mM 

100 mM 

VA 

0.5M 

1M 

1.5M 

200mM 

10 mM 7.4 

10 mM 7.4 

10 mM 7.4 

- 8.0 

10 mM 7.4 



. DNA~\ J.,.6-:r i\~j~lo 10.....A..,.;i ~ wj)~i ~.r.-ii ~ - 1 

. F-J';fJ ,-:-,,1..:.1\ ",-.s)...ul J#I :r r::Jj~lo 2.....A..,.;i - 2 

. F-J ~I :r c.1.>j 20 - 10 .....A..,.;i - 3 

. TE J};- ji r-W1)a4l\ ",til ol.P~ .r:Jj~lo 20 dl j&-lA::JI ~ J-oSI - 4 

. ~L.. 2 - 1 a.rAJ ~1..:.11 ~))-I ~)...u,-! ~I rS i~ ~L.i.::..ll Ui - 5 

,y-~j ~Li:..ll J.,.b- :r .r:Jj~ lo 1 .l.>-4 ~Li.:..ll c.~ :r ..l5b - 6 

. i":}..;..r.? ~,-!~I c~I~):o 

ji DNA ~I :r ~}> ~ ~ Jr=ll tll>. ~ ~\,j ~Li:..ll 

c..u-u ~ a...l..>-Ij Lj->-~ y:.....ul tll..>- ~ Loi . i~ c..u

. i Y4J1 

VII, 

http:10.....A


: ~"~I ~I :1-1.....r .r"' 

'-.?jpl ~L.::l1 ~~.? ~ L...k WI ..:...~} ':J 1~ ~ IJ-" U ')\...;...>. ':J i)i; 
t-=}I J5 t: 0::- DNA llok.. ~ ~L:JI ~I ~~ ~~ 0L>:....)I~ .u~ ..:..LJlJ 

. \~ ~ ~~~\ o~1 il~~ 

~ ~ ~..UJ 4j-i1 .wl.;>- ~l.:..: t,.p~ ~L.J..Jj ..::.->l:il ~I & 01 

. Genomes ..:...41 ~ ~ ~ ~~ ..:...~}':JI 

: ~l:J1 ..:...Ipl cil 0::-~ ~}l~? ~~ ~~ 

j Bam H1 j Sau 3A ..:...~}':J\ ~.;>- ~~ ,-:-,}hll ~\ 0~ vP.r..iJ 
. ~ DNA o~L; AS 20 ~ uJ~ .u Pvu II 

~ JS Pvu II j	 Bam H1 j Sau 3A ..:...~}':J\ ~ J5 c::: j&-~ ~ - 1 

. (~ LS 0}':J1 j&-lA.:.l\ ~ ~):> ~l) ~Iyii! 

. iJ4.l1 ~ ~~~I o~\ i\~~ t-=}I J5 j&-L..i; Jl>- - 2 

Jl:J15 ~j~yo ..:... ~L..i; ~ - 3 
Bam H1 + Sau 3A 

Pvu II + Sau 3A 

Pvu II + Bam H1 

~L.:.; ~I...> ~ ~J-" 0:S}':J1 UW~ V~)I ~lA...:J\ ~I~\ ~ 

u~1 ~G- ~ L.l . o}..,.J-\ ~)~j ~(.$)...u\ J}sh\ ~ ~4-~1 

~\~I r3 l..r-"j DNA JI 4 ~ ij.j ~ Jj ~\ j&-\.A..:..l1 ~\.r:-\ ~ 4!jj; 

. ..;~\ j&-lA.:.l1 

. i~ ~ ~~~I o~1 ~):> (f" ~j~)\ ..:...~lA.:.l\ cil:.; Jl>- - 4 

: w··':J1 .£.k :L \ ~ ~L..i; 'l:.; I 12 
~ -r "~ ...... ~ u-::

: ~l:J1 cil:.:JI ~ J~I F.u~ vPy::i.:Jj 

http:cil:.:JI


~lci:J' ~ ~l:J1 ~I ~J ~Js. 

Kb 

Sau 3A 20 

Bam H1 12 6 2 

Pvu II 16 4 

Sau 3A + Bam H1 11 6 2 

Sau 3A + Pvu II 8.5 7.5 4 

Pvu II + Bam H1 9.5 4.5 2.5 1 1.5 

Sau 3A Sau 3A 
'\J j 

20 Kb 

Bam H1 '\JO 

.,,1 21' 
Kb 20 

12 Kb 

6 

Bam 

T 

H1 Bam 

J.,6 J., 

12 Kb 

H1 

2 J., 20 Kb 

.,,1 

0 

Pvu II 0 

12 Kb 4 

16 Kb 

t 

Pvu II 

J., 4 20 Kb 

.,,1 

0 

A\ 



: Sau 3A + Bam H1 js-\..QJ - 1 

Sau 3A F-}~ L.rU wy>!.i~.)i ~ V~).\ -Y-l.i.::..\\ ~\.:j .)\ 

dl.c '1 ~ Bam H 1 Js-Li; .y ~l:J1 12 Kb ~\ ~ &
~ly> ~i Bam H1 F-} '1 I -y-Li; :.r ~l:J1 2 Kb -' 6 Kb .)1.:....kA.J1 

. Sau 3A F-} ~I 

Bam H1Bam H1
Bam H1
 

\J 12 Kb l 6 l 2
 
f- Bam H1o 11Kb 

Sau 3A 

: Sau 3A + Pvu "js-\..QJ - 2 

v~).\ -Y-u..:J1 ~l:.;-, u~}'1\ o.i..&J o~ril\ u~\i;:jl ~l:.; 4,j)l.L:.r 

:.):~~~ 

~l:J\ 16 Kb ~.,kJ\ ~\ ~ &- Sau 3A F-}'11 ~ :..rU1 ~}I .)i 

. Pvu II ~pi F-} '1 I -y-Li; :.r 

Pvu II 16 Kb 4 Kb 

+ t8.5 7.5 Kb1Sau 3A
 

Sau 3A
 

!\'( 



: Bam Hl + Pvu II ~W - 3 

V~)I ~L.i.:J1 <t~ e ...:;.,l£fi'1l 0-4-1 ii~.rill ...:;.,~L.i.:J1 <t~ 4..i)lA..o.:.r 

8 Kb;; .boll ~ Jj\ll ~ Pvu II (-}\I ~~)-"!.I~0\ ~)lu 

2.5 j 9.5 ~~ .)1 4--k;;~j) Bam H1 {-}'11 ~l4; .:.r ~l:.ll 

{-}'11 ~lA..; .:.r ~l:.ll 6 Kb ~\ ~ ~ ~\.;jl ~.,llj (ii~U H 
~)-L; ..!.lJ.iJ (ii~l; » 1.5 j 4.5 ~~ .)1 ~j) Bam H1 

: ~ ~Li::..ll 1-4-1 ~}'11 

Bam H1 

12 Kb -t 6 Kb -t 4 Kb 

+ 

Pvu II 
9.5 Kb f 2.5 4.5 f 1.5 2 Kb 

Pvu II Pvu II 

\ Bam H1 
Bam H1 I-t l-t 

2 4.5 1.5 2.5 9.5 Kb 

~j~)1 ...:;.,J\s.lA-:..l1 <t~ 4..i}i..o .:.r Sau 3A {-}'11 ~ ~y~ ~ - 4 

.JJ 4}'1\ ~~I 0~ WJ-" ..!.lJ.iJj ~.rW1 4.kWj ~!.I~ ~I 

: JL:.llS uPrAl1~I DNA 

Ai 



Bam H1 Pvu II Bam H1 Sau 3A 

') ")( t t 
2 4.5 1.5 2.5 8.5 Kb 1 Kb l' 

Pvu II 

~L...iJ ~I ..~I ~ ~\j Y}'1! ~1.r=L1 ~~ (y' ~ u'1l;- ~j 

f-}Y\..l ~yiJl jAlS s:~I ~J...y ~ c;jJ:-1 ~L.i.:..ll . u4:; '1\ ..G>-":) c;r:

. .l..l.'U ~ . t s -" - ~\ \c.Li::..l1 ~~ DNA.J\ b; -ILr" - - (::P j j ~ .r-r- o: . L:1'-:._~-----.J 

. f-}'1\ 



Polymerase Chain Reaction (PCR) j~~I :i11ULoo/IiJ ~\.A,;; 

-I' •...:....i15 ~I ~ uU)y jl ~ DNA & ~~ ,- ,.2._.- ..\ ...l.AJ 

~~ l:.~1 J>-I~ ~L,a.., ~ ~~ ji ~j~ t: &.ill o~ ~) <5.r-f 

o~ i\~b 0;J1 L:""ij . peR j:.~.r.J! d.LL ~w ~j l)s 0--4~ 

~}5Ji "-:-"}.....i tL:-;1 ~\ ~L:l1 0j~ t:-JI ~':!-")...,. ~I uU).,l1 ~ ~?J! 

. "WI 
\ 

~ ~\}i DNAJI ~~.? cr" o~.ri-" ~ ~~j ~ jYli:.l\ I~ ~~ 

~i r:.r Taq oAI F-ji .r?'-'... DNA o~ F-jij ~ ~l>- ;ij~~ ~\ oLP\ 

u~)~ oAI ~ ~W\ ~WI~ ~\ o~ -J .:Lo~\ u'-€j;J\ 

L...l:>...::....1 r95 - 94 0 U l? ~\ o)yl\ uG:-)~ ~};.;...... Ij ~\s. oJI? 

cr" ~\ ~~ ;J y.L.L:J\ \~ s:\~\ ~ij. ~j~).1 U.~;JI J...a-9-J 
-~L:.; ~I uU~~1 cr" ~ tf;J ijL.,.;1 .ri-:Jij r-:j;J\ ';p I~ ~~\ 

~I ~~~I o~;JI ';y ~.; r:.r rs"llj . u'C).,l1 :..r .r--? ~~ ~ 

-J ~-'j ~LA..:j: -~ <5r" c~ ;J ~I ~ 0i ~ ~I'; j........; 
-J...a-!j Yli.::J1 Wjj:; ~y -J ~I';~'; ~ ~~.r. ~ j4J:-1 

, ~j~).1 ;U;,~ ;JI 

~~ o .. I~1 ~~ \~ ~~ jYli:.l\ \~ ~L.:- ~ij 

Ll>- ~ L......... DNA ~ _..:..;,~, <\..41~1 . <:: ~ W' , <-J\AS k 0-\.;>.1 
- -.Y - r-=-- ~. j 

~ ~\ .) ~I..L>...::.-...,\ ji ~I ~ --4~ -J ~ L...s o..L>-lj 

. 0 ~L., ~\ - I .:._-\\.rr' .• '. '-'~ 

~y::--!y~ ~I ~I u~L.i:J1 r:.r ~i ~li:.ll \~ ~"l ~j 

, ~I).,JI ;......~Ij ~):-I ~I).,J\ u\~ ~ -J 



~U.:l~ il...l..:>..;,...~ ~)1\ ~ ~~ ~ o~..u- ~~ j&-lA.:Jt 1--4J 

~I.rikl\ ~ ~1)j '-;-J~ .:l~j ~~ ji Y ir"Y'j.? .)s-~ ~1.,1 t..,.:,l> 

.) vl~1 I..u- Ih . ~~j ,ujrll ~""""'Y'j.?J1 ~ ':JU:J':JI ji ~I))I 

. ~~j ~I))I ;"""..l:+!1 ~~.) .l...oj".>Ul ~~I ~'_+i 

: peR j-Jo-~ L_-:.IT 

~jJ . ~ DNA ~ r-::-.... a; w~ j&-ld\ IJ..,. 0~ 
~

~ L \..:.l9 LS 

,uL,.;1 ~ 6J.:l~j DNA JI ~.rZ .yo .:l}..A ~l! .)1 c~ j&-Li..:.ll IJ..,. 0~ 

. ~ WjJ; ~Yj dNTP oj.rJ.1 ~\~~~\j O~j Taq f-}".>U 

~.,11 ~ L-oL:llj ~L:..l1 ~~4J1 .) ~U.:lL:-l1 JL..a-:J~ j&-U-:JI i...L:-! 

uW,1 ~;, ~ '-;-J}hl\ ~.,......u ~ ~~ ~ ~..A: ~ .. ,,_":" aj '-;-J)hl\ 

.yo .)j ':JI O)j..LJ\ ~4; .) . I g ,a.: e ~)j ~U.:lL:J1 .)1 ~I~.,J.S~I 

~ <0p ~jJ . ~\ ~.,11 .) ~j.:lj--A ~r=.i L:.;..1J ~ ~p J..'-U-:J\ 

0:.»:r- ~~ ~. LS..;>-i o~ O.:l.rU a,~i ~ J~ U,~\'I oJ..,. j....::U 

~).:l ~ ~~ ~ o.:l~ o.?iJ r95 - 94 ~l&. ~)~ ~~).:l il~1 

o~~ a,r=.i cL:::.':J LS..;>-i o~ ~~I j&-li; ~.y ~l:11 ~)..1J1 .)\ o})-I 

~~ ~I~ ~1~lj 4L:U ~ a,r=.)1\ ~~ ~ I~j. ~.,11 ~ 

U,~\11 ~ ~j j&-L.L-:JI ~~ orA J5" .)j. lJ.S:.,.j o~~ U,~f 
, 

.:l..u- .)s- b~1 '-;-JpI .:l...uJ\ .)s- J~I~ ~.,11 ~ .:l..u- ~L..a..::; 

. (1 -3~) j&-l.i:J1 ~I)j.:l 

w~ ~p ~L......:.I ("""""'-'"'" ~ ~ J~I ~I ~l:ll 4..lL::- .) 

~~~\ J>-~ . (~ 32p dCTP) ~L.t....;,1 r-"Y'rsf jl J.>..lj..L.:J~~ 
~ ~ 

r-"yo ~j ~ I ~.,11 j:i a,~\ L:h-o j&-L.L-:JI .) Y Lt-;,I ("""""'.,1\ 

-.~L.t....;,\ 

A"\ 

http:l..u-~L..a


~4-:-llj ..~ u4y.; u\~ 0~ PCR j&-liJ 0-" ~l:J1 F 1 

r-.ri-~ .u~ ~jJ . u u......"...iJ1 .i.s-~ 0-" ~ 4J .L-.o L::l\ 

"<yu e 4,j}>J1 ~ ,+--I~I ~ uLi......."...iJl .uLPlJ u4l+J1 

=
 

w 
m 

""';{10J.jW,1
r-:!~ 
DNA POL 
+d NTP 

w 
-----------~ 
~---------m 

. PCR J&-l,.ij uIJ"~ lJ4 0J.,JJ ~ 1 - 3 ~ 

AV 



X10 T4 Kinase F-}':1 '"LS)~ J~ 

Tris - cl mM 500 

Mgcl2 mMl00 

ETT mM 50 

ATP mM 10 

PH 7.4 

X10 Taq Polymerase F-} ':1 '"LS)~ J~ 

Tris - cl mM 100 

Kcl mM 500 

Mgcl2 mM 15 

Gelatin %0.01 

PH 8.3 

:u~}i 

T4 Polynucleotide Kinase 

Taq DNA Polymerase 

AA 



~lJ-1 0j~ j3L.:J1 ~I L41 DNA JI .i.....h! ~ ~ ~l4.:J1 \J.p,..; 

. o~WI ~ W' ~ ~Y\>- ~I ~\ j3L.:J1 Jl>~1 ~I 

0~ -.!.U.lJ . ~ j3\y ,-;-"b ..;-II uU~l:J\ eyi :r ~..l...AJ1 ~~ 

r ~\ j3l:J1 0i ,-.Pr-iJj . j3L.:J~ t..,..,U-I ~l:J.\ uU~~\ )~\ ~ 

: ~ ~\..:l\ uU~L:J1 0}9 -.!.U.lJ M 13 mp ~WI 

-5 - CGCC A G G GT T T T C C C A GT CA eGA C - -3 1 -0~WI 

-5 - AGCGGATAACAA T T TeA C A C A G G A - -3 2 -0~U\ 

: ~l:..o ~~i ~ Jl.:J\ ~li:J\ ~ - 1 

~\~L.:J\J~ .r:Jj~lo 10 

. .r:Jj~lo/il..r.-yli 1501 r-i) -0~~ .r:Jj~lo 1 

. .r:Jj~lo/ i\..r.-yli 1502 r-9) -0~~ ~j~lo 1 

Taq x 10 ~L»~ J~ .r:Jj~lo 10 

. d NTP ul...w-~ . .k.J..>.- - )-::' - ~j~lo 8 

. (ul..l>j 5) Taq oAJI f-}i .r:Jj~lo 1 

.~~Lo .r:Jj~lo 96 

Mineral Oil C}J..to...o ~j r-)j~L, 30 -....i.Plj \~ ~u.:J1 .bJ>. ~I - 2 

. ~W-i ~ui Y'y--J\ h e ~l4.:J1 ~ 

r95 - 94 o}r> ~)~ J.;.$. Thermal Cycler ~).rl-I o)j...lJ1 j~ ..b..:-PI - 3 

~Js- -.!.U.lS ~ j ~~ 2 e..u. r 72 - 70j ~~ o...ll r50 j ~ e- 40 o..u. 

. ~}kl\ ul)j...lJ1 



. ~}rl\ ...::,.,I)j..ll\ ~4-i ~ ~).rl\ O)j..ll\ j~ .j j&-l..i.:J1 ~~i l::!' - 4 

~l;~ ~L;~ ~ o..u r72 o)y->- ~)~ lSy->-i or" j&-u...:J1 ~i - 5 

. o~~ \ c::-JI .j o~~r ...::,., IjJ ~i ~ 0r-l:JI ()~ ~yJiJl 

J~ cr" .r::Jj~Lo 2.J ~~~I 0MI ..\~~ j&-l..i.:J1 elf. (f' ..lS'l1 - 6 

. i ')4J1 ~ j&-l..i.:J\ 

4J~~ J!UI ~\ ~-4L\ ~I r..:l <.,?j~ ~ Lj->- ~Y':"j 

~I J!l;.ll ~ ~\...l>-l yLPl ir- ~~ .. j&-u...:J1 e~ ~ 

4JL>- -.i) ~..,.11 ~ ",::",U.:lL:J1 j.:i 4 .; ~ .; -> lSr>- ~Ij (41_ ;;~) 

yo:? o~..L:J1 4;~ 6.Yy--J 
~

I~ 0MI cr" o-iA ~...L;j (~~~j 

. ~i ~~~j i~ ji i')4J\ 

: ~ DNA ~ ~ peR Js'1A.; s:-I~I 

uU~~ i\~~ PCR j&-IA.; ilJ...:>..::.....~ ~ DNA & ~~ 

1-iA.j ~. ~j~fA ~~ ~ ..~ cW y>"l\ ~.j j.:i s...... 
DNA.J1 & ~I 4;l:4J ...::,.,LL...,~ l?"~ .uL.,.;\ ~ ...::,.,u~l:-I\ ill- )L.:::->-~I 

. PCR.J\ j&-IA.; ..1?1 rl ~~}kl\ 

F 1PBR 322 ~jY\..:-ll ~yU~~}kll ~I 04 ...rd'.r--Uj 

.Jl & 4);'; ~ji ...rd'~ . 0:- r£;~ ~ DNA c;,,i <.,?i ji Hae III r£j-i~~ 

~?Ij p,.9j)}5 : J~I u.;~ &W\ r£;~\ e j&-u...:J\ ~ o-iA DNA 

.J~I.j 

'\. 



:J--J' ~ t.oj~1 ~U,)~I 

-5 AGCTAGAATTCGGTACCGTCGACC - -3 1 : ~",\l1 

-5 GGTCGACGGTACCGAATTCT - -3 2:~WI 

2~) ~~L:JJ ~~I ..:,.,4lfill..:,.,lQ.....,~ ~~ ~L,.:;l : ~Jl 

: ~W ~~i ~ Jl:J1 ~U;;jl l:?~i 

. .r:Jj~L../il~j~L.. 1 o~1 ~\;jl .-u.)~1 J~ .r:Jj~L.. 20 

. X 10 T4 Kinase f.=}".>U ~lS).) J~ .r:Jj~L.. 3 

. T4 Kinase .r..~\ f.=}i .r:Jj~L.. 5 

~)~ rJ o..L>-l j uL.... o.ll r37 .5 o};->- ~)~ ~~\ ~~i ~i 

. .6.i.._j.) 5 o.ll r95 o};>

~ 

~WI ~~I ~ ~ ~ ..:,.,U~L:JI ~) : ~~ 

: ("" l.-s- --bi \:.;~)- c-C ~ 

. ~LJ\ ~~I cr" .r:Jj~L.. 24 

. 1 r.i) .-u~~1 J~ .r:Jj~L.. 28 

x10 T4 Kinase f.=}tyj ~lS).) J~ .r:JJ~L.. 2 

.)~ ~~\11 !J.;i r3 44_;.) 2 o...ll r90 0);->- ~)~ J.,ul ~~i ~i 

. ;j..,;J1 o).r- ~)~ 

~ 

: DNA JI ~ ~ ,,"~I ~I ~) : ~~ 

: ~W ~~i ~ Jl:J1 ~~Il:?~i 

~jJ\.:J1 &i :.r" il~yl.i 10 

. (~L:---J\ ~I) ~j~)\ .-u.)~\ :.r" .r:Jj~L.. 1 

. X 10 T4 Kinase f.=}".>U ~lS)~ J~ .r:Jj~L.. 1 



, (ul...l>j 10) T4 Ligase iL:.JJ\ t.:}i .r-:Jj~Lo 2 

. ~ ~ ~Lo .r-:Jj~Lo 5 

r70 ;;};>- ~)~ ~ ~L.. 18 - 12 o.u r14 o};>- ~)~ js-La..:J1 ~i 

. ~\.;.:l 10 o...u 

: ~l-A.l1 .k~!I ila..;)\..\....4 '')lJ1 DNA .J..~ W;,j : 
~ 

lA.,,\ .. ~ ~. - J. c- - .J 

J~ j-4 ~~\ ~I e ~)I ~j~1 DNA cW ~~ ~i 

t-=}4 4-=J...Gu. ~ ~)hl! irl i ~IY' ~j ~~~I o~1 il..L>...:......1 

. U""'~~I ~\f i~j)#: J~lj Agarase j-!.)~\f\ 

peR ~LiJ : 
~ 

L-ol> 

: ~L:.... ~~i ..; .)l:J\ js-li:J1 ~ - 1 

. ~WI ~I e ~)I ~j~1 cW J}: .r-:Jj~Lo 50 

. 1 t') ~#I ~.:lL:JI J}: .r-:Jj~Lo 1 

. x10 Taq oy-o-l)l t-=}YJ ~<.S).:l J}: .r-:Jj~Lo 10 

. d NTP u\~.,)5'~\ J.,b .r-:Jj~Lo 8 

. ~~ ..Lo .r-:Jj~Lo 30 

. (ul...l>j L...>-) Taq oy-o-l)l t-=}i .r-:Jj~Lo 1 

. js-li:J1 ~~ .;..w\ ~)\ j-4 .r-:Jj~Lo 30--..i..Pi 

r 50, ~e- 40 o...u r 95 .. 94 o};>- ~).:l ~ 6..;).,J.. \ O)j..Ll\ j~ ~i - 2 

. ~)hl\ UI)j..Ll\ .:l...l&- .!lJJS ~j u.;9.:l 2 o...u r72 - 70 j u.;9.:l o...u 

. 6..;})-1 UI)j..Ll\ 6..;\..g.i tf:> j~\ ..; js-li:J1 ~~f t:::P .- 3 



F-}'l~ J-oWI ~j~1 (~ .:l.LJ L,?jL..o irJ-1.:r .:lJ..&. .:lr-:-j 

&-iJ1 -.JI ~~\ u4l.g..:JI J}> u..,.;i) ~~ij cbl.AJ\ 

.(~\~I~~ 



Gel Electrophoresis 

J 



: 10 x TEA J.."L- - 1 

Tris - cI M 0.4 

Sodium acetate M 0.2 

EDTA M 0.02 

Nacl M 0.18 

PH 8.0-~ ~lA;:J + 

: 10 x Loading buffer ~ J.."L- - 2 

Glycerol %50 

Bromophenol %5 

SDS %5 

~ ~lA %46' 

%3 ,- )1 '~ r~yoi J.."L- - 3 

Ammonium persulphate il.J- 0.3 

~ ~lA 3r-" 10 

: Developer Solution ~~..,s-~' (j,,;. ~ J.."L- - 4 

Sodium carbonate il.J- 10 

~ ~lA 3r-" 474 

~lA)"; 3r-" 2.5 

. .JL-.:......\ Lr" o~ or! ~ o~ ~ 

'\v 



Hexadeeyl trimethyl ammonium bromide r1y>J..o 100 

o ~ L.. 3('"""'"" 100.. 

: (3('"""'""/r1y>J..o 10) i~~~1 ...l::-o.J.r. - 6 

Ethidum Bromide r1y>J..o 10 

o ~ L.. 3('"""'"" 10.. 

ry-~)1\ ~j.r. o.)Lo 0i ~1 o~)11 ...?:".r... ~ 4'_0; ~ J.,bh\ .1i..i.::-i 

. o.;k3-\ ~.rll .)\)1 LJ-A 

: %30 --4~...s~1 J~ - 7 

Aerylamide 29 

N,N, methylene biserylamide rl.J

100 

: TEMED - 8 

: %0.5 ~I..:,.,l~ J~ - 9 

Silver nitrate 0.5 

100 

o %1 ~.J""i - 10 

o %2 J.J~ -11 



- -~J de 

JraJ-I .)\l:?.:l~ t,J,W\ <.:.i~;~~ ~I o~\ DNA..J\ ~Lc ~ 0\ 

~I o~ j.,aj ~.H ....;1-3 '!'ujJ. EAJ\ :.r ~I ~ .:ll..l.&-i ~ 

ji ~I).,J! ~4\ J~i ~ ~ ~l:ll)~~ ~ ~ 1.:l~1 

. LS~i ojl.u~ ji ~;~I ~.)-I ,y- o~ s-~ 4 4=k oj'pi 

~j • DNA..JI ~~~ ~;, j...a.9i ~~~I oM! ~ 

..)\ -s~ ..)ll:?.:l~ Le DNA..JI ~ 4...:-lLJI ~! .:l~j ~ ~)aJ1 o~ 

rJ-1 ~ ~ .:l~j 0\ . .;~.;-+S J.i.>- ~ O.:l~j ~ ~.,ll ~1 
~ 

j4-J-1 ~ y;~ J..s-r'"" ~ l.:l~\ F\ oh J~I .)Il:?.:l~ ojr-" 

~~ ~) LA.... 'JS.;> (r"'i ..:-.; 15 ~ I 0~ F 1..:-.; l5 l..15j . ';~.rPJ\ 

. ~I 4h...,pl ji ~I o~1 F1 o~ 

jA ~ ,-:-",l..:A ..h.... .)1 C~ DNA..J\ F ~~~I o~1 0\ 

o~1 ~ i~1 ~\ J)J:I ~ ~l::-P 0j.:l o~~ EAJI o~ .JJl>. 

.kL..,.,j~1 ~i:.r -4L-).r51J.,...)lj jj)~~1 r~ ~. ~~~\ 

~ L~I .kL..j~1 o~ rl~\ ~. ~~~I o~\ ~ .L~I 
~ 

..JI E.i j..,a.AJ jj)~ ~\ r'J'v> r..l.:>....:.-.:· ~ . 4l..a.! .:lI)1 DNA..JI cW r~ 

o~ .!.U~ o..u.lj yl~ 50 - 1 ~ L. ~\ ~ clr:;,j -rJlj o~\ DNA 

..JI ~~. ~ ~"L.I or:-? jj)~~\ i;A;t. <.:.i~~ ~ O.:l~.,l\ <.:.i~LlI 

~ O~j cp J;A>- i':>4l\ :.r U.)-\j ~.r" ;S.rl~ ~I o~\ DNA 

. ~ ~ ;S.rJ.l~}> hij ~i o.;-::-:-SJ\ F\ J~ 

o~ EA.J! j...aA.l-4Wy51 J-~\ r'J'v> il~\ ~I :.r ....;~ ~UjJ 

0..l~! ~\ .r--: -Y.r:. \..c ~~? ~ ~I o~ <.:.i~L. .:l~.,J ~\ 

. .J;A>



: %0.8 jJ)~~I ~~~ 

~';j ~~ ...;...aJ ~):> (f Gel former ~~I rJ4.l\ ~~ - 1 

~ ~.iJ .:l01 ~.,l \ .} U"'"L3-1 h..:.l\ ,. _ . Ai j L:>.,....:.-All ...:;.J~ 4:JI .} 

.~I 

rl)- 0.4 

t x TEA J}:- 

. Microwave Oven o~ CY'i 0} .} J)jooUl ...:;.J~~ ~I - 4 

J)jooUl ~~~):> (f r55 - 50 0)1.;> ~).:l ~ rJ4.l\ J)j.:l.:l.r. - 5 

. ~Ll\0~):-

. ~~I rJ4.l1 ~ J"; J)jooU\ ...:;.J~~ tji -- 6 

~. r~\~~ d Q.i.:l 60 - 30 o...l.l4~ 0j.:l ~I !.l)"i - 7 

. ~L.. o...l.l r4 0)\';> ~).:l.)1 ~~ ~ 4-W 

. rJ4.l1 .} }~';j\ 0j.:l ~j~ .h..:J.lj ~~\ ;,kr-)'\ J) - 8 

. r I..l>c::....,..~ 0';j I j'"~ r J4.l\ - 9 

,..
 



. Electrophoresis Tank ~~~I 

J.,J ~ jA ~j~Lo 2 e 1 1<>od. ~\}I DNA...JI J}.=-.o .k.\.>.i - 34......

. 10x Loading Buffer ~I 

Hind III frag- J.=-o Marker ~y DNA ~ il~1 ~ 

. J#\ c.~r-JI.) DNA.JI ~ ~..l;~ \..2.~ ji ments 

o~.)~ J}:-o e Ur '-:f""'~ DNA ~Y ~..:..LJ..u 

. J#\ DNA.J\ ~Y ~~ LSy>i 

. o~1 ~jl>. J>-I~ J#\ CJ ~j ~~~l o~1 j~ ~i - 5 

6 - 4 o..ll..:..J~ 100 o~ )~10~~ ~ij ';~~I )l:-:JI ei - 6 

. ~L... 16 o..ll ~; 30 ji ~L... 

~Ijl ~ uPy>-ij ';~~I )~I ~i ~~~I o~1 o? ~~ ~ - 7 

. o~1 ~jl>. jA ~~~I ,-,lk.;~1 

0.5 ~~ Ethidium Bromide i~~~1 ~j.r. J}.-.---o u...,.;i - 8 

. ~~~\ o~\ J}:-o d\ 3r--"/i\~j~Lo 

. ~L... 2 - 1 o..ll J#\ .) i Y4J1~.Ji 

~\tl j~ ~I~ e i Y4J1~ ~~~\ o~1 ctl.:.; l~i - 9 

.~~ 0'.111.3; 

,., 



$.~I ~ ~~~\ o~1 J~ -JI iy..~':1I..l;:--aj.r. oL,.;l ~ 

. ';~~I )~I ~ ~j o~~ 

:.u~ DNA E.aJ ~~I CJlj.i~1 ~~ 

.u~ DNA ~ l.~ ~ ~ ~):-I CJljj\ll -4~ ~ 

~~~I o~~ il.:.-iJ1j ~):-I CJljj ':11 ~)j.r"-'" ~~ DNA &! il~~ 

.~W" 

~WI \..l:--' ':1 .jL..ll :>yU 4...o~1 ~l.:.-iJ1 DNA JI &! CJ4 ~~ 

~) CJts .u~1 ~1 :>~ 0\j Lambda Hind III fragments &wl r.:;':1~ 

: J\.:JI ~I ~ JL::l-\ Y' W ~~~I o~1 ~ ~jf &! 

231 +t 
4.4 _4 

~ 
_3I 6.7 

-c 
Z -2
0 9.4 

]. - 1 

J 23.1 

Kb 

;J~I DNA -.J\ & 
~~I DNA -.JI & 

J\ ~~ ~)..i-~ ? ~:>~ )~ r-") 4....:~~ l.}v- ~)j ~ - 1 

J\ Y ;L...-k; J5 ~ ~\ ~Ll\ J=--c. ~\ )~) . ~~i DNA 

. ~l.:.-iJi DNA 

\ .. " 



:.r--- DNA ~ J5 ~ -;JI ijUI --4~ ~~~ ;;~ i~1 

. ~'11 )~I ~ ~j l:?"~lj J~I C~r-:JI 

~..;JI owl 
(~) 

0.7 

2 

2.9 

4 

5.6 

1.4 

2.5 

3.4 

4 

: Jl:Jl5' -.:...il5' u\.;UI 0~ uP.rAJ 
: ~L;..il\ DNA...1\ c:y -1 

kb~1 
~ 

23.1 

9.4 

6.7 

4.4 

2.3 

J~\ DNA...1\ c:y -2 

2 

3 

4 

\ .'\ 



2
 

- ... ~~ 
- - ~ - - -,~ , 

- -I- - - - r - - ~ ... 
I I I .~~ 

--L---f----r-- .... 
I I I I <, 

--L---~---r--~---~ 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I o I I • I I 

0.1 2 2.9 4 5.6 

( r-" ) ~Ll\ 



~ 1";UL.o ~ L...,.,L.....il1 DNA J\ .~;;. U-I '-'1\ ...L.-... - 3U . - - c-: cr" ~ r--') . 

. .!..U~ uP~1 ~~\ ~I ~ 4J~ 

d->" 4~~ 6J~ ~ JS 6...il-o P ~I tl:u..:..Il rJ--4.h>- ('"""") - 4 

tk>- o~~I o~ cbU; ~ cr" ('"""") rll:?"'~1 ~I e .wJ:,li; 

.~\~~rs-~~i 
t: 4J ~~I ..l4..::J1 ~ J")\...>. Cr" 4J~ ~ JS ~)Li..,J ~\ - 5 

.~\~~rs-

: JL:.o 

\+-~ ~I ~Ll.1 L?jL.:J kb o~u .A:-S 4.4 = 4J~1 4 ~) Gh.ill 

. o..t&-l; H 4.4 ~~\ ~\ ~ ~I ~LlI e rYlgJI J')\..>. 

: 4J .).\ 3 ~I ..ll~ 
~ ~-

2

L....LilI ~\ - ~_\- - ~) ~ 

6.4 

t 1 

3 ~I ~ 0.826 -7 ----------- .... 

4J~\ ~3 -7 ~.=-~---=. -------:=1- -. 
l' I I
I I

1

I I 
I I 
I I 

4 

r 
~-rJ1 ~LlI 

~l:-A-l\ ~\ 

.~l;~ 4 

\ • 0 



loS . I.A~j %0.6 j %0.4 ~ o-4~ ~ jj)~'1\ i')v:, ~~ 

I~ ~.~ DNA &i ...J.p~') ij')UI jj)~'j\ i')v:, ~~ 

<.J~jjJ\ C!.:r ji ~I jj)~'j~ jj)~'1\ ~ crJl 

. Low - metting point agarose 

~4~ ~yk :.y Glass gel former 4~)\ i'>4J1 ~ j-p- -1 

. - 'j.h, • ~\<...rP -.r-! 

:3r- 100 ~ ~~j 0)j.) ~ 0 L, rZ- - 2 

. %30 -4~.?'j1 J~ 

. x10 TBE J~ 

: u..,.;i rl ~.) 2 o..ll deaeration ~I ~ ,I~I J) 

%3 ammonium persulphate " _.;1 .•~ i~yi 3r- 2.1 

N,N,N,N - tetramethy lethylene - TEMED ..r-=Jj~L, 30 

~I J')l>. ~ i J4J\ ~~ .v~~ t?ij iJ4J1 J~ ('j-"i - 3 

. ~"wl 

. i Y4J1 ~~ <.?"wl ,~\ ~ ~l:11 Wy ~.k...:.ll t!' - 4 

. ~L..... 2 o..ll "-:- \,<2-.1 iY4J1 !.\.;i - 5 

. 'j-4-!.k...:.l\ ~JSj i Y4J\ ~ ~4.i ~ ~')U\ ~.rJ\ J) - 6 

. <.J'jl il~~ f~ i Y4J1- 7 

\ ."'\ 



J. jj)~ ~I EiJI ~ EiJ\ ~ J. J.:~.?~I 
kb bp 

0.8 - 0.5 30 - 2 150 - 25 15 

0.75 20 - 0.7 200 - 40 12 

1 10 - 0.5 400 - 60 5 

1.5 3 - 0.2 500 - 100 3.5 

2 2 - 0.1 2000 - 500 

: ~~.?~I (:J\Ib J')\>..:r ~4~1 0.M' 
. ~~.rPJ1 0~1 ~jl>- ~ 1x TEA J~.:r ~l.:...o ~ e::P - 1 

. o~\ ~jl>- J>b ~y> ~ ((>~I e) i~1 ~ e::P - 2 

. ~I J~ .:r ?j~L.. 2 e ~ ,-;-,}kll DNA..JI c~i .hb:-i - 3 

2 e (PBR 322 Hae III fragments) '-;f'""L;9 DNA &! c~Y .hb:-I - 4 

. ~I J~ .:r ?j~L.. 

. i~I';'::- ~ ~\~\ ~ J5 DNA..JI c~lc e::P - 5 

. j~1 U ~j ~~.rPJ1 o~\ j\..g.;:- ~i - 6 

!J.;i . ~i J-" 25 o~ 4J~~ )l::-::JI ..k.:-Pij ~~~I )l.::;J1 ~i - 7 

. ..:,...\s.L.... 6 - 4 0...11 o~\ 

. 0~1 j\..g.;:- ..lki- j ~~.rPJ1 ,-;-,lW\J\ J)j ~~.rPJ1 )~\ ~i - 8 

. U1; 4Jj~ i~1 ~ j;~ "j--4-: i~1 ~ ~)i - 9 

. tiU 1Jb- ~ ~l::J1 ~ykJl ~ i~1 ~i - 10 

: ~~~I i":;AA ~~ 

. ~~ 30 0...11 %1 eTAB J~ ~ i~1~ - 1 

\ •V 



1- ..- --.. ------
I 

-:;~j-i\ i..I..AJ i~ ~ij 4~)\~ ~ iY4J1Jo..>-i 

·~ji~1 

. :i...'i._j~ 30 o..u)illl ~U.\ ~ i~\~ - 2 

. :i...'i..j~ 15 o..u %1 ~r~1 yL... ~ i~1 ~ - 3 

. ~~ 30 o..u ~I ..;:..I? J~ ~ i~1~ - 4 

. ~\j 15 o..u)illl ~U.I ~ i~\~ - 5 

. :i...'i._j~ 30 o..u Developer ~IJ~~ i~1~ - 6 

. 'yli~ 10 o..u %2 Jj~ J~ i~1 J-.-&-i - 7 

. :Li.;.j~ 5 o..u)illl ~U.~ i~1 J-.-&-i - 8 

~\ ;.·i 1_::1\ ~UI' 3 5 oL.,.;,1 ~y\" ~ . ".1\ ~i - 9<..r- j r- if' r--" • e - - ..- '-:!' i /'T' 

.~}~~\ 

0yJI ~b.r--" DNA.JI i~ ~ ~ ,-:?~~~I ~~~ i~1 ~i - 10 

. ~ ji 



DNA transfer to filters
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: ~~1 ..)1 ~~I:r DNA JI ~ U"..):> 

(;~~ ~L....o ...LA.: 4--W ~I)I DNA JI ~L....J ~~y+S' o~ '-:?.r=-i - 1 

.&WI 

10 o.ll '-:?)~Y' 0. 25 .r.S.; HeI4)}5"j)4 ~b- J~ iY4J1 ~ - 2 

. ~L;~ 

. o...t>-Ij :u-L o.ll Denaturing Solution ,-:?~L; J~ i Y4J\ ~ - 3 

. ~~ 45 o.ll Neutralizing Solution J~~ J~..) iY4J1 ~ - 4 

J~ .:.r-" ~ u..,.;i . J---..iJ1 ..) ~~~I 0MI ~jl.>- i...L>..::......1 - 5 

cr" ~i ji 1.S~.j ~~I 0:-P."..,lI.j ol~ CJ~ ~ 10 x sse 

. ~jl:ll .j ~Y4J1 ~ c::PY' I.S~ 

. r--' 30 J.,kj iY4JI~.r-~~.; ~)j ~i - 6 

.;........ 4 <' c::Pra ~~ ~ sse J~ ~~...l&-i ~\ ~rJl U)j ~ - 7 

. oNI J~ ~~ .j ~4-> d XJ ~ oNI ~jb- .j i Y4J\ 

: L1a>-')lo 

uLs-lUJl J) (~lk,., JriS .. I~) ~) ..l)1 l:!L,.,i ~Iy' 

c::Pra ~j ~rJl U)j ~ .b:-y CJi ~I:.yo -rJI ~I-*\ 

·iY4Jl~ 

~\-*I u~l.i.iJ1 :.yo ~j ~rJl U)j <3"'; ~ra.j i~\ c::P - 8 

.~?I ~)jj i Y4J\ ~ ~y CJi ~ ~I 

~j iJ4J1 ~ CJ.,.4u ..L.:..i- ji j~j? - ~~ ~ ..L.:..i- ~i - 9 

. i Y4U ~ \All &-JI .url ..L..:.;JI CJts) ...t>-i .j U'"L..:»\ ~~ Q..o~ 

l-S' ~ l.wl u Ls-lUJl :.yo ~s 
~ 

LolC i J4J1 <3r9 j.i:J\ .. L.:..j;. c::P - 10 

.~ 



. jiJ\ .. L.:$. -.;.,,; r~\ ~ ~.;J\ -.;)-' LJ'.4 0d ~ j>- c:!' - 11 

~j>- -.;.,..; (~")U)i 0~~)~) ';1. a; ~~j~ ~ - 12 

. ~.;J\ -.;)-' 

:.; t?>')l., 

LJ'.4 o.r.:-:S ~j>-) J-81 .. ~ -.;.,..; ~.; -.;1)-,\ 5 c:-P) ~ 

~ ~?I -';1))\ ~j-> LJ'.4 ~~ 43""; Klenex ~I -';).,.JI 

. 11Ci)zL1 

laP • 4 j~ ~ ~-'~}> (f' J-81 ..L.:...&. ~ jA.J\ ~~ ~ - 13 

~ 0?"L.. 0...Lt r80 o};-> ~)~ BackedNacum system '-?}~ 

~ ...~\ ~ DNA-I\ ,••.•• \ ~;/\ ~ jiJ\ ..L.:..S. ~ 0~ 

. LS.r>-\ u~L.....o ~;/ \f'~ ..l:JJ1 0~ ~~ 

: Dot Blot ~L:,S..u, toi \r", DNA j 1 ~ . ~ ~ .. 

rL..>- ~ (DNA-II :r ~ pS"1.; :;'Y':") ~l> ~) DNA -II ~~\ ~ - 1 

. ~li:;, 100...Lt (0\.:liJ\ ~l» r95o}r ~)~';Lo 

. Js.L.. ~ Ci...Lt .ujJl o}r ~)~:;,r? ~l;)rl !3.;\ - 2 

. ~~L:..o~r)J~.k:~ 4~~ .. ~&\-3 

. ';l:JJ1 .k:.rJ1 ~ DNA -1\ C~ti ~i ~'u: - 4 

. Js.L.. U,.,aj 0...Lt r25 o}r ~)~ t:...,.;l> ~ ~Yo .k:.rJ\ u..i.::- - 5 

o...l;>\) 4;;.;:;, 0...Lt Denaturing Solution (,,$...l.s-WI J#\ J .k:.rJl ~ - 6 . . 
. J:;,L.t.:J.I J.#1 ~ LS.r>-\ 4..49:;, ~ 

~):J\ ~ ,-?};->-.k.L;, j~ ~ r80 o)y->- ~)~ ~.r=J\ ~ - 7 

.o..UI 

"\ 



\H
 



-~ 

) 

I
 
I
 

I
 

Probes Labeling Preparation 

I
 
I
 

-~ 



: Nick translation Buffer rl ~.; ~\.4:.1 "-<.5)1,) J~-

Tris - cI M 0.5 

PH = 7.4	 Mgcl2 M 0.1 

OTT m M 1 

BSA 3r-/il~ 0.5 

: Klenow fragments F-';~I ~\.4:.1 "-<.5)1,) J~-

HEPES M 0.67 

PH = 8.6 Tris - cI M 0.17 

Mgcl2 mM 17 

BSA 3r-/i'~ 1.33 

Random Hexamer Primers 18 00260 3r-/o~"' 

: Taq Polymerase F-';~I ~\.4:.1 "-<.5)1,) J~-

Tris-c1 mM 100 

PH = 8.3 KCI mM 500 

Mgcl2 mM 15 

: T4 -Polymerase/Kinase F-';~1 ~\.4:.1 "-<.5)1,) J~-

Tris - cI mM 500 

PH = 8.0 Mgcl2 mM 100 

OTT mM 50 

\W 



p 

: Alkaline Phosphatase lJ ...\$oWl .d~."AJ1 ~1.A::.l ~~)b J.,L- -

Nacl mM 500 

Tris - cl mM 100 

PH = 7.9 Mgcl2 mM 100 

OTT mM 10 

: TdT r-:';~1 ~~)b J.,L- 

Potassium cacodylate M 0.5 

COcl2 mM 5 

PH = 7.2 OTT mM 5 

(3r-/il,;AL. 1) DNase I J.,L- 

o NAse I il,;AL. 10 

~~Lo 3r- 10 

Nacl M 0.15 

\\A 



-
1Q 

4-:-::5.;'; '-?~ u~ ~~ 4-.........,l1 u~1 ~ J.;k....;~ 

4--Jj-'" --4 ~ P:. ~ ;.f'-)yU.Ji if'L-;. I J::, ~ u I'; ~~ ~ 

u~l r-=-".Y ~I ,-?,),F..rJ1 ~~I u')ls.~1 ~ ~l . ~~ 

J::,~ ..;..~ .:r-~Y' u~ ~~ .Ji ~ ~.J~~ ~I J..:.::....,.; 

~I ~~ ~u ~ 4..-....r" .r::S-~~ .:.r u4:~~1 .; o~\ 

ul..y~~ JI -- ~ 11";"~.:r-~ o~ r-=-.,.:31 ~ ~I . t...-....,ll 

. ~I ~ ~~ o~1 ~.; ~)..,.u.Jl~l;...,.Ji ~l-.,.;.l ~Y' 

: ~i u~1 r-::-P J.,k o.Js. ~~ 

Nick Translation ~\ ~.; ~Li; - 1 

Random Primer Synthesis .;\~\ ~.)~I ~ - 2 

End - Labeling u44.:J1 ~ji - 3 

PCR Probing PCR.J~ ~p\ - 4 

c DNA Probing rl DNA.JI ~ji - 5 

~yJ ul~1 ~ d...o~1 u~\..Q.;j\ ~i :r u~\..Q.;j1 o~ ~ 

.u~\ 

~ (~.,..; ~ .)IY' i\~1 ~) u~li::J1 o~ .. \~\ ~ 

~ 4...0j ')\JI u lb~ '11.u\.S ~ ~\) .t..-.:J.I .; \.1i.;j~ ~L.:;. .u,;, 
~L>. ul)12.;) ~L.:;. u1jW i\~l J=-o J~)I1 oh J=-o 
~ L....5 . V.~) ~I~Jl:-\I uS.r-L:JI .:.r" r-:-1y--) 

~ l>- u lh; l>- ~ V.y.:S;-) ~).,J\ u ')L,aA..l\) o~ 1)\ y Ir-JI .h..i>

. 4......:J.\ .)\}~ 

\\'\ 



: A ..;,..)}I ~ o~ ",,;-,}kll ~I 0~ ~.ri.J 

: wj)'..~ i ~~ i -} Jl:..l1 j&-li::.J\ ~ - 1 

. (~j~La/ ,1.fjU 200)A ..;,..)}\ J~ .:.r .r::Jj~ La 5 

(d CTP I~ La)d NTP J~.:.r .r::Jj~La 4 

.10 x ~I ~.; j&-lA.::J ~LS).) J~.:.r .r::Jj~La 2.5 

. (10,000~) DNase I J~ .:.r .r::Jj~La 1 

. DNA Pol I r.:;i .:.r .r::Jj~La 1 

. _32 p .. dCTP .r::Jj~La 10 

. ~ ~La .r::Jj~La 1.5 

. ~Iy 0..uJ i~ j&-Li.:.ll u4~ Ui - 2 

. ~.) 45 o..u r14 o};>- ~)~ j&-li::.J1 ~i - 3 

: j&-lA.::J1 J~ .)1 Jl:..l1 w....;,ij ~ ,k> -} j&-li::.J1 ~~i cP - 4 

0.5 M EDTA .r::Jj~La 1 

3M Sodium acetate .r::Jj~La 20 

Yeast t RNA .r::Jj~La 3 

~ ~La .r::Jj~La 150 

JH .r::Jj~La 100 

,);j).,.l5 .r::Jj~ La 100 

. o..l>-Ij ~.) o..u ~...lll -} o)j.) 2000 o~ i..??)\ .)ykJ~ i~ Ui - 5 

. u...I::u w ...wi ~ ·i II ~ 1_1\ Ulll ~I l;;:i - 6 
~ j)..~ if ~Y'""'"' ~ • u-

J~ .)\ ~I ~I Jj~'11 Jy-S .:.r .r::Jj~La 500 w....;,i - 7 



. ~L.. ~ c..u r20 - c)y>- ~)~ j&-L.i.:J1 ~.r.-ii .12.4.>-1 . j&-L.i.:J\ 

. (~.,ll ~I) DNAJ\ ~.rJ~jS.r" ~.r.-i:ll ~;'I- 8 

. ykA11 ..UI :.r" 3~ 1 oLPb ~~i ~ ~\)I ~j ~I)\ :.r" ~ - 9 

~ ~~ ~I)I 0"1 U""l>- s:l&-j ~ 8 cpl:.r" ~I)\ ~i 

. c)pl ~l&-~ ~I.Y' 

~~ ~~I ~.;kJ1 JI " • ~ 'b~...u ifL..-.:.:l1 .k~1 ~i - 10 

. Scintillation Counter ..:..l&-L-....;:I\ .)Iwl&-j~ fl~b 

. ~j.f-ll ~L:l1 ~ ~ fl~iU 0:11 JI'~ ~L.....;.I ~.,ll ~I - 11 

: Random Primer synthesis ';I~I ~.)~I ~ j&-~ ~1 ~ 

: ~ wj)~i ~.r.-ii ~ .)l:J1 j&-L.i.:J\ ~ - 1 

. (fl';'i"~ 50 - 20)DNA J..,L ~j~lo 3 

. (dCTP lwl&-lo)dNTP J..,L- ~j~lo 3 

. 10 x Hexanucleotide mixture j&-L.i.:J\ ~ ~j~lo 2 

. p 32 d CTP J..,L- ~j~lo 5 

~j~lo 6 

. (0li...l>-j) Klenow fragment r.:;i ~j~lo 1 

. ~L.. 18 c..u (~25) 0.;J1 c)y>- ~)~ j&-L.i.:J\ ~l- 2 

. 0.5M EDTA J..,L- :.r" ~j~lo 2 -...i.Pi - 3 

: ~l:J\ U;.;kJ~ j&-L.i.:J\ ~ c~I)1 ~I.,ll cr" ~ - 4 



: ';I~\ .u~L:J1 ~ ~1.Q.j 4);'; ~..,k 

:..r-" 3r-- 10 uL,.;~ Nick colum - Sephadex G - 50 ,:,~ J..--i-I - i 

. ....:.,., o.;w y>-\ ~~\ d>- ,:,~I ~ )j)~ .u c:L-Jl j ~ TE J~ 

. TE J~ 0-" .r::Jj~lA 400+':'~\ JI ~L.i:J1 ..::..>l;~ u....;i - '7'
 

. .j))~i ~~i .J ~~I ~4-; 0-" .k;L::.l.1 J}.¢I ~i - ~
 

.k;L::.l.1 J}.¢I ~i) ,:,~I JI TE J~ 0-" .r::Jj~lA 400 u....;i - .)
 

.4-.;0,i, ·i ~,:,- --Ii ,i,l.· . - .J-:-' LY r--' - -e- cr" 

J5 ~ ~i) ~l,.;1 "::">\.r" ~) ,:,~ TE J~ J.!l,.;\ ~ )~ -...Jt:, 

. ,:,~\ ~4-; 0-" J}.¢\ 0-" .k;~ lA OJ" 

~ J~\ ~ ~\ J..::.....J\ ~U~\ 0-" ~~i ~ ~~':JI ..bL.;;..;J\ i~\ - 5 
\  -

~Li; ~ j.:--~ w~L......;,':J\ ,:,\~ j~ il~~ ~\ .J-'> 

'r-Wl~~ 

.J w~L......;,':J1 0-" J~..bL:.i ~ t..?~ ~I ~L;~I J~ ~i - 6 

. o.J..>.l) ~~i 

: ~'jv, 

~\ ':'r-;-J ...l5y c..L-;.':J\ 0-";i..)L¥ ~ ~ ~I ~U~I 
~ 

.\A~LJ;.~I .1\ 
~ - r*r 

End Labelling reaction: ..:;.J4Ls-:J' t=""'"'.i ~~ ~I~ 

: ~ WI ~ Ls-:J I t=""'"'.i - 1 

: ~J t;\ ~..,bJl 

. ~~\ ~4-; ~y ~I)I DNA JI &i ~ - 1 



10 x T4 Polymerase {-;~ ~LS)~ J~ .r:Jj~lo 2 

" 32p d CTP .r:Jj~lo 10 

: ~ldl J~ -.)1 J.)l:..ll JJLstI .....A.,.;j - 4 

. 0.5M EOTA .r:Jj~lo 

.~~lo .r:Jj~lo 76 

. Yeast t RNA 3.r:Jj~Lo 

.J~~L .r:Jj~lo 50 

. \)J!j)}S" .r:Jj~lo 50 

. ~ ~ .j Ii (ONAJ\.t.i...b) ~_LII ~\ l~:i - 6• .~ l5' ..Y"""'. u

~~ J\ " •. ..~ ~l..Q...;J1 ~; :i..L.,;-).1 o~.) ~ 

o Sephadex - G - 25 - 50 J poll 

. \.s:-ldl r~.......:.J . ~L" .•;"':l'1 .bUI i,jl - 7
 
~...J ~-..I ~ J 

. \\~.~ l.J'i1 f'~ ~\ - 8 



. ~l:J1 ~~ r f .:ll)\ DNA -1\ ~~ - 1 

. ~l:..o J'"-\A.; ~~i ~ .)l:J1 J'"-~I ~ - 2 

. (il?fU 200 - 100) DNA -II ~ J~ .r::Jj~~ 4 

p
32 

d TP .r::Jj~~ 10 

TdT f-}')J ~LS).:l J~ .r::Jj~~ 4 

10) Terminlal dioxynucleotidyl transferase f-}i .r::Jj~~ 2 

. (...:;...I...l:>-j 

., • • , '.f • 
. ~.:l 30 O..u i 37.5 o);> ~)~ ~\j ~\ U' - 3 

: J'"-~\ J~ ~\ ~l::.l\ J:J~I -...i.Pi - 4 

0.5M EDTA .r::Jj~ ~ 1 

. ~ ~~ .r::Jj~~ 50 

. JH .r::Jj~~ 50 

. i))!)}S .r::Jj~ ~ 50 

o..ll. ~...Lli ~ o)j.:l 2000 o~ \:.?.r" ~~)rl .:l;'ij i~ U' - 5 

.0hi}.:l 

~\.:l~ il~~ Lb-)\ oJ..,. ~ J'"-u.:J1 ~~ 

. Sephaclex G - 50 

. ~ if't-;,')J\ .kL:..:..l1 i}l - 7 

. i\~1U ~~ ~l - 8 



: 4...-~1 ~~I ("':""'y

: .t:-~ ~~ ~~i ~ JL:J1 ~Li.:J1 ~ - 1 

. il~jl; 200-100 DNAJI &' J};- .r::Jj~lo 10 

. L?~W\ ~Li.....yiJ\ F-;)r <-L.S)b J};- r:Jj~lo 5 

Alkaline Phosphates L?~WI ~Li.......,AJ\ F-;i .r:Jj~lo 2 

. (ulJ.>.j 10) 

. ~L... c..ll r37.5 c).r- ~)~ ~l..i.=J1 ~i - 2 

. 0.5M EDTA J",b- ~ .r:Jj~lo 2 u..,.;i - 3 

. ~li~ 10 c..ll r70 c).r- ~)~ J¥Li.:..l1 ~i - 4 

: ~l..i.=J\ ~.r.-ii ~I ~L:J\ JJ~I u.,.;i - 5 

. 3M Sodium acetate .r:Jj~lo 20 

. ~~ ..lo .r:Jj~lo 50 

. J~ .r:Jj~lo 50 

. i).r--9j)}$" r:)j~lo 50 

c..ll 4A..j..ll\ ~ o))~ 2000 0.".4.: ~?.r js-li:J1 ~.r.-ii ~>ij J#l U i - 6 

. ~l-ii}~ 

. u...I:Z.i 4.J ·i II (DNAJI ~) 4.J.I-li ~I l;;:i - 7• .~ L>' ..r-'. U

~~i ~I ~I J-1kt.1 J-;)rl J~I ~ .r-:J)~L.o 500 L 0 oi - 8 

. DNA JI J",b

. ~L... u..a..; o..ll r20 - o};>" ~)~ ~.r.-i'J1 Ju.:,..i - 9 

o..ll .u;g..lll ~ o))~ 2500 o~ DNAJI ~rJ~?.r" ~.r.-i'J1 ~>i - 10 

. ~li~ 10 



:r y.;Jj~L. 100 4jl.Ph ~~i ~ ~\)\ ~j ~I)\:r ~ - 11 

. (DNA~\ & J~) ~I.M\ ~U\ 

: ~l:...o ~l.iI ~~i ~ JL::JI ~LdI.rZ- - 12 

. (11 o~) (il.r.-fb 200 -100) DNAJI & J~ .rJj~L. 10 

. T4 Kinase f-j'1 ~L5)~ J~ .r)j~L. 1 

r - 32 p ATP .r)j~L. 5 

. (ul..l:>-j 10 )T4 Polynucleotide Kinase f-;i y.;Jj~L. 1 

30;;..L.-1 r37.5 o}r ~)~ ~L..L:J\ ~ij \~ J}.¢.\ ri-"i - 13 

~L.d\ ~ij 0.5M EDTA y.;Jj~L. 2 ~L.dl J~ d' ~i - 14 

. ~~~ 10;;.J.l r70 ;;},:>- ~)~ 

: ~Ldl J~ d\ ~\.;.JI J)~\ ~i -- 15 

83.~.~~L. .rJj~L. 

·JH .rJj~L. 50 

. i);j)Y-5 .rJj~L. 50 

0.J.l u-:-9..u1 ~ o)j~ 2000 o~ ~jS.r" ~~'1\ ~?ij \~ cT-"i -- 16 

. .J\-;;)~ 

. ~ ~~i d l (DNA~I~) ~;.JI ~I Ji.;! - 17 

. Sephadex - G - 50 

. C~\ J~) DNA~\ J}.¢. ~L....:.'1\ .bl~\ i}\ - 18 

. 0'11 iiJ..>..:.....,~U j"~ ~,.~!-- 19 

http:10;;.J.l


: peR ~lQ; fl~~ ~41~ 

. ~y ~."lkll ~ ~~ ":,,,U.:l4 il~1 ~~I l.h Cl.::->c:. 

'-;---"'l;j 0i ~ ~u.:J1 ~ 4....~1 ~U.:l~\ 0~ uWI ~"'}..:;.>'1 i~j 

.~\ 

. (~I) DNA-.JI ~ J~ r)j~~ 10 

. (;i.;.:l4 js::J i\?yli 150) uU.:l4 J~ r)J.J~~ 2 

. 10 x Taq r.:}YJ "lS).:l J~ r)j~~ 10 

. (d CTP I~ ~) d NTP J ~ r)j~~ 6 

. 32pdcTP J~ r)j~~ 2 

. (ul~j 10) Taq Polymerase r.:}i r)j~~ 2 

,~~,~ r)j~~ 95 

~ -i'J...."..-o ~j .r=-)j~L.> 50 u..,.;,ij i~ wl>-u...::.J1 .h;:b:- Vi - 2 

. ;i.jL.,a.d-\ ..8\ Yly-J\ ~ e ~l.2:JI 

r50 j ~U 40 o.ll r 95 - 94 oj;> ~).:l ~ ~).rJ-\ o)j..ul j~ .h.:-Pi - 3 

~}ki\ Ul)j..u\ .:l~ ...:.u.lS ~j 0~.:l o...l.l r 72 - 70j ~.:l o..u 

.~ 

~ij 0.5M EDTA J~ y 2j~Lo 2 ~u.:J1 J~ ~\ u..,.;,i - 6 

. ";\';.:l 10 o..u r70 o};> ~)~ 

\'I'V 



: 4Jl:J1 J:J~I j&-L.i;J\ J~ ~I ~i - 7 

.J~ ~j~~ 100 

. iJ";J}5 ~j~~ 100 

c.ll ~...u\ ~ cJj~ 2500 cri! ~jSr" ~~'11 ~;'i ~ l~ (j-"i - 8 

. 0hi)~ 

~~ i\~~ ~I J~~ ~)\ c~ ~~ 

. Sephadex G - 50 ~\ 

. ~I J}.sh -rL.....;.'11 .bL.:...:..l1 i}1 - 10 

. 0'11 i\~~ jJb~ ~\ - 11 

: eDNA k.,r. [.~~ ~~I ~ 

~1~}5~\..l>-i i~j ~~WI J~\ ~ ~)aJ\ c-4lcr-)\ ~ 

32PdeTP il~\~) 4.- •.hll ~I~~~\.yo~~ ~~I 4........,.,}1 
~ 

eDNA ~ I ~ ~1AS m RNA ~~ i\~1 ..!ll.l5j . (deTp .yo '1~ 

. ~L.....;.I r-"}\ 



t':'l ·"II ~I
 

DNA Hybridization
 

\~'\ 



-
4e 

4J ~ ~~I ul~~.rJ1 0i ~ .)1 DNA l,?j.,J1 ~L:l-I ~ .i"pi ~ 

. ~~ LSy>-i or .kl:J)~I 0~~1 J&- o)..lill 

o~y--Lo DNA JI :.r ul~ il...L>...:......~ ~ l,?j.,J1 ~lll ~ 0~ ~jJ 

~ ~ ~~; e aolS:::.. ~.rJ1 o~;"".i...o...,.,y> u~ il~l ~.lSj ~.rJ1 

. ~ ~I)I DNAJI J&- 4J 

y:la.:J1 ~~?I e ~ ~~~ Wjj; J. ~WI r-}I ~I.k~) 0}j ~jJ 

:.r ~I ~~.rJ1 eY> orl6...,.,;-iJ1 ~y .)Il,?~y. WJ""" ..r'..~itl DNA..JI ~ .u 
. r-}I ~I~ ~I u~L.....:.~1 }i ~ JJ\>. 

0::-- ~)Y' --4~ J&- b")'.~ JJ\>. :.r uLo."w1 :.r ~I u}j .i .. p-ll oJ..,. 01 

. uL.J"""Y'j~1 J&- WY' ~~,f> ji DNAJI :.r ~~ J&

""'
 



: 20 x sse J.,L- - 1 

Nael i1j:- 175.3 

Sodium Citrate i1j:- 88.2 

PH = 7.0 - ~ .,.l.o .rJ + 

.)illl .,.ll~ 20 x SSC J#\ ~:.r 2 x., 5 x., 10 x SSe ~~~ ~ 

: e t"'"" 10) Pre - hybridization solution ~1 ~ J.,L- - 2 

10 x SSC 

%2SDS 

...:.,.,).+~~ J~ Denhart's Solution 3r-" 

3t"'"" 2.5 

Denaturated salmon sperm DNA il..r.-.,~l.o 25 

: et"'"" 10) Hybridization solution ~I J.,L- - 3 

10 x sse 63t"'"" 

%2SDS 0.53t"'"" 

...:.,.,).+~~ J~ 3t"'"" 

Dextran sulphate 23t"'"" 

~.,.L-.. 3t"'"" 0.5 

Denaturated Salmon Sperm DNA il..r.-.,~l.o 25 

. 
~

~L-;.I t"'""Y' ~ DNA i\..r.-.,~l.o 100 - 50 



: 1 r-iJ J.::.-.iJ \ Jyl;- - 4 

%0.1 SOS + 5 x SSe 

%0.1 SOS + 2 x SSG 

%0.1 SOS + 0.1 x SSG 

5 A ,-?..,5'L., .,?1.i;JI .k......"JI 

J ~JlJ..I ~I)j ~i 
OMEM .,?1.i;JI .k......"JI 

J j \)\ j...a.J\ [ 
Hank's Sol. ~ \..2. J~ 

: Hypotonic Solution ~~ Jyl;--7 

~ ~L., ~ 2 + OMEM ~ 1 - 1 

0.68 M KGL - 2 

: <';I)-";"AJ\ i~1 ~) Developer ~I Jyl;- - 8 

Kodak Oeetol developer ~ 1 

~ ~L., ~ 1 

: <.;I)-";,,AJI i~I~) Fixer ~1 Jyl;- - 9 

Kodak IIford Hypam ~ 1 

+ 
Kodak Ilford rapid Hypam ~ 1 



Formamide Solution ..l.::-alA).,,4J1 J~ - 10 

3('"'""'"' 100 

Amberlite beads 10 

What man No. 1 ~.? U)j J")L>.~) - o...L>-lj uL... 0..\1 VI 

.r20 - 0)';> ~)~ 3('"'""'"' 10 -i~ ...L::--oLo).,AJ1 J~ .h.i..>-Ij 

: ..:..o)~~ J~ -11 

Ficoll 400 ..j:>:- 1 

PVP 

BSA ..j:>:- 1 

~~ ~~j o~A o")\s.1 ~~\ j.:JU,1 ~ J~ J5" ~~ 

. i\~'l\ t.? r20 - 0)';> ~)~ ~j~ 



Formamide Solution ~\.G)."AJI J~ - 10 

Amberlite beads il)- 10 

What man No. 1 ~.? U)j J')L>. ~) - o..w-Ij uL... o.u Vi 

.r20 - o};> ~)~ 3r-' 10";~ ~~).,4JI J}:- ~ij 

: ..:.J)~~ J~ - 11 

Ficoll400 ..~ 1 

PVP ..~ 1 

BSA ..~ 1 

..:.Jl:-S ~ 4k>-j o~A o~i ~~\ ~Lshl if J}:- J5 ~~ 

. i\~ '1\ ? r20 - o};> ~)~ ~jL:.o 



:~~I ~~~I'"" ~y~.-;" ~ 

. ,,-;--,81 &WI r.:J ':11eDNA...11 cJ" il~j~lo 10 j&-Li; ~ - 1 

DNA.JI ~ J-.a.-A-l %0.8 jj)~':11 i~ .r.S' ~~~I 0~1 i~1 - 2 

. ~~ .t.,..:.l3-1 ~.;W\ ~ 

~GL-I ~)aJ1 "-;---> "-;--'~ .. l..:...i. d l i J4J1 cJ" DNA ...JI ~ j-A-;f - 3 

.~~ 

.5 x SSC J~ ~ >.v...PY. ..L..:..i.ll ~ - 4 

. ~'Yu; ~ cJ" ~~ ..L..:..i.ll c:P - 5 

~~ .j ~YL:JI 4--=11 ~ ~ .:l~}1 ..L:-.;JI c:P - 6 

. Heat-sealed plastic bag (PVC) ~'Yu; 

. 4...0~ O)~j ~);>- ~~I ~ JA-JI ~4-J1 ~f - 7 

~ dl Pre-hybridization Solution ~I ~ J}>.-o 3("""'"' 10 ~f - 8 

. ~~ 4.-pl3-1 ~y..J1 ~I ~ ~I ~ jf 

~ ..~ ~.".wl YI.r--J1 Jl>.:l\ ~ Jl&-~~I~ ~f - 9 

. U""l3-\ 

12 - 1 0..L-..1 r65 o)r- ~)-'-! ~lo il..->.j ~I ~ ~ - 10 

.~L.. 

~ 4~ J)l>. cr" ..~I ~~I J:-! J~ Gj 
. lS;>-1 d\ 0"':'; cr" i}_~j ~ ~I 

Hybridization ~I J~ cr" 3~ 10 )1J2:.j':11 O? J')G:. ~ - 11 

. ~L.....;.I ("""'"'}I ~I J~ yl ~fj Solution 



o ~ ~..l:ll ~ ~I jykJJ L....; ~lJ.....:,1 r"'}\ ~I ~ 

10 o..u 0y;JI o}r>- ~)~ -.il.A ,L...>- ~ ~I ~~\ e::P 
o ;UjJl o};>- ~)~ J#I ~.To ~ ..;~~ 

J~~ ~j~)1 4.b~~1~ ~I o~ w~

(y4 4J~1 e}l ~ .kl.:-i)~I:..r"~ o~~ 4.b~\~ 

o ~I ~ ..U\ ..L.:..;JI ~ DNA.JI Ei 
o ~I J~ d l ~lE ~ ~L....;I r"'}1 ~I J~ w....;\ 

L,?lJI ~I J~ u.,.;\) ~I ~ 0.;; => ~ Y1.r-l\ .. ~ ~\ - 12 

0or" YI.r-J1 ~ ~\ ~I d\ ~L-;;I r"'}1 ~\ ~ L,?~ 

o LSy>-\ 

t: ~L.. 18 - 12 o..Ll r65 o};>- ~)~ -.i\.A ,L..>- ~ ~\ ~\ - 13 

~~~ J#, ~j? LS.;->I d l O? :..r" 41>-1~ YI.r-J1 ~~ 

o ..L:.;J\ ~ 

YI.r-J1 ~ c.Y..» if ~\~ ~ o~~}1 YI.r-J1 (y4 ~ - 14 

o~l° 
O. ~ 

~\u~CY\j~~4)'; l\~14 .• ;;=> ~l+ ~-15 

- 1 ~)~ J~ dl ~I ..L:.;JI ~\j ~~I. .. 

..L....:...;.ll ;.r- o...\S ')1 ~.-:J.I ~ \.,11 ;;Jlj'j 1 ~) ~\ J~ .. L.s:.) ~.r": - 16 

o :UjJl o};>- ~J~ ~~ 30 o..u) ~I 

~ ~I ..L.s:.) ~r» 2~) ~\ J~ dl ~I ..L:..;JI ~\ - 17 

o :UjJ\ o)y>- ~)~ ~~ 20 o..u o~\)\ ~I ~\}\ :.r -4)1 :Jlj'j dJ~ 



. 0l-;;)~ o..u ~~ ~.J OJj .)1 ~I ..L.:.;J\ Jiii - 19 

. Cling Film I~ ~ 0}.;li ~ ..L.:.;JI ~ - 20 

U""L:l1 ~IS:JI ~ij uSl ~i ~ ..L:...;J\ ~~ 0 yS- .} - 21 

-. I~.!ll~ 

.L~ 14 - 7 o..u r20 - o}.;> ~)~ ..:...;:-....LS:JI .hA.>i - 22 

~i ~~\j~IJ~ ~I uS l ~i r-li j.A.;i ~ 4j~ J - 23 

. 0:- ii} ..u l:?JlJ:.1 ..U~ 

. ~~ vS l ~i r-li ~ - 24 

. ~l:..:.J1 Jl>- - 25 

.AA: vS l ~I - ~ u- . .>L ~\.ff; o).r"" : ~
 

. ~~ ~k;1 r"Y'''L:.AJ ~~
 

wv
 



: In Situ hybridization ~l ~I,). ,':'?LJI ~ 

r..ll l Glro:r o~y>tll) ~r"..lll 4')l;l1 ~\~ ~: ~J~' L.L~1 

: (t..~lj 

:~l,.,""""YOJ~I~~~-T 

. r;, 4'. ':9 .j .;>c;:J1 t ~ e o.h.l.>.ij ,-?-4J.,.I1 r..ll l :r 3t"""" 3 ~I - 1 

h-..,JI r:r 3r--- 10 -! 0;'jro 6.s-IJ j 4'.'; ~I r..ll\ :r 3r--' O.75 ~ i - 2 

. McCy's 5A media ,-?..,s-~ -i1J.;J1 

%5 ~l.>- .j r 37.5 0)';>- ~J..l: 6.s-L.. 72 o.ll ~IJ)I 4' •. ; ~i - 3 

. 0y.)S~JI ~ji ..;u 

10 j-;-S.;) Colcemid 1.0 1~1 J~ ~I :r .r::Jj~L. 100 -...L.Pi - 4 

. 4~1 J~ ~I (3t""""/rl~ 

r37.5 o};>- ~J-4 ~?I .u..j;, 20 o.ll ~IJ)\ 4'. ,; ~ij "j~ Ui - 5 

. 0y.)S::.1I ~ji '';It %5 ~~ .j 

. L...i- '-??r;'» ~~i ~I ~IJ)I 4'.'; ~4~ ~i - 6 

. -yl!;, 10 o.ll .u..j..lll .j 0Jj;' 1000 o~ 4?r ~~')fl ;,»i - 7 

• Q.;..o ~j ;,)JI ~~i:r -y1)1 J~~ ~i - 8 

. ~\)I J~ :r ~ ~ 4~1 I..:-"IJ ,,-:-,~i - 9 

(0.68 M KcI) Hypotonic Solution E 1JJi J~ :r 3r-- 10 ~i -10 

·4~IJ~~1 



: Jl:Sj)~';I1 or! JJ\>. ~\ J#I ~ - 12 

. ~14l:l1 ~l>- .l.>lj "'~ + Jy~ ",I~I 3 

I~ c:::!-"Ij _.~-II J~:.r 3r-" 0.2 ~Jl;L1 J~.)I......a...,.;1- 13L

. Pre - fixation 

10 o..u ~..ul -.i o)j,) 1000 o~ 4jS.r" ~)L;LI J~ ~~I ,»1 - 14 

. -'ylj,) 

:.r 3r-" 10 ......a...,.;lj (~I)I :.r .hO 3r-" 1 !J';1) ~\)I ~ ~I - 15 

Ul..>-~ ~L.,.;I -.Y-> (f "'j~ ~~I J~ .)1 ~I J#I 

. ~~';II ~ J&- d..II;ij ~~)I\ 

. ~}JI -.i -'ylj,) 10 o..u ~~ ';II !J';Ij I~ Ul - 16 

. -'ylj,) 10 o..u ~...ul -.i o)j,) 1000 o~ 4;5.r" ~~)l1 ,)>i - 17 

• .l...:..o 3r-" 1 "'L:.:.:.....~ ~\)I ~ ~I- 18 

~ L1\ 4.i.;)J1 ~ ~ Jl;LI J~ .)1 ..::.-;ll J~ :.r 3r-" 5 ......a...,.;1- 19 

.1~Uij 

. ~}JI -.i -'ylj,) 10 o..u !J';I - 20 

. .i.:J1j 0) 20 j 19 , 18 ulpl ~I - 21 

4;5.r" ~~)l1 ,»1 4..:Jl:.l1 ~\ J~ ~WI :.r 0.r->- ';II 0pi ~ - 22 

. -'ylj,) 10 o..u ~...ul -.i o)j,) 1000 o~ 

_.)1 L- • ~ -II J~ :.r ~L..:... ~ u..,Olj Lv ~\)I :.r ~ - 23 

. "'j~j I~ ~.rolj ~Jl;L1 ~I) 



; 

Ul:S ~~ c~ ".~"11 J~ cr" ~~ ~ c:Pj ~ 

(r" 3r--" 1 .l.>i ~)> :.r- .!..U~ ~TV' ~ . 4~ I lr ~~ 

~~ ~? r-" 30 - 20 t.lA1) lr O~j 4~1 J~ 

. 4")\.j..1 ~l:5 ~ij s:\~~ ~.rJ1 ~ . ~~j 

. ~ ~ ~\;-. '1· . - 24
j " ". ·)L.r"~ 

3 UL.. 0-") ..Ll\)~ ~\ ~ u-P~j o..l.>-I j ~~j ~~ J..>. - 25 

. Cl>..:J1 lr r-" 

20 t.li;) lrj 4")\.j..\ J~ lr 3r-" 3.i.>-~ )~~ ;\..pL. ~\y. - 26 

~ ~ (~L:..:....o~ u1yh; ~?) 4Yl.::l1 J~ J~i r-" - 15 

u\~ c •• atl E-JI i.L->-~ ..1) ~;iJJLc L:l'j 4~)\	 ~rJ\ 

. Cl>..:J1 

uL........f 0-" 4-! iJ""4 ';1 ~\.u.i ~ J~ ~LS u1yh; 4 - 3 

. uL.Y'""Y'j.?J1 

o)\r- ~)~ ~L. il....>- ~I ~ J.o~ ~ ~~)\ ~rJl c:P - 27 

. -y\j~ 5 li..ll. ~ r60 

. ~jJl li}r- ~)~ iliL. L:l'j lij'>\J:.1 ~~)\ ~.rJ\ !3.;i - 28 

~~)I ~I.rJ1 lr LS.;>-I ~I~\ ~ 28, 27, 26, 25 u\p\ .u.i - 29 

. lij'>\J:.1 



JI_~ aJl " L ~G mUi ~ ~ Ii -~.~. UL..l\r-": Jr--' . J "r-' c- ~ 

J~ ~~I 4..:r"..lJ\ ~')l;l\ lSi' J~\ ~ i~ ~ ~')l;ll 

~ ~~)I ~.rJ1 ~ lS.,J1 itk;) 01 ..;.U~ . ~~""""'Y'J.? 

. ..:;.J~)-",Y'J~\ L;')li,1J ~J~I JI '-?~1 ,-?lJl 

~ YJ-'""r"JyS:JI ~~I ~ ~~)'I ~	 4" _ ,,~I ~ OJ"'}..s. 

. J>-I..u 0J~ ~Y' 

: .,yLo;."AJ4 y."......,t4.,,~1 ..:;.J\.~I ~I~ ll.ot- - ~ 

~""""'Y'J~I ..:;.J~~ ~L:l-I ~~)I ~1.rJI ~ ~jJ ':1 0T ~ 

. i~1 ~) (f ~I ~ i~ ..;JI 

~ (I opl) ~L..., ~~ F..;JI ~""""'Y'J~I..:;.J~I ~\~ rS-1 - 1 

3~/il.r:-J~~ 100 + 2x SSC J~ ~ ,-?P-!. Coplin ~.,.s ~~J 

. r 37. 5 o}~ ~J~ RNase A {-;I ,f 

. ~L..., o.ll r37.5 o}? ~J~ ~\rJl ~~J ~I - 2 

. cYl;~ 10 o.ll o;J1 o)? ~J~ 2x ssc Jk ~lrJl J--i-I - 3 

O.ll ~lrJl ~';IJ 2x ssc Jk ;;~.,k ~§ ~JI ~ ~ 

. ~~J J5 ~ u:";;)~ 

, %80 , %70 ;;) "J':1 \ ..:;.J ':1~I JJ~ y-oJJl ~):o (f ~1.rJ1 J--i-f - 4 

. ~ J5 ~ u:";;)~ O.ll %95 

. 0m~ 10 o..ll ~\*~ ~lrJ\ ~ - 5 



-I.:--oL..)"'; %70 .:.r uJ}o J};-o ~ ~~ ~§ "'~j ~ ~lrJ\ ~i - 6 

. U,..,a.; j eJl-;j)~ o..u r70 o}~ ~)~ 2x sse + 

20 0..LJ. r20 - ~ %70 ~iJ~ J~ .)1 o.r=.~ ~lrJl ~i - 7 

. ,LjG 

~ 0:-;;-;~ o..u %95, %80, %70 u'lrS GJ..Lo.)\ ~I.r-=JI ~i - 8 

. J};-o JS 

. ~0jA'~ ~lrJ\ . ",I*~ ~lrJ\ ~ - 9 

:
~

~~ r-yA ~ y..,......yA-,~1 ~I.J"- ~~I ~I~ ~ - ~ 

(O-::_::·!?I) ~l'J1 ~j)-L:+l1 ~ 
~

~L-;.I r-..,il ~}hll ~I ~ - 1 

H3 
- uI4y,:15r:-=J1 L..L~- ~.,.l\ uWI ~~»~ H3 

4 

~ ~I J~ ~i. dcTPA ~I u l...l.::1y.:l5".r--J1 cr" 'J~ dcTPA 

~)~ ~ o~.r.Jj ~l!~ 10 o..u ~ ",L.. ~ J."..Lsh\ ~~i t:PY. J~'ll 

. o~\ o}~ 

o)j ~ JS J.>-b ~ c::Pj ~G:-)I ~~ ~~i .:.r ~~ ~ - 2 

. 2x sse + ..\..::-AL..)"'; %70 J~ ~~.; 

~\rJl ~ eJ~ eJi ~~? ~~i.:.r ~ JS ~~.rZ 2 ~ - 3 

. ~'ll ~ uL..J-"'y"jy5J1 ul-..:i ~ ~~I 

~~ ~jJl ~I J~ .:.r 3r--"1 ~Iy' ~.rZ JS ~~ - 4 

. ~~I r-..,il ~I ~ 

. ~ eJj~ ~.,..;. JS ~.,,; d ~.r=. ",tk&. t:P - 5 

.d ~"Yu. "'~j.)1 ~ij 4J~~ GJ eJj~ "'j~ ~W:>\fl ~i - 6 

o..u ~L.." iL.....>- ~ r37.5 o}r ~)~ ~~\fl ~ ~ij ",u-.,J\ ~ 

.~L18-12 



. J.--JI ~jlk ~ ~L:k)ll ~ij ~~I ,,~.,J\ ,,~~i - 7 

. 'I ~ II ~i '- _-1\ J_I__ . _\-=-~ - 8L.r-' - j~ y--,JA~ 

. 0l-;;}~ o..u 2x sse J~ ~I el.rJ' ~i - 9 

o.ll r39 o};>- ~)~ 2x SSc + %50 ~lA)~ J~.)I el.rJ1 Ji.ii - 10 

oD r30 o)r> 4)~ %0.1 SOS + zx sse J~.)I e1r=-1I ~i - 11 

. 0\-;;).) 

Ur'J1 o)y>- ~)~ %0.1 SOS + 2x sse J~ l~ e1rJI ~i - 12 

. -yl;~ 5 o..u 

. 0\-;;)~ o..u 2x sse J~ oyz>-i OJ" J-':-i - 13 

0\-;;_;~ o..u %95, %80, %70 ~i J~ JJ~.)I e1rJI ~i - 14 

,J~J5 ~ 

, ;j}J1 o)r- ~)~ el.rJ1 ~ - 15 

~ L~l.iJ1 o#-I ~ ePy yo W" ~~ ~~ e1rJI ~ - 16 

,~;j~ 

: .j1)-y.,AJl i~4 ~I ~1.rJ1 ~ -,) 

"ford 904 tf ~~I o~L,.;~1 c.~ il~1 ~J ~ 4j)-.j 

J~ ~ o~~.,s 4'_'; ~ .j1yS-yyJl i J4J\ J~ ~ - 1 

u-=.3-" )U..o ,,~ e Photographic emulsion (Kodak) ~I~yrAJ1iYl.&J1 

,1 : 1 ~ (r40 o})-I ~)~) ".}I~ Oionized Water 

~,5 4'_.; .j l~ "lll + i".>4J1,.::.A~.kl>-i ~~j ~ d.k.....ly' - 2 

, ~I~I il~ ~i 0.,J')1 .u~ ~ 

http:o~L,.;~1


.
 
o~lj 0.;1 iJ4..l1 J~"; ~~~ \~ k.Cj o~lj ~ ~~.l.> - 3 

'~)j 

. ~~..l:-4~y~ ~~~~ ~r=J\ ~-4 

.4 j 3 ~#-\ ~ L.S i Y4J1J~ ~I c!1r=J1 ~~ - 5 

y>-~~ I.".I~i U"'~ .jj~ ~jl~ o)~ ~\ ~~)I c!\.r=J1 ~) - 6 

. ~Jo'""i 0 j...L:.....:> ~ 

. i~ \1\ .. l..:.J;. ,jA ~ ~j i~4 ~Jo'""~\ 0j~1 Jk-i - 7 

.L..y. 14 - 7 o..u r4 o};> ~)~ ~Jo'""\l1 0j~1 ~i - 8 

~_~......·llj Developer ~1.r.~1 J~ iJ4..l~ 0Ua.;J,! c!\.r=J\ Jols- - 9 

. ~~ ~L;l...\ ~)JI ..; ~Y' yo L.S Fixer 

: ';I";-";yi]l i~l ~~.;k - J> 

~)~ ~l>- ~\ iJ4..l~ ol6l\j ~I ~~)I c!\r=J\ 0j...L:.....:> ~i -- 1 

. 0j~1 e .jj~ r25 0)\';>

. ~lJ-\ ~ ~~ 30 o..u ~Y"~\ 0j~\ ~.;i - 2 

tf .rr":~I s-.,...aJI il~1 ~ -~ .uj- ~\ ~Jo'""~\ 0j~1 ~i - 3 

. ilford 904 

..; 4---k.Cj 0j~1 ,jA iJ4..ll: ol6llj ~\ ~~)I c!\.r=J\ e) -4 

. <yli~ 5 0..u~1 J~ 

20 o..u %2.5 ~I~1 ~l>- J~ ~ 4- )?~! c!1r=JI uLi-i - 5 

. :L.i U 

. <yli~ 5 o..u ~I J~ ~ c!1r=J1 ~ ~» <f i Y4J\ ~ - 6 

H~ 



:~')lA 

. ~~\ .k..i:J- ~.P ~ji i~1 

. ~..a.::.i;l 30 - 20 o..u)illl ",U~ ~lrJl ~i - 7 

"...l:..-.4 ~ iliL. ~.:J~ ~y. ~lrJl ~ - 8 

. ~.r-i- ji I~ ~ ~\rJl ~i - 9 

J; ",bj-'-" ji ~ ~~ '-:f~~ ~ x100 0""; ~ ~I- 10 

. iJ-"Y'j?=J1~ ~)}I j.:.€ l:?.lJ1 ~}I 

: ~~I ~.)aJ1 

: (~~,",' ~~I, .llJ:.' tliA) ~I ~IJ~ ,a>.:J1 ~ 

: .:Lo'')U1 ~l>'1\ <' ~I\ .. ;'.z - i) ~ .. .r' tr>: ~ 

J~~ ~;~ J)~ (~~ 20 - 10) 4-:::-G:--)1 ~\.r-=JI ~ - 1 

. c~j of ~~ J5 ~~ G ~~ 0j 

. ~L.. 18 - 12 o..u ~ ~i Jy-S ~ ~\rJl ~ - 2 

J~) Detergent + ~ J~.)\ ~~)\ ~\~\ ~i - 3 

. ~L.. 24 ;;..u (%10 Decan 90 

iS~ .) , 0_.12.--\1 J~ :.r ~~ ~ ~l:::-)\ ~lrJ\ ~jl.>- c:!' - 4 

, ~t!.:J 5 o..u Dianized d H20";Yo \II )ill\ ",L....U '-:fL. 

~'ll J~~ ~\rJ\ ~ij ~lrJl ~jl.>- ~ .:J~}\ ",UI :.r ~ - 5 

.~\ 

\i.o 



. ~ ~\))I "'~ ~ J~I ~ ~I?I ~i - 6 

: 4~)' e'..,...:J1 &- ~.,,; 4~1 ~I)j - ~ 

~ rl ~ .k.iL: J~I ~jl.>- :.r o..l..>-Ij ~4-j ~~ e) - 1 

. -\ ~ o...vJ· . \'I II i • .:. ~ 4..>c.., ~ II'-E y ~ if ~~ ~.r-' 

- ~~j ~rZ JS e 2 j 1 ,.:).,kJ-I ~i - 3 

~rZ JS &-~; (~5 1 0 x 1) 4"YJ..1 J~,f 3r--- 1 u...,.;i - 4 

.~~j 

0y')LS:.lI ..l;:-5ji ~\j %5 ~b- ~ r37.5 a};> ~)~ 0~':J1 ~i - 5 

_~L.. 2 o..u 

4S.;ij ~ J>:.l (~ DMEM) ~I..wl .k......,J1 ,f 3r--" 20 - 15 ~i - 6 

. <oS.;>i ~L.. 24 - 18 o..u ~I.:lI ~ 

j-:;S.; 0~~ ~ J>:.l ~I..wl .k......,J1 ~I ~.,.sJ\ J~ ~i - 7 

~L.. 20 o..u ~1.:l1 L:i 4S.;Ij 3r-"/il~j~Lo 0.3 ~4-J1 ..l;:--J.,.sJ\ 

-<oS.;>1 

~~)\ ~I?I J--i'-Ij ~~':JI,f ~ ~lJ: ~1j;J1 .k......,J1 ~i - 8 

. ~\y o...vJ ~~ Jk 



o..w J.#\ ~.r' ~ j5:J ~lP. J~:r 3r--- 15 u...,.;i 

. 4...pu.~ ~I ~ .;Ii 

~I Hypotonic Solution ~ ~ J~:r 3("""""""'"' 20 - 15 ~i - 9 

. .u;;~ 25 - 15 o..ll J.#\ ~.Ji . ~ J5 

:~~ 

.i~ ~r- o.,h>- ~\ ~I J.#I ~Il:~\ vPrJ o.? 

. dJ..iJ 0 l..,:j ~ I ~ \..iJ. .. 

(SJ 0j~ "'j..l+!j .1 0 q. 0 J.....,.:."': ~~~\:r ~\ J-s!'-I J#\ ~i - 10 

.~~~I 

J.#\ ~.Ji. ~ J5 .)1 "'j..l+! ~\ J.#\:r 3r--'20 - 15 ~i - 11 

. "'j-4-! ~~~I :r J.#\ ~i ~ .u;;~ 2 o..ll 

. <.S.;>-I o~ 11 o~1 ~i - 12 

J.#I ~.Jij.i..:Jl1 or ~ J5 .)1 ~I J.#\:r 3t""'" 20 -15 u...;i - 13 

. .u;;~ 30 o..ll 

o)~ \ ~ • ";'y, ",I.w~ E1.r=J1 ~j ,- _. to -1\ J~:r	 ~ - 14 

. ~~rs-

~ ...l.:-o Lo).,..aJ~ tl..o W I :r i) l;-:&-I <.S';>~ I ..::)~\ ~ ci\ 
. .)j~\ ~)aJ\.j ~y J.:-" LS .}1~yyiJl i~1 ~ 

HV
 



I ':J~L 
..~---~ .,,~.~"I" 

~ .... 
-.c-__ I 

~ 
.. =-~~ 

e r 1 '" 
.~ ,;h 

............
 
'-1 '-::'h 

•••••••• --- --j, 

-l:.Y l;?)y-JI ..r:--o4J1..:,..Lo""""'YJ.? ~ "I~y-JI JI ~\ ~I C:)Y : ~ 

. (H3
) 3 - ~J)~I ~ ~L;I r--}\ C - abl ~! il~1 



· ..·.. 
· ..· .. 

. ..
 

. . . .. ....
 

~8 

~ l?Jy-.!I 19 -' 8 '-:?"r--Y'-'.? ~ .. by-.!I -'I ~I ~I c:!)Y : js::.-.:. 

~ ~L.;.\ r-'_~.lI C - abl ~ L L.;?Jy-.!1 ~4-l1 ..:;.;L<.r--Y'-'.? ~ 
. (H3) ~-'J~I 
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NUMBER OF GRAINS
 

Chromosome Mean % of Observed Expected (0 - E) 2 X2 
number length genome (0) ( E) 

(um) 

1 9.44 7.07 10 10.225 0.050 4.9x10-3 

2 8.81 6.60 9 9.57 0.324 0.033 
3 6.55 4.91 10 7.119 8.300 1.165 
4 7.27 4.45 3 6.452 11.916 1.846 
5 5.88 4.40 3 6.38 11.424 1.790 
6 6.97 5.22 11 7.569 11.771 1.555 
7 6.62 4.96 8 7.192 0.652 0.090 
8 6.39 4.79 20 6.945 170.433 24.54** 
9 5.94 4.45 7 6.452 0.300 0.046 
10 4.58 3.43 1 4.973 15.784 3.174 
11 5.64 4.22 4 6.119 4.49 0.733 
12 5.45 4.08 4 5.916 3.671 0.620 
13 5.28 3.89 3 5.771 7.678 1.330 
14 4.29 3.74 1 5.423 19.562 3.607 
15 4.36 3.26 3 4.727 2.982 0.630 
16 4.01 3.00 4 4.35 0.122 0.028 
17 4.18 3.13 1 4.538 12.517 2.758 
18 3.76 2.81 5 4.074 0.857 0.210 
19 4.34 3.25 26 4.712 453.178 96.175** 
20 3.03 2.30 5 3.355 2.772 0.831 
21 2.03 1.52 2 2.204 0.041 0.018 
X 10.12 7.58 4 10.991 48.874 4.446 
Y 7.68 5.75 1 8.337 53.831 6.456 

Total 133.37 100 145 

** Statistically significant at P<O.001 , df=1. 

..:." L..Y"'"Y'j,? J&- s-b.r-!I j \ ~I ~l .:I1Js.~ .;l..,a;-~ I ~I : Jj~ 

~ ~L.;;\ ~.,ll C - abl ~~ ~ l:?J.r-!I.,:-o4-l\ 

. (H3
) -.:..JL:.II ~jJ..L::+l\ 

\ 0 • 



~ ,..-, eDNA .1, ~~ $r~
 

mRNA ~~~
 

Synthesis of Complementary DNA
 
(eDNA) from mRNA molecules
 

\ 0 \ 



l;Yl:J-l ~ ~.,-,:JI ~~~I ~ :.r" DNA <..,?jrJl ~L:l-I ~ 01 

:.r" ~ La RNA <..,?jrJl ~lJ-1 eyi J5 J=i ~ %90 :.r" .;51 d l ~ 

. %10 Jly> J'l'j ~\ o~ 

~ ~L.:.:-l mRNA JL..)I <..,?jrJl ~lJ-1 il...l>.:.:.....1 ;U~\ :..ro a..;~ ~JJ 

~ J~I ;Uj~ :.r" ~ ~i ~~ J") ~U)}I ~ J~lj DNA 

. %90 t..:.li loS ~ ,-:?JJ\ DNA..1\ :.r" ..::.,;)y> 

:.r" u~~ ~I ~ mRNA JL...)I <..,?jrJl ~L:l-\ t..;-..5 01 

4-i 0~ ~JJ. ~I ~ 4:-::-5rJl ~1j).,l1 :.r" ~I -;JI ~~.rJ:-1 

~~.r:-~~\~j' ;UW ~ljj).,l:.yoJ ~~.rJ:-\ o~ lr" ~L&. 

~~? ~")\>..:.....,I :.r" ~ J+....i ~Ij).,ll o~ J:.l mRNA <..,?jrJI ~L:l1 

mRNA..1\ il~1 0~ Jly>~I ~ ~ ~j . ~l.> ~Ij).,l :.y.1 mRNA 

. DNA..1\ il...l>.:.:.....\ :.r" ~ J+....ij j..a!i J'l' ~Ij).,ll ~ J~ 

\0, 



:GITJ~-1 

Guanidine isothiocyaate 

Sodium acetate 3("""'""" 

PH = 7.0 . 2 - mercapto ethanol ,j-" 3("""'""" 1 ~i ~ 

: STE ~~ft-ll ..L..;.,lS' J~ - 2 

CsCI rl.J- 95.97 

PH = 8.0 STE J}.: 100 

.~lj~~~ji~Ui 

: 2M ~~.)."....all ..:.J~i J~  3 

Sodium Acetate 

PH = 4.0 500 

: Loading buffer ~I J~  4 

Tris - CI mM 10 

EDTA mM 0.1 

Nacl M 0.5 

PH = 7.4 SDS %0.1 

\o~ 



: Washing buffer J.:-'JI J..."b - 5 

Tris - CI mM 10 

EOTA mM 0.1 

Nacl M 0.1 

PH = 7.4 SOS %0.1 

: Elution buffer J..."b- - 6 

Tris - CI mM 10 

EOTA mM 0.1 

PH = 7.4 SOS %0.1 

:RT ~I tL...:..:.....~1 f..;;~ s.~)b J..."b - 7 

Tris - CI M 0.25 

KcI M 0.375 

PH = 8.3 Mgcl2 mM 15 

OTT M 0.1 

10 x : Klenow fragmets f-;;~ s.~;I.) J~  8 

Tris - CI M 0.5 

MgSo4 mM 100 

PH = 7.4 OTT mM 10 

'00 



p 

PH = 7.4 

: (Sx) T4 Ligase 

Tris - CI 

Mgcl2 

ATP 

OTT 

~l>JJl F-;~ 1'\.5)1,) Jyl>c.o 

M 0.25 

mM 50 

mM 5 

mM 50 

9 

: (10 x) T4 Kinase 

Tris - CI 

F-;~ 1'\.5)1,) Jyl>c.o - 10 

mM 500 

PH = 7.4 

Mgcl2 

OTT 

mM 

mM 

100 

50 

: Sepharose elution buffer Jyl>c.o - 11 

Nacl M 0.1 

Tris - CI mM 20 

PH = 7.4 EOTA mM 1 

2M Tris - CI .rzJj~lA 8 

1M Mgcl2 .rzJj~lA 4 

1M ammonium sulfate .rzJj~lA 8 

1M KCL .rzJj~lA 80 

Nuclease free BSA (.rzJj~lA/~\.r:-j~'v. 10) .rzJj~lA 4 

~~,,~ ~j~~ 96 

PH = 7.4 

\0"\ 
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: ~I RNAJI vP"AA;-~ ~-,~1 UJ..,.kj1 

j . .\ \ . _.;... il) ·-liJl LS'<)I;) LlI;'" .j 1\ \..,')l;L\ J.l __ . 1;;:j-1
j )~jr .~ l.Y .r' r-.~ If - .r-- U

.0.5 M EDTA Jk u...WI (Corex tube u-S)~ ~~i 

~~ d->- ,-??)I ;)}ajl ~~i ~I STE + iy...r--JI ~)}5 J~ u.,.;t - 2 

~ ~LJ\ ~Iy-:J\ il~1 ~j ~\s.W ;)~j i..u- ,J.4..l5l; - ~.,LJ\ 

. ~.i.l ~L::l1 ;iJt

4i\; or" ..l5l;j ~~ ~L:lI4i..w1 o;)I..L-J~ ,-?yS)1 ;)}JI ~~i ~i - 3 

. ~I*I ~\s.\A...iJ1 ~ ,J.4 ~\ ,J.4 

~ o)j;) 50,000 a~ ~W\ ,-?yS)\ ;)}ajl j~ ~ ~yS.r" ~~)J\ ;)ybi - 4 

.r20 air- ~)~ ~L. 48 0.11 ~J...l1 

~~i.rJ ~.L:-.r-" RNA...1I ~~ ,-?yS)\ ;)}aj\ ~~i ~i - 5 

. ,-??)I ;)}ajl 

. ~\... 4k.....1y' ~I)I ~i - 6 

CL--JI i..w jA.-)J1 ~ l+a""; 0~ ~ ,-?jS)I.:l}aj\ 4' •. ; ~t - 7 

. RNA ...11 ~ ~ Jj.rJ~ ~I ~L..U 

~~ J.!W\ ~.,JI ~ t./'j a.:ll>- 0.A ,-??).I ;)}ajl ~~i &it - 8 

. RNA...1\ ~ ~ '-?~ ,-?J.J\ t!)1 ~ 

~ij i~ ~~i . RNA...1I .u.;.b ~I r-i- )a.i.- ~\... .r:Jj~\... 200 u..,.;,i - 9 

,J.4 .r-:Jj~L. 30 u..,pi rJ .4 • ij •• uj)~i ~~i ~, RNA.J\ J}.::-a 

. (3M) iJ!.:l~' ...;:.t~i J~ 



. RNA Jj J)"l-... ~, i J"';J}5 : J~I ~ro:.r ~)~La 250 u....,.;i - 10 

. ")~ ~i 

oD u.;9..ll\ ~ oJ)') 2500 o~ ~)~La ~ ~j5.r" ~~~I ,).;ki - 11 

. ...;;~,) 5 

. ~ w)J~i ~~i dl (RNA.JI J~) ~I)I jA.;i - 12 

J~ d l ~I ~I ~~I J~\ :..r-- .r:J)~La 700 ~i - 13 

. RNA.JI 

. ...;;~,) 5 o..l1 ~..ll\ ~ oJ)') 2500 o~ ~j5r ~~)fl ,).;ki - 14 

900 UL,.;~ ,-:-,-",1)1 ,-:,",.)i) RNA.JI ,-:-,-",IJ ~ , ~I)I ~~ - 15 

. r-W-1.;kAl1 s:L1.\ :.r .r:J)~ La 

j~ il~~ .r.:SrJ1~i) RNA J~:.r .r:J)~La 2..i>-i ~ - 16 

. 2Y\.; 260 --r:-r J~ ~.,..aJ1 ol:.5:J1 <..l"'y 

. <LAI~\ ~ r20 - o)~ ~J~ RNA.JI r!Y ~i - 17 

: ~I RNA.JI ~~~ ~WI U.~I 

i..??.r" ,).;k ~"";';i ~ GIT J~ :.r 3r--" 8 e 1.;')L;l1 J~ ~i - 1 

. "';;I.! 

~ i..?jS)I,))aJ1 ~~i d l i.J"!..r:--J\ ...l;J}5 J~:.r 3r--" 3.3 ~i - 2 

...I..*\:.r ~l~)f ,))aJ\ ~~i ~~ ~ GIT J~ ~i 

. ~\yt' ..;..~W ,)~) i~ :.r \5';>-' or ...l5b) i~ ~~~I ~i - 3 

uL...... 48 - 24 o..l1 ~...ul ~ oJ)') 30,000 o~ l;?r" ~~~I ,).;ki - 4 

.r20o)~ ~J~ 

\01\
 



: ~I RNA.JI r...~~:r mRNA.J1 ~~..,k 

: j~ Oligo - dT ~I ~.rs-~ : ~-,i 

. ~ ~l5" -} ,-:?~..l>- Jol> ~~I ~~ ~ - 1 

~\+ :.r- )j).1 -} .k..i.J..\ J..,u r:-...ij ~~ ~Ij ,-:?}.oJ1 ~lk;J1 ~) - 2 

. ~.,..-.JI 

~i) 5 mM EOTA + 0.1 M l\JaoH J~:.r- 3('"""'" 5 ~.,..-.JI.)\ u.-p\ - 3 

. (~.,..-.J\ j-.iJ )j).~ ~UJ 

. ~ ~ ~Lo 3('""""'3 ;jL,.;1: ~.,..-.JI ~\ - 4 

~ "-) ~I ~~ .)\ Loading buffer ~I J~ :.r- 3('"""'" 5 u.-p\ - 5 

. ~.,..-.J\ ~ ~LJ-I U" 'll ~ 

4...-.0l3-\ opl ~ ~~ PH ~U-I U""-)10~ 0i ~

Jk ~\J-I U" "-)1 U"~ ~~ U.r" ~j 8 - 7 ,-:?j~ 

~I)I o~\ o~~l ~j • ~.,...-.JI ~~ :.r- UL3-\ ~I 

. ,-:--"L:1\ ~LJ-I U" 'l \ ~ Jy.a.J-1 ~~L:l-I j 

~ ~j ~.r--ll.r;-S' )j).~ 0jlplj ~I J:-llsh L"""\

" : mRNA.J1 ~: ~~ 

F,-:?..ul ~I RNA..JI r...~~ ~I %10 SOS J};-o :.r- 3r-"' 12 ~\ - 1 

1) r-::Jj~Lo 1000 ~I ~I~ 15 opl ~L... <L..,.:>~I 

. (3('"""'" 

\"\. 



. -yli~ 5 o..u r70 0)';> ~)~.)I ~I RNA.JI J~ ~ - 2 

~I RNA.J\ J~.)I 5 M Nacl J~:r .r-.:Jj~L.. 100 ~i - 3 

. .u~1 0)';> ~)...l.: ~~ J}shl !J.;ij 

cr" JjUI J#\ ~ij j...-UJI ~~ ~I ~I RNA -.JI J~ u.....;i - 4 

":,. ,_ Co"~	 C-

o ~ ~ -..jj)~\ ~~\ ~ ~r--JI JL.w1 

~	 -yL;~ 5 o.ll r70 0)';> ~)...l.: 4 o~\ ~~ l,$iJl J~I ~ - 5 

. J-MJI ~~ .)1 ~i 

j..a.-<JI ~~.)I Wash buffer ~\ J~:r 3r----' 10 ~i - 6 

" ~I ~~I i..w ~r--JI ~~ :r JjUI ~LJI :r ~j 

j...a..iJ\ ~~ .)1 Eluting buffer U""'~:;\ J~ :r 3r---' 2.5 u.....;i - 7 

~ ~ -..jj)~! ~l.;i 9 ~ ~r--J\ ~~ cr" JjUI ~LJI ~ij 

10 J1.r->- = ~j~Lo 250 - 200.J.4 o~lyJl ~~:;I ~ ~i) 

. (...:,..,I)i9 

u.pij o.1.>-lj ~~i ~ ~LJI .)\ ~L:J\ cr" ~1.;)11 ...:,..,l:.~ ~! - 8 

. 3M p:~raJ\ ...:,..,~! J~:r ~j~l..o 130 ~i 

~i . ~I ~I Jy~)1\ J~ :r ~ 2.5 u.p! ~ \~ Vi - 9 

o ~l- U-..a.i ;;..u 20 - ;;).;> ~)...l.: ~~)1\ .k..i>!j J:.L5~4-J1 ~~ 

~)~ -yl.j~ 10 o..u ~..ul ~ O)j~ 2500 o~ ~?.r" ~_~)1\ ~>! - 10 

. ~ 4 0,1..>
\ ~J 

n\ 



.r...},~L., 100 ~L.,.:;~ ~I';I ~ij ,,-;---,,1)1 ~	 , c:-=-I)I if' ~ - 11 

. ~\ yb..il\ ~ll.\ if' 

~ L:.SJ\ J'"' L..;j j ~ rI~hC';~I -J mRNA --11 j--::-S~ '-;---->"i - 12 

.2f~ 260 0"r J.,b ~ ~~I 

~? of' ?j~Lo/rl?"j~Lo1 JyU\ ~ mRNA--11 j-:S~ ~i - 13 

. yb..il\ ~ll.~ ~i';'j\j J~~ ~rJ\ 

.r:>' mRNA--1\ J~ u-.o c~ C';r-J ~~nS c~~~ 

...\Sl:.U ..l:~..uLo)""; + jj)L:::- 'jl ji iy-->-:P'jl ~jr. + jj)L:::- 'jl r')\Jt, 

. j...a.-JI .)~ .r? '-.r'~ 'j I L4' if' 

: ~laS' mRNA il~~ eDNA ~~ 

~~y i~ JJl>- ~j .:i...i:..;kJ\ oJ..,. ~ 0~~ u,.~ ~~i i\~i 

. ~,; ~ ~ ~ ~, 0~1 Jk ~y}- ji wj)~i ~(ji J..-S-i 

: eDNA JI rJ" .)j~' .iLl ..J1 ~~ : ~ji 

~ o~ F<.?..ul mRNA --1\ J~ if' (i\?j~~ 5) ?j~~ 5.l.>- - 1 

u,.~ wj)~i ~~i .) ~j mRNA --11 ul..a..! ~» if' 13 c~1 

.0~~ 

r)j~L.t./rl?j~L.t. 0.1 Y.-S? ~L:l\ ~.)~I if' ?j~~ 5 ~i - 2 

. mRNA --1\ J~ ~n'i ~1 

c..u ~ ik>- ~I ~i ~ ~.) 3 o..l1 r70 0iT ~)..t: c::)1 ~i - 3 

. ~~.) 5 



p 

: mRNAJI J~ 4.:~i ~I 0 lo ~i - 4 

5 x ~I tL:..::.......'11 f-}'1 "LS).:l J~ ~-,-~lo 20 

0.1 M DTT J~ ~j~lo 10
 

10 mM dNTP J~ ~j~lo 10
 

(~j~l%~j 30) RNasin J~ ~j~lo 2
 

(~j~ lo/ i Iy:-j~lo 1) Nuclease - free BSA ~j~ lo
 

~~ ..lo ~j~lo 42
 

(~j~l%~j 200) ~I tL:..::.......'11 f-}i ~j~lo 5
 

~L..., o..u. r42 o)y-::- ~)~ ~I r3 \~ yL..i.::J1 ul;~ ~i 

. o~lj 

. :Y'l.i::J\ J}><-4 .)10.5 M EDTA J~ tY" ~j~lo 5 ~i - 5 

, yL.i.:J\ J~ ~I p"';j)}5 : J~I r:::f'> tY" .r::Jj~~ 100 ~i - 6 

'\~Ui 

. ~l;.:l 5 o..u .u....:;...ul .} o)j.:l 2500 o~ ~_;S.r" U""'~'11 4.:~1 .:l):>i - 7 

~i ,..; ~ U ..wI 4.., ·i II ( 1c.L..i.::J1 u....b) 4.., MI ~\ .l -.\ - 8\ - j)..~...f U- . -J ~• 

. i);j)}S:J! J~ tY" ~j~lo 100 ~1 

. 7 o~1 .} W'~?.r" U""'~'11 4.:~i .:l):>ij \~ Ui - 9 

. - I <:'.L. 170 I. Ii ~\ ~ u....JQ.; 4.., ·i 114.., ·\-11 ~I I~'i - 10.:..r" ~j ~ '+;:-' r-' - .J-':" If -Y""""' • ~ 

cT-"\ . 3M i-'~.:l.raJ\ u~1 J~ tY" ?j~lo 30 + ~I.MI ..U\ 
, 
.I~ 

r:::)1 4.:~i .)1 ~I Jlkl.1 Jf~ '11 Jy-S tY" ~j~~ 750 u....-pi - 11 

o..L.1 r20 - o)y-::- ~)~ r:::)1 4.:~i .h.i.>-Ij \~ ~i . 10 o".k3-1 ~ 

.~L..~ 

\\1 



J~\ cr" 2j~~ 500 ULP~ ,-:--",1)1 J--"ij r?1)1.:r ~ - 13 

. ~\ %80 ~')I\ 

. 12 o..,k:l\ ~ L.S ~j5.r" ~~ ')II .:l..,hi - 14 

..UI :..r" ~Jr~~ 50 ijl.P1-! ~.)ij ,-:--",1)1 ~. r?\)1 ~~ - 15 

. r-W\.;kil\ 

-: eDNA.J1 :.r ~l:J1 4\ \ 1\ ""~ : ~~ 

a-LJ\ ..~ ~..,h ~ 15~) o.,.k>-) ~j')ll a-LJI J~ ~I w..pi - 1 

: d.)L:J\ j::JlJ:. \ (dj')lI 

rJj~L., 25 

(10 mM) dNTP J~ rJj~L., 4 

~~ ..L., ~j~L., 11 
1 

(~j~L.,/O.J..>j 2) RNase H J~ rJj~L., 2 

rJj~L., 8 

. ~L 2 o..u ;'14 0);>- ~)~ ~L.i:JI ~ij \~ Ui 

dl J~ .r-:Jj~L., 100 + 0.5M EDTA J_~ .r-:Jj~L., 4 \ 0 ,,;i -

. \~ Ui . ~L.i:J1 J~ 

2 

. cYL;.:l 5 o...u ~j..ul ~ o)j.:l 2500 o~ ~jS.r" js-l.dl ~~i .:l..,hi -

• • • \\_1"-11 •
100 w..plj ; " ;; • "j ~ wj)~i ~H\ L5""'i ~.,....,....,I ~\ ~\ -

.\~ U f . i)~j)}5J\ ~ ~j~L., 

3 

4 

. 3 ~) c..,k:l\ ..; W ~jS.r" ~~')II .:l..,hi - 5 

\\~ 



~j G50 .. Spin column j...a..;J! ;,~ JI ~L;jl :J.J...JI J~ Ji-il - 7 

~4:r JjUi J}.¢i ~ ~ ~ i..?jS~;,.;h ~~\ y!;, ;,~i 

, ;,pi .J.;.j;.. ;,~\ 

. ..;~;, 5 o..u ~..u\ ~ o)y 1000 o~ ~?.r ;,.;hi - 8 

100 ~i);; ,; ),i; ~~\ ~ uL..a.-..iJI:-~:rJjUI J#\ ~i - 9 

, J..=J!, ;,~ JI TE J ~ .r).s:L, 

, 8 opi ,..i W" ~?.r" ;,.;hi - 10 

.9 ;;J.:J-, ). jq':Ji ~~~i j\ ~\Q L...a.iJ\;,~ '",A J)'U\ Ji).1 J!-'>..>i -- 11 
.. "::" i...>' .- ....., ..J U J -- --' ~ \,.... . 

11) 9 ":,,,:,pi J-" ~~ i..?..iJ1 ~L;jl ~\ J~ JI 0-Pi - 12 

: ~\..:JI JJlsh\ 
(i\~J~L", 10) Yeast tRNA J~ r:-j .. .. I ~L, 2 

3M 1'y-;,y-.aJ! 0~' J~ 
\ 

.r)j~L, 20 

~ -~.,.',-" ,;.Jj~lRJ .. •• 
28 

-" t I I. L:., ':J I Iy-S
0~ <.Jy ~ u ,;.J ~La.... '}, , 500 

, .u..;;, 30 ;;J.l f 20 - o).r- ~)..l: J#I ~~i eP ~ 'I~ U i 

. ~\.;;, 5 ;;J.l ~..ul .) 0)j;' 2500 0~ ~?.r" ~~ ':J \ ;,.;hi - 13 

J~\ cr" r=-Jj~l.o 100 ;ULP~ ,-;---,,1)\ ~f) ~\)I Lr'" ~ - 14 

%80 ~':JI 

13 o~.;b3--\ '-;:; LS i..??}! ;,p~ J~! 0-'" ~ -- 15 

~"...aJ1 ol:.5:J\ v-"~ jlp- r\~~ J#! .j cDNA JI r?'; ~i - 17 

. T-::-'"Y ~ 260 ~..""" J.,b .J.;.j;.. 



. ~).r.?"~ u~4-i j~ ~.rJ1 U~f" eDNA J~ p 0~1 C~r-:JI - 18 

uJ\..s-lA...:.lI JJl>. o~ ( ,-?jJl ~?I U~).\ , eDNA --J! C~ri 01 

~j~).\ ~~'11 0\..!.lJ~ ~IJ~\ .:L.......l:+l1 u~ -.i elL.,.:,.r.? 4..i: U \ 

Oj~ J j ) lI ~~ ~~\ ~4-J\ -.i uL.L..; ~r-s? ~ eDNA.-LJ 

..!.lJjJ . I~ o~ eDNA ~.r=.i ~7':*jj .. ~ u~4-J 45J\.:;...,.1 ~ 

ul).-.J ~L.,~ eDNA.J\ u~~ u~4i.T-~~~ D..j}j 

.~ J9L; e .:L.......l:+l\ 

: ~.J~l .. \ 1 U ~~\ ~4-:Jl ;~ 

;;1 11 ..~ ~»:.r 16 o~\) eDNA.J\ u~~ J~.)I u..,.;i - 1 

: ~L:.l\ JJ~\ (~l:.ll 

Klenow fragment o~1 f..}'1 "LS)~ J~ rJj~L.. 6 

dNTPJ~ rJj~L.. 3 

T4 Kinase f..}~ "LS)~ J~ rJj~L.. 6 

Klenow fragment f..}i rJj~L.. 2 

T4 Polynucleotide Kinase f..}i rJj~L.. 2 

~~ s-L.. rJj~L.. 11 

ri:T-' .j-4 2j~L.. 70 + 0.5 M EDTA J~ .j-4 ?j~L.. 2 ......a....-.oi - 2 

. \~ r!-"\ . J"Li::.l\ J~ .)\ \J;jJ}S : J~I 

. ";li~ 5 o..u ~.JJ\ ~ 0Jj~ 2500 o~ ~j5.r" ~~ '1\ ~»\ - 3 

'II
 



~ ,h.Q..., s-Lo r)j~Lo 113 
\ oJ 

3M iY-.:l.r.a.l\ ..::.,JL:.;:-.....i r-::Jj~Lo 20 

~ Jlh.> ~i Jy-S - j.::.J ~Lo 500 
oJ 

. ~.:l 15 o.ll r 20 - o},r>- ~J~ ~~')fl <:!'j I~ U\ 

j-O ~. ";U.:l 5 o.ll dii~;JJI.) oJj.:l 2500 o~ ~j5J" ~~')f\ .:l}>f - 6 

.~I)\ 

. %80 ~f Jy-S r)j~Lo 500 .uL.;~ ~\)I J-i'\ - 7 

. 6 0#-1 .) LS ~j5J" ~~ ')f\ .:l}>\ - 8 

...I-*~ ~\)I ~j ~I)I j-O ~ - 9 

. ~I.;hil\ ..UI :r r)j~Lo 10 .uL.;h ~\)\ ~~\ - 10 

: eDNA JI ..:,..~~ ..:,..4~ ~l Eeo RI ~.Y ~) 

(ilr-j~Lo 4) Eco RI adaptor r-::Jj~Lo 4 

T4 Liagse i6JJ1 {-}')f "LS).:l J~ r)j~Lo 4 

T4 Liagase {-}i ?j~Lo 2 

. .:zyL., 24 o.ll r15 o},r>- ~J~ ~fj I~ Uf 

. ~.:l 15 o.ll r70 o},r>- ~J~ LSy>-\ OJ" ~Ld\ ~\ - 12 

: cDNAJ\ ..:,..~~ e ~)\ ..::.,J~rU L-,.l;L.\ ~4-J1 o~ 

: 12 0."kJ-\ J~ d l 4Jl:.J1 J)\.sh\ U,.,.;f - 13 

\IV 



4~j~.L., 

T4 Kinase iWJ1 F-.:7''1 £.LS),) J~ r)j~LA 

.. \ ~L.,10 mM ATP J~ 2
~jr" 

T4 Polyuncleotide Kinase F-} I 3 

~ ~\.A..:J\ J~ d\ ~i ~\ ..UI:..r~ .rJJ~'c.<l 20 \ Q .oi - 15 

. ~J~L., 50 J#! ~~ - \ 

: eDNA.J1 ~~~ 4.;;'; 

: l,:)l:.Jl5" Sepharose CI - 48 -..JL,a.aJi ,).~ -'~ 

. Elution Buffer ~\ J~.j-" 3~ 5 4.jL.o~ ;..J-a....iJ\ ,)~ ~i

. ,)yuJ\ ~4-i j-" JjL:JI J ...UI j-" ~ 

~.;i. j-a-J1,)r d\ (~L.J! 15 oyk.:Ll) cDNAJ! r}~ J}>v ,.....c.....;i - 1 

. ,)yuJ! ci ~ c.~-~\ 

~Ij 0;'; oyW wL.aAJ1 ,)~ -JI ~I J~ j-" J~ 1.2 ~i - 2 

? ul~ 10 ) ....Jj)..J...:.: i ~l;i ,u')U ci ,)~\ ~~ l.-~ JjL:J1 J ...UI 

. (r) jjs::.:L., 42 = ~.r:J 

j-" ~i) o~1 u,~'1\ ,)~j ;Url ~Yl:J1 '-;--.:-!l;)t\ ..}J~ ~I- 3 

.i..:~1 J5 j-" r::Jj~l.A 2 J ~~~I o~1 ...;:.? ~ (c..?~1j c:Jj 500 

. (Marker) ~~ DNA ~ ,)y>:-j e %2 jj)~ '}I i';}v. ~ 



p 

~ '-?~ ~I ~~ \fl 4..r" ~ ~~~I 0~1 <tl;,j ~ i.)lo.:.&-I - 4 

.r.:srJl ~l&. eDNA.J1 4..r" 0~~ J~ 

1 yl u..,.;ij o~lj ~~i ~ ~.,...... ~L ~b \f\ J:J~ ~i - 5 

4..r" ~ 0.1 + (il~j~~ 10) Yeast tRNA J~ 4..r" ?j~~ 

Jlhll Jy~'11 J.r--S 4..r" ~ 2 + (3M) iy...)~1 ..:.,,~I J~ 

.~I 

. ~.) 15 o..u r20 - o};> ~J~ ~~'11 ~I rJ' i~ Ui - 6 

4..r" ~. ";lb 10 o..u ~..Lli ~ 0Jj.) 2500 o~ ~j5..r" ~~'11 .)>i - 7 

.~I)I 

. %80 ~'11 J~I 4..r" .r:Jj~Lo 50 oL,.;b ~I)I J-&-i - 8 

.7 0#-1 ~ LS ~j5..r" ~~'11 .)>i - 9 

#-UI 4..r" .r-:Jj~ ~ 10 oL,.;~ ~~ij ~I)I ~ ~ ~\)I 4..r" ~ - 10 

. ~1)a.i\.1 

.r20 - o};> ~J~ ~r-Jl ~ij J#I ~ eDNA.J1 r.:s.J ~i - 11 

~L:...o Jib e ~p 0'11 ~~ ~.,.-JI- 12 

r-'r" eDNA ~ #-~ eDNA ~r.1 ~~» il~1 ~ 
~ ~ 

..:.""j.s.~ ~ l:&-~1~Y' ..:." 1~.,JS"y.;. 0 L,.;I J:» ,y- l:&-L.-...;, 1 

. #-UI 



t ' .,UJI J.w:t.iJ I 

ciSco 
• 
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~ ~I L:i ..;...L:J1S01 ";,,,U)J'" J:=:..C J~ ~1)~\ ..;...L:-:5J.1 ~~ 01 

...11 & rlJ :>... - ,I ~ a.j~ ~ ~).r" ,;)~ ':1 4U-1 ~J . WLs. 
,;).r-:-J 4..)L...::..>1 0~ 0i uPr-Al1.:.r 0\, «:» ~ ~\ L:i C;';pIDNA 

, %90 (f' J1r':11 i,....,i L:i J.A1 ':1J i~ 4J~ ~LS:.U,;).Y'-!. ~)J'" <.,?i 

L.~~ ~ ~ Genomes ..;...41 ~ ~I)~I ..;...~\ ~~ ~ ':1J 

. eDNA r\~~ Ji ~ ~)} 

tf ~J ~I)~I ..;...~I ~~ ~ ~ J9lrJl .:.r J.;..uJ1 rJ.:>L:.-.J 
~I DNA...1\ & ~ 0i l.S . ~\ ~~ .:.r J~I ~ C;,;)W\ L:i J9UI 
~ \5.L ~ J.."ly ~ La:i ~ ~\ J9lrJI ~~ ~ rJ.:>L:.-.J 
..;...4t..;, j,iU\ tf ..!.UlSJ .u ~\)J ~ ~~ ~.,.lhl\ ~\ uJIS01 ~ 

50 -10 ~\ C;d DNA & ~\ C~ ~\)I ~l.:->':1\ ~1,;)yU ~I c;.u..J.1 

DNA...1I· 0 . .~~..l>....::..... l-j \.~U ~ 1;.... I~;: l_ \I C;~ul <
0-'" ~ C- r - -e- )Y' r--- u-::-- cr: ~ 

.,;6 1\ - UI l~;: . _. ~ -' c.r::-..,t 

i,;)L...:.s:-1 ~~ ";,,,U)Y' ~ ~.,.lhll ~\ ~ ~L:>- ~J 

: ~W\SJ ~.,.lhll 4JL....:.> ':1\ ~ 
In (1 - P) 

N=--
In (1 - 1/n) 

~ J- ~ .. -I Lj~\ ~\ ~ (~\) L4\ J91"J1,;)-U;. = N 

. ~\ ";,,,U)J'" 

~ ~I 4......41 L:i ~~I DNA...1I ~~ J~~ = n 

.~I~IS0I~ 

. ~I .} lo ":"')J'" ,;).r:-J 4JL....:.>1 = P 
- • * 

%98 JI %95 *'" 

wv
 



-.:,;~:.r ~J..s- -.:,;\j).,... ~ ~jyU\ (~l Jil~\) -.:,;1.;~1~..lJ;. : Jj~ 

. -.:,;\j)}I -.:,; ~ -.i ~ I -.:,;81S01 

~ i.oj~l ..:;;li}S:J1 ;)~ ~I~ ~LSJ\ 

~ rl...L>.:....1 ~ ~I 

.~lj A:5 17 J...Lou: DNA 

700 

5300 

7000 

12500 

14100 

125000 

535000 

428000 

610 X 4 

710 X 3 

710 X 4 

710 X 7 

710 X 8 

8 10 X 7 

910 X 3 

1°10 X 2.3 

E. Coli 

Bacillus megaterium 

Aspergilus nidulans 

Saccharomyces cerevisiae 

Drosophila melanogaster 

Tomato 

Man 

Frog 



: o~ij # 20-10 ~ DNA &i~: ~Ji 

~ 4-i li)} ~ ..~ ,-;-,#1 ~')l:ll <f ijy\.!\ DNA.JI ~I - 1 

. ~~ ~\j..1 ~)JI 

~ L.....S ECOR 1 ~I t-:Y~ 4L~j DNA.JI cr" il~J~L. 100..L> - 2 

, ~~ ~\j..1 j&-Li::J1 ~» 

i~ .r-:-S' ~~~I 0~1 i\ L> - ..~ t-:~')1\ e a..W\ ~~ Jl> - 3 

. ~y DNA ~ e Low Melting piont agarose ~I jj)~ ')1\ 

~ J.,AJI ~')1I"y'»:f'j i~~')1\ ...L.;:.-oj..r! J~ iJ4.l1 t::-'I - 4 

O.ll-U ~ 20 - 10 0:! ~ 4-" ~~ Vl~ ~I DNA.J\ chi ~.ro .:l.,L:.
~ 

, ~~I DNA.JI ~ \'_.- " 

~ij O.:ll> o~ il~~ rd- I ~lll DNA.JI ~ Jy> i~1 ~i - 5 

, ~ wj)~i ~~i JI iY4J1 

.r-:Jj~L. 3 0\..,.;1 rl ~~')11 J>-b 4.-.oIyIt- ~» :f' i~1 <f ~ - 6 

+ ~)~ ')11 t-:~i <f o..l>-j 20 j Agarase fl)~ ')11 t-:Y')1 "LS).:l J~ <f 

. )at\ ..U\ <f .rJj~L., 50 

<f O~U N 20 - 10 0:! ~ V\~ ~I DNA.JI ~ ~I- 6 

. ~I ~\ Jy~ ')11 J..,..-s :yo .r-:Jj~~ 200 oL,.;~ j&-li.::J1 J~ 

.i~Ui 

DNA.J\ ~ '-:--'") ~ d ii).:l 20 o..u r20 - 0);>- ~)--4 ~~')11 ~i - 7 

. ..;t;.:l 5 o...l.l ~..ll~ o)j.:l 2500 o~ ,-??)I .:l)J~ 

Wo 



:.r .r-.:J.J~L. 15 ~L.,.;~ ~,)\ rl ,,-;--,--,1)1 ~j ~\)I :.r ~ - 8 

. ykAll "til 

. ( 1 -9~) J~\.j DNA.JI &:r.?.J ~i - 9 

:.r ..lSL:..u jj)G:- ')II i":Jv. ~ ~~~I ~~\ i\~\ ~ 

.~IDNA.J\&~ 

WI
 



JoWl DNA -.J\ 'C~;
 

EcoR 1 f-)~
 

(- 6.4 KB 

(- 9.6 KB 

(- 23.1 KB 

DNA& 

4---l:i 

.;JI DNA-.JI & ~ I..?~ 1..?.lJ1 rJ\.e-lI ..j:>;- ---7	 
I
,,--®--- ... ,

), /•...\s-u}:S 20 - 10 ~~ ul.f-!	 ,--_ ..... 

~ 

.J~ e .i-)~)11 f-}i JjL,.;1 

rJ\.e-l\ .:r ~ .. \S).ul 

( 

&J~ ~;:J ~\ Jy~)11 Jy-S JjL,.;\ 
DNA -.JI ---7 ~--- ---7 DNA -.JI & 

~ 
DNA -.J\ ~ '---",J,''''-.1 

)illI ..Lt~ ~I~\ •.:Il&-I 

~ 
[,~,...:Jl ~ DNA -.JI & :r?; U""l:i 

.I < 20 -10 ~ DN~, J:J c......-: : , - 9 I~ &.r::-' ,0. C -::-r ,.y

o jj~ ~ t......\;.fJ1 ~ ~j5U' .~li 

\VV 



~ 

: EMBL4 ~WI ~ (o~li N 20-10) DNA JI & 4......~: ~~ 

: lWI l Co L.i::..ll ~ w ..w i ~ i j - 10'-? U j) o~ l:rp"o 0 

(;;..u-l; # 20 - 10) DNA ~ rl~j~lo 0.5 

EMBL4 jjl:J\ rl~j~lo 

T4 Liagase rt.-U\ f-} ~ ~lS)~ J~ .r:Jj~lo 2 

T4 Liagase rt.-UI f-} i 

. .r:Jj~lo 5 ~L.i::..l\ J~ ~ 0~ d ~ 

o	 ~L... ~ ;;...u f25 ;;).r- ~)~ ~L.i::..ll ~i - 2 

: In Vitro packaging .;.JWWI ~ - 3 
- 0 

j.-oJ\ ~L.o..J CL.-JI 0j~ ~i L.. u ~ 4 .I" .j\ oh lS~ 0i ~ 

<' ., I c: ~. 0 L JJL o 

t..E~ ~ oj 0 

;;...u c:L,.,)f\ ~ ~ 4.,.pl;!..\ ~~~I r::!'J'! Sonic extracts J~ ~~i - i 

o ct=J1 L:i ~I ~ ~~ 2 - 1 

4,j~j~ ~~j c:::~~l ~ Freezer / Thaw extracts J~ ~~i - '7"' 

20 - 10) DNA J\ ~ J~ Cr" ?j~L. 10 ~.r-!j 4\ u.,.;i 

o_1~1\ 0 ~ o~I..h.i>-\ (;;..u-l; -' «
C:...-L:to~ j ~ 

ri-f'> ~.r.-ii d l <l.4..Pij Sonic extracts J~ Cr" ?j~lo 15 ..i..>- - ~ 

o DNA J\ ~ + Freezer / Thaw 

o 0If;;...uJ ;;)j~ 1000;;~ ~?.r'" ~~~\ ~):>i - ~ 

Cr" .r:Jj~lo 20 + SM J~ Cr" 3r- 0.5 ~L.i::..ll ~~i d l u.,.;i - j 

o (.;.J~WI J~) p,9j)>J1 

\VA 



~I OJ:.l.4Sj ~ ~Ij ~~WI Jy6.:..0:.r .r-:Jj~Lo 10..i....-...:;. - j 

(~\) ~\ ~~WI J~ ~\j (Library titer ~\~) 

.r4 o}r ~)-'-! 

: Library titer ~I jj~LQS-,~ ~L....>

.r-::Jj~L. 100 ~t rl ~~WI J.,.6- :.r - 4 10 - - 1 10 ~~I ~ - 1 

. ~W\ o~\ ~ 4-o~lj ~ ~~j ~~\ ~I ~ J5 :.r 

:.r ~j~Lo 200 ~~WI ~w ~~\:.r ~~I JS ~I .....A..P\ - 2 

~ ~.,....; 0\..:5 ~I~j 4..&-L.... 24 rs- E.coli P2392 CJ.,J.,AJ\ ~~ ~).ro 

. 0.5 = ~y~ 600 </"Y' J.,k 

0)1.;>- ~)-'-! 4..&-L. ~ o.ll ~ij ~~I + ~~WI J:-lL:.....o Gr"\ - 3 

5.r37 .

.k......,J1 :.r 3r-- 3 ~~Ij ~~WI ~j-o ~~\ :.r ~~i J5 ~I.....A..P\ - 4 

. LB top agar J:.~I...u1 ~I ~ ~1.i;J\ 

~ LB ~I..ii..k.....j ~ ~ ~~\ J5 ~~~ ~j 4..&-.r-! U\ - 5 

i~l. 4,.;}J1 o}r ~)-'-! ~L. u...a.J L;~~I !J.Ji. ~? L;~i ~ 

'.~~L;~\~yU 

. ~L.... 24 o.ll r37.5 o}r ~)-'-! ~1.i;J1 .kL....j~\ L;~i ~I - 6 

~j \"""""'pjj i.,..e UI)1 ~i ~ ~~WI ~IJ • - 4.,)~ ~i - 74 

.~~ 



u~WI J~:.r .r-::Jj~Lo 10 ...::.....A~I ~i ~ '1 

. 410 - -110~l>.:J1~ 

o~l.r:-S' ~j u~L.J1 J."b--:.r .r-::Jj~Lo 10 j .,;.i ~-

~y DNA ~j .:,~ ~ EMBL4 Jib ~~ ~~j ~ ~~~I 

. ~~I ~I ~~I.k.....p o.rJ. 

EJ~i ~ (o..Ls-L.; ..,W' 20 - 10) DNA.JI ~ r~\ o"u..s o~4j ~ 

o~1 :.r ~Ij )-..)Ij ~I EJ~'11 4.9'-: ..!lJ~j EMBL4 j.!L:J1 

~ r.1 o. .;;L\ jj)~'11 r":Jv..rzS' ~~~I o~I~)=>:.r- 4\>1...1.31L 

. ( 2 - 9 1<:' ~.) \ •• \~\ ~ I.· ::.~ L-JI . 1\ y~ '11 ~'-\.:....rr: ~ r-' ~j) - j ~ I.d cr: 



- --
------------

---

nONA lSJrJ\ ~LJ..I 

Jl>J1 ,:.r ~I I/ EcoR1 

~\.;JI L?JrJ1 ~LJ..\ ~ ----._. 
&WI F-ji'l~ U.WI (f ------

Eeo R1 

-.;JI L?JrJ\ ~LJ..I ~ 

0:! L. ~ C'I~ -
EMS 4 j--j\.;J\ oJ.&.'.j}:5 20 - 10 

i~~f-Jl, I 
. 
~\)J L~u~~ .. -j... 

( U I ._)J ~)

J~L - lj -II ~ ,L:.. j .t....~.U tJl'l L \.. 11 ~I - I: 2 - 9 1<'·. 
•• ..:;..J J)"'. . '-" - JJ"' ~ -' - r-r r.r-

EMBL 4 1..1...:-" ~ JWI 



o 4J ~l;)r ~ ~~ ~.,.lkll ~")\.;ll .:..ro ijJUI DNA -II ~I - 1 

o Bam H1 F1 t-=}4 .tl.o~j DNA -II cr" i'~j~La 100 .i>. - 2 

jj)~ ')II i~ ~ ~~~I o~~ &UJI t-=}')I~ 6..LoWI ~L:.:..; ~ - 3 

o L,.,w DNA .~i ~I 
~ ~ c-e

~I J.,J ~')II ~.,k tY'j i~~')1\ ~j.r. J~ i J4J1~i - 4 

o o..,u;.\.; H 10 - 8 0:':-! La ~ Ul~ ~I DNA -II &i ~r ~..l>-

o~u~ 10-8 0:':-! Lo ~ UI~ ~I DNA-II chi ~I- 5 

o 

~ 

li.L... \.- ~	 - -II ~ LIL 
o ~r"F~ _~o 

: ~ 1t':.lA.; 4... °i 0 IWI lr-l.i-JI - 60 

- if o.r.-' -.t l..:? if ~ 

(nJj~La/il~j~La 0.5) PBR 322 ...l:--oj")\)l J~ nJj~La 5 

Bam H1 t-=}JU ~LS)~ J~ nJj~La 3 

o (~I..l>-j 10)Bam H1 t-=}I J~ nJj~lo 2 

~ ~ ~lo	 nJj~La 40 

. o..l>-Ij ~L... o..u r37.5 o}J>- ~)--4 j&-l.i-JI ~i ~ I-l;;:-~i 
• t •	 • I _I •0 

o ~~ 20 o...u. i50 o};>- ~)--4 LS';>\ 0.r" j&-~I ~\ - 7 

200 + j&-L.i..;j\ ~~i ~I ~I ."kill ~U.\ .:..ro .r-:Jj~Lo 100 L ;, ,oi - 8 

o i)";j)}5: J~I ~j-o .:..ro nJj~La 

. .Y\.;~ 5 o..u ~..LI\ .j o)j~ 2500 o~ ~j5.r" ~~')II ~ybij I-l;;:- ~T - 9 

--o....;i u..Ji; w ..wi 4... .j II (...L-0JLJ\ .u...k) ~.\_I\.t.L1J1 l;;:j - 10j - j) 0 oj-':' LY _) 0 0 -y--' 0 u-

o i)";j).,lSJ1 .:..ro nJj~La 150 4-::J1 

~	 Co r:- c. 

o	 9 op\ .j LS ~j5.r" ~~')II ~ybl ~ I-l;;:- ~\ - 11 

\A,( 



p 

. 0--4~ ~~i.)1 (-I.::-oj~1 ~) ~.,.wl ~I ~i - 12 

J.,L-- ~I 3M rY-.,;)."....aJ1 ~~i J}>- :.r .r-:Jj~lo 10 c;, ,,;i - 13 

i~ <;r"i. ~I ~I Jy~~1 J~ :.r .r:Jj~La 250 + ~jYl:-l1 

. ~L.... u....a.J r20 - o)y> ~)~ .b>.ij 

~rJ <'yu,;) 10 0..u.4 4.;JJI L.i o)j,;) 2500 o~ l;jS~ ~~~I ,;):oi - 14 

. ~I-I.::-oj~1 DNA 

~tll :.r .r:Jj~La 20 oL,.;~ ~~i ~ "":-,,,1)1 ~ ~ ~\)I :.r ~ - 15 

. ~I)illl 

: J\.::J\ j&-Ldl ~ j&-W ~~i L.i - 16 

(15 opl) BamH1 f-;~~ ~I pBR 322 -I.::-oj~1 rl~j~La 1 

. (5 opl) (o..u-l;» 10 - 8) DNA.JI &i l~j~La 0.5 

T4 Ligase rb...Ll1 f-;~ ~lS)b Jy6- .r:Jj~La 1 

. (~I..l:>-j 4) T4 Ligase f-;i .r:Jj~La 1 

o)y> ~)~ j&-Ldl ~I. r-:Jj~La 5 j&-Li.::J1 ~ 0~ 0i ~ 

. lS..r>i ~,;) 20 o..u r50 o)y> ~)~ ~ ~L.... W,..,aj oJJ r25 

~I ~ j&-Ldl ~~i.)1 ~I)illl ~tll:.r .r:Jj~La 95 u..,.;i - 17 

. .r:Jj~La 100 j&-Ldl J.,.Lsh JSJI 
. j&-u.::J1 J~ .)1 P,;)}5 : J~I ~ro :.r ~j~lo 100 u.......Pi - 18 

.i~ <;r"i 

. <'yl;,;) 5 o..u ~JJI L.i o)j,;) 2500 o~ l;j5.r" j&-Ldl ~~I ,;):oi - 19 

~ ~ ~~i.)1 (~I ~1~j~1 ~) ~.,.wl ~I ~i - 20 

.i~ <;r"i . p';j)~1 :.r .r:Jj~La 100 ~I u..,.;1 

. 19 opl L.i LS l;j5.r" ~~~I ,;):oi - 21 

'"''
 



~ .r=-.:Jj~l.o 10 ~\ u..,.;i ~ ~ ~~i ~I ~j.J1 ~I Jiii - 22 

...;1k11 Jf~)l1 J.r-S ~ .r-:Jj~l.o 250 + 3M i~~~\ <.:.Jl.:..:---i J~ 

'0 Q j o..w r20 - 0)';->- ~)~ ~~)l1 ~ij I~ ~i. ~I 

.~L.. 

. ~li~ 10 o..ll ~...ul ~ 2500 o~ 4?r ~~)l1 ~yki - 23 

~UI ~ .r:Jj~Lo 50 JjL,.;~ ~~i rl ~I)I ~ ~ ~\)\ ~~ - 24 

. (~I <.:.J1~jJ\.:.l1 J~) ~I ~I 

~l:.J\ ~)aJ\ ~\ 1~L:.-I..l..:-"jYl:ll ~I).".ll L41o~US ~i - 25 

. (~.,.Kl\ 0~lA5 ~L.>.) 

E.coli HB 101 ~1 ~l-,.;..l ~ ~ i~i 

Competency of Bacteria E. coli HB 101 ~I J.:A~ :~Ji 

~l.>- ~ 3r--' 0.5 ji) E.coli HB 101 \:~I ~ ..l>lj 0rO.- 4 Jiii - 1 

.h......,J1 ~ 3r-- 10 ~ i.?pi. ~I)j ~~i ~I (J~ 4 ~ LA~.r:-j 

. (Broth ~j.r.) yLJI LB ~\.l.;J1 

0"; ~ ojljA ~t>- ~ ~L.. 24 o..ll r37.5 0);>- ~)~ ~))I ~i - 2 

. .4.A._.i...u1 ~ 0)j~ 150 jA 

i.?~ 3r--' 100 ~ ~\)j J)j~ ~I ~LJ\ ~))I ~ 3r-- 1 j-AJi - 3 

. LB yLJI ~1.l.;J\ .h......".ll ~ 3r--" 50 ~ 

~ o)j~ 150 jA o~ ojl~ ~t>- ~ r 37.5 0);>- ~)~ ~))\ ~i - 4 

..L:...&- (0.0550 = 0.5) 0.5 ~.,.....; Jjl:S ~I ~))\ J~j ..;:- ';ii}...u\ 

. i j.r-5-Ji 550 ~yo J.,k 

\M 



.!.U~j ~}hll ~~I U~I ~I .ts.))\ JJ-""Pj U.r--o ~ 

ijL:5J1 dl.:-i j~ ~ ;;; J:l 15 J5 u,))1 :.r C~~~ 

. ij~i 550 ~Y' J}> ~ ~~I 

~I ~ 4s-))1 ~)j.;) ~i ~FI ~~I oL:.S:.l\ ~I ~))l J"""j ~ - 5 

. ~.;) 150...u 

~)~ ;;;.;..lll ~ o)j.;) 2500 o~ ,-?jS)I.;))J~ ~))I ~~ ~i - 6 

.r4 o};> 

J~,J-4 3r-' 20 oL,.;~ ~~I ~I~\ -.u-ij ~I)I :r ~ - 7 

~~i ~ 4~1 C~~ ~ij i~ L.;~I <;J-"i . ~I 0.1 M Mgcl2 

.~j~o~lj 

. ~u.;) 5 o...u ~I ~	 ~AJI ~~i ~i - 8 

~).;) ~ ~U.;) 5 o...u ~..lll ~ o)j.;) 2500 o~ ~jS.r" ~r:-i)'I.;»i - 9 

.r4 0) y> 

0.1 M Caclz	 J~:r 3r-'4 oL.,.;~ ~I)\ ,-:-,,~ij ~1)1:r~ - 10 

. U."j.;) 20 o...u _1·11 . L -c II ~ ·i ~i _l:LI . C- ~ ..r---:-'.~ j c.:..

. .!.U~ ~ ~\)I:r ~j 9 o#-I ~ l.S ~..?.r" ~~)'I.;»i - 11 

~ ~\ 0.1 M Caclz J~:r 3r--r 2.5 ijL,.;~ ~~I ~\) ,-:-,,~i - 12 

. 4s-L... 24 o...u ~I ~ ~~)'I ~i 

~ O).;)Wj Competent Wj-- '.J.,s:..; 12 opl ~~ ~ L.;~I - 13 

. ":)...l:-"j~\ ,-:-,,~i 

'''0 



: Transformation of Competent bacteria ~j.l' L~' Jo~ :~~ 

(E. coli HB 101 ~j.ll L~I~' ~1~j~1 J\.>.~I) 

~'G ~ 12 0.,Ja.::l1) E. coli HB 101 4.kj11 ~~I :.r 3r-"'" 1 j-i.;i - 1 

J~:.r i\~Y\.,j 10 ~I u..,.;i, 4 Q Ii. 0 ~ ~~i.)1 (~~I 

.l:2.4..>-i, i~ croi .(~1 ~~ :.r 24 opl) ~\ ~1..l....::-"jYL:J1 

. ~.:l 30 o..u ~I .} ~.r.l':11 

4..=>:-).:l ~I ~~ ~ ~\ ~\..l....::-"jYL:J1 + ~~I ~ ~~i Jiii - ::: 

. ~ti.:l 10 o..u ~I .)1 L>?i of 4J.iii ~ 01-<;).:l o..u r42 0);>

opl) 4..lyhl ~~I ~~i .)1 ~LJI -i1..i.;J1 .k.......,J1 :.r 3r---' 1 u...,.;i - 3 

. o.1>-l j ~L o..u r37.5 0);>- ~)~ ~~ ~ ~i (2 

:.r .r-::Jj~l.o 200..l...::;.i J:yk :..~ 6 -10 - 4 -10 ~~I -...y~~ - 4 

. \~LJI ~1..i.;J\ .k......'L ~ 4..l..l1 L .« II JI- 
U '-I y. - j r -~ ~ 

Ci-"ij ~ LJI ~~I -...yl.>...i :.r ~ JS :.r.r:J-'~l.o 200 .L..>. - 5 

150 + ..~I..u\ ~I ~ LB -i1l.oJ\ .k.......,JI :.r 3r-"'" 3 ~ ~ JS 
. ~L..\.r-:J\j ~':11 ~~\ -.:..0 1.:ll.,.Q1I :.r i\~j~l.o Top agar 

. (~\.;i~~~J~~~~.r.li~) 

~I..u bL..ji ~ ~ ~\.;\fl :.r ~j':1\ u.~1 ~~~ ~ - 6 

. '. 1"..--\ 45.;ij. 3r--/ilr:-j~Lo 50 hi; ~ ':14 ol~ LB ~ 

~\..u- bL..ji ~ ~ ~\.;\fl cr" ~~I u.~\ -.:..o~~ ~ - 7 

4-S.;ij (3r--/il.r':"j?-:.l.o 50) .k.U ~L..1.r-:J4 ol~ LB ~ 

. ,-1,..,--1 

'AI
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DNA Sequencing
 

'A~
 



100 

: 5 x 4j,)~ "l.S;!,) J};- - 1 

Tris - CI mM 200 

Mgcl2 mM 

PH = 7.4 Nacl mM 250 

Formamide %95 

EDTA mM 20 

PH = 8.0 Bromophenol blue % 0.1 

Xylene cyanol 1%0.1 

\C\\ 



5 - ~.:ll)I';y ~ ~ M13 ';L.J\ DNA .:l.:l~ j--L; o.. l~ ~~ 

. -.!.U~ j.-J GTAAAACGACGGCCAGT - 3 

: o~~ J-JI ..~ J;i 4ll:.l1 ~~I ~ 

(1 r-i; ~)., ~I J~): ~1~~~1 ~ J~ - i 

100 uM dGTP, dTTP, dCTP J}-.o:.r ?j~l.o 7.5 

. ~ )aA.. s-l.o ?j~l.o 77.5 

u..,.;ij o~ J.!LJI ~\..y~~I ~ J.,b- :.r r:Jj~Lo 8 ..L>

..k..:l>- J.,b-~ J) ,o..ll ~~i ~."hill ..lll Cr" .r-:Jj~Lo 32 "---;JI 

~11..u. ~\. (2~)~\ J~) 1.5uMjz5.J ~\~~~I 

. 4...d ..il\ ~~\A.:JI ~ 

: UJWI ~I ~1~~~1~ J~ - ~ 

:~~~) 

50 mM Nacl, 80uM dGTP, 80uM dATP, 80uM dCTP,: J j ~I J.,..L..J:.\ 

. 80uM 80uM dTTp + 8 uM ddCTP 

50 mM Nacl, 80uM dGTP, 80uM dATP, 80 uM dTTP, : -.iL.:.1I J#I 

80 uM dCTP + 8 uM ddGTP, 

50 mM Nacl, 80uM dGTP, 80uM dATP, 80 uM dTTP, : c.....l:J1 J#I 

80uM dCTP + 8 uM ddTTP 

50 mM Nacl, 80uM dGTP, 80uM dATP, 80uM dCTP, : ~\)I J#\ 

80uM dTTP + 8 uM ddATP 



: ~ lA ~ ~L.i.i ~~ i ~ - 1 

;:.:)J~lA/ il~yU 2.5 ~.:l~ ;:.:)J~lA 2 

~.:l~ "-LS).:l J~ ;:.:)J~lA 2 

. (il~J~lA 0.75 r?;;) M13 ~WI DNA J~ ;:.:)J~lA 6 

.:l.}7!. -JUI iLJ.1 ~r';j r55 o).r>- ~)--4 -J~ ik>- ~ ~~~\ ~i 

. (~L JI~) o.;AJ1 o};>. ~)..u ~)...u 

: I. L.o - WI lc.U:Jl4, ·f II ··i - 2 
~ '-"! I...J .n' if lo..A..P 

0.1 M OTT J~ ;:.:)J~lA 1 

DC - 8 35 dATP ;:.:)J~lA 0.5 

. (o..l>J 20) Klenow fragments F-J'i ;:.:)J~lA 2 

. 2 r-i) ul~~ ~I ~ J~ ;:.:)J~lA 2 

: ~ lA 4-:-0 J5 .)1 u.,.;iJ ~ui ~)~ - 3 

.j f_. ~ II ul...L:i.r-..lS~I ~ Jj.;.- -r .r:JJ~Lo 2.5 : JJ \Ii ~.r-:-i \II 

· (2 opl) <'y'LJ1 ~l.A..::J1 J~ -r .r:-zJJ~Lo 3.5 + JJ~1 ~L;JI 

-4-_. ~I\ ul~~~1 ~ J~ -r .r:JJ~lA 2.5: ~L:J\ ~~\'I 

· (2 opl) <'y'LJ\ ~L.i.::J1 J~ -r ..r-:JJ~Lo 3.5 + ~L=JI WL;JI 

~I ul...L:i~~1~ J~ -r ?J~lA 2.5: ~~I ~~\l1 

· (2 opl) J!WI ~L.i.::J1 J~ -r r-:JJ~Lo 3.5 + ~L=JI ~L;JI 

~I u\...L:i.r-..lS~1 ~ Jj.;.-lr .r:JJ~Lo 2.5: l::!1)1 ~.r-:-i\l\ 

· (2 opl) <'y'LJ1 ~l.i..:J\ J~ :r .r-:JJ~Lo 3.5 + ~I)I ~L;JI 

\",
 



,-;-:::'.;)11 ~i. ~I J~ (f .r-:J.b~Lo 4 ~~i JS ~I u.-pi - 5 

. ~~~I 0~1 d ~I~I d>- r7 0 - 0ir- ~)--4 

i""Jv. --i ~l.> o~ --i ~j ~.r.Ji JS (f .r-:Jj~LA 2 j .,;.. - 7 

. t.;)~ + Denaturing Polyacrylamide %8 ~L..J.?'Y\ 

il~~ ~ JS ~ ~l> 0}_~1 ~ij ~li; JS e} ~I 

. l..wj -';l:.U ~l:.lIj Jj'Yl ~Li:1J dj'Yl orid-I 

j4-J:-1 :f' iY4J1 c!) ~ ~~~I o~\ j~ :f' -;~~I )~I ~i - 8 

. ~..L.,;, )~ i Y4J1 Jo l>- c!) ~» :f' 

. ~ ~ ~.rJ\ <J)j (f ~ O;j iY4J1...:-.:i c::P - 9 

. ~L.. o..u r80 0ir- ~)~ ~ .k..i..:Jl j 0))-1 j~ d\ iY4J1 ~i - 10 

iJ4J~ )1~'Y10j~ iY4J1 (f ~.,..wl ~.rJ1 o)j ui ~ oj:- --i - 11 

. o~ o)~ ~~ ~ r-W1 ~15 ~ij x - ~i ~ iY4J1 ~j 

.J ~ skl\ Jk x - ~i ~ JoLs.j ~K.l1 ~i ~ dj.r':- --i - 13 

. ~ L~\L <li.i:- • ~I 
~.. ('"" -. j 

rJ (f I)'-:-:s-I 4..:Jl;j\ ~~\ d l .L.oL:l1 ~4-:J1 (f ~~I ~\..:j i';l - 14 

. i Y4J1 



j.., _ .....,.,11 \~\ .,Q} \ 
~ • ..)- .J 

. 1998 WIl:?~1 4......A~ - ~I ~r ~I ..y. . ~ - ~):-I UI).,JI - 1 

0"::As- "YIJ ~ JJrJl )~ - J..a.=-JI ~r U;-d-I ..y . ~ - ~\).,JI L..~I - 2 

. 1999 0~) \1\ I 0w - t:jplJ 

~ "Y\ )...ul - ~I ~r ~I ..y. . ~ - ~U;.,JIJ J:i...ul ~.rJ1 , ~\ - 3 

. 1999 0~)"Y1 I 0w - t:jpIJ? 

- t jp lJ ~~ "YI )...ul - ~\ ~r ~I ¥ . ~ - LWI ~I).,JI - 4 

. 1999 0~) "YI I 0w 

~)..L:.S:....."Yl - w)W\ A~ - ~I u....y. ~i - ~.rd=-I ~I).,JI .)1 J>-..l.A - 5 

.1994 - ~-

)...u\ - ~4J ~~ ~i. ~ 4; ~L:-:......J ;~)::r:. - ~I).,J\ ~ ~LS~~ - 6 

.1987 -~ - A~WI- tjplJ~ ~.rll 
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