DOI: 10.22100/jkh.v10i1.506 % NAE g @ e e oy gl 5 Ll s

i gy AL 5,8l Sy il Sbas 5 Say e oKl
Ry alio e ¢

S S jlow oustid jglaiods oligs (541N S 19 (5 ilwang g WS (o150
o Y 3 S I

") Loy Fyglel dpms Ligbls el
Hbobiwl = (S5 0uSiils =g ls Sy pole oSl =)
bl = (S 0aSiils = oyl (S pole o Kiils Y
sl o (05 e~ S5 ol 5T
VWAYYNA (o pds G ,0 OYAYNINY iedl yo &,U

oS

5 Lol 0liSTyy paii juslipu jo 45 Wit (K850 L olo SLis (Short tandem repeats) STR 4 olisS oo Culy (slo, ), rdoddo
AT 5 (S (B o S EF0 oy o (sl g 0 Lo, Sl (ol Jle Slaied )l G 0 (S sloo )5 0js el
POD & s 1 fod it 5 Lo, s ol s 103,057 51,50 (5 bitens ks Kooy 5T b 51 oyt s o
o555 pla 0 Lo Slid ol oly; olaws 4 az il 9 STR (olos o, 5 50 S 4 a5l IV 3L o Preimplantation genetic diagnosis)
gt A )5 £50 4 42550 ) crwlio STR iz ws250 STR () i (st

Of 0 Sl s lop Tl s 0,5 S5 55 ST s los Sl s ity (£l Dlae S syl Shog3 ml oo Ao 5950
9 b plod U ai GLb e o130, ond ST D sl M ol il g0 S ol (Slis & Sl bodo ol ekyo S gl
s ol ditype 985,550 oo CawsyPCR OYgamo 55, 4o didd (5 jluvingr PCR (sl STy ol 0 0,8 (>Nl jLis g0 5l
2 b o5 ] I il G addlbo ol o sl sloo, IS (5] STR KL desame G (sjlodingy ol )0 gyt jobitoss gl
K dewsi g (b oo 4l adlbo ol jo 65 S e opad ooliin] cunlio STR dcpazme G 0925 J/ Ol Kae loj (npteS
ous 00,5/ Spinal muscular atrophy ) SMA el Mac 35,57 (¢ lao oo 5Y I LS acmis ;00,505 sl STR Sl degazo
Ll

$loo,) 5 51 STR Sl deparme G o aiir by olipS” b loj ko S5 Slhim S20gs (ol o 0 ] sl 1506 S domed
ged (b alio

(=58 (SMas By 5T TV I S (e wlisS mp u Coiy sla ), i gads slaojls
Email: saeed@ghaffari.org - YA-AAYYA« oV 1 dli oS qols 55 50 — ual Jus dunnwge — ()] 05 1 glonsmo 6 hiornns 95*

b g ylow RS )9.1;’:;44145 ol’:’9§ 6)1)33 dlmuny’ LS}L*’% 9 obs! ‘u’l)L’ LSy (g lae )%.SLol c).;uol L;ulilw :8l"?)|
FEYV(OW)V AT oyas g il dbore . o8 aY 5 L8 55 SO

)



\Y‘RVJL@; Al a)L«.i: AR 692

w).u_gjﬂéél?u

A degezme K jl ookl U SMA (gylows PGD plsl (gl 5lidyee

b9 g olge

STR (6L jlaws a0 5 cnlio STR s L] jelaioay
s S g jhre g0 odlitn] g e alie slacole oy
(ol 05 03)9] b3 )3 PGD 039y < plol (sly STR (sl Sl

4».9/5 )‘)9 )]a’i.))yo U) ud)b » u.«.m)l; 0l ul?b)‘ LgL(z:STR
53550 55 B ol alold Aiils _awgS g lix 039 oS ¢ S sl
Stog W b ) en G by o6l B sl oL
SaosRjg i 0dd plul Ggte (upp eluly g MBl iy Sl

9613 STR (sla s o) saigtlS 'y Jlgs o Sl SBesl
S 5l oalazl b dapeulyy (b 5 LB odel cumsas (gla JIg a5
sl 03551 Caus ¢ s Pl slass . (VF) b ob i 3lbasl o9 l3le
sated; lbgen sl lo 5 13,5 25l abgrye gt (o b
s, 5 oslimel boodel cuna gl JiSw 35 pae
b lidyge (sl jeulyy cdolsl ) ud b lis cglate colugsld
oslazwl bosds sl (ol yeuly cwd b ilaw 5 LS .(V0) wad

sla Bl asgeme JIPCR (sl tiSTy (siludige 9 sjlubely ol
(Roche, Mannheim, Germany) Roch <8 i célw (gjlwaigs
clle gilwann Kol 5,8L degazme (pl 5l odlaiwl .y S eoleswl
Lgb‘}" SKoS LY ;uJ‘)mﬁM.C ...\A.gun ptb‘)ﬁ I) PCR )Sl; PH 9 MgClZ
bttty MelS PCR Ly 5 eelS 5 05Y5 DMSO L5
3 PCR oSty olod kulys Jhaiel o gilubly «ly a3
Touchdown (TD-PCR) i) jl eolazwl b cbuis aigy Lol S
(V) ¥us (gilw 4pePCR

I STR sl wsd colwygels PCR pbsl 5|
STR (bySlis g omed 5 alwlid slp atdgajygdy il
36T (el s ol col gigls ooy b b youly s odlazul
Peak scanner o Genemapper ID v4.0 software (sl )ljéls i 5l zols
49 5 03lazwl software v1

ol Ol diges laisas SMA (gllop dsllles pl 2
sl il sy o arbgye 0 9 3 35 S il sl (e
(>l el pi ol len GBI ey )b 8 8 pojges S

A5 pbsl ol o5 Blbl STR (la Slis (g jlwaingy 9 bl

Yy

dodo

4 St DNA (glo Jlgi STR L obisS p poo iy 2l S5
ol 5 Slads 0uiSTy il p w byw  ColeSy Sygon
e oS5l STR (glo Sy .iitws b PCR L
VVBP (G Slgi e 0859 S5 dnly Ciiige | cdiiads (SS90 sk
SeBF > gdxte s )l8 050l JoId (e 4y (1)) 3L e
by e SIS o) Jhe e boS Ly
(55 Sl 4 degys il e ar QiYL (resSajg e
Stuagey 3Bl 5oy b slons meditans o el ¢ S (S
P STR b Sl pro o)l s 5 (V=) sitwd gyl
U9y Olsieas Juol pPGD il o PGD L s SaY | LB asuis
zskee (Prenatal diagnosis) PND L Mg 5l L8 aouis (ol opisols
@ 39)9 Ji 1) otz (65 (qwpp Sl & sl (B9 9 28 oo
Cowddy sl pslaie cpy il oe alp (Sl £9,5 9 02,
93 L < (Invitro fertilization) IVF b _aKuslejl #l8) (o9, 4 o]
IR oan 2090 2B (SeBT Solow S5 ]l 9998 o0 (g Sk
55 I S5 A Mo 03 ot Jgbo 51 355 o
ol i Wl (S5 Golaw jls)le g dbgeye (i o 3503
b ojlsan PGD .3gd 0 Sl (Kbl 5 935 0 Jitio plo o> 4
(WV=V) 950 JS 4 59k0 9 90k 295 Sl 9 sl olyo IVF

3250 DNA Jlido (g 394 Johay (JoSle (29,4 PGD >
2 Ygol &8 29 dbl Mo sl Koo dglsd (sl Jsbw
Mo a3l ablS ylas ] (San Joomo Ciygods ansuis
55 5 S5 pae POR (Sog1 il & (Jgicee Jso S5 PCR
ol ks sy o U 1 dgles Jsho o 3 ) (S s
(W) 350 o3lizl STR el Sl ) eMSis

STR Sl (g i dlawi b Gy jls )8 0l 31 S5 s o
O 3 ) Jkajge slySlis sl oslina I 8 oS 50> dgxy
A wyawd jelaiedy g0l (gilwdige 5 Cbwl STR Sl s
S el i gy 5 Car o KL dsgecme S
Oloj (nieS 3 9 (Gl b3S edlatal el ()l Cap (gl
3y caslite |y coslio STR KL degare (5o s (sSae
g5 dinge 5 BT finge

5 drwg ( 2hb Car I Sl S (B addlas (] San
Qs Oypod Glise goplS y Sl degome S sl
35 o] Jolye 4l tiges cfsics 5 sdiio ol (sl Adlecso 232
5 byerly ohb da,Sils QB! ) doge 4 doye Csod;
slacols o9 5 blBley widse 59l iyl (oS,



oL 5 LOLLE reol

S Y US55 eSS sl e

ool g (b o 0 bjeuly ojlil wes wyiwd  GleMbl
Ikl Gy bua g g a8 03j0e5s byely @pS)5 o
Slite Colugld Sy I STR b )SSLis o G I L (Sligen
w3,5 ool

Coluygls 5, L D5SB29 5 D5SB10 (sl Silis asllas ol
FAM | D5S637 ,Slis 9 HEX |, D5S1408 4 D5S1417 (Atto
390 359 0 (slopisSiboel Copmbye g plosx ¥ USS 2505 bl
b p b pbosed o ol |y adlles pl > eolawl
0 03 yg] Aituads 03l 3y90 i ygld 03l iy 4y a5 ol oo
ol os 00b ol JSS ol s b ojlil g U cads L
Solite Colujgls SacSs) b Gl Sligen pa b &5 ol LS
Y W )IJOL;(;}

By ) ey 2l Gl
IS e 2lb el w008 eolenwl (http:/ffrodo.wi.mit.edu)
i Sl sl 5 28 8,5 5 5 g N S, il oyl
55 pboxl gt Lwyy Lobly DBSI417 Sle ol Moo 5,8
e 1 ga ol 033 IS I iS5 5 I S o
i 5 Lt ISy g s 316 (3] g 205 e ¥ 326

) oslizad b oas olb lajerly wile Jiliw ) Jd
bl sl sy pae S b Gl T el sl JIjBle
e ol lirabl a3, olaisl sl 5 é cyosly Jluas]

JPCR Lulyd (95 dige 9 ilubly 89y » @pd Cax
PCR adlas (pl 0 0005 oolaiwl (o)l el g (gjlulol,y sl 8L
Roche ¢ i PCR (¢ kwaiags (sla,8L jloslazwl b STR (sl Sl

primer 3

slckle (P U A J) 8L VF acgomme ol 80D (gilwaig
0il38] dlgo (ooluss 5l pl oM il ciglae PH g MgCI2
as o 0.0 8 olatwl yuies Hidiwl o (gilulely yeaieds 55 PCR
ol @olas a8 wi pbul PCR STy Il STR S o (gly s
2 uiSTle Vol o 3l ogs edlatul 550 8L g W PCR iiSTg V8
5 405 Ll g0 g0 dbml gy poladl 5 S WL &S plS
Jle PCR elaosisliél 5l el 5 (giluloly pod 518 10w
PCR Lulyd 43,5 sslizul NH4SO4 DMSO «35Y5 < JgpuslS
ool glod Loy gV Jodo 3 STR O 51 Sy o (gl s (giludie
S (it Bg) dged lsiedr Cusl 0dd 02)g ¥ Jo>
S50 glaydl o il Ll odd ool i ¥ S > D5S1408
4 g Cul 03903 2l 1y jrewsl (508 5 Sb S s M 8L solaiul
aobl p us Sl Slis ol PCR pbsl (gly 8L ol cudp o]

Yy

05 & pes SAL3 4nl (KB 4kl ilow Sl e
O 3 eolatel b s g A Ay ol a8 8 3 el (golew
35 ateie o) Shbl GSTR o Jlaisjse () Cumdye

(http:/igenome.ucsc.edu) UCSC colw g jl dallas pl
oslitul ( STR (sl Silis g Jaidyg0 () (St 4 s S
UCSC p55 51950 speime Caomd 3 Ll jolate cpl (gl 5
Oles 405 ool Ceand ) s 9 20 (hglS Jlais g0 (5 pU
I Soled IS Gygody gomius a8 bcweMe LSTS
P99e9)S 59y Ja3d)ge (1 CumBge &S AB 03l ioled pojges S o
Al ol 00 0l inled o2 baelS g o)l g ol asuie
018 Ty SMN 5 GBylo 90 ;0 &S Wil o STR (60l sl g
S sl 98 Glopl f Sgpe ol sl S5 oY o
Silo K3 pb AF265WF5 Mio .ol oud osliiwl WSTR
O ) Al e DBSB3T Sl K3 ol AFM281YH9 o D5S629
Poedd S glajlas bl posad sl Ll STR o Slis
D55629 (D55637 D551417 (S )l & da by, 5 dlge Caowd
V JSS as Gbsl g0 S e ko (4 1 D551408 ¢ D55610
zs ol 1w o i SMNT 5 5l ) SoLis oo aleold g o5
Al o Vb 500 b aw g cond mb » ol b Sk
sl 3 SMN

colo b 1 STR . lagesSy  sasglss Jy
» el Cowdds Unigene(http :/Avww.ncbi.nlm.nih.gov/unigene)
929 STR o (ly dlize u59ilSs sl Jlg colo oy
oy JIg pegdle dg il §) JIg da g ol il (o o5 ety
Shb 5 U8 osel comday o Jlg 60 sl 5 b Jlg ple
&b obas Gl O cos l38le 5 Gl eolatul b dayenly
SNP L gasiglfy 5 b JSs s clb (ply ey ol
o jleslazul b .a> 5 e (Single nucleotide polymorphism)
SNP &S slacieud byl b il ol ws sl jl dlols
008 Clasl oyl v

STR (sla, Sl J) (S el ¥V USS  (2b iz Ll @l
o) 2wl oads 0ol lis SMA (gl PGD 039y 2 ond )b
P &S syboled Llosds Hbns sllal va b e Jlg £ S5
sl Jls plos dajmaly @Sl oo il asuie S
b byely (lpl )8 399 SNP g 035 (LS (o558 5
Aoles piSS 1y odds o0y L sl Il pled 15,08 o

o I 0iSe S 5 02555 e00) T o1 G 5 L sl
ol 4 ey S3Lss 3,90 55 035 35l Ay (yste gy b (STR


http://frodo.wi.mit.edu/

\Y‘RVJL@; Al a)L«.i: AR 692

w).u_gjﬂéél?u

4l a8ls STR sl ksl ks aalllas () 3 (picmon
Sl ple IPGD bl (glp cul jipy 08 odlaiwl 5013
ol 3 ookt 35 030zl 55 s )5 S5 clapgisessS sy 4
O 5 dbgie Slapgises)S snsh O P Sy )KL
2l $50 PGD Cuidge (fie Sl o a9 5 (524l

s clllae eluly 4 STR Sl 8 adlas § ool
sy b (g 3,8 oalinal gy Joyg8 (VL B s
2205 5 (P9 bsS oS e (limen Vb (wsSjo e oyl
a8 55 0 duoy cplpl il o alglE pled b s g
3)90 PGD pbsl Jl L5 (sl 2 slp st o 5L s
STR sl SSlis I (S (995 LS oo U 6pS )15 (o)
2505 odlawl (1350l djlae 3l ety

2 odlaiwl pegde g o adllae oyl STR sl SSlis

2g0d odlatwl o Uy 5l LB jasuis (o SAY 8 jasuis
wges (S35l Joinl Aoy jl B asuis sl by oMo 3 (S
o, S5Lis ol 3l eolasl b 10 .0l o plo il b i 5l oad a8

o b b i diged g aoﬁsom&é;&élg el u‘?’@

References

1. Hammond HA, Jin L, Zhong Y, Caskey CT, Chakraborty R.
Evaluation of 13 short tandem repeat loci for use in personal
identification applications. Am J Hum Genet 1994;55:175-89.

2. Hwa HL, Chang YY, Lee JC, Yin HY, Tseng LH, Su' YN, et al.
Fourteen non-CODISautosomal short tandem repeat loci multiplex
data from Taiwanese. Int J Legal Med 2010;125:219-26.

3. DemeterSJ, Kelemen B, Szekely G, Popescu O. Genetic variation at
15 polymorphic, autosomal, short tandem repeat loci of two
Hungarian populations in Transylvania, Romania. Croat Med J
2010;51:515-23.

4. Kee BP, Lian LH, Lee PC, Lai T X, Chua KH. Genetic data for 15
STR loci in a Kadazan-Dusun population from East Malaysia.
Genet Mol Res 2011;10:739-43.

5. Agrawal S, Khan F. Reconstructing recent human phylogenies with
forensic ST R loci: a statistical approach. BMC Genet 2005;6:47.

6. Agrawal S, Khan F, Talwar S, Nityanand S. Short tandem repeat
technology has diverse applications: individual identification,
phylogenetic reconstruction and chimerism based post
haematopoietic stem cell transplantation graft monitoring. Indian J
Med Sci 2004;58:297-304.

7. Matsushita H, Nakamura S, Nagai T, Sugie H, Furukawa M,
Kurihara K. Genetic analysisof 18 ST R loci onthe X chromosome
in a Japanese population. International Congress Series
2003;1239:3313.

8. Nouri K, Zamani M, Modarressi MH, Korzebor A. Statistical
analysis of six STR loci located in MHC region in Iranian
population for preimplantation genetic diagnosis. Int J
Immunogenet 2007;34:441-3.

9. Fiorentino F, Kahraman S, Karadayi H, Biricik A, Sertyel S
Karlikaya G, et al. Short tandem repeats haplotyping of the HLA

Y¥

A5 oaliwl PCR glaosisS'custs §I Slis opl s (gilo diy
aal 005 03,51 ¥ 5V Ui o iSly bl s

T 2 Gl S 98 2 ) plS)089 iU Sl sliges 0 S
S s Vb Conad pd .l o i sl 6559 i STR Lt
G o 1) Sy 031l (B8] jgome Conl od adgr SSLS pb
2 HPCR Jpaze Jiie (s3g0e ypme g XS (oo pauie (BP) 3L
A o s (Relative fluorescence units) RFU o

(b g S sl S e 5 1) eallan ) 5 s
O ygody calise (glady IS gly KU degomme S dbol 5 dawys
sl Sl jl eoaxie Glalas otz 2 oAbl o dbyo 4 A e
5 b Jolye a4 63995 Bl 5 5y g Cal o o3liwl STR
ly Jolye adS a8 xols anlllan Lol el 053 3 0Ll T (g lwaiune
PGD plosl (gl STR S5l as gaime s (gjlsinge 5 b (el
Cdly sl 03,5 55 6 B iz o oty 55 5 (ot Ko
alo yo &y als yo g0ty S ol Jolyo S casllas cul 502,55
5155950 Cngls oSS 5 ol (o doSilis sl
Sl sl 0035 53 s yse ol g 9 blSley MR
o S ) b 0 asgase Sy oozl b s lpe 48 jslae oyl
o lse il eolazwl b oS’ ey .l ol 000> Ui SMNT ()5 (8l L]
5 ol & Bl Stmgly S 01l By slacalo g g 0ud 55
degorme S (Jlo laanjp Byo b g (b ploj wbe )k
led (b )53)90 059 Iy ) STR (sl SLts

Sl e S5 s lost PGD 3 STR (gla Sl ) ool
b S5l ol ) oolil b ales 3 sl azsb Labie (glacyse
Plo g sy 3l odpmy &) 4y pojoegsS (St U Gk ) Uy
905 (ynd ) (> 595 e e Oygody g (A |y (i 4
HLA 4ol colishle e slp b9y ool J) (lSon g 5ol
90 dlax jl (edaxite Slalllas > ol pogMe (W) Wlod S oolaal
S ADO s (sl STR (sl Solis 5 Mo g 1y 30d anlllas
ol 0 03lastnl (sASely paxd 35 9 (2B DNA L

S S gty STR glagussy PCR iagly (ol
o2 b Sl & PCR Y g 4ol 3 9 ub plol (Singleplex)
25 plol dinge )9Sl (lojer Cpgods s g B bl
W (6 ey Ao g (loj Bpo il (S5 904y PCR ol
aS D9 o duoy plply bl o (Multiplex) U s PCR plx]
P B oS 55 (sl b Ipay bl § T ol
sl 4 |y obds &ygod PCR LSl sl (sly



oL 5 LOLLE reol

SR Y S 55 eSS Gl et

11. Egozcue J, Santalo J, Gimenez C, Perez N, Vidal F.
Preimplantation genetic diagnosis. Mol Cell Endocrinol
2000;166:21-5.

12. Wells D, Delhanty JD. Preimplantation genetic diagnosis:
applications for molecular medicine. T rends Mol Med 2001;7:23-
30.

13. Thornhill AR, SnowK. Molecular diagnostics in preimplantation
genetic diagnosis. J Mol Diagn 2002;4:11-29.

A

10.

14.

15.

16.

region in preimplantation HLA matching. Eur J Hum Genet
2005;13:953-8.

Kuliev A, Verlinsky Y. Place of preimplantation diagnosis in
genetic practice. Am J Med Genet A 2005;134A:105-10.

Corpet F. Multiple sequence alignment with hierarchical clustering.
Nucl Acids Res 1988;16:10881-90.

Rozen S, Skaletsky H. Primer3 onthe WWW for general users and
for biologist programmers. In: Krawetz S, Misener S, editors.
Bioinformatics methods and protocols. Methods in Molecular
Biology. T otowa: Humana Press;1999.p.365-86.

Korbie DJ, Mattick JS. T ouchdown PCR for increased specificity
andsensitivity in PCR amplification. Nat Protoc 2008;3:1452-6.



@ DOI: 10.22100/jkh.v10i1.506
of Knowledge & Health 2015; Vol 10, No 1 o ]
Shahroud University of Medical Sciences Original Article

A Comprehensive Approach to Design, Selection and Optimization of Short
Tandem Repeat Used in Preimplantation Genetic Diagnosis of Single Gene

Disorders

AsgharShayannia (Ph.D.)!, Saeed Amanpour (Ph.D.)?, Saeed Reza Ghaffari (Ph.D.)*"
1- Dept. of Basic Sciences, School of Medicine, Shahroud University of Medical Sciences, Shahroud, Iran.
2- School of Medicine, Tehran University of Medical Sciences, Tehran, Iran.
3- Comprehensive Genetic Center, Hope Generation Foundation, Tehran, Iran.

Received: 17 March 2014, Accepted: 8 May 2014

Abstract:

Introduction: Short tandem repeats (STRs), are DNA sequences that are uniquely scattered throughout the
human genome. These markers are ideal candidates for diverse usages including gene mapping, phylogenetic
reconstruction, forensic medicine and indirect diagnosis of genetic disorders. Another application of STRs is in
PGD (Preimplantation genetic diagnosis) for single gene disorders. Due to wide applications and also huge
number of STR markers interspersed in human genome, these markers must be selected among thousands upon
thousands markers based on special applications.

Methods: In this study, SMA (Spinal muscular atrophy) was used as a model of monogenic disorders. Then STR
markers flanking to SMA gene region was searched. Among the hundreds of markers, 5 STRs were selected. The
size ranges of the STR markers were determined. A sequence alignment was then performed. Primers were
designed, PCR reactions were optimized. PCR products were then separated by capillary electrophoresis.
Results: In order to accelerate optimization of a set of STR markers for divers applications, in this study a
comprehensive strategy for design, selection and optimization of STR marker was presented. For simplicity, all
steps were performed on 5 STR loci that are located in SMA region. These can be applied for PGD of SMA.
Conclusion: The strategy presented in this study can be used as an example to design a set of STR marker for
similar application in a short time and with a low cost.

Keywords: Short tandem repeat (STR); Preimplantation genetic diagnosis (PGD); Spinal
muscular atrophy (SMA).
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