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Y - I  I . ? Y I  j. +ElJ + Y I  j. 
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di +J, ihi L+ 4% i l ,>  JX; 2 i.L3jrJ;"l LI,> 

White +L+1 + I  L K ;  d L Y l  i.LJ,jyJ,$ Ll,A 4XiJI h i  
j U I  L W I  J,i L Bone marrow cell t W l  tG; 4% 3i 6 blood cell 

dJjrJ$iJI d l  @J . WI +L;'\ Amniotic cell <*y1 $ U l  

d y + j  i ~ p " ~ 3 ~  1 0 - 5  h r d l j r  k& Jkr;-\ -- 
Culture iplr L j i  & r;! . k*r;il & heparin &,Lp 4 ~ & i  

- I a"+*+ iiL! y iw $19 J L L  f d I  L&= jr 

p+ i; lymphocyte - ?L..&I i w3 phytohaernoagglutinin 

L O J I F ~ J > ~ k L 7 2 - 4 8 0 - h J ; . ' - . J I ~ j _ i b  

d L - y  Ui2 Colchicines /WI j&@l J+ LLd! F- i # I  + I 0 . Metaphase j I+Y I JJdI i;c mitosis &;&I t U Y  I 

J+ GLp! c;! L& i+ +J 6 Spindle J p d l  b+ GL-! 
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i.L3jrJ$I J U l  . L W I  6 - b  t L L l  &-ill i j j J l  &-I> r U l  

. ;si c+YJ ii* &I,> j. L-UI & y k ~ !  jr + JL;~I~ 

k.91 & W I  ;LC &+ '$1 o h  p9y r"-3 ' z, pi; & . 
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+- + k. G y l I j  i I , i l I  + A- .sL,;~j.Ul t~ 
I j I i i &i;ls. ;,, k, ++ 
& L Giemsa stain 1- Z+ p srLJ jyj$l i l J >  ;, + d l  

300 d l y  & &gjre ~ L g j g o g $ l  Zgk;g c G-banding &-&!I 0 . b  

JL~ j Light bands L a 4  p p  Dark Bands i S l ~  ip 400 - 
I L Human Chromosome djjrj$ cjj J-53 i j i 3 j  i>*u  

. rjjrj> JS j. Z + d !  *l2Yl i l J >  j. & 

pernpheral blwd sample 
tnoculated Into culture medium 

stam and examlne 
wth microscope T 

trx In methanol acetc acld 
and spread onto glass slide T 

Karyotype aLYrj9\ L\>> 

& J+ Y )  L& ;>IF 6,) J! 3 L j j r j $ !  ifj+ e-JI ' banding 

;Sl*ll r&l b! . &.& 6- dLj jpg$I  . I+ &I J.i + 
i l J >  ilk j LL LL . -I .. .L +-J . +lj k ; ~  jl;'Li 

. Telomere G,M\ /SJdI & 3 21 +gjy2$l a l p d l  



&4 'aL,jy,&l &IJ> j &>Vl LL,GL&, a L + d l  &A 

j, &&!/I +I+\ + bJ L (Q-banding u) Quinacrine a$&$ 
Fluirescent bands + J& r r j  + c;;] Ultra violet rays 

~bjjrJ$Jl j, + &L y LS ~ ~ ~ j ~ , >  JS 4 GCj L& 
& $A b b m \  d u l  &b+ J q y  L- s\& wL & d l 9  

aL, jy3$JI 2 +li; d l  L 2-L3>;;J41 G L  4 J&l\ J W l i . j . >  

1 J 16 y ~ j y ~ $ ,  6 9 e , j y ~ >  1 r , j y ~ >  : U u l  

1 + 1 p $1 I 1 2 i L Y  c3jr3$ 

NOR L&J1 L+ L S  j + aL3jrJ$I J 4 - e 
. Z l 2  &is A- '$1 

yl$l, awl j, +*LU ;+*r uUe;SI  'y p f2 JS LJj L, 

. aL3jyJ$I  i l J >  $ & d l  ip-JI 

: aLyl> -1 .. ~ b > j ~ ~ @ l  L I j a  . 
O U  2 SJI L d L y  dJjr3$l jI$I i l J >  ~2 di L;>i kS 

j + L Diploid set (2N) LJ jY,> 46 >yj i l J d l  

&I3 homologous pairs * % ~ j  0k jr J$ Lj j 23 ,> w13 J 4 l  

I 3~ *i +-, L (Autosomes +,j+,i ,i) &*, ~ L ~ j ~ j >  utg; 

x /I aLJjr3> 'h-i +- L ~ S  . '22 - 1 3 a ~ ,  jpJiSL/I 

1 . x dJjrf$ 2 c3 j >!/I ilb 4 b 3   chromosomes 

OJ*P. L+- L x ic.Jjy-($ bi LUS, a ~ ~ j  J,YI c ~ J j T  3 3 
. +!/I 2 LA > d I  &LLJ L ~ Y I  

2 n = 46 2 i* +,jY3$I w l  j p  &I $dl ilG j L! 

aL3jyJi$ iilz j d-1 +, $J "kfj yJi L-jj 22 j i j9  

~J-CP) d&- &;?I X rJ>J$ j.. L G Y I  J b b 

+Y! OJ- Y r3jy3$ -- '+ +.oi f3jyj$3 L L ~  e!/l 

* I  QLJI) a & W I  $ U I  4 4  2;;:' -- l U  '&I> 

Gametes aL+WI 2 i b l ,  L+ +- b y  Homogametic Sex 

L . +L A- j Y i  j! (22+x) 43 ( ~ C P ~ ~ I )  cP"- -. - .  
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, y Y  &- i ' Y  Hetero gametic sex a&WI J k d I  2 &I $.dl 

~ L I ~ I  3i ~ + W I  Ji :I 4111 j. 

~ h o n  C'P I arm 

celtrornere 

- long (''4': arm 

. (22+Y)J '(22+X) 'JG "j*- 3 j  2' +4"ejl 

-1 2\J3 P& 2 ~ k ~ l l  G3 $ - 
1971 ? ~ r  Z,~JI alJd ,-,& ,-9 

j,, GFJ f 3 j p 3 $  $4 qCLI J ~ J  fu;; 

s3jy3Al jl&l L 3  + c i +  

:&.I1 fwl +.&.a+ &JL + fl 
. aL,j,,$J yJ.5111 > d l  - 1 

. b>h3 41 irL j  jY3,5 cj - 2 

ykL1 + 6 Centromere e 3 + - . . - . ! 1  2r - 3 

P >&I3 6 Long arm &$I eJ*U q 

. Short arm &I cJU 
L regions ;blj >! ?LiJL cJi S; + L 5  - 4 

,) bands ?&I 3 LLG ,J! i41j JS e3 

. ~j-  ix; d! i;- JS +-J 



Flow Karyotyping &&)I + J ~ ~ J ; ; J I  j$I 

J-S 6- dw Flow cytometryi-Lk; r I ~  -1 +- by13 

& I d 6 DNA (i. d .>)  dJrJI /I 2 rfjyf> 

JQ 2 Ethidium bromide p+byI +3A + 3 irLJjyJl$l 

-1 cell sorter &%dl ' ; ;: - jkJ ~JG JKi 3 j;L 
bJI& LZ-. LS (FACS) fluorescence-activated cell sorter -J&J& 

koj Curves QW $2 j i+AI U zek;3 L GUI j 2000 

1 3  . <c.~jp~> ~ 3 j  $ j i . b . $ 
J.5 i; i w l  J"j 1.2. > 3 bl~+ru i.LgjrJ$l 

#~G%Ylp2+ iP  .L-JS ; I L ~ ~ ~ ~ $ J  41 > d l  



+j jy j$ l  j+l> +pUl JUVI &%i . 
Chromosome heteromorphism 

a b K j l  >YJ  6 L L Y I  2 2+jjy3$l j J J l  &IJ> a&! 

d L - I  b+- L+3> 2 1 ~ 9 1  d L 3 j y 3 $ l  8 GpLL 

4 >l>Yi j. - .  d K z l ~ y 3  L A  j! . pp eAL @ Y i+ 

Y. : J ~ ~ J I M I  &+ d J i ' .+JjyJ$~ ,pb* u-ll J+l 
;*&I,~ j l j K j Y I  +d <L'~I c-JI j+-, L J$-.d! 1 .3 .2  

%+I JULYI o L  J+ JL j , ; ~ L ~ j ~ j $ i  L- L,I; 

d Y U J ~ ~ J P I  -i e- GJ*J J I, ~i ;.i eJ 'i>d/ 

A- L~ . x rJjJyJ> L+- bJ+ j-iv jji a i  
: PJ '%+I ~ U X S Y I  j.J eyi + J  2 

(Yq) Y r ~ j y t $ l  ,4&J l  ~ J J I  J& - 1 

+jJ-ll 3 Heterochromatin L,,+L~+~l+~l i>L 7 - 2 
. Centromere 

. Satellite polymorphism I+ +&I >&I 2-3 - 3 e 
. Fragile sites -1 f l d l  2-9 - 4 



> I  - . ~ s > ' J l  J & l >  Y r j j p 9 +  J& + J+WI 1.  a .  > 4~ - & Y r 3 j p , ~  

+A +>& '4 c b !  d! &>& L L Highly repetitive D N A  

Q-) ,>cj@i + L-G ~ ~ 2 J l  jJj ++I 

J++l jt +- &LJQI ,+i &- U (banding  
- 

' 1  k 9 1  J + - >  2 L + J+i by& b y (=3jF3$ e m  LJ* 

&, ' ~ L \ I  o~ L ~ - > I  ~i >F, >-, - .  - 9 ~i Y!  ' & + Y I  

. &+I, +&I 

Size of Centromeric heterochromatin 

. Satellite polymorphism eId  dl 3 s  J - 3 

aL%-Yl >! A+\ &- Q.banding + J L I  &I9 

'Lo- '+I i*: + J ~  &GI ;r. t r~+~ 7 j 
I,kU ri-j 122 '21  ' 1 5  114 113 :&>-!I aL3jFj#I 

>u. ~ ~ Y S Y I  J! L L O ~ ~  '>ik;J~ i. j. > J! ab%Y I 

c ~ i  Synapsis ;owl i & ~  j y-J ~ - ~ j ~ - J l  

Lj ,+I 1. d .  > &C-. j Mitotic division ig j d l  rL-h;Y I 

&+ Y ' ~ - 1 ,  . Unequal crossing over &jl - ; , I l  + J+& dy- 

. *lYLl+ i ii% 



. O L J ~ ~ ~ $ I &  Fragile sites itQll PlpJl JS J - 4 

3 z r j ~ ~  2 4  41 J,YI j L Y l  >! GLYL ++; 
. N O R  -41 >L &" &+U LJLLS I  ~ ~ 3 j ~ 3 $  JS 

L,iITZLP3 L h  G+U\  c j L b Y I  o h  & +J &I &LA\  b& 

C j 1 4 '  3 * - 4 L hGLj$ J+ c f g d  W &  

L 12q32 '9q32 L Xp27 cjLgjyg$l  3 + d l  P L+Jl 

. 2 0 p  1 1  L 6p23 12q13 

---;1& . . ;+b G% c. "- Y *j ~ I ~ l p J I  oh i;, >yj L! 

LAL+JI ,y3 ji UI j j P +  Y k, if s3 L +  2y J 
, 

;;p. is  + &I A- +- 8 3  iJ& hi. Xq27 241 J 

. X ~ j j  d q3$ . k ; & I  . Mental retardation &I &I 2 j.C p-! 
Fragile X mental retardation 

Cell Division i?jJI rL1 

interphase, prophase,  metaphase,  : G W l  k l p ' l  +- rL-L l  

anaphase  



Mitosis : ( Jj&I) ++I 4 W l  rLd;l - 



di *, c;! i-y aLJljyf$I 

+dl cuI &.& 
i L L L . e & ~ ; 3 _ s 3 k ;  
&3&l ' ,&dJ  +Yl 

;.LJjYJ+J '&.a\ > r J l d J  

a&- d - 4 3  i3;,,> 46 9 3  

+ &LOgjgng$U jCgJ l  >dl 

LJjyj$ 46 9 -1 yL î;l 

l i b  a! il; +'YI 
JJ;~. Ji +- Y e~~~ 

ab jga3S ; l I  

-1 ( I L h ; l  i&.d &+- 

,i (*I e u ~ ~ )  p - - ~  . L--+I - 
L L d L  . . .  (mitos) mitosis (d j&I) .. 

-- 
*u?l 

m m  
lunD .1161 

Int.rph... Prophase - - 
.rw r- w- 

- -  ._ 
~napname M.1.ph.s. - -- 

qua* 

Ym 

Te10ph.s. 

cranw 
1 \- 

l ,  I / ;  

&Ui 2 Cancer j&&\ J& 
- + I  3 

1-k C-g" (k*jJI (aL-h;l) 

l i b g  L G S L & J I ~  jU\ ~3~ 

;+I dl&\ ilL +.+ 

e L-h;YI + +u! 
&k- p- i & ' e l l  O L n  p 
b~ wl ipLf 

fL-k;l --, .&,OW iklk. 
L i ' & I y  i+ 

;I+ &I3 aL3jy3$1 ,aLZl 

o h  j &! &z- 'CgU_jyg -I 

?- Interphase :$A\ LA1 
G J ~ \  4 1  &,Lk; 

3 b 3  (DNA Synthesis) (i . j . >) 

1nt.rpn.u 

A- 

L#k.- - 

I r 1'31 
s 

L - ' /  
\p - ' 

C UM 



d& j l l  i l U l  mitosis dC, l i s  J.sJ ~ i l G  = O S ~ S  J ktj = 

; d l  -LVI d l  JL dij  '+ (dj+Jl &I f G Y l )  ;j'+ ( L G l  

-& &Sister chromatid #.. U l  - a L ~ ~ ~ $ l  LhrLb; pJ Y! i&& 

OL C; krL4;Y! +u\ rjLgjFg$I Lgjr + %Sr ir+ 
G o\g; L+4 L+ i)S ;5G9 'I&9U 'y di + ;;;rt.LjTJI abgjgos$l 

: JUI Sx j l  JC L U i  A+g ; + d l  L,W +L 

JbLLi LL'L.4 &+I ks931 Ul - - cJbgjygs.IJ\ &- 
i+ L r L Y I  j & + Chromatin L & J l  ;Cy JIG ~ L L  

>I>;? ,$ Chromosomal Condensation U I 9  >L+Y I j aL3jy3S;11 
&i +g Thin Threads $ 3 1  && ;+ Lo1& i e -.& 'h,~ kk, 
During late i r lJ jpJ$l  0.b l&1+ e- &I i l g  dJfJI + W l  +J_i! 

Early Metaphase ?jX+l 2 0 L ~ j ~ g S ; 1 l  0 - L  $k Prophase 

Mitotic spindle u;j k, rj%+l p ++ 2 dsS;j- LA, 

k L ^ U I ,  &WI irLsjps$\ h-, aLJ;y3J$l+ +- 
Equatorial plate J+\ h u *bJI Homologous chromosome 

. .L'I~ L i ~ k ; i ~  irbJjyJIS;/I + +jz rJi ptLf)  

During ; 1 ; T M l  aLJjyg$lSister chromatid di _LY J 

> j  i.+) J+l j> J! >>Ccd;O 3 b - I  j d X h 9  'early anaphase 

. towards the centriole (d-52 

d&- LJ The two chromatids migrate to the different poles 

aL3jyg,rUl 2 Lw J5 JF ++ Nuclear membrane ds+ 5 L . 5  

IJI+ ,,+ $ ~>-+&1 >IJril d l  F U l  .. tL4;1 L-- La3 Telophase 

~ii; a u k s J  'ik; d&iS dk+ d* A.LJ + .. . Cell membrane 

aL,jy,iJI J+ d J i  +g +gjr3$I L+L& $+ IrJ 'L- 

-J e~ ++ 3 &-.dl 2 a w l  Jj f L Y \  &A + b y \  + 'L-JL 

,is 2 4  ;U UI - y- hi 21 i~ - i j~  ;I+ J~+ ~ 6 1  k_u-> +hJ 
' eJi ' ~ L L  ;.L'IJI =I h+- I A ~  ' J++ -I 

(-- 43- 2 'd+J 
J*b ' L y y J  dub ' ;+ & h b  

G-- &I +JI uL I ~ L  ~i . QGJI ;& A L ~ I  
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kk, L L ' I  lh LJA- Reduction division, Maturation division e 
4% f dl 2 Sperm a L l + l  j$ ;JI Testes + d l  4% j 

. >;;'YI j Oocytes --&I dl Ovray &I 



Gametes &5 ;)+ 
r*apho- I 

$1 i ' L 3 ~ 3 P l  JS & L+- 
Somatic &@I wl j ++ 
Diploid i3jJr 3+ 46 L cell 

y by3* d L l  + L+ L set 

.&I ')..+ A h -  
&ye i+WI &&I > 
pj J.5 r;- b t  ,il+Yl f14;YI 

3~ 3;y 3J~-l; p pLU 
k- 4 Homologous chromosome 

$ equatorial plate i & J I  el-l 

$ *- /; L i & J l  o h  L . 4 L - 4  -. 



I - I 
-..Ow ' A h - 3  Meiosis 1 (J,YI 6 j d I  

f+- ' q i u  L+  AIL^ +i 

awl aLJ j r 3 a I  c13 ji 
JJL; v Y l  3 3  IYI j. Z J J 4 I  

Crossing qlJJ\ aU13 awl 

'I 41 j?&l y1 A L L J  over 
k+J 

e U Y I  'jA --;I;J\ L + J I  kJ,;JJ 

~ 4 1  'L J ~ Y I  &j41 
- - - 

; ', ,'T ' 
> ,  - 'j3 r - u I  LK;ccI +'lJJl 

I '  
L -' k- ' 

Onna - ,, L Genetic recombination L p G \  - 

o h !  J.G ;ijyAdl a w l  j 

rJjy3> JU SIJJl d-I u+i c9i 3 I.LniaJ aL3jyJ$l 

2-13! J? 2 

9 3  L Meiosis 11 ~ I t r l  f U r ; Y  J ~ Y I  &j&l rL;r;Yl 

& S; 6 ~ - j +  L+ JS ~ * L - L +  Lk; d j& I  f U Y I  + 
L& a!+ ,iJl e l  2 ,Jrrg $L aLJjyJPI ;r. J& js 

I L L +L.+JI il;Jl j i r L 3 j r 3 q  &Yl JLJI uin; 

22 : i3;rJ> 23 9 i; : r # 2 aLJjyJl$I 3 +j&I 
. (1 N) (Haploid set) *213 f3 j3432-9 L*i r  i 3 j r 3 >  

+ J.5 j p  l i p g  4 * 4 L k J l  j b F p f J l  j- 
*L+ ~aLjjyj;;U&'ll > d l  c64; J.G & $d+ 

' eJY~ ~ W I  3 ( ( ~ b  fljYJ$ ++L- iJjY3$ 22 

+- e- Y three polar bodies *I &K.JIJ 6 ( ikj 6%) -" 
+- . - &I One Oocyte i b l9  i& ji ~ L Z  j L 41611 j SJ - .. 
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2 u  Jl+l +- Meiosis CM .- - I1 31 +j&l rl-h;YI j 

i--I + $& d l  >! (+LA\) +;&I LX-II 3 aL3jYJ$l  

j s U l  jg b+-j 'Lii (+LA\) +;$I . L-I .. j k 3 3  (haploid) 

-FY (+ 4 2 3 9  

LC Chromosome replication aLjjy9$\ i f h -  Ijb 

e L-h;YI  GI+ u 3*2 LeS in late anaphase 6 j d l  C L - i ; Y !  &I+ 

b+ J! ( b W \  h) OLljrl$\ 2+ ? L Y \  \ 12 ~ j & l  

pairing of homologous 2 3 1  ~JlJrl l  ;r. ' b i  U l  d $&I I 

6 i )  . 23jir3q J+l  J U Y  I l h  j&L3 6 chromosome 

-4 a ~ l  21 23+ G+ M" e v l  2 &&I dl L3jyj$ 2 3 J l  bj 
i, 

r G k  j g l  JF $ '$9 jL3jr3$I A I L  A- dilij +CU, (+LI 

A?-, L+! i>?-il +I +Iy 2 kli4 + J5 L& ''L-JJaJl ow3 

. (3lyiYI) -1 O L  

4 sister ~ l i ; ~ ~ >  ji b+ +,i LU; j. pe3 
$ chromatid *;Lj> yl ~ ~ j + . . . . J l  &Iy chromatids 

0 - b  P;) aLJjyJ$\ ihi9 -)yl b y d \  j. k, 

$ djZU.3 Chiasma formation (i,shJI L r - - p i h )  'L i-J~l b+I 

iC& &UI+ i-uj $1 ' ~ I + - L ~ ~ I  ji ' L A 1  cjj 

j. 4 k J  LP" $ 4  (31j1 L-) cjj JS f+-f ($LA1 kdl) 

+- Lui -Lu3  +Vl p J I  y d Y +  J L Y L  . . L+LLJl b d l  
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+;VI b 4 1  j. & ji +, A, , ~+Y I  ~L+I  LL,~~,$I 

3 '+PI r + ~ p ~ l l ; ' i j j ~ - ( i f ~ ~ y u ~ j . & )  
kzJl d+ k,$;phiJ~ j i J I  F-p: 'pi,i$~s y, -- bl ii + .. . J~ & *I ji ~ I J \ ,  $1 

exchange r'YlJ +YI 2 i d 1  i > U I  aw J>L; r; *i &i 
y- crossing over (?k ! I )  L j2; &I ' & d l  o i + j  of material f- . 

J ~ Y  $1 3 G C ~  rJjp,> j 'hi ;>,, ,is &I a-I * I L V Y /  2 +b iJjpJl>'b\ -;;Ls >I awl L- 

e y ~  > '~ i . .k  &UI ~L,;~,JX-" hi J, *i ,,MI 14 +, 
I I + - .. 'qlJJ1 +Ll a+ LOW1 a W I  

1.b rW ~ ( J A I  a M 4  rJljyl$l 

>IJ& GlJJl & k i l l  &&+I\ Q&J\ &A 2 L GJdI 

.genetic recombination r r'll d+ 2 

genetic diversity ~41 J! crossing over ?Lili i&+s 6'9 a&, 
d $, '>I+YI bi -1 4 *u ji LS 4 ' > I ~ Y I  2 OIY &.dl 

ji ;+ 1.d . & d ~ !  24 A&- ++ ji 2 ,+PI &I + 
k;! >$I 31;Ylj J $ ~ I  &%'\1& iowl a L d I J  awl >), 

. o b  2LdI + J! b3 rA 
L,UI &,*I + UI ,i +;&I r~~~ +- J! ~ r ;  + p: "u- +i, +i (-4111 L+I) -JVI b 4 1  F- 

-+ k ~ 3 j  y '(SL' '+-) -3; J! +4, LJP-U 

s ~i , J,YI r~~~ IL, uidl. 2~ ~)-hj-, &i 

bJrJl j. c3j J5 db I I i L j C I I  a l  rL4;YI 

A*--: u, &L iki J! Lb-* S; -A dl *- 
. J+ *u . jC;- - i.L,jJr,g ik"; >\>YI r U Y I  I ja 

3 -  &isre >i && 41 ?UYI + +. 
jLjjr3$I Lg?! +I &I kuJY\ bss3J13 JS 3 ib~, 'b+ & 

. rL4;Yl 414 2 b+yl 

j ,  + , JAI + , _iy- Y *i aL,jy,$~ ji Y! 
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CU Yq~J <YI 3 &I;_- hJJ & 2 J1 'UYI 91 j. i&I 
I 

. JJ r  
LJJ>+I L+I b i  I& 'di c;k rljyCIJ+I 

c $19 irhf! J! L A L  -- j (&LA\ CI-LCC+I) 

& WI &UI CI-LL - AJ 'b- - a1 2i3 

b S 1 I  y~ ieLzu y- +-LL-II 4XJI  j. i j ,  S; j b  ~ ~ j j ~ j # J I  J& 

l h 3  ' ( ~ Y I  -1) i b l $ l  i+Vl *I 3 ~ L L " d l  &>Vl +LJl 

. d+Y l+q l  &%dl 2 i d \  &+YI + U I  &%Jl 2 
h +- 4 9  L I ~  p3 L+ $ hi iS>k * rYl ',,.A 'y + J.5 &- 21 a L y . - A l  'y &- 'i,l+Jl 

. j'.ci.NI ',+ L~L- tpk.e; 

A 6 ;i?--L;ilb%JI i>yyJ l  Y U S Y I  eS; d l  . . 

.)I$ 3i *u .;>CCL +- Y j?il~~~ w 2 w- ~5.11 JI,JI c i ~ ~  

. i+i J ~ W  SU, + 
I + 3 ' / I  j U I  & *~. i  A+ L -- I L 3  

~ 1 ~ 3 1  (UjYJJ icb; i>LL 'k + '% + A L , ~ ~ I ~  . - . . 
LI; 4 ~ ;  s~ &i  +.s JLI +i J! J*"- ai  4-L j. 

. ;t->,i jk4i) L J ~  J] L GYbY I & 
6 4 1  rL4 ;Y I  kks $ +I j & W I  - .. -3 

-UI +I 4 W I  1511 y- L w I  2 3  'aL3jYjIJI JJ, Jj+ + i l  3 'LJjYj> 2+=3 LLK: &i '.;IL~~~~IJI >L= 

L ,I ?UYI jr &I c J Y ~  L K Z ~ ~ I  f - .  
DL J-- &CIJ~,  >-ag ~spermotozoa ( c I - L I J L ~ Y  I) 

2 sperm &+I j l d l  IJ (ri_gla aL;lY) J! a l+LeYl  

- +  , 'i;,, '~141 -+% &i, 
.I+I di, +l +,i G-- 41 +p &>I 2 $41 ~ L I + I  

Jl C I - L I ~ L ~ I  .. . J+ 3 c&YI GJJVI %+I &%Jl 3 

.*I 4 -d l  ++I u ~ Y l  rsl+ &I> l y > 3  4y.J i iLIF 

- +YI a-1 .. . - gJJY1 ~L-JIJI CIJi j p  JYI i l ~  iZ ~i 

3 LX Y! +LA1 +$I & j& ;;%I Ly; j l l  Primary oocyte 
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i+ ;+ L+- L A L ~ I  2 -I r~~~ ?- >I ~ W I  
. Polar bodies (+I & K i l l )  yL dp-, 3L;- j i  ;_L- Y3 

>Y13 $A! 2 j d l  r U Y  I + 2 d%Y I .. - 
>I+YI  r~~~ i+ A ~ L  i*; t_&~ j-. >! J p J l  u 

2 -1 OL &heS .Gametes u L ? L I  i d 1  w U I  GLJI 

&*' ;p-- + j+-, "$I dJJ &I -. 2J $dl &*' +I 6% 
L -J dl a L I y d 1  e3 (LA 64) dlF >.dl 

~i . d p  j l Y  jJtL 200 A i ) j i l l~y~ GJAI +4i; IU . L3 
+ icy j 41 .. . ;ixl J,YI d j d I  +.LYI i~ . . j ' v i  &*I 
41 3 ;IUl & I  4 female embryo >;;'\I\ &I X i  2, 
+ j ) & U I  ; > ~ Y y ! + ~ Y J k p j k ? ~ L 4 ; Y I I L J J ~  '&I  

j. ~ J Y I  *-$I c3> r, + j y  Jji +- + tb+ L- 12 

;+i Jx; F ~ i  -,i &s r ~ Y ~  J+-3 .&I 

YL-41 2 & ~ L G  2 j3+ b3 J J ~  &%I jp Id .Ovulation 

+i L L + ~ I  L+ ;> +ci 4 4 1  zJSd\ JS 4 ;h13 

. (L 50 >Iy) +-dl +lg~l+ (L 12 d l y )  &UI 3 L 

&- L.f- +'vl LXIJ 'Lp .%L +.&-yl U i.'+yItJI p G  crj;S;, 



.-. g i )  ipt + LZ U&Z;ZII +-L- 115 L.A_~_~I (&+-) ;5;) J& ji 
V 

I . L p U l  u. ~ L j j ~ j $ l  Cj$ Gr uki *ri i, (L 35 

- -d l  y bp k-. 40 + 2 b&- i- Fertilization u b y l  

+~.LJI JUYI ;,*z j p +A L ' L 40 *u+i a+- 
Trisomy 21, Downs !d31>) 4p & ;+ L-5 ' oL3jyj+l 

1 8 j  13 r3jrj$ Jj & ilG 2 US3 syndrome 

.18 trisomy 13 L trisomy 

+s dj! L.+ 2i I J s ~ , ~ ~  JLJI s, i j  ~ J J I  ~i 

.Mutation GI,, ;I\+ L J ~ ~  J b l  ;r, _TOL ~ J U O  & 
Nucleotide aI*;+&I - .. L\ 2 (A) 'L ;A- ji A- L+- 

- 
I.b yb-f 41 S(J~J( &Wl+- L93 - j l  i;S* JW L - 

"I .-IS ' >i, ;I,, 4P J+ j i+ 41 3 ~ -  &i i ,+I >IJJ 

-is I;! ~i L JMl J+LI _i 4-41 Iki Dominant mutation XL 

36 y- IU . JL~ ;L.G *, & Recessive mutation + i p k l l  

JU~ Vb! JLI 6>m +L jl ( j l _ i l ~ ~ ~ J  JULI UCI;! ~ W I  @- 

.AI j y*l~J~ r~ ;F -I; &+ ,i kjjYj> > ~ ~ k  2,' 



> (X r3jy3>) y4 A?-3 A r ~ j r 3 $  -1 

y 6 A f i  ,x r ~ j r 3 >  y- i r j 3  jt. CUY ~ 3 1 3  

d l  &sw .. fl - j t h l f  Y 3jYJ> IS- &+I L W I  (Y 

YJ ' X  *-13 r3jrJ> + A L - ~ I  ~i . &l3 x CJj3A-($ j j l ~  

L (;iY) d-j 3i + :  b L l i l  . Y r3jrj> ihUY + 
Y X r3jrJ> &- hi 2 4 Y L d p  bl, > G I  3 

. I x 3 1 " 3  , & d l  ,.y 

G~~ ~ 1 4 1  3 Y CJjPJ+ dF-$\ l i p  

i 6 Male i i i  j+- FUI JAJI j k  ' -41 2 x r3j293>J 

-I -  I;! ~i ,i;i> 'I,+-; -- XY ;I+ G+I O ~ - J I  + e ? i l l  & 

'Female _;;I j&- yUI ,&MI j b  , 6 4 1  d l 4 1  3 X r3jp3> 

j b  I d  '*GI> LL! +- XX j I J J I 2  &..-dl r ~ L ~ j ~ ~ , L ! l  >L; l  j ' Y  
a 1 4 1  +*- L A L ~ I  3i ,+..dl +L+! >A- &..dl 9 &JI 

. + r 3 j y 3 $  2 4 4 1  
ALl >L;;3 && d l  L >-Lx;- j p  ' I d  

4 7.50 k, is) &A! ii +i OY I;IY I LI,hJ. &WI 

J b l  i; j.3 6Y r,jy3> 31 X r , j r ~$  +- 4 9  j l y  L l + :  

,+-A )~r ji 2141 cr' LLM~ 'b-I 150 ( x x )  ALL U ~ L  
WI ji L ~ J  &i . A L ~ I  3b +-i j3dX3 + j" *-ill 

d l  $@I 2 + d l  1 J L j  . SLYI ~ 9 4  &dl j& J $ i l l  +'v4 
. i. b$L! &I> Y j  L U i  jj; &I G J W l  &lrJIJ 

: Chromosomal abnormalities +,dl ob+l +I b 

km +- r ~ L l d I  L U ~ S ~  Y L U I  3 species t+ JS 
-L  ̂ >JS L+ L e k s L  chromosome complement or set +S;yg> 

&>~'11 &.-+dl I &'-UJ 

&G &-- it;+! 3i ;$-dl dl+WI Jj t monoploid cells 

4KJ I  ji + 4 Haploid set ( lN)  ;*-IJI +3jr3$ kW 

U l  i41;.\ll &% &L 'diploid cells Q W l  & K j l  31 &&I 
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Ju; b! +i &-i' ~JII;. +-ljyffUJ L_FI-5-ell is-- 
- (2N) a L g j y g $ l  ja *- 

&L,;~,~I  j. i 2 1 b i  a+- !>I>\ *z; ai ;I-~ L i,,~ &, 
3 >19yl + L- dl di @I & /LJ I  dgjy3$I i3L 

J a 6 - 4 1  a Y W I  + p- JUl o h  i b W I  -- d3 +JLJI > d l  aLb 2 ab+* ++ a&&!\ . $  
Abortion 91 &I bik! a Y L 3  abW13 >ll.Y\ + 3 I  S j b  

3 ji J! LSL.I-).~I a J ~ i  *if .+I ii+~, .. . 
Spontaneous abortion j U l  a Y L  3 160 ,i 50 d l y  

+.A\ a141 o h  J-JI j. y13'Ul i.Wl &YI j L>+ 

4i ,, j. 10,6 d l y  j ;I& 21 WI ~ L S + I  si 

. +- ;>Y3 d k  1000 JS j. JU~ ;i; JIF 

- - +I p- 'y i;rb+l OL &,b 4 &- 

b i W >  '&I;L&-U L w i ~ ~ > Y ~  >, UI .. . 2 + 
i+ L/ 2 ku- &I > L p j  21 429 i + d I  -1 .. . ab+l  

bU 'Early abortion (&dl 3 d 3 Y l  e ~ ' U ~  j) & d l  3 . C 

. / ~ & p ~ , i & _ ; i - ~ i g  L&-Y -I LSI&I 

Numerical aberration +JU al+ Jj i ; o l l  .. . a141 0 j r  +-, 
a l p k l l  ,i a l k l  a Y L  Structural aberration î S ..... J dl+, 

+Li  SJIL, + L structural + . - j ili +*r C K  +Iy +jjYJ$l 

44ls aLjjJI"j$l + accidents ;12l + ,i L;l*JI + 
. i.19 j. krs i+ 2 jj" + - i l k - i ; ~  - +,A ,i p+! 

Chromosomal Mutations + 3;y3$l alpkll CS;~ 2 b - 1 - 



L, b~ ji ~s >L3 . ' N  &I i + ~ i  41 &i 3 ir. 
. t . s j y s s  23 '& 4 F -  +9 

&La; d! & > j J  -\j a u \  - .  >LC 4 .... &k- dgyl 4 

. 3 N , 4 N  a w l  jl &IS isJazr t L p !  Euploidy 

(2N + 1 )  121s j_o ;J& j Aneuploid + 2 +- &A- li LS 

.~' i  y z i i  IL ;.he L i>bJ ( 2 ~  - 1) Jb jb si ( 2 ~  + I )  

i,+ aLIF +,i j&- + r p J I  4% Meiosis JI+YI r G Y I  

iZ J I ~ Y I  ?UYI .ij'i yzl~ I ~ A  -\j LA . ~ ~ i  %+ i?_) jj. 
+I 2 Polar body i&G ?&i i'X3 ;*z13 L L ~  d&- +- 4 1  

i--- - .  ii; S; tj J 21 aLJjyf$\ JZ 3i 42 i! . G ~ Y I  
J5 2 p J l p d l  , * J I  / aLJ jyJ$ I  >*c j j s l z y l  +- + j r ~  

.. . 
: &CrXriY I .L &it 

Numerical chromosomal changes i,>ls G3jY3$ ab-l : YJi 

I > d l  a y G  $ e E . 4 1  o L  s9 

: & U l d I  J! is+lo.b +- A- U c heteroploidy 

a U H i Y I  j! +E~ploidy "f.JjrJ$l ~4 JsUl > d l  - i 
NONDlSJUNCTlON 



G s j y s S  LW 

+ Aneuploidy L L U I  2 &sjsPsS/JI i s d l  - cc, 
single ;>+ aL3jyj> ;>&j ,\ 4 +- i+3jyJ$I a L W Y I  ji 

. chromosome 

: J+ ~ P A I  I &  J-e'j 
: &YI &,+dl 

L d I  J a l +  -- +I G G W I  &- Euploidy plceil ckLk-JI - 1 

L K l I  U l  - .  &Jl Ji j  sJ Polyploidy l+UL + d l  

>J-'= ,y-e * 
* J 5 & a L + A l  

N JJLLU 'LL 

,i 3 ~ . ( 6 9 )  &i . (23) 

$ 1 . .  . 4N (92) 

& M I  A h - g  

L& Triploidy 3N $%dl 

~ I + Y I  +LYI +ci JL 

,i 6 4 1  $141 

fd is-- . - - '  i~ls A- Tetraploidy 4N & L j l  - U l  L\ 

+s G U Y 1  iL,. +c\ iE;jZ Zygote (-%I) ~ , V I  ; I w l  r~~ 
>*j ~LWI +VI q ~ 6 - j  + .i;i Y! 'h 92 >*J ~ L L  41 ?- 
;w1 u i s ~ l  $L9 &.dl 'y ;+ L,. 9 Lu- aL=i-dl 'y LkL.A.3 

. + a l l  a b 4 6  Wl $ d l  > + ? I  a Y L  2 l 1 7  



~j +- Y b i  Meiosis dI+YI rL4;1 .L'! +3-eN ij - c 
i - . _  ili + 'L lgkj- J. N o n  disjunction + / YL 3 jy J $ ~  

+JI ~i L ~ ~ ~ ~ ~ $ I  I.L bL::.- A +I oh ; A ~  

I $ 3  . rfj+"J$I ~ia 2 iii &i +- s ~ 4 1 ~ i 1  -1 

.L-\ GLd! A*, lip . r3jrJ$I yu J-YI 14 GL+JI 

6q-L iLy J &kJl > b y 1  L>k &J& A> j p  +I 41 aL&4Jl - - -. 

2 GlJJl ;>u -. ;>k$l +- iw &b 2 LA- 
. b - + I + - Y > J + l  

j! &i L+I ;+ + G ~ I  YL++JI -LS I>! ~i - 
>I>YI +- s3 '+- 31 4 1 9  A G I ~ ~ I  ; J ~ ~  

. + d l 3  @I ab41 jo -+d l  -1 - .  OJL>I & M I  

L I ~  b+- -I ap ~ \ + Y I  r~~~ +ci WI IL J.- - 
@ l i p  622 JS +?I bl&IJ '+ 24 +- Lp 
L'& 23 & &-- idry iJjy3$ 24 6 4 1  L l d I  

I I I K I i .'&+ 47 &-- '4 FWI j+- 

45 &-- '& f U I  b& '&+ 22 j,U. -1 +- 
J b k  ,i ;>4j JY; L A ~  +- .U &A- A lbiy i - & j I j  '& 
2 r~~~ +ci WI IL A*, I;! ~i . +L -. &+ Y ~ I  

Postzygotic w K l l  >&- + bk-,YI r+ -- Gb '$-I 

4- ('q) Zygote &I 4% 'nondisjunction 

r ; ; U L  dLJl oh A+, L+I J d l  2 + L & W I  ;rs & j  

i J y  Lj% rjyi fl J a h  .. . J kW1 I L  AJ-J Mosaic 

~ r J l  
YJ,LL b31111 &b iiL d3 L X  + -izi + W l  

$i3 ii+ jJ;;; MI aYW -LJI 4 l p \ l l  ji LJ Jj3 L+l 

. k W I  >c3 j3> I+A hlW4 + b y \  q l p i  j. ;i: 



: (Monosomy +I ~ 1 )  41 ~ A J I  + - 1 

Aneuploidy &=AJjYJ$I i iL t l l  ~ J ; Y I  fi 0 - b  

. . l L y l  2 -1 iclL3jy3$13 L +lcUj\ ; ~ L ~ j ~ ~ s r J l  J 

: (Trisomy &I &W) 4 1  3 d I  b k j  - + 

: Down syndrome d3l> t j% : Y A  





: Edwards Syndrome ,J13>j i jHs Trisomy- 18 L 18 y3 jrJ( ;i=.Y 
.- 9 

LLplJl + $q3 ;'+LG >! yYI  I+ L j w l  0.L 

&i , hi j+ A bi Y! b++'Y~ 4141 3 o o o / i  ~j-1 016: 

r i . 9  4 ~ -  + + h a l l  +'Yl j. 295 dlv $3, ~ + y l  2 $ 
18 (j; PJjrJ$-! (2,jl) JLLYI rb 21 L j W I  o h  > 41 
.i-+ i.J L I I - , +&YI b ' u  +L;II & W l  j 

+ & Y I  j LPfjyJ> JLZY + t i j > L  ~.IYG j - .. 

;+, b i~~ , j~  u j;,j~ 4 ~ 1  >iPi 
&I JCj l  ~ ~ L J 1  ~ J d l  i>-~f;l. ab+" 

L - 5  b L+l3  dl LZGLJI j>fy lJ L i j j g l  &!++I i j p  '41 
*I k L t ' l  A&-3 small receding lower jaw +'ul U l  

L 2 I U .cleft palate ;WI S L  d J V 3  harelip G+ 

U d q  Gy ?l&'u\ ~4 b Fy3 +--.JI #! &Liz (? 

P.; >I, &I &Y3 L U I  +I +h i  jfh; ~i& y d l  

4 J% - L J I ~ I  3 230 JIF 0 e . 3  b + L L  ab+, d+I 

a&-, '41, >,"l~ ~JI + L L ~ ! % i o  > ; s i i t , y 3  ' i > Y 9 1  

. dLoeiI JLil.\lI+ c(r i+ 'L& &dl3 j k - x ] I  +I 

"41 >! d ~ $  3 4 Y 1  ;j+ hi ks J U Y I  2 iJ>L ~ W I  

>;YI 4 1  ZWI JS ~ h -  d~~ + ji LLL L..G bI+ 
LL &I+; 5 4 A- A k~~ A $3, GAJI . . 

. >I, k<+l 41 A, &I 

--i ,: $i J+ A L ~ I  1?ilW1 .is & + . J  

@ 2 9  ~ W I  .h J& J~*V ++ ij% iib ji 3+ LA ' j3? 

Q ';;%-dl 04 kj- &iijy d y G  j~-'l~ A 4 + J3 r'l~ 
i i ~ a  ji u +KJI >;LA& d~~ J I ~ Y ~  2 L ib 2 1 ~ 9 1  a&- 
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: Trisomy-13 (patau Syrdrome) $6 Lj% 

21 433 L -. GJ+ Cleft lip and palate 
Dysmorphic features -41 L-L~ o-- 

" 21 L Micropthalmia ;# a&\ 



&I r L i ,  Jj> r*5 . L U ~ I ,  +IJ  &LS ;LCII_JI r b \ i l  
I I I I I - ',$dl j Undescended testes 

j. +i +i ,i ~ L L  I, JAI a, ~ L J I  +, +L 
' i .Y91 , 4 @ jyr-- JU'UI j. %so dly j i  +, *;;, G J Y ~ I  

LWI >, '41 j. d3% LJI + +JI+JI j. 115 JI, j i  LS 

',$dl 3 dWI ~y aLWI ALYI ~b j +.b i34j iy3 'b-i L, 

aU1 - .  GK: C S Y L  $2 iJ3+ j" d3j93/UI ;lJJl &I d p  Id 
. ~ b t l  p- \*I $1 p*,. L_J> &+ro aYWl o h  j! +, '13 318, 21 

;s\ &Ldl j CIS Ii! Prenatal Diagnosis & d l  . ~ i  rl,L 

S .GF .+L~'&L .1;91hijw1 I L , ~  i l~2 ,  . ~ 3 5  j. 

. + bL! j ;, ,91 A- i $ l  -. JWI 

l+,P a+\ 9 3-- A awl ~ l r  4 i>&;II j i  
~ ~ ~ Y w I J s ~ , L u ~ ~ - ~ x , Y  ~ I ~ U I  - .  j - L . + i ~ - - ~ j  

. Meiotic non-disjunction JI;;YI rL;r;YI G L ' ~  b&,YI & 

i . U l & -  - .  j. +UI i ' l J $ I  abytril o h  + 2 d3 
' i ~ Y 4 l  -LG Y3 &I > LL-G LL ab+* + e- Y -1 

.ci ,~I,JI /vj .1*1 u Y!  will j. &- Y A b, 
. Infertility v & Y l  ~ J S  , jc d l  

XXY Kline filter Syndrome, 47 rJ jy J$ L.k $J+% L jXs - 1 

i > & i  Klinefeltre sundrome +W i j %  alr;;ll o h  jr 

$j ilpkll ip 2 + Y >lYYl o L  pkY ',>*I1 2 - b I 3  

+I /vj I I ~ !  x i  ~ U I  ,pi\ j + b y \  >lpi ipli- A- 
&Wl >rill ,- uk\ +'\ LL I h j 'Infertility 

~ - L . . S  ~ ~ k . + > '  I +  *-Zf;L4 d w !  ,>dl $ +I3  

di 6.3 ' IU '(Testosterone) ij>Ul jyp 2 &I J d l  jli! 

gynecomastia 7 - 3  aL..JI J& d! 
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I 3 'i@I i lphJl &-Iy L iL-& .L.I>'YI 

df 441 i>&jj & 2 JLL i"hij + $LLU 

JyJl gP' 4 ; ~  ~ $ 1  L A P S ;  LL e s r U I  -3 -L3 
J + A+ d i  Testosterone ;,$dl b r p  i ; L b  &,3 '$91 

jS> &I3 6 Secondary Sexual charecters &+WI -1 a U l  ,+ 
+-I;&I ~ Y W I  2 Y]  C% d +, Y i! '+I 2 W- +i A ~ L  

4 4 1  s L l 4  j> &&- l+ A+ Jj 21 Mosaicism 

dJ ''Y& &I J*JI j. yi a+- s IQ .K-~JI J- ai u 
L+ ?YI 9 *iljJl X rJjJI.J$l j- d&- a Y W I  j. 160 d l y  

Ji L>\II 4 j A l  ?l-k;Y I J J L Y I  r l s  + XI$\ rfjJT3$l e- hi 

o 2 . L,+J 140 d l v  UYI o J b  L A -  $3 L r ' Y l  j j k J I  .. .. 
d p 6 J,\~I &j&\ ? G Y \  2 Y! di A*, Y dm\ 

O+ I-\ j \+I .hi 2 j . 1  j + L p Y l  JI$ L+ di h-3 (XY)  

.b&j a3+ @ L U I  a1 & a& L j W I  

Jacob syndrome (u#L Lj*) XYY, 47 Lj% 

*JI,iI 3 1000 : 1 >Iy j i U I  I+ J*u +- 
4 Y Y  _ii j+ j+ dly ELL *LC i j - 1  o h  L3 ~ ~ + d l  

+ Y p3jp3> JGI 3i L U  SU . & . .  .IAI &+I ?LAY\ 
. U b y 1  

4 .* +I LA- i! ' L j W I  0 4  i > i u  4 l y i  ++ Y 
I 'AI;~I J+L j,Ul 1~9'1~ ++ lj ~;i, LL f i  
~; i  +,-\ 15 - 10 J+ *w j+- lj .KUI J~U ji Y! 'G +I 

V 

Aggressive I JS LJ+ u U I  >$I .LL, dl A- LA '&I 2 & 2 -  - 
G p J I J  >L+Y\ A+\ ;r! L J I  + ip J ~ \  OL L-3 'behavior 

2 G* ~ L P  ji 3+d Y3 ' L L ~ I  2 d L J j y J f M I  +l*jbf ~1~31 
o b  k, tLJl L-4 kS ' L L Y I  J-3 iezJl ilr ~ L Y I  

&I 63' >I>'\~L i o i i J l  j d I  2 )$dl L j W l  

1 0 0  : 3 '+ +I ilbjl (jdj ' (1000 : 20) 
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Turners Syndrome XO je- Lj% 

Turners syndrome ji+ L j u  Gy- L ~ t s  ii151 Y Y W I  $1 



y j  dj ,+I -L ~ + J I  + I ~  L . i l j  r 
125 2 GjlY jh- ,&$I LC J,kll jy I U  ' J$l J +>W\I ;>&$I A& 

iebpI_C2-*tilI-PL-k+JI ' r C j Y I 2 j  j - L P J l & - u  y 1 5 0 -  

+IL di;' A ~ ~ i u  +>I j+-> ' 4 1  ki eej 'is 
G * u  Lei>) 6 f d l  !&-& c k J l j  L d I  $ && db+- G j%d\  O h  

. -1 - ... >gd\ 2 41 L+i,.Kd\ &+..A L J U I  j L 4~ 
j~ * i  i+ piwl -- - ~ i  441 I+ +UI & i l l  >J 
Ovarian .&YIj J b Y I  2 +-a1 \L + ftc / W I  ~ Y Q  I 

J& r r * ~  Jj &>j? L L ~ Y J I  u i y b  +-+I j$ A&J 'a t rophy 

9-1- A, ' ~ L Y I  yhu 2 9 ++ill ~ L J I  

. ' ; ; ~ . s w  &i ;LJ UI A*, ji +cS--j '+-LPJI iZ L kbjz 
' + y i r l i  ~ U I  +- ji Z ~ Y I  ~ J I  JS j. A- 
X fjjy3> h&- bi 6+Jl ,i iUl+ pi% > ?- Y wJ 

i 2 i j j d l  J L Y I  f*J ++i monosome &>L%I 4 3  %!*yl>t$ - - 
AJ1. &j L ~ L I  0,- &>LYI X fjjrir> s; .YWI  j. 175 >Iy 

. + ,i , ,W ++I dl;~+xi~ c ~ !  .ci @I A+ 

7.16, ~ ( 4 5 . ~ )  &i . .. j&- ;.&,dl j. 157 dlY ji +j ii, 
L X  r~;pji-J &&I QJ*U t ~ j g l  r k  r j j y -92  & G-- LfS j 
+Z j\ d - 1  SLY\ dzi;  %15 >Ir ~j ' i&I jy  iJ+ V 116 

"i ?,*I1 > 4 1  &>kj L X  djjyJ$ *zL i d l  e J i J l  > 
41 1 2 jir; ~ 1 ~ 9  ~ & l  P I  j& Jl X Cjj+.j$J 

'+IJ +-+lli+ >i r b l  J! 4 ~ 3  X rJ;rj$ &&I t J J l  j 

a % W l  2 3  L L j - I  04 &>Yl &b+l -LA hi L.~.+ 

& #I dgi j ~ L Y I  j& >,I$ JLI +A Y +UI 
.+I 2 L L J I  L A 1  



a Y L  ppz- 2 1 2  >Iv 2 +JjpJi$I k+l GYd S*i  

Early I I I I $ 6 91 

1 I kj;, L i,'~;~ L & +  a Y  WI & spontaneous abortion JP V 

i >L& Li- j J > J d l J  jJ?L4ell J U ~ I  y- '3  3 J E  b Y g l  
J -. 

ic l;+l +I ,-j L Low birth weight ;>Y 41 *S L j$l 2 e 3  

is3 A- ;-"G ab;; 'JJI y3 +I -L!I 

.""""y 

structual changes LS;  ... G3j9 >$ ali-l : L C  

>T , P  3 ' $ J l  LIUI +LJI + j j y , p l  dU%'!l WL,  

L A  L I ~ I  r3jyj$l &I' A h -  A 21 +>jY3$I & L % Y l >  

. structual changes d;11 ..... aU%YI  v& Y L S Y I  0-i" SFJl 



: is$! - .- ipJjVJ$l ~ l + l  e$\ 
I A & A  - 6 i-S> ...- "9 6 rgjyg$l ag a! 
-Ci ~i Y! i i i i i l  2 LJ> &GL dJrL rLb; l  iJg, J.S ;, Replication 

Spontaneous if&- a 1 4  irLg jyJ$ I  >-- a! A+ 

~CL- i iWLSg 'rJjyJ/l;j~ +I *i fi + j  +- + aberration 

4 2 %  L C~L;~;I 6 2 3  $ j k-S i  dl+ i; ~p==- -J l  r ~ ~ ~ ~ $ l  1-b 

6 4 -  ~ I j > g  LD+S A- &&+-!I j,kll & >bl J! 

d L g j Y g $ l  o h  &d &W\ >@ Gy i i Y L  jj.& d -- 
'Reproduction u&YI dJ*; .. . i ~ k  ;j; lj j l l  ;&I 

a I&I  o h  & g b  j! i! '&I 1h d b  d&- d L J I  p g  

0~ r i i ~ ~ ~ i  . UI - .   dl j > ~  I+\&- -gjyg$l 

;--I1 - - i r t v l  j; ionizing radiation +@I ~ Y L  &i J+ dlif i l l  

25-31 pU 2 ~i LA LA  if^^ . . . . -  d l + ~ ~  AS> L x-ray 

d b  a $ &  + jL>'\ 3 Blooms Syndromes ?A >iL; J5 L GljJ1 

. +j jYs$I S g b  j i 3 4 j  k-J- GIJ3 > l ~ - i l  

J+ AIL! ;Jd~ >I ~ I A I  + d l  3~ a] &I 
I o a 6 L U i  3 .?G.i Chromosomal breakage i i LJ j rg$ l  

A- - 3 - g  . j g y  L j g >  U - ... & + ~ j ~ g $ l  

~ L L I  A- i! J ~ Y I  162 >L; &I ~ W I  2 >& i i ~ g j ~ g $ ~  

2 >--dl f3jyg$I 2 J ~ Y l  l h  & g b  u ~i U L +kv l  >! 
+ G U Y \  kliur $s ;+I ; + M I  jlb'Y1 j j j  ;\&I 

I ' ~ ~ $ 1  kg & j jl-P;l\il > j l j  Y _\j Sg &i-ij! 

r ; + d l  j l > Y l  k, jsrL- d l  LLal. .. - &UI &I &b! 

-b 
6 fg jyg#JI 6- 21 qlJJ\ + 2 3 &A- hi - 1 

& LC--9 r,jy,$l h 21 j + &-+ + 
6 1 



: &- L d L S l r ; Y I  3 ~41 I j P  J! d>j; jJI ipJjYJ$I 

.Deletion u U Y I  ,i 41 - 1 

Duplication G L y l  ;.&$I - 2 

rJjJt"J$\ J+ JI awl --j 2 2- ji _ Y 

I i W l  dLt jr3$I J>& &, 2 + k: +,;y,25 '3 

,,;,,AJ I q l J 9 1  ;.w\ $ s- A*, $, 'dk 
. =$I -.- +,j,,$i aL%%Yl o h  2 j b j  3 b g  

Inversions a k % Y  1, - 1 

Translocations csY L 5 Y  \ - 2 

+ .ui LL~JI -.- +>jYJ$\ ~ I ~ L J I  o h  JS 21 &--J 

w y  +A-JI +! +=dl ji 4, 'i_+ ~ W I  j. L+ jil r~~~ 
j.jr,> JS Meiosis d I + - Y I  rL i ;Y I  dG j ~-6"i j+- 
&9j9"9$1 d Y L  d! d41 A- dUk3 c b  &h 

. &&-A\ .1391 2 Z y J I  -.- 

dl L & j b  &>k &I d ; I I  ...- +jjPJ$I aI&l+- A- 
r-Ji d! r3jyj$I &C a- & d l  ?LA\ ej LA dl+- 

: p, 6 k;J dkpu 

Deficiencies or deletions +L&Yl ,&YI - 1 

Duplications ,l$Il - 2 

Inversions u%Y I - 3 

Translocations J k Y I  - 4 

4 ~i Ld~3jY3$~ & ~ L J I  b&- J,YI GWI 3 
j. +i ,i jk,; 9% translocation JLYl trJl 9, rlJl t-l 
&Ls 2 Non homologous chromosome ;>-I + irLJljp3$I 

2 L'A+ aL3 jy j$ I  L I J >  dL  Ui d U I  F-3 J U Y I  
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a Y L ,  di kJ j rJ$ l  i.lII.;il8-L + 4 +i L\ 2, 

dk!  2 160 J! 9 &3jy3> i3L &A JS &+ ~ U I  +I 

Late abortion j U I  ~I++!I $- - j-- .. j I +3j9,9~ d l 4 1  

".Ljj G, +,jy3$I 01&l 3 7.5 JIF Still births +I 3Jl&lg 

. +ii d& +YI 8 L  'y 

Deletion, Deficiencies d3 jr3$I +L&Y l ,i &I - 1 

. sydromes -41 4 1 ~ ~ 1 ~  9141 

LL ji ,i JZ /WYI j ~ k ;  lip 

-is lib L e3jY3$l ++ +>jy3> 

d p  ' y 3 9 . L  &*- Y W I  U I  

Genome e*&l 3 j W l  d& Clw 

H H Acentromeric segment ey3p-WI 

I' 4I; 4-L3 b+ J G Y I  JS iJ&JI 

+i bi J! 3 4  A+- 
+- & anaphase J U Y  I J,> +u\ il;ll 

,I $1 & L U  @+I+.+.YI 4 4 1  j lagging h 



A- $1 LL.L 2 Z + l I  -, - +jjr9$I i.'l&l i. 'YL &I J-' 
rjjr~$l 24 jr &jjrj> + ~ J ~ Y ~ . J J E J I  2 SrS k 
I;! LU;, terminal b> b~ *i &jjY jJUI 41, L j l U L W 1  
;b &ij intercalary '&, C9jy3$JI ~ I J S  j. tbj o*hi 

. + J I L U I A G ~ ~ #  I 2.b + r~jr~$l 2 bl+ 

~J+J."-YL, C+L A, dljy3> +i +i ~i -+f 

&-- ij ;J+I WI bi ;u- L Li;--,+Jl .. .. irl+JI $jj\ 2 10 x 4 

>A\ AK \i!j c &LL9 >$I ;"-y & jh b lLs 3 JIS .. . >ir ,.& 
LiL &LA+-> jL, ihj JLkll lL >JI-~J j. v J l  & & lJ3L 

'&=A-f 
*-Ij bi ;, Terminal deletion 6~ 'bkl 3 4 -  L 

0 - b  J$ & ikhij eJ*ll o h  && ' Gjjyf$\ tJ>y~ & - b j  & 
A; j i  Y! 'iJ+-WI +$I +kJl ?WI Y~.JI ' Ul &- + 6 eJdl 

J+" 3 i ~ b  y- +dl rjjyj$l 14 &Vl ( > J J O y & J l  bIJ-2 +- 
. ;jdI ,>L; d l C Y I  3 ~ $ 1  IL Js $I L fjjrJ> J.5 J W l j  

'Interstitial deletion A," / k Y I  p 'L+ +yl >Ul &I 

LJ I b & I  - .. + - 5  & j b ,  L-j 

o!+kJI +J + ~J"kkll -. Wl &.L em 6 ~ + j j ~ j $ l  

4jjyj> ;#I ~ J I  +> ai  LA 'u 'iJ+l 

jiil d'dI Turner Syndrome j JG >lpi isw d! ~ i k  (X) 

(x) fjjrj$ &+I eJd1 +* 2 ai Y! '>F9 rjjrj$~ ai 
2 1 ~ i  L* +&I A +- ir- d! G>% 

j i  J., - -. ~ V I  ,,j,,$~ 41 14 LWI >1j91 LL a&- yUj 
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A3*r ~i .+I j+L, ,,ilriL3 vestigial j& >&I 
I C  

dJi J-4 &+ 41 dl +>& % (Y) (=3jy3> 3 +I*\ # 
. qlJJl .+Ul 2 '& inert &L (Y) r3jy3$ bi  dl r> 

4 pJ + ;&I $2 d~ & h i  3 b 3  

Chronic >&I (=d l  jb,, ji U 6 Wolf syndrome LjX" @ 

.22 pJ @I 2 d L  3! rA myeloid leukemia 

Ring d52 + d l  e-t, . - &.ill &I &I e- -i) ieS 
ejb yl +zj 4 1  LlLii ~ ~ * 2  iiG j clUi e-3 chromosome 2 3  - 

dW1 oh 3 p - 3  i&! &\ &d ihb JL\ 

+i 9 x (=3j93$ di J3 . ;'UI f3 jY3$I  +% ab+- 'k-i 

- pW1 d 6 -  + p ~ t j y 3 $  

:&43jy3> a L L & l /  iSu1 +&I a 'JLJ l  +y 

Prader-Willi Syndrome - p i A  t j% . 
>I>Yi 3 1 5 0  a7 JL !L J& 2 &I rk 

. (9 1 1 - 13 u) 15 f3jyJSI]I & bJl* jjiOeli - i>YJ\ >-*-i~ JUY~ 2 ij-I 0 4  -41 > I ~ L I  +- 
~ d l  +- b p i  2 i4-G Lys j. >Luj L L J I  .. . +G &&I a&e 

6 j I + 3  i > I I $ L  i &kJL 

r (= 1 1 + L A  I k 3  6kd1 

+I +- Jdul ys fG" . i L L ; J I  + ~ e r Y l &  iyL,'3 >flj 
r 3  - 

U l , ' !  &>3 L i r W l  & +LA/ 4 4  j.ekll u L - 3  'if;&!\ 

J k z l  ,i JJ- j, + ~ L U  >$I j&- iii;i\ ii iibs! 

+Ifl! +I 3 3  1.1~6 JJ @I 2 L j - I  o h  j& Z>p 
. b jWI o h  / '.af-W Prenatal Diagnosis P I  &I 

Cri du Chat Syndrome MI +I4. t j% 

441 clp ji' clUi-9 Cri du chat M I  +Ir y& 441 I*. dy- 

r l  .dl@ 2 gCI i i ~ ?  i j %  2 3  . U I  +Ipi i6-;3 '+ A+- L> .. . 



Chronic Myelocytic Leukemia r*ll jLby 

s3jyJ$I i j d l  jl- iiXc ik! C6;J e- iF J,\ o h  L- 

4 p" j.3 &j.&\ ,-dl jby + b y \  2 k>\ A! jbAIJ 
+'-Ji r ~ j y J $ ~  1-i. 29 *;, 6(22q)22 pj rJjy3$! eJJl 

J! + Philadelphia (Ph-) chromosome W>Y+ h.r.;r3& "'I" j 
rikJ~r~j.i.~+2ip J ~ Y  ~ U M I ~ +  & ~ > Y + G * ,  

I L j i - bj .&~ r~~ abi. 24 
-9 i j ~  r ~ j y ~ $ J  ~ J J I J I  622 y j ~  r~jy.i*i 4JJl ~ J J I  

/ & Y U I ,  .jib A- 4Jl jy + +i ~2: u 
a-I 2 I+ .. . ai J+ IL, & +,+I &\$I 2 c13j\ 10 x 4 

&I &Y u &&I ~ L J I  j&-, L G~ + G j i  A,> L- j i  A- 
ihi; aLa);-, &&\  CLWl > & Micro-deletion -dl 

d! 4j~~,2J I 41 A+- j i  A- & j k Y \  i > d  

~ i i J+ . J \ ; . i J I~pi++ & C d j + - I J \ $ ~ l J J i p b j . + i  J+6b 
. Gs j_pos$l L-ZJl d k Y  1 jG 3 o I & I  o h  

LLjYI L L J ~  & & +i, & u a u I ~ ~ > J " ~  . 
JI;,;YI ;It J-J L Duchenne muscular dystrophy Jik & , i i , l l ,  
+ &Glycerol Kinase J3+ j i  +3 'Adrenal hypoplasia 

2 X P212 WI 2 (+, ji ;&U g) 2s 8000 - 6000 dly 
. ,iL-JI I +  &&I 3 +dl dMI &i si, X r3jrJ$ 

,i I I : i jp+~ JLLYI S*Y. ;i ks 

j+I 9 i3iA >*, 3 +I Y &dl @I U\ 4,: 

L 1 - y  a1 j$ l  + J! ++I L &  &-JI -3jy3$'l 
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Duplications &WI 4 , I 9  

;si L 6- +JjyJl$ ;ki &i +is ~;ku ~ l l s  d i  A+ 

1.b &-, Duplication .IJ!+ / $U & ~ L l l  r+l 3 iy 2 

(kk,;p)ek23, i_;K .Iy ;i,jLL.y\ +jy3$\ L d d l  J.s L;t-yLJI 

$ 3i 6 4 3 j r 3 i L i l U 1  c j  97 pjy~125; J! c.6; f ~ j ~ 3 P L  

Lh.5 i~ i J y  . 1 3 j r 3 $  , 

-rx - 7 T -  
--- 

I -- 

normal 

- ~ ilipTJ-1 I-~ ;:I--cI;I ---:- TpT -r-- -~ - i 

duplication 

& U l  

Beckwith-Wiedermann jb - && ;io j% 

;#I + d l  J i* 2 J+" 'y +L +y 3 L  9 3  

>3?33 ‘(190) b i l l 1  iU I 1 '(PI5 1 I )  1 1  yj, r3jr3$J 

j ' ( l90)  &I ,I& +bYl Wl 2 0 9 3  L ~ ~ Y I  2 
Hemi hypertrophy - -3 6 i>Y 41 u j41 2 + 
hypoglycemia +I 2 +I 6- j iL 4 3- _Lif &(%IS)  

+J' + 9 I;! 6 &  LkL; As& 4>3 4IydI 2 
i i b y  1 ~Wilms  tumer A-3 rJy +- -ii3 L ke 

. s Y  W1 3 7.75 dlv j ~l;,>'ul 
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~ i lW l  L+LJ Jpkll y 2 J,~I AWI d l 4 1  j ultra sound 

I 6 I L 2, .by, 13700: 1 J+ Lj-1 OL A&, 

LZ+VI> L j u l  o h  j& i>& J b l k *  Y -1 L=a3j9,$1 

;>YJl J-' & Lpj +\irk ilWl >Is fr*s 3 &lz]l LS 

J+ A &, . Prenatal abdominal ultra sound &&I j> o k d k  
.a,&- a,+i >I$ 3 b  I$ &LJI ,j LIUI 

Translocations a Y  WY I 

J!&-?& j. +% + - a i L k i  : JUYI 

rj- L*LS J&dI J W Y I  A- . J W Y L  jy- L + kjyA 
d>h Y A b3 . LiISdl a U 1  - .  j. -9; j+ / 3 -. J>Ul 

q1~31 ~ U I  j! L+ q1~31 ;JWI 4 +LP! ,i J! JUYI 

,i dp& o;;. ,i ,p &i /UVI + Y p  & +- Y, a&- 

e;+ i& &~;;II * >+ 4 ~ -  & + di Y! . - 



k+-3 ~ I + Y I  + - ~ Y I  +ci -I a~++&+1+9 J>UI 2 
b i , > ~ + - ( j ~ & ~ + . . & + ~ - _ - !  .. - '&I 

j. b j k  sdI / c i ; Y l  --i, 'i+o -Lk. & &*- j q !  &I 

. j j I + I  &I J k Y I  &L, i!UI oh 

: 3 Lay WY I ,  ir;, r'ji 2% "y 
Reciprocal Translocation J>L+Jl J U Y  I - i 

Centric Fusion (Rebertsonian) &y9+l J U Y I  - y 

Interstitial Simple(k-JI) J>L;?l 2 J U Y  I - 

ie +jjrJJs @ J>L; 9 A*, L dl & ,tp..;1& AJ; c-rtJ3 
j. J 2 A ~ I -  Wl .h A - 3  ';+Ul> ab3jrJ$l 

1 J & &- ' (B) (A) J L Y I  j &+I 33jyJPI 

3 G U I  &$I +kJI y uWI, 'A C3jr3$ j. ;,+I ~ j U 1  

j. I I I & I - 3  'B fjjrJ$I 4 +I 

r9-J' & &-3 A r~jy3$L i.W& bUl-9 B r~jr3$l 

6 JUY I 6 2 %  Reciprocal Translocation J>UI J k Y  I r l  J k Y  I 2 
- ! I  
~p4jI >AJ '*&jYl ~ - 1  2 -- - - Jj - h>b  LL+ 
I I I I a b y '"+ 
C: ~ J L J I  ~ $ 1  j J L Z Y I  -2 Y J  r3jrJ$J ij091 +L;JYI 
L'& -. >A1 d$L3 'i . b . > + j LG 3i i ~ k j  (Carrier) J k Y  I 

L;I+ YWI +- c;! J& i-) i+y q l P i  +i ;>b A +- y3 

. Carrier of balanced Translocation 

Robertsonian jY-,,j JLJI &+ J a y \  j. / C -  A b 3  
/ +-3 ji J! ccip +- i-) L translocation 

GLpp j &; --g I a&- J% d u e  Y b W  b& 

j. y 3 ++- g% &LUj ;F y+ li3 d l  u + 
% 4 J ! 3 J I r h 2 1 J I  jJ .> i -@b~i  . . ' 4 1 h i  -- 
iJ*'13 . a Y  mY I oh A ~ I -  2 ;b;r-L a+- ;),I> Lj* a Y  G je 

G I p Y  "k3jr3> i;j~~;.  + a h 4  e- >$I di j 
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Invertions + J ~ ~ J P I  a&%Y I  

180 b& j +3;,3> kiki J 3 . ~  bi ,,;,,$I +Y.L.A/& a- 
I - + I I - b '+. 
6.9 . aWi - j A- &I ++ VKZ! >L_13 &LI 
41 -- 3 &Ulg Wlg % & h ~ d \ ~  &_dl - .. L~b$.d\ >I awl o h  

I I i & J L ' & I y  i d 1  iiGl j J4WI 
I -  .&IL~U+.JI&&+I 

L J h - 3  'LL + I > \  aLWI 2 L 3 b  -3jY3#3l LJI&I 

j ' I  3 La15 v % Y I  cj- 
--j b+- &*i ii. +$I abw~ +- + #I & .. . UI 

a-I . - biS lj!'- '&Ll b$ ;-6 i+ 0-1 

ABEFDCGH : 9 &Yl 

',s>i + j l ~ ~ ; r i J  ~ k g . r j r B C * G I  k h Z i ; i S J  

iy +$I a h & ! !  &3 + 'CDEF kkhll ~3 &I 

--,A& d % l %  r3jy3$! ~ J J  + . . I - I  $ L 

. ABEFDCGH ~ W I  

i & ~ k ; , + j w ~ i b ~ ~ ~ Y a Y L J I ~ &  j&, 

I+ . ;rbdl ... ;r. 150 s3 . qIJJI i>L?I j dLp-hl 3i i > k j  . ~ 3  d 

d d  + abL, . ... J U ~  ui?;)' hd/ bw- oj..,kJl jl p I  
+%Y& A ~ L - J I  y-3 &I >:+- ~ j LA.,LJI ,i 

.&I i% j. fib i,Y_dl Jj iiL+ rljb &I 

>! -,-Lll &Ad j, .. . ;,+I WI c-2, ;.&%YI r L 7  

: L a  L > j  

I & d ,s 6 Paracentric inversion ,sY J + J l  &b v?GI 

hi LU; --J '&>LI b3> LZ -3;y3$~ @ I  & ~ - j  L+\ 
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bJ &i Pericentric inversion +9+1 i4bj + A9 
&-G! & $1 ;k;; j+ L ~ ~ _ ) ; - J I  Z i h  JF u % V I  

L &++-\iI fjjUI JS &>LI L +3jy3&I LJi!/l 
. L+l UI 'j-2 yjp.Jl id& a& 

2 iiJ- &WI r~~ LU j&Al j i  ir. 

rj' c L Y I  & i~;@l & iJ&Jhll b%dl &-9 -. 
i J  I J ' J 3  L F l  2 j O h  

~ L b j l  &s31 .L '+-iij +I k% .. . jj +by u a+ 
a i d 1 I i 'clone j& I  J i  $dl 

(-41 LL'j 'r* JS d L Y 1  2 + d l  1i-h A h -  i>L3 &W\ 

i l ~  2 cijj . b y +  +&&I +I oh ai &- G ~ L ~  

+ &+I 4Wl o h  $ + k L l  2 +L +I i3L uL,i 

+jjr3$l alklj. &SJI i d 5  +I 9;i'j +JJ 1 
,i L j i j j : JL ' a+\ ~ W I  OL &-I> I 

.$! . . .J&\9iJ~$9i~+9jy9$&dL 1 

+ +bill LWI &+ & I  +jjyjPI YIAI *iJ 
J I ~ ~  jl '+I d 2 LI+.JI I+WI & A 9 'UPS - 
0" ir' +Jjr3$l "9 'L,& d b d l  c+ >b -. 

j I I + I . +I 9 4 ' 6x211 

a\+\ ;P > L G  '+I&\ a\&\ O L  J! kjLbYL 
h&&l> +I ~ + Y I  ' ~ 3  LgJ\ +tJI +jjyj$I 

JUl J, 'Leukemia rdl a&,. J; rdl >lYi ilG 2 is+- 
Chronic myelogenous leukemia >+! +I a&, di d3+I ;, 1 
3 3 9 6Lhl~W r 3 j ~ ~ +  d e  CU 6 it;,. 
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?.-dl Jml-+ 22 ,SJ ~jjyj> 3 &- L 8 9  aL~jyt.~$I 

b h y  ~i 69 ,SJ f,jY,$J Jl22 PJ f,jy,P 

. JUYI 3 ;JL~ +.+ dill, Wilms turner rJ3 41 
Oncogenes &+I awl ?Iy 2 41111 LI,J c; li, 

LF;;!$j! '+ai*--;; . & A U L L J - Y L L ) ~ ,  

a! + $41 ..L * ~ i  j. *i,& + -S ikh;,jyJ$~ ~ I + I  ._L 

$i ~ L J I  2 ;&..JI -- j~ >+I 41 9- 241 2 +I 
&&I &I &I li! &- +I, i J + " J l  o h  $, &I -, 2 .. 

. dJjy,$I 41, JLZYI j  j L S %  L;; j T  2,. J! 
awl e+121sJI j. +I J! j91 c;l >&I &i 6, 

4- J*~L) d L X I  e &>L-Yl - r,+J~ j aLJjr,$l &)--JI .. 
A Eq 3 + + ,LWI A-I, + + ji,,> 
PLJ a- e- 231 ks, dl 2 growth factors 41 3.19 
$, L ,..dl all+ b3 growth factors receptors , d l  &IF 

+- ~ 1 2  I>! ii Y! ob CkJ -I -. -41 j91 3 jy j  

LLt; JS A!> jj? Gi ;.r. j L G Y I  $A 43jy,3 
li. kt; ji J! &+I ~ Z J I  ii. J+ ji J! L F U ~  &.)% 5, '&I IL 

2 J ' ~ Y l ,  ;a\ *- L & 2 -&-L *& L 

*-i j ;+, ;+ ~ l l r !  A- Y di +, &I-) 'L- J I 4 W  

$91 &A- di + Y A a h 4 1  JL 4Jk $ a41 2\41 
;&I r b  i&J\ j - j 2- jL+ 

;+I c f b  ISL +by ij; J! J+ i l - ; ~ ~  i J 1 ~ \  A- &YI 

G% A, 'GLbY + Jj ;>j!I J& ++I G W l  

& aL,jy~rUI 4 +J I G, &A\ awl ?Iy 

+ e+i dl &.)$ j ~ y ~  j i+,j9,$1 OI&I + 
: AJ> & JL, c +u?JI L W I  

Ovarian &I -. jlbi", Lymphoblastic leukemia ~3LL.&!l b b & I  - I 

+-dl G b  v j Q+ & 2y ~ * 2  3- cancer 
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- & > 6 6 piJ jjrJ$ &+I 

A J ~ J  (+6) j f3 jpl$ >,, J! kjL..&Yl+ W\ o h  j (q6 
. t (6,14) : 6,14 &jjys> jl? J k I  .. 

a s r  a! i! 2141 3 $1 d p -  8 f,jy+.J> ji +, _ 2 

6 Burchet lymphoma d 3 v I  dk jGrJ & L d l  JWI 

GJjY3$ i.l+ fi L& +,WKII >WI dLbr US3 

jls, .&&I +r 41; &i A, 8 p, ,jy,p~ 2 
& j hZ ;;;r aI; +Jjr3$ aI++ 6- d> 

CLSj  8 r3jyJ_rU &&I eji" && 2 3 

t (8,14) 4sjy3$ 3 J>b J U l  : 2 LLJC;L~&I 04 +-I 
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- ji A- &-dl ;+ & j9 dL!l  i+L) . L? b l p i  

(Glutamic acid dL̂ &JI 4 ;o j 2 1 )  CTT jp Y+ ' & ~ & 1  

Valine >MI8 9 j i  4 i y  - .  F L  ,CAT i J l  if_j 
'beL 9- .. s+Al ... ;P t9-J 1 1 1  ,?+dl jp -3 - 

+ L s i  2 o j ~ i  2 y;! Y & d l  L Sickle cell disease &-dl fdl 

;b3 #- liJ Painful crisis ;,+I r ~ I l l  a&$ wJ 6 +>I +I 

. I+G / & I  j L 5  I $  dm1 
dlS % A b  LJ, ,Mutant gene i91b '+ 49; 41 &I lL3 



o I :-- Recessive + eUJ i&i 'Yl  i+*: i 1 b  i> 

J ~ C L  ILL Ly 'k A,,, '+*i~, i-i 3 dJ3 _ ~ i  ~ $ 1  LJK li! LLK 
- _.P4 & L \ I  3; &I ~ $ 1  +I \h C&c $L9 .rgYI did\ 3 

A 1 % > 1 I 'Carrier 

. Disease 'bey 'W 

4 LJ+- D N A  Sequencing ZJ aLZg $LS SCQWI $1 S3 

+Y '*<,i +L +3y &->I 41 j ,+ +A- 

& j \+- d i  i p b \  \L3 . + \ \ &  'awl 

a+\ ~ $ 1  fi, a k W \  &L+ L i J 3  I ~ L ~  . bJ lY i3  

I i WI AL L-3 L A L ~ I  &4 A iZ djs, 'L+-JI~ 21.. 
di iiL ~ J J S  &- ai)ij dL-;yI + i I i j  yU3 . BJJY 

@ & G I  o h  . 'LJjY3$ 3i .& '& 46 &= Ljy @3 

J 3,L- i+L d 41 kS . l+- . -  2, u !+- Jl> ?/ l ~ j  & & 

GJ& /I ak j + L k+ $3 L ~ L - 9 - 4 1  - .  

i c L 1 1  ; rwl &C ick; & OJ,' ,++ L L+ d l  k5 . cWI 
a 1-1 1 *b-i dljs3 "WI 4kl1 j 3 @ l  j a\ 2 - .  k . i s *  

~i LL- i+, q ~i J+ L=+L> s3 291 jj I+..+, sg- Y 21 
- 

. ~ Y I  &+ L ,i >J" -p L si; 

Gene expression ?& 3 &\ Fr" 4 

+3i +L $3+ &JI +I 'y L&& &I d l  Lh 

L J  I . ~LLL-~AI - .  &- 2 e,k; J* ~9 c+b3 + ~ & 9  

b~ G . 3 4  +-A &+I +- A&-,~I  

~L+.S ,i LU~I . . - . .  a % ~ ~  r ~ - !  2 &L.L &L-J~ 

Q i - . &,;ks ,i &I+ ;r&s+ 

@Jl 3 z x  * +3i +L +3+ +Jl 

F d l  ~i ' 6 1 ~ 4 1  i j ~ ~ \  &JJI MRNA ~ L , Y  I J>I : +>+ L' 

+;I1 ~ L Y I  +- &dlJ TRNA JjUl d 3 j  &-Jl 41 J C ~ )  j U I  

sjjeJI +j+ 4 1  lib + A L L  >! 



& & r ; O d g  aLsjy-JI 4 J 2 &JC' & d l  Ribosomal RNA 

. i.&-,Jl 

649 2 DNA +.,,;I1 j. GIJ," dLJI && 
439 &J l  ,I! &- $1, 4 3 i  $ 3 9  +I I +I 

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

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

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

L J I I I a k + I   codes 

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

Unique and Repetitive DNA 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

. t+ JU 3 5 0 ~  170 

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

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

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

. W l  aL3jy3$l 

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

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

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

. r r z j l  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Same iestrctan sltes ---- 

- 
I "MA 

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

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

- - -LLlxA =-A - 
to clone 

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

- - ULp1 
.. . 

- -- -- - 
-- m-, 

Dlasmld DNA 

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

or no 
1 J>l * 2 JJL 

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

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

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

- r-- 

0' '-E 
L- - 

0 Multiplncatton (cloning) of a DNA fragment 

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

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

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



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

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

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

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

Vector jWl : yJ1 

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

. Recombinant +;MI 

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



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

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

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

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

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

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

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

. mutation 

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

mutations 

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

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

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



Structural mutation L5AI .. .- - 2 

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

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

Substition mutation Jl+Y I ;pb - i 

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

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

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

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

.+pa 2 Jl+I 

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

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

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

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

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

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

JL>L i+ - 

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

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



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

. LL>yI  

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

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

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

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

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

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

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

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

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

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

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

. mutation 

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

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

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

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

A,, >- + F-3 germ line cells +..+!I L W l  j L L W l  - - i 4 l  
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2~ - ,  ,i LZ 3 ~ -  b1\1 a;, t+U~ J k W  
9 I L -: br i d  ' i ~ ~ g r  ' i i -  ie\~ 

c. . . 

. GIJJ1 

. j;'--s 3L,"ji &...o &G j> ;JI d l  - - LJI&I + h SjJ 

. ,.,YLYI L ~ ~ y :  2i L ,+YI a& ~ I + J I  :+ 

I ,+ j i * r l i  @I a+ 2 jCd 3 ~ -  ijJ\ &- 2, 

+++?Y i d &w i - I '+I 

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

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

c ~ d i  mi ;J,. ;;- +i > j3  ;" AI&I '.I; & u s u - 
. + jlhi L 4 . Phenylalanie ;4Yi +y i  
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Smoking : *A! J 61 
a b Y  LJ Iyd l  ;l+.Jl*& / C J L l j >  Z A G  a+ 

~ $ 1  b i ~ " ; ~  i2Y31 * ~ r  &JJ3 3341 Cu js &i hi3 ~ L L  

&I &I 2 i j U l  > \ d l  LF]! Li-Ui y A j  i i L - ~ o  c;rlg.Y +JI+l 6-Lj 

kkll -. AJLidI 2 s l  3la3 Small For date 7 9 -; 
a .S i p U I  AjWl $4 .&I A ijL.Al @I 2 L5-k-Z dl 

ii 

i i + , I I I - .WHO GWI UI 

j I ‘ 4 b Y 1  . C a Y L  +I> dl &>> - &I &-JJ 

L+ iLJI h-; L Still births 241 J U ~ I  ;>Y,, ;&..dl i>YdI, 

SJb  + j t k j l  *,WI 2 - L  kS 'Peri-natal death ;>YdI  JF 
. d l  2 LLLdl . u+I - 

,'! d i  -k 21 42% & d l  Hypoxia ~ J ' Y I  + - I 
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% ;>Id> +d . L&d l  (CY + P ~  b j J l # J  i-hi;J/ &b+/ 

-3 (L,eJ.de q-44) ~+3-%4-J\  (y *z;JI j y g l  +Ji ~ 3 i  

?-dl uLaz $1 iU1 bki l  o b  9 i+ i > 4 j  LL.Al @I >l; 

U-41 '.+ +,ill $2 & rL+l j. (?-dl -) &.+-&I .. . 
. 'pill 

. &I 4 L L > y l  ++ d l  i > W I  p 3  Nicotine p e l  - 2 

>i;,>i , d l J  Adrenaline >C;-,>~I 2 i>bj i i i e l l  
:J 

>LdkJ, Catecholamine wi J&LMl 3 Noradrenaline 2- 
I 0 d I .Placenta L+d & d l  &).dl +=39~ 

L L -  & -1 .&\ " 

+- >is 2-1 ,2 be&\ Thiocyanate ~&l-+l ;>LA - 3 

. i J u l  1 ~ ~ ~ 7  + .. &I .. + JJh &I3 -1 Ji b3 ?ill ?> d! 
J! -IJI &- JUL~ &- w! ?JJI ji + J! + IJ 

L;J 41 pk; _r. iJWl ,cIli jr J! &; is>)?? i i -  ' 

$ 1  j . L W I  db+- S3bJ  + b y \  j-3 b j A I  

. b+  LO^ ;I>YJI d3 p 4 1 4  
Canapes : ( L \ ~ , k l l  6 d l )  

d L 3 j p ~ 3 + J I )  a-I - .  *% d L >  --; 

j=;s$l LLo (THC J ~ ~ 3 J ~ I ~ -  ;>Lo) +I h-J (Chromosome 

t _ J i  i.iJl~ &Jl) rL";l kS +I 2 
>$I i;J d L ; l d I  bLt; $ 3 3  DNA RNA (&,%I 

+U\ id & d l  & jk ' i i i - ~ l  &-C/ i...&&lf - .  

-3 . +&yl $3 44;! d l .  0141~ &>I 3 $I Gonadotrophins 

i.lb+l &L;l+I 2 ~ ~ . b y i  THC &I p dul i > U I  

Jj ch- ~ L Y J  LA& . &..dl ( d l )  +I rr-' 'i; s3 ' a i l  

. csLl,dI 'y + d l  

: L.S.D LqLgll 

j. cJ&--+3 . ; + d l  & 4 l J I  itreJl dL# l  ,LJI l.ia 
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lL j.k-1 .r' -WI J-IvJI JS $9 di . ~ - ; Y I  + 
d +l+I> d l ,bLl+  LC' J + l  21 di . JdI ,MI 

41 jWl Jr-. 
d b ~ y  &Jl $>&I, &,&I 

bi j&- Morphine *,+I Heroin pj& - .. &WI jL>! 

lib . + LUi &+ *i3 i>YJI + &MI j +I ;i&d + k L l  
4 1  ckjy J! A irLlJl A- j b  i>YAI J.3 Lj j l  ?'Yl d3L; 

3 3 4  &JJ 

dl ciz "b 6>Jd1 >I >>A1 L~ >JA1 y- A> 
ki; iL1S ,MI +LC ,J+ i;,> i j d l  i>U qLb ~ l j  i;Jl 
ILa + U s !  2 4 Y J  iol; +irJ d! >Jdl \.La Id .29 j A*, 

-&-,A &&I yah- + +i L+I i;r,+ jg'Y~ J+ LL JJJP~I 

J~~ r-w ,GI i_~r ~ ; i  SLJL~ l'L++ -+ j i  
. Withdrawal syrnptomsi,ld-Il 

J I + ' Y I ~  ;iLLLkell i-r CF Amphetamine *L+'Yl ,LC 1.1 
I + - i . j-11 +LL~  ,LA IL 21r.ljj- 2~13~1 i;-i 
u 41 .. . 41 r~ a p e - 3  41 AJJJ iAiic is+ 241 

. i>UJ\  + J U ~ I  aLi3 j 3 b  ;si 

Cortisone : 4 k L g  a3;;;,4l 
- 

& I  a Y 1 2  if- + j l i J l  hi j + .sb+ 

J-WlJ-W r*c - di .. . d3&1 39 . ~ L Y I  +i 3 ;ib+- 

-K I:! L ~JL 2 &I &+I s , ~ & I  d~ 2 Y l  &u3 a32-,@~ - - 
.+ j c Y ~  ib 

r$lJ Caffeine j W l  ..- 16;1,, &+ & I  j Y l  >U13 

. 4 ; U g  +jl, Lithium 



i&Jl aLa+dI3 i.$&dl &lpll 

Amniotic Fluid : (AUI r U I  >>I &I) &*'Y! $Ul 

&l+LLui, .& l+2i7LJi+& b+-&.Jl 

J] eul 4: $46- Js; >- &I jA p'-' >jiLll p i '  1 

Fey\ $UI LJ - - .A J! i ~ Y $ l  J-3 jhi (,.2 Lrh; 4 
.&A1 3 $ J l .  e U l  rr?~ L LL. il;ii.G! y_JL 
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: .c.J+Y\ &Ul a+- 
& - d &,,+ +*s 4>3 && -1 @+VI $ U I  

+I a s 4 1  ,i (91 q 4r;; A i.&4~J i . ~ ~ ~  j. .+kr 

i>F&l jl)! 2 L+" &+Vl & U I  I L  'I+ f+- L 21 
. +I b+Yl >I* 

:ka .c.+V~ SLU a k ~ i  hi,*, AL, 

+-dl +,Vl fl $ U l  \La jy& (YI f >  b j  + (YJ $ydl ~ > J d l  - 1 

W I  >fl+lJ Amnion j+\rl y--i; & + d l J  +I j 
U . - .  

. csJ---J 
2 &I &*l31 i*; ji + *kdJs J ~ I  I L ~  1~145;j~~ :&I J~ - 2 

& j 1 I ,+ 1 I 2, . JJrJI j l i !  y. &A\ 
+&I u L i J U I  3 \ 4 1  J&I I L  j s+- Y L L J I  p, . I,02 ;J 

iJ3Jl >j r Y l  +L> *-, L + d I  29 3 j+- '+! i j  'b+, 

PLI LL ks Lk; . &*l >&I j L p J I  9 L+a & rGW 
I 

. &, p *+-J jJ.i$l +,i j U  &I 3 

Oligo-hydramnios : (&I) &+91 $UI 4 u ~ I  

?+ UL~ . . id 'k4,r; Amniotic fluid $ L J l  + 
: & L &  

: Primary oligohydramnios qJi U L ~  . . +I - 1 

&i+&i?i,, . $ U I ~ + > + ~ ~ I L &  -* 
41 d*l $ 2yJ fb ,i Renal agenesis 3 6  4-G >~)ed >)IJ - 

!+?I 2 ;5, Ji Poly cystic Kidney ;id\ &LJYI a l j  &I 2-3 u 

ji kJ . .LJJ1 p l y !  Ui jSJ L 4 +_1; &+ Ji atrebia of urethra 

(91 3 i+Vl ZWI 4 9 1  >) LJrJl ~9 $+ 400 >IF j> &I 

4'5 UJL36, <+VI $ U I  2 + d! 6 ~ ) :  GI O L  j I &  j b  6% 
. GL i.b+ LgJ3 J! 
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I : ~ . + ~ u ~ l - u  . . 
,i -I OL J-J + '&-+G JLJI IL *ih- + (&&I 

G ~ ~ J I  +.+'11 >, . J.LJI i~ JL d3h L '&I >I+ 2 LSJI 

. .&MI y 4ii; A j" + $ ! ~ & L o ~ I  ,i +I ;>I&I 'AJ~ d~ 
&+ JL3i F+LJI L+ f+- & 21 ~Y,L ,i 

.>Lpy1 r i l b !  dy: &I 1.b +- jZ t'Jl '+ 9 X; ijpu 

0-L j. +k, C+- $ U i  $Jt  A+ + i+ r y d I  dj'S lip 
. $ u I  a >! d.) 6 2 3 3  Jl-& & d l  

Amniotic j ,i ip & L J! $ U I  / d 2 3 3  

j l&YIJ f 4 I  o h  . &L &- Ring j& ' L i L  ,i Band 

1 I  b I . ;ik && b+YI +Ltt jUl. 

-- ,i ~ I + Y I  bi >+- +- fi. JUI 3 - - J ~  a~+- 

. Gr - &I 2 % ~  &&I + I ~ ' Y I  ye $ &%I 

j ;g A, yJl YC.+JI ji f+d~ >, 
tG1 J1-9 ihl;J1 >! 4 2 9 3  41 y 2 J  d+ 

L! 1 I U 6 Congenital hip dislocation A,JI 

a b 4 1  &-ill J+YI ,i L+- ~ W I  'GLL 
+ i;i ,i Fetoscopy &I ,i +I i ~ j i  L I ~  . .. 
li OL J-5 'Amniocentesis >I $L 3 + Li ,i &I r: 3 

jl+Y13 r&l oL ++ JUk, /+Yl $ U I  3 'LG + 
. a ab+- -" $1 



Single gene disorders idJ ZJy 3 4 U I  ijrljJl ob+l 

(bl, * ) . ib I ,  z,,. j + 'j& -ul +MI ab+Jl&- 

0 JLZ U L W I  ab+I j. UC, 15 JI, 10 JI ~ L 
c ' 4 L+ Y ~ I ~ Y I  3 A !  I>& GlJJr" ~ I ~ Y I  

5 0  L+A..JI >! J+JI ~ Y L  j. i;]~ 30 ji ks UI 

i d 1  >KJI j LUL LLL 15 Jl j. J! i > Y A I  + 2 aLjJt/I 

&I J ~ I  2 &i 41 oh j+-, ~ , J I  ~ I ~ Y I  @ 

UJU'VI clJj ;k; 

iglJJ iol. 1218 LILA ji (1975 ?ls) Mukusick ++ $i riJ 

LLY+ L A p  947, Autosomal Dominant i -~;Lr  k;ts-! 

I I J . X t ~ j y ~ >  + idy 171, Autosomal Recessive 

LG 3 L J-cj d+i; - +- -l. G I J 9  4550 J k y I l  r 
4 1 y Y l  j. &dl d U &  2 4 1  pijl 1h Jlj: ?fJ .I988 

U- bi . i_~zI, Z,,. 9 &- $1, JL jylj __u i;ll LJJJ1 

+ >G i- j l  .. . >a i; aOUJdl 3 & d l  fl 21 
. O L y l  Lbjp '$1 4 l Y Y 1  

Prenatal diagnosis : +yl j + M I  ob+I - 



&Ifl; ,+ >I &=&A1 2 &dl "EL41  2 .. . e L -  L 5 - b  

-YI  2.L dj J A I  xi .&  
> e 3 G + L & l U - f l  : ~ l e ~ I ( ~ l ~ ~ ~ + + d - I  

j. u-- i>L p 3  Alfa-Fetoprotein s3i.+WI >Idell j. c+ 
&I LLS- 151 / I  .. . JI +i L+L YI +3 &I r~ e r ,  

o h  $3 'NTD d l  o j k  2 'b-j & 9 Ly) 

a q y  i5 j i  $Lj J! Els;J ii*il? i+ LJ. L-J +JI - 
I+ ;+ aL=.& u-- 21 cli 41 L K 2  j Y I  F- LA . &'i 

.+I iAL, GI& ++ (j51Js Jj cL- A; J J j  eY1 r> d! 



l+J! 'Q-, . +YL . kkb - ab+- >rj ;+ U l  $LJ1 ; ~ i  3 

j. + I  o h j  ' 4 4  o+- > ~ g  J L I  & G + U I  & L J I  d> Ji! 

' 6 1 I 3 I bHM'Y~ $U l  $1 w 6p- 
L.5 Alfa-Fetoprotein 2"szipCkl\ ;;>U\ L-5 hG JL aLlJllj1 3 

U I  a- bL >I &I 6% 3 &.+ - "L= r - 3  C-'> JJ 'y c* 
G y  A- 4 aLJjYJ$I  i l j > >  6-1 ILLL- uw3 . $ U I  I*, ~2 
;L.WI d J i p  &I 441 a~ i i ) j  LLCJIA, . si ?i a~ i>i &I t+ 
LC1 +b Li3 >.S., &I ji X linked disease 4 4  ik,;~ 'by 

. ~ L d l  $ d l  &I I-Llb ;4 ago* &&I J9d1 2 

3i ; I L ~ ~ ~ ~ $ I  L I J > j  &I 4% +- ~JUI 4 
p~,i izt . LL . &I AE I;! L #, I , a &  Y - ifz L+ * 0bkL; -- bJ,+ dl, 0 9 3  f , JL  (w-J l  & a L , ~ g o , Y ~  

. 4 ; > & j  ,i b>*r + u 
2 + ~ ~ 1 1 - 8 t y ~ 1 $ i S ~ +  :Lt+.dIi;?cu42j---f 

.+> +.dl 2 

: Fetoscopy r>l JIIr &I 4 ,Wl J k l -  r  

Ai, f-Jl &I> &I i,jj *I* &+ dl GI+\ 'Sb! o*, 

JLJI J! F>I +I> d! &+ + +I  >I+ &> 2 &> Jh J L > L  
-J UI &hi, 41 ~ j ,  &A3 . .&L -I 

.L+i J~~ L I ~  A-, . ;+I -. +LJI LU+I >MI, 

;IL-~YI, e+i ;ilJ., LWI p &I -LL) L4 i.+ ~i 
I JS a91 ~i - 4  @+ di, i+ i>,- +$I .j_. JLI 

j> L d ' Y k  Cy - L Y I  is-)- CcS l++ J L s l  t L k ; j Y j  
. LLi >YI G+I 





References 

1 - Emery AEII, Rimoin DL, eds. Principles and practice of medical ge- 
netics, Vols. l and 2, 2"* ed. Edinburgh, Churchill Livingstone, 1990. 

2 - Al - Arrayad S. Congenital anomalies in Bahrain. Bahrain medical 
bulletin, 1987,9 (2): 70 - 73. 

3 - Jones K L, Smith's Recognizable PAtterns of Human Malformation, 
4th edition, W. B Saunders company, Philadelphia 1982. 

4 - Myrianthopolos N C, Malformations in children from one to seven 
years, Alan R Liss, Inc, New York 1985. 

5 - Goldberg MJ, The Dysmorphic Child, Raven Press, New York 1987. 

6 - Fan Y S, Molecular Cytogenetics, protocols and applications, Hu- 
man Press, Ontario, Canada, 2002. 

7 - Braister M, Winter W, A colour Atlas of clinical Genetics, Wolf 
Medical publication Ltd, Netherlands, 1983. 

8 - Der Kaloustaian VM et al. Genetic diseases in Lebanon American 
journal of medical genetics, 1980,7: 187 - 203. 

9 - Goodman RM, Gorlin R J, The Malformed Infant and Child, Ox- 

ford University Press, Oxford 1983. 

10 - Czeizcl A, Sankaranarayanan K. The load of genetic and partly ge- 
netic disordvrs in man. L Congenital anomalics: estimates of detri- 
ment in terms of years of life lost and years of impaired life. Mutation 
reseatch, 1984, 128: 73 - 103. 

1 1  - Czeizel A, Intody Z, Model1 B. What proporation of congenital 
anomalies can be prevented? British medical journal, 1993, 306: 499 - 

502. 

12 - Basalamah A et al. The role of rubella virus in intraut.erine infec- 
tions in Saudi Arabia. Saudi medical journal, 1988,9 (1): 59 - 65. 



13 - Hossain A et al. Immune status to congenital infecions by TORCH 

agents in pregnant Saudi women. Journal of tropical paediatrics, 
1986,32 - 86. 

14 - Desmonts G et al. Prenatal dignosis of congenital toxoplasmosis. 
Lancet, 1985, 1 : 500 - 504. 

15 - Dar F et al. The relationships between abortion and infection with 

Toxoplasma gondii and Listeria monocytogenes, Gartounis medical 
journal, 1983, 6 (2): 185 - 189. 

16 - Essawy M et al. Study of congenital toxoplasmosis in Egyptain new- 
borns. Journal of Egyptian public Health Association, 1990, 65 (5 & 
6): 669 - 680. 

17 - Hook EB. Prevalence, risks and recurrence. In: Brock DJH, Rodeck 
CR,  Ferguson- Smith MA, eds. Prenatal diagnosis and screening 

Edinburg, Churchill Livingstone, 1992. 

18 - Mir N et al. Easily identifiable congenital malformations in chil- 
dren: survey of incidence and patterns in 32 332 liveborn neonates. 
Annals of Saudi medicine, 1992, 12 (4): 366 - 471. 





Y, . i s  &L 2 +L p3 L @  2 p yi y J ~ L ~  e~,j 

L '?G= yZ; li Lji l $ L d l  2 Lf 0419 4 L L C ' L ~ I  JJAl j ipr 

P j k !  29,. J J-9 P+l a>,>,. 9 

>y3 L $Wl $ +,L.\ll e l j j  (1990) ?lr Bittle ,+-dl &JJ 

3 c~Jj l~~ 2 %6,5 ji, +,GVI c~3j jJj__! +LJI jik-, j. 120 ji >! 
$3 . j L++ d9L jJd,! j. 18,4 . +.;?ji +JI 

.%;+ij&;;ij.+ Y c~,;" i y i k h k ~ i  - .. GI 

2 c13;" p- &$I ,.LL+Jl ri" L6", , . ~ l  j. 

~ L b i  "L;! J L I  p cl,$l 1-b ji d! Ub'Y~ r;, . uJ~!/~ 

&- .1.0,5 p J j J I  OU 2 +,liLl 2 c13jl j&- I J  2 
y,uLl el,j r""; .;I , . L Q + L J I  +.+ J b  ui llj &I 

& Y s  +$I JjJJI, +%yI JgJJIg L L + 9 ~ \ 9  &>&I ij-L.5 

I . cIJjI  I U  Jsa- &I YWWI j. +SJI & 6 +I J j> 

3 s,;j >l>Ll j. 150 d lF  a;;! kS 150 _ 20 2 L +u,~Yl  clJj 

. +,~i e~,$ &b jugJ. ~ U I  j. #I 91, vJ~ i  

-9 1995 ?lr 3 GllJ1 4 1 y ~ l  + 16. ?L &IJ> 2 3  

j 140 ~ W I  @I 2 U,~L~ ;; ji s- . mlr 1500 ~ J L  

I I i I i - u . I 4 5  i ; l ~  r6Y1 2 c-; ji 
. ~ 4 ~ 1  & j %24,5, JWl J&! j %21 L d 3Y l  

J& L G+- JP, P i r  ;iI J S U I  p L3 eI,jI I L  ;XU L 

PJGYI glJ3 'GIJ +.+ 41 2 

ikj,d_ilf i*iUIi, + . d l  4~yii~ GIJJ1 2 1 ~ ' v l  e-;i 2 $1 J b  

. ~LILJI~ .. . Z1,JJI 2 iS*l 211.'11J aL,jy,$I >lYi3 6 &J4 







fl JIG& jly'\ll &UI 2 4 9 ,i +-y 9 *ly. L b  .. .. ". .. 

2 A w l  ,. $1 . r, +l$l p &, ;LUI O U  LJ,b - 
3 qpl~ dl ply ,i -,+ JA ?i ;>Y, b,j- .  d l  J b  

i . S Y W I + ~  *LL+- a& lb-9 . -39 I 

,\+I ~ ~ 2 ,  ;#I .. . ~ L J I  4 i$ Ai '$1 L u l  .. . dL+ll 

d l  y- +,L;'YI el,; Jl ;JdL . i*;WI, ;*tWI 2,- $1 3XUI 
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. . +W! 2 .. ; , u , ~ y ~  dd J& 

'LJl jG 2 120 di h y  (1990) rls Bittle J+*U i l J >  j r 
%8,4 j i ,  . u J ~ i  +UI j c,J I '91 j. %6,5 dl, ' U ~ G ~ I  c~,j 

di j. + Y i k k l i  .. - i-;]~ j i  jr' d. 412 j..y'Y j,*iy- 41p.li j. 
--+%I $1 cZ +hr! +J Y + '$ /i 
% I 1 I . b i j  & I J  &yS!~3 

. L & I  d l r  j 2 i I - S  ir*L]I L & d I a u l J  

>i L,. 1 5 0 2 0  +-+ gr ji,  bi 4 u J ~ % ~  CIJj -- 
'b-, &I &vT L L,~I  G s I  2 1- dL5 &i (Bittle)J+5dl 

LeiA19 L (Hindu) &,-LqI ;I-, L +%yl iiL.&l j 

. (Druze)jSJdlS L ( P a r s e e ~ ) + - ~ g I ~  L (Jews)~&l, (Buddhist) 

. (7 - 4)  









&dl + k l i l $ y J  a b l y J I  j. i+ 200 :;.-I . - .  j. 

loo9 ~ & , l d l  ;~L;-dl il, i L  200 L-\ a \>u\  2 
. d+l L3k & LJLb 

ii+ LS dl -3 . ;ILL..J &, L 28 a w l  . .. JTOL Lp 
ab iooo i~: A LI,JI a+ c 3 j l  LSyi aic3 hyi &L ilj 

a . 1500 i j >  21 a W W l  . (+&YI) @I 2 

. I 4 5  6 i;'6 +&YI &- J3 140 d w l  J +,lj'l~ c13j & 
' 121 ~ U I  @I 2 +A > ~ Y I  G,JI 41 +ki c I 3 j  ai  >-3 
f f i  I I I i I i .124,5 +I+% WI j +.i3 

. (3)(2) pJ J3+ .'L-\ 1 8  +'Yl +,b'Ul3 .& .Z  1 8  &L IL; 

iij141 M 153 aqi3 I j i  IU cZ &-iJ ~ I Q I  -4i *i3 c3 
j. c ~ 3 ~ &  y6;~, & ~ i  w- jy ~i a$> %45,5 .& 

. U,~ ' l l  

J L & ~ + & ! ~ C  - L c3 I $ 1  IL ~i A- &i a>> 162 

. 3 b 1 ~  +L JSC, aJ*l 2 --j. L &i j>i jbj 147 'pp 

- 119 . ikls~. <IJ3 2 1 ~ i  a~ ~ ~ * I J I  AWL jr 142 

21~ i  % l o  - ;+I 4 - 117 . ~,p% - 1 1 , ~  . +I r~~ p; 4~ 
I I L I . -I cl.&J\3 &+JK & i i  
s3 ' 145 ,UI ri 140 ~ W I  j alsi +I, +,G'Yl 

.y,i ~i . +- i+ A & i  j9 p3 g i  jll ?I3 >%I L i b  



23) c13ji i+ & i k l p  '+ 46 4 b  L L y I  p_r ijr d ~ l  

b>h3 (Autosomes) LJiil kw ' h s y  d! +- b3j 
iJ,j---i~ 2, _;;$'I3 $JI LL; +cS j& L-jj 22 

kJPY 2 j Y /  k d l J J  '+I jJ 3i i W I  J+ & d l  a U l  

j ' Y 1  y'J.'L;. -i-IJ pj (chromosomes X) 3-1 

& 
A--9 2 ' b+" l ia di ~ j L X  -- 
a,+ awl j&-3 Y &I e- ipjl\l~ j y I f  X &L b*~i  

. &.dJl a U I  3 

-+JI ''G 23 $4' JyJl, -4' ,. 'p $J;;J, 
&2iJJl &I$\ &-j '+ 46 &= d e -  L A d l  LA41 Lp + L y l  

UI dl di + .d&1 r U Y I  +~ ' i& j i  'i?; J!i+ 2 

dp 2 W L j  . ?Y13 U Y l  j. jl; '$1 yl,Al a L * I  '& &-- 

d!+i $!I A+ YL Lj +%A+ YL L L+ ?YI a~,+ 





Phenylketonuria &L+i.Il % d l  ql 
I L + . jlUI $ d l  >lri bi 441 IL 

IL J*u &"-) . Phenyl alanin jl;~i &I - - -  $12 jc p-'L &k 

&L2 + di +L!JI &I lh > y - 9  ; > Y j  5000 JLJ 1 J I  >&I 

LJ JS. JgQl melanin 251pll &$.9 dJ3,.d\ Tyrosine &jj+ 

0 0 1  d! 623 L L ~ L Y I  &*1 -jwl -YI SJl " > I >  



Cystic Fibrosis &I ukl;ll 

e %>I 4 ?I 21 ~ 1 ~ 3 1  ~ I ~ Y I  $1 j. &I 41 +- 
a,~,  J& 2500 J..S jr J& 3~ JA + +LYI ai CU:, i>yY~J &A\ 
L Y  3 7.5 I L I . &-,'Vl ;&I a L Y 3 l  j 

~ L Y I  /LAY\  LA. --+!I isJI oh i b I >  4i a+- - j U I  

CFTR 2 4  2Jr. 6 I .L I i + . .. +? pJ 
+ I 9 -  +I   LA 2 - +I~+I ;>L J3y & ;E >b w9 
LWI j + ~  244 > icw.9 . i d 1  2 'L- i &Wl 

2 +I 4 i i I +  >y3 I a\+! d l 3  J&z js 

-1 4-1 j c%Y~ $12 cs y- 4 d l  CFTR s3r]l 

dl& ilF 'Pulmonary alveoli &I ;kJI i+.ii3 +$>I ab-44 
JdJl &L.+ Y j .  +;I> L P Y  i>L J! L W l  oh &- dl &bLrpll i>Ul 

.il+ & L J I  i>Ul ijP +I +-,dl 



+! 4 1  ;ro ' l d  .'Ly +I a& +I o h  j. L& 

. i*IL a+ 3 +lkii js 4 U 1  4lr .L l  L,.J &G 

;- 4, LLU j?JJiJ~ ~i A&- ai A- ~ I ~ Y I  j. &I ~j-. j 

3 ~ 3 j j .  31 2 150 & +'jVl d! 44 @ 4 , d L  . Lihl. - +LO! 
t C  

i I I a Y I 'ik; + j. E32 c;~ 3~ . +,bi 
(7,18). >lyY l  o h  JS 2 L  

: ~SUI ~ I ~ Y I  &i 

Steinert Disease a~Lr; 4,. - i 

kjJ3i J3> j i,~t;l qJ31 >I,.'YI ;si ;, ~+-LL *p -k 

-IJ -. L + J I  i+Yl-- 21. 9 3  . I d p  3 L=lLLjl 

U, A*: + +- &L L 30 J! 15 + ,+L G,IP i - ~ j ~  

* ~ - i  -r. J, 'U &-.dl jlbJI 441 +- Y3 .>+YI + L, 
441 J'L +L- dl i + i  A+ A3 . /I3 j 9 & 1  > j l b J I  

. r ~ ~  ;;,dl +&I JAL~ &+I aKiv b- *i3 p b  

Familial Hypercholesterolemia & M I  rJJI J3%$ b i  29 - LJ 
J-5L.L r d l  4 J3;?fiI bb + +LL! & +IS iJ*i i-L_kll dWl j 

low G'GLdI  G U I  &i +I *-3$l aY+d  L l y  Lui e - 3  . & - - 
. GYJl iJ3-Ci\ j. 04$3 Js+.JflI 3.oh; ;JI density lipoprotein receptors 

+I jI,Jl>pJI 'y L3+ +- a w l  .L 3-3 r-ls d& LuL3 
L r*" 4 JJ%fil .p t k J l  J! >&I I L  . r*/I J9j?$ b i  

441 IL di J! 303 A3 . *L -. i+o j 2 ili -. a&+ A~-L- --3 

. ;&I9 + lib>&- i&L L i d  ,J& 

Huntington's Disease &+&lib 4,. - E 



2- X C,jy3$Jl & *r% L= ipi-rJ1 & W l  
..Y X r ~ j r ~ s S  & Ltuiil, . X  p j r ~ s S  j. & i. 4- - 

* ~ Y I  &'-'I G I J d l  &ul &- ~ Y L  . Y r9jy3> >y13 
J"I-. +YI ~i .>& ~ S L  ~ L + J I  db py a- 
% JY>'YI J! +& $, '>+ a%Lr & i r u I  d] >&! 

1 4  Y r ~ j y ~ >  +. 4 1 3  +J! cChj 

GI,, 411.Y J."P +- Y Y r~ j y fsS9  

~ J G ~ P D ~ I + > ~ > ~ Y I ~ ~ ~ I I L + ~ - ~  
L ' 

d L  3 YL &+I&\ 3 u U I  +- Y3 L p l I  -. > w I  3 9 
is a* tJ;stl JJL; J i  (e>GUI) Jpi i  Jj i>pJI 2 1 4  JJU 

.U,J ~G,I ,i JUI jClj\ ,i . kJKe]l h3>i3 IhL-il, ai.Yi JS 
Sj */+I 0 6 2  +k L+ r d I  9 j. +CoJl . ijliJI 

.; j + J I  ;>WI J3L u;i,i JC ,% ch- Y +-I d p  i J W l  

. r> Ji >! +-&I CL- ii 11,dI r d l  Y&$ #I d L  jJ 

Muscular Dystroph &.dl 3jJl - + 

dl+ (a-I ,-)WI J~JJ GI,JI 4 1 ~ 9 1  r( j i  r-pr +- 
. I&% dl y 'Y~ 44 j &- --,A J S L  i S i j l &  a-I ;,A 

&&I $d l )  r"& j3+l 241 : a L j W I  &- tl-;\ ?\ 2 

aLgLe>-Yl + L (Duchenne muscular dystrophy) ' (jL9> 

l h  iho +- &b +% TXul  j i>Y3 d L  3600 3 3 &\ 21 
I - .&I (j. LJUI icj ,+b 441 >,I) i*;, .>pi1 

158 



2 ~+~j,,> 3i a Y K s l 3  41r l l  >lY%l Li 

+ -. d l +  2 -- ,h3. w3 wi irL3jr-($I >JG 

;??~ji~;;j,+J~~, . L I ~ ~ T ~ ~ L + A I ~ . ~ + L ~ J L . J &  

-u -1 L M I  fL4;1 iL, j +bi rib- a Y W I  &- 

3 4 &CAI I & ~  .LS j i  & I ~  3i '&I C~ L*3$l 

J& *12 LU > I ~ Y I  LLL ihp &G ~ I ~ Y I  ji &,,+I 

d K  Y j  . &a\ 3 ,>L b J I s 3  ~ 3 d I  iJ>L > I ~ ~ I  O h  . &-y 

JX; L > ~ I ~ -  ji A- *j3 .*k iJ~-l;;l +- *LII"--LI(J~/I -LZ~ 

. I j I 3 ~ ( D e 1 e t i o n ) q p j  

j " a + l J S - O ~ ~ & ~ ~ ~ + ~ & ~ ~ Y ~ * : i j J I  

. b 3 i ~ ~ ~ & i , b - ( 4 j ~  - .  I .+- 

J! 'k b+ 6 2 3  *i ;I\ &+I 2 ;-GI~ >,, J! 4.3 L 

i j*) : >Y 4 1 ~ 9 1  &i ;p .is a&i+lA-(b 

( 7 ~ 8 )  .>&I I-+ i>dy 750 > ,:+ JA +L+, 

>i 2 Fragile X Syndrome $.+!I X 4 1  Lj% + &SJ 

li. +-J . d31> i j -  + &I uili;U 'I9 . . iJwl >19yl 

. si 2400 y ;p ;LI, 23 '2; 2000 - 1250 31; ;p j /$I 

w v)  +,'p ~ l g b j  $3 ' 4 4  +-9 a 3 4 1  



&ULLJ!>+U,JL ~ ~ ~ ~ ; i - , + J A l a L . + l  j$ri3 
C s 

$IJ3 >I-! a &L *'L' + ebk ,i JUJI . ~ i  ;,L 

. . folate ;>La & $A + >I+ >+!I9 24 

e+i -,i J! +Ls, ~c.+I oi. u ~ i  . . .UI & lj, 
:SJ 

.o+I a Y G  j. 7.40 J! 30 j. I.- GlJJ1 u ~ Y 1  . . - I 

'y b, ' Ul,JI, ;;I1 & I9  & &L- '$1,  dl u k Y l  - 2 

. a y u l  j. 7.60 J! 50 J l p  

3, . a Y 7 . 1 0 -  'khii_L-ll - - .  uL+Y1-3 . 

d J L J I J  L abJL&I-( ~ J ~ Y I  +y I : -1 a l p u I l  

ak,L&!I pkw 'd&+L al+I &-,I li, &,,-+I 

i.b;;U -)i+ ik-i 4 (Carcenogen)(blb+l i---.)&&l . . 
. (mutangen) (i.+'\ll j 

.ik LL+ i141, il;~~ ++YI - 4 





1 

2 

3 

4 

+lpll 

Relationship 
of parents 

~ Y I  +!-+I 

Uncle - niece 

&I +J> >y3i 
1 s t  cousins 

1 st cousins once removed 

GL' +-> iy= >y3i 
2nd cousins 

=+I91 J.l. 

Coefficient 
of 

inbreeding 

0,125 

0,06:!5 

0,0313 

0,015 

I 

a(.! 
Proportion of 
genes 

1 14 

1 18 

1/16 

1 132 

awl J b l  

2 I 

chance of 
homo - zygosty 

by descent 

1 /8 

1 116 

1 132 

1 /64 







1 d e- &I LA1 DNA ;>L. j + J l  J5 +Lt;, s s r i  d 

-3 I L I I 2 I . ;w +I 

S3  &MI 2 +-&I 41 y. +I P-J b * ~ ~ y i  + V 

L I A . I ++ Y A LLII j ~ I A I  + 

+3 . 21 dl&\  il;ZU y-3 b~ 2 L ~iw 
+I e - 9  JU'YI +A& ?+ 21 a w l  

/I LLW~ . (Homozygous) . $1 /I 2 $+ (Heterozygous) 

;;*h. -L> - i+ L+bJI fiJ (Heterozygosi ty)>dl  I L  A i  

3141 o h  ijW s3 . d l  -. '% dr j. aI&l +Iy & ip-*fJl 

A i;c a&- S; ~ I + I  .u L+3 .'L+i .-3 i.+? A+- A 

24 kQ3L Jrrx,tll& Litc;ra j9+J3 + +j ;> ;+ A+- 
p l y k  &! I*. Y & d l  / ~ i \ l l j .  &$\ & -- & b 

& M I  bl JLLJ . &j%JI L3L 29 & U I  ;>Aj GIJ$\ 

( 1 8 ) .  &I b9k >i ~j&-  

v J W I  YL .. u-. .d d\+-d & ')+Ad6 c31$l >\A -J> &! 
29  . aL+I 2 91 JJtsJl r:, . dLIF3 a L &  2 W l  

WI J ~ Y I  _j >I)'YI 2 mating c 9 ~ ~ ~  9 +- J-JI 2 ~ U I  

+I -. ;+I ii ~i b + + ~  ibki +i r4 i 5 d ~ 2 $ ~  + ~ j  CiUiJ 
JJ l i l  & > L u l l  & U-l" random ++I ;,- F- >lyyl  2 c31$l bb 

, s U I  UIJJ L I J >  . I I 3 .+>I 

165 



p , i  LC' I ~ Y I  JL JL LI*\ I U ~ M I  FL >MI -3 
> +I ~ U I  J+- hi 4 Y ~ L U I  ~ U I  hi L~~~ IL 

js + LU ;GI L 4 $3 ILL + +f -I i ~ l r l l  
j I L b j l J 3  eL Weinberg (1908) c+-J~ Hardy (1908) 

. ;J* 

ry + - J d I L~JSWI 0 L  +3 

(p2 ++z,~ + Q ~  = 1) jUi GIJJ i l J >  4 &LYI 

& dE3 . +I -. ;&I -lS li! : dl h j M I  lh J+-3 

jI$Jl ; " j l  & I & \  +l+ j3 .&&I L31> c-ljd13 '& 
gene WI aIJ\$dl dl j  I (uC;;L;YI L ;A\ ~aIpkJ1) 2 3  dl 

+L' 3k; genetypic frequencies -1 d l $  . - alJlS3 frequencies 

>ULj (Heterozygosity) $IJJ1 kW1 2 42 ~ l + l  c31;I I  h! 

I I i ,y.! j. +I &\+I t" >J ccJh 
J I J > ~  (Hornozygosity) GIJdl d b y l  2 '&I+ &13j dJ&=, 

aLl9 &i li3 IihliJI jCJl j & I & \  $ ,@! a Y L l  
abp--" &-I2 j I 4 I  j - 29 \$I J ~ i  ;C i b  ;rL& L d d l  iLjiI 

(28 - 24) .  i&dI 







(Founder effect) L d I  ;;j ,i ,p ).k) 

2 UiSJ L,9i U+ 3 (Founder effect)(-+!I ~ k )  J J >  

169 



&+ ;d3 d U l  2 LL i j ~  &jk dK I>! ~ j L i Y 1  c13j dl 

p' .&&I 41 Jc-I p- A ii.;! J, di WI 2 + * t + J ~  
0 J . (p2 + 2pq + q2 = 1 )  i b b  &.k ?JLYI 2 3 d L  

4;; . ' k ~  uJ~I'~ cIJ j  +i a+* j +- Y i b U I  

!=&.dl >-, a+ ,i 2, L + I ~  (p2) +FYI / u 9 1  'y GWI oh 

+li,;il a 4 1  &,; J U ~ I  jl $1 ~UI.,~ j ~ k i  j +% 3 s .  (pq) 

c? 4 I . ' ~ - i  -41 YUI lj ysli3 uJl iY~ 'y c~3>~ i-i 

41,t JUYI i; +> UJ5Yl  ;li 21 a-I oh 

S-kS .&I *I ~ l . t & ~ \ & . d ' y > i ~ ~ ~ & + ~ ~ j J  

iJ21;il ~I,I'I~ ;.YJI + JULI a ~ J J  ,;+-cl~ +MI a ~ + ~  @ 

~ ; : > d i i i + J  .+I j p & I J L t ; ; l i + & d i - h ; u 3  

I 'L&&l a w l  'y + d l  +- 
6 iir13 'Lr G I  J3 '%lc + JS Ja, Ij! C\ i l l  JJ1 r k L  + J '%& 

d+&- Ar JUYI j. %1,6 b p  uJL\ + - .  i.4I3Jl j. 150 ~ U J  

170 







d ri3 ' GL A- j Uib 6 d b  >I>\ L! A! +I A p  I;! 

I.& ~ U I  j j+ pj ;+I GI+ 2 i+~ p3 >* j2b JLbi 

+YI , a w l  9. GlJ, >+I 3 6 -  ji $ L ~ I  IIL ji -- 
db+\ +15b bJ1$ 6 - b ~  +&I d W l  L IJ> j  d l  . -. G j b l  

UiLJ l> @I >&I 1 . b  dls I:! L ~ 5 ~ ~ 1  6- 2 3  L j M l  

441 JLY JLSI 3l;a df QJl 441 a+- Y y j  . Y ri 
A h  jls I;! ~i . u J ~ L ~  c~jj jl + ALLI & J WI,,~ ' + ~ Y I  2~ 
;jy+ 441 C+- jr by  ' LkU l>  GIJ3 >y > ~ l  J b l  

?>$I 1-6 c% (111. 2, . +kY l  +L! j i J w I  &.A p L, && 

&-&I $lJJ1 &U '%L +I sls y L ~~Y $I> IIb +, 
i p  U L A j  . + - - j j . c j > ~ ; ! i r Y L i r Y l  L j  Y Y  ri 

uL;! j J b Y I  dp L d +-&I @, 'I 31 &MI b- &i ~L-~;II 

.%25 p,. Jkbi 







REFERENCES 

2 - A1 - Arrayed SS The frequency of consanguineous marriages in the 
state of  ahr rain, Bahrain Medical Bulletin, vol 17, No 2, June 1995. 
63 - 67. 

3 - Al Arrayed SS, Premarital counseling, An experience from Bahrain, 
Eastern Mediterranean Health Journal, Vol 3. No3, 1997 415 - 419. 
Premarital counseling. 

3 - Bittles A. H. 1990. Consanguineous marriage: current global inci- 
dence and its relevance to demographic research. Population studies 
center, University of Michigan. Research report no 90 - 186. 

, 4 - Bittles A. H., Mason W. M., Greene J., Rao A. R. 1991. Reproduc- 
tive behaviour and health in consanguineous marriages. Science: 
Modell B. 1990. Consanguineous marriages. The Brithish Medical 
Journal 300: 1662 - 1663. 

5 - Modell B., Kuliev A.K., Wagner M, 1991. Community Genetic Ser- 
vices in Europe. WHO Regional Office for Europe, Public Health In 

Europe Series. In press. 

6 - McKusick V. A. Mendelian inheritance in man. 7th edition, 1989. 
The Johns Hopkins University Press, Baltimore. 

7 - Rao P. S. S., Inbaraj S. G.  1979. Inbreeding effects on fertility and * 

sterility in Southern India. Journal of Medical Genetics 16: 24 - 3 1. 

8 - Darr A., Model1 B. 1988. The frequency of consanguineous marriage 
among British Pakistanis. Journal of Medical Genetics 25: 186 - 190. 

9 - Imaizumi Y., Shinazaki N.  1984. Frequency of consanguineous mar- 



riages in Japan: geographical variations. Japanese Journal of Hu-  

man Genetics 29: 381 - 385. 

10 - Khlat M., Halabi S., Khudr A., Der Kaloustian V. M. 1986. Perce- 

patin of consanguineous marriages and their genetic effects among a 

sample of couples from Beirut. American Journal of Medical Genet- 
ics 25: 299 - 306. 

11 - Kuliev A. 1986. Thalassaemia can be prevented. World Health For- 
um 7: 286 - 290. 

12 - Hafez M, El - Tahan H, Awadullah HM, et al. consanguineous mat- 
ings in the Egyptian population. J Med Genet 1983; 20: 522 - 6. 

13 - AL - Awadi SA, Moussa MA, Naguib KK,  et al. Consanguinity 

among the Kuwaiti population. Clin Genet 1985; 27: 483 - 6. 

14 - Wongs, Anokute C. The effect of consanguinity on pregnancy out- 

come in Saudi Arabia. J R Soc Health 1990; 4: 146 - 7. 

15 - Hamamy H et al. Consanguineous marriage in the Iraqi urban po- 
pulation and the effect on pregnancy outcome and infant mortality. 
Iraqi Meg J 1986; 34: 75 - 80. 

16 - Bahrain Health Information Center. Ministry of Health Abstract 

Bahrain: MOH, 1990. 

17 - Emery AEH, Rimion DL. Principle and Practice of Medical genet- 

ics 2nd edn. Vol. 1. Edinbyrgh, Canada, Melbourne, New York: 
Churchi Livingstone, 1991: 237 - 322. 

18 - Fraser FC, Biddle CJ. Estimating the risk on offspring of first cou- 
sin matings. An approach. Am J/hum Genet 1976; 28: 522 - 6. 

19 - Model1 B. Social and genetic implication of customary consangui- 
neous marriages among British Pakistani, 1991. [Report on a meet- 
ing help at  Clib Foundation on 15. 1. 9 1. The Galton Institute] 

20 - Morton NE, Crow JE, Muller HJ. An estimate of the mutational 

damage in man from data on consanguineous marriage. Proc Nat  

Acad Sci 1956; 42: 855 - 63. 

21 - Ozlap I, Coskun T,  Tokio S, at  al. Inherited metabolic disorders In 
Turkey. J Inher Metab Dis 1990; 13: 732 - 8. 



22 - Roberts D. F. 1980. Genetic structure and the pathology of an iso- 

lated population. In Eriksson A. W. at al (eds). Population structure 
and genetic disorders. Academic Press, London and New York. 

23 - Bashi J. 1977. Effects of inbreeding on congnitive Performance. Nat- 

ure 266 440 - 442. 

24 - Bundey S., Alam H., Kaur A., Mir S., Lancashire R. J. 1990. Race, 

Consanguinuity and social features of Birmingham babies: a basis 
for a prospective study. Journal of Epidemiology and Community 
Health 44: 130 - 135. 

25 - Bundey S., Alam H., Kaur A., Mir S., Lancashire R. J. 1991. Why 

do UK born Pakistani babies have high perinatal and neonatal mor- 

tality rates? Paediatric and Perinatal Epidemiology 5: 101 - 114. 

26 - Hoyle M. E. 1980. The additional problems faced by hearing- im- 
paired children of Asian parentage. Journal of the British Associa- 
tion of Teachers of the Deaf 1 : 15 - 20. 

27 - Rao PSS, Inbaraj SG. Trenda in human reproductive wastage in re- 

lation to long term practice of inbreeding. Ann Hum Genet 1979; 
42: 401 - 12. 

28 - Rosenthal M., Addison G.  M., Price D. A. 1988. Congenital hy- 
pothyroidism: increased incidence in Asian families. Archives of Dis- 

ease in Childhood 63: 790 - 793. 

29 - Sanghvi L. D. 1966. Inbreeding In India. Eugenics quartely, 13: 29 1 

- 301. 

30 - Schull W. J., Neel J. V. 1965. The effects of inbreeding in Japanese 
children. Harper and Row, New York. 

3 1 - Schull WJ, Neel JV. The effects of inbreeding on Japanese children. 
New York: Harper & Row, 1956. 

32 - Schull WJ, Nagano H, Yamnoto M, at al. The effects parental con- 
sanguinity and inbreeding in Hirado, Japan. I. Still birth and pre - 
reproductive mortality. Am J Hum Genet 1970; 22: 239 - 62. 

33 - Basaran N. Sayli BS, Basaram A, at al. consanguineous marriages 
in the Turkish population. Clin Genet 1988; 34: 339 - 41. 



34 - Freire - Maia N. Effects of consanguineous marriages on morbidity 
and precocious mortality. Am J Med Genet 1984; 18: 401 - 6. 

35 - Marcallo FA, Freire - Maia N, Az - evedo JB, at  al. Inbreeding ef- 
fect on mortality and morbidity in south Brazilian populations. Am 
Hum Genet 1964; 27: 203 - 18. 

36 - Kulkarni ML, Kurian M. Consanguinity and its effect on  fetal 
growth and development: A south Indian study . J Med Genet 1990; 
27: 348 - 52. 

37- WHO 1985. Community approaches to the control of herditary dis- 

eases. Report of a WHO Advisory Group on  Hereditary Diseases. 
Geneva 3 - 5 October 1985. Unpublished WHO document H M G /  
AG/85. 10. 











wdl aLIJJJ\ ylc ZJaJI o h )  c i ~ ~ ~ a  &I j>L d! J+ 

. (w - O W ! >  jJ! ;>kll 

L L . ~  &$!/I ,& &I I&! d l J h  -4% d! $41 0 - L  J$> 

1 I I - 2  '-1 . jVI &Wl 

186 





. Alpha.Globin Chain ( ~ 1 )  .'.--!/I - - U I  , 1 

.!+id& 141 & G U J . S ~ + ~  

Beta Globin Chain (k) i+Yl L.LJl - 2 

.'L\ .. .. *& 146 ,& & p d j  

J-.lrJI) 0-1 j. ~j>Lell pl,Y~ +-..3y 1 . L  u G  S+- 
. &I> Li]I .. . a&.+&!\ J"J 8 . b  (li?;IjJI 

~ > U I  &I ;r + JJWI 4 uLiiC J! +4 d! 

:ow\ 2 3 4  A l y  

4 1  e y 3  Beta Globin Chain Lj .. . i l W l  j&- 

- 1 1  p ' ~  ( C ~ j y ~ P I )  

4 1  & sry.3 Alpha Globin Chain U\ i L U l  j;k, -3 
.I6 p'j 

. ~ Y I  2 *cIJJ +YI 2 &I, .I1 rJjr,$ 2 dlj'l +% +J 
b 

j. y ZSCI, ir, ~ Y I  ~LUI j. dlj'l +3 41 &i  .. 
I ~ > j y ~ $  

LI .& ... +w j,& LIJ,>~ aji i _ ~ - b  i ; ;~  l ip .. 
+& d&- >,>dl dji 6 & d%l l+ &\ &.b 2 owl &LS 151 

& s p  
~ Y I  UI i)s- &-ill &I hi +, ,*I 9 L!L 3, 
~ ~ L J - - J l + ~ r ? ~ ~ . y ( c t e u ] ( & *  .&-2k 
j;;!&~sp;'W~;>w&i .. .i . j  . i .LICLL&- 
i-ti j & I t r -  . * c ~ + ! i l l ~ a * c j . i ) + - & ~ i ) t l  .i+l+ 

. la2 ;&I, 

;*rL j 41 1.L - T i b U I  J! A i-Wl j. &S +I G.A.G. .. 
3;1? b-9 b w  3 1 ~ j ; u l &  >+yJdJ j> ejJJ 9 

I '&dl $ 3 1  Jl +\+I dl> $2 +- +,YI U - 
;b 2 i. &I 4- & Point Mutation -1 d X s Y l  1.b  

188 



.I946 ?L, b->,, j. bJY.d4 441 BXS ( j ~  &-%a J,I tr+G 

Y J  ;+ 5,- Y b K J I  @ L+J& LJ u 
2+ di LJ L A  .>G &MI / u Y l  fr j L o b  y 'a- 
&WI, &.dl fdljl jii &z. dd $1 d& 4 > U 4  *LP*II * iliJ1 

:Ip a Y b I  iu J! 134~ A, '*>WI / L i Y l  4yJJ 

. bJx14 +by b,- $1 49  &MI dl - 1 
/UYI ~ J J  ~i d& aLLkJI &, i+Ij &.A di - 2 

444 * U l  @ U Y l & d  I+ &>MI 

241 IL G LL v-d J AWI, 444 di - 3 
. >->MI / U Y l  ,y $1 

$ &,KJL j. &L 2% +Lai >FJ dl - 4 

. JUYI 'L+- ,LVI 
j. yi ci) &>UI f*l~ +L+ & djz- di 3, &,KJI ~ p b  h i -5  

. (&, ?dl uL;i, 

J+ ~ Y I  41 &L- Y WI +I+I f*l~ trb;( @ di - 6 

. JUYI t+- ~,WI 

: j l&dI &L' 

JJrJ .;A i j  ~2111 j i+ i;LS L J U I  d! d,pdl j. 

3 1937 L PG Major Afridi (&+ j l  jm) ;r. JG lib 3 
LXJI d*. j~ fliJ Malaria Institute & j bJ3LJI + 

M.Stephani ,A + &b $ 41 li, j .. 
I . - 6 I $ 1  L 7 0  i o 4 LS 



. The Sickle Cell Test , : & d l  4 - 1 



. Solubility Test : t l i y l  4 - 2 

"L;; j. L4g j j t  (&I r-JI "Lhj 3t Js +I I L  

"lbi by cs>wl "u uJ4 j~ L$\+! j G>WI . - 
0 

* b+ A (&I 

Electro phroesis &#I b S 3 1  4 - 3 . 
. (&) VL~G jr (1) d > W I  "LAS +. 

. &dJ '%L ,i 'L& j p L J l  dK li! L *- I h ,  

. DNA analysisd+Jl  3cuj - 4 

Painful Crisis : C Y Y ~  +j - 1 



&&dl, dl$Yl j U, ii+ r Y i  p b &I &L+ . 
. JUI, &IJ &I jJ - . iLJl, . +WI . tflI . eJ l  &aA 

I& L L- +A1 d& CIlLll jJ . &AI ili, U G ~  eb3 S t  J . .  . 
. J>I ,I, +;;, k1, JAI a&, . hp 

I& c:y -3 t..f $ IJ~I &L+ AJLN., 



fi- U, .LG 'U - -. +!I b,& a l ~ d ! ~  a!$\ j, a!+ ~ J S  JS .. 
r ~ \ ~ d - d L i , ~ ~ ,  l 0 - 5 > + d O h $ Y !  +$ .4J~GI> 
.+I +I Jli,! Uljj C)LI l y j j  4-L: e ~ I  j\ 

441 tc~i d k V 1  yiu! j, is & 441 &,b +l+\ jr LI 

. el, U ~f a,+ 
GI.$J~G&JsLLJI &lyJI?, - - 

C, L J ~ ~ I  +UI +I 2 +I 2 &,LI JZ bT - 1 

. +;Ll J! +I +G 43 

+by1 LIG j, ,WI YJI j jyl i>b j  u .+I 2 $141 LG - 2  

. +pl! - ,I ~ b y b  +by1 ,I 41 
4 y  1 LI & $ b ~ @ ; J l ~ 1 + J ~ > ~ ~ J ~ ~ I ~ b ! ~ - 3  - 

. a&AtlYI ,I 
i A p b & & d l r d l + j .  - j LJ l&M4+ . . 1 W I - 4  

.+!I +eI j AJA ;ll ;&I a I 4  a L 4 4  +by . - 
$41 ,I + I ~ I  kib j.+ CI-JI WI $LJ l  J! 41 - s 

. (;i$&l> -1 2 dl jUl 

. +,Ll &i 6 d\ A& I;! +-I$! aL&Jl +L2\ - 6 

.+I ;,IF j +&UI 41 J> 441 - 7 

LLAl bh j l  J L L S  +I +I>\ 4 hYdI dl +LL! - 8 

. a&UI +u\ (Tourniquet) 

: +Yl ill c% 
. +kI illjl-4 Jl (SLI + 9 LA &I d.31 

plLl d a L h  r b j  - 1 

Panadol J,J+ Jh 

Ponstan b U 2  

Brufen $,* 



j. p?.,JI ** (J li! LI . $lpJl &A + +uu! 9- 

JL 41 &~r;k 4J31 2 ~ j ~ u !  4 + J dcl. sls ,i ,;JI 

. yJI 2 +,.dl ;>bj ilJLJ %5 Dextrose Physiological Saline 
U 

. . >$ "9 p, +Ul &KJI c u b  &-dl - 3 

& J f - . I ~ ~ > c i + 3 1 i ! Y ! r * J I + ~ - Y - 6  

+ls)llJ tr l l  &,;I ;>4j 2 &L w. JA c * + d l  
rdl oL> J L I  rJ,lll L3 +-j . iJ+ $1 +U 

. (Packed Red Blood) ;$&I + I 4 1  

. $ i f !  Js +$I :tJli j ~3 J U I - )  41 +Iy 9- - 7 

( J U l  $ +JI ;A$\) e.AI J U I  > M Y  rlLliJ 

.&a\ ;)! iLJ1 J! 633 -\i i! L L* +Xr 6 (Splenic Sequestration ) 

L UL Jl + d l  +I>./ @I ji 69 iiyd rffl J$d l  d l  - 8 . 
L A  d,G 042 >& j ;>&j I\b h&-, iiiil. &i + 

(Leukocytosis) +&-!I 



~ J ~ ~ Y I  *zi j ;kG 31 +,@I >*;I\ d*z! +WI 31 ,.&I jt ,i 
.+I ?Uir jt ,I 

j ib +d d,& A 2  +I 3 +*Yl d&I *+\ j $1 dU li! 

d,LJl +I j dls I;! L.1 . u, @I +Wl ,i iJl&l +LII_Il ,i . iJ&I 

+I d& &i L ~ Y I  d+tWI ryJI j ~i . J U I  j L -  dli 
dJWl +WI 41 5& &I &i j LI . +I, Jd~ +I +WI 

 dl 3 4 1  ?L!& + b j  L+ &I j yYT A*; I;LI, . &Kll i l 4 I  - .  
.+Lo! + + ~ Y I  j +WI d,*c j 441 w- Li;~ci 
. $ 9 3  -2, e j .B j .. ,-3 .+ &&i.'K] %I i+Yl, OW! 

L j >r. A,& 4>WI &I 2 +i + $ b I L  AJ-, 

dsu. Lbi, . G+I j i~;! G- Y ~i LS . + AY I 

. Ik-9, &&dl r ~ V l  ,f +id! r ~ Y l  j + w I  

a\ 
3 2 ~ J ~ L ; ,  JUYl &I ?YT 4 4LJ I  2 

d& p ~ :  j JJ, ';;41; d& &I ?YT 0 6 1  &I . r4i ;IJ 
d! '~141 49 2 tLJhJ J+YI3\ dLrYlJ iiirJ i+L 

. 9, Leukocytosis rLkJI ?dl 0 4 2  a h  j ;>bj -4 - .. 
j. $1 d! & L J I  i ~ l j l  jr >lsrYl 2, I++ kl;,- *ij 

. ? Y ~ I  O-L d - 1  . . @ ykl~ & -I,, O&J I,..+ *i ~ , J I  



uwl aLL6ZfYL 0 . L  w, . Pneumonia JI, Salamonella *+lU\ 

~C~zJl  LS MI dL+ r CUiJl uUI r CAI +wI r L W I  
qdl ($>Wlj ' > d l  a k w !  

a + rLi.YI, +I+LIXI >,-dl 3 j.b JJL; dl w- r Id 

OL c%, i > b h  Cfly\, ;>\A! +>> 3 tL->! - 
' ~ - 3  . oL;rLkll &JS- j c-;- . . Y jc jp, e, jS2.t oLLl;lYI - 

p~ tJ &l \ l l J  +>\vJIJ -Ul exJ1 JdJI 

o&lgJY l  G +I JLL.L.4 $Id1 $ e- LS . &+I3 3221 
&I Penecillin J b l ,  . GWI 3 )  J U W  Pneumo coccal Vaccine 

.+I j. GUI Jd J U W  

r d !  +islJ *?I j - +j. e&I ,A e ~ \ l ~ J  J,b\l~ +l+rlI 
JJ *i, . U+I j >>WI I L  L. UL . +II, A! - 
+wl 2, + MAJ '41 j. c r .~U I  &I + . > I ~ V I  

. &c.ibE 'p"' 
:+I +>Wl 0klt;ll 

s& uis, . JUVI ILT & Y, . p ~ :  4>b IL, 
. E. Coli b@l 'b- . crJLd! Lfi & - I 



C r +i A*, J U l  bLt; ;>bh dl 
L + J l  ~ s l l  LAA j #, 6 r L  

Cdl eLis zlr j uehj Leukopenia 
y- cr",-JI i jL d b  Thrombo Cytopenia 

. a4LgJXI Ldp $1 d& . $1 

JLt; >I>>> +I j .LA JWI dV 

j;lJ + ++ .Ifl! Llk +,r J! 
b;LLL;UWJWIj.&I+ 

j. J W I  +, '+-I&\ 
JUI ,,AS >+- 4~ &I d p  +I bU ; & U l  

a,+ lib a L W Y L  + b y 1  +I 

Pneaumococca Vaccine J+. i jwl awl +Uub & i j u J l  

$A & d l  aI>LAdI & WI + j  . ctk,-ZJI LJL -0>&;1 i j c J l  

. )YI ~ L I  l i j  b; Penicillin 

Splenic Sequestration : J U I  J Z  J 

5 J! ~i 9 + JUYI OL-, &&I 4 IL A&-, 

6 1 4 1  a ~ _ r ~  3 iLr >IUI F- hi trw . &I- 

L-y3 +L ;,* JUI ++ J U I  j L+I, i 4 ; i J I  

+I d b s  & >& L. l j r J  +I j - $ I ~ J I  ,).&, ';JL &I 
, L S ~  ~ J I ~ J  J I  LG j i 4 ~  t l - I  A&-, irJ ,YI L J ~  

J - l p ~  L+ tU13 &I j - ; r L  CYi -4 J! (Shock) 

$LJ a* dl 9 - 3  J d J  2s- I& +S -. GJ+ *&WI 

U i  JUI j - > + d l  Cl", $ 1 4 1  &-?- j c%JI ;S+> - 
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Packed Red Blobd ;$$I GI+\ r d l  a&$, is- J;Ip-)I * h k  
.*&, j,& P U l  dy Le $9 l ib  Cells 

2 j W I  IL >,& &j . iL$I UJ! lij *% $1 Ii! &J 

I L  . J U I  j. &dJ  y. b3 L ~ I ~  ' i - ~ c  +-&I 

. &.dl & d l  J;c & _ ) d l  3ji *I 2 , W I  

L + & . P I ~ I  r*ll oL>> +dl jp! 2 JU i>L_;I 
t L A !  y g + ! > *  . & j i J r w ! L ) L p & > k I L J  . b G  

b j - ; ~ . ?  Erythropiotic Expansion @I a&$ a-I 
-I $2 +., b+ CUiJI  -J Necrosis 

L,p (Necrosis) j j  +. 9 pkJl  lid tLkz;y ++ &A & 
LL F-, 'L-i +I &I+ -- u . +A rU~ - . .. 

-41 +J 

Aseptic Necrosis of Head of Femur U l  jj +., 
.s ' ,kl IJs^?,~,~.  -+ 
Leg Ulceration &>I3 jUI aG$ 

Priapism u W Y  I 



Aplastic Anaemia e l d l  rdI &$ *,&d +%I . . 

Hepatic Crisis : tJ$ Lt 

Acute Chest Syndrome : it>! uWI 
'+dl + ~ r ;  + - JUYI u 'Lre; C;L: 441 ~jc, 

(Infarction) t'Jl +-I j + J r d l  JWJ ~3 "31 ;>J-l! j 

O! +h!, $IrJIJ GI$'! L p %  e-J Pneamonia UJI + + J I J  

L j M l  a w l  ;$&I +\+I rl" 0 4 2  w3 pL~ E L I  

XJ Penicillen JI, GLtll &I J+ J U W  Pneaumococaal Vaccine c 
.%WI $ L JUVI 

:+I jW1 
2 +KillJ *I al,*ill j SJLi Y ii 2 I S ~ I  +I 2 

*i ;JrUIJ OYWI j A, '?.>WI JL~~VI, ~ J I  JUYI 
pj,~ $1 bJJi j &dl A+ 

. P P ; & - 1  
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. &I bL+ - 5  

.+Ja!l ,La=!/\ ,Lnj-6 

. (;+; 6) d 3 l  js +l.+ (Stroke) & A,& - 7 - 

Sickle Cell Trait 44 $GI &b &k - 1 . 
'Lr iu, GI, 'SL +- +I 3 OL e- 

# . (4. ,# 9-41 $13 3.u 'sw a& 'u ~ Y I  ~ W I  a,& 
j. 115 -11  j. U J ~ L  241 +-vJLtr ;YI  L l ,  LIWl o L j  

a K 4  
LIWI hi, 'U jlJJI J..U J..WI ji hd 

ya, 4 1  I L  vL- *i &-, /b 'LAp 4 
I L  . +,!/I 4 iJb j 'xt. 6 i;bl a Y  C j u k U I  - 
. ~ i  ,i eldl kL;. J;r? L+ --JI iL+JI - .  >WI J! +I LIL 2 . 
4JJ &Wl A,. &lrJ iz;; i i j J l 2  i j l k l b  pJl 

:&-kiJWloja j - 
. d b  J+l - 1  

.+I j. iik. e~;ri j r ~ 9 4  J,d~ - 2  - 
Haematurea . JJI - j ;  &,& - 3 

Hypothesurea 341 $3 Js iJdl ilj - 4 

Bacterurea qJ\ a6lg"IYI - 5 

Splenic Sequestration J U l  U J - 6 

I . +I+!/! J! WSJ& J b l  j ilWl0.b +-, - 
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&I tAI ~Lhi. $ Jl-Y I - 4 
. Hetero-cellular Persistant of Fetal Haemoglobin 



(Hb S) (&) "La; j. J& &I CJI u& > ~ ~ , z - J J  (Hb F) .. 
Z jU; J.& dl Polymerization +La;ll lj, *+- 5;. @- di LA 

$pzJl;.;&L+i>-,-, .~~JI~I~\; . ;L;. ,+I 

. LJl+ i j  Hb F &I VW - 
SJlr41~>j~~J1~&I&>j~s.J-~ 

Glucose &phosphate dehydrogenase Defeciency 

:+ j. 241 >I,! j. j,hirll$ +I;II irJl &I9 j$, 

. p?-JI JAu4 r b Y I  - 1 

. &Wl + d l  tu\ +ci;; ijlGly - 2 

. t>,+Jr aL&I Js 4 j b !  - 3 

"sj QLWY?, &,.dl 21, p jr>bL &- C k A Y \  - 4 

. + fl JuJI + b Y  I, 

. &IJ> ZyG, +L+ r b Y I  - 5 

GJJ &,I hi, &.I.LT li! JJI G p  L- CL.;CYl - 6 

.+I ew &I, + 4 > b  &i 4 ,i iJl$l 

+&IJ Folic Acid L! JA ak*IJ Q,>~I tUv! - 7 

.+I &l>LJ! +"&y ui Js &$I, 

.o \LL~JI~ 04LgJYI d+, +\11 &L> JS] j $3 I L  JS - 
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A", &All 3 +Yl &I j L- dl>Vl, rWI  rYT >I>> li 

.+I ~ J Q  -4 J! aLrAI j + J I  9 Ct-]l j& &J .i>YJI 

Acute chest pain i>Wl ~ Y T  - 3 

Pleuretic pain a>l 

Dyspnea &I 4- 
Pneumonia +dl uWI 

.&dl C-JI 9 4- G-41 &WI i>L, &A >I>> 

Eclampsia and Pre-eclampsia M I  +I - 4 . 



bj bi >- L+ JY$I J,JI. r,&~8j rli~ ku LU~;,I +-j 

. & - d l  ?-dl pj  a & u l  J-*lrJI d L  j 42 
Urinary Trac t  Infection . ~ ~ L d l  a L W 1  - 5 

~ l r J ~ ~ j i k ; ~ f i - ~ ,  L + ~ ~ ~ J + L + - . . , L ~  
ii 

. + - d l  a&LgAY& +by1 L y  Y j  J.z-Jl PA1 \ + Ae aL-JfQJ1 

Fertility -41 

4 jk Y 441 a L I J d \  3 + d l  J$- 
. +>Cc iJ* b$& s b - y J l  

Perperium : Z> 

Low Birth Weight : jjj 4 





Anaesthesia : #dl 

Tourniquet : h i iU I  bL31 J b l  



+lki +- c , ~ ~  (i . i) r*l~  pi +- +,)I L 

+,Y,&j+& J L ~ ~ L I S  . & U I ~ L ~ ( ~ - ~ ) & I  

.4+ &L- *i;l ,I s-i .+LO> JLI 



'I 41 ~ W I  EJIj~ J--.~ (i i) /I +G ~ ~ u j  & J  .. . 
I i I I I - I i I , .i) 

: ~ Y L I  ~4 + l>jJ I+ (,) GLD. *L, (i) +- 
~-jl. s& LJAI a w l  , &*I j~~ A, si J;YI JLYI (1 

(i . i) 







~ J W I  +I 3 (Calories) GjIF a\,, >! &-dl cLi, 

dJ9 ;,JL +dl LF]! ++I +& J! . $1 ~ I ; ; J - ~ >  LF]! ' ~ " i  c ~ 3  
L-3 Ljl+ d+- dl -- .IUI a! &I Folic acid ~i 

. i.IJlrpxllJ WLill & 'u3 i;lWI a d l ; l Y l  









&I j. a* '41 j. +UI, 2 JUYI +=.+ 4,. 
,pi 3 - i l J  41 &' &I ky> 'b&\ j\-I3 d+\> - - 

& \  
jr $JI + ~ Y L -  j. klW uipJ IL ji i k h j i 3  

&A- (pica) +- L i . L '113 >\ $1 3 -21 d! + '+dl > C J I  
. + d l  & &A +I (Sdl pi p,. x'= 

>ic,, JLckl~ &--,$I i i w l  di . .UYI . bi -JI ks 

$ 1  6 J U l  iilU j r ~ V &  &-&I uLuJ '&I k l i  +- 
.A@\ &-> L 4 - b  

. JUVI LC J U l +  4,. &L iksj j?r;JI bp] \+ l+  iljJ 
G-JIAJ &A Thomas Cooley +I ?C1 i-, 1925 rls Y! ii+ G,o% P_IJ 
j. i;+u Q Y G ) ~  bl+ ;iLral k l L  2 4k42 ; d l  aL_YJ& 
O.L c; (((Sw~ db+-> (Sd~ + JLL'YI u JUI V- 
$1 1 1  L ~ ~ ~ I I J +  >k' -. &,I i l ~  i l W i  



A&- ;, +-3 ,+A j. -31 (=u 3, L, (=*I1 +I iJL, 4M' 
. -3 JUI ~ l l l j - 5 ~  .... JUYI 

r" I + ,+i3 441 I+ GWI A ~ L I ~  a~~,r l~ -'L; r' 
. ;A1 9 + Anaemia3 ;?pyl L= 41 Thales +X 

p- ' l l+ i  -. k i  + k 5 ~ '  +i ~LKJI c.+> L U ~  

'G L Y A b  ji Riette $Wl d l  + . $41 rAl 9 3i L + l  

L rl+~ rU ir~+4 iki (=I/\ ik( ;r. 
h S C t i 1 3  j+- &I JULI &dlJ, * ~ c  +J ~ W I  .u ji LJ_, 

4 p - U  b&WI dp r' j.3 

3 3  &"X-LLSYI - -.. m*pih; $A L~L; dp L 441 j l S  1930 (=G 2 3  

APJ >lyi @ j &- 1960 - 1950 bb 

. dJly %>3 

?+& 4 1  3 Ingram Cj 1959 fb $3 

-- 21 q I J 3 \  3 L\&\J, (;*I\ uL) 



rill vLki 

U G  1 - b  4-%3 4913 +4j? p >+3-%4 3i  fJ-1 . 
&UI j. LL '+YI ~ L Y I  j. +% CIJi j. 14+~ 

J-Wl j. A L +  +,, ( 4 1 )  + d l  j. +&;r Jy & h ' l l  

: ( ~ i  6) jr $1 41 jr ?GI 41 + c*l~ +b j - - 
*L 141 6 ~ - 3  Alpha glohin chain ( ~ h l i )  L'YI - - i L U l  - 1 

. ' i i  

..ki -b 146 & de3 Beta glohin chain (k) +vl iLUl - 2 

JAIyJl)  d L + J l  'y g J > u l  yl;vl l b  e J l  LJG 

L-J 21 (chromosomes) a w l  +y a w l  0 - b  ~ ( g l ; d l  

. U I  ;I+ &\> 

d~~~ 41 j. L i s l ~ ~  pzltll c~~ UL~ ;  JI + .  &! &i 
-b23 Beta glohin chain k+ U I  jj& : a w l  2 blc+ .fib 

- 11 ( p j 9 3 9 1 )  +I & 
+I1 & +*JI Alpha glohin chain ~ili U l  j&- ~3 















I i +  ' b i  j + d l  $12 ~33J l  d L L 3  j'k 
>J ' I  1 '41 'yl ' p I  d l  L_r -by& 

I' U ' & y ~ \ j l +  >! r+YI i+J '&+I 4~ i+ + 
. Pituitary gland +L;;11 id1 + 

'y +E L+- b+- Y $1 JUYI > I ~ Y I  oh +- 
C-dI ah> 2 441 a s -  ai J3L, &J LrUiJI  rk we &ii ~ ~ d l  

-31 rUk + 'aL.+l k_d3 .- ?UkJl oh 3 3  L + I ~ I  

I I + 3 '%+I jl;!/l jSJ, w-J 
&-3 ' G d I  $A y-"" & y-J -L\II 

.&I tJ> j ij! *i3 '+YI 

G I s  +Ix! 4 ~ -  *i b ' j ( ; Y l j  ab+ &-+ L-5 

. I + a ' LpJ$ 

' ~ 3 ~  +I ~ ~ d > j , r ~ l > ~ ~ ~ ~ d i ~  

finger >&YI 3 o+- +- W ' a L L e l I > V +  +I &.A 

- e  b i l l  ~ l ~ i  Y - ~  Clubbing 



i+ &-3 .+I +i "WI M I  Peritonitis yk*l -I j e  
j. i , " ~  &i I;! >JWI l j L  

+A1 ? d l  +- '&&I e y p  i s  A h -  

. iJl&l j ~ K . I  ,.,51JJl i;S; rlprJl j l  j L )  

: gout A A I  el3 - 9 

r Y i  ;r; + L~+JI j. +A J ~ L  u *L-I 1-i. 3 -3  

. Uric acid 619 d l J  pAI  rb! 2 

. d l J  Epistaxis L- L +$I - 1 1 

:+ll-12 

















'fi-4 CnjlkcL irJl j ; d l  e I r J I  a&$ - 2 

. + I  -; Y'* 
. Bone marrow transplant tUI J.L a h  - 3 



: &ddLJl 

&LC 3 &-, $ 1955 ?Ls i y  J ~ Y  441 L.51 + L+ 
3?--;" *ISTh $j 'ksul 414 @ I  ?dl L b  &-$I d E  

2 ~ 3 %  $dl 3 kkl;ZrP w j *> *J , c61i UI A$- ,++ Y yk41 IL j i  I;~JJ &%UI .. . 

'& Jakll 'j- r' (HI &+* y l  rir jll.13 '&++zdl 
Y &&I I j L  ~3 'BARTHOLOME HOSPITAL cpLj j ?dl ++ 
'.LU- @I *+&I &i - ~ i ~  ''% hi ~ W I  ji +- 
&dl &I >! i--; d J 4  ji (HB BARTS) (,,I &&I l i  

. + I1Jj 

IL &++ b x  wi dd &UI rJ di +j &j  

j. +- i;C, ; J Y ~ I  *, L ;+ j (HB barts) ~ r i - 4 1  
+ i+I d k--~.'"i - .. >y # i i j  +.- i j! &i Lv+i 
p-.. +Ifl- Y! p+ &WI >-1 1;;4 Ki *, L\ ' i3YSI 

. izdl a-I 



+i U@I jj +Coy i d )  ;s\ 241 rYjm 

xi J P; j. >& ~&UI &I&\ .UI ji LS '&I 

- r> $J J! -3 
: Hydropis fetalis &I + b y \  - 5 



ud13 r U Y I  3i j W I  tL&YI+ LLU JsklI j&-, 

--i3 ~ L ' Y I  J M I  C-LSJI d l J I  J U 1 3  4 1 3  yk l l  j >L tLL13 - .. 
04 c% *-, Y, . , d l  ',-i '+ dU1 # +-, &Jl-- 

V' , b Y I  ;+5 dWl O L  .i$k ; > Y g  La+ a, '+!I b'Y a w l  
4 &is3 'jp 'I '&L' L & ~ L  i + l & . L ~ T ~ j u + ~ L a + - a  ...- 
.>&I IL j. i+ LL+ a~ L Y! ,+I j ++ Y, L ~ L A ! ~  ?I+\ 

: ~ x w i  .. .. AY L c~ 
J! 6 i J J A 1  AS rd1 JL3 + d l ,  Folic acid Js i . 4 ~ 1  + b b  

. Z j \+J I ,  ;.+!I G a l  +& 
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Drugs and chemicals that have clearly been shown to  cause clinically 

significant hemolytic anemia in G- 6-PD deficiency 

Acentanilid Primaquine 

Methylene blue Sulfacetamide 

Nalidixic acid (Ne Gram) Sulfamethoxazole (Gantanol) 

Naphthalene Sulfanilamied 

Nirdazole (Ambilhar) Sulfapyridine 

Nitrofuration (Furadantin) Thiazolesulfone 

Pamaquine Touluidine blue 

Pentaquine Trinitrotolune (TNT) 

Phenylhydraize 



Drugs that can probably be given safely in normal therapeutic doses to 

G-6-PD- deficient subjects without nonsphercoytic hemolytic anemia 

Acetaminophen (paracetamol p- Amino benzoic acid 

Tylenol, Tralogon phenylbutazone 

hydroxyacetanilid) phentyo 

acetophenetidine (phenacaetin) probenecid (Beenemid) 

Acetylsalicylic acid (aspirin) procainamide hydrochloride 

Aminopyrine (Pyramindon, (Pronestyl) 

amindopyrine) Antazoline (Anistine) 

Quinidine Antipyrine 

Quinine Ascorbic acid (vitamin C) 

Streptomycin Benzhexol (Artane) 

Sulfacytin Chloramphenicol 

Sulfaguanidine Chloguanide (Proguanil, 

Sulfamerazine Palurine) 

Chloroquine Sulfamethoxypridazine (kynex) 

Colchicine Sulfisoxazole (Gantrisin) 

Diphenyllhydramin (Benedryl) Trimethoprim 

Isonizide Tripelennamine (pyribenzamine) 

L - Dopa Vitamin K 

Menadione sodium bisulifite (Hykinone) 

Menapthone 

: Qualitative +I - 1 
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