




dkJ=-Jl ?i +- A ++> j. ( r 3 i 9 3 J 5 )  * # 4~ 
L + 4 j J l  lir .&I 3 C U I  (++ *ry ',$I ++I JL"" r,. 

e x  1 . A . J I -L3i +J'Y I ip;L 4 3y 
v4 4+ & l  GlJ4l $ L A \  +- 9 3  . (ribonucleic acid D N A  

. ++&I  1.b 2 JJtb 3 j+- ;)&I Ji &I3 'Genes aljJI 

c,i! ( r j j p j$~)  41 29 *-i j. I*. DNA +&? L- 

J 1 ' / I  >I. dip i b  &+--J A- + ~ 3  .>?I  A$\ -- L L+ cJk-jd~ (p +d& &*A ~i u '41 b4 + 
j db-L; cjGgyjI OL 2 JL+ .ilLag .Chromatine *-Lo3$& 

Histone L - d 41 aG9d1 AL+ . ( ; I L ~ ; ~ ~ S C J I )  0-1 4 j 
;+ d L + + J I j  . Non Histone 4 a1-;jjl9 

Arginine *]Y\ >--uLdl e Y l  d l  2 & &-- 

j. i 3 h 3  + L* +&I OL . Lysine & I 9  

- CJ~P.J$ I  JS;J +j 2 .. . .. dl;391 

"" >3 L- ,. j+ +AI 2 ; .L -~~I  .. . ~i 
&i JJJ qJ . "3 i+*S eo_6. &LL3 d ~ j j  , i l l  a&-,$I j. 

.,3 

h i -  . .  . L L , U C & I  +,.WI jd9JrII+\ +b!  
. . -  

' D N A  ,Ssdl +I J-u A i  ips +A Y i j c  ( r j j y J > )  + J-5- $ 

. -e +I LCI 



Crr°J#-Ij DNA JI G% 

(Karyotypes) abJ jjoJ$J LIJ> 

j! &I> 2 L+J .. . Z J W \  c ~ L ~ j ~ g S = ] l  L I J >  

J& JL L+l & , ~ U d l  Q U I  L L Y I  aL3jy>$ A- 
$l+Yl >>-dl > L ' y Y >  +I +..Zl + +-9 . d.G3 r>jy>$l 

. C9jrg$I j$l i l J * l  ci3 ei Mitotic Metaphase &;&I 

>i ~ G Y I  j. &i 2 L&- J 9 ~ ~  IL 2 a~3jy3$~ 
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*k-J\ a* &/I '&.+ 'WI 

6 Homologous pairs L G C s  j i  $ j + . irL3 j Y 3 9  

1.L ;r' J V I ~  aUI$ j wLf;' .. . LL+ .. > 3 j ~ 3 $ $  L! * 
Y - I  I . ? Y I  j. +ElJ + Y I  j. 

~Cen t romere  y3;-ll 2r JL+ iol; 6 41 J & l  j 

I - I i I 6~~ YUI  j. L.U; 

cJ s~ 2 t'rll A- 4~ -YI a ~ J j p t . f $ S L ] I J C h r ~ m ~ ~ ~  1 (1  ) 
+- 411 'Chromosome 22 ,22  ijJ f3jr3$I J! +- i;- rLGJY~ 

. ;iL3jJr3il;ll -i 

6 
'*a 8 

METAPHASE SPREAD 



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-! 

J+> J! di d>p hypotonic solution (%jp-.Yl) A $ l  ,pLw JL 

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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+I j t L ~ L b e j & + +  r - b l j & + $ G + j  

+ L p  Yb pzre l l  I L  Xi i j J l  ;Lrly 9f . Karyotype (u,,K) 

>Ir " +-j . i l J d l  ?Le;-! j ' Cell Culture L W I  LJ i  J-r 3 
I i u . w k J  $1 ij+ j b j l J >  iki ;r. L s L ~ ~ ~ ~ $ \  .L @ 

+- + 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  

42 



+;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  

62 



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 -. 
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