I Ao

(SOl S § A0 g uwd

toWge
(SIPE (e
Y\ RV R PUV W
0] 958 Ay

Olsg U4

(oln! i 5 22)
Yag



JObLZs 9] .oS)yguine o> Uladgo [osuluwl S aiSs 9 i
AYAY bl 1apine

o 314 ¢
978-600-7940-99-0 *

0bausg 50,9 colgxSi auld (spdlacwl Luoow «S)guine > Ulddgo

(o) aissal Slaisl, - (oluil S5
(o) e 5 usesl - silunl Suwis

S IYFA (> (S s
QHYT)/UA YYaY
099/aY0-Vs

FIVAYT)

29l ob g Ulgic

Sl olaxiw
Cowypd Loy
S\alg)

Coalssl

€9090

€9090

03958 aLwliow

0,5iS Sy 0,
LMD S 03
olou

wsoluol Suios aaSs 9 s 1 S oL

Ubau>g 50,9 - olgzxSw auld - (sl acwl Luoow - S)guine > 1 Uladgo

(bl sis 5 0l ) show)l 2 0l
»>lpo &l 1 pudais 9 ubl axan
Yooo )l).u
Y5 — Jol 1 Ll e
Ulogi YVO* + 1 Cuoud
QVA-T+ +-Vas+-9a-+ 1 Sl

$0) - Yo AN ET = Yo AN 50 sy 5550 S il

www.chaponashr.ir



http://www.chaponashr.ir/

s

3195 3 et 3

0 st 530k






alo o Hlad Ol ge

Qe et S5 a6 gl s

T e s @\)}J}Q}éé%ﬁb‘f})&ﬂ

3 S 55505, Slebal 5 K s o 5o o
QY e DNA (55555 5 S5 omibige 1p)ler L
L2 SO L;j&éudw\jo,\jséuﬂ\:@p
L1 B 2SS 5 0l s sl bl st fuad

Ty s Jbﬂﬁﬁ)@%‘ﬁ&?ﬁjﬁg}w
Yt e O s S35 1ps Joa



YWY oo VYAY Il = gLl (K Ayl 5SS

YA0 oo WAt Jlo - bl Sj a8 @Yl s
T et Voosled il el

Xt ettt et er et e et e e e e e e e e eaes Y a)l.o.,.i L;d.:ju d}.a)T



Sy

3] o ] (55 S5 g s Ao gacmo S5 iy lagzmisls 1 gy LIS L 48 oS5 | wglis
sl s oyl (S Sy oS sl e p ileie AU sl s Jold QLS opl ad e g
sl K53 ) (5SS Y lges acliy 59 (K (s8> 9 0l ] (sl Lo (gl ygSiS 5l it
9SS e )3 p)lgdeel 5 18L (o Juad 1 (gly (oMb g e OIS g (Pl Gl LAY AT gl o
s 4 bd Ghgo 4 olS pl 2l EYlow 0,8 )8 ealatwl 5y50 5 Al dute jie Cpdboly (ol
Osonen )5 Ml S8 gl 4 Olija b g ol 6650k )3 9 0ad ()b (el (S35 Sf OLS
3y50 bl a5 0l bawgy a5 A5 5 cad gl oMS 3 gt Jlo 50 Ylaw (ol Canl S5 LLE
ol B b Vg oled e (il 01,5 aiye (o3l do b o] YISl g 4B S LE ey
ol 0l (2D Fuwly 5 (6150

op) &S ond oolizul LS 2 ol jlisl « Sy IQB mus GLS 5l cagiamme 5l p3 oS oyl ags )
ol 0133,8 plosl Ll ol (Salon b 590

R @B Sy by (SS9 (imen 235 0500 0lgP S Al IS S (izmes 5 (AT JLu Sl

o o3 oy bl degerme oyl 4 lad slaisl I S5 g je bl (sl culdge (93] e (bL
g ohla o (oo L& pye ailel o (el )5 ool Gl g s JBAL g cae (o b8 QLS ()
A8 byl huashoori69@gmail.com Lol oyl 4 1) 565 chbloiiy

S92 9 oV (595, b






dilaio oIS 511, cpae; 8,5 w1 Sa5; (Homo sapiens) oyl cdlgud oy y (o8 Gub—)
SCow! bb; &9)*0

Loyl (2 )3l 52 (2 leayol (2 b gl (A

Saw Clyg 3490 10 dil ¥l 3 g0 Ol ylas Jlal Cely cdioniild plaS” Slalllao-Y

S ol (0 LmSr e (e ol (@ g )| (Al

Sdgud (o0 18,5 Jhai 13 S5 09l yd (gl Al ylaams Mhouidld oluS Clallae-Y

Sor 09l (0 Je (& sl Bial udging 5o 83 e (A

"l ey Gyl 4 (s 9 B 5 S lgias oylgT o0 1) Whewldld olaS Olallle-£

el S L o

S sl (5 Jue (z alsl G (w 0P 5o &3 e (A

9,5 &1y Gene 8jly \b piundo Miowlild plas-0

Mendel Darvin , De Vries Johannsen

T3 a ool b dly 35 dod 1> S5 40 Gl @ 99,81

eyl b)) e (o S Jud sldel 5 et (A
Pl el Josl ol s ool ol (o Cuzen b 5 SS&  S5s o)y (2
S




Sl K55 a5 5 s Ve

"Wigd ooy say Juud 43 g Wigad ood bglie (Wi jmel 3 Wilbo" &S S5 ol ol -V

! Jdo ol o1as” plao
Segregation Uniformity il
pliSema (> independent assortment ,

S Jaio ol olaS 51 ol ¢ pild oS 3,8 ST 392 9-A
Segregation Uniformity

pliSoma(> independent assortment

Sl Jaio Juo! oIS 51 o Uil (Jaw 3, 99 0w
Segregation Uniformity

pliSoma(s independent assortment

S dily] Wowdld IS bawwgi Cdlyg (S5 (Gyg-) ¢

Jue (> 090 lesile S35t 29755 (@ ol lly (<l
SaL1 U1 duly 1 533 ool RS oS Y )

sgeo 3 ol St osnlio (0 5SS b Sl Jobo 920 oanlin (I

oo 4l e 4y pgi5 o3lg 3959 (5 <l (sojgenS 4l &)l (2

TS 0 o gl o W L 2 3 o5 pus (S0 VY
b (5 Y-(z W (o Ve (il

Sl 52} Giore oIS ol Cadlad Jolao 5 Sy 51 dund OMIM cglus) ¥
095l plibs (5 Sewg S (2 29,8 sl )l (o Jae (I

W15 (159 da (IS 552 0)93 (o301 (5 low S
239295 (> e (z Sl leleais (all



A N B IS P R W=L

Sl jada Ly ) suuwd ALl b Shols 43 6345udss badw (ylm0— Y0
Jode=¥e (> 7Y0 (z AV ARN(®)]
SCuma UK Biobank 259, 3/ Baa—)1

55 ljple slo (glos oy (< Sl Sl muedygo (b ()32 (A

S mls gl lan (K55 slawil adllas (3 2l (S5 sl glew jl i (2

Sl g 4i2 35 OIS maigi s 30 (53 ot oS5 Slelan 3,90 5V

33 st B )low @l 4y basbio el (g 5l (o 3,8 0 adlae (LiSTs (L (65len 2)90 53 (]
Cunl g 3)lge o (5 izl § G145 sy a3 4 (&

JJ)‘.) u.’sl.&m C«.’l)9

LysigsS i (5 LSl (a pessblo B b g oS (I

S lon Cde 4 (5365 1590 S S0 wopd N Loyl Byl ()9S 1394

S (631;5000/ (S5
Yo (5 b (z Y- (o Ve (al

S35 0 ysliio gl syl 23000] e (o 2 0) O 5 Seas bl 1S g s (il
o Jlas)
2L odgl sl 05 el (258 ke 1 i 0 el Sy g5 s mdsingle 0 (2

S gadwo 4y 35 0108 (Jako Oladod I hols yailgd 3,90 43 -T)

g o bylie 55,8 13 (plo g 0 Byb il oty &)l & Slis o 5l 0 ole Uniformity gt (il

Jes s lg o 1y gl 51 SG Les oS 5 s T 65 5y gl 2,3 o &S S e ol Segregation -yl (o

.D)Jy. pes)
Ly o Jiie 5 SSH Soded | e yolas ciliie (sla o Independent assortment 56 b (-

sl Jae independent assortment -6 ;| bl V joe )3 bapjgeq,s NON disjunction »



Sl K55 a5 5 s \Y

T oo gl b lad o sole S Llae 4> wiowidld plaS oU -YY

<Slyg (35 )98 1B 90 wlegs (@ iy (525509,5 895 105l plg (A
sy Sen b fan adalie Sl 3 oo 33 Ll 5 sl 35 (2

I3 Fy a5l 49395 5 (Swbi S AlS 5] Spelas-TY

DNA x5l s (o <Slyg 2i905)5 095 b (A
b pig09,S gusno dlus (> oo 4l il 4 pgif anlS 345 (2

T ko Koy oIS s g (Jlw o 13 B 59095 g dlasi €

Oadly seen VA0S (o 55 VA (z

Wi oy 95t (JNoF e 9y b g J9Ng0 w45 5 (S (g low dgl -V
Sl plas

S5 by (G905 (> o] (2 YN bygigsS Juid (Al

qw@w@‘;ﬁ‘ﬂ‘&}a) Qﬁﬁ:@‘)a As)mwiab)go)a -1
A8 o Cund Jito g 6oS 5l lo (o el o sl B Jls > Jus Ve 990 Cpus b (A

ol Jl e gl VA il T ps (5 Cuol pig09,S e b (&

Sl 8392 panigdd (S g1l )3 (5 low oIS PU - TV

i S (e ks b (o higen (I

0,15 pU s 8 g lolids 55 ST (5 5low pdgl YA

dsen (5 Lysgelsdl (¢ Ly$iss e (< S5 b (G5 o5 (A
Sad A Mhowiild OIS bawgi (5T s 6 Lo 31 0uwd A (SPUI) Comd 1ol T4
Juse oA sl (2 Sy Ko (o 3545 ] (G
395 (0 )5 4 B S (610 S5 53 Ggamw S ) 1S poRA0 Y0

Comon S5 Sluslore (o Slao ) cdlyg 5 ke (i (e (A

plSoun (> glis s alis 4> (pess (z



\Y N B IS P R W=L

f IS )52 8593 (030 S slow - T

yly (gal550l (glews 4 s (6508 Eand (0 i (S5 e el (call
3 oS ol 3 S5 Jelge 285 gl 5 L st J g6 e bisec (g
Cawl 0 iy Jaisro

S o a5 plas Y'Y

Wtangs (S35 es3ljple gl (gyla den (o Wiand (S (55 Gl slogs dan (]
D930 ) 4 gard Jolee (2 Slsl 3 e sl (> sl a8 0)lsam ol 95 3l ol e £30 (2
Sl guno a5 pls-YY

i jg3le (bl o gy olie den /Y dgus (LAl

Sl (55 S5 sl o)bial I it (Bl ) (9390955 sl sylial jo ol (<

Sl VYo o boligh 53 (05909,8 sl (sl S92 (limel

sl (S35 Mo > &1 (5055 0095 (sl Sy 10+ byl (sl )9S )3 (5

18,5 Blad Sj iy (ylionlils & Jagd 0521 93 125 (5 Jlw 5 Sl p3-Y'E

Yare (s Yo (z Yoo (o Veoo (W

31 2 a8 o lis Juwe gl 15 S 0 3y 1y o boldrs dnd d ¢ Jie gl -Y0

(A‘ w‘.\.« ..\.43)') ....... 6'095 M :‘)é' ): C;’w
Gl plly Slas (o lawly > (o Caol il 51 (SO dnd Laseiie (I
5l gy Lis (o 5l (gpbe Lise (z

Cowl 83 )5 And (J5 ST S B low (Glp (Fw ik 35 Olwenild I Selas - ¥
(AY = Slad! Si55) Semw! JaoST g Mol Jlo 43 G g yob @ oS
Victor Mc Kusick o Maclyn Mc Carty .

Rosalind Franklin William Bateson ,

T g ke (e @IS Lawgd Sl (005909,5 4505 9 Sl (5 4,5 ol 5 YV

OB 90 —Jie (5 Jae34,5 (z Sl o8 90( Oyl e (Al



Sl K55 a5 5 s Ve

T Tt 4y 35 1S &S g (Ko D90 43-Y'A

Cusl gaets BB pisag)S ¥ s (@ S (o gy (Je Sy I ptslie (I

3l (g3l el (eSS Slalllas 45 (o CaoYl o AJgi ey (2

St

o
=\
A
=Y
o
C-YF

S| muomo 4 35 plaS Jae 1659 ,5 Oladlas 3y90 43-T4

syl a5l o F2 L )5 L Cglie glo W1 4y bgee il (il

<l Jue Independent assortment s 5| liwl j2ls )M pg i (o

3)S Lo ool slate Sliw oy sl ibreeding sl yiolojl 5l Jae (z
S o Jsie oplgh ol el ey (oo oldllne (5

S el 580 oIS hawgi W 03909,5 gusno dlaai—£ o
Sixald (& ogsly (< 5 (A

Y b S’ aoliseanly

-0 ¥ Y >y z)
>\ V- = oA Y
.\ >\ YA VY WY

J-yy VY >V >Ye. -

YA YA =YY =5 >YD

dlya i Ty >¥Y %

S =T YA oYY



\o N B IS P R W=L

) Jad oW OIS

95 5l 03l ¢l aS 2w glaul (Johannsen) Ugwil> lawgi [ Hudgl U5 05l9-)
owl 000w ai8,5 Pangen g9 Pangenesis aolS

.Lu9§ o poudgilio Syl yailes |) g
S, &|J.,u| |) p_M;JgJLw uS>|)')>Lo uml_cu oj|9 39)@
Plibis 95,5 bawgi LysigulSIT S)log 1 (3 SO o Gl vl -£
(Siio) sty
9> oS S)low i ews JeSlse aaw 53 AS (\Suis wso Gulsl
,JS_.w ML}

LgigsS Juid: wasnl (swousil pass o> a4 1 pglee aS S)lows Gl
(moul> Sgac ,uuy)uglS -0

S wolas 5 ba=o Jil Ude > 9 doleais Sl S lwdl sow )y
Ulod Slagldes

o Sailod ax,s 5910 cup> (Regression) suisS;b o popéo Uly
ulauglaygs

api i Si S S)low 5l ciwd 12T Jlw 5y Sowgs So Bl -1
)i S Sylow LYY I G vewd il 09,0l aS 5,8

ool 5 «Sylow 53 JolS wleMbl b oo 5 5,5 ((sJaio S, lxial
ol S\ )W d J.JL‘) OMIM LS\.}J)MJ'



Sl K55 a5 5 s 1

Mgi 5 slai W0 4 aS 390 (sw aisS S)low LA> >)leo Sl @ 159
>3 (o ilsS

35295 g (s Mo Uloj 58 5 aS o 5l (s @ g g

P8 B Mo ‘ol anwls s9>9 Wgi Uloj > S)low Su iy 1831555
i foowl IS Mol Sy Sl waawl Sl SHlow SO W g

L aso il 55 Mo 39, LB @ Llgicsw pd (sSuits s Sas,low sy
G (3Suis g wowl sl sl
csSai; S )low aod (g Liwd S5 (sl S low s -A

A (5

Josio 205,94 s S)lew U L slew aS sivally Sl s 10 -

Ll oonw

9,8 JSow 2l 5l gy 3,8 5y A Jup> Sy il by usey foswluss] -
ool

£9835.(2n=8) 3,l> wolaio oW L 03800,)S wa> £ yiwleiMo Widgs0,5 -A
(Ya99q Jlw 5 ).aaw Jlgi Guas 5L wa> Ugadao YA+ L 39>90 ol

ol (o W lais] @ b Byg08l)T 1 sliaie @las Jgiwe Sla 0 -1 »
Jol/ ix19iSy Jol 1(585,959%5 Se, iyl by Jaio Jool aw -
Jaiwo sSai,9> Jol/ vl

Llgi s aS a0 5 B 3909, SuSai pac iosvlas Jol slaowl -\ Y
3940 (5095950 b (09300 A o

£3909)S Soy Sy Ll S Uy e $Sade> Jol slawl

iy o Ol 4 e b (Awsy slaws)

1og,S) wwl o3y S K, @ Ul GwlS 093909,S )38l JuJs 1Y
(UJJ. :L°9-W ’ "§J)



\V N B IS P R W=L

Shy . cowlld o3l 55 wwii; Gus Shy Gug, Sy il o -1E
29y o L 4 SHi Sl cume> 5 b U3 sulas K598 Lasepd

dw JM> )5 00 0oy Lawsis Sld héw aod 5lavy 0+ b 5 -0
5515 59>9 ( 8093809,S Sl S ,S,l5,L Jsl adlo

aS Mg (s pi> Sdg% 39> hiw 4 @ $Slol> aod /1T s -1
il (503908, So S lxial e @ il %o+

soud Solynle ppo S)lial Sy sSbhis Ulslie aod %Y U Y Lu,as -1V
oowl Sws b SHldl ul %0 as

9 WV v iy @ Ubsligi 5> (wj909)S 9 3 S S S)lew Uliue 1A
(25l Sy 590 5 S S)ldl) fenwl VY.

ubes 5 B S8k WMSLiw 9 b ulsuawl (W subwl %o+ -1
ALt (5S40 5398

U o guixod 355l 5 SO o)ley S, S swusu JS %) -V

OVLWS )30 %0+ 5l Guw S0, Sed (sSuiis 9 iyl s W ulb,w %) ¢
Al 8Sais pakie JSiiie Sy il ity SIB,6uES 5 o

asS sulp> pasla 3owswls YY @ Siglesiud 9 oSty > Jugr ouls -1
lsi 53,8 s LS Ul U by Sla ais; b (JsSlee Suws 9 wlawl s,
osls Jlw &Sy s g ouls 5l g9 95, Y+ +q Jlw o0l pwiwss SLy -YY
9ol waS by sSufol yuss g 5ol purl @S Shy 5S) b

(e9s94) >,8Moc

| 595 )U>Luu CG|)| )Jolx‘,.us.b 19 9 Su,S 9 Ug_u.xﬂg‘\Q"\T-JLw -YY
05,5 @b,y Jugi 050> DNA

Jugi 050> 8,5 PCR ivg,y g S)S



Sl K55 a5 5 s \A

Ulg) 9 gaz ;3 idgis 95 bwgi 1205 JLw 5> d 03909,S gu=o slasi -Yo
Coad 3Ac YA D 095909,S slawi aS 15,5 (sw ,S9 Gaudd U, i pasiiuo
ow SAC Y8 aS wsly passeaiu 595 95 ¢l (s

-1
Sais oy9lino LIS @ jolsl Bjex v/

o595 S by S (SpwMS SIS @l 12 U Jake v

2 (ulisn,8 diwgs) d 095909, guzo dlasi S Ulg) 9 guxi v
DNA Jigi 03151908 JLw

Hlisbw s 120Y Jlw SS9 gl v

b all s (LysigulSl) o5 S5 S)low oudol S 59,8 szl v
pandgllio ol Laslss

G 03950l ) 5 S S SHlow SYUS gl Al Sowgs So v
(http://OMIM.org ).5,l5 39>9 culw B 55 SJUS ul Ml

(Usls  pgrdiw) (sw09i909,S S)lidl sl aules wgls Ss v
Ya0aJlw

VNTR sa sJlgi U DNAGS, K il wnisS Sya> Sl aSs v
# o 05 # b Ugjeauily S SLJS So pils v
# e 0ul> # PCR g, osledl B9 S Ludgo S8 SBI v
o LS (585,9 3955 oS s slaie wWlas Sy, 14 U, buwlgl 5> Jaie -TV

oslaiwl wlizo o > VLS (inbreeding) s 9l 15 Wy, g, 5l ol .5,
ile 5l (5Sod Jaio oslaiwl 3,90 UBLS. 5,5 Lsw

B2 Vlgi s |, Jaie. 355,S (s s uslee 9 e abal, b oy S5
ovbwlion g8ls 55 Sy wlellas 9 140b 39,0l SewlS Suiss ple 138 @yl

D9y Ly| u.:bg S 9 (V) S wlen



4 N B IS P R W=L

JLw > 9 plsul vl pgis (sJlgi uasi Bad L aS wluwl o955 039,0-A
Aow) pLOJl SV YooV

sl (sSwiss slasicwl (sulwlicw Was L aS UK Biobank  0359,0-B
owl ol s LS )5 il Sla )low ) wlizeo



...... ‘rpz:s 5)9353 ‘) ‘5‘ 42;«3) SQDNA &.1 dS ‘3‘)5” )b—\

oS Byo 8 w5l g ATE ¢35 1l saome Jlail (sl (8l

295 (o0 g baome Sy ey 355 Jsbo ples p DNA- i) (o

9 (o0 0yl (s ptdn oy b (6),S5 (2lg 3 (2

398 (o oy Pome (5l Cospur b 3y panie (S5 )3 (5

Sl o 435 olaS 0535 s Jlgi ,LSLw 3490 0 -F

Xy 38y i b o8 1SS L sla (Jlgp 4 s (6))S5 sl g (Al

A o S5 (65 Hln sla JIg ) pgis o £e B Y (O

Hgd (o5 o ggy bawgie )T L L (4S5 sl o Jlgs (2

sl guzus d)lge don (>

SCwl 093909,5 4l oS > I3 JBe (op yiulew -F

2l ol (0 Srosl ol (2 Srogli (o S o9yl (Al
S 0 51 (25 S p95909,5 I Sl £

1A (s Y, WA (o ¥ (i
S,1> gl W Gl 7 4 Sl 05 (2 555 9 (2 SR eS -0

WO - (5 W - (z Va -\ (o YA -+ ()




A &l)jéﬂjﬂgﬂﬂwb\:p:&.@e

Caoli o Ve sgis jols b o Slsl sla 5 slaws ()
Gl Cglise 09395l (sl pg3909, )3 ()5 g (&
Nt (5 ST g 0l pario sl JIg 95> do ()] e (2

S o JUal ]y i ) LS VB dgas Slusl 05 025552 (3

Ol sy & AuiF el 3 CoWlile WT 6 1,S0 s Jlgi Joe 9 b Saby o5l -V

w0
b (gl (190 =5k e FA (5 Syl Glo =5k i WY (&

Sl 2935909)5 pINS &1 bgsye (ilag )59 55 (l3u0 (35S 9 (o phudis ud 5 A
ya Y Y (z Yy X L YY) ()
S o 4 35 olaS CoWilw s Jlg5 3590 43-9
Cosl 3l i BV oMol W el I Soly o5l (Ll
S 0 o (5 p0gli ilog Sayim el 4 (o
39 043 Gl (Sae i (6 p09,5ls i b 3 (2
W3 (o St 1y pgis )5 sl JIg o pa¥e 90 (o
Sl 0955 s JNgi 51 SaelaS 938 VNTR-Y «

unique » minisatellite » satellite microsatellite 'Ll

ol @18 (Sl gla 259095 yoghi 53 (33195 3,90 Sgby (g5 )
TTAAAG TTAAGG » TTTAGG _ TTAGGG 4l
Sl Jlgi g95 dn 5l Y] Cowl 0l )1 )ST 0935 40 3L 5 dlai @y &S TA Jlgi G VY
satellite » SNP » STR o VNTR i

Tl 4y 35 oS il (Suizy (W o3likuwl g Cug comad 5 JIgF (2 93,5 3 059 pol - VY
satellite » SNP » STR o VNTR



Sl K55 a5 5 s YY

S i Yloin ] gy Johw S5 0995 33 325 6 Iy 51 SolaS S'gly (gd 1,55 dlawi — Y €
a satellite » LINE » SINE C VNTR
Sl yioS dudy 31 5 6 g I SuolsS Saly o5l -V 0

a satellite » STR SINE C VNTR
Sl s 51 Jion B aly 35 51 SyolaS 1,50 dlani g Sgb 0,101 -3

LINE microsatellife ‘_ SINE VNTR I

VNTR SINE » SINE LINE

S (5,85 by 5 ylkouwicld 31 SuolaS” Jawwsi DNA finger printing g, — Y

3958 s o SIS Ko (g S il (o i ST (G
SaRd o0 &y 45 SBT3 51 SyeluS > Slipped Strand Mispairing sasay— YA

402 )5 Jl g Syt (0 w2y (@ g9 (@ s lwiilon (I
S, Wp ol w5 s Jlgi 5 SolaS 43 Alul 6uilS dgusmo o 331 - 14

LINE » SINE STR o VNTR i
T o iy 35 0105 b (g jammnl )5 390 y3 - e

S 3929 ohgile 5 QLS ples 3 Lo yi5 (I

cwl DNA Transposones :g 51 Copia -4js.ily (o

asln gjomil 5 95 £ 31 4 o 1Ko 3 TY 500l (&

Lgd oo ols COPY-PASte (uslSo b b yg50mly I SO WS (>

$2,15 4158 5 Caomnd 0105 2 ¢ A by @3y a8LST gl oY oLy -Y)

Aot (o Fean (e UIR " (¢ UIR *(al
295 0 42 1) bl 0995 U 5T 98 o 40U Y

Coding sequence Structure Wi

transcription region ' open reading frame _



\AS &l)jéﬂjﬂgﬂﬂwb\:p:&.@e

SCawl 57 SU335 55 Y Al wj s Il 5l Solas-TY

TATA box CAAT box

bl 938 (o polyadenylation signal »

el 5 s Jlgi 5l SwolaS” ;595 oL Intervening sequence —Y £

Sy S I ey 0 I (e osl o 095 (<
Sl iy ! 0955 3 (3 99 Aol Lawsgio 83143l —Y0

Sk ¥+ (3 s Yo (g s Y- (o s\ (l

3,15 655330 g 15 s s 31 SaalaS- T
cDNA , MRNA - hnRNA _ Gene il

Saigd (o0 owigigy Wil i RNA I SiwelaS bawgi sm gla JIgi-TV
B III (z II (o [ ()

g (0 w999 310 (M RNA 018 lawgs 5s rRNA YA

B (> I ( 1 (o I (il

: Gene within Gene sy -4

S5 o 033 Y WwIS HLA (o o5 35 (0 Conl ly sl pgis o (I
cul bl s kennedy gl b (5 Cowl gl) sl (G929 0F sl 9l 09 (&
83,15 0L 4 39u5 0 (35 (59 ool polic 51 (g 1551 5l @lo S DNA 31 aUgS JIgs ¥+
0395 (4 Sir rols (z trans da Jig (o Cis sl JI (<l
Tl oo 435 OIS (1l WS e @935 3,90 43 - T

S TRNA ¢y 57 gMRNA Sl ol 55 7Y ()

Wigh (o 5 ] ek pg35 Lawsi ()08 gioe sl TRNA | e (o0

D5 (oo plomlslite cr 93 p H L gl sy (gilunslon (2

Cawl Ll 3)lge don (3



Sl K55 a5 5 s 1

....... “5‘*‘?.939) A.;gj)ﬁ )» -y

Cowl i 4y il MRNA 25 ()

xS 0 )8 msiny S lsis 4 4ty 93 0 DNA ol S 5 (o0

ool ANEISENSE i) ulie MRNA 25 (z

ol oluso DNA - alisee olg 3 o5 aws) (>

SCuwlxS i 7 4 ygmdid] b g (splicing) RNA (45310 5 Joee Y'Y

oMy gl i Siad cdiand (z VTP | FYS SO (U Aoy ¢ Ay (2l
dio capping wlyd 43 Cwilsd s yjepw I SwelaS (2l SRS sl gly -YE
<.39.».»4‘_5.‘9

e (2 o (2 Py (< Jol (&l
SCuw! oIS Lol o 351 RNA-directed DNA synthesis 41,8 45 -Y0

RNA polymerase DNA polymerase Ll

DNA ligase » Reverse transcriptase

Mg (0 a2 1) W) (25 S)low 9 (ighd ST 45 DNA Jlgi ;5 Ol paedi—¥T

S5 E45 (0 yge b (2 e 2 e (< P9l g ()
S8 o 58 g s b it sk b " B 5"y i TV
S =055 > £5 - [ £5 055 (o o355~ (i

Sl Cow 3 i Elgi (812 5 015 35 4 oS Slgl8 5 31 -TA

Sy Bl ¢ anlym 30l (o il andel o)y (A1
Sy Bl o Syi @y el 0 indel il S5 e (e
el 5 SUphas (b H15 5 5 gl il Suelas T4

p.Gly 202X o p.Arg117His il

p.val358tyrfs 's p.A508 phe ,



Yo s SN0 Jske lalip s Juad

290 (0 3Ll (i g4 42 P13 Al ()l (S o Flgye sylem -
sl (o b LSS s (2 Siper (e S)jp Sl (A
Sl LSl 6 lows 13 Jslle 43 bus S5 3 duw 1,55 £

CTG  Sgige By (o CAG sSimls (il

CAG \ _elss i oS (5 CAG s (¢

SCul AISE 9 A 08w X 09 )i (505 Lo p3 4Bl (055’ (b 1S5 5 - €Y
CGG GG CTG CAG CCG GG . CITG GG )l
Wi CAG 25 (5)lowt oIS 5> 4Bl (40w’ (U dww 1,55 €Y

Pt sre oS b b S S5 (o osSuths ()
82,15 4158 o5 4l p1aS 13 (Gl CAG (U auw (I ,ST 89 Cdel-£€

syl 5 oS S (g Sag (0 URT i
$2,10 41,8 0005 S AU )0 (g low plaS )0 Al W S U auw 1,55 -0

Oisd (oSl (o E 25 00 oy ()

S (> Sggn B9y (&

13,15 51,8 59091 4l )3 (5lom @IS )3 ABL (S (AU A 1S5 €7

xS (> 0553l (g i Sl (o E g oaisls oyt (il
$2,15 H1,BIVS 4l 43 (g low IS 43 AL i S U aw ,1,S5-£Y

oh oSBT (o E 25 ik pgyuis (i

&S (5 V Sgige (Borid (2

SCuw! gain of function £¢5 31y 3 (g lowr PIAS 1> W8l (W S )55 iga—EA

o2 Sl (o E g oaisls oyt (i

Sigige (Bgyim (> < (z



Sl K55 a5 5 s Y1

Sl o 4935 oluS U daw dlawd o S g g 3490 ,0 —€9

D95 (o0 iy b wSBT (ilow el ygigegy 4l ) Lige (i

cwd CCG AD e s 555 b 4w JIgi (o

ol 4l SCA HD ' cla (g5low 3 (g (5)bral puslSa (2

Sgb o piMe sbu) el hNRNA 5 loss of function jigs MD Loy 5 (o

$2 5 1,8 Synonymous gL s dSgese i Nilgi (0 415 ik Elgil 5 Suelas -0
el e (3 Uil (& e (@ odd cblix (il
Sl 5 SUybs 5 b g 5l SpolaS—0)

c.392-394 del TT 5  ¢c621+1G>A  ¢395insT  ¢452C>T Wl
p.Gly 452 X Tl gudwo iy 35 plaS il (e dy90 ,d -0F

al Gl 098 4 e s (e (2 i S ()

Al oo Olas 4 (b i i 03y il (o

23,5 (o0 04 oligS (g p G dbul el (2

ol CF g jlaw )5 ond aslis ias o9 olglyd (o

SCuw! 5 plaS & transversion & Couwws transition gl igs Siw Syl 8 -0V

o cpdsos 9 B Cpye (oSl b glds (o SR A e s ()L calus (Ll
P30 L Eb blE (lglys sgng (> Ol pgi3 0 B ppdeon y s Slolyd (2

I v g2 j dloa plas-0€

&S i bl Jols g sla (Shg 0 (s g Silent jips (L

ol 42 amd s (L3 e Sl an g S ) abel slassl (olhasd (S slo (S G a8l (o
A5 conservative missense

Sl NONSENSE s ol 1 o jl cblis o ae o Live dbwly o ,yss a0l 3z

Ligd (oo RS> oKl 5l s rali:.m9)’ Aot O9,\§ bl cely U9>)l> sl gl O )5| ()



YV s SN0 Jske lalip s Juad

3,145 gain of function _Jiga w; s 5 low 3| SG plas-00

e gy S )y oyl S5 lem g8 L5 (Al
&3MusT (o S 539y Vg losiow S(2

! oo dlos plas—0%

Al ol (55 3130 0 o8 Cunl (2lb (0 3590 ) ASokla ColiS pac(o
S o ol sk agid Sl SpSujgen s SKibgrsT ool glow (2

3)lg0 don(d

93,105 s DNA a0 58 395 W oo 351 51 SU plus—oY
il b RNA 3yl LSz sl b DNA ;5 DNA- )

g (o0 w055 el @IS luasil 53 (o (51 pouls> —0A
SiWed oy STy (5 MMR NER . BER il

0390 (0 Cowgs b (YL (G118 U (g slow Sy oao 5 pieamn 015 45 (4iigr—04
post replication s MMR NER BER

sl 5 s 615 3 i Sl (515 ot e JUS 515 b pus 10
post replication s MMR NER BER
S oo dloa olas -1

ol BER s (glo (18595 10 i Jool> pske pg)ies ()

ol i 13595 4 Vb Cpulas b g gilon S XP G

485 b pgis eSS 5 sl MMR -t sla (590 932 ATM 155 (2

503513 5q 559055 55) ATM 5 (5



Sl K55 a5 5 s YA

S geuuo dloa @lS—Y

Wity 35y pazie Sl (JIF gja (g p oS IS sla o el

it 345 LS5 b ela g i TRNA 18 58 gla 5 (o

g o 035 LINE clo JIgs (sl pgj909)5" (slajog il 3 (2

Sl o oS5 056218 5 ¥ B Y 0500l b oiSy onigds S5 slassly 5| SINE cla Jlgs (>
3,151, 545 (329 A 095 (oo Syl ol g 1 13 5 SIS 55 ST
398 (o sl 0 iRl (@ sl (19551 486 (l

203 Gl e (5 Cosl (9] 236 (¢

S g a5 51

Dgs oo odlil S8 Sy 0 STR | (Ll

Ain pgij il g 3 08Ty 2S5 g b SRT

Al ke ) cla gl b alyy o STR &

g o iy il b STR 2 Y gj000 5 sl (g5l » DYZ cla JIg (5

S oo 4y 35 @IS W (49 59mmdl 5 390 45-10

53 3529 (gl 5 Gl pled )3ty (o Hlaiy (S

sl g 29955 ) duh paie Sy &S poo 1S 3 TY 9500l (0

ol SINE s 4l (y9590ml 55 0y yiots (2

85 3l b (ygigpmily AS 4 (il Gy gl 5 (S (0

SCuw! (glae Alu Repeats b 4y 35 ola5—17

Subtelomeric Repeats Short tandem Repeats Ll

gene family » Dispersed Repeats



Y4 s SN0 Jske lalip s Juad

S e 4 35 B1aST S5 g adlgils 3490 -1V

S5 18 (egiges)S adss Sy g9y & Cul (2l ()] & by pe Laih (Al
A SUper gene family §| _>sly Jie b IRNA o

<l gene duplication gl sbo) puslSe (z

Gl guzus 3)lge don (3

$2 105 o0 5B dwd Bl 938 il B 41 ST 0935 13 (6315 daai &y a5 “CA” Jlgi SU-A
a Satelite _ microsatellite 'Ll

Alu Repeats » minisatelife '»

Salumd 4 35 oluS 3190 ;| paternity g Gene mapping—19
unique sequences LINE . Alu Repeats o STR &l
S Zumo 4 35 olaS DNA s Jlgi 3590 )>-V+

s W mini satellite 3 hypervariable , ool cla Jgs ()
g (oo g9y YIS (yleg oyt (2l (o

5 Sgliza 3 Sk Jy VU lgen 5ty slo o3yl (2

Wi (g0 dox i Lol 015 (cmgig) b5 b bawgte )5 b (2ly (2

ol S )3 1 (9590l 9,55 85103 4y 35 @ISV

i (592)8 92 sl Goigpily Sl (295 (]

it B (39)919)5) 9 (wgrg ded polis 09,5 93 Joli (o

At I 5095 3l 2l g5 COPIA, TY &

Gl guzes D)lge den (>

Sl e 553,190 51 Syelas’ VY

S5 gyl Sy L g sl 9351 86 SRY 5 (Ll

ol b 5 Slgpen 5 (Jlo 3l )13 X g5905)S (g5 45 (e asdag 05 (&



el S5 a5 5 cos Y.

S 05 o 55 5 I ela o5 581 (5

(AR (5 lndl CS4055) Saun] oS oy i 35 U cy9 3gmmil 3 b b1 - YY"
i3 plomil Lol 5o s 1y (gl ilan djogli CLs 53 Lo gimm99, (A

ol 03 03l Mudg39,0 45y wSo pds ) Mol P P aie I (0

s G aie g Rigjamil 595, « T892 Sladgingil s 3l o295 (&

Kt (50 )3 Sojspmdly polie cpytae I LT LLE polie (5

S3) Sl o 15 a3 olaS ¢ glaiud Extragentic DNA oloi (ogad jd -VE
A+ = Sl

Ngbso wguire (Jld (Slg der 5 g ungig) Ll 4

imd g JiSts 1y el i 7N 31 e (0

5 BB (0 ole ma 3 (2

At (e S ()

uowo (Psedugenes) W yj awo b O3 s 5 sosad 3 w5 o I S plas’ Vo
(V) Jo¥ge (Sui3y 5553) Saudlyoo

55 518 el (5 LS55 aden (I

ik S 4 (ol 0 (S cislan) (Sad G g3 s 4 conl (e (0

S o A gl MRNA g azs Lol o5 4 (2

it j5ig09 Sl 86 adien (>

Fber DNA (slayS b 51 SeolsS' (Bge 31,81 b (gigldugs buly, e sl - VT
(A = Js90 Sz £ 553) 83,15 32,

Y 5390955 (< X glapgjgeg s (Al

NS s 3 @biSsie o Y gj0008 (2



