[ Downloaded from bloodjournal.ir on 2026-06-10 ]

<

O
(SRR

OV=Y$) A% Sl ) o lad V o0 p g
S99 ol x> B (udgod (il slow 38 (ol IX 5956 (4§ JoSI g0 JWIET

i . o . r s r . r i o wf . Z .
S e bl I de S gl o Ly [0 oSS e S O S

A . v .
B IR /'-é &

Odmbid

JM,;@L

PR e 4 oS el Qb i 4 ataly sk g5 S DN S e S Soben LB A e
IX ;686 05 5o Cilise b g 5l o5U (gobem 358 o0 sl (glanil IX ;S0 5 Shee a3 b Hlade
et L) B 5 b e b ) S IX 58U 05 JaSae T G ol 51 B
B9 S92, Ol F B ger Ol 5 i pd 5 i 85

i bogis; g 9190

DNA . Ldd ) 53025 Olul 5 5IB | gen jla V¥ Slal Boliad ;& Sy, 4o g o0 adlas G s
5205551 4dS (61, PCR .5 5 7l Sl aoes 055 51 salting out i, abeess 4 Ol )lony S 555
45 ek gai A plowil SSCP iale3l « PCR &Y gaaoes (555 2 5 plomil Olsla IX 5 816 05 e 15
by a9 DBl s g Dglite Jo i RS b amlie 53 sl o ST 5 (55, O S > (SSCP s
LA I S o

b4k

b g Ao 53 Y7\ ((Miissense) fus & ¢ 51 b g Ao ys PA/Y (g il 6l 581 a5 95 Blod 5
3 S se C'L‘" L 45 L5 (Insertion) s 13 > & S g ey VIV 5 (Nonsense) gas o &S 3
05SL 5 dsg Al ool Cows 41 Sa g 3l 350 ¥ ety Sl B L gen Ofyle SleMbI SO
Ao g oddd B8 B b sen SLeMbI SOL s

S

3 A8 o Al 5508 B Jled ez 3 15 IX 586 05 sl igr x5 B S Keal cadlllas oyl
Olst o Mg 5l Jd i 5 Olken opl sredl Sl 5o Eige 5Bl ol )3 el s a4 LML
S eslaa

IX ;555G 3 gawli 9o « SSCP ¢ B L st 3sutels rlals”

M BT s Al
MY e Gl

Ay oDl 33T oSl 5 Ol 5 smaly szl (65 5SS g Sliiow S 0 J oS50 (S 058 = JsSse Jsbo wlidimn s Al a8 (g mils 1)
‘)ljé;)uﬁj’éjf)l‘;

Ol sy il ($3 9555 oy Dl 55 50 S50 (S0 05,5 = (S0 pe I oo (bt s A3)] uba)lS Y

dgte Sy el oy Hlssls - JUibl (53501 5 P slen awss 3 Y

Agds O = Jlazl V(.‘:)'}Jé!a]a;ﬁ AL 5 0ll 0 Wl Ol Slidss S e skl - Koy LSJJTQJ: Cewsy PAD -¥

dgda S psle oKuils Sl 05 S jawsie 0

55 Sl S5 Sliiod 5 50 5 Ol sty el 3580 50 Dliios S 0 JsSse (S5 05,5 - Sy S35 PhD s
ou,@Qu?a;.;}pl;,\>Udau:Uhti;:ujti;u_ﬁ)xjgpwquPhD_v

S P sl 0L - 0l - Ol gl sl (658 5SS s Sl S e JiS05e (S es S o S o8l ob G PAD 1 s e il 50 A
VASAFFOO) 2y IS


https://bloodjournal.ir/article-1-379-en.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

OLan 5 oo S Ol WS 5

B pen 51X 586 S0 U0

(HOtSpOt)as Je a5 S o S 39y pl ol
S e A SO 5l aS ol s i e sl
05 o=l (Coding)Ols ;S 505 155 53 g 455 ,»
o (Miissense) ——wo Ay A o> oL
(Insertion) a5 1S 45 35,5 5 B> 5 (Nonsense) xe

0SB (S Ol SR L 55 Shas 3 (a4 e
33 e (0 )5, S e ol 55 5 s3laxl IX
ety e (IX 58 G 0 sla0 s ST e bl
o 355 ol 5 0din S IX S B s  s ael A
s lanl IX g o Ol alS U g s Shas o8
53 Sl Seen e () D358 e b sen (Sobe
£ 5 Joe e S ditdy S| G5 ilie
deo s AY Ll ogline IX S A 5 Ol e o i
SLa0 351 53 i 5 05 eSS o Iy 55 b g
0205 kS Al s la e lias e FoAsP Y
Sl St Jlail e o ol (San (05, 42U
s oalS e Tl o Wpd 05 & s e
Slrsier e g5 3 Ysama i S o 05 paoms
L s sd e aedls 05uS sloml w45 (glakals
Ol ol ) b o el S s e
55 Son bl b bais 5 W e bosas
CRM = Cross  o5,5)05 51 glaw OlAiS | S2alS L)
@ ol sl 515l sl (Reacting Material
Golam =l 53 Sl glailess 5l dn oS lee
.0 J)JJ:JSJ‘:
5 sl Jdyes ol bl o golen e
Jlis s b s oo 4 slag i Jols Ysans
M i s o e (Pl O Cilises LS 5 4,0
ol 02 e kl3aSS slaoless 51 3L Sl 4 b G
slagslan 5 edliSles slagsly ST S0l
et slagslon (e 5125 oLl (05 5l alia
U155 o el 013455 (g0 s 3l 36 &S Oljlew 4
Kb aS gajlse s 51 (Fages SHILHIV 5 C ol
YL laas pn cndls B e Ol 5oy S 0l )2
ols e s a4 Slsles glacas Jdl 5 Gl

i

S (OMIM :# Y4840 0) B Loy an g las
Vet boshie e il el 65 5 Sl
i Jals Las il e Sde A g Yeeer a3
el ol an (o3linl IX 5 S6 odlad s b 5 dac gz
30552 0351A Ghls L S TY Jsb w0 IX 586 0
D3 X271 U 5o Xops 5,8 b 653 50 2
A b IX 586 05 ol Jpame () V)l 4 S
§ 5 aiwel A FIO L Syl 5 LS 00 o SO
Sl sle sble ) LSk e (domain)addais

(Signal peptide, pre peptide, GLA domain, EGF1, 2-
like domain, Active peptide, catalytic domain)

3 e sbaaal Aol sl ailaia £ Pl ,a
SLa STy (i 5 55 S 035y (SleddLablona
S5 se e L ST O s S S  SLIS
XI5 X VI VI gla, ¢S6 oy JLasl (s, gSL S
Spt e RSB Cdls 5 lac SO (gslanl
Lo, S ol ol ed 4 oSy ool V=Pl o 1ls |
O=F)50s ogst bl s ege Ji (galinl Ll s

B kb s g5l (FIXIC) IX, 551 wdlad s
(FIX:C /\=10) Lo gzo (FIX:C /0-/¥+ )iy Jals
(Y0 @il e FIXIC< 7)) L

e g OS5 B0 05 o b 5 ssles
PP WS- LIRS PYIVA EEYA N G B D EPW-Jg
Al s 5 035 (de NOVO = 55 5l LI A A g
530 05 53 B kb 5100 s ey esl il 3 LS
P s yes S el il L;LAV.M.,;L(» ol 5
Ol s 53 X pisas S OsLanel 0ud Jled 8 Lo
BRI BUECEN U SURCIT S PO FOPEVE PR
035035 pmeilize 5 (45X0) 5 5 o sk s 4 Ol 0
VA asl X

5 LTy Sl B b sen (g5lany ole sla g
Ll ool Ll g a5 o135 bolos 0 Kol
SSL s edd 1S gl i anxl e L OIS e
anrle b 5B es gl g SLedb
hor g edd ;- ile atia) (il 5o oS ke gladllis
KCORW


https://bloodjournal.ir/article-1-379-en.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

Al ) opled (Voo

<

ANTP b3 lses o 9= 6 S « Primme ¢S, S)cws
MgCl, Y s 5,Seo Yoo lale L (OLIT ¢ iy oS ,3)
Tag DNA 55T 50+ X 3L Vs e ¥ bl L
sl 3 Al /0 ke L (Ol 05k 3l
A0 &g 4 ol ag asly ;3 PCR 5y 1)y S YO
sl YO 51,8 Sl a5 A0 k3> 0 3l 5 sl ax s
fo oo as :\J_fU:jLM- a3 OY-2Y Jasl glas
(cidets g gl p ol ang ST Jlasl gles)ast
33 5 S YY L aSB Y0 s 4 o) S il a5 VY
plomsl aids 0 s 4 sl S Bl a3 VY glos Solgs
PCR ¥ mame 55505 7Sl a0 2S5 51 ey A2
plowil 4i35 YO e w Ar U5 LY 50,81 U5 s
U S les sl b (5l SS5 5 s 5 A2
s edalie (UV) iy syl s

05 e POR J gramms G 03531 ez 4 31 Ay
SSCP (Single (s S ,e Jos, olais] b b ot
olaks S g5, Strand Conformation Polymorphism)
el Ja s xS L ol jes a8l 5b 4wl iS5
SSCP 31 6 S sl sy o 3l asdllan ol 53 .23 S
‘°J‘_3>“-°3-)‘ﬁu_~’cl-§?‘ = ) Sl e
S35 e 5 b G 3 O SV Sl
sl Sy ol bl o esliad Sliiss S1oe s
F W DNA glaisy ST slas oy plas S8
(SIS 5 Al Ol s A s 4 gl Skl ) (04
5055, 53 S sl o sl 5 Bl s
e 33,8 e J5ekiS ClE L Lal iy Dlaal
ol L Oy e 45 PCR &Y yuamme sl 5158 3101
031001 il e LSS S YT S s b,
33 5 35 bt SSCP (gl IX S5 05 a0 s 5]
¥l o3l Ga g S5 cde an 50 A 05581 3550
Sl ST i F Sl 5 el s 5SS ankad
A eslazal 581 ol 2SS

Y2 ul (PCR Jyams & bale Ol ay at s
Jolt 45 SSCP oy asee 3L,V pl L PCR J guames
3ot/ 0 Pl Iyl e A0 dsle 58
Vo e 4 b gas A b s 3 EDTA [N g o )

&il‘t{@jjb.(\')qﬁwl J5w 53 Ogte vJLA): claal
6‘J_.3‘-;'JG_;OLA‘)J 0S8t 5 ol @3&6)L°~:-’ oyl &S
Gl o e e el adis plulis o
ol Oy S 08 sl 5 Al (6K 0T I oS
53 M sl 8l s g oLl 5 5 bl (s
235 S B e S B Ll 5 el il
o=l 3 Bae (NIl e e i ol oSG
2 IX S 05 sla g JSse JUT (o
Sy s Olal 2 Oliel B b sen Olslews
kR g, 9 3190

0SS L (Saalan 5l dn ¢ o aalllan S
B Jdsor sl V¥ 525 Ol = Ol b 5o
3 Obben s S 515 Lol s, e Kgliy 5 8
oy g i S 13 ey slie 34 Lol Slaesl gl
deeS 5l ey enls Lol o oY Sl g (Guos
5 el sl labs cogr  SLedbl lap
S LIX s el c’a—w o 3 Sl gl
53 348 daoe 05 1) A 0V Glew Sl culs,
A ase  EDTA sladl As osbe (g5l (sladl )

ol asllas @ Olasy 3555 slre (AT L 5
(SN ol (BT 5555 Olos slailesl o 55
Olser oo Al Jla i VI 386 s 5 PT Ol e
SI¥e 5 IX S e s s 5 Y, L PTT
AL 35 B kb yon Jyeme sla0leys o Oyl
Gk Ol e 0% Lk slad IS DNA (VY
S dm 5 A 8 sl S plal s ikl i
(e Sl gy a ol bl s ChlE
O 61 518 sl am s =Yo sles

Gy Jeld sley 8 IX 588 0 e bl
SO S dm e s cla UKokl a0 5]
Sl PCR) 1oy (Slo ymeis STy aows 4 a2
A iSS aSBlas b 4 leang ) g b s
PCR (sl sty s b, JLS sy gla ,S56T JIs
OV OML S ol aal LS et jize ladallls

Sle S 0ve LlaPCR STy 53 sl 3,15 3150
ool s cwesVU s ST 51 Jse 80 Ve o555 DNA


https://bloodjournal.ir/article-1-379-en.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

OLan 5 oo S Ol WS 5

B pen 51X 586 S0 U0

O slos sl bl fmnd 53 0 ealiinl gl SHLT s g 1 Jyur

jfjl.'oi J,.;&_» PCR J gvazwe ol r...a.aa aski 5la &...L.J
Hhal forward | ACAGGCACCTGCCATCACTT Y¥'+ bp 0+ & A+ bp $Y oC

Hhal reverse | AGATTTCAAGCTACCAACAT

Mnll forward | AAGTGACAAGGATGGGCCTCAATC
Mnll reverse | GAAACTTGCCTAAATACTTCTC

Ddel forward | GGGACCACTGTCGTATAATGTGG
Ddel reverse | CTGGAGGATAGATGTCTCTATCTG

GCTATCAACATAGGTGAAAGTCAAT
Taql forward | TAAG
Taql reverse | GTGCGTTTCTCAATCACAGTACCAGT
AAT

SFYY & $Y & YV bp
£YY bp $Y °C
+Y)F & 114 & $Y & YV bp

L ¥#4 bp o
- Y

Y4 bp

YYY Bp V¥ & VOA bp fv/y °C

5,30 Ollaw ;3 PCR-RFLP %5, 5l eslixl L Hhal
L Sy e o Il (1) YY) 255 5135 s
Jgmaoms e 5 LS 35 Lol gl SHLET 5l eslizul
w2l Sl eslial L fome a (sl edal s 4 PCR
L ol ales 5 3L Ll o b o VIS 5o
2ol VP N Saea el pgwars
Loy comaan 5l oy () Jpdr) i aliS 5L ST
534S Ddel S5le s 85,5 Y 58T U5 o)
Sole S aasla HLBIX 588 05 S esled O )
G5 Ol &Y yams 05, s PCR L «5 1L VNTR

U HIPRY

L wali
B Lisen odd alid Sl VY (65, G )
S pbeslpls p3)ad el dgla b sl s 0
Sl S R dsed (Sl s slen )
0 2050 ¥ Obley laasl oz a5 L (A3 a8 S
53 K25 Lla 1y (oles Lol o 5 5550 A 5 S50l 50l
52 Jlkels 5 S ST g e dls (Sods b 5 Y
7o idd (A san slan Vs et 4 g0 e 2
e DS 35 S 53 5 e A ses Jlay
g sl

cla ST L (aliaml IX 815 0F s S
-XJ.X.\::J:;SQ“A.’JLEAJ)}.A)W\Y rw)bo.’\_\; L>_>-\J.b

S35 by 5 4155 318 sl 4z 320 Sl 53 aads
Slacsialr 0553 5 Lad g o LLs S Jie &
5055 A AS iz Aed ST L 5 (gs) el s
a0 gles 3 fer 5L L celu VeV Sl @
A el ol S sl

J5 55 bl b Cogr 0,8 a8 el K5 )
L J5 il ot b s . id eslac ol dedl ST L
Ss (10 bl 570 Sl Aanl) 551l J gl
o i Ol b oo g ke OF b s 51 e 5 ol
o hie OT L sdoms (g piand 5l a3 8 (50l
A5l 3 5 70/0 NaOH J yles 5l Ladsl Ods | shae
Sl Al Sl eslial U 0L s 5 s eslazal /XY
Al Gl shaie 4 S plall a8 B e ST
A el Jlake T L U5 (g ptad (LI S

O S S = slis LOTSSCP 3 oS e e
O V_>,=>-J::J~_>,uPCR S e S edgs Jbo 5 J xS
CeS 5l oalid LPCR J gy a5 5 25 S
w2 s 4 (LT —03LS oS ,8)J5 5IDNA adss
Lol crs 4 sl JIss s I s 0 s
Ay 4 IX 558U 05 L 5 eds 3JUT (Chromas),is3le 5
Al et e Jlasl Ol s 5 anslie ot S5l 5
Sledbl STL L Ol ool s 0 Sla g one
o dis S-S sylse s awlis B VLR EPN T PV L PV
Ol clishla fwd Cgar (DS jas i
SMNLlcTagl S5 ol s s ek sl S L



https://bloodjournal.ir/article-1-379-en.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

/\oﬁ)\.g.gg\ A)La.ig\/AJj.:

<

Lg}_flljaéd.s)l}.a)g;;» 35l 0 G J g0 3 51 enlanad]
(Jisjfa.u:u..a St b JJJSA{ML&QTJ:Sf
A b g 5 b sen Comer [ S

A dlses TAY/A 550

(DNA 137 e e
(olon DA ol ey I i 5l Lol
ailate 5 el Al i g oLl (g p s
8 Olen ol old aod ¥ Ul 5 S5 B
¢ 3okl e 4 Sla g i 0sd e sdalin &S
A 0558 53 ol 5l o ys VA 30> 5 AL s Missense
ey Sledbl L s 552 50 o bas ol &)
NS & S AR o ST Cilee B LS sen
3 & Y 54 ey @) CpG ik 55 /¥Y oS ol s
sdalin Llis o o aalglt g3 50 SO s g
5 o35 It sdal s gla jhgr 5l ase ¥ LLAS
sy o S B s Sl Sl s 0550
s InsT31197-99, T31440 A Lols s g o
IX 55506 05 o 2050 715 00 s obo S50

IVIVRCIVERY

i lsbls fnd il
5 s e sl SHle Ly lhls e s
0L Y J s 5 Ddel 5 Mnll, Hhal, Tagl sla J>e
s e ¥ s Lol ool Sl ol ol o3l
Sl Aoy ¥V dglo Ollay IS 52 &S Gl on gy &y 50
&l Aoy YV Ml e (5l o3 YY Hhal
2l Sl G oLl 1) 5 e Tagl o
Sl )YV bp WL Olley o5 O o - (L5
V¥ 55 Cilie (lishla g o e nils Ddel e
Sty ml plal el Cowd 4 andlas 5540 las
sl et o s Gls Sl V) a1 sukal
et 5 Ol 5155y 38T L Gl
ol St gl a5 L Dlen Comer lshla
oLl 53 3l Hhal slags 35T 5 slaellr Il 5

25 i Tagl 5 Mnll

R

23 O3A ool U581 (s S K 5SSl gl e
IS Ollaw aman 53 .00 Sl ol 63,51 IS
i S0l el (golew s 03 5 Ll IS g
Ollag 31 oIS a3 pl a3 285 LB &S

A edalie S5 S, Gl

Slem WY 53 IX 59805 05 A 05581 51 glamsdas PCR 3\ &
a)Lq_.’&‘gDNAQ‘g.h.u&aJJ:S\Y a)w.B&ﬁNQWy
S e Ve bp Sk mle Y

:SSCP @b
S A odalie SSCP @L:} 03 Sl Kb 5550 0350
So 5P 0555 03 e S A 05551 55 5550 0350
(SSCP 3 ey Sy s (Y IS5 5 BUTR L3 5550
05 o 205 50 OV S e 55 (S o i
S 03,551 s () el s 1 IX S

B0 QP e 05 IS sl

sammEoBRE

V3 IX eS8 05 A 09581 1 3l = SSCP Y IS
Vs, 53 Cagy hU glacid Wb 9B sen 4 M Hlew

Jo i J S N g Cmul 0dd jasein SIS LSS 5 a5 Y
2l o0

LLAW g’)b)j] g;v,u:e\_g)bSSCP ‘}ij‘) h:,v;_wLw;-


https://bloodjournal.ir/article-1-379-en.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

OLan 5 oo S Ol WS 5

B pen 51X 586 S0 U0

6_,&) QL«‘} okl B 61.,5‘,@ b‘JL«ﬁ %U‘QJ.J‘L&M @lﬁj IX )_915\5 05 s A-MI S d M,‘_;\Aufo.g? Y d‘,.\?

¢ . el i P 56T
3, Solem 895! O geli 5o e 5 53 ailaie CpGo ST S skl

\ Severe 4 G 20519 A R 180 Q Activation peptide Y Missense =+
Y Severe A C 30857 A Q246 K Catalytic domain N Missense +——
Y Moderate A G 30864 A R 248 Q Catalytic domain Y Missense -—
¥ Moderate A G 30864 A R 248 Q Catalytic domain Y Missense -—
0 Severe A C 30863 A R 248 X Catalytic domain Y Non sense -—
4 Severe A C 30863 T R 248 X Catalytic domain Y Non sense -—
v Severe A C31118T R 333X Catalytic domain Y Non sense +H++
A - A A 31197 G D359 G Catalytic domain N Missense +—
4 Severe A InsT 31197-99* S365 X Catalytic domain N Frame shift +—
\K Severe A G 31217T G366 W Catalytic domain N Missense —++
AR Moderate A T31340 A W 407 R Catalytic domain N Missense -+
\Y Moderate A T31340 A W 407 R Catalytic domain N Missense -+
\Y Moderate 3'UTR T 31440 A* - 3'UTR N Missense =
VY Moderate - - - - - - +=—+

e slo ey bl :CPG’

il 0 35S 0 5ST b pen LMl (SOL 3 oS Al o dydr O gl pn Sl 0l e o)l b 4 lae jled *

il e Yoshitake etal. 1985 Lol 5 bl (g 108 slas o +

O go 5T W pedS: G (st S el K5 ,Lsd :D ¢ Stop codon :XAC,,l}:J:K;ijlf:Q‘JJj)I:R
S e 35 e dins DL + Cudle 5L e Hhal, Ml Tagl, Ddel (sls Jous 55 cnly o 31 5 4 Ol abshls el ol

el 0l @zl + 1 319DP WL 5 - L 369bp L Del oo (sl ol o 5T Sl 5 e 0350 sdias Ol = cadle 5 5T (sl

ST 0lass Cussdomn 5 law 3b3 20lse 4 ax s L
3 GRA N S S )l e a0l b
058 plaar s by (Gnis a8 L Jolie ol >
sl bl S5 156 55 B b san sl Sl
el S e Solew Sl 6 SKiy 1 AL e
A3 5 soben ol Jolie 3 6 S asse on e
5 M 8 pekdS (B s (K85 slagsbes
Al GugDlase 53 06l L 1 (6,8 5kr

s g s oly 53 3L 0L slulis ol
Shesleul B e o gla i, Sl eslial )

(YF YOI ok sla S L
G Sl A s e e it g, Y
(0T sk b s S 2

Yy

v

L SIS Sl il glaana Ldsen (5l
Sl e 5 amelr 8 4 (Solen 355 el
S oo

2 S Sl s &l gadaze Jlays Sk oax S
53 3l JLs a1y ool (5l 5 Cu s els
SV 55 e by o LIX S0 G5
S Gta glaes sl b 5l eslizal 5l 3 g5 S gres
i 3l et lial slaca i <l o 0Ll daeudly
=SS5 Sl S 5 S e el B 1) a0 s
slagssb ol oS 5 a5 st (BENEFIX
L sl 3l s Lo guast (galinl IX (i ade oS e
(Plosd o Zol ) Ll b sen



https://bloodjournal.ir/article-1-379-en.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

Al ) opled (Voo

<

Jmood O Sl 5 gl s & Camd Oy )
Slay St L Ohlany ol Olass Ly 5 553 el sl
Laol ade 5 odiS jles oL ol a5 Jlazm! (galinl
A3l e b i sl Sl mi
b sl I3 S0 Jie (la al OT e dle
sl cds Ll g o BLSS sl
o Slm el Sl Jde 3 s Sl
55 53 e LAl s e wial gladn

eI o..aLAT Cd 4 o— C_}v (Y?)J\.&b& 4.]9);)/:
S50 Ol 3 a5 A 4l sl (Hlan DAL L e
SLedbl SO s s ol g 45 ars O) anlllas
.))bﬁbé.»l.h&é)l.«g S g(bféM&)‘ﬁB&jﬂ
B vk:}j_,«.ﬁ Q‘)L_A:J L;L_FB’UQ‘ &_:LJ L PYS WY &):-)\J_f
ods] s 4 L Gla i 3l S S pl
Dl g5 4 4 55 L AL« Missense alas -l )5
o g an X S s 1 bl 5o k5 e
JJJ_?&L"))\ 6)L~.:.: QMMWJAI}‘JI{ &:—M‘)
c\ﬁ_.w B LQ(J:‘P L;L«.:;—‘ g_,\.g“}ﬁ 4‘3}3 5\;.,\.3..5 LJ k)"\f}LJ
g 5 Solay LAl alaly 5 (3Ll IX [ pSU 5
S Gt o
Soaas Lot e b Ol 51 (S 5o
Aol gl S g 53 YIVAY 5L Sl ey e A5 205 58
saul b s s ed (S Aol el opl 53 (6 mis FOA
aal Aol 3 a3l 0508 sl 4 e (O gyl i
s aS lanasg Lss s o 089 0 ol YO
L il e GATTCA &oypo 4 Y90 5 TOA (slalsS
(Al e sedd GATTTCA & JI5 cpl oed S 2555
33 03 025 Ol 0dS sl ey ol 5o
Ol 5 058 e (s a3l LSS o ( SIS
.::dea LS B Ldsen golen a0 oo 2Bl 55
ols €55 053 UTR el 53 g o 53,50 g
S5 05SU ioer o 45 55 T 31440 A 5L 55
f‘)—’ B J_.,JJ )ﬁ)—’ JL&.’I}\ 6‘4.1'.9L U’i‘“’: ol 0SS
s Ol o b STy s oS la, oS Sl
ol Ailad e 7 ae 31 (slesl s 1) S e s Poly A

Yy

Sk sla Sl olans (350 51 (Sok 02
534S b e 62,50 S Spe b s il oL S
s 53 el ol el 5 s i el Sy ol
Shestinl Ly L 5 el (I cand O JS b i
sedd oluld 03 55 S s (s S sla s,
s amg L.(Mogd oo g end 4l Oles e e
AX 380 05 O elisn s (S35 2 03 S kS Slo s
A 03lizwl SSCP (o KL 2 5,y 31 Il s

53 Ol iomwle 6 I 6 os, S SSCP s,
G ol 53 1) A3 e YU ke Syl Lg e s
2 L5 SSCP s, plail 31 gt S 13 ealiz 5550
Oler 655 5 e Ygome 53 6,008 s,
OL Jla 5 a0l a Caad &S i3 S (glankad
r@l)lﬁdﬁlp@jb.:ﬁw r\qdl das
el 01 oLl 6 S8 s, S DNA L Iy
el B L 5 L S Y pene
L bt S 58 0 SSCP s oS Slles
e ey 3l Ay sy Ol Jle S 4 sed 4 s
J;,\;\)u;@?@;@ﬁﬁsmu@muoig\,:
L Y| Ol cnlisble il e a5 L oS
03 Sl SRan g ol g g Ll S i
bbb s alle g Lo 858 o
ok 4 A3 CPG (sla e 53 i 5l 36 Soslise
S0 e s Bl CpG sla Jos 53 O 50l 5 S
esde Clishle sy ol il 0Ly bshla
sl ol 4 Ll g o daosl gl js (BL asls

s Dl Ohle (galanl IX 551 (gla g b L
L, O3k $laesl st 55 ol s B L ses
Olan ode 4y ool Ol (6 2t S35 5 o
IX e85 ou S Hlee A & el o, Lsl aadin jo &S (g, 4b
Laal e Olays 31 ab (oslee 51 S5 sslan]
b Ol LAl IX 5B s Sl g5 predls
O3S sla gz oolem 55 05 e | WeediS Hlee 5
O S ol Lhe Ol ol e b e
53 3wl (2l e b an (alial IX S


https://bloodjournal.ir/article-1-379-en.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

OLan 5 oo S Ol WS 5

B pen 51X 586 S0 U0

o dils 5 (ealaal IX 5 8 5 s (gl
B ) [T L R W CH PN PR P S
S Aol IS o a8 Wl e il 555 655

A8 8 bl sy se

S b ddusi
2B dsen olan Jole IX 5550 05 sla e
3 g (b Ol = Olal o) 235 0 O lay
Gaos ol 53 edel s 4 Sledbl 1AL e e ST
Silse 5 5l e GesliS g Bl s (6l Ol e
DU 3 e 5 s s 55 sl B s s
553 e Iy oS jlee 55 5 st Ol e (galanl IX

cila yid § plnd

258 JiSse (Sdp e el L b
b pl Dl sy il 00 (S, i
S 0,8 O Sl s ol OB A 5l
Sl by 058 5 0l sy sl e
s 1y olzel 5 el Cales 55 0Ll =

v¥

adox jlasS aas o MRNA w1, dlits ol ot dllis
31 iy S oSl e o MRNA JLESH g
ol KRG &j)ﬁ) J:...ZLa jawj MRNA o a=lls
JE.}))A g)j QL:J J&LS&;&L Lw L)i‘ AJJQ-ASOJ»&
(YV)J}\Z&
DS 0 s p s 03 e e S
08 S 48 CSls 3y Jla |l el Cws 4 IX
L 050" bl g (I8 50 Sl S0 sl
AS dim a EL Y Gl s A L o sl oK
Gl (5 ol Js s 0T C3lazes PCR L
Slas ol 5 oboss bl bele i ls 0 Jols
b LS 4 ASLIX S 0F slals sl )2
Ly oVlaxl ool ol i 2 s od gl ST
S35 L 5 Ol pn il S 23 5 5 s b 58
dML&)LA.:J&L-LO‘JLAAU_i\)JIX)jsbuj)}
Ll 55550 (§ s G o 2 2l SRS S
B ldsn Sole sbml ole sla e oS 55k &
@L_Z.;dbﬁ‘db}f@ﬁ\ﬁ)%l){)ﬁbd})}
Al SLS 1 Loy 528 sl 5 0l ) s ki Slidsws
sla Sios v ax g L Ss b sl YA)LS o


https://bloodjournal.ir/article-1-379-en.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

Al ) opled (Voo

<

10

11

12

13

14

15

16

References :

Beutter E, Cller B. Haemophilia A and B. In: Lichtman
MA, Williams WJ. Williams Haematology. 7th ed.
New York: McGraw Hill. 2005. p.1643-55.

Bowen DJ. Haemophilia A and haemophilia B:
molecular insights. Mol Pathol 2002; 55(2): 127-44.
Mahajan A, Chavali S, Kabra M, Chowdhury MR,
Bharadwaj D. Molecular  characterization of
haemophilia B in North India families: identification of
novel and recurrent molecular events in the factor IX
gene. Haematologica 2004; 89(12): 1498-503.

Bolton- Maggs PH, Pasi KJ. Haemophilias A and B.
Lancet 2003; 361(9371): 1801-9.

Attali O, Vinciguerra C, Trzeciak MC, Durin A,
Pernod G, et al. Factor 1X Gene Analysis In 70
Unrelated Patients with Haemophilia B: Description of
13 New Mutations. Thromb Haemost 1999; 82(5):
1437-42.

Stamatoyannopoulos G. The Molecular Basis of Blood
Diseases. 3rd ed. Philadelphia: WB Saunders; 2001. p.
691-7.

Zabel BU, Baumann WA, Pirntke W, Gerhard-
Ratschow K. Am J Hum Genet 1978; 1(3): 309-17.
Orstavik KH, Orstavik RE, Eiklid K, Tranebjaerg L.
Inheritance of skewed X chromosome inactivation. Am
J Med Genet 1996; 64(1): 31-4.

Haemophilia B data base of point mutations and short
additions and deletion. Haemophilia B Mutation
Database. Edition 13. Available from: URL: http: //
www.kcl.ac.uk/ip/petergreen/haemBdatabase.html.
Sasanakul W, Chuansumrit A, Ajjimakorn S,
Krasaesub S, Sirachainan N, Chotsupakarn S, et al.
Cost-effectiveness in establishing haemophilia carrier
detection a prenatal diagnosis services in a developing
country with limited health resources. Southeast Asian
J Trop Med Public Health 2003; 34(4): 891-8.
Karimipoor M, Zeinali S, Nafissi N, Tuddenham EGD,
Lak M, Safaee R. Identification of factor 1X mutation
in Iranian haemophilia B patients by SSCP and
sequencing. Thromb Res 2007; 120(1): 135-9.
Karimipoor M, Zeinali S, Safaee R, Lak M, Nafissi N.
Carrier determination in a heamophilia B family using
single strand conformation polymorphism (SSCP) and
sequencing. Iranian Journal of Biotechnology 2004;
2(2): 132-5.

Karimipoor M, Zeinali S, Lak M, Safaee R. Carrier
testing and prenatal diagnosis of haemophilia B by
SSCP in an lIranian family. Haemophilia 2003; 9(1):
116-8.

Giannelli F, Green PM, Sommer SS, Poon MC,
Ludwig M, Schwaab R. Haemophilia B: database of
point mutations and short additions and deletions 7th
ed. Nucleic Acids Res 1997; 25(1): 133-5.

Lillicrap D. The molecular basis of haemophilia B.
Haemophilia 1998; 4(4): 350-7.

Miller SA, Dykes DD, Polesky HF. A simple salting
out procedure for extracting DNA from human
nucleated cells. Nucleic Acids Res 1988; 16(3): 1215.

17- Montejo JM, Magallébn M, Tizzano E, Solera J.

Yo

18

19

20

21

22

23

24

25

26

27

28

29

Identification of twenty-one new mutation in the factor
IX gene by SSCP analysis. Hum Mutat 1999; 13(2):
160-5.

Kamali Dolatabadi E, Karimipoor M, Samiee Sh,
Kokabee L, Zinali S, Nafissi N, et al. Mutation analysis
of coagulation factor IX gene in Esfahanian hemophilia
B patients by SSCP and sequencing. Sci J Iran Blood
Transfus Org 2007; 3(4): 299-308.

Bimal DM, Wallace AJ, Theophilus, Rapley R. SSCP.
Hetroduplex analysis, PCR mutation detection
protocols. Human Press Inc. Totowa, NewJersey. 2002;
16: 137-51.

Orita M, lwahana H, Kanazawa H, Sekyia T. Detection
of polymorphism of human DNA by gel
electrophoresis  as  single-strand  conformation
polymorphism. Proc Natl Acad Sci U S A 1989; 86(8):
2766-70.

Graham JB, Kunkel GR, Egilmez NK, Wallmark A,
Fowlkes DM, Lord ST. The varying frequencies of five
DNA polymorphism of X-linked coagulant factor IX in
eight ethnic groups. Am J Hum Genet 1991; 49(3):
537-44.

de la Salle C, Wu Q, Baas MJ, Hanauer A, Ruan C,
Cazenave JP. Common intragenic and extragenic
polymorphisms of blood coagulation factors VIII and
IX are different in Chinese and Caucasian populations.
Clin Genet 1990; 38(6): 434-40..

Smith KJ, Thompson AR, McMullen BA, Frazier D,
Lin SW, Stafford D, et al. Carrier testing in hemophilia
B with an immunoassay which distinguishes a
prevalent factor I1X dimorphism. Blood 1987; 70(4):
1006-13.

Belvini D, Salviato R, Radossi P, Pierobon F, Mori P,
Castaldo G, et al. Molecular genotyping of the Italian
cohort of patients with haemophilia B. Haematologica
2005; 90(5): 635-42.

Klein I, Andrikorics H, Bors A, Nemes A, Tordai A,
Varadi A. A haemophilia A and B molecular genetic
diagnostic programme in hungary: a highly informative
and cost-effective strategy. Haemophilia 2001; 7(3):
306-12.

Acquila M, Bottini F, Valetto A, Caprino D, Mori PG,
Bicocehi MP. A new strategy for prenatal diagnosis in
a sporadic haemophilia B family. Haemophilia 2001;
7(4): 416-8.

De la sale, Wu Q, Baas MJ. A deletion locatedin the 3'
nontranslated part of the factor 1X gene responsible for
mild haemophilia B. Thromb haemost 1993; 70: 370.
[letter].

Enayat MS, Karimi M, Chana G, Farjadian S,
Theophilus BD, Hill FG. Mutation analysis in FIX
gene of 17 families with haemophilia B from Iran.
Haemophilia 2004; 10(6): 751-5.

Montandon AJ, Green PM, Bentley DR, Ljung R,
Nilsson IM, Giannelli F. Prenatal and molecular
diagnosis of haemophilia B. Am J Hematol 1996;
52(4): 243-7.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bowen%20DJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get\(this,%20'jour',%20'Mol%20Pathol.'\);
javascript:AL_get\(this,%20'jour',%20'Lancet.'\);
javascript:AL_get\(this,%20'jour',%20'Am%20J%20Med%20Genet.'\);
javascript:AL_get\(this,%20'jour',%20'Am%20J%20Med%20Genet.'\);
http://www.kcl.ac.uk/ip/petergreen/haemBdatabase.html
javascript:AL_get\(this,%20'jour',%20'Southeast%20Asian%20J%20Trop%20Med%20Public%20Health.'\);
javascript:AL_get\(this,%20'jour',%20'Southeast%20Asian%20J%20Trop%20Med%20Public%20Health.'\);
javascript:AL_get\(this,%20'jour',%20'Haemophilia.'\);
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giannelli%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Green%20PM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sommer%20SS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poon%20MC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ludwig%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schwaab%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get\(this,%20'jour',%20'Nucleic%20Acids%20Res.'\);
javascript:AL_get\(this,%20'jour',%20'Nucleic%20Acids%20Res.'\);
javascript:AL_get\(this,%20'jour',%20'Proc%20Natl%20Acad%20Sci%20U%20S%20A.'\);
javascript:AL_get\(this,%20'jour',%20'Am%20J%20Hum%20Genet.'\);
javascript:AL_get\(this,%20'jour',%20'Clin%20Genet.'\);
javascript:AL_get\(this,%20'jour',%20'Blood.'\);
javascript:AL_get\(this,%20'jour',%20'Haematologica.'\);
javascript:AL_get\(this,%20'jour',%20'Haemophilia.'\);
https://bloodjournal.ir/article-1-379-en.html

O 5 o S 051 -5 5 B Liyer 51X 5580 S35 LT

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

Original Article

Molecular analysis of coagulation factor 1X gene in
hemophilia B patients of Khorasan Razavi province

Karimi N.Kh.>?, Kokabee L.}, Badiee Z.3, Shahabi M.*®, Banihashem S.A.2,
Zeinali S.*°, Parivar K.2, Karimipoor M.

Molecular Medicine Department, Biotechnology Research Center, Pasteur Institute of Iran, Tehran, Iran
*Tehran Science and Research Branch, Islamic Azad University, Tehran, Iran

®Dr.Sheikh Hospital, Mashad University of Medical Sciences, Mashad, Iran

“Research Center of Iranian Blood Transfusion Organization, Tehran, Iran

SMashad Regional Educational Blood Transfusion Center, Mashad, Iran

SKosar Human Genetic Research Center, Tehran, Iran

Abstract

Background and Obijectives

Hemophilia B, Christmas disease, is an X-linked recessive bleeding disorder caused by the
functional deficiency of blood coagulation factor IX (FIX). The disease is caused by
heterogeneous mutations in the factor I1X gene (factor 1X). FIX is a vitamin K-dependent
glycoprotein that plays a key role in the coagulation cascade. The aim of this study was to
make molecular analysis of factor IX gene and evaluate genotype-phenotype correlation in 14
hemophilia B patients from Khorasan Razavi province.

Materials and Methods

Fourteen unrelated hemophilia B patients were included in the study. The patients had high
PTT, normal PT, low factor IX activity (less than 30%), and normal FVIII activity. After
obtaining informed consent, genomic DNA was extracted from the peripheral blood leukocytes
by standard methods. Polymerase chain reaction (PCR) and single strand conformation
polymorphism (SSCP) were performed to obtain a full scan of all functionally important
regions of the FIX gene. DNA sequencing was done on samples with a definite band shift in
SSCP. In addition, Haplotypes were constructed using four markers (Ddel, Taql, Mnll and
Hhal).

Results

The sequencing results showed 9 missenes mutations, 3 stop codons, and 1 insertion. Two of
the mutations not having been reported in the database so far were novel. Malmo
polymorphism (Alal48Thr) was found in two patients.

Conclusions

This study confirms the heterogeneity of factor 1X gene mutations in northeast hemophilia B
patients. The obtained data could be used both in tracking female carriers in families and in
making decisions about prenatal diagnosis.
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