dilygll ple

GENETIC

Genetics Introduction &, 4! rJ.A« Jdedise
Chromosomes ols o g0 3 S| ®
Nucleic acids 4 9 ¢! ‘_,.a'l.#-‘ll .
Genetic Code and Protein Synthesis (niy J| eluy 431, 413,201 @
Mutations <l ,ikall @
Mendelian Genetics iJll &1, 4l @
Inheritance Related to Sex Linked iU dai 1| jallad |l e
Lyl pol Y 5 g4 do e A5 o BYI 2550
The Relationship Between Relatives Marriage and Genetic Diseases

Genetic Engineering 331 o)l 11241 ®

Y

W)

-






2'\)geed))

iilygll ple 7 doads
GENETICS INTRODUCTION

gl 3 Glasjly Guis b STy Lo gl o hall ool g 21,1 e oy
il ) Gl A L ol gl e S el ST o 65
e 2 LY 01 Lok (B 281,01 oy plaa V1 01 4028, 1 511
8 palall ol alall Tl 1050l O oS cdd g o Ll ANaL 8l )b amy
BN e sk 6 o ol pSlly oAl o pladlly Sl (3 puddl pay Lo sy
£ JS Sk Sy 3 ek L) 5 8y ey St L el s Gt
«Cytogenetics & -1 &1  JI :&,,aji_*w;._n’f;ﬂ .S‘UI:»MLLFHL}"H?.LG&JJ:I&A
&1, 4| «Population Genetics jliall &1, «Quantitative Genetics il 1 i
&1, 3 <Developmental Genetics 42y 4S5l L JI «Physiological Genetics Lo o gountll
Engendering .31 5 )| L0241 cApplied genetics Ld.Ja2]l 1 ) JI cMutagenetics <l alall

&Y GJA.H oo e e 5 (Genetics

2, e s
What is Geneties?
5 30553 3 2N iyl 0 81 i Ta L S
oailadly Olial) JUl LaS 3 Eoey U1 ol y2 81, 0 (e OF Lo
\Yo



210 oo Y

SYT e L1 eldall Jsle ol Vi I3 oy 5T Y e g 31,00
3 D wlaall Lehs CaSy SGenes ol 5l b Sl b il s eV 3Ll
A1l gl Lo 953 g g0 S5 L sl ili it i $is 21 iy L]
.av5u1¢,.¢us,:au;1‘ag+qc;jh,¢;,1j_,_m

s oY) okl e oty g st-’Yli..La £33 a1 31, )1 ol day
.Biophysics & g3 el 341 PJ'P 5 Biochemistry & pd-1 ¢ LS ‘.JJ-‘- Lgzadiin
Development of Genetics &1 ; | PJ.G sk e gti

o OSE A de lslS e a ed L;ﬂ;ﬂwrﬂlbﬁuw:&ml
s ceel 3l ool e eIl del 5 065 BV U gl e eSOl iz
SV Lo ds Wy . bLdly bl gl e sde G plazal ool g 50
ool e UV ety A8 sl LS L e die LY LS 5 I
Ul SIS s el gl G e JU) 1] DL plaal LS ¢yl
bl ol a1 I e bl pgale pis 18 Eangll dnall S
e iag o el OF ) ¢ e wanldd] O30 Choaze ) dealall 5lad L @) 1 (e
) B, 401 e toalay el 23 Sl e 42 2 (g slemadl B, )1 e
,r‘m'l.a pr

e g GlE ezl ANl e il ol 2l Jiie o6
o bl LI e G ) 0l 8 B V3
B3as ol sk L0 oliall Jast of el e euud B,
Laday g Lile 03O A 1o 3l plza¥U Jus o lE Lo L5 0 08 I
20553 «gdd yal Devries (g a0 dblu y B2 ,00 4l e O gy ol l Ty
Np A ol pts iy I w1 Tschermak Ale 23 5 ¢ WY Correns
A gl aslll CassI &1 I el dad 33l A SIS N Sl 3 g 35,55 S
Olezls peds O ] sl oo g Ll Osinmy 201 OS5 . Lgals pad



Ty 21,0 e § ki

Ol Led a5 <o VAAY ple Theory of Chromosome p g ya 3 ,SJI 4 JJai Weismann
oo e AUl sy (Nucleic Acid (55501 paedl Y] o L 231, J1 iUl
Cieo g .nguﬂ-n@qgu&&m;ﬁ;wmmﬁ@ M g
<3S .p VAV S ple Strasbueger o vl s GUYT L)y fe ola gon g5 ST
plucih o131 gl 322 p gon g0 5 SU1 OF 0 VAAY gl Flemming uieds GUYI LU
e 53 g pe ol 0l ) 8+ Y ple Morgan Ol o S0 21 Ay 505 20
S et

VA8 ple 3y Byl e el 1840 ple Bl § Oyt 1
By alil g el g O Bl g5 Bhle fa] gy gl B0 L
Crossing y gal| QﬁMU&nsms}fdbrle1céJ¢.ith}J.E,:QSH
G ALl 1) 1 Ol 6dadl5 5 Morgan Ol 5 g0 235 01810 ple 5 Over
or 0555 St O e Bl Shds o535 Avery (6] o5 p 18 E plal
aadl s 015 dDeoxyribonucleic Acid (DNA) (SN § 555 (63531 o]
S8 SN Ll e b el gl 53 IV e (31 185U pa

o Ol b O sy T 31 21,01 I sl e Jo ) s
H,:L:...:SC.H#ﬂiﬁﬂixy:rﬁﬁiF.Cﬁckﬂg;u_.:_Jl;iJJ. Watson O gl s
el 14 01 6 e oo a1 40T ple (3 DNA (53 3l yaesdl) LASAI 221
Ol g el 1a Ol Wi 5 5 DNA Double Helix ¢ 3334 s sl o o 1y 8 )Le
ke by S 5 O s 5 gl delr . Codes i JS5 Lo 43155 s glas (g 52
Genetic 4313 835 Molecule ¢ g ;4| 1.1»1,:&.-;‘_&;]1 il sl e &1 1
T p147Y ple Jacob o Sl Jack 2l QUL & 5 25 e ey y Materials
& yne L5 dm 03 5 . Genetic Code 4315 415 2801 § g5 23 UM o3 (o Al £y
3 b el g ol B335 135U 2 RNA (65 g 1 (55 501 il O
Franke S 3 5 Singer_zwiaw JLal 4y L Tobacco Mosaic Virus (TMV) &3l G315 o



210 oo VYA

il s I o ety L3) oo JSU 01 6 o 0565 Jiky OUI ol o3
o Sllee ooy bl J g Slou N1 15 Neurospora |y gou 35 52| il
B SbUE] oSGy SEY Balels e (b oo B1S e Y 431, 01 65U
Ll dwicdl cae I.Ju s> Cloning |3 &illas ¢l ] 'i": «Recombinant DNA
el (53 5 IS sl bl Lo G padll 03 ik g3 (3 5 - Genetic Engineering
.DNA Sequencing (5 3 4!

e G puis St il ol 5 o sladl f pazal 5 21y ool ghaill a5
Ay ol e Jile e GLESST 05 (B 1 e pid] e Ll
V1 O ga oo e S 5] (3 A1 1 Aakil gl o3 S 1
1440 ple 3y o maVl pltscand Ecoli Y55 Ly ny V1 ey oo el
OV i Gl 45 |S «Gene Therapy el Sl ol ldes J 5 2
Human Genome (5 1 p s .5 20 (o 331,01 SLSNT Sl oo 255 Jo
et oo Lo (6 2 las Slidas 1, 1 (el 016 U5 ) BLSYL . Project
ade Gl Lo iy cdaall ud zEN B3 Sty Ll by L) linal
OYI 2> o5 Ay .Genetically Modified Organism (GMO) 31,5 uall lslsl
e el By L) ool syl )



W ety

ziloguugogyall
CHROMOSOMES

Waldeyer i &j'llm fI'»..-n.]l J# (e Chromosomes il g g0 5 SN LSS -
S el il e it saaza ) Slalull el g o3 p VATY ple
gl &y

Sl g o3 Sy 3
Definition of Chromosomes

cbdl Jods sl 3 dr g Ko L planl ol g ay S

Mt Lo paas g ¢ Jamall gl U Lgndy (Sens A1, ol 2l

5 a3 |S Cell Division (5 a1 L&V ;s Metaphase Stage 31 21 sl

3330 (ol il oty SBE 8101 Uyt el ol por g S
G S e

o] a5 Greek 43U 5 dalS' s dials Chromosome p g g5 S 2alS O

oty - Oliall Gl e S G ety (pllasd Bl S 0Ll

«Chromatin (3ls 5 ,SJU Interphase Stage 4l Lol A L1 UM o on 305 S

Y b on gl s 51 1 la yhall a3 ola gun g s Sl 55
VY4



Ll e Vi

oila g 989 _,5:.“ als
Chromosomes Number

Jgdd) Do) el (3 ol o gy S o ollisdiny - 2SS ey
Of gy ol g gl (38508 5 8 ol g g 5 SN lls ST OT IS eV 0 55
AT T s L R g B B [ JOV T VRS [N P
Ascaris megalocephala Yliw Jlaee 50N 8350 (3|5 hais a1 T o
Bla 04 435 . Aulacantha SISY 5T elatdl Oyl G\ pyuegos S V100
kol oy W e S0 g et OlanY Sl s g S nlall sall (35508
555 g5 o0 2V Sl goy S sde G Gles 3,00 Y (§ i 6 1S
o &l SIL L ola gou o STl SISy ploef Gy s Sla 13 Y
il el cyn A ST 13 g5 ol g g3 ST 30k Gy BV Blia

(55) Lt Slaguses S lgle Gl L1 Sloguyey S olane
o ST cdlilzayi s SIS s* «Somatic Chromosomes (Autochromosomes)
3 a3 5 Sex Chromosomes k! s yos 3o 9 S Ut (s yos 32 S 31 il g U g g 5
sda dab iy Sl (3 Heterochromosomes &ull o 5 bl e g g0y SIU
o isdedl ol e LY ¢ udd 1 e &g s Tt ol s a5 S

(s o a3 S 08 gadt e (6 5 CII § Somatic Cells | LS|
2! Ll . Dibloid Number (2N) 7= 3 Jl1 suall ol (e sl 3l Lo (3
S e perdl oda s Gty B g ga s S Ao gt Lo U (g g2cd Gametes
Lo g ya S Ol ot Bl O SUL a4 . Haploid Number (1N) 5,4l sdaly
ke gl ada Jha oy . @1. .. Tetraploid (4N) LsL , ¢ Triploid (3N) L3W5
oo g g 9 S ol gardl o 35 bl lsle s Jowdl g 51 Soms 3
ST oS YIS T ] o o s S8 o g 505 ST Jis Y 23,3
Sl #5] pde Jf (5330 L g3l 3l 3 335 ey ok S8 )
S o dazad ¥ A I G s DL e Jrod Ly o315 &) g0
a H1S) Ja g



VY ol g g S

(3Y) ok g ga g ST 5k g5
Y Sl
A b g 55l
¢ o iall
Y1 .
As Al
VA gl
A Ll
£ S
£ ]
£y >l
£A & ot
VA sl
&Y 3 A
£ ol
Sl gon g g S JK2 5 oo

Size and Shape of Chromosomes
oSS ksl pl g1 e i o g ga g S sk g S35 e O]
IS g (3 o glime e g oy S g 0TS Lol Ml gl 51 3T e o
g df o S5 ag Sn ¥ =Y sl Wby OF e bl yll s
Salivary dulalll 5Ul ol gus 3o 3 S Joa BN andl ilo yoo gn s S 3 1S ke ¥
o2 o AN 3 g2 5 ke sl all (3 S Dipetra v Y1 318 &l 2ol Glands
o ple S8R 2 Y i p g g s S el £ (ANl ey 0 g pas SN



B, )l e V&Y
Ujedl 5 ol fpznad | 045 e Ul Sl LS A Sl e Lo il d
O8S gatll Lan L Hairy Ear 5 adedl 0318 40 ) wliall e
e LaS 5 p s g Sl o 0 i3 o 0 4S5 B O] el NI U1
.DNA (55 1

Lo Viay ol o pn Zliie sl 1 6 g0l oo g a5 IS 0555 45
ol LW 80 ¢ Symmetrical Karyotype _ilanll g gon so s SUI 31 oy
Tl Gopme e Liny ok 3 Eltn 5 donl 1 5,01 (3 e s go S0
Je Glly Asymmetrical karyotype il b gngeepa SO 51 S
Karyotype 8,31 ngk Lgalonrny (i £l s oy 25,00 21 g8
ol 0l 4l Jtad s pall e (g 5T ulae a5 OF (S0 (S .(0) o3, IS8
sty 3m 3 S oy 20l 1y Il o sl g e g il Juall

ANL o

W nuusan

c
13 14 15 16 17 18
D E
III xll R |§| |£|
19 20 21 2 s Y
F G

QY Jil ik (o)) o3, ISl



VY Sl g gy SN

presns SN oS 5
Chromosome Structure

Oilag S e 4235 ady SO Lo Tnterphase sl 5 gldl p g 303 S gy
skl ©F o g o g ;SN b Metaphase g1 5 5ol £33 el <Chromatin
o3 5 p gen g5 S 0T iy Two Chromatids cpslay 8 opn G pSe gyl
b pass Bipd ilate o ges S Ay (0 (3, KA e gail )
a3 3l Primary Constriction J I )| dilaias U 25 Constricted Region
r_,..,u_,.a_;_,ﬁh;ﬂiﬂu_,.a_;i_,ﬂ'ﬂ! iJle Slals e 5 )le ey il (Centromere
el o312 e I UL 3] e Lol e pon o 5 SIS 311 50N e & g2
053 6le g yo g S pad il R a2y L (OF 5 IS (g5 421
AN Sle g yo 5 S 3 ity s il 6 S ko) ) gon pn s SVt 5 B0

1S Ul )l I e g g5 SIS o g ol 13 50 Jo ol
SRCE PP L)

045 Metacentric Chromosomes _ps 3 fwad| dda s lo gn gas S =Y
Crzglate p g go 3 SN o153 0,5 My CBLE p gan ga s SN Jane g (3 e s il
Ol & plzag f gl 10d jazs Al oo g gy S a5 Ll

:Submetacentric Chromosomes s 3 Al Ldaw y Cf Slo gos guy S -
Ol o ) 31 g 2l 0580 5 el ) U1 (st pgan g3 SN 0,5
oo Usbl p g sns SU o33 ol 0080 s ¢ V1 G i oy g o5 SN
A

,r_,...-_,a_,}ﬁ1J:::f;:ﬁmcenhﬁcﬂhmmomm:s_&n_,ﬁl5.:.;5;:;1.-_,..-_,..-_,)5—'1“'
g3 SN 130 o a1 5 G5 4

:Jj‘.:._r :Telocentric Chromosomes _;:JJJZ‘__JI (5;{,5) sl r.:-'hfy_;ﬁ -4
OUSYI Do g g5 5 3 e Y 53 1 8 e Gl i oy |



Ak £

210 oo

.JIFTMJHHFJ-J;Mﬁﬂjﬁ“ii‘_ﬁ;ﬂjﬁﬁw .[‘W}HJJKJJF



Vo Sl g ga g SN

£

IS ol o gk (' 1 o1 ghall p s a5 (0F) o35 JSCB)

Chromatids

() memcentric (B) submetacentric (C) acrocentric (D) teloceniric
g il g 2l syl pad gl ol e
g il

sl g5 sk ) (@) Jeslal) p g g0 SN 105 J sk (g Bl
oy en g il ol p gon a3 ;U OF s 14 cArm Ratio el )01 ey (p)
Metacentric Chromosome _a 3_iaadl Jaus g2l r?ﬂ‘-’ﬁj‘ e Ale Al 4
P Aslally p gos g0 9 S oyl Tl o 5 (R 265 L oy
() ! g1y /(@) o shall gl g = &) 01 2l



210 oo Ve

o Gl Lles oL3T 10 dage olo g o3 KU Lo, ] s 1id
St g ol Sl pzng S b b1 (3 & glze U8 13) ol 5 s g g0 5,5
ol s ol gy s S Gl 3 e Shale Ll Centromeric index (CD
ALl Aslall

g o S SN all f(p) ) 1501 gl = (C) (g e s Al Sl

e X (pig)

Sils g g 3 S Dol 2 el
General Properties of Chromosomes

Y e e B Slaall & e D gts -

Bl Caela Y

ol g g 3 8 il el JISET U Y

el gl g 5l 31l o ol Lasae - £

:t._f. *{“]HJJQ'J‘QLSJH# E.Lﬁdlu_}ﬁryyjﬂiﬂ

a? e le : Nucleolus Organizer Region (NOR) & ol dalacll dakcll -\
$5%3 g s s SNl o AL Bmn Do g g0y S G dr s ol 5 50
S5 A A Lty s GRNA g0 g g 1 U1 0y 5550 Lol ol Lo
g il Oleguges S e é‘?""‘“ ol 1:.1‘,.5:3 4.:.-"_}..&5-:“ aa .L__,’\H
do g5t Y e dols g5 Jo sl 1 Gon gy SU1 o gl 5522 0
A O [P

Ll e B SO Ggliay ol &S CoS15 tSatellites ol 2 - Y
p o303 S gy 1y (il s S Tt Wbl gy Rma o g go 5 ST 23 ol
& o p<id 5 Satellite Chromosome C:L.'J'I S3 o sns L b 4 Joay Ty
+QbnyJﬁ1nihL}b&ﬁdﬁﬂjﬁ‘hrJ5



Heterechrvamatin
S (a6

QA e g5 Sataliite 1
Ay ol g Bk 8

b L ey
£ gk lall gl
ki g s ol s gy 5
i gy 0 o e

NOR Ll il Ikl
Clagapay f A a0l A
Lalih cilpd e gy iae

FRNA g pl 8 LH #liy

Ceatromere i eaiil
H eereciromatin o DNA O 4 ST e s dT gy
G (g i ol gy s s g A iy

Intervalary Helerochromatin

e |

| - | =
(2} 4Pan s (1) 3y

33 SN el b gy Jardad voe; (20) 035 YK

k)l bl S ol e ) Telomeres (ol e k1) 33 ol Gl -¥
LAl ol o)y A b DUV il Bl e ol 1185 ) il g g0 S



210 oo VEA

L i e pam g Ledm Bl e Dl g gy SISl e F5S
Sl S oy Bl Al ol 51 22 S cPolarization «ollaiins ¥l ds ot (o
ad@s ) g3 ls g 4oy Sl caelias L BLOYL L gs go g SUI

r_,,.uy_,ﬁ!Eahﬁﬁiﬂhmmsmmlﬂnmnaﬁnq.fr_,}ﬂmghjﬂ1 -§
LB () 3 B8 o 925 il S o0 a1

sy a6l bl 5ol S Slay (Buchromatin i oglay S (1
B kaki (ley S sa g cS—phase A e Al § aelay coitls

PP ClA PPN t},ﬂ |ia :Heterochromatin La Jpile s S (o
.S-phase Al o Llp 3 ielan Bl Lt

IVt e La sk Akl LTy 0,0l ey yny S o Gl (S
Gns b ol Dlany Dl gen g g5 s Joo 0ol gt (i s
pmall lagugoy Sl et Soo il () Loy 20 ol
Lasl 2015 Bright Bands dae™l ksl 201 e peyie o0 55k (nme 25 Jaay
i ks dnadl SLadl plusaal Sl (07 o3, Sl Dim Bands &1l
Fluorescence In Situ  gxud 51} (o] 5| Flow Cytometry Y LS RE]
Je dllis uels i q:Ji su(oV o3, JsaJl) Hybridization (FISH) Chromosome
oy 25 (gl Lo Gl Sy s S A T Dyl en pon g SUN ol &6 5
fde Lo plidnaly o gow yo g SN (g dakad

3lpdl Aako (3 o o o SN (08 55 o 5 IV 0 g ya g SN 035 Y
.Karyotype

() madll 51 (D) o slall gl o8, =¥

ol s sl Cvadan (w5 Ao s g S dndad (g oy i) 05, Y
de Gl s Ay ol a5 A Sl i8S 1 gl e 3 0e
pre s S



V£4 il g oy S

Boslandl whadll e 6 5 Say p g a5 S 0 05 g cd 2l 03 -
Ll JaT f ST 4o b I (o
3 JS dsk e g ] e s el oy It 21y GBUL 03 5 0z
oSl g o g S0 ol 1,001 3 A Rl cpo I Loy 231 S, St
niﬁlﬂ.:“‘.j_;:f n&dﬁldq}.ﬂ!jﬁj:an_,ﬁﬂ_,.n_;_,ﬂ|rj_;:1)¢-:a-ﬁq23:&lLﬂE

(g 2300 3,5 ¥
Chromosome 1

3= bands : regions adkla
2
1

et P

centromere
1
2
3
4

W 1q13

oy TnaY (5 31 D81 3olin 1) p g g3 ;S el a2 ke 5 (9703, SN
M TS Togna iy ks



2,0l e
\-E

‘.' K]

hi “'E B

{ L h“iq B) A JJML&‘_—.DM: FAJJ-‘M *ﬂ ﬂ ay r.l M
“} - | . il o J "F"‘Hl { } J
FISH Tec "
)

J‘*“'_r‘_.’!,)s .y : i
1_J,.JJ1 J‘ 3 g hﬂﬁ Wi ot dﬂf:?“ ;"I-}ul ::i-:.’jl *L.'l"; ﬁ
- = - 4 ’ R L:I ; 1
=2 J ;.1:5-, ) <ode 3 O] Chromosomal Aberrations 4. S
ol aall b B

Ry (R
#Jﬁ“"e-y o ﬁ‘“@r}.&_"’ﬂlﬁlﬂ_’mﬂfiﬁ}‘ﬂ-;d_ﬂj—i
pa 323 S prass S i, e pendl H'

&fh.r.ﬂ_j _,..S
- Yoy :
R - Jai.d.ﬂ'_rn.f-
- i 1 D_E 4 !
gy S Lo 2 +47 - d.r-,....i‘-
- 3 XX_JX \Y-1 Ci
L:;Jh 2 -
- Jﬂ--'y Yo =AY D poss
ER s ‘
oy od . VA= 1 i
J | E‘-ﬁ_}.ﬁl:-’
I;h-r-ﬂ [ Y«=-14 Fa."_,.c.#

Ej ,"3-"
LR -..5'1 ‘I




Vo il g oy S

ol Lo b Jans 335 IS8 byl o e g S Gl Je Ol O
Sl an e g5 8 Al Ladall e Sle g goy S Lo G acld
b gy el Yl

a0 SN 31 ¥
Chromosomal Aberrations (CAs)
Sla g o 3 S 30 N i Mo g g3 SIS iV Ll
PS4 A i) ol STel) G Ll o [ LS A 2Ll e
Metaphase il y2a¥1 ) ghall - 10 (3 La 3 5 Lo a0 oy Al DT L
e Gl 1S il el bl y (g5l 2L pLiY) e
gﬁ] i5LeSJl LS A1 Lo Clastogens "ole o go 3 SN S 22l Jai_,dlﬁ
EJ.&PJ__S&E:LFESQ:JU:u:ahf}n_,)ﬂ1g;1:§ﬂlmlﬁ1¢ﬁ
SNy pgn 305 S G s S o Sl ST Sl oy ppn a5 3 o BB
5y il ) o A e e By 55U gl a0l o 5]
PRV B WS EHIC R O CP P 1 U PR [P PRONE:
Glas Ancugenes " o gos go 3 SI sl i) Bl Jal poll” ens Ll Lo )y
A ol gy S G dade Sl i wid A LSl oLs e
s o\ SONA) (353l aadly dlas o ol oo Bl Gages
Sa s paadl s Jol sl OF o 02 3 2l b AT IM 0 31,0
ol B LT o w5 0555 OF g S . BLal e Aels ol yrme SUE
S AL s Aol ol a_.n_,:,n 4........JI| ool endl adly ol s
pldl s A ST (gl ) Lo bowsly Sl La sl el G o g 3oy ST
] o g o 5 SIS iV s Sy 2515 1 8300 eyl 3
Structural Chromosomal Aberrations 4.5 5 i g g0 3 S SB] 2uil
Syald AU oty Ll gy S S Gl e
LIy Recombination <lslEY) aale]y aielias slasl 41 /4 Ll Cald L1



Ll e VoY

G s (6 st Jo Bl &S A B s g SIS oV By oS
Fed ] Sl g g0 S

Chromosome-Type Aberrations s g 34 3 S E.-"ﬂ o bl il -

S s Jo oS A il 3 i da e gl A Sl NI S g
AV atd) Al o ISt ol B o slals Sy Ly 1 (s sl s ST
.(5-phase) gﬂy}n_,)ﬂi wisladl > 1o |3 Cell cycle L3135, 95 010 (G)

Chromatid-Type Aberrations ‘__-;J.:SL- 9 Jﬁ'r E__,Jl o bl il - Y

t."-l-hf-Qa—sQJJ:JbJ)ﬂiLgJa-ngﬁuL}ﬁubdigjlﬁiﬁimgh_g
(G W ol Al o 41 /5(8) e Ll Al o I3 Sl oY1 s g Ln
Numerical Chromosmal Aberrations 348 L0 g g0 3 /5 3 2l

oy gay S LoVl saadl e Gl o g gos SISl any
3l pxs L (525 1y ¢Heteroploid ga gaw gn s SII sdadl plaay A o5l
eVl dlas I ((gaila g SN 5T o sy 5 SN 250l it pos 5 ST
opaned ] Dol Sl il S Sy -L}'..'Fﬂ'*wﬁﬁl-.lbﬁ

Aneuploidy 43 3 Lode il a3 -\

i yon g SV e gadl oyn 28T gTitonl g gon g S LS 5T OIES (yonas
ity el ol gl g LS U 3l o s AN (643 (5 328 Y oy s
@l s Lo Jlay o g gay S oy prnall sall Lo G155 Ll
1}} L\ + OY) Trisomy ry_,»_,_,ﬁ'l EJZ*\:; () = OY) Monosomy r_,...u}q_,ﬁ1
B3 8y goiy LS (5 Sl k| (3 et 055 ol s OB (YU r.]:u.c
i3 sl gl _ob e 2L ol ada Jte GLEST Sy |S el 2V
I n = il s LI5S = U s A1 WL G 30,0 e
is garadl wlislas Lo Glayy (CAs test oo g 4oy SISl a3V Lz
sde (§ x5 S 3] Lel L Polyploidy (XN) & peanl) sl s yos g5 SUI
2 Jaty ¥ ooy Ol 51330 Il doe s 3o 5 SUN e okl e g oS
Bn g g 9 S i gl o DN A5 J20 05 cJa Lgams s cLglS Zo gl



Yoy Sl g3 S

Monosomy — r,.._,{,ﬂl.éaH— Py 3235 @l Jos cAncuploid sl s s
T 2k 5l (Trisomy (2n+1) - by 303 S S = p g yo s S 345 S @n-1)

- p—"yJﬁ-“ LT e S pasiel) ! Nulisomy (2n-2) SIS
CJ! . Tetrasomy

Bak WIS e (53 ) (630l o g pa g S il s D L
(835340 51 (g5l pLam NI N 38T 5l p gy s 5 LS ST 015 3 b e
b 8 aad $ — Nondisjunction g ges o3 ,S3 JladV1 pde SN e 3
28 s gl il ol (5l pLaYI o Zaasll slugsley S
S IS8 L) e Y1 (65 bl pLaiI IV Al e g oy SU e o
edon L 0 580 |8 215 0 dpandl 3l gl L ol 3l e o]
dg‘dHJ_,;_&Wﬂgwli}ﬁgjiljaﬁ)iﬁ-ﬁwrwai_,ﬁﬂ
SYSJORN I PP PN

S5y hanb 8 QLY G Ll ) LY 6 G laal 231, 01 801 0
D33 g3 il oda o 0B .Uy dys 3 ade Lon son sas S Sl e
A Gl e OLSYI 2 b il S 01 G sy e
L_sjjr aT‘;,S..._.L‘S,al.LJ...Iu Pregnancy Wastage Joi-| 0|43 5 «Birth Defects
o Wl Sle pardl 3 Lode D guigns S Sl o il I L
S 7 dos g ga g S i3 3 Polyploidy ola g ga g S

Euploidy 4.8 go L348 &l o5 - ¥

AU s AW 65 e 5555 Y A Sl A e deady
$5E S el g pas S e eall suadl e By DLl ols L
otll Lal 10 5 Haploid Number (31N o gon ga 3 Sl stall lielian fo
o e B Ay o ooy SU sl (O €) Lol Iy (O Y) 2331 51 3Y)
ot g L) L5 16 il ada 20 O] L(0A 435 JSC2I1) USLals gL
S b ol e oy Lol Dispermy (g Ol poos By ol
G gy 3 SI dnl S 5 ks Coelows Diploidy go s yo 5 ,SU1 all



L ple \ei

Pl IS Tpmdall Lgmils oL 0 S5l o gt 5 5 eV my
el (gl ¢lems LU 3 Lol cola g yo S 5Ly 3] (5331 18 <55 52
Lo L g ¢ o35 g 3l (5555 Ll 093 Ll i Sl g ol yow g3 S
G J3All by o oSS ps O .Endomitosis E}ﬁ-l.m 3Tl rL...L'h'L By
ielal “penill Endoreduplication ‘J:LLUI waeladl 5l S5 e Lo 2l 0
S sap plaBY WD pauast 035 Lel i Jlaiily Sle g yo s S
pesag o ST e 58 AW T QLS G iy g3 s
L3 gt g o3 S st i4ae L 5 S LatSIL ole g o3 S pn CplalS
ol de ads (g 25 05 = Yt LN § = AU s OF SIL a2
o g 305 S 0 e gat (O A) GIS = 51 (0 )

W plog 05157 phe e ey ATl p o 323 S bS] Slolas o)
5 0315 pie o o s e Ol ) 055 i s e
43 i g g3 S 135 1 [ 5 g g g3 S (i B3l oy g Bt il
1 edlo (gl de . o gmn S sl 33 Tt ol lt Dol 5 O Sy
Oyl doee Jo Wy oyt 33 1 alaSUN 5111y il 30 6 e oy
Yl ik 8ol eSS A G BT B pme OF ] L azedhen s
A A e (5 By all e bagdly 3l U g Lo g yos S
oS 22 ol 38 ] G g s S 2l iil] s Jul o el &l e
«DNA) Bl & 2le 1)l 3] ond ol sl sday Clastogens <ols g g 3 SN
Jol gl ol 5 <Polyploid Inducer &e pazell La oo g 5 SISl pacl] 22 ol 4o
Il 5l 1S 1) b e

Bl J) el pL W 3 da e gy S SN Gad il
25830 G JWl sl Cytotoxicity and Genotoxicity 431555 & o doan
Al olpk sl (2 ,adll e 320 055 ol gl WD n g a5 S
el de oy dnnd Jo Sl g gn s Sl oSG T dazad (S .330 5 5 o 13
AT S e 8l (e g L3151 L i) Ll 13 ol



‘oo Qhr-yjﬂ\

2%

.~ "o o>
AT
o B T R T

Pl sdadl e 5 NI e p L e gV ghall ol e g g 57 (0A) o3, SN
(r,.-_,.-,,s‘ £ ﬁﬁ#laﬂi)[‘f'qﬂ

S ) G g g SN 1 oY1 1 g1 Sy
Some Types of Structural Chromosomal Aberrations

Translocation JUazYl -\

ST AL e ola gon g g SN s 2315 01 830 DU F Jsls JUasYL da
85yl dadail] JUal anzy s S 3 g s e JUYl it 5 Q1 pLLEY!
IS 5T g y05,5 ) 5l g 309 SN s B g OIS ] oW1 LS
a2 3 S O el 3 2 ke ol s 0,85 btz 5,08 0Ll (35 .04 03,
o E s ganny s Balanced O] yie oo 83l O 555 O g el O pima
bl jam i Gt 0 . Reciprocal Translocation Jaball JLasyl JLasVl
e p sm 505 S0 ¢l g2 ¢Nonbalanced O3l e pd ouliidll Bale] O 353 <8 sl
P IS Cinay 5 5 et il ) (35 8 o iin 83155 3500



Bl e Vel

dco you gn S dait] Y3l3 iy 5 tReciprocal Translocation Jslze JUs! {
Ol Ol Dby yes,S ey Mgy «lildlan 8 Ovagmpes S O
B Bl e e T OMB oz 1 13) B3l gme JUNT e gl Mia imgs
o Bondl) O3S A b Galadll (§ Dol o315] St Le sy <o g g5 S
st 3o 323 SN el 1a g Vg o e g9 S (o 03 S0 (6 g i
R o3 1S 55 Sl e - 13] 1505 0550 6 Ialdl L oS0 5 5 ]
Sl gl e a8 3 Joladl s oy A8 s s g0y S GsT die do
ides 3 U1 5 & 520 e il 25 8 0005 Jaldl B3 8 phast 0T (S dags
il Lo Ll o ot 16 31,5 Bl Lt OY ¢ LYl (oSS
Lol (G by 3o S A v Ll 5 5eb U o3 b ol )l
g 3155 2ol n Gl 28 e Jf QU5 (8 3 g a5

b JENI e g5 ‘Robertsonian Translocation (jgmd s, JUEI (&
28 p s sl (g3 b aod (n g ya 3 SO ORIl Ole Al 48 ey (oLl
f gl e g S p g n g S QS g0 O 4SS ol g R Ol o s e
o 3 S8 il g3V i JUEY e gyl e Bs e s il Jaun s
s b Al s S U S5 Lol b e asle (522 L] 3 ¢l
Jlso 5 Y Jaldl 1da O ol g o) Bl e g g SN e 3308
gl s cdlo- (gl Lo .01 g2 sl 1 1 cllagn 315 B0lo ol ] Ol
I i 3 055 K05 el g go g S ke Ll oy JESYI e
OSN3 &yl S pap oy b B, 1 3 Aol 28T LT g g0 1

dn g gay S NI e p gl Lia - endsy Deletion ezl (7
Gay 51 Terminal U5, 1o 5 42all ¢ 51 1da OS5 iy ¢ gon o g SN oy o 5o OIS
(08 3, IS sl ia fe 1 oS 5l S (e Oloey  clnterstitial



\oy il g oy S

o @ pamdl bl A8 Lo g go 5 SN e gkl OB L2l Bt Lodie
s foun 10 s yag S o Rl Andadll ot 13 V] o8 g Aol dnkadl]
i ol ) Dl i Y g o) e Sn g pns S el
oo i g conail| LA (3 (D e V) (s LUy 2 ploisl o131 Jall
G 2l s sn s S g (g 0 SN O 4S5 Lo Ls o 305 ST oyl
Gl d

dizi e g gay S » CRing Chromosomes Lald| oils gar oy SJI (5
le gos go g S ol K255 OlidS 5Ty 4y pmadl 4 e Pl Solaylal]
(33 S 2155 3 Ol S St Lokie — k] JISET o IS s 21 -
S Jlast aale] o3 635 S 43 Jall b luald Ol anzy o 5 il 2l
e 3 il dakad SOz s Al L O g Gl ) g il
Qlelk 10 &ae Sl 25 (Obdondl Dton g go s S Cptabadl] Ol
Sole gor o 3 SN oo dgdadl O] b o pan ga g ST 0din SIS 13] L yonst
0553 O gow 15 agll) &5 gl SLLEY UM ol e oo gla 23U
NS5 0L AT G Y e W amy e Sl g oy S 0da
Sl Syt o BT DIl @ o LA Sl s gy S
ides IS A p g gn g S pmty OIS ey U3 (5 Y
A5 A e oYY il o el

SO e En gou ga s ,SI bl auNT e 2 1T Sla O S
Ao gun 3o 9 S OUlgll plodly (Breaks oSl Gaps axtlly <Minutes
«Centromeric Attenuation (§_us 3 iied) JLaii¥ly <End to End Association
Pulverized dimeacll ils gus 305,515 <Centric Fusion (g ey Al plcl¥

.Chromosome



(a}

)

{d)

Bl e YeA

ABC DE FGH Deletion _ ABI.'.:EUFGH

...... — (HEEE TS
bt Y=

ABC DE FGH Duplication AB CBCDE FGH
ple. it~}
i eluad
|

ABC DE FGH ADC BE FGH
Inversion

ABC DE FGH MNOCDE FGH

]Ir‘tljﬂnulml <
t translocation

MNOPQ R Jilda il AB PQ R

t
S A s g go g S S 2 t.lv’ﬂ - I‘"-}ﬁ)dﬂ-ﬂl




réogad)

diggill galoafl
NUCLEIC ACIDS

P P S KPP | C- PN JCH O SCH L AVET S PO Wty L PR
WY oY1 e Bpg gl ol Y1 a3y Nucleotides 13 ylS 5l o
PR ISTY Iy PN W JEW T UL APl URCHH NCR P B SV P ORI
Y| «Nuclein (plS 42! ! AT e le slbl us, ¢¢ VA4 ple Friedrich Miescher
gty kS gmdl e 6 5 G e Slnze 3 dy [ @b el
L gl a1 e Ole 5 Sl ol ook

. Deoxyribonucleic Acid (DNA) (G SV 520 (65 gl H 5530 oo 1

Ribonucleic Acid (RNA) (U J1) (5 sl I (55 1 Lol (o

Leds GOLYI e L pdl &yl LS A gl 2y 201 5N e
wé_,:,ﬂri.ﬁ.dlEﬁﬁh@&iﬁ_&l;ﬂf_ﬂﬁd@JfQ‘&
ali A ol 5V Lge s Proteins Synthesis olud g ol L2 & o bl
plil Lo ik o8 sl Sl gn Ay g5 el lles 3 L2351
gl iU 1 e I3 8 ) el Ll

(U3) oSN 3520 (53 3l M 59531 yaad)
Deoxyribonucleic Acid (DNA)
Genes U)oLl ot ogd 04 o dl il r..ai DNA Ll eg 5 dng
RNA U Jl el homy 5,05 doge & g Lhos eLSTRNA U ) eg 5 o |S
Yed



Lyl e e

oo Wl I el Y1 iy p gy U1 5l 5 gl 633 1da g (Transeription
ilans U5 dagr (65 Rp Reake Ml iy 1 05K Bl o
el Lyt Lol 2l 51 Sy 14b Protein Translation (o J| da 3
T pypie oF dagll Dy pd) Dl SN ot ol jazal e 3l
:‘ak |S «Central Dogma & ;S LI
DNA(Feus) — RNA (@22 5) — s

OIS S sl e sUa) Sequence  fudid e iy gl RPN (RN
Phosphodiester Bonds 4515 & Al s b Jaly, ne bas LS5 3! Nucleotides
USSR SSUFTRCING JRTIR RS RS RSN ULIN SIPVRN§ SR o
A S ) il S
DNA Structure Ludl .S 5

B3 518 55 S5 (V0 3, JKAID iz 1S 4l e Jolaste e Uil il

:gnp'l__',ﬂi.‘r‘:ﬂ;_,ai:‘,ﬁ':
&Mlt‘_,y.njﬁiﬂﬁ«yiﬂ:p_,{,:PentnseSugar‘__,;..-L#ﬁ.u -\
SO S Js<ad) Deoxyribose

Sl yall £(g o pddeiy (Phosphate Group (PO,) liw b &e yest =Y
csbdl Sl o g5 Lo 5 Y1 el Ll S Gl ya e (i gest
S 5 o 2 I Ze gazedl a5 L ¢ G Sdl o6 e a3 5 W
590N o Lo Bl ol 3o s #1231 5k dns bl 0n 5 L I e Gl
.DNA Electrophoresis Gl jb 14501 4y 2l Llaall s and s . Agarose

Sy oy ol saeldl e My Nitrogen Base oy il $4ell =Y
Nucleoside 8o 515 32| ool ol -

S Ayl ol b A g Al del il e Ol gemes Sl
(Y o3



V1 Gl Gl

del g S Jadiy cdild) dsl>-] Pyrimidines Bases :pdoas adl del s (1
Uracil (U) ol 5 5.J1 5 Cytosine (C) Cpw sonnd| g Thymine (T) Coas ]! [P

Adenine (p3sY) Guel Jat3 s (il 2515 Purines Bases oy 5 yodl ds) 45 (0
.Guanine (G) (! o215 (A)

Cnoaldll Adenine (A) (a1 g2 Livor g A5 el 8 )l e Ul o6 5 (g 024
U es o LIS 5 «Guanine (G) (il 42! 5 Cytosine (C) (yw gdl s Thymine (T)
(ol 3oy 5azy Bl OF (T cUracil (U) Jomol 5 5l Jbiiong gl 0T 1t s
Prokaryotic 81 | 1314 Sl 3 Lall e o OTAS . oy sl 3oy ez B M1
G Laslg] Say () f3ds 0 Bukaryotic 3| ) L2 LIS § Ul e ilez
’  JWl J g

gl i Uy 3l ity Us g G50 (1Y) 055 d g

il lids s i gl 3l Bs
B g day S parje gajle
Linear Double Helix Circular Double Helix
el 1 e Bl 0,5 s B LI 0555
M 528 a3 S o3 e (52 EINECR T W e T =
1o S ool i sae S5l sae

S ISyl o S e ol ol oo g0 Bl ol o8 01 0 502
%JJJ.:AL:UJJFL:AQMEQM1QUH+UJH Stl‘andsgjn._v_}-.:r‘_,ﬂﬁ
:& |S (Charagaffs rules) Ul )Ld del 3 e 5 (T B Jsad

e 3 3008 il (1) gl e 5 e (A) oY1 el 3 a5 5 - )
(A=T)



210 oo VY

Aror g phom a5 ) SN (G) !yl e 8 0 (€) L sl A 58 a5 Y
Y o3, AN (G=0)

LaS (55Led U8l gl LaSTs (A= T) el £aS (g5l 82V £aS O] =Y
AG=C) (s g2

(A£G =T+C) {om gl g Srasll S (g5 (1l 215 oY1 a8 Of -~ 8
35 (5505 sy oW1 2SN 2 el St S A+ G/T +C= 1)
g SVl Al Gl gl s e ]!

(a) Polynucleotide, or nucleic acid

Bk 9ol gl o e g (0] 0, S



vy Lyl slaY

2
OH OH

g

OH i1
Deoxyribose in DNA Ribose in RNA

B g9l A Sy Bl § oSN g (65 gl A S (V1) 03 S

A 23 ) gel el 55 Tl Bpal] e il sl 5. (1Y) 3, SN



Ll ple \1¢

Guanine (G) Cytosine (C)

.I,;_q-JJL_;JI.Lp1_,iJi;mi§,¢_“J,Mh¢1_,JJ1mcé£ .('l‘l“];&_;dﬁ..tﬂ

DNA Structur Uil | ootid! £ Ll
Jy,n;;a!.x;xlsﬁﬂqniJg.LnalJr_gy&‘,i'gUJﬂbidj;ﬂw
o S A3l Ay o Ol Sl .c_:_,;‘;.-g_,‘;b-t.iu:lh.;,gu_.wl;_.m
oSl &Y 35 (53) oW1 Kl e ol 8 Lgh Jas kol 5 2
s O SNV 1 g3 (355 ) olEY1 (3 Sl an olin i)l a5
Flsza¥l Sllas G oda Y1 &l pasid (V8 035 JSAI) b Gl
s § o g Pl Yl e (8 bl (] Jond B cieliall Alas
ccielall Llas (3 CIES Okl Jond | el A Lkan o gl G )



Ve HEFE PR

G Byme Sl 5]y OlaSlazey Olyjlge LSS Ll Al O
T 5 Lol oy I3 G oy 201 (3 5,2 B 2 20T § (gt S )
| «Complementry | gudad Olaze Ul q.ln.;__,..'-‘- o) Jli 1d a5 ol del Jall
S8t Gl aanaZ o s 3 UV Gall e g s 3 o Soudl s il o Al e ity
(Olheldi) Oy 201 SIS’ il | S oy b (3 0S5 i 2, (- 5
G Lo Uy 2y (555 ,0 552 U deldl Gslis oldl 3 Gyl Bl
eles wliw ydlly Sl IS8 &> « DNA Double Helix - 53 3 (j 5 51 Gl
dlp 140 ple (3 wilessl o (U1 WLl Sl s el 1 K85 oy okl
il s e WUy (R0 (3 JSCall) Watson and Crick &y S g O gl y nllalf
Jll Lol pan Jo OU b U1 Syl s e | | a5 oV 4 ple o
Olda Wzl L&)  Molecular Biology & i3 el iy p o3l G5 jms ciiter oo
T Ll g 511 g bl oS A Bliaal e LS el Ondeds e OULAI
w5l et ) g e =
oo Xerays S And] Dolus g Gl e 3o oy phd st ) g | glld - Y
0559 01 Y Bl OF Lgzs Lzl S « Wilkins and Franklin GuSSH by 3505 L3
255 (S5 Bl e sd O UamY ) peall IS i ¢ JSKAI) 5l g 53 30
Aladl jghae 0L |elaoSe ) o dil 5 g Al FE 5 Y0 5 Y, 8 e pllasily
a3y (VT 3 KA () G K5 e sk 5 puall dany (3 e
NI o Lo 2811 5,83 Gl oy K8l g sk o Iy Gl e 0L
Yot als g BLLI Oy ¢ glowza pUasly Lol A1 pppay sl 055l o1 3
JS$52E oo el YE S QLIS 593 il 05 31 016 2 (S p s ]
oo gl ¥ 0 iy Oy ) o Oy ol 1 Jay 20 A58 35 2 o8y 00
A3 ) gl Aol g8 e QA Dalol kel el gl 855 0 Ly
26155 O ol A o 513 (B8 13 ol oy 801 g a0, Gl



210 oo V11

zV A S g s ] Yo w5 Jaas 6 G sl ey I
e e 0555 LY tp s Al Yo o ST 1Tk wdae o) gl del 4
3ol o T pagll 005 2o 2l Lol Lnpds o 305 zA 5 s S
Lo 3. il Y0 5 gk (31505 Jlani e A oY1 Joe Bl 2318 2y ) g
S =15 Minor Groove e LT Ols sutot] 0 08 U g o el i il
Ay 1.3; Jsadl) Major Groove

¢ Base pair (bp) iz s Al delsall r gl sdadly Bl o (g5 b uliy
Ll «Kilobase (Kb) 5sld 4LS dl 5 (6 5luy (1000 bp) Lor 53 54eld Vo 02 OIS
245 4l y (Megabase (Mb) 5485 Lres doml g (g alad dam g jadeli Vv e e, 00
e Yoot S IN Lo (5228 Al 0Lt (5 5l Oyl ot 3155 (3 Gl J b
107 bpx3 (gl ia 3366 4V e XY 413000 Mb (6] causls

34 nm

(a) Key features of DNA structure (b} Partial chemical structura

Gl) getshl S (18 o3 S



VY HEYE PR

Bl ol 3 8] 2l ol eSS 3 oo Loy ST 3 2135 5 . (1) o SR
T Ja A S AT e ] ]



210 oo VA

20 A

Foe mAameesIcosn M2o

23 B oS A Ll patlad ) (TY) o3 Sl

(U;)éﬁ_ﬂl;! L_;_,jjlg.hd-'l
Ribonucleic acid (RNA)

Gl dege &g Lles JYS e B FEP O ] 3 e
Ll eg 5 oS s ] 4ty U1 e 32 OB 1A (Transcription c‘:...'J', lans
Al o1 Y| cPolynucleotides lus oIS oIl e S s A e sl
e diki gl B lay B L] G Al 23l Gy il an
t g RNA U (g o
Messenger RNA (mRNA) JL. LG ) -

344 3 anll eday Bl e B3, 1 5 A0 Jat (G50l a8 A g
Eo §p g gl JI Je Polypeptides dozdl oo Aakan (3 9 501 (21 il



V14 HEFE PR

U a5 21 Jaloesy Il VB oy W5 0009 1 ) 52000 A5 o 55
pooke b 3y i S il pa S auke n 055 (I 3T I BT I L
Sl 3.0 yS5 0 M 8 s il dae e alS e phas Jast 5 By 5 il g0
2e) C-.a'l.:_;:ﬁ E_;JSJL}-:'L;.Ul FLE‘;Q-C:#JL!J” Ll ﬁ‘__g__;.a;-é..::_.._yii)ﬂ
Primary oY1 U}l oosly Gl 3 jmy 5 Heeterogenous nuclear (hnRNA)( yuiloeie
JIA s Qo 4l s o el Sl 04505 810 oI5 § dor s RNA
S 00 sl 655 TS o1 a5 Uy i 3438 i 000
Sl 60 g b A 3 6 2aS o 20 Yl S5 €531
oany I pn gy adlae 05 U G S e 0500 el ) 31001 e
rde b Al Olles Laliy «(UA) o35 JS) e 3 1S cllonll

oo el Dladll e 403 1S il Silagbdl e dydadl slazial y G -
Beezll Skl Ll Bl (g5 3 Gene &5 1) Introns (b5 3)) b ylsts
lae IO e Lo ad 5 el &) ol U3 Exons (0l 5uS1) s 5 e
mRNA (3 las b puS Y o das O] RNAsplicing U I (o3) Jay 5 25 & o
Smallsy;,g_,ﬁ_,gs_,:;ﬁuaqk;muﬂﬁ*auJ;}}1L}.a54,q¢.au1
SN e 05455 L,»L.-‘Ji & @l ;3 oda s cRibonucleoprotin Particles (snRNA)
iy 5 25y s e Small Nuclear RNAs (snRNAs) 8 saas &9 5 U5 Sl s

il Jetes =V 4o gazms e 850e (5-Cap) dnd ol slad BLS| -Y
.0 U lall dze (7-Methylguanosine)

oY ke Ll = SN e daglet 803505 55 Yo v 1 BLS) Y
) e 53 e g0 o 5] Gesb 8 mRNA {53 e ¥ 3 Jlall — Poly-A-Tail
eda e &I 04ST mMRNA Ol as Hla O] Y| cPoly-A-Polymerase
Al oyl oda fid s wad sl o Jat Lo (il 2adll) SBLSYI
mRNA &+ l:_ﬁ,« 1593 onds LS Y oda O ta-}i;,.«ﬂ‘ﬂ,é..ﬁuqc.nﬁ



2,0 (e \We
sl WJJ-.G.” ﬁ JI rjﬁhj:-.\n ;é L__,j.” h,al.i'"w PPN ":"'1@"._}:}” e
Bl s - paedd e Dbl oY1 ) cas ¥ Goon S L 13 BLSY!
G o 2l Sleghas Sl 233 gl ] %5 (Sl ey mRNA

O8Ny ol &)l dnl i anial o) L 3 A

DNA (The Gene)

Transcription
¥ 3 premBNA
Excision of introns tn:ll splicing of exons
¥ Polyadenylation
Ma‘ mRNA
To cytosol for ranslation

m.m,w--

mRNA Jlw A6 J1 2 Laa y s AA) s Jsad




WA HEFE PR

(FRNA)Ribosomal RNA, g g gsf JI U J) =¥

,r_,p..kll_, faasall i padl oly Al e TRNA g.a_,..-_,._..r_'l_,ﬂ (F
o e Y el M L GYYL i ) Wy O 1 s 0L
ST 03 g2 i 55 8 Sl 2 A Sl 0255
93l S et V0Tt Ry gn g 1 U 0 0555 g gl J) O
el Lea¥Y Lol dayy (3 CIS' o g g I G 1 ety | S 780 =F 0y
idlate y 3,550 Lk olS 55 Olaylss 0 IRNA Sl et 01 055
e AT IS g2l e 5 s sue e el e g A e O S5 15) L 4l (e 5
Sl ie dSagdl fll sy 2 3 (S5 Bllegg o (g8 Sk L
G b 30 g1 (g A L3 i Citnd iy SN ) Ty o
:q“ 3 . Svedberg unit (3)

B 5l g EA Y L ad b Ay 28S TRNA g gaw gl JIG 1 =Y

B8 53 VA g 4 g Ay 1BSIRNA s g 5l JIUJI =Y

BT 518 53 VU0 Sl g ol b iy 58S IRNA s g 5ol JIG I =Y

Lo 6 Y Pl Y1 oy S0 &) )l 055 ), 1o 3 a0 S
TN

S 34558 53 VY e g b ado s TRNA 58 o goo 5 JI U1 8
(18,3,

0555 JSE & 2aS Lm0 Lo 5y Mature Ribosome pead il p yon gl I
3_pnall 3= 31 5 « Large Subunit § oSl 54 31 L ¢ Subunits Two (=3 (e
B BLI Y (e g S p g sl IS 522 (2714 05, 1) Small Subunit
I @i gn ay Asite S Y1 6l Lid> WAL (§ ((RNA) Transfor RNA 3L
Peptidyl Site a3 g 4 3 P-Site U1 3 ¢ Yl Haadk Lot (g1l Aminoacyle-tRNA
e e RNA Ly 5 (gl



210 oo

Eukaryotic (mammalian) ribosome

49 ribosomal 1% 7 %y, 33 ribosomal
i e z e proteins
ot = Gl

i ¥

i \3 .
FA [
“E&Q sz

@9

e —
24 nm
805 ribosomea

B i g gl M pl 1. (114) 03, 42

Mbitel o
- ) =

| AR

Small subunit §_giall faa sl il

Large subunit 5_sSl is gl Ciad

33l S 5 (1) (3 S

ANA



\vy HEFE PR

(tRNA) Transfer RNA JSLJI G ) -

4398 glS 45 A0 = VO Ul sy dd b 5 ¢ sl o 5 IRNA LI I
A (35 g MG 4aS e YV 0 Sl g JSC00 5000 g3ls LS YO Ll g 2 5]
Bty BUILN S Ve aabens e S0 gl pyods s &S
43S e ole e f'_J"':’- Loops <l g & _J <ild & 4 y Cover leaf shape 'F"""'"":'H
(3 and 5) (b b gulgy SE A1 Acceptor Stem Jliw Y| Bluy O g 93 50
JoS sdor do gat 5 CCA pa ol ol o425y w1 Gl U Jad LA
Lol Lalin b e yormay b (0) 311 2Ll LT (1) Ll e (OH)
v gl Led o D o) ol Al 31 il JI Ll . Monophosphate Group
l_‘..i.muh_,i“r_, VoL Y 5 Y 5 u1_,J.J1LL,.TL,_ide.L,.L..;u..,_,.J5,J1
(LN Bl slazal Lo (318 0,55 ¥ 55,001 Wl edLana¥1 Gla e ooelas
Laall sl el ade Gl (Ve o3 (S0 8 (G 508 5 R a5
il Sl S e (g 2 4 Rl Buus 5,28 3L, JSU 5 cAnti — Codon
ezl dde Al ol 2 mRNA Lo Ll 5,2801 Jlisy =Y LG, e
(VE) 03, J 3l s o S b I gl il Gy, all ol (V1) 055 J gt s
s Bl g 3 gl eal

Al L (3 U3 gl gl e oy TRNA Polymerases U1 3 ol il il
Slegé 3131 ddd> L G Ll (RNA Polymerase o ¢l y o 5] Aol 4y 31 521
o il Sl ) oo T 230

(5.85¢ 185 285) a_,;‘.ﬂ gesz {(RNA Polymerase I ) — eI G w23l =)
ARNA o

-mRNA .y {(RNA Polymerase I) ¥ = ol 11 U_JI o 53] =¥

(58) g5dls tRNA Zoy (RNA Polymerase I1I) Y= o Ldl Ul o 5] -V
JRNA e



mRNA 5

Wi

Anticodon arm

ARNA (g3 50l Gaadl S 5y S5 (V2) o5, S

L g1 5l o G A gl (V) 05, gkl

tRNA rRNA mRNA
L el 2 Jesb e
Fanlpyeda pé 9l pyeda stk pyede nt
AV B J panaiin  pgmesnl M oS5 ol il s sl iy
HEA LYl el by (s )
ipaall 3 a2l Jast — PN P
N F T VY A LI VI H PP VY B gl e o Ja




\ve Lyl et

RNA L Jl e g DNA Ll e g 5
S hn o day 5 000 055 TP g b S e 055
AtgqﬂLCi__'ﬁ-_’j:._LhJ.ﬂﬂ!Jﬁt_s}tﬂ_- Ailﬂﬂuﬂl&ﬁ-}ﬁll#'ﬂik}ﬁéﬁ
Simh @l Sude gt par i @b S de g2
Sl
b il ol Gam Gl ll et any 4 _-Jum@gu_,_,,d,.g
@L...JJ:.EJI
SRR PR i1 g
Ll &5l 1 _uuai U & L Ly 5o

Ll ielas
DNA Replication (Duplication)

LT JE WY1 e 231,01 oo phall o 115 Laelas Ll Caeliay
oS il el ol Lo dilovald cdids y ls Lleall 0SS 0T 2 11U,
.Cell Cycle iJd-15 )35 o S-Phase L= o (3 DNA Syntheses —ielazll Llos
LML § Interphase {_.,:.::Ji 23l e B a2 50 (3 caelian Bl eg e O
Lgﬁ’k:"-ﬂ‘__,ﬂj“& Sl Lo dabldl a Ul Caelias e o all g cdnla|
SIS 81yl sty U Bl 315 Ty gyl plil Bdee S
Eleade o MG Ty 8l ddde L1 iy Single Site do-l 5 a3 o 0
i A31 Ll Joe e Glayg cpdpe Yo v v e ] fual A3 cMultiple Sites
waslal iles o= .Initiation Sites sl C'.“ s+ 3! «Replication Points 315!
ran & pae cpe Y wlnh‘g‘jjwj A e Ale A s LW

el ay Tlaall 0dd Zogll ol



210 oo A

=y Complementary |aze |51 & 554 &t Al el 43 zslF ol =)
Sl L sl 3

J AN 4= 115 cAnti—Parallel OLaSlazay L5 pe LAl Jay 2 OF ¥
.Bi- Directional Replication {paSlazs (pal£]

e JS dlenzl o2 ¢ 291 e Lol (liaite Ll oy (5 5 gy -
A palay S e 03y cade dpad) day A1 by 02 Template WS
.Semiconservative Replication Jadlaell _a 2

oo «Polymerases & ekl o] § e o Sl a0 -8
43 g5 gl RNA Primer (gl 1) dgall 51 goald1 B )1 0385 IS (555 201
) OY gl Sl oIS ol BLSY eI (C0H) oS 5, 0bl de pag
o eds VI Sl IS o gy s Ak s Ty OF ey Y el Gl
463l oy clishes 8342 ol Aldedl Bl ) Sl S gl Ol Of g
umun.;mmmmk,u:hg,w Gl o 5 Jaits ol 5 £33l
oo 1ol Uy dadad IS8 el Cond dnbaidl

th e bl e lal Llas 5l o Say s

DNA Helicase JI o335 J3 o Replicon SISl od o o Ol o2y
Gl ety Lo G gl Il e 6 s dad Dl 25 e J el
S Y B S Je 0455 A Replication Fork S &5 4 5| <Bubble
Wb Ay ciley JSKA sl Bl e OY 15k, L caelal ook
t5% w3l Gl oo Olsll 5T SN bl &34 5,5 o gy I3 0
w3l O S Llhee o1 L3I i o3 a5 DNA Topoisomerase a4l
d 7l nﬁjb-duJJJgaiu.d1;,.m1¢ﬁ,}+wc:,ngf
G pdl 0 Ol sl pie Of MISsy 2T e 5d mledls i 5 03 ccaeladly



ARAY i.-‘__,_,:j\u.él.i“ﬂ

el s L (Jad 093 42 O g BN g Lo (22301 /5,55 TN 0 —0)
iy LY Baglae e LAl oy 5 aie e Y BN D3l S ey e
Slat¥I 51 BLS)YI aoe Sl sl G pad iy Ssbny L
Je Blad| 4 cSingle- Stranded DNA Binding Proteins (SSBP) Jad-| 4> 5 UL
Bl o 5] o s o3 B sdS 50 Yo =V e g L5 2 JS oy S SRS
SEY1 (65 ol Ul Jay 20 HaSa Us Ly & Ly DNA Polymerase ol
Ol Lo §jetes S8 Leading Strand LA Loy 2J1 ade Gy (oMl 35
ol ely Llae o5y adh 553 oY) G Y] Jasdl ety Y el LA o 3]
Lagging (bl Ly AL G m Lo 51 (523 ol &V (63 ot Bl Jay 3 HSS
Veon Sy b ol Bl e 6 s Wad O35y cdakaine 43l Strand
U] & Okazaki Fragments 131 sf Lo sy O3 a3 543 58 5 Yo 0 0 )
&5 kil Loy 21 L sl Tauy PVl quts_,t SLU! Il L,
Ll B0 o il 1S 45 Vo gl Y 1 5 pino dndad J2azs 53 ol Y
oo iy cielad) 3858 W) ke s3ly o (g0 RNA Primer goaUI
Sl gm,ichs;gh_ﬂ U3 day o= - RNA Primase dgall U1 o 53|
DNA Polymerase 1 alobl Gl oo 5 p s oo Yof gall 63 slazal n
oo el Jay Al TeSle Sl IS b gl U il S o5 dlazal
o SIS plad by ides Lo DNA Ligase Jul JI Gl o 5] del s Ll
Lo JonS g pbedl mal o AV AL sk ) Bl 0 5SS Bsle] JD
L 035 0 S350 die li pdll &e jagt y 3-OH B o5, 05,81 5,3

VY 5 KA sl wlug S 5l 5P



210 oo VYA

@ i

(N -:'_._-'. =1 1L}
'lllll INE NN ".l. By igly i-l*.

Bl sl ol glase (YY) (3, S5

Semiconservative DNA Replication Jailoull (4.2) Cinai U Cielas

Messelson and Stahl Experiment J gius 3 ) gahne & £

oo g JS 0B g b Il 2l sale] e T 2y S5 0 ey 20
T3V My o Ay o1 g 33 pn Ragdi Bads 10 0y L
3o QUL 5 43Y1 i =31 W6 5 . Semiconservative Model Jailoul| inai 42
o3 U daeziy ¢ Franklin Stahl J g (SS1 35 Mathew Messelson O gamdens
Lloudl 5 a1 ga ISV Bl il s (- iin LIS o3 gl slazd
Jad b o 92 | S (oY) oY1 Gl 655 Ay o cConservative Model
G Ll 4 alie s Gl e 0580 i s el oy Ol
3 o Sl s ) Gl 66 5 iy S <Diispersive Model izl 5 asY|



\v4 HEFE PR

nU.UiC,JCJU.:J#ﬁbﬁﬁ)ﬁ_}iﬂﬁ@ﬁji&&&bﬁ@dﬁ&ﬁrwﬁ
ey (VY rj_}t}f..ﬂuu-ms,,é}:l‘-EJﬂJJ:iJEﬂ-LEJ!hLUQJ@};WL}S
f e J s O ks & 2 255
e Lo ol 0 sdad cad Al (Ereol) LSy J sty O pkinns Janil
S5t s sl Ao g jheanS INHCL gVl by IS mhe (552
oan oa G Y 5o 3 B 01 ol N s 0 gl oy (B s Jo 5 A
@) g Al pheas ad S Jay ) Y1 Gandl Sy LSl L
o s adst IS OF (T cda 5019 5,590 JSIU L3S 500 oS 1S 55 N
G lends 3 LSO s e BT 5o o3 e iddar Gl & 4800 51
o b sde cdle AU e GAIY 3o 03 ey el 50 5ad slall 2l
5 Jall dblus s LebleS b sl y Buld ol bl 13Ty 0N G g 21 s
2ol A 1S DUl 0 (3 a5 cJas JI GBS (3 50 Lo ey (g (5550
Sl pn 35U Gl oy BBl 28T N N ) Lo N Gl O haor 3 (G5l
l..'...ﬂ!_,.g];L.:._..!;"N"Nq:.!.r-#JEJJ@QJ:-I_,L}&Q}K:GTMM
O DS Jaw gme ol Gl OF (6T ctiles' J3T Jad "N N (g 22 (o U1 (galall
@l S 5 O gl s 3 0l Do o £ el il sy it Gl Gl
o O 8 5 ¥ Ul Gl s 018 15 a3l 4y Gl sl 0,
éﬁai&i@;i}kﬁUﬂiu—iﬁaﬁJéﬁ&c“N N Gl den 8
Jsf @l e clmie Bl el 045 Laukis Ll (J1 3l o BN SN N N
Cnbor s o8 03 o e e il gD o S el ) 3 U
s il pde e 35 Y J iy O pedese gl OF el il g0y (1S
oo Lilall s Cieladl o3 pail OF sl o5 iy Bl Casliad (e sl
VY 35 IS8 Lyl &3 31 il kg Ll 3 Ll cielasd pladl 25 53



B0 e VA
Biladl bl 0 bl

§ S =
oy T
§ §=.§ § 5
AN AN AN AN

lah k) [14] i
Tramsfer 1o
N mediom Y mvedium Replication i .. [eplication in -,
and replicate a 4N mwedium w P medim
I i ] o
Spin Spin Spin Spin
t t ) 1
Lighit {"H# - -
By 1N - & d
| | Il
Bl i
Fﬂmum“ e L L | W P o P LI ﬁfuﬁid#lf';
Sraa || sagems | sRlEiess | enithg
* Er Lo N
st a3 A NN N e i el
L]
l l A I |
o AMONWR, e
_,.\'..:..-‘:FH:; T .J :'&
T - __:: :::}
O 4 peop it = weene
Parental  Hew ¥ ——— g
strand  strand

1H3Jﬂﬂiiflk!jlﬂrgmlg1¢u¥ JFJMLJ@IV?}?EJJ&JH



VAN HEFE PR

DNA Repair Mechanism Gl S} 27

L] LT dlw ) V) ccieladl Lhas pli] dny ellas NI 3305 000 o2 JU
Sl POsl i b e Bl (38 280 L3, 1 ol flall Lo 23501 ailowal]
il ol e ol Gl 0 pad dores Gl (3 0d 5 A1 sl sl Y1
I PRTE SPVI it UL TN KUS PR R PP C1 R VST S ¥ I |
Bt JS 315 o sl Al ] ol il o gromas L WL 5 Sta o il
S| n Bz g 00 e 25T e 5y ezl Lpmhaaty 231, 01 sl
Gl gl gaay 5 pal) oo AT s OF S pad! ey G #3000
31 P53 e Ll s colid | e e et § il o By tasDhoo] LIS
s M ey PSS ity (U Genom Guardian p yedl yo e 3 pms Lo
DS 135 ol oY1 g S om Bl jot (I plocii) o8] a1 Lol
Alall U e peten s S 1 a0 L 3 e Ll LI oy 5 S a1
& 5 ¢ gou «Cell Death (g g1 o skl T Tt Gl dind laan (5 5 LD
alid= 34 & U3 ‘,5.43_; .Apoptosis CAJ«.U Sl ol Necrosis § Sl
Lol cdalesdl Lebae LTy <Death Genes < flf ol 3 Jaw =f U3 s Bt
«(VE o5, Sl ~oa Yl il e latisd amo| ey s Uanny ; ~a11 OIS 13
o Bl § lpasiels (Ko A1

idstls olop) dauly Gl 3 Uadl aiye e Recognition bl -\
Ll bl by & S o= «Incision Enzymes C]ni“ Sl 3] _gand Endonuclease
ci_,ll inB;_,.n

Loyt wlgp] dauly Ll 4 S Al ¢ 4] Removal U13) -Y
.Excision Enzymes Jlatw ¥l g 5 jewd Exonuclease

ol Toemens 5 dads 2L 1L 0l 4 S 4201 Replacement Jldzwl Y
.DNA Polymerases & yaloJl ol 53] 8eboay L3 5 ¢ Pkl Jay 201l 58 5 s



210 oo \AY

5] Laul g Goemeally Shad) SIS IS o) Ligation pld 4l Loy, —¢
Ll oy 3 Le dayddll ol 5 s o)l c«;Lig:aseEnzymeLi_,H

@ & thymine dimer
digtorts the DNA molecule,

3 L Ll e o i1 @
il g ] s Ll

B 4 nucloase enzyme culs
the damaged DNA sirand

a two points and the
damaged seclion is
removed.

i 4 g el 13y @
. sl i

) Repalr synihesis by
a OMA palymerase
fills in the missing
nugleclbes,

— =

DA
polymerase

I o

ligase H OMA ligese seals the
free end of the new DMA
o the old DNA, making the
strand compbete,

Ll e T 2 ghas VE) o3, JS

Lo o Al 0D 51331 Jal ) @
el ] g 3 Bamlay

bl 3] Dosl g Jua i o @
A e}

DNA is the Genetic Material 4.1 ; I 3| 48 DNA Ui
LSS de pVAYA ple dy o Gl 1 ol a2 1 Ol e
clyatl) Preumonia (g 5 JI SledY1 6 L 4.l Streptococcus pneumonia
(N Gy el gzl g ST 3 LSl G5 o jantens 55 o
<Polysaccharide Capsule 53azkl <ol Sl o kel iRy dble dals LLu>|
(3May ible by Rl 1 (5 51 (Smooth(S) slanke s B 3) ol yanies 2



VAY HEFE PR

L (8) Ll il &y 2 i Lekiad .Rough(R) &dst o janiens (2
S 4580 QLY [ e iy Pathogenic Ldms Wl damy 012l 3
GVl o o o Badoesl) TS0 asaacll oy S ST 001 2l 25l
Sl 2l § o Al O 2l el AR WDy O 2l i Lo 5 .5 31
Lokie 5 Ol 2l e 15, A0 Uil S s O 5ll i Sy o slel e
) LR W o 851 AL i AIS W e ladiey O 281 By - i
T 805400 LV Ol ol (01,580 et e o e S 0L
G i S Loty Sy O (52T 6, a1 By Al a1 et
Ol G e Al dll s L O o o2 JU el O 2l s oilie
Ave o5, Jsall

dols Hla Jaly 24 S W ) edpf 05 LI R L OF sl o
8ol ST R s iy OF (6T b U 20 O e il 3 3155
50l ada O Ll i g 5 ciadacdl ol Sl e il Jand 2l S LD e
«;‘.q;ﬁ_,«:.m.i.iii:.:l'lﬁ1ﬂl¢;h31gﬂlsﬁﬁhﬁ¢.&aﬁtﬁbxah¢uﬁ
Jyodl 5,mla Sy > Latsst 15 ,alall ade endy dalel ol LD
B3l LslarSI) dadall b jms d 2 o O (0 o8 Uy 5 - Transformation (g Sl
Doz OF e (2315 1 31 5 meld |l ommect 5 Se 1Y) 2 gl
5l A1 OY @y aslll yud onss Jl OF asTs Lk bl Lo sLaill 5,1 ol
ygudl p i)l AL Uil s LU 231, J1 3l OF S el gl odane il
s iy el 1S ) el 2 S LD L) AR LY g2 e Lo B3y
b 35 5 O e 5 S LS g 5 s e LA R D lals 05 )Ls
o hall O e Juy L oy Sl s & poncS 5] Je 5,56 R L3 Jar
5 3 el 3 BN eSS g 5 e 53U



Ll ple VAL

iy o £ il (VO o, IS

Avery s A o\

SISl e o6 b ¢ ol 5l J por Sy 2 ol Lo sl w5

55 Maclyn McCarty jo\Ke (lSle oMoy Oswald Avery (5 31 Wi gou 5
S oty > 4,4 3 J el B3l oy 21488 ple Colin Macleod Sy plSLe
&JL‘...;_"JJ:\H‘:_,.-.JﬂﬁJl}hShﬁuﬁMEM&@}&WL#Y?JLF‘
B oo | 3naliE SIS cProtease il s ol At ol 5k Lganiage LT o (3
o sl budl O T ﬁ1;ﬂllﬁiﬁ-riaRihonuc1casc ;...;_,.41 ols 33 doy-
U130 OF e 15T Sy el 6 01 2all OF |pdor 5 &I R LS e 8 L3I
G LT, 0 5alL1 O ety g (oSl o gl ko 3 355 1<l S5 s 1

.U.Lilgnlr:b;u_;‘ﬂ_,st;}ja.ﬂﬂ._-‘)u-hh



VA0 HEFE PR

Hershy and Chase Experiments _p..tJ s Lg:' Pl JL?‘E
¢le Martha Chase et Ulas Alfred Hershy (o5 ol QUL ]
oS onas 1 ol il ol g 5 (T2 LA 31, JIasll LI O Y Q0
ol AN ol g o6 LR Ay ity e g el U OF ko oo (Eocoli)
Wl | Bacteriophages (516 52 aS1) LSl ST onmy Lo 1 LS
lgdlal 4 esCll L) &y RadisN) Jazudy « ads p By dble Phages
iy S sl o el AL ST bl gy T2 L Galy o
YT sy Caslaas OF el Y A1 ol eI st s 31,01 oo it o3
TEJ...JQJEJ:.:SHMTI_;M;L&MU Wll}ﬁ_ﬂqﬁl&@:ﬁu;égﬂ
i sl) 033 S Jo S 578 s BNE g 0585 T2 OV 5 i
oA S 4l ey STN O s il (6 22 U Bl GMAN s Lot
Al ooy w51y piu pal) Radioactive Isotopes daldl SUadl Jlaacals sl o
(sl 8 5k AeDaS 58 oy S (s s (g 422 el Lo T2 Loy QUL 015
2y ol s Yl gl Ly GAU 3 308 2a0haS 2P s yild 2 gl
57 QTP e il S el | (ORI a0 g L s e Sy S
(E.coli st aarlgas T2 U o o5 . 255l 3D (3 5 T2 J | Gl
T Ll o3 g &1, 0 ole it LS L o T2 Gaazly 5 76 Ay
bl T2 L oSl WY gl 05 o5 ol oSl D e 0 T2 fuad g e 51
Wahior 3 e g1 e A LSl WO (8 platdl amed ey g5 A o ol
fols el iy Glall 3 plas Y1 amed e 5 . (7P) UL Lokl lelas Y A
e Bl 8 LI A Jls 3] T2 e Jota L OF e Joy Ly (%8) BMRL
Blll ya Ll OF OUL) <l ey (VT 3, ISCAI) B oyl ST
Jo15 2l o S g ) 50 1 0 e Wt i 325 O Y] &31
o Ay Sleylas Jot A il OF L e Vg a3 a1 24

3 gl R A LS G 31, 018l ya L) Of Aluaie L3Ls] SLLSL o3



210 oo VAT

{00 i e
pa Suplly

- ﬁ_ﬁ_}"{“'r
LAl Jals alidll oy 80 aa o1 LD Jas pltdh ygicll s
: it

ol gl g 2315 01 30 (RNA) G 1 g g 5 yaad!
RNA is the Genetic Material in Some Viruses
s Jals ol gl Lan § a0 Bl e U1 OF ol ]
Tobacco Mosaic Virus (TMV) &l Gl sl (25 16 e s 4 gl Mia (e it
SN QUL SE 3y U eig o ok 2y 0 NS (pn g il 1 0 S5
o8 sl 10d 43-5_!;:-}1 Ml J 36 e Singer i 5 Frankel Conrat &l 5 oS
Gl e HR UM e 2T Silae oy b ONE Y56 |S U1 (5901 lad!



\AY Lyl slaY

8 5SS P s il SN pn b IS Dnnegt o USE 5 <1 )
Aol sl Jalie Al ¢ pdll poad Baloh dkendl 0da ady (e
bl ol il el Gl Llo] ey Sallig e 2 Y1 g1 L) o e 2
G Ste (s 0,8 2B ooyl i 3 sl SR O
Soleglan cpn 40528 Lo Uzl U OF my e 6 e Bt (g1 a1 255 0
RO LG DYV SERPAT/ RN [ ‘_?-Lﬂ! Sl sld el of 2315

VY 35 JKEI) 08 5l el 3 2315 131 ga U J1 0T GLI L 015

eyl ang 33315 3300 8 G O DAY iy S5 8,4 (VY) 05 I






/%)wdzwﬁ

oaigyull lisg duilygll dyaddl
GENETIC CODE AND PROTEIN SYNTHESIS

Genetic 431 o)) il ,A2J1 5, b ¢y Protein Synthesis (15 5 _dl Ly dlae (3 oSl 02y
Eoo «(DNA (59531 Jasd! fe doa g 25 del 8 &YE) Gl Le 53 o 4l Codes
ﬁﬁgﬂnnhﬁnméjﬁyu@piga&L;LMUJJWPJ-,_LH.L»@.;‘..@

t ks |S «Central Dogma & 35 1| e 4 3y La La g (g 1

ks

= RNA oast Protein ssssm

sl et G A1 &3, 5,800 G it Al sl i) 5 0

oAl s 3ud G A Bl g9 0301 el pn Sl LG (g0 52

U@La‘ﬂit.ﬂu_;.:‘ﬂprjvqﬁytgnjtiﬁq,,@ﬂwgmuz,ﬂizﬁ\ﬂ
(VA o35 S5 g gl 15 ¢ TRNACRNA &5 gl J1 & 5 5201

Sl jatll sas s g OF (ol an il Gl Lam 33155 5,88 JS Jad

b gy ISy Ll sigir OF Gy all oy 2T ) e a2 31,5500

Gl L Yo Blin Ly b Loy 5 el 5 )l opn LLl 0L 4555 U )

VA4



2,0l e e
Cooal L Y0 0 0550 08 2+l (Smg S B3] ol S5 S
Rr s Aol 5 S S O Sy i el ol V) g Y i Uik
do 1 L laze 35 5,a0 T8 e OF o ey gl an e e
OIS cade Jus @855 5,08 oo ST W a5 Y1 oY1 Lam O
Lol LaleY 25 Y Stop Codon i 5 ol jad 2F 451, 1 ol asdl am
VA 3, )

n el s alay Al obdl Gy B Olis fai
AUG 431, )1 5,480l o SUL pua ga Loy lgae 5 L3 dilesll olis sl
el Bloe § el 3,0 WE s (Met) Methione oY jaadl Lold
3l pen¥I dadkly UE OTA5 gl by A 01 Ao O pmy Ila

.Methione

DNA of Pre-mRNAs Segment of DNA
being transcribed

Protein

U:.JJJJ'*'L'E':“J“HJ‘(?“}HJJ&J‘H



LR Cro il el s 3315 005 2800

Becond Basoe

aeEg Py |

50 i (V) o3, Sl



L ple 4y

gl el
Protein Synthesis
rh S Slshast e Lo Gl sly Lles o5 )

Activation of Amino Acids L Y1 oY) bty 1Y 4

DA ol i S 510105 Ly p okl § it e 5
.Aminoacyl-tRNA Synthetases _jand daiis Lol il ] el Sl3y ta
iYW a1 ol latss slee jlastl Say s

Amino Acid + tRNA + ATP +E — Amino Acyl — tRNA + AMP + 2Pi

JeS s s0bl (58302 Gk e UG V1 paadl oy M1 oy
A o3, 5D sle vig o g 5 e g JST(OH)
Initiation of polypeptide Chain L2l Jude il £Ly 2y 15U

Initiation +AJ) diney b b 0350 Lol lde Alade by Llas Tus
$4l s Met-tRNA (5 52210 g._..a‘a"l oaesld BUING N e O S (g1 complex
el Jolns O ms O 5 o Gty 8 el p el ) admg o 4 s
asadd JL U 4o g e el dine JozS 9 Initiation factor T I
v o MG ) gy 3 8 ol o I a5 e o
sl o Gaarli badmy 5T s ey Jole e ity AUGHANE 0l
Site= (gl &bl 3 o) 3,00 a8 ooy iall a0 g gl A (5 oS
tRNA BUIIG I Jag 55 o5 ¢p sl ) (6 oS0l 8 Il f 10 (P-Site) Peptidyle |
G 09 sll eV Jaedl s 4 b 4o (3 Anti-Codone 5aLall 5,41 Jast (sl
(AN o3, JS2I) Y16 b
Elongation of Polypeptide Chain =l s b Ul -G

8 el grnal AUG el 5 a2 Met-tRNA U setall LG J Jlail 5 j2as
JbizaY §ale p g gl JI Lo Aminoacyl Site (A-Site) w11 Je LI 231, )
pamasell a2l 3l S e UG e ik y o paedtl 104 LI I
U e il Gl ] Y el B L) e Sy o 0 ko]



\4y el el g 301, 00 2

5,48 Oy G359 Gk e Jle U1 e ) 6186 s U jally JLu
Elongation dJUaz.™y| el G debes fale Baelinay chall 3,08y paed
,rJ_uJﬁJ]l o La U ALl lazal (8 L35 15 gs ks Jolal s factor
Gl g edads By 431555 40 Judaas 53 o EYI GmRNA fu LU T 4b e
oy g g 1 ] a5 o W1 a8 5 0 kg BN 1 miy
| I Zoa Y ol s e pend ity ool Gl i o 50 2l
mRNA oo 11 G s g5 Jsb bo &8 gl 231, 01 ol atdl o 21 40
AAY 35 S Gl ol JaSy
Termination of Polypeptide )l Aot Abdos £lg] 1Ll

500 ) Jpo gl die o sl 1 e Sl szl dpde ks Luad 02y
U JI Le Nonsense Codone _gall dayde ol aldl o Lo 4l wdd gl ol ol e
Yy pamrze UL W dx Y qﬂl_, UAA (UAG ‘UGA o 5 cmRNA JL L
(s ey A Dol Dty o ok i A LA L el o Y ks
Release factor GMLYI 5 Ladsudl halas Gy 23 5 Jolay ol Lol
by o T3 O gy w03y 05 U1 sl o % 4l 8 5m Aok Jolall Liia
AT o35 JSK2) 5 ) oL e L o ey 5T 5
Modification of Polypeptide Chain Azl uds dhdes | o< 1Ll

U 0y Initiation sdJl A= 1o oa Ly forl o M £ 555 Wl el das O
el ely JIsSt aw S5 Termination #lgsY) > 40 5 Elongation &Uaz.!
«Native Configuration ‘_"A,_:LJI FIC .L--LJ BYC-p s P IR R N NS
Ly 0 U Jlall e dols ol 3l Jads a1 ol o sike a0 Ly
S Sl Sl S AL G Gaed i s oy pe 2m L (Ul o
3 902 gt 2l J OTIS A (3 anasd| el ] J ol ks dmy i o)1
ipneall s gl o e 8 STl Bue Il o aad oo lEY LS ans s ]
(AE 3, IS0



2,0 e \4¢

H
OH 0
@—‘OH + b el Lbs,l + H:O
e moE
JLL;

‘.F"-r"h] L nyuu’
gl aad la ks (M) o3, S8

o
AT HH

m
Dl
- E:} é
e udy

(ol Jele )

mRE
BNE BER

A A

Al dyde Adoe U] L (AY) o3 IS



V40 gl el s 1315 015 2800

..l:.::]i Lol al.Ll. 'lLr‘-l ‘{AT']?-;J Jﬁ.ﬂl

MRANA Large

Largq . subunit
subunit 3‘-<

>'5' Small

Small & subunit
subunit !
Completed i

A polypeptide
il el e sl Y '-‘J‘“fr’.ﬂul 'I}il:-‘ JlasilyalL1ds b .(ﬁi}fj;‘}i-ﬁl






fr i)

=lyabll
MUTATIONS

Sam 5SS s ekl Sl 8 3155 b i pudll die SLSYT LY
CRE PR RO 51 U L ORCPRERR PPN [P [ JUCJN RO 9
JJf@,.;.Lfaﬁutjaujgsju._-_;Lsaum_*.u:rﬁa.-..maugnb:!
Jyo SO LY 80l 53l Bl ole J o oAl oS1 B3l3y 31
debu 5 Chall e STl pad) O S L g 2485 Lol 31, 1 ol Jilall
L ol Loy Lol IS8 0Ll e byl S5 L pd e i) Lo

ple Sy

< jakall (i e
Definition of Mutation

Jod Al ol de Vazad aul Jl elinay 3,2k Mol paseny
A s dder 3355 300 5 44 f (5332 18 A3 N asl eIl S I
G 5 34b 533 ) oSl oS A (B oy gl i gl a3 ,dlal

AT o o sy Jiss B 314
Bn g ga g SI SUNYE L, 00 U e Tl ) ol sl fats
oo dslezs slael Lo dsle W (g2 dnd) 5kl o~ S ANy

Vay



L ple V4A

g Jo g 5E A Ol gy Sl eda Jo Dl s 5y o g say S
CS1 5 sy o ol e 38 Ak gl ey oS L) sl
o 0k ey S jalall e gl Vi Ll 1B (6 55 goo L ey 83LS
LA U LN el (g elall SN 3 55 4y el bl i)
ranas o 1 pgkie Jan 8 pakll a3 S oA A oSl e Gl | S
Sl Sl Shes ble ,L“gT LeL Mutagen & jalall 5311 5 a5 |2 <Mutant (3Ub)

ol ! Sl e 5,31

o ikl ad g

Site of Mutations
iid| 5 Somatic Cells (dpamdt1) Lt | LA ¢ M e Gl il sud
oo Jad 5 pdoull L O &ms Lodar WD (38 k)| Bud Ladind Germ Cells
fnid | W s A1 ol W il s e (s 2 LD s ol
O 8uslee ol Halall IS 13) 5 Un B M 4y 555 3 8 ks gl 5,015 213
G Uzt 5 O oo el Dol ol palall WL 5N ) (3 el Oy Lg2ine
olas Yl e Lms Ainall puizio G o o OF ] 5 55 g0 3 A S

ptll danall 4 ks (315 A5 e ey
o ikl pl gl
Mutation Types

Ladl e oo o ikl g o 3,

Spontaneous Mutations L3l o Jalalf -\

sl 555 IS i)l asll) § (Gad) Glals Lo 1 ol il e 6500
Ul o gl e OLSYT 505 O3ys 6 a0 o 033 (A1 IS
28 Skl e g edl 1A &g vy Background Mutation jlall ol ,ib



V44 kel

Uzs laS Sy 66 all oY Codieiad Yoy Hin cod g all
STy 4355S0 BtV dntll oliad) it dmdall (385 o g &y 31 lela Y1 o
PAURXNPRELCH (RO B JOPREPRS S HCSORW PN PRe RO PR on
dag G olelad ¥l 3l Lola sl ol Laisclly LW A ol 5
S yalall &g G Gl 1595 Canly 5

s o plime Sl py A 5SIL 5,05 ud A k) ol dlall o Lams
dly 5l aab Vv s e 5,k S blied tha ol B 55y dnch)
o o Sl e 3L 8IS (Y 1, 1 S A &S ol o s
e tons 1 Qe o LB T sl ey 5 1 3L e 230l DY
Lo L Lgd s gl 0l ¢ A p1ST1 g a3 45 Coenno] il o 0T
sl i ,ib S blaed dlgadine § Aoize ol palall OF SIS dr g 155 1505 055
S s 45 5 gl S Lo ol alall GLASS| dazey g deize il V0 v Sla
dio i i SLAST & el ya IV L (3 LoD Y Lgalanay o A
2 25 ol i ) goed B a1 8 a1 O e o sl 0015 4 gl
Aol OLE plaseal O3 LGLEST Cnay

Induced Mutations &Jow.dl o Jalall - ¥

3yl ol gad A IS 5 o5 Dt Lozl Sy A Lyl
oS) Bl Lge <3 sty Lol Sl ilall oo 231,01 35U s Joliss
bke 2SUl &3 G pVAYY ple Muller J e Jll I3 3T S X-rays
il A cldall Ga el SUISs UV dsenind) G 10t i
cialeadl 23LaSTl sl ML dlalall of ciaisell 41 dais L) Temperature Shocks
Y s e A GSWI LGS 3 dle Jimey gl o ,alall OF J go a3
5| Penetrating Radiation s3Li)| Slelad Y1 o (S . Jolas | A1 & oo oS
o Tonizing Radiation & 31l 4asY! 1 High-energy Radiation Wl &3Uall 13

ol jalald Bl 5l L



B e Yoo

AW e o il gl TG0

W Y G a3l o el pl s ) ST o e ool jilall s

Aagd | 1M 3 e ) 65 55 LLE <Lethal Mutations 5t o jib — )

bl 43 Lo sladl i e 5 <Sublethal Mutations &8 iual ol ,ib —Y
e 25 s

Shas Yl Jalye de Chos 35 Sterilization Mutations aall ol ,abs =Y
ool L e o il g1 1 1

Genetic or Piont Mutation L 5l Lo o) ,ib —

ol bl s 51 1 50508 5 o Bl ST L A 35
L | Ly sed) el il UalsS oy Al a1 (255 Jols Lgne ety
Je Freese 3 Glbl 435 . oze paandl O ol Lt b pcomy 1 2250 1
A tar g pasp S1G A 5T ) g 00 520 b Jibiimy A D)l
o s J& A A e 3T |2y Transition J ydl pllaas € o T
JS&ID) Transition Jltzu ¥l pellaas As Tor € s G oSl 5l ooy 1 |

,{Aarj_,
T
CHasH
%I o A G
A Js5
AP Jlrdul
C

ol ikl & g ol L g Al el gill Alazondl YL L(AG) o3 S



Yo it
) i) ol o | S

3ol Lo g A 3466 JIbzl L o ‘Samesense Mutation 43l ol ,ib (1
045 0l Ly 331 3,280 yand 4 VI el Lit5 b 2Ll (g 5
el e A SN g ) 3 s et iV Gand

Lo g f Bels Jlozal Lgd (= Missense Mutation bl ol ab (o
L 31 18] e o AT gl ek iy clgee diiz ¢ 2500l
4'..-11 sl y i b & gi U] 25

Lo g p 3ol Jlazal Lgd (2 ‘Nonsense Mutation | dayde 3 b (C
o By bl Lagle A5 5,48 0,55 ) o3 e cldle g 5T sl
(AT 3 SN 3k & gy (Sl G Al

wild type

& —- - — R
Protein /_E}LMEEM@EJ\?MT,
Amino end Carboxyl end
Base-pair insertion or deletion
Frameshiit causing Imnmﬁ;m

Extra U

Frameshift causing
extensive missense Missing

| Met H Lys HENCTRSHIRLICEN -~

insertion or deletion of 3 nucleotides:
no framashift but extra or missing amine acid

Stop
el ol il ¢ 1 .(AT) o3 S



Lyl e YooY

Chromosomal Mutation & gw g0 3 S ) Hib —Y

MY BLSY! Sl Laklls Macrolesions 5 oSl 5l 2N Jatiy
L) ¥l ol ikl SIS ikl sda ey oo g g0 5,501 JLYI
- JFrameshift Mutation
AV Lo o il il 1 R

Forward Mutation &bl ol b —\

Wild Type (5l 51 kall (63 A1 8l lis (0 Lo peis gl 1 3 0y
-Mutant Type b 5| b (63 = 415 ]

Backward Mutation £.8s ol b - Y

gl S g sl ol 5 1 o jalall QIS any 0l
W dond) Lgnnd g cale V1 8 jaball ad it (g1 Gl e (3 o (T (3Ll
AUl (63 A S lhes o i et o3 La g o gacelall Lgans s )
“Wild Type (g I 51kl 65 A1 9ISl dae ] Mutant Type
L1 p g e o il o T 2Ll

ARed 1) Land | L] (8 &ud 1 Somatic Mutation duewa il ,ab —

Lokl W (3 Sud (Gematic Mutation (Luls) L ol il Y
NERMES))

ol ikl atlas
Mutations Characteristics
clatie (g1 0 gty sl pte o U5y 155 iland ik oyl =)
S A G Bl commal Y 6 S LSy o gl 3,00 il ikl Y
S
oo S Jat O A1 S Sans om0 niams Wit )l Y
.5 b



Yoy < ikl

L5 Y L b b ol i)l Jame = €

oSy Y Lge s O Y] a5 g0l S e ol jalall (BLEIST dazay —0
el IS e il b 2 0Y dlgle YY)

e Lgadine Sl ekl -1

SloletW g gl 3l
Biological Effects of Radiation

Ll g ol AgSW L3 3 8] Da2Y (g il SN J g BLEST amy
Lndl e slanll LSOl Bzl il yilall s Gu BMAL Lol wlul yll e
i b Ll (s il byl Gl IV g sl il Joo 3 i 5 ¢ 5]

T ity bk gy 80 S| Al LS e G b iy ) pilall Jutas 01 -
cielaz i lall ol il sde Ol ¢S] dndl e o e g 13) 6 3 ma s
NSNS 3 WRPPS PR D P IPY

ﬁuﬁjﬁjwjgtu‘jlwmajm I P T
o225 BB ol il e gluze ss (J] Ladss B, Ayl i 4 Al
37 olS O) ) piall oya sleme 55 ) (g5 M3 O g 00 plal IS
bl i Sl s i 5 el

a1 O s o ¢ o] Al plasand ie dor U1 J ) 8B dor 0 Y-
L BUSIL Lpalitdeaal e a2l U a1 8 onad 2ntYI g o 1 4o

130 5l o ikl

Physical Mutants
Clelad Vs il 3 b ZadYIS D50 50 ol ikl e ddadl s
sl adans 25801 &Yy B lay 0 W dnsly Xorays e8] dasls a3l



Ll e Yef

N Tz 45 o a3 b WO ) J gt ] Il Ll ey 202V
ool padall e dydadl B 315 J1 3 o Sl g-.!l_, Free Radicals § ;&1 ; gk
T Jasly ) o323 ey eitr g el A 301 o 355 i) 39 22N U]

sl ol Al Lo Al el 421 G Dimers

LSl ol Lakal

Chemical Mutants
Jotd dal1 06 a5 OV it A A3laSl ol palall e dydall Sl
Dlgnay 3l s gl a5 A b 23l a1 (LY e Alds ey Ames
del il Lol 5 ellas] Bud I iBase Analogues ol yill Silpplie =

ZJ:.A Ll aelas #L‘.ﬂ :.:..:s-_;jgﬂ
{C};_,l..q_,::_.JiJ.ﬁr_}.ech_Ja;.“é.ﬂ1 S-bromouracil _fuul ; g2 303 » =0 (1
{(G) Ol oo Jai

.2-Amino Purine- 'y 5 s yosl =Y (o

2 QU1 E13) ol ik s I 2 Acridine Dyes gty SYI Slis ~ Y

ey Sl Ll dlie jam (354 gl Proflavine (sl {
055 oo gy LAl oy 2l el sl G J ] ety (gl el pglall
Olailly Bl S Caeladl 3 ellastl | gl g Bl el o2l & g oy e

.Acridine Orange ‘T}LEJ_,J! ;ﬂ-l.l)ﬁi (o

JeN! 1 il degeg J& Lo Land [Alkylating Agents 2SI 5Ll 51 511 -
o3 Al Sl &gty Loy Yol 5 3 33 6 a3 )
Lgleel

Phenol J 44l (1

.Formaldehyde Jalls ; aJl (s



Yoo ol alall

-Mustard Gase Js &1 3l - ¢

Nitrous Acid 3 Al jas~ -0

Nitrosoguanidine il g 35 Al =7

3y iz s 2l delyall 50T Lo 5l Llasdl 51kl e e né s
LS o ] N1 sy 0 Wizl y el e yamaS Db oo pot
o2l el ikl Slusy Laa s Al del il bliyl ael g uiiy o g5

REIN]






A a))ged)

duaioll dilygll
MENDELIAN GENETICS

Jdza s A3 .:-\'_}L:J'Iﬁ;h&dﬁg;@dwgﬁiﬁcﬁtﬂﬁﬂlm&j
Sle & Y30 ol g sislall oliall e Laadl e &l Y Ll s
2331 0305 celadl s el padl 5NN 0 ) U BLEVL 6 el Slw & 515 2l o
e S 1 O LS ] dmandly ppecdl 11 K85 <ol g ol yinall
f ol S 5 il V3L 585 OF (g Y1 Wl ekl a . gadl gy g o] 3
oYU UL Jua Sl A 513 Lgomails' yands L el dilive Ll o
Bde SULAN g5 laall W 33 oo STy Ll Sliall Je g8 I
Al e A o (515 el Lhaor 5 (et L]
st DoY) caanly B2 06 56 3 Slnide 4l Jae ) S O gy
SN s 0 56 ey GBI ((linall Vel 0 58) 5T 5N Jos 0 56

(Jaadl 5 A @j,:n O 518)

(il Jiymst 58 J gV Jukie o 516
Law of Segregation
Ly ol gl SV QLY AT Leust V5L gl s )
Jor JS B e g IS 050 o9 LINNS G Ostinal] (il 3515 o ST

AR



2,0 e Y oA
‘z,]n.U-i cf.nl:ﬂ Sl o «Homozygotes 4.3 sl Je Jamed G515 c:il:ﬂ o5

de Lnd g QLY AT Ol e plall oy Bl oo (Gl e 0
Oled) N1 Ll Bl wdai OF sy (Sl 1) Sl YT il Sl s
el Gaadd | 5dli £ Wl s bk o gl c..xun Ly pe
JaYl Sl L == Ol Ja>Y 43 5 .Heterozygotes (pmed! J 51 Sl ol
A0 Eas OF s L (A (3 S0 ¢l o 5l 5T 13 Filial-1 (F1)
aall VO i e By Llgisly eV 0L B Lo el
a1 Ol Bius s (tsLl Cpdl s Lo Jy3edl Gy <Dominance s5LL|
da.all O +“,=v;:l.l ol ea Lee J g sedl (nd| g (Recessiveness Lol ddiall o
o 05 d A e el il (5l ol 5 B (Y1 S 3 el
csaetd N1 ) 3 el Y 1 LT sl Bl s 3oLl linal

(il 2ial
HfL.&.,!JLn't & RRZ:.E#‘;I"JHJ}I
Eu.m R R
~ r
® *.
I
_ o W
g ol J Y1 51l o

S jadt 291 o Sy Al eus

2l e i el &l a5 o Sas Sl o 25 58L Linall O]



Yq okl &1, )1

OB ey 83bd) s (RD) Jon Soedl 2ol S 3w e endl
Genotype k! o351k (3l S ¥ A1 S Phenotype (s elall 1l
Ol b gy Wl 01 oS0 A1 3 ,allall Ziall S5 (g pdall 1Ll Auaiy s
Sl 4 deaky b RISt Y1 G Y1 0,1 2 s ol
A SN0 4G s o3 VU a1l e sl SLeb) e 1 ndl
IS 5l ] ol ghase Y] 3 Lo SV Sy Vs RD) s 51 RR)
(g

ol Sl 200 Jelpal de Jud B30 Sae it Jemial
LISl e O Il saslldl diall G e OIS L liall e Uygadl
N 4k B AL Gl ddall e (S D) Lede Jus A1 4 e
o e (R) G A0 ) a LI Red N1 0,01 G e - saall Al
AL e wLI Tall J gl s o(7) 3o JU o o ol Y1 0
P g Aee S JMs NSy (1) 5o b & e el el G L (T)
daxzal G LN AN Ll e, 065 (kNI oy Ll
IV e bl () g 53V LauNT oldly «RR) 4o e £ 3 Joe
LA b dia) e Jogt (s ! Sl g Ger LalSy L(RY) o
e TR

SE Lay 515 ks Ziomdl J Y1 bl LS 856 cany £ ke JusT o3
de (Ol 530 olualdly (Al G pe) 5,53l (el zLaaYl
@Yl g Blin 48 Clas Yl idas o1 35 R) () LA cold] o e g0
byl il o g 22

CAJCC PESS PISTA W PR PRI RTRIN 24 QIO NS PRSPR | UL RO
AAA o3, Jssl P2 gl b bl



B0 e Y\

Rr s ol o~ sl
Re s ol Jlagl U R ’
R
=8 “‘."RR *‘R:
r
%Rr o

Loaal V1 AT G L sl
,ﬁh:gﬁu;&“:gﬁifﬂ
Lu“.'l'lfr'ﬂ}hghlc:w;p@ﬁigml&f_-ﬂﬁ1jlﬂl;gﬂﬂijlﬁ! .(hﬁ}éﬂ;dﬂ-ﬂi
o a3y 2]

Ol Ao OF (g1 «a3l 5,0 a1 Ol das |yl W1 JAT 3 L
I3V O il O Ul s o Uy i g colinldhl § il a0V
A e sl Uty el n s S22 3105 B J51 01 oyt g
Az da e Jaih sl G e el IS g 522 colinald 0 1T e
Cross Test [‘_?S.-JI] $ b1 el

U A dad) Lialls Ol Ol U A1 4801 dial) (el Sy Y
S o Gl Sy S 13] (g il L 51 IS oy ez 5T 5 il L
Juze 85 M L3N 2N YU ol i gl e e Juie Olal i)
o b G bl N0 ) LY (15 il 3L e e Sl
O ot W51 b OF s 1gd 2T 0 o3 2201 3N G LY et ils
OISl L51b OF pmy g ] 00 13 jlal o b 13] L ((RR) Ui
daall (5 bl me Blals ol S el Say (6,21 22y L (Re) Lo



ARR iz,

Wigd O 1 el JYI gt Sl et OIS 1308 (ol Sl 4 ) Al
SN OF s g Gl 00 U el gb 13] Ll 85 clS daall OF my
Loea 015 (g ,ghall

: gV Jae 0 56 Lo
(1) Je.

o (5l 2in) B hb Sl & Lo Y5l L el Jua 13 @
L IV L Ol Slio a |6 —(Ronie 1ds) jmad Sl o T 0L

‘3
F1J Y1
TT i il ol Ol
gLyl T T
13 el Oliw t o o
) Lt gb Gl et gk Gl
t Tt Tt

e feb Sl o b Gl
T g e 3 Y1 b 5131 e

B2 gl 2
Ttz b Ol
gl T t
Tt & Ay yb Ol T T Tt
B sk Gl e sk Gl
t Tt tt
Gea Jusb Gl e Gl

,ﬂéhﬁ:;ﬁn&jéht:gﬁt}”ﬁ&h\



B0 phe Y\Y
(Y) Jis
o sl 80) 5 o jao 3y & LT Y50 LS G puls o I3]0
?L]JS”J:J_*‘JJJ{G"-!M@U_(;?‘:‘uﬂ}?ijﬁ';}jﬂdﬁ.i@u
:J.:L'r
YY L ol jine 5
e Y Y
vy ol pas sl y Yy Yy
nren el pio sy s el iee o
¥ Yy Yy
Onea elpio sy s el Hads

i ol s 3y I3 J N o o 31 e

(!l a5 5301 0 18) LI ke o 46
Law of Independent Assortment

o cialadll linall o dorly 95 153 ol aplE Jue el Of
Sl 5l sl olaall e s oo ST LYl s WsT Ol o
ol st g JS8l idagt 50 ) 5Ty a0 gl ol Jhm g S8 8 it 5o 2V 5L
Lned 55 NI ladl o Al Oy 15 3] ol el gy 5 215 00051
LS 38 IS ek gy S5 O gy (K 5D) Y1 Ll e Je
o sl 0l 3 sl Lao O s a g <0 g0 ol o IS itz 151
a0 dis Lo 3le i Y1 O WUl Liws 0TS cladnd Li

LS 5 o bl S o sy clgmesi dny I Y1 ) s 05 8
o L) B e pn 5 S G ok 55y e (515 il



A\RLE Ui a1,

B s ol jhes 9 N Bimas )il gl

Y¥YRR L oy
v v
g @\r@)
Js¥) gl o

(V) Jia

P T
"z s ! ]
m@'m Y¥YRr w;'wi
o YyRr | oR |
EII!I1 ﬁ Em"‘@irm VT W,“"[
“Oloel el "l [, [9]Q
@) D @
YyRr | Yymr | yyRr | yym |

\: ¢||).5...a5..1.-$_;._,..i._|‘|"::I_‘ﬁbiaﬁm_,_,i.:f:sl)&ﬁaiﬁm_ui!ﬁ

(V7Y ) el Jast byl
C}Jﬁ' Raaatlt ﬁT.lq-daEJ:—JﬁEJLE‘M olaall ‘ih':-"‘c."j ;_;;S.r (S _,-I_p
3805l 5 90l R 5T ¢ stV B a0 O 15 gl Ho Head ¢ 12"

Y gl VY

oF s d () Jams sl wliall e o5 J5 01 my lay
ooy n_,.Lawl;'J_,.m iial LJ'}'LA i) " J_,.:L:” EJU.‘.#IMLﬁ?lEJ_:M



L0l e Yie
e 5ads el Lo ldas . N1 O U1 dina) G 3 G 5501 dad
Jro s My el jheo Bag Hadiy el ot T pdies Hady SO HS Com UI
way (Jazdl w5 31 056) G 656wy Jf Gl 4 lE e Jte
salall oliall o g3 o ST 3 Ol Ol sl 3 13 Je sy (g1
22 Wit 31 Vi U3 5 555 il oy 2ol il o 35 JS 00
Al 055
() Ji

i L) 8 e O I Gale s (BT o 5155151 (S8 s 5, 01) AW G5
Jsb die) B Gl ogb O 018 gl 53 ae (55l (oL J1 01 2ino)
TSy Iy bt o 3T lins |3 —Guslus B!

tJa-
F1J Y1
GGHt L& L § b ol
A L Gt Gt
54l 53 . . .

ol Josk : - g
2gTT Jesk @b Jusk @by
s Lt Onres Lt

eT GgTt GgTt
Jesb ol Jusk oles
B Urer L

el T UL RPRP [ P [ W P



Yie

@oley 53
i b

GgTt Jnes

sl &1,

F2 Gl 2
GeTt Lzes k| Al b d3le ) 5]
. GT Gt gT gt
GT GGTT GGTt GgTT GgTt
&3k, L) gl &3k,
hl usk | Zld fosk | Fldl fsk | Al L
Gt GGTt GGt GgTt Gett
3k, LY L) &3k,
gl Jusk | pld el | L fogb [ AU el
el GgTT GgTt geTT geTt
té"L‘ ) ié.'lLt J 3 _,,....-I 3 _,,...-T
cUdl Josb | gl sk | bl g [ U sl
gt GgTt Gt geTt gett
Sals, sl 3 _,,,..;I a _,....T
cid osb | L ead | ol g [ ol sl

Y o Y1 el O 1 Dsley ol 31 ¥t NI AL e O U dsbe, 5 31 4
(Vo oY 18) oY1 eas O QU105 gl 5 3 2w NI oo O 1 s g 51 1
Tl OF s s Jo B3ladll linall sda a5 JS &d Lom
gnm,‘w Sl J] Ao V1Al b ol 3YI G 2l SIS ) Y 0,
A Y15 ad ) doear YV Al yb ol Y Gy L) SIS 5 ¢ VoY (T €20 Y

N

ARTIE SR



B0 ple AR
Ll 1, I
Non Mendelian Genetics

35Ul ) 055 3] Y1 e gl a5 pes Y VW Jan 4
ol po 5as N AN U ada fa ony . 51 o Lo alay D6 clguis
dol 5,05 pe and) Adaladl T 2adl sl T ) 1,04 Jue
Bokey s =Y ! das iy e Josedl Bl Slb] de ]
Oy &, U3 ey (B A2 Lio ) b ] 25 8 diall jlgb) (8 (eI DIS
o3 Ol 33V O (Gl 05 A1 13) 0 pm o petdl AT G Al
(gl i) 3Ll
Short Horn {5 38 &5 g2l 1 3 o J 215

Jls

O 0 0l el s B o c0 )y ) Sl pn O T 3 15 13)
oIy N0 a2 5a (T o N G gl O Bl 005 I Ll ol 3
;,._.ztfm_,c,:?t.!1a_,Ulaﬁ&ﬂj.f?idﬁwl»‘ihquﬁw
oy GUII ol 513 s SV 5130 e Ol 3 5130 Y1 5
oanlV i el Y Al

Sl ob ol G YO Bl

sl 2V e sl sl sl sl G O el 13]
W5 IY ekt a3l 0 ) b 8 3 =Ly



YV Ll &1, 0

3 AU (¥l m 1 001 Loy i) 50 a5 sl W oY Lt sl 3T e
IS ol S
PSS R VS, (PPTSPR S VSATRP R B

10l gl ey LN L3 1 il 301 0

Complete Dominance dsl2) 3sLJf —

Pl S8 ks o el Lo b dio e Jppudl L1 015,05
S 3 Gl e o el o el Gl an g clge J mndl Aiall B
(R UL G 30Ul 6l ot 5L 3N10 ) 2o S5 Jliay el o



210 oo YVA

Incomplete Dominance (4l 8) Ladldl ssLJl - ¥

iy oS S8 e gl diall L] Lo fidl a3 ,08 puts s
Sl ol sl Baall 3 700 ey lgme JS 5L b oY1 bl das
e Ol il ) 8 sl 5 e 2N el e NI O ) i A3 JLia
IREYTYCIRPRA A N /M -4

Codominance (4 sl.zll) 3 Lallsslodl -

o5 oo JIS JS8 i JNgBy ks o el o S 5508 o
- AB (PP)pll de yogt S5 Jlay der dds ) p4b5

Epistasis 13 4a)l sLJ1 - £

Uloda s V1 i & 45 Ao Jleb| Lo dladdl St a5 oo
Jea . 5T e (g a5l ns o @ g0 3 o i 1S 0LV amy
o> 1o 10 ) 5 gy SHte O 2801 i o lgnltl m coikall (3 6101 O ) I3
b =l a1 O 0kl 51 alls 6 3 B 3 I g ) B SO a2l
LA o0 40k o 3,30 G Bl o 3 i 1539 ol 5T S Sln 30,5
S 25N O 0N ad Qb 5 1§ Bl sy 1 € 3o Il sl
053 0 €€ Ol Sl ozl 13] S0 b 3 B ol 51l Jo sl VL
Sl Of 15 N1 O sl G| e el Jai (D) el 0 S 5,3
OB a5 aa (GBI Jaie 0 46) Jaaiie JK2y &) 5 o WSy 7 555 L
31T o G ol il 00 055 (bbee) O Ul ey 5T s (BBCC) 051 5 gl
O 55 G At 8 LT . (BBCC) Cmen 5 sl G Jikin 0 56 mm I Y1 L
(AR o3 JSAD) Gl &1 ¥ sl 4 Ll



TS ERRETR P

.\

sara\’;/ﬂ:cc
Sperm

1&@ 1;4@ 1&@ 1;4@

BBCcC| Bbcc| BBce | BbCe

3 5l .,uu. (A% 03, JS.JL

Multiple Alleles 3zl = SUY
8)1MJ&'C,§JJJﬂT;rﬂRM"ﬂ#—hL@cu&#le’}lM
PSR EJTAV PR PRI PRDE S INTLIR| BN IPEVNCE W X NS PR W SRy

ol it 28T ST oI B Lgd s gy 15 alal) oay IV sy
t el JIW (aane) O A o foatang 3 ¢ S D oy 2L LI 30
e G T VT Jlemtaal e Gy i s (6 Y1 Y g

c<ch=et<(C _,T a<a, <a <A



Ll e \AE
o e O Sy SN e Al izl 4215 1 ST A1 sue O]
IOV +0) & e dslall
Gl Sl dsl b el il § e Vsus =0 &
0= AoV, I ST gl gl =) 10T s
0= S Y ST sl = Al 831 01 ST gl il e ¥
e
0B Acasasa a OO E e &Ko IV e Ak Sl 01 13
V=Y O+ E =t § el 831, ) ST gl il e —
=M S e gl T -
il £ = AoV 231 JI S gl gl s —
U= 8=V = Al L, ) ST T e —
ot ) oS1 U -

aa aa, aa AA
a3 a3, Aa,
aa H.ﬂ.l
Aa
taadak] O Laladl ol el

RV [FUIVCEPRPNPE B YA KIS PE A5 DY FP ) PRI TR

Sl pealadly Batacl] AN e it 2y Y

ool jaall o B3l SIYI el ¥

A otz il 3 Bl SN 1 5 e —
Polymorphism JISCEY! saas

Eall o1l O ) o T A pn 8kt &y sgle 5 b3 g g3l o
ERPS OIS §- N1 3 [ PRS-+ EE (R K0 | U IRV [ KPS N ¢ PR PR
daglall 3 SNV g 2l asl f e s dnall (383 gor g5 pallall ada . DLIY!



T

sundly diagiyoll gileaill dilyg
INHERITANCE RELATED TO SEX LINKED

3 il o JudE (3 (g 135 Sex Chromosomes Gamuiakl ola yun g S| onli
oo g g S edn Of L ¢ iy i M atliadd 2155 3 L2 s |
Sl o a5 S (383 g M Sld ] e Ll 5l 3 il Bms Sl ot
oldlsda 5,k e &yl g"“ <liall O] .Somatic Chromosomes & |
dor g ey 3 ) olaally W sl L ag il B3 e Olie
Jogt Ve« SV T S e ol g (X) gm0 S (Lo Sl e o
(Y A0 &) Sl lealb ol lidleda s LN (Y) p g 505 S
Oy 542815 o patdl Lan Lo Hairy Bar 5 mdl O3Y) J% <La3 Holandric
(8 o3, JSaIDAboriginals GdaoN1 LI AT

oo AL e Y1 e Las o g OIS o il g L lid s
g <Gbls S LI XY (o g S

p}?éiql.!L‘?u_‘ﬂ ‘éﬁ1xrf_,n_,ﬁ1w1:ﬁ&::j:ﬂ)d;ﬂ ikl e
il g bl e sl s Lo 5 gor U S 05 Y p g say ST 10
.Sex-Linked Genes

Y 5 X o gon 303,500 oo ol ol fatiy 1(0) LW dakeill @
W edl Aol Sldl ol e de B ped) Sl s
.Partially Sex-Linked Genes

ARR



2,0 oo YYY

‘éI 4.1.:1.1!_\5[ L.f‘j‘HYrJ‘"J“JJﬁl"! ;J'"":J"1 l-_;J_-l J.A.JJJ {E) el dalaell @
Al Sl e M e 63 ol Sl (od X g g0 S (0 3
40 B JsaJl) Holandric Genes

3 el ;,s'ﬂn.h V) o3, S

{ojii Ungd ju il

(=)

| e pelaly A e e

(x)
(g)
Ayl Cliae

(Y)
Y3 X (o g 3 S Jo Sl p1 50 (A1) (5 Jal

s BNy S g Lo o 5 X gy SO o ] 8y 5 il
e g AR e X o o Sl e ) o B0 8 goo S Gk 5



YyYy ool g L asladd 5y

By X o gon 3035 ol o g IS ¢ SV i ) e O oo Sl dr

e I R P
Sex Inheritance in Humans

Jo et Ll 0585 A liall &l ey 23 b olially dady
OF (my 118 Y s g STI Lo ) A 65 g0 dor 2 Vg X p g 03 S
S eVl n X pgrisns SI1 Gu b 58 0550 55U Slinall sda &) 5
de 85y p0 Slis LY 6 ST gl Jf Slinall &l 15,0 o) LY O
W g s il a sl N1 ] Jaas pogen g0 3 S iR g X g g S
10l g ey 2l lieall &1 5 w5 IY ey

oS e 151,55 2810 4S5 e b 2l M 31 ) laall -

SV e 2N Gam o puedly dad U 830 colinall Jams - Y
aoldlestisl ) Jams Vg ey Gk e Sl eslisl Civas ] Slall

LY S el ) ey B 4 23 0 il L1 &y gy Y Y
orleel o VI ) s p g g S e 5 (X g ST o B3 2 5o ilins

LY ol o8 15] Y] el das A3 0 Lal a0 LY Olas Y - £
wllas 5l o el el lgal 5 (ubias

S o oo DL e el e M &S M ol a8 e Sl Bl
DL ae s (LS yod]) ot
Hemophilia (L3 yard!) pl & s 12 o 1Y ]

Sl o tpddll dew S3 G2 iy o G35 Ao By Je 30 il
LIZ pute s ¢l G 3 B 0L S el Slkeadl s & gilall JULY



@10 phe YY¢
S ol J) Sl e s 2aall s OF ol coes 5l 3 5 p
Ot a s (h) s Jbad) 50 e Lo (b A oy 23 55 W o)
U8 055 g (el G a3 g 55 (X w35 SN de ol o 5
Anti—Hemophilia g -l g pally LoDl (8 pull & yed LM Lol
LLoN! s 5yl Vs i s Factor VI el falalls oy Le 51 cGlobulin
G305 g2 ) Gae () Jaloecl) G i 1 OF s cplll G35 5 5
oLl St [ e s L1 10b o Lall 51 ,eY1 Lam Sl O (S o oy
| P B U VRV VU P-{ BN P PO Y I K1 /| PR NE R
AU e ST S YL i CORP-PRP AV IRWIAY

Lawes 31,11 0 555 O Il b (XX i Opoo gow 305 S et SUYIOT
I L 5l e 5 el Al 5 Blas

JS oS 5 Oladas el Gl s 1) e XX 5 Jall -
Ao (S0 S5 UL sda b pull Jalowdd La 331 o liall

Joo Jhas 3a8LJ6 (ol 5 sl o L1 Jat XP X 2l 5 1 Y
A ilan gy b el Al SN0 ST UL ada 3 doul

S5 Olaand ¥ el Gl )y gl et X0 X 2 )1 Y
o Gl N1 0S5 D 0s g cptl k) 2o 351 sl

§ei-] 3 s OF 1 (583 (XY) ) Il g A0 iy 5 S 0151 3V
e

b 0555 SN O W sl 85,41 Ja XY 1 1 S 01 )

Llas 06 SN OB I ol B, 01 Jot XPY 1, I oS 31 =Y
rdla

TolVluce o M g Ao |3 pll 35 2 AU ol ol o5 9 5303)



YYo by i Ll patlad T,

e
;L_;uls;,-_,‘_w_,,r..ﬁ;;w_;m,‘d;ﬂw.u.-aﬁm&
XTY pbes o
el X u
o2 ol el il X XxaxH XY
XH XP Laghor 2y s A 3
X XH X XY
o2 ol dal ooy s Ay

101 g Ll dgadd o

0 gplas (10 4) o giaaiy O yodas (V0 0) 5 Sl Chaaai - )

o2l Ml (0 0) fghal g el (V0 0) SUYI Cavai - Y

Al iy 1Yo 5wl ol 10 (WIS mldl 4 Sy \S
comleas 5537 Y0 500 s 5 S3UY 05 0 0l
Color Blindness )| _,N'r Y

a3 N Gl el e 5,00 e o O1INT as e
Unbd e powina GndleE Ot sy G2 M oy (A G35 2N
e - TA Qs J 2 AN Gplall b s Ay X p g a5 SO
ety ey ) o2 A e

e Ve Sl 4 Sl s 5Las) 2SN ga 5 Deutan O gl 1 5Y1 g )l
N UL U R PP S [P I HE AR SRR
e e ISt ol B a2 0355 (8 0 s a5 Xy g g SO
e laalls ek IS8 ol S Tl oS5 iy B ol L
A&l a0 g ¢ sy Y1 s Ul o lalz 5



@1, oo AR

ya.ﬂ#ig#g;w&tﬂ”h&b&ié;PWﬁUJﬂﬂ ,ri'.ﬂ'lt._,.'."
A 512 (3 Tn g5 ey 15 X p g 3,5 o 31 ) ) b
Ny N Ul 5k (3 el oag Sy N1 0,08 5l

DI o LY 3503 . (AY) o3, )

oo Mo Jol8 3uke 4 Sy gl I o 0 N1 ms cplaall o ame O e
4....555,1.{-!L‘.:,-h,j{_]...e,u&_,..u;_.r_ilal:._.{-l.u-i{_j..éﬂ_,-'.d_,;,.u.h.ml.
OV ae &1,y JUsil b caiy OFIYI ams s |l 36 i OB
.rﬂlﬂywiﬂu
el LI Gl 0 €y O ae 5 L ol G a2 e cls 13
04535 X X Glaally XOXC Lokl 31 all ool 510J6 &3 Je oLy (o)



Yyy ity dad L patload | B

el s o Ll o JLlaxexe adt 51l § hlas nd dieall ol>-31 L

XY olally XY
e
IP Al a3 b pel) Al il el 01T oy Slaan o z27 Bl
Celull e o Ll
tJ
XY olas Jor
EL:.“&H X Y
o2 ol sl il Ll X© XCXe XY
X X oo bkl ey e A5
Xe XeX¢ XY
las oy Slas Ay

:&Tcé;_ Bl J g ] e

.f.}_,.gLa.n(Zﬁ*)rﬁjtﬁj@{zﬁ');ﬁﬂl@-\

o2 el Sl (0 0) ial s coblae (0 0) SUYI Caai - Y

Bl il 1Y0 5 wlblas wly 1Yo WIS pledl Al S (S
O ptban ;S5 1Y0 50 yaddr 558570 5045 Ml

ol Badadl 331, ) il
Sex-Limited Inheritance
Opasn 3y ks A oliall ol el bl ssasdl wliall G s
A0 i o Lalor pns pasiy A Sliaall el L a5 K00 |S . pme
o i) s N A Sl paad (i I S e Sl a0 g 08
SO0 o o 1 b - i 3 Sl o Beme S 3505 55 G V) Lo



B, e YYA
GV Lts Y otdlaia 0TV 4,85 Oliv 5 4,5 )l bt S Jod
ol iadodl il pos - o I ki prmas oSall 5 &5 4553 S a5 g
et Ll Of o2 el 0 g Jas U I Lo oty (gl ol md o s
Toalll ) ygb Sl 05 eV OIS ¢ S S 5 G Aol nd pod Sl
Lo iy Bl lduall Sl OF w1 st Lo vl ol
Lo Gudl sl oliall ol & SU olge bl 54y 3 B2 SAI
AV Sl A g 3 et Y

T gl 5l Lo o N1l 2 S0 G a1 513 o el 0
Jilly Sud b Ssuomdl lially oldl oldl dak 5 § st oy L5 o 4
b 4, Jally 5 . U gl doelll s yas ] (63 5245 O o 181 805 Ol 5l pke O
A AT Bla o 2SI ga A 5 g S (5 (58l yay OF Ky
liay S YT 3 Cldl 5] 1ty clghasy i) Bl Sl Jo
U U g8 A g bl s Jas 5,201 01 Y] ) s e 3 31 08
SIS pdly sadodl bl s & Y1 o 315 g (3 Jakis | A b
G ot bl s pay Lol Sl B () ol S5 3 2 gl Tioo
o At D01 kenll O ol I oy il 1] 2 ) (SN g 815 gor
Sl pe 2 D100 ALy ol ol (6 N1 2 M gad i gy Y
S G o it g 1 e sy i o ol i 5

ot el G Gurdl Baamdl il o SIS Gl LY g
Lol Slo gus g3 S Lo T st Lzl 5 6Ls dds  oa o <Frontal Baldness
o Jgd ._;«_.'Llc_.h."...g chondi (g gl Glhﬂ“,k.d\r Lesdy eonmcdl ds
sV (SO e bl 5 o) (ot 5 SN G 4 e el diall ada
ot _patld Caast lailey o 5 daidb ol i LY e dadd |2y cAndrogens
.Oestrogens (par s s Yy gomedls B 11 U5 Jas Jlay (601 (5 45Y1 0 4 A



YY4 i A ) patlad 21

25 Y 1 () i) ) iy iy (B) Bl Cnr ! paal)
el b )

Ovacken 8140 o N0 580 (Bb) 10 S 1 =

dacdo 3T A1y ahol Jor 310 4S5 (BB) T ) oS U1 - Y

vdpis Jailosy Glan 311y w31 0S5 (BB) 1, 0 oS A1 =Y
iiall s 5agh 53m 6 U e AL Sl 3l U U5 ST (AT 05, S8
(88 o5, S sl S8 elakeo 81U eai

iy .-'.".I:: | (5
(1 S R =

bb

Bb

BB

b Sl Lped Al aball all (AY) o3, 58I



Lyl e Yy

bb

Bb

BB

e pleall 5 g o3l alblas 13, S b g b 30 .(48) o3, S

oL sl A 0 ol
Sex-Influenced Inheritance

o 3 oy el g w3l L ST A1 a3 S Clinall

o AN 095 i § Al 04S5 LesUy epeid| 3 linall ez OF (Sl

«Gout p Jill 12 4 5 Cleft Plate  inall pldll 1 SWUI 3 pelas Al olacalloda

Harelip 4 4a2ll 422]1 s Anencephaly C'U e fals L,.ﬁ”l sl YU Ll
e s

S g b 515 adns ¥ 013 A ] OF eotad pll endl s sl e U

NS 5 g a s ule Y15 SIS g 3Y) de1c.a;Ju,§:mwu-1

_USJ.HJ_:uugh'}”uudw1cchL_4YJrM|uhlﬁ



Y el g M asload | B

() gl oo M1 g ol Bl ] 0585 01 LY ki UaN 5
JSAN el § il g Jlor I e e 3 g 5 el L) 3 2L8 L
sl sl s w5 § 05 2 5 Lol il g sl Ll .(d0 o3,
) dowza LYy o) 2aksdl BISSL 09,801 yod e &gl g ¢S
LSl (3 Lo U7 o Bl Ty 63 nad 35 158 5a5 Y ey 5 oo Lo )
e Al L Baasdl

R LT

il Sl o3 Uy o ki (randl) il M a1 il g (40)45 Sl

ol ol 21,
Inheritance of Blood Groups
ol g5 Slhes § LY plll aale Bl 5 Ly LY oldall p2al
(V0 (3, Jgad) PP s dilez I B 5 g2y ol dadl o 51 5y
it 5T e 3] e oy WS (§ o B Bhin el 86 at JS 5oy
B3 g5 (3 p g g g SN slikzal Lo Lgad po 3 5 2,85



2,0 oo YY'Y

5l 31 o 31
A TS

B BB

AB IA TR

0 i

Ol sl G 10 Zegdl Ll o Ll 5 il ool el By i
G ol ksl eLaeNl 5 ol ol A Jaadl ol ) ol ol J&5 23T § oy
V03, aad ) ey o kel V1 sLadll ol ool

10 Uy Thazoedl g Ahaodd ol ol (V) 05, k)

A ST e U
0x0 A:B:AB
OxA B: AB
O=xB ACAB
O xAB 0: AB
AxA B: AB
AxB --
AxAB 0
BxRB AAB
B x AB o
AB = AB 0

o 6B 0 i gandl 5Y15 AB ol i gt llzeg Y1 sl OIS 13] Hted
e s AB I 1 ARB I 2l 350l 1Sy Oyl 50 i Lty O o



Yy iy s M patlad | 25

el Jog Jib Ol lgele Jomiy 0 &6 502 o0 Y iy 2S5 O
AB 4B, A
QI UL e U3 ety g (31 0 e 530 ol ol 15 a2
ol Al - Blen e pat il Gar A ks B yat s 2y 5 13)

Coly ¥l e 23 gl pul

L
{I‘*i};wﬁualﬁﬁt}q-_;
gl * I
Lges de past &1l I® AP i

(1) s B (AB) e yoz s B e gaz
i 4 ii

l Uner A s ges Ois yas

et Jolo
Rh Factor (Rh)
Jole p VA& ple (3 Wiener yu5 ¢ landsteiner 2w Y QU i)
_,:JELE:-\JQ@;Rhcsuswy_;:jﬂlradﬁ[..,:JL_E;H‘;RhFa-::mrU.AH)H
oan e S ps Lol ga ol 0T 4o 35 e 2l oty Lgri a1, Y s
G 3 g OIS 15) Lo B jal Lol Ly 3 A1 IS 3 (383 g L1l yal
ag W St b of Bads Jf Yo g5 Jadll s e SLYIS SV e
123 710 Yy Lo 201 on A0 333 o ol pall el 05 0Lt L]
(RB) o g I ol Lol n s 55 ¢ ol gl A5 e o 5 ) g
o3 Joladl in Le o5 g5 ulal o5 Rhesus 5,80 o N1 0b A ) &
& Joladl 14 el 51 331 e 05 51 e gl 100 gt )2
b el 31 31 ot s 25001 e gl 5 . (REY) Zm y11 e gad] gl
A(R) LI e gl o gtles (3 Jalall



2,0 e YY

Jad 3T 3 515 S SlasS pll & Sllas (3 dage Jolall 1 B s O]
U1 3 Caluana eI 0T sy Jaladl a3 o g 31 0 016 105 85 1
B Bl (635 05y ¢ g 1 Jole el 0 e et bl sl Jadk
JSta g ol rJJl Ol Clars diad ponay O 5l Ay BB Cudl oy
ol Jo s

oo S 008 Ukt 01 5 o 5 20 A ol el D5 ) g
(R Gl o (R Gol) o) gy 1 Jolo 048G O 8K a1 5l 2030
Variation of Rh Factor (Rh) s Al J.al.ﬁ ksl

Jrat 6 (REY) Jaladl dor o 1ol o(RE) Jaladl Il oy 5513 =
MY s s S

ol Loy (R Jaladl 23 3Tl (R Joladl o pa oy 3 5 13) ¥
Bae 058 S5 Joonld Zedly L(RY) Gl] O 55 el o ) Jile OB
el Jo 5 Jas ol sl Gad i sl Loy GUII Jadt 3 Ll ¢ IS gl 0 9o
28 o) diny adall Jadl SV 3 al ndly Y ey T o oL
«.’.‘-_a-ilh':a'ém{.!_,:gg&ir.q?\ﬂr.\w@ﬂjiﬁda@ll&ﬁfuirs
3 phnd dagtll a5 JoYI Ol 85Y 5 gy ko) Bt e |gheais
et bl § i3 oy (Bl o JI Gy m 2 01 5 0 1 5
Sy Sl &S o o5 S g el 03 ) Lgd A el 3 g0 £oaS g o
oo ol B3 days (R L) Joladl (63 Y1 es J) (RY) Gle V1 Jaladl ol
Lot ol s oy oY1 03 Ty oY1ty LMl putll il S J 50
ploar 1 W dornss 0,88 a1 o G o Al ) bty imy s
plll S B8l 8aLall oY1 ool y (RB) Jolald Anti-Bodies s3Lall
g dol a3V G aslall ooVl oda 045 0f Ll 5 dul£ Y ol o
a5, Loyl |als {.\.n p3 e 1 ;{-Sfi sl 5 Gl el LI



YYo il dlag Ll jatladl By

Glel ISV oo oed 03 0155 LI 5l Jadkt ) S5 136 .ot Of Jodd
o3 83Lal el VI 4 5 4S5 Ol g Goe (U1 61 03 O (RD) s I ke
ol g sl r:ﬁdlq;ﬁkcgw_;{-i 'I'Jhu.::uti.a.-_u:ul1 BIRE ) EE R IT
G Gt gy O Bl i 63Ny 3 o 1 515 @y BB o 1 J1s
Oola o5 & g ol cailon $o52 I8 (sl sl OBy cpll R lias 50,
el JUE 3 a0 1 OV e D s G5 55 a by Bl 2 WIS 3 st
Sall iy .(Erythroblastosis Fetalis) xall plll JSosil 4] (Haemolytic Disase)
el y 250 G5l clgmi gl y YU 0da o Zgorl go Las

Preventive Method 43 )| 4, bl

IS e 1 ol s & padll ol ey 50 315 500 oS 01 6 e
Ay Aol VY Gl Y a3 DU Gde B sllae] (J] O puaziell by e
oo Yl s wF &ad] ada 5 Ble 33Y )y JS ey U3 1SS e 4o Y1 82Y I
BahG cadl Gedl ps s Lelll Lol o3 pya s cisLall fu,m Sz
plll s Ll oY1 03 prnnay o gk V1 G G saoell oy 1 (3 81 5ol
e Gudd G121

Therapeutical Method La-YaJl 43 JLJi

By Al 2l plasaal o3 426 1 Slleall Gk pie J- 3
bl podel plll Oy S W s o (I il (ge Amglten T3 5ke 2 Dle 3 b
Garlga 5 o S Sl 2l Lt o2 AU By o 1 Jols (i e
q!ﬁlghﬁi:bhﬁdlcul)#ﬂﬁ&qﬂj L5 | 2l S
s pall e aes by Bladl § s g oY e e g o ol A Janlly
Genetics of Rh Factor (Rh) s JI Lol 231, 51 ‘..L'.ﬂ'.

g S e R s I Jule il 5 g ) S B0e e 51 AR
D Jolally Solhl ol g ledl s ool Of V) ol 5 g5 U iy



2, e YT

G B8l ol pall o pos casY s pdl B ilas G ge 1595 carly 515
YL plll lo g e 2SI Lzl (3 D (Anti-D) sLall Jaate 5 cpl
L2 (3] Lol Rl b Jalonty g pall ) Jolad) 1in il 136 cRE fulald 2 L1

.f\V}VdeJJJHL:;CJfJALSRh*!Q

el Blaill (g pll 15 015 (V) 3 J g

2l | | [ ]| awa
I N e I I S e
_ A2 . g _ > _ S Anti-D
“AB ‘AB 0 0 B ‘B A A | el ilai




P9 gad)

dgilygll glsoBl yo@ts Ale dyilg —olEYI 2lg;
THE RELATIONSHIP BETWEEN RELATIVES
MARRIAGE AND GENETIC DISEASES

ﬁM‘&M‘JHH#&:ﬁLjJ.*]Jﬁ&l]}!ﬂ;&J*du#&'@Jﬁy
2 om gl a3l el LAl 0da s (§ el i BN 2105 e
sy | o ¥ o | 3o ¥ 3)le OT IS ol gy 281 e il (55 JG Lo BV
W OB g5 e las 05 A Y g ¢ o Sl |
UL S Iy o 1 s ool s el s ol 5 V1 3 451 Gy ol 531 e
Gl i oo i W gl B1EN 2l 3l (Blaldt 3 sl 0ls' (5)
LS SV e G SN 05 OT LS (o el dndl i
G B 2l 5 ,al sy (U YT ST ol YLD GBI 2l me
el 5 gl DI g 28 31 clelr 1 Ghiaar ) Slaezadl
Sl s ot | S U E POCTS | PPREE ), P [ - flodl o5 5 pallall odn
Al oda s Ji5 O @ gl po g il Ll Lo O3 U 22> Lol
aslall ada h%ﬁl!:bﬂg;hlﬁ@ﬂ#;&i&ﬂdﬁﬂ
el § (AU Lo Lol Y
ol o Y6 sl Ty 41,81 pllanal addl pall andl Jeg S5

& BN 0 4S5 Lo S5 o1 ST YT 2 (g ol gan ol o g0 09 5oy

Y



210 oo Y¥A

1) Ll e d s dom sl 13 0,85 B 5T JUEH T el 51 ol el (3 (S
JlarT B sl Y1 a3 058 A G, BYI OIS 5T 3 e ] 2,801 ot
S A L5 503 B oy sl LS s (AW eyl e La A1EG T
Ay Gl pel s sl 1 0

s;;L'.._J:-iL,.aE__,_:,._.L}:.El;lﬂluc}safcﬁjrﬁddmggi_,igj;:a&m
Sl Ltust O ol e Bunldl diall gy W cpails O 555 08 Okl Olia s
PEPRUPCINUE Vi (05~ PPV S VAPPR . W [[SF S PPN I [EPPPENRN P
03 g o S0y Ll 3 gy o8B msed ol S LT tsLd | 2l
Aonl) diall gl pa Oladaniy AUl ada g s Oloeta ed I S O 4
ol L85 Al o5 35 o 600 BV 38 st ol ez OF Sy o s
5 L e B i @5 oY1 o AL s pon g5 S Lo o pald il
EERCL B PN AN W RIS JE-& PP A [PV SN 5 e

Sl Gy | sl el e O § sz s pallall adb alall elu¥1 0
Co> tldentical Twins &ilard! o312l Dl 3 V) Dokt azaddl (3 3 gl
o512 31 S O (gl el Ayl SUail oy 0 4S5 031530 0 O
el |z DUl 5 L 05 Gomill] 2yl s pLuckl i st Ballal
) oY g et Sl may N Mg gy ) Gollas G foas
OV e &1 Il Slinall Chal By 5 5 05 ) L Ll G b oo | ALLI
oo sl eI ST OV G &3, 1 lanall BUE O 105 V) on 591 il
ey Sl 3l s D1 Jelan o Lo g5 ) By 055 sl
Lol 315 1 500,01 5y s L ¢ 2 jald ol led ] il Jl1 0L 5
ot il a5 3 IS O Gy jall e T LS puast e, BY1 215591 2 3
o 1308 oz 8155 (51 el ) g o il T 41 0 Y1 o il s
O b oSl 5l o g 1 i Lt o g 31 ki il il S (g
Goall oda V|t s 331 01 sl 1 el s Lgeis e coled | GUG s
B 715 G el Sld | &S gl



Yyq L Y1 el e o fT sBY £

& g i )} Jodlly Sl g gl Lo Bade Slulys el Wy
-.':-‘,S‘J."a.dlg.il.:f-;:.il_,..:..-'LA‘,.::JHdm;:L;jJi;‘i_,Jlg@Ardubtﬁl;ﬁag,H
i3 Los alall OF ) ety Lo gy ey BY1 i &30 ) BY1 21 5Y e L
1 ek § pls Lol Wil slizel Sm . Lgain (3 3yl el 19 VI 2§ pate
slazel da s AU edn (31505 050 o o Y 5 0B Al 3 3105 1 50
N0y ST L Jor oo o 88 ol L1, 0 dhll Sl OY temee b
_,ie_.__,;tmape@;#ﬂumaﬁﬁgwmwmmﬂ
o 0131 e ALl 3 o 0 e 5 gy Lo Ddke J T gdis O gud iy
A paSa La g 1
REPRIPSN I NES O PR ) [PPSR S PN IO LI N NES
g jous b 0203 b 22 S ol 5,00 L5 00 51 a Y1 OF Laadl ol
SERUNE P (JUP RO PRV A IR TRE VI P s Ry e
JUBYI e 7Y, 0 ey oJUb Y iy eVl IS e 100 o5 ol I
B g el 230, 1 Nl sie a0 A8 o Ol el ) e o (a p 2
B 55 L i a5 50 gt 5 0 5 SYTT OV
B = gl gacdl 350 = ol IMoull ¢ padl Y I o do L gt
oIl Jann y2ll el Leacil = Sickle Cell Anemia (il Lagi¥1) okl ol
BleYl = Sl - Laadt 211~ KU 2okt~ G6PD J yalf Lail ~ Thalassemia
sdny ] b Sl — RS SVl - B el - G
Yl | digﬂi s y . Autosomal Recessive il &1 JU Jazs L,.Hf&ﬂ
oo s d Bl 5T e dor gy oo N 5 ) 5Bl 4 oy emy O danny
‘_;a.ul;,.,_5)9-.1*,4.315,.:.Lp‘:;_ﬂauyum_,.,‘,:L_,JJua}lﬂhguﬁ
*.___fLu.,.1;1Jgiuaifﬂiyi,ﬂluﬂ-:mcwﬁ-a_u;‘dmya_,&
05 O 4 Uluas Lol 2 jeld !l ) Sl L) el gl e 1570585 0
10 comasdes 1Y0 conlian 1Y 0) O 5Kam &yl O ol 1 Sl Liss
OB Lol ol oz 215 Glas LousT OIS 1315 (o jall Gemdd cplal-



Ll e Vi

LAl Gad ol IS o(ndhl 1A el Tio 0 (ulias T00) 080 4,4
L_;wﬁu@uﬂum;mm”@aﬁamu ﬁ..,,u\.!ud_,;ﬁ;u,g
s Llas ol o el ol Gl el N 51 3T 0T Jl

Tlas S el m b (b)) GBI e 7l e oSy
Tl ST wags o Tl £ n ey ALY 2155 OY e, BV
555 o 81 153 i ot dad 8 SIS ) i ) ol sl e
da Yadms gy 355 A1 Y1 (6T Al Slnazad ] (3LD guast dmdl| ol

St (T g om0 L la il pand e 3 5 1 4 pdl EuslaY1 0
Al o g I 5255 A0 Eadhl 805 B 05 oo A8 iy 2 (g
kel Sl Bl VU 5,L8] 4 (ulus Gl OB o Sidatd 15 12) Wy s
G a0 5Ll SISy Gy cpllly (IS saed] Cilinall
oamdll gl i (B g5 e SN 1 G Y1 ) g s plis Y
PO RO [V PR PRV VNP | B L PR R QO NS (Y S
G OY By o2 gl b I Jol el L gt 5 1 J3 BV
8315 e 52 ddllae Hlin OF 1S 231, 1 oo ol G a1 2 g0 1 11
A0 G Yl e S8 e ST et ol il

JUbl §T a1, o1l seb J g3 OT Y LBV 15 0T pandl diey
bl olizel 1a g o BY1 2105 g 431,01 51N S OT ol ccem pe
ol S 75 W5 B 155 Slins 5 54 Lgne il 5 ) BY1 10 0,80 6
On s sare VTl 2 la s Al 3yl g JIH s #5001 i Joa olinall
Gk g ol la g il Slaezg Yl ok peas Y 2 T ad o, 6Y

Bsad



W) ged)

duil ygll duunighll
GENETIC ENGINEERING

ol 23] ol el e SO 310 datidl g 3 O el sl lal el
Slou ¥ oana IS VAV + )b b 065 M 550301 et Lo Yl
ol JSy a1 il gy Gopall ol aay . e i K2 62
T e PR~ AT PP R P O S P N P e
bl B e ST LS Ll gl 0 Blide s Jasy DNA e Julall
o S Sl L] OGN f:-*"T JUly Lyl (ol (i ISl
M 3 el el asl ae Lo DL Eadadl 3 2l an s i) L lis g Wl
s & .DNA Technology Bl <l (§ &y 5 s G b SLASTy ol
Sl dagb Lo Ol Jf G Blans 1285 Lely 231 1 Ll iy o Sy
bzt opn BalinaNIy Lajlis]y 2T o 15 Jf Ly Wjey A 1T
linall Gan i Jo 550 Ll e 231 ) Lakidl iy o Sy 1S L2510
kg 83155 SN 1 ST UM e A S SU ),

PPN R IREP SIS 35 (FON B YRR Y

DNA N Zab 5y oS 53 e =)

Yy



Bl oo YiY

«Restriction Enzymes (Restriction Nucleases) iads<ll ol 3¥1 alazs) =¥
.ECORI |t

Plasmids <ldea YN e Vectors 81 I CiLazst -Y

AWV 851 d s Jasesy (401 Tagq polymerase o 5] LA~ ¢

. PCRJI i Lilist —e

Gel Electrophoresis (il 531 4y a1 53,11 p3ha Lo Ul adad fuai —

W e o2 A1 Ul adai] (DNA Sequencing) (53 5lS goidl Joddll B e -V
a8 5y

g}‘:.ll 3 «(Nucleic Acid Hybridization) (g3 3dl jaedl (naep 405 &m0 —A
S5 #n@sruﬁt B ey el dall oS

€ o) D1 Lo Laball ol Y1 b s S

Baugt dbati die Ul ahady ol or g jaie Lty dny #bU 3] JS
A mls gy o oly il O Lo wbldll o 5N G any L STl Bas
G Ll b de ol L o 51 Colay Lediad 008 (903 5208 4 Judd
3 o s (HPAD) d-l g Lodly g pall b il o 51 SR8 OSN3 3 Ll adaty
s JK& wlad (Hemophilus parainfluenzae) |3 flil 1)L uld sadl b oSG 3
Pl o 3N g el S 53 T 0 O 5S115 (GTTAAC) Il alecll a2 Leis
o (Escherichia coli) (¥ 55 Ly g M1l o5 3 5 g2 LI (ECORI) A1 B
O3 dS 45 T e S O 4SUU 5 (GAATTC) JUI bl dg Lo - e IS8,
(87,5, S



YiY 231 1 kil

| i g

A IDNA 48.5 kb

ek bl g il id l Fel diggestion

21.2 kb

—
5.6 ke —

.
1okb

Gl electrophoresis
] it l il ] &l
[ elettrode ' H‘*

ok 3 2.2 kb
5 ks

Migralion

of DA 5.7 ks
50 kb
4.9 ks
3.6 kb

Y
L) electroiks
et | il

wo e 8 Sl A FECORI ol 0 500 Aalall ppo 3EL Ll ada L(47) o3, SN
oLy U ghall & 5l el o

JS.!.H Bdace Ldydowdl dndadll J 4b
Restriction Fragments Length Polymorphism (RFLP)
oo fadie adalas o5 caniSy L 0 DNA J3e (Je G bl oda dazas
¢~ JI DNA akai) (53 14 (Restriction Endonuclease & xSl adadll il 33|
skie Jond I 3l G a0l 31 Gy SN 542y Lo 5lae YL Bands



Bl oo AR

dalall e L)) DNA o Jigbl Gt Ly DNA G il 5]
JS 0555 01 gy aus dadad e WL e sk Bali3 S O Lday 3Y!
0555 45 U3 s Ly (el S yo 35 IS (8 bl ol Ub 550
PEREINE PJVLS [ B [ PP K RO PREWINE DS A
(Southern Blotting) 5] DNA Blotting _jemd dkas (3 3 koo s Al oL ] Ji5
a5 Sl S 5l e 3500 WIS 0 351 Labeled Probe pas et Ly o
ker) (e ray) &l 202Gy guall o3 LA 3 DNA o U JaSUl il
Sl ik pad el V2 v e DNA HLa OIS g Mted . | OIS el odl a2l
Jiu&.-._.!ﬁa‘;u..-ﬂw;ﬂj'fJ.‘Jé:_.JSnuﬂmrnElnrtinng».p‘J&r-_,dnm
s @ e ik S G gl andls 0 8N Gandly o 9Y s ek
Al T 815 Gl e Ay je Sl a0 RFLP ) gl gl ymy caniis
SISl a2 RFLPs Map 53oull o] a5 gounss lay 5 ol bl Ll il

Ak d) 4 sl alall o g Vg5l OF | padazend s34

Bd) (5 5ol gudl Jodndl Lyt
Determination of DNA Sequencing
aninay (S g Al & pme U] (605 Ol (603 5lS gl ol @ s O
oo ki Y (6 5l sl kel B al Ol Ol b Sla L) B3
Gy ol e 4511y «(Enzymatic Method) ey 51 & Jall e JsY1 <Ll
i all or ool 2 4 oY1 dk Jall il i) 5 . (Chemical Method) L3l SJl
Nlzal Y
Enzymatic Method dues 5 Y1 44 )i
W1 Jf 2 (Sanger procedure e L,k Lal Lyl oda Lo Gl
el o Byl ada exas &yl oda sl (ST i Sy 5 3y 1



Yéo L1, )1 dtzd

(5 - ad 3 S el ol B jae o) M Bl Joy 2] a5 DNA Strand Us L, 2
L S el glas s Loy eI oo 33 Jall oda

dakad Jlts| JMs 1e Single Stranded DNA (ssDNA) 3 42 Us e J gead-l =\
MI3 ol g pndll Jay 205 Al BAUH (8 (645 518 5l Leagls &5 pma 51 1 G
OV ezl i o sk oLl 6 bl dalall Bs g o pdll G s il 35
83 il el

IS s o o il 3 e JS ol ST ) 2 AL Gl o, -
S TRLAY s eolllaze s gl

3-OH Glgl) JoSo s P wtll ) yion yill nains p g g0 specific primer g (1

(dGTP, dATP, dCTP, Ul duugt I Uz goas s,V it 5 el el 201 (o
.and dTTP)

.DNA Polymerase Ul § ol 03 53] (o

3 bl 0 VNl IS 5l o a5 g5 0 5 JS ) iy Y
343 S ) BLSY L3O 3-0H JuS 5, bd) o pased izis 1y e 3V
Jay 5 oy i g 15 Bl ol 60l Ty O g Jo Ll & g e L
s AT el Soag (8 LSy il e e 35 ptad 2zl ada e Ll
B gty ol pated 1Sy e ol Jolidl i g o3 5T dy 2
Sl Oyl JS 3 il ey Lodas y  plall &5 5z Gt e alad

S Jom A1 8y a4l IS5 Sl Byl T 2 s o2y — 8
T3 My yan e s Cilsey A1 whadll gl § oY1 Jor e
Al g gel

Bymay b3, sy S Autoradiography Gl glad D adadll 5 a5 —0
QY o3, a0 Lo VI Gl w5 36 5mn (pSKa I3 pa g cpadh| Bl ol



Bl oo Yin
du.i; "d,T Jﬂ.‘.u Lhi_,fl.l_ ‘_!Q _.::J:':‘ﬁ1 rJ.:'-;‘.‘...ui 5:-1_,31 1:1.4.# Jﬂ.«;}_,
lall (Suae s jladial iy G b 525 55 Wl ) 501 ) s
Ay 0Ny a8 e IS oSLY Gl - s (54! Photomultiplier

.Fluorescent &z ; ol 5300 g olacey

Bl (543 5lS geidl pll ko) Ty 331 L3y a1 L (AY) 03, SN

) ) Al 31 5
Genetic Engineering Vectors
Sl pandl e Al 3o D o g iy 2 a Vectors L3151 duidl 5145
Jad sl s J31 yl 0 pasen .o gl or daS s (5301 aedl 51 DNA
iio by o AT LS (I DNA (gl aad) o Bams il 5l Gumn G



Yiv Ll il

SIS 5 gl U s casladl e Lepads 81 el ol 5ai Lgd i

e -y ot Sl U YT b ey S el dandigll ol 321 Lie L
s Mol AL 8 5 e 0555 OF gt 315l 0da O3 3 1) BLSYL

(8A o35 SN s L
Foreign DNA
jon of interest
EcoRI
E:u'R.I
jlulu E:nRI
2 Stcky urk""’\
Hybridization
+ DA ligase
Recombinant
DNA

oot 3 pldsianaly (el i 2 o L (AA) 03, S

Bl el OV 35 s )0 dwaidl Gl GMesY 15k



Bl oo YEA
Plasmids =l e 3501 3 5

05 e S5 cislan e DNA gy par ol
Jes Replicon Uit Caeliad id>y JoF Olia UG 1 colo gun 4 SUI
850 Ll V] WO S5y 5adl 49 o b 33105 31 pn ol U1 O o o3
e ool il Lo Ll oY dime Gy 0 G 33L5] Jatlaase DRI 5 5 Je
oy gl Slslaal) aglall ol 2

cielas . A ae s LSl e Sl 3 ol 35U e sl Sy
and L] Gl & | Sl 5N ek L1 LD s ol UL
cieladl JorY Ll DNA ol Gaedl ae sIEYL po&5 oln U
S oliten STl g a1 ies il ST 0n O ST e B3l
A Lol el 5]

Jo Y Glsy dsluny by i g Ll S5 Sl 3N s
EARUIRWEL WIIFOL P (RS Epp JCH (PR PR EAE | PR W U g o
NERVER S [ IV RO P RPN TR [ PR BRI Pre & PN SR EH U
sl Lrlalusezal (] LYY 31, 00 Jail A0 Gy 31,01 sl 1,81 e
A G hall Jirdl 3 Ll p ) Ldaall Slalaslly ) ol Slol s 3
s gl lslaall e glis Sl Lo (g 528 Siltn SO g dy ] O 5 jme
A oladsdl Gan pian p b Gaan OF (] 8L L)l Ll a5 L
A s A sl e 8l el e dome ¢l 5l o sladll § putined
Ak Sl U 551 s 1 ] e 301 O ) A1 e ol 33 3 JUH
M ) s ) Al WOl ey 5Ll & sl 1 13 el Lo
(M Vibriocin (g dll (s ] Lo 8oLl Sl SN AIS 5 s UL
S s



Yéq 31, )1 dkid

LY e eV Lzl e Sterptococcus lactis duemd] il 5501 das | S
oS LAl old Sl ] e 5,08 Sla3d Je g2 F Al deliall
el Ol Yl il

1S P bl (8 Dol Sl U ol e

Slda G Guaeli s Yo =) 0) el ooy e 33U 0,5 OF Y
Lusc.,‘&u1%g;11,smw1g-c,n1 Bade 0SS Lo Bale pand |3 s
e plad Claza Lo ST ohe 33 plasenal Clol a5l O
RRLS] ..;1..,.,.;,@@&1,%5 o3 S

Bl Byme Sy o 6 pme doa U L1010 iy B 0SS O -
A g dnbo ) ol Y ol

o Sy Selectable Markers Lol 45Ul ddus 15 3D 0,55 OF -
lslaal) e glis b a5 g g oo coa SN im cyanass DI 5o LD
Aol Gy b 3 el gl AL gl 5l 2y

i iy o iy ¥y cipndll S s il o 5005 0,5 0f -
AR ERPI-

O oLl e sty ol s ¥ g il 5 Stable 1pins 04G OF -0

bl ol 3N 5 e 150 oo ST o (g2 01 -

nsad el LanaS Jams doml g3 5 Lo Y1 e oo U1 (g 22 0T -V
(S sl Gaad e Lidl Caeladl e de U
Bacteriophages 7 5 x5 5l LI 1L

13 Wi ol ] DLW s 3] tldn A e 18 LSl il
LW B Sl D) e A5 Gy Y e Al il Alms
oaed) o sl DNA (30l Gaadl Wty iy 2a3,, kel



isll_;"”r.iﬂ TO'

JoHs s Y el G oLl Gl | S auel Js 00— Gu Sl (g5 51
i Wb oo e 855 3y ccieliadl slgsl Jl ,alis o ¢ sl L3l
53 Blall L 55 Tt LT Y] M3 W1 3 JUH pa | S il
348 31331 Oy (s cbEL L1 o) izl Lot 31 B2 |y o5 2L
LAY Dl Y] i Yy aes

S Y010 Clazul e oK LY 21 1 dukidl § W) Juais
S -l oT 033 et 3N Colatal )5 (o Sl pa )l 4] 5K 28T 48y 5006
Jraiia JS Lelisy y AIS 5 s ol (53 31 Gaad i3 B i
L 5 ) e g ) e e I e L G G2 (S
.In Vitor Packaging 45U 4%zl

Sle g o553 aadl db Lo Blael SLIWI o (e 5 5 (SKas
DNA (g5 5l el 85 jae wilile s lhad SIS DNA (6531 jaad 55 50
M13 L“;.L-J'IS
Cosmids =l 4501 :EIE

gl oz i ST JW a5 par ped Ues Sl S
ol s gl gl aB e b Gu b e A deidl @ ol Sl
B lgmn st U (g5 0l dadtl wad 5] oz Loisle s Ly g 8l (g9 301 e
el O] 3] e w3 s 5k (5 gl e 23 2l Gy b e olie 3 oS
S lwdigld mlar ¥ Al oo 8 i (65 501 aad pad ] ) 635 JSUI
LS BloY ptses Slile Y (gl (3 o Lo U3 sy -l S
il ezl & 0l Crhanne Y1 do g5t Sl by o Sl am 05 A
b Sl S pSes Y S il Sl Sl e &2 055 Ll
Lo ol ) ol 5 s8I0 3 431500 Audedl 8eliS s 22nll oy WA Y



Yoy 3y ) dezdl

S €0 e 5T lgan 3y DNA (g9 5l a0 WS oo 2l b 405K
B T Sl U e s e 172S 28T pa g iuels

il Ll Lo gy clitze 3 oS il pd! 3] 2JUaJ1 56 iST 0k 5 o5
fnssudl Sl 5 43 al . Genes Banks B 5 U1 8 g oy (§ Dozl f31 21
.PIBE 5 C2XB
Applications of Genetic Engineering 31, Jl duidl i Jos r.n’i

W ots Jf (ool Lilanll el L3, 1 duied) ) gl LT 15, 2801 0)
Adidl G b ool il i dadl B ,all g odane By dak2 Rty VU2
by LVl @V BLAl Jte a1 e dpdald Lagd 3305 3] 431,01
PPEPRTCE LI L},..;J N1 sl SISy ¢ A SN 3 spad] LY
Uy goas (3 sl 1] JSC8 ST gl e Ja OTad s Y ey sl
Gl b s )l il e L) IS OV el By ¢ pal e
- OIS L O SUI ziy (3l w5535 OLSYI il o Dol o s
ANl oo 5 55 0 s Loy g Ll ol T OW ool sV
el 5 235,00 Aaddl 3 b plasealy & pall Jgim AT G i Giles
L g Lo o Sl s Lo eloan] et ¥ p ol Lol o

A1) 1 Artedl s abwizes LS ) guad et OYI T e 02 )1 Lo
05l Of . ozl § bl o aloas O oy (U1 (gl ks lazs Y 5T
I DNA (555301 ekl Je Loty 2315 gl dwsidl i gt g1 ol
S o gyl W6 1 el ) a5 b B b 8ke 5 ) g0l 8 Y1 e
e aals bl Al Iy Gl J i § L3l 3 S iy Ll s ]
390 U ol 1 1y 5 s DNA Bl g5 )l on SO ol LI ole
oan o Jpead ! L2 00 Lakcdl olde ity oI 0B Iy L 42 Je



0l e Yo
SV ned 3 il Lpatliast e B3l 15 50 £aSy s Genes ) 4l
S 1 Al Sl G L s ol g Lo gLy Gl

Medical Field _Jall Jloxl! -\

Insulin Hormone (i1 O30 gkl &bl Je e OLSYI oSS
81 g 4l WU § el Cloning Veotor fulize J3U me 4 s
elebadl pllazal S e CAJSa s Gy <y BaS SlaSs Oe bl e
Anti-viral Sl s pdll Slsliase y Anti-Tumore Ol pud) S3LaU 511 oy #L)
C‘I“‘-’ .DNA Technology Ul &2 35 b e Interferon O3 b5 AN 83le J2e
Joe Ol degll Syl (e gl 5] 1) 22530 o Aol gyl ol el
e 2SN Gaieds § p sl il el Jac | S cHemoglobin (y sl sasdl (55 5
Lt gl Lo &30 1 Jbliuel) S ol 8518l g (S 1 1 Y

Animal Production Field (| y.d- #lY1 Jie ¥

ety Ll oo VA e BBl ais JU O geaziell sl Ll s
Sl Jod Lo Ll mss sl arls] Bals s dstadll oY1 e
Jland s 3 231 I sl sl de o 52l L5l cpn s gl 5 6 01 Bl 221
46U 0Y) s (515 cBovine Somatotropin Hormone (g 2| ;,m O30 0 L]
Ol 5l o ¥ i o s e lnanly el s 051 3] 0 30 25
M ol &) A g 32 b 0 Dol s 8 oS a4 l5] 00 O g b 1
Bacterial 1a.all 4, oSN UM (1] Lot Cloning Vectror fuwle [8U (1 O 4 41
st gl &y Ll s Lgme SIS0 5 clay o SIS & ueSTJl WD) 0dis L Host Cells
Opa bl la J3e 0 iy DlaSts saddl 03058 215 do WD o550
imza gl AY SIS o g chid sl 2l e JENT gad G (3 anliizal
by il e gl ol 53 2] ] O U o 1S - o)



Yor 3y ) dezdl

Agricultural Production Field !, #l5Y Jig -¥

SV et J g Sl lll e ol 6l ] 05 ol M I dle
Sl e DbV folodl Jam e e ol dall et (dSL1 Lol
pLlhllS Laluad¥l Sl jas jatbas ed sldadl pllazal |S Ly peall
ool hall Wl Jfe cHerbicide Resistance ddall coldll 4ol
o dymdl Nl eds Lo Jom ol ALl s L Glyphosate Cau yiold|
Ll 5Ll W § Aromatic Amino Acids ke 3,1 eV aLaN1 o oSG
g 15 301 g 2k 5 N1 YT ol oda e ot 4g OLY!
OF s Miny ol il S 1 5L 0 ) ol L ot L
g G g L5 Dl S [ ot ) ST Jad ity G gon
cgbasVl ol 8 1 sy podl o b ety Lo UM

OY & 2l B e slie UL 512 (A gade 15 s p ol elball Jiy | S
Ol g1y SLSI Zolew _szas Chemical Tnsecticides 4521 ilall e Sl

Industrial Field _sluall Jlod! - £

chelaall Lo guast y debuall g (3 1554 1535 21,01 duidl g5
2SI WL (gt o el S ks . Pharmaceuticals 15Y dall 51 281 51
335 0 oy Sl g Al e dydall EL:J::J Human Genes OLY1 &b amy
— Gl 5,5 1S - 2l odye W puid o5 A Sy ) el ny g5l
33Ls 5 Somatostation Hormone gazJl O 4s 4 5 Insulin Hormone (nJ s Y1 & 40 2
G Jladll gl b Sldy dl jany wad (Sl | S Interferon O by 7Y
ol Jaxs dk-Laa 3 (Blood Clotting (g yaudl Jalaedll Joa cpull 50 Al Sl e
Antibiotics &yl laLall o] § Loell ss iz (S, (g S 2y Sl
15530 25 230,501 Lkl OF das G L& . Vaccines lo-lillly JlasVl
el y LalamiVI oLl e I AT 13 g 42 53 34



Bl oo Yot

LS e 8ol V1 3 slaiVL Gnangll L3 o okl ada izl udl
ST S e 25 LB o Lty S5 3 ¢ SIS g e L B 5 &y gl
Sym e lda g coarlsllly (ML Ol 15] G Lgaltinal 5 s ol 5101 e
oo el 3| S . Single Cell Protein LR 345 W 0y 1 0y 50!
Propylencglucol (nd 51 5 J 55 sldl Bale 2 LY B & gl SLSSIN s ey
& Jonzed] Ethylene Oxide (abs M) ST 830 5 ctlzadl ol (§ dodien
& Food Processing Sl piadl wllas g 3y Polyester Al i dsls
g sl Ol VI ptaas ) Rl 2SIl YT Gy Gk o el bl
ek o ) ] Bl e SIS ik 3 Bty g Blikay ooy e 5] )
O g b g (B ghl SN e 5 ety S5 e J gl O go A1 1)

Environmental Field 2 JLxll -0

oalsdly el O pall ol ddlaag p 385 il S U] o olcdaldl S
o 8530 e 4 oSl VI Jamy e el dall pllazal |7 Sl J1 e
Al il sag 1y cllasdly Sl ) 0 o5 I gl ol LU
el olon & & ol LAY JUE Lo 5501 &SI SV e (5 1S

Security Field 3! Jloud! =1

31518 lataal s Gld sty il ol joall s aslhadl e bz V1 el gzl
Sy Gl o g A a1 2l o Ly W1 G i g | 3T G S g 5
OLSIN s ol 4 45,5l Y g iy Lol bz 3d Je 53 IS 3 e
¢ Jsb e Nucleotides <ol plS ) b ,all ol dncls (3 eSS ool
Sl 1 plutsad LS| sy g <311 g 1 OIS 135 .55 JST Ll
Beadly o b it el 313N Lo G pnald S 301 (943,08

.DNA Finger Prints L1 4!



Yoo 015 1 dtcd

3159 Daadl 241 s
Genomic Modified Organisms (GMO)

Jo Gl ) ool 030 el s &g e J oS 5, 2 s
OV ST L35 0 w50 ol 2oy B35 0 03505 2 G b oy A 2S00
G e b oliall o il warg 2V o SIS e (Sl ) 0
Al o S

oSars V440 ple 3 Gl G55 Jl G155 Dl L0EY1 co b
QWIS 98 Y M sl das o ppie Jaens

s I3 o8 e L daall e J gl | ad -

r_,.:,g-‘T_éJ.I_;pE.J;éJJlQ;J:—ldualrjajaga&iﬁl‘,}lﬁagﬁ1jgﬁ1 =Y
hare B Gl A1y Sl sy IS o 101 Gy b e AL ST
#3140 5l (Electroporation (g 5 sl aadl s 35 3 )l jainy

oty AU p g cpn T ey it Skl Gkl Iy 5 g -
sl Gu b ey Al SIL Lol (o SN bkt B LS cleeds 3 kIl
Bagd! ¢l 5N L) il § a5 Y A old | Jiss] (Say L2

oV G ST STy pma 0685 8 (U1 = el (o) oy ey
033 Il VI e SU5 dmy il o iz g oy g8 duider 431 5 ddes — L)
s 155 G s Ay eV ol Gmgd] oldanl o sl

Votall LI or jamed o3 & 15 Lakigll Zaab S 050301 2S5,
fncdall Zaab V1 01 JLze V1 G sl o cpyodl oo Lo gl e asTal) 31 4
doenall Lakita (3 Orazgl! pn ddlae Sln OF o N 00 Bl 1 040 5 g
oda ot oo ASTU L3O L1 83l s pamdll 550 e g &L
2l S pute el s Lo 2Ll U e 3155 Dl 2o



B, e Yo
e 0485 0T Ol Y1 a3 s ¥ 1 ol el &5y el
s las] Spio oo o 08 Jby ) pell) dm e HUas NI T Ll
Gl ol Il JLE 3 el Al Slan OF Y] OV oo 5l
i lgdl sllae By Duall LY Sl yoe Lo Sliale pdy3) 5 o2
(W) o3 Jbosle Ty Ul el 5f Galll OF [ &) LaN1 Hud Loy LY
s Jaas pdl s of

Lol ol Ol e Gy Al Dge M lisall gal o 0
b Al sliall Al e golial g3 0 0l3 0,5 L Qe Al el
L e 3T & 2 ol e ylae ol o1 N1 T L) o ylas il
S ) Slaal anl 5o Jad s Bl gl s L Sldiall e SIS
(ol JS8 2l ddaae pud )l ol U e e 31 Dl L
il pan G Losmast s oo ¥l ey o 201 Gl GIT1 eIA) g g
Aeladly Gl e gl A1 3z Y15 S

ke b B Dl 24 Sl Al e

g S P

Lgeall J g Y

A g5 Ly oLl 5,000 -

b gillly oy pladly b skl €

Ladl e :ij $5E o3 bl ] -0

bS8l e LU 3448 g 18] =

ol s il pand Rl oyl 53 5] -V

eglS ol ol T ol 158 3 5k L3le 5] A

A gl Sbslaal) dacie 4SS YN 5] -4



Yov 3y ) dezdl

1431 ) deigl) i ) bl gl

Leke 8 laredl e Y 5,05 4SS Y S s 45 - )

LN 12N pudes dal o) o 2] Y

oS 5l 50 e oy 26 2 Glaal BB1) 5 Dkan L3102 51 o 5] -
ekl gl



