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Genetic Engineering :- the technique of removing ,modifying or adding genes to
a DNA molecule in order to change the information it contains by changing this
information ,genetic engineering change the type or amount of proteins an
organism is capable of producing.
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Recombinant DNA [rDNA] technology :- the laboratory manipulation of DNA
in which DNA or fragments from different.of*DNA sources and cut and
recombined by using enzymes .This rDNA.sthen inserted in to a living organism
rDNA technology is usually synonymous-the genetic engineering .
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Application of rDNA
1.Biomedical application
2.Agriculltural applieation
3.Basic biological application

4.Industrialapplication

Biotechnology
Broad definition:-

The use of living organisms to solve problems and make useful products .
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Modern definition:-

Biotechnology is a collection of technologies that use living cells and or biological
molecules to solve problems and make useful products .
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Fig. 1.2 Many scientific disciplines contribute
to molec,ul_a_r,biotechnology,‘ which generates
~ d wide range of commercial products
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Techniques used in plant biotechnology

1.plant cell and tissue culture

2.plant genetic engineering

3.anti-sense RNA technology
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Table 1.1 Selected developments in the
histony' of molecular: biotechnology,

1944-Avery, Macleod & McCarty. determine DNA is the genetic material
1953-Watson & Crick determine the structure of DNA

1970:-first restriction endonuclease isolated
- 1973:Boyer R Cohen establish recombinant DNA technology

1976-DNA sequencing: technigues developed

1980-UiS. Supreme Court rules that genetically modified micro-

0Organisms ¢an be patented
1981-first DNA synthesizers sold
1988-PCR method pliblished
1990=Human genome project initiated
1996-Complete DNA sequence Of a eukaryote (yeast) determined
1997-Nuclear: cloning of a mammal (a sheep named Dolly)
2000=Arabiaopsis genome sequenced
2001-Human genome sequenced
2002-Complete human gene microarrays (gene chips) available
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Table s mparison between G.E and selective breeding
Wter S.B. G.E.
1.level Whole organism Cell or molecule
2.Precision | Set of genes Single gene

3.certainity | Genetic change poorly characterized Genes well characterized

limitation species

4.Taxonomic | Usable only within and between None
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Why genetically engineer plants ? Sl 5 bl dnigy a 685 1AL
1-to improve the agricultural ,horticultural or ormantenl value of acrop plant
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3-to provide a powerful means for studying the action of genes (and gene
products) during development and other and biological processes .
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Fignre 1822 Schematic

representation of ion transport in the plant A, thaliana
showing the Na' ions being sequestered in the large vacuole.
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Molecular biology :- is that branch of biology that deals.with information structure

and function of macro molecules essential .tolife such as nucleic acids and

proteins and especially with their role insallvreplication and the transmission of
genetic information .
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genetic materials must be :-

13




Dr. Muayed F. Abbas Basrah University
1-able to store information used to control both the development and metabolic
activities of the cell.
AU L) el ol Alee e 3 ] dasiiadl) e sheall 38 e 550 gl )55
2-stable ,so it can be replication accurately during cell division and be transmitted
for generation .
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3-able to undergo mutations providing genetic variability for evolugton:.
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1-two helical polynucleotide chains . siS sl syae dlula
2-purins and pyrimidens on the inside and deoxyribose outside.
3-two chains are held by hydrogen bonds.
4-the procise sequence of bases carries genetic information .
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The building blocks of DNA

Pu_rine base = adenine

N\, .~

glycosidic bond

OH :
Sugar = deoxyribose
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Basis of DNA

Purines Pyrimidines
NH2 %) O
C C
T \T \\ HT/ \IT__CH3 | NH
MO /C\r;:/ o” " N/go
H A H
Adenine (A) Thymine (T) ~~Uracil (U)
o NH2 |
g
NN
HN ‘
<|3 T \> ) c ' ﬁ
HoN~ \‘N/C\r?n R A
! O
Guanine (G)  “~.{Gytosine (C)
Hydrogen bonding of the bases
H M
CHy 0 RON, N=4 3
N N N//C'——C\\C/N\ | A-T base pair
\N—-—C \CﬁN/ - Deoxyribose
Deoxyébose H
H 1 H
\N—‘H"‘O\\ N C .
/C—C P s \}/ " - G-C base pair
N---H—~N
N o Deoxyribose
N——--C /C——-—N
/ Y s
Deoxyribose = o ‘;‘
"H
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-t RNAJ S DNAJ 55 O b g 8 ad) guda g3 J g2

g Rbose o Deoxynbose

8§ses Adenine guamne, Aderine, Quanine,

'- . Uracil, cytosme | thymme cytosme

Strands Single st randed Double shranded with
base pairing

Helix No Yes
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Complementary base pairing Jalsiall gaslal) gz o) 3l
The parid relationship between purinec and pyrimidens in DNA such as that A is
hydrogen bundled to T G is hydrogen bonded to C .
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DNA replication DNA J) s

Is the process of copying a DNA molecule .
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ALl aludi) Zolee J8 @asi DNA J) 1SS dalee o) SAL sl (e s DNA polymerase a3
aand LS 5 o) G Blall Gludsl i (o jull (e je () (and (Al 3501 (lans Al ) 13
ARl anliY &5 eyl SN Aglae CaaadY A A 5 il 2o g8l S i
replication of DNA Semi-conservative Lilss 403 DNAJ) L) S3
Gloslaall Ales 8 138 e Cargll g 2oall DNAJ) (0 5330 Gla JS oY 1ok Jadlas 40l ceny
A8 <l i) sl replication error LSl casl C)dma\ ade Gllale dhasy 28 4 445 4l
permanent change in the sequence of ) < =3 Sl mutation 3 skl &Gigas ) a5
a8 gal€ gl ae ) g8l Judod 8 <l s (bases

Gy sale 58 yhall Ggan lawl sl o ) Sl dglee Sigas die Agia g gl o) gl A i) )

518 100000 JSI 33l 350 Gaany sale s miss Match (e JalSS igan are) Gildll) axe

18




Dr. Muayed F. Abbas Basrah University
dia paldil) ay (a6l 128 5 pause e i s ) o 1 ol Galaill) G gas aae Ala i g ALlS
. DNA repaired enzymes J) mlaad cilay 3l Lele 3llay Slay 3 Adan) 5
23 sale y Al ) ABladl e el @l 3 Giaad W gacldl) Jubudl) Bel jis asi cila HY) o3
13 Zagmaall ye 22l 5 one in pillion ppm Osaladl 1 o Cuay Uadll dai e JIE5 ey 35
Eigaa b aalud sale Cilay V) oda Aol 5y 5 a3 ) sl Llee 22y DNAJ a8 iy
A gl 3 jakall

Figure 14.7 Semiconservative replication (simplified).

What DNA encodes ? ¢ DNA J) Jady )ila
Alto mutely ,through transcription of translatior——  protein
- O g ) Lidany DNAJ) 08 daa il 5 luiina¥) e SR dlgill
DNA is like instruction in a book A, T,C,G
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Transcription function of synthesis of RNA ¢ ludiud) g gewdl)

the proses of transcription involves :-  Fluiiw¥l o) Fuwill dlee
a- Promoters :- <Ualiall

Specific sequence at the beginning of gene (aa 5 cuall A (5 Js) e 3 ke
. el 3 LAY
b- RNA polymerase  RNAUJ! 3 ek as 5 JI 5 jals a3
. DNAUJ 43320 40 g€ 5l ae ) g8l) Jali )l dalae Tag m 591 138

SRR
-.._.}:‘ 3%

2
.

200 nm

. \ ¢ 7 _~ RANA
N N 77 polymerase

L= BANA

e 5 transcripts |

AR LD a8
A RRBI(
|
,

Figuré 15.6 RNA polymerase.

a (Ndmebous RNA transcripts extend from a horizontal gene in as
asphibian egg call. b. The strands get progressively longer
Bacause transcription begins to the left. The dark dots along the
DNA are RNA polymerase molecules. The dots at the end of the

va)

strands are spliceosomes invoived in RNA processing (Fig. 15.7).

Cc- 5754-3

52 LS DNAJI ddayi) aa) e Lacl Jal€ AlalSiall aell) od sale s 5-3 LoVl geudl) dglee s
auysall Ledae oy ) (o)) G MRNA Zpia 6 oy i) @llia ) Jaadlyy JLAIL e

- DNA Jl &5 e ojnad (e WiSa RNA J) 2 8 oyl Ataa gl ac ) gag
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Double-stranded DNA
5’ end ¥ ' sugar group
kT: A( phosphate
}*CE G-( * two chains run in opposite orientations

* two chains form a helix
* Sugar-phosphate backbone provides

_— framework for bases (4,C,GT
=C * hydrogen bonds between baseg-{A it
T, C with G) hold chains togethen
;A_T‘( N
_— Te = -ea—

~

e . Structure of the DNA
S L/I >Adenino polynucleotide chain
\N N

e

NH,

1
NFT
¥ l\ Gytosine
H .
- 07 N

BIOL
350
Spring
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d- Release of mMRNA transcription
-1 e Laaliay dlaall 028
1- Intrans are removed s »¥! 4 )
Exons are the portions that are read . J& ¢ & ) el5aY) e 3jke &
il guo sl )
2- Cap at one end and poly at ail on the other.
3 gill A da g A Alee Jagtl @lld g cpin¥l e il 330 e (9 sSa Jad 5 4d) lal dal b dad ALl
Ol el dglae Jagatl o 330 sl (8 e g syl pll e dnsla

pad |\.‘) / , A .
L . e 'i{'ilhf‘\ s

RINR
T Rolyherase

FigureA5.5 Transcription.
DuNdg¥transcription, complementary RNA
templata. At the point of attachment of RNA polymerase, the DNA
helix unwinds and unzips, and comploementary RNA nucleotides are
|Bined together. After RNA polymerase has passed by, the DNA
strands rejoin and the RNA transcript dangles to the side.

s made from a DNA

Translation :- synthesis of protein 4as il

DNAJ &a 4 sl gl Gl o) Juded o) s Gusall ol a3 o) ol
b Aisa¥] aleal) Judus 303 ) b dad sl saele RNAJ A b leie dans il
oalaall e S ASCODE 3,48 asa s sospall ge 4l sans (Oisodl) il aae iy s
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5623 OV AT,C,G DlasisalS g Ay )Y VL oS (815 sl A s (33 5 all 201 il
¢ el pmdla 20 I Ladll A U cula) gl
el gl

A V) )Rl day yY) ac ) gl ol dah aad g o e (Al B el i o513 48] aal gl (g
Sy I AUl byl sae ol ol b oa e AWK il ) sy deY) Galaall e
130 Ll 4] Galaa¥l e J81 (0 65 (o ga Al el 5l (51 16 5T A W) a0t sl (e Ll
iS5 e S a5 AWK 64 ) 4x4x4 S aAlSi Saiall sasll adijl Capal Gl Al S 0 oS
A S (e Cag ) iy acaile o)) 41d S (8 Jadl 8 LS5 20d) disel) (ks o8yl
A paiall mall i S Gl 13 Cliay laa Jixa ¢l

Ome el e ) Lie JSU e 5 Adliae Ll Calls Capa ) AN ALl i a ey 13Ka
lelaainsd Al & Triplets <o )a¥) 4G Gl G paladl < ] 876 58 glall AaY) (e 33
Gl i 3 ol @S ald Jiee QI3 dlea 685 Al GlalS Baad amie i i g3 LS5 LA
A4 (A e Galaal) Glaa gl aee Julid ey Ll Gyl amalall 8 Cajal (e D0
o2 5 B3 o (g JS st dalall Gl slaall Jesd DNADN AL Ja (B aa) 58 (e Y 5 (i 50l
il s JSa Lgie JSI mmse ang iy al) s sl (ABBNLS) sade shalia (ge a2y callss
AaSas 43y yhy DNAJ A jad dpae Bl SN (LS (al A 1 jlais o ol A s 8 (o
038 o) il laule O (Say e (e 4dld (5 aks A Al 5 Aol ae) g8 aa Y Gy Al
aaa &l die g dasia jie 3e) all SV g saaas ddath e Jiley () Lebeat i 3,880 ) sa )l
Al S0 2l stopaiyill g 05 Start sl 2o e 238 dald ) HLE) aa g3 ad) AL
Jaaall | 4 )55 45 codon sl MRNALL (Ao Clag S 55 500wl de gaae o Gl
AlaSall cl ol Y ) pas 5 Al 32 52 gall ApieY) (alea) de gena Jia 53l 5 anti-codon s alll
O e Dby dadd 20 oo A Hgey lla® Al A Galeal¥l dae ol 64 Waxe du codon
il Jsaally a0 LS Baal 93 85 (e HIS) el (alaal) (and
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I'he table shows which codons code for which amino acids:

', f\MIN() /\( ll) llr RNA (‘()l)()N f,
]‘ ALANINE "  GCC, GCA. GC G, GCU f,'
L 'W\(\\(( ((T((.\.(:*(,']
‘[ .~\f{(.INlr\Ar. . ! | CGG ’;
!' ASP, \IM('Nr "  AAC, AAU ‘il
f \\I'\RII( ACID " GAC, GAU !'
[{ CYSTE INI J' ' UGG, UGU !‘
,I GLUT \MI( ACID " ' ,\,\ GAG "i
,;I GLU I\MINI l; C \\ (_\_,(; :j
,f GLYCINE f, GGA, GGC, GGG, GGU 1,]
U ll‘lsi‘llu.\'l-: - Hr CAC, /\i: h —}ﬂ
" ISOLEUCINE h AUA, AUC, ANY - }I
f | UUA UG o N
x . UUA, UUG, CUA, ¢ v eve, |
!, LEUC l‘\luh l‘ cug | f,
!, LYCINE J{ AANTAAG :J
»‘j ME 7111()\/1‘\1 ’ 7 (‘ ’ A "S‘ N ;[
| UNITIATION) | , VY _- I
’ PHENYLALANINE I . JQ:H IC, UUU l’
— !vkml_f k' .(‘(:\ cec (((.‘,(‘(‘lf ]‘
r— ‘[; QOA. UCC,UCG, UCT, AGC, !: -
ﬂ_:_ 'l'llRilli()S;:VE ,‘.1 " ACA, ACK ‘.»T;("(.',:A(‘l::- "
,' TRYPTORHAN )f UGG l:
I > ] N | I
‘l )
TAROSINE | UAC, UAU |
_ : I , EEEOTA
@ VALINE | GUA,GUC, GUG, GUU |
STOP Q!I UAA, UAG, UGA i
L J ~—J}
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aa 1) Cran 1) &) oy
2012/12/4 sEDAY (5) 3 ralaa
¢ Translation 4ea il dlee diaad (i
) Aglee 8 A 5 shaall o 81 sil) Adia UIAT & 530 sibal) 8 aad il dea il 5 glad )
Ol el (Al b s Al al)
oalaa¥l Julud 4a 0 MRNA s A 4 ol sl Gl AN Julad 08 daa il dylee (L
) Lghan 5 a5 (Aaa sl o) ae ) gall) 4553 GaaleaW) dad () A e Gparind) dlalidl 8 drineY!
che o Goadoeda des il Ao s (LiweY) (alaa¥)) Gl da e @NGenA) dal
a5 g1l )l 232 Clusters of ribosome  <la g sal I (10 asalas e Gaai@aleny Sla g gul
Ji ot Cua daa il Alee G Lalad 10 tRNA JU 65530 (el ali s polysomes
Ll g gl Gl thAina ) (aalaaW) by 3
@SN Al Lo g skl A Ly il gala) g snl) g5t paela oo Sule  tRNA pasls
Bale 5 A g 50 dal 5 Ao 50 (gac ) JalSall (e s g yiillae] g8l (ST Lgd Al haliall ()5S
Sl JSE 8 LS ya guail) A3 A ) 48 5 5 4y 4l tRNA pus e
A s A B35 gall 201 Aie¥) Galea¥) e pacla JSHRNA (e 3205 43 5a JBY) e 2 g
3 pasall b Al i g Jand ) el G e pileile AL el (abaal) ol sl
(e gaan A Al anti —codon a8 JlEa Je g 8iat a5 tRNA (e 48 4l W
A tRNA Jil (meall Jial i gole MRNA Aa o 83 5a sall dyas i€ o 2o ) @ 0
Yl paalall (e S Jlsadl G CUU diaaly s GAA oadll Jall e (5 gy
¢ iamall tRNA A s dasi p o) osall

_:g._a\J.;“

Jadl A ~lisadl JAy WSy tRINA synthatase (e i) (aleadl adia an 53 43 0 s Jaadl 128
o2 5 tRNA 4 jan Jalipy Cogu (2l eVl Gaslall dle (o prly Cay jad (S 4l oy 35l JS
Ol tRNA+ aminoyacid o diee o585 WIS s ATP Gasb oo by s 3 ah 48l ) zlias 4lesl)
ol sl Alee it latie L3 e sus sl ) )t Cipus sinall 13
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R Gene Expression in Eukaryotes ,/

Two cellular compartments

- Transcription in nucleus
- Translation in cytoplasm

RNA processing
~ 9' capping
~ 3' polyadenylation
~ RNA processing
Exon
DNA T = mm e
Transcription l Intron
m’G cap
pre-mRNA T
AAAA
Splicingl
MRNA
Translation l BIOL
: vy 350
Protein Sorina

Protein synthesis &gl sl

-1 ot Gl gl M AT G5 ) sl ddee O
chain initiation 4uind)l dlwlad) o) S5 4gla- ]
chain elongation 4inll dlulul) Aaiul-2

chain termination 4l Alulu) Jiad o) elgiil-3

Chain initiation 4zl Alulud) $185-1
Nl s 8 s ol s I S gl e 0l il oy e ,hf
& 4 by o) &l initiation complex Ll sixe U s mRNAkaﬂ f-w‘f“ w;u)
BB iaeY) Gadall e (RNAD G Gine (552 MRNA L e A 5k
[EEVEN @Ueﬁuel‘ sl o A BWEY) Hoad Ly eV 4caslay (s initiator tRNA zsa}-.d\
tIiNAd‘ i o) Ley (0B 5ol S e) methionine gl Y tfm‘él‘ Sbfe‘def
tall o g sl ) dixall Lagi ) Jis AUG codon (Y1 588l s sy G siaall e cs;mi
il e A1 Ayl a3 (5355 Joadl) Q€I o s sl 1 UK I a gl ) Sl
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AL el 4l se pumsall 1385 P osite (B Onisdiall e¥) Gaalall 30a 5 (g sadiall tRNAJ)
daaall Aail (ge don il 1055 1388 5 J5Y) ¥ paslall Galdll MRNA JI o e JsY)
) ALkl o sk (g (6 5737 bW ol il el dea i o Lawals (b 5 MRNA s e
Ly @AY Gkl e sl Sull e 5o el (A ARl Clis b de gena bl
| g sall 400 Ayl i iy

et e AMINO acid methionone

initiator tRNA

MRNA

= gmall
A — e — ribosomal
1. A small ribosomal subunit subunit
binds to mRNA; an initiator
tRNA with the anticodon UAC
pairs with the codon AUG.

large
ribosomal subunit

P site ‘,/ <

\ A site
/J_,u ™~

P S \nu ! e on

a3
[
¥

l]k

- ’ ﬂﬂ mm747

3 - 3 S
L 'k q RE e N N e

. The |d|’(.)€) ribosomal subunit
cornplelus the ribosome. Initiator
tRNA occupies the P site. The A
\_m, is readyfor the next tRNA. 5

a. Initiation

Elongation 4z Aladad) Alaia-2

523 tRNA Bl (addal (e g sadie Jal (5 0 & paty a5 )50 e Al g 40l dls el i g
psmintl Nl dina ae dasi o5 A site 4agle Bl HSV sl ) G sSall e gl Tl ) c-":f
Anti il allie ki o) Axasdy 058 ol tRNA sl il iy Lok 23l
JAU 0 5S dlh s GUA 25 MRNA L s e 2006 5 380 ae ddiia 5508 Le\ue codon CAU
3 ga g0 dongin Aoyl Jgl sSE LY 0da g A pasdl AValine cplldl) ie¥) (adall sas
. methionine= valine ¢4l ae o sl Jay 5 (48U <ilay 3391) Peptide transferase a3
Loyl Ao AU B A aam e s ge sl 1 @ ey JEBY) B shady et A5 AU B ghadldl A
Pamsall L A gomsall 3 il il ¢ padiall ise¥) (malal) Ji 4303 gl L35 MRNA
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el ey g eadia JIU (55980 Gaaala s a Jusiny g ) jels A g gall sy 15 2Ll
Phenyl alanine UUU (Y aelall a5 AN sa0al) 3 3001 ae (5 adl) aliliay JalSh apas
iy Baal g Baal 5 Ayl ol g 1 oS5 Alaall 028 ) Shs 0 AAA RS ae Laeld JalShy (sdll
Ly yi e guadll i) b 4 gniie AU (mleay daiie clilal 35k e Ladal AL
. DNAJ 3 Ul gaclall a5 ) 933 3 p3aall s MRNA

amino acid

4. Two tRNAs can be at a ribosome
at one time; the anticodons are
paired to the codons.

3. A tRNA-amind aeidiapproaches
the ribesore and binds at the A site.

h. Elonagation '
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[ 5.As tRNA leaves the P site, iis
amino acid is passed o

6. ThetBMA-—peptide has moved
over, maxingvoom for the next
=

iRNA—-amino acid at the A siie.

Chain termiration (4is ddelul) Juadil) Juadl) 4las-3

i da Akl el Cus s sl Ie' Ledlail s Gl ALl el 55 shaall oda
UGA JUAG, » o adgill &l ga smRNAL: »& e 33 9a 50 435 4 stop codon —aé sill
release factor e Jad Jale Ll ¢ S5 UGA 8 5l 3 a8 aladiul o8 4l a 53 58 UAA
) 32 g sall ddal U L)l JIail) e dexy 138 Jiadll ale 5 a sl ) (50 A godasally 23 54
ok sl (A Aol alulall of o @b sy 5 MRNA b JI padladl g adall yae day 53
3ye 3 (4o By galhaaley @y puslly paall anSe oS Gullall o g sl ) 22y o) Sl
NSa 5 5 A
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e

‘met " " %

| '; "'":""‘“f.'f_?“?x | _,
/ Ry 3

5' e

8. The release factor hydrolyzes the bond
between the last tRNA at the RS8ite and the

polypeptide, releasing them. ¢The tibosomal
subunits dissociate.

release
factor
-
13
&

" 2P i TR G sk
ML G e e L e Yo

S L

Z. The ribosome comes to a stop codon on
the mRBNA. A release factor binds to the site.

c. Termination
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N e o
2012/12/11 sEE (6) 8_walaa

Applications of molecular biology (il (o sbbl) cliydas

saal) palall 48 prall 28 < jedal 281y Ay Jall oo L) (o Lila glaa (83565 (sl () ) gl )
(an lpany e jo (A A W3S A e lall ) gea (b (oame S5 6 (0 S
a2 (o IS JS Gl 5 &) ) ol e glaall Ji5 ) 331 RNA 5 DNA plasinls o 688 A IS IS o
A5 ) el s (BalAS G jad Al slhs Jadl) s
Aleny S 5 451y 51 Babally e DU A8l e ¢ slacy slalall oaaial 451 5l Wl 288 jaa 65 e g
~lie ALY (pa S = oy JlediiaVl sLdaWn S iall il

Capaadl duds e e el 138 dra & ey § AN ) (oo QS Ge s J85 OSYL b -]

faaall

faal 5 A pia e GG da 2

¢ ade ol e 8 S DNA-NLS soat A1asil <YL o -3

#oball) ) lee i HSOYL Ja -4

¢ kil dilee e Ol slaall (any Ugha DNA J s A <l il of o -5

fima (il el Digaa M a8 8 Al @l jalall Jaat & DNAJ) A ) kil 0lSaYh da -6

¢ DNA J) il o cilairpgelbul oo dgall clilsl) e Ca el GSaYU Ja -7

€ 3 ) die alan 28y ylay o) ST i) S5 s OSaVL s -8

1 ol DNA J) & e €300 Za 330 Gl alay) (55 pall (e 43 uY) o2 Je 4y J
B_alisa By gy B S ol juad 5 Gae S dplee Ll Caad DNAJ A ¥ L Jes 43) i 8 ¢ )
Gl ¥ ol daadl LAl g A1 15 e Leday ) ey & aali 3 mwiiud DNAJ) 4y jad daplall &
DNAJ) 2 ja L paid ) il b adde 5 ey 5391 a DNA J) & e e Dl 8 dualal)
& Leladial 5 Ll je il llediad &5 Gy leple Capaill o (sialdl (Sad Al Cla 1Y) o8 aaddius
DNAJV 4 i (nags 5l ad 55 ol o jidalee (8 el a5l clipdad aal &l oall

383 28 3 gagll ) Al s3a gl alall s gk o) Recombinant DNA technology (rDNA)
88 ah(ya'y Clay SYI o ol g2V oda aal g Al da 8 aadind Al Gl ga¥) CBLIES) &5 o) day
Obigtile We o saasall ) dadaldll cilay 3Y1 4 DNA JI a8 ) geda A <) il il 3V
¢ Zadalil) ey 351 A Lad LiiSae A8 ol ddigll ale Jea 2 g2 dadalal) ey 301 LS|
Restriction enzymes 4xlaldll s saaaall ey 1Y) -]

Restriction endonucleases -2

Boyer s Cohen otaldl 28 1973 4iu 85 1962 ale L yiSull 8 sl L Jgl Slay 1Y) 034
& LS 880 sa ge ey 1Y) 02 DNA JI adadl cut and paste ealll s adadll 4y calsasly
MN}UJ}LLJ}SJM uLSu.uLu:Y\ (Y &jM\WQ}&MMQ@)ﬁM\ uLﬁEJLCJLL.aY\
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) s g ) aadads e Ly SN S a3 330 ada Ut Al ) o385 Lewdi (e plaal)
o=l DNA ) (e capnti o) aplaind Glay 33V1 228 5 il apie zuay Cuma 3 e abab
Al o gay b sl

oA il Y1 eda Y iy A8 duxigll dle seda ) a8l 8 (s0) ey V) o2 GLEK) )
Osialll G Gl s DNAJ) (0« 33339 5 jsia adad aa Jaall 23840 3 50 J5¥ 5 Cilaa
Aabalill ey 3V a8 (S5 Leaa Jeliill Cmy 480ae Gl a8 5 o sus g0 5 S e () slalaty
el el ale (8355 Sl e Jyseall s i

dadall) cad 3N, £, 691-1

. DNAUJ (sl 2 sandl (5 585 A 4y i) sdus dll Jag) g )l1 adady g 351 4pms s Nuclease
Endonuclease -1

(Bl G ST A (e pad) DNA J sl dals & DNA) adiy o 5l e 3 ke 5o
Exonucleases-2

Jahall e s ) e dadlall )5 aldl Al 8 4 yil su gl Jagl 5 1) adady o g8y (511 a5V 58
dadaldl) cilay V) Cilia

-l DNAJD) ki e Ll it JIA (e berd Y 3o dadalall ey 35V of Wil U S3 LS
Self-DNA WAl L dmnhs ) a3 s sall DNAJ ghai e 35080 Ll dadalall clag 35Y1 )
. <2l DNA Js

dalaldl) il 35Y)

psii a3 (a5 4aadi 5lS gull ae) sall aaase dulls e o pal) e 350l Ll Gl s e Bl (2
Gt S 5l e @ e il e NG sale il i) eda | daad) (KA1 & DNAJ) ki
o)l Julud (55 3ale 578 ledsh Al cldladll aalgd L)) lpams 6 5 4 0S8 8l
Ol OIS 8 Bilaie 54 agle el Qi (5A) A5 501S gl

Aadalil) ey 31 B adall) g1 530
o8l sl b i Eco R1-1
-:‘éj‘)(\ L.SJ:\J):JS).\J\ g._@\.ﬂ\ j\ Sl ‘_Ax: 8 =y ?g}\J\ Jaa
oad
5.....GAATTC.....3 G+ AATTC
3....CTTAAG.....5 CTTAA+G

o
- a5 ) SO el ay
Slledll oda Jay il dslal cliles e (5 53 Fragments edad (e Juasd o 3V1 1 aladiuly g
I B Y e il |l A3l cilled) stick ends ¢ el Lgle (3l Jay il 4palaY)
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el (o)) Ky adadl) 2aY A8aD) el o3 (8 (V) 138 e g Ll S Ty pill dala) dilaia

elligg g dilide dn lilS ) 2 ged ) @l @lly iy DNAJ) (30 Al dakid ol pa Lacld
Ll JeSa (5208 i

Restriction Enzyme
Action of EcoRI

he enzyme cuts both DNA By re
ands ¢ .
strands at the same site. ﬁ l';i(—- Foreign DNA

RGO HHE 2%

™ X

D& fragment s e

at sticky ends
Sticky end
200 uﬂf\; ' 'DC X

Eco Rv -2
Bala il JS5 adaly oy 1Y) 138 ECO RV Jis Axdalall oy 33V (amy 4 a 585 adalll (e g gil) 120
- JSAL eia ge o8 LeS el g cppinl) die
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ks

5....GATATC....3’ GAT +ATC

3....CTATAG....5 " CTA+TAG
o

gl o) eI &l plunt ends s blunt cut el e Bllaila o) adadll e & oll 128
Sle dyanll I ga5 Al Clay 53V e aSall (e 5 o5l 68l Ly S0 (e r AT a0 511N, sliaxdl
Aladiuly Leday ) (S bl w38 o) Cumy (gaclE JalSS o) 381 g8 8 68 o iy SldndBal Gilles
DNA  Aablll cila 3V ey 2y Lo Ll @ohE Cogn Al 483 grdlalyll Cilay 1Y)

. DNAUr <L is scissors

DNA polymeraseJis sl ciles ) dc gana-2
Baa day il el o581 LS DNAJ) Flatinly o 588 Cilay 3l 0o 3 le 1 Glay 331 (e Ao sanall 028
DNA Replicatorsdb Ly auds old strand asaall sha¥h o il Lalad JuSa 58 (31 2 yiia
-l (s 355 s el e Adldabaaan 3 1 o 58 S DNAJY 5 Sa
Templates strand <l
Primers <talldl-2
44 ey AV Y QA ae Lacld JalSii dxdadlleds s DNAJ) (1o 42k (e 3 e & Lol
DNAJ 42 4hai€ 5 8 gia Lty ( atddinll 4530 clis g o g giad Al ool Ll ol Cuay
-1 AU Dl JSAIL im0 58 sl
(ol

A\ 4

3 9
Templates strand —

Incoming deoxy nucleotide

) Al Ayt g gd Jaal 5 ) Aol g (o2l Jasi 53 8 s Baaall DNAJ 4 jall sacldl )
o) b il e 8 ga gall Baclall ALla o8 5 (o2l S pall 8 Akl W i 8 e (g giaT
L S el ) Banas ac) 8 Adlaly oLl dplee et

OY e Y 138 5 daall SN (e aall (e 4ty acadladinl o3 8 DNAJ 3 el a3 ()
ke Gllale Wey | Lo (alall DNAJ) ST elldy a5V 13a aadis dall clulsl) aues
DNAUJ L suadll 5 Gdall Fladinl) dalee Y &llh s DNAJ) 3k a3l e Sl Replicator
8als 3l O LS aila A L sl O (o QIS (oY Al il gl Al e aaly 2
B85 dlary o 58 Loyl oy Aad) LOIAD) 8 33 s gl dpai S gil) o) gal) oLy Ladé (ud & 53 DNAJ)
A8l g Sl ya ad Baaall ac 68l (38 5 Proof reading
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Step 1
Denaturation, 94° C

3‘
S TTTI T T T T T TP TR eI e e b P r e bt
NSTTT R ARSRRRRR RN ARAS NN ERENRER S
¥ lStep2
Annealing, 54°C
s’TEHHHHIITHIHHIst(ﬂﬂlﬂ!][”.‘3l
Ll LL <

AR RN RN LT AR RN RN RN 5’
3 l Step'3

. ]
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