[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

ARG L BT )N g @y 53 5399 4 Joio Cilign Sl (nY (Ll
ISSR

Identification of salt tolerant mutants in rice and their fingerprinting using
ISSR markers

" 5 W sk saladess T Olelond Tua Mol g gl il

O, i g ol8ls (s slagsy sl oaKils balzud —)
O S b e 5 (5355l ok oSl GLtils 5 Al olidyIS 4t gl s 5 5 4 Y

ol b s 5 5555138 pske oKls )l i )18 st ol 2305 =T
Ahmadikhah A™, Shojaeian H?, Pahlevani MH?, Nayeripasand L*

1. Assistant Professor, Faculty of New Technologies, Shahid Beheshti University of Tehran.
2. MSc Student and Associate Professor, Gorgan University of Agricultural Sciences and Natural
Resources.
3. MSc student, Sari Agricultural Sciences and Natural Resources University.

a_ahmadikhah@sbu.ac.ir : & sl ey (LI J s sl 5 %

QF/TIVA 25y 06 —AY/0/8 1235 )

ol 31395 9 o) ol 30 ol Caundl 3 4Bl dgup A § b Slheogas b plyl Ob § oLl
A3l S Olgie 4 9 085 dbwl AL wlo 33 1) Lok S5 U1 (Sig0 DI b sbowd GBOIE g
(105 oB3) g0 90 Suii) Eg5 Sloml sotaio 4 dxllan (9l 1O . Nigh o0 4 5 17 ) (SO154 Sl 1o IS
G55 S 4 oo Sgug 30 T 31 Jol> Sl g i 9 b ookl (EMS) Sbigdlgw cslio ST 33690 3
(Jub 0 —1/Y) NaCl (559 Ll y 33 SIzALS dlo 10 58 My Jus cilige Sy .28 5 55 (qwyp 390
ol Al 10 30 (S0l pdy ol ot & By (.S (Srgd 4 Joxio (p¥ A ololid 4 e 45 Wb b3
A bl 3 4 W8 T 18 (L3N D390 3 @ p e e (w3 Y B9 Sl b sy i Wl 50 el
S 3 bl .l il MT196 g MT189 IMT4AL sapl 4 (sygw 4 Jomio cu¥ 4w (STI) i 4 oo
4§ Join S pY Olgie 4 MT196 g MT189 IMT184 Cilige (¥ 4w «Sogh Ll 50 & Khos oS I
Sl S by SenY 33 e olosi S Jol 9090 £ g gurp Sl HAd Lol S3g
4500 018 Ol 1) Cibige SpY 9 G0k pd) o (AChue B S v s 0 457 b calat! ISSR
095 4 Cawd ilige S pY 09,5 45 8 5 UK oves 095 93 w0 ) bwiesi UPGMA  fg) b (slades
Y 98 OlgF oo (3 oyl wlel g 818 OGS 1) 5 4 Jooud el 9 0 Slos ply 90 31 w530k @)
S (S @b ol 5 SlgRLT Al 0 95 B 55 Sogd 4 Jootie SlanY Olgis 4 1) MT196 9 MT189
Gogh 4 Jozxio Cilige Slacyy dbul 38 ol w6 EMS Wl g 45 3900 (65 40 (puidrod
Cilgn S umes 10 (Sogw 4 Joomio Cilige S pY Sillas Sl OlsF 0 ISSR (Sl (Sl 31 9 4l

O ooliw! oo

ouuS>

KT L=
ATAY 500 & oylod (nad 0990
YA -Y\Y axio

a9 & Joxd

ISSR ,Silis
EMS


https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

L 5 ol s (ke Al

8 g 00 B9 4 Josxie Silige Gl ey (olobid

slan,ly & Ll sl e 05 pker (Liu et al. 2010
sU1 by (sla I Jast OF 4 g o5 esdly JUil 0 (55l
LVE e slS wsls o sl s 5 s auls & o5 0
.(Monna et al. 2002) 3L o b SL (slaay )l sl G
2o b Sl Ea Ol s bl 5l S
el o3g e CkS L s 5 Shas sy anls ¥ ool Okt
LIR6 o3, lasd sles LAY JL s Molsla” T s
Joslry s 55T (EMS) bsd s Olis L1 ol O30 50
Bughio et ) sl ;s ails iS5 5k js gV ol s Sles
05U 5e 55 5| Khademian et al. (2004) _ii>5 ;> .(al. 2007
55650 sl Jlasl )y (BMS) slars 5 (andl) S 53
5 Sk ool (e oylb lal a Slnl i 035 4w 2
$3k Al dald 4 Cos W Pl s S eslinad 325
3l [l el b aslie s 4k ande Olpe ols 0L
Sl 5l as adgr s Al e 5 asey sluss £3° s 2
Ol Bl 5l slse ST 55 il o s Shee Lol
S SRl 5050 aan 3 Ll 550 o 5 4 ails 5 Sas
WSS Sl Y e Sulg po s dald 4 s 0L
deosn ) ol Codd o ol (35 53 epa55 5 BSL
Khademian et al. ) del s 4 axil 5 YO+ 5 EMS
e ST S Aas e 0L 2ds 4wl ol (2004

Az QLS POl gl ol o 5 ke o515
Ole ol Jals eslinal 5550 slawd (5155 Slse o iege
Obs Ll (EES) Slsdyw OUI 51 (EMS) &bsdl s
061 Lze «(MMS) &byl pwe Olte e «(EBS) &b sd) yon
WJs 2 38 (DES) Slsdlse Jl g3 (MES) b sdl g
5o el il e (HA) ol oS50 5 (HZ) o ilhs
Ahmadikhah ) .. Al EMS jleslial ( plad gl03b s
Jsl 5 (EMS) Sbsil s Olie L5l J2e ST Jalse 2008
Vil S S L Je as8  (BES) bsdl s o
S S 5L SIS e wlsl DNA w3 o0lS L
33 3345 1= DNA s 5lan 8 515 AT else 30 e
LG b e 5 eS Jas sl Wl s i

@ GC A5 lS 5 63 3580 o () & 350 Sl ) g

doddo

Sl e ol o3 SLalS s i SaS 4 AL
S8 4l 48 Ve 55 Lo pasie DL OB S PO
JECAE S WP G U N LS~ DR W Py P LS PR S PR L
S g e an S0 0 i L S i (o pan
sl 5 Cgllae D3 (sl Kl S il 5 (Sien
_~—¢> -(Shu and Lagoda 2007; Hase et al. 2012) 12l _»
5 A0S e oal 3 L bl Jas sl Sl BB g STas
Gl bis wosd 5 carpe S| e Sl ol g0
Khademian et al. ) &S o S i glalame )5 Do g 50
Olajy oo @b o 4 O e Jigr SaS 4 ~lol (2004
~ o A 0T (S5 S 5 A i Oa s o3, S 0l
S ol ol s ol 55l (Micke 1999) 4as
S 5 VL Shas IS5l alS sloan ity m e slon
Ahloowalia et al. 2004; Ilirjana et al. 2007; ) AL -« g

.(Mba 2013
My s 5o (K85 it S Lskos sbad S o
s s Cilie Dl (sl bl Sacilge 35 o ol
Bughio ) das oo 0L 1) o558 (golbl 5 Lsd 0 CS M
e Slio plod LB s pg sl g ST (et al. 2007
3 andanl o (5 Lle) 03 Sla S @ e 5l 2105
Shs e Bl B plis ciaS 5l (olen 4 Caslie U (.
Shu ) Cool ok 455 S IS & Jguame il b olS oLzl
0 5l 50 eSS (and Lagoda 2007; Okamura et al. 2012
L Ol pes Slios 5500 (510 45 Sl 3, Les Bl a8
oy Lo a5 sl sl (lio 5 S 0dile i G
stk Slio dalpy Sl 5 el 3 S s Gl
maply Lle S Bis Olo gz b ol O | ol
o3liil O plipe 5l QLS 5 dn 53 el i (Fw sla
43, | Hase et al. (2010) .(Patnaik et al. 2006) 5s5 .
oslizal bl s S K, Sl Gl 5 L elster
35 Sl g an s Aol b e slawtls 5l (gl s S
oo 5 V44 s Llsl s p3 AYY 85 5 V8As was Ll s

Ahloowalia et al. 2004; ) Las 5151 5545 a2 Myl



https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

Y Ty 0 Gogh 4 Joomio ilige SlacpY olld

I 5 ol s (g e il

Slal a8 J S0 b LS 5l st 55044 Jl s
5 e (LA okl (ISSR) oWl s Son oy g iS5
op) (Zietkiewicz et al. 1994) cs S 13 eslitul 5,4
22 el S o (Al 3 los 1S sk 4 e Sl

S5 OBGIISSR (sla ST ot kS| 055 ol e
- Ol 1 psle 2l s Soo JI5 55 o DNA I jSlakas
SR 4 (63 5 el o3l Sl a SOLES (I L 035,18 550
L alllan 5550 055 S SS S Iy 5l S Sl

VL DS sdias 0L (6 a1 S5 om0 VU (6 i

Blair et al. ) Lib o ol)5 agr Slio s 2 b Sl oy
P s g U SE ol L (1999
sl 53 a8 ola ST sl eslinad U 1, caliies 2Dl Seo
bll el 5l i 5 L b S5 b3 LS
o iSS Oladas 5 8 L3l s o Joli o 15 Ol oS
3,5 1 bl S1 L 8T J5 g, eslil elal 015 e
w1, ol i ISSR sla SiLis (de la Torre et al. 2012)
KK gy S AS e 2SS s sl Olses sk
S5l el ke (S5 abaltd 5 (S5 s adllas
Shables ST 1 sl el 3 dals sl il ol sl Ll 5 e
JB s ol i 2l 4 Ol e O sble aler
35 L b wes 5 W ok sl LSS
.(Ahmadikhah 2010)

SO (o3 w3 ot 4 Jeod sl Sl b G
Oy adlae ooman s EMS Sland ige 5leslanad L (1
Sl Silge gy 3 EMS Wl rer 5l 8U S
A3 el ISSR sl Sl KaS @

W s9) g olgo
OS5 e e 5 6505LiS ke oKl 53 ot
S ALS el Ulpe 4 1 (3, Sl Gl s Ad |
e el e (SO Y s eslinal e Sles Jlesd
Lﬁn.wuuigm@v&hmcw\rs)ppw&w
b (Glsn 2 5 VP ) st o Shas bl (Y

(i b g5 B (S ail Oles 51 55, 100) o) 2

WWAY 30 0/Y oyl /ot 090 [ oy 98 S

Yyese EMS 0lalS ;s .(Rakshit et al. 2010) >3 L5 AT
wls oosls s Ll ekd (glabi sla e sl
Jabeen and ) dss &, Ll e 5 OF Gl b 5 o505 S
Gl slabis igr sbml il Olgie 4 EMS (Mirza 2004
Caws 3l ale sl g gl BT 51 (gles 2 aals [l
03 3,505 s i 3 5505 03,51 s 4 03 35508 03l
Rl sh e ey Sl bl gl e A5
ol el LS la gy 5l ol sl g oS ol I
4Bl e Sap s @A S il Ko dlal 5 Gl
Naderi Shahab et ) L35 0 WOS a3, Cows 515 S8 L gla
L Ol QLS 3 Sz Zool o3y o5 2 (@l 2007
RSSO OWLS sap s B S85 g 0350 S
LS et Sl Sua S Sl ot 4 il s
Shuand ) 136 .l o)l au )l S 5l Cpp st oS Sl

.(Lagoda 2007
S ok U S cl Jae S 5l S5 o
S e dile (6) 58 @ Jamed 5405 (2155 OLaLS J guams
GNP 5 (S edamy Cdo S b OS5 e
Lien s (5) s 4 e 3 oS aLS slaanl B i ol
0y s e OLES g 55 5 03 05 Sl 6l
VS (Meloni et al. 2004) Lo 50 v_la?u Ll
Lee il dues po )58 @1 Joodd 35 Sl 5 0 (2 e
@l e oW slacsY oG 5l esliud L et al. (2003)
G Sayed et al. (2007) .65 S sl Tor 0 Soxs & Jomie
Gib ) Zilise i 6By 53 5 AT 53 el 4 Silse s
s 4 S5 5 R8skl wly 53 5l her Ol
~Sb s s Shas LS ol cgr Jle 53 sl 5 Lyl
DB s 2090 o g gy o> ALV ECL 45 sla
Jsames o3 F4 5 Fe (35 4 AT o5 Cilige anly sl
Us ot 0 Jomte laanls & S 5l S 5o (5 2l
Baloch etal. ) IR29 (3, ;5 fizmen 58 A5 JS 5 5155
oo slazil se (Saleem etal. 2007) YV+ _zel 5 (2003
035 b sdasglis &S US55 Shes b (g5 @

ol (G0 o slie sl g g


https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

L 5 ol s (ke Al

8 g 00 B9 4 Josxie Silige Gl ey (olobid

T O LGS T L sl Shls b B s oS
=Bl 43 YO (gles 53 5 el Sl Ladlowe 5SS o 51
Jsb Olio Las esls 13 55, A Sl 550Kl 3 5l S
035 5 (G e A6 Sl eslaul L) azddle 5 azads)
s (6 Se3ll e Sy, 3 axalS

dlw o My el jladiler slasds 1 g oole b led 31
e 0o o T laazalS Luis CliS Ll s VYAY
VY 51 My s Sl ¢ JolS Oy 31 oy 5t oL L
il Bl b an Jlw Olea g s 5o Slise oY
23 o d Jard Gl A )5 S 4 a5 L LS
Jl{j&lélﬁ)bﬁjw%d;l;d&&jﬁ\y«bfﬁ\.ljr})
NaCl JSulle =V/Y Slas (6558 4 Josete Sibge sla Y
VIV Glasds 5 L ag G358 Jowdln b Jsloes l ol L s
3 o (3650 Y 51 Il L YO My s il oY
Lol o amyn YA (glos 53 (sdelS d g 5leslinal b g sieds
i b 535Vl e il e NaCl Jshous b sl
Benjavad Talebi ) a5 ,So3lbl laazealS 5 055 5 4 Lo
oz o Jomis Jlaim] Slacilpe ulg Lo s (et al. 2012
sl JUas)

5> QA YO My dess il 5o VWA Jle gl o
Slaaz=als 55, 5l s Lus CiS T jsb 4 il
ol s (15 5 ske 055) dald ol jen & ilige slagpY
b e 5 ©503LES ke oK Sl 4550 3 @315
Ll Sl clad &y w0 bl s esls JUisl 08 S
s VOBC Uy awks SLs) sl Ol S5k K e
BC) o Dlass Jlesl Cgr Sk S 5 (0 20 2 e
A Sl yapods b S B (s fe i ooV
Sl 5 ClS Sl ey s S S L 585 e LSS
Sos=b Jlasl gz s lesl (5558 e 450 3 baazalS
Jsloes 2,5 03 5 ll LS esliz NaCl Sad Jsloee
23 Gosb ol SHL BE dan 53 CH S s 4 Sl
S psld Gl A S e e e VS0
2 5SS st s b (6558 Ol (505

Bl e Sl (Golen 5 Sl Al e S G PYRCI VPR
Shols Glos wls iy pslin e Bl VoY 0T plis ) Lo s
5 ke Osde 5 v 0s Y5 o 5 skeal Ao s YRIY
S Yo sl bl plend e Jles] g 3L o oab
e 3 A8 Ssae s Ao y3 0 ﬁwgﬁjlsﬁl{\.\jvj)jl
i bndn b sagles Jhie Of s colu VP S 4
sy 0l 3L sl a5 4 S oS e
Sode & L3 N0 5 0/) o/ VO io sl ble s (EMS)
le iy pled S aalp i 513 sl sl 17
(U VN PN SN PSP - PO VRV P
ol ¥ e @ bapdy slas plasl Sl ey o @ 3R 03le
553 2 3 o A SRS (s Lo i DT DL 5 2
Sles 53 b e G i 3 1S5 an o (dald ol e @)
Sl Bl s a3 ey S S 5L S Sl a5 YO
585 Gl el s wf:l.:a; ooled ey &l
Cgrr mwlin 395 (s (glaj 53 LDsg 4 65 L Al acsloes
Benjavad Talebi 2012; ) 4 ond e ol g Jlesl
deo)s 0/ 593 Glme pl 4 4 5 L (Anbarasan et al. 2013
5 s sl e sl e bl 58 Olpe 4 EMS
KA Hled 53l b Ll S Ve sl sl
Sia L s oosle 085 (658 Jood Sl o end g
s Cibge slacnY JU s (6l SIS (el 5LES Jlesl s
il Al e 5 (od 4 1 03, Jesd 4z o B ag p Y My
slad s o3 e s oLl Gl sd peie S5
=Y o el S Ll e Sl 53 NaCl L s 5
Kunz et al. aJsles 1.2 )8 4 KWL —V/Y 5 —v/A
L5 oslizd NaCl lale aculoe g (2004)

c= —NMPa
iRT V abal,
a0l oS =l J s o Jsloms 4 Y5 =C
ST A T Ll 38 06 Sl Cab=R VAL il

RIS e Lo
L)M_»’-()L“‘-;JALS‘JJ('JL")"L b_l.CY')‘Ju V_;)dLAJJJM‘J‘)J

55 e UL s inid 5 U3 0 o S b JSaieds



https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

Y Ty 0 Gogh 4 Joomio ilige SlacpY olld

I 5 ol s (g e il

vY'’c plmil o 5 a3l A0 Ske VY'C gl YO Sds 4 FATC
REREYNNGIN VY
53 o-lls a3l S slaesls (bl a s sl
5 & oslerwl (Kinnear and Colin 2000) SPSS10 )l)_élp;
i e s (23 S el SUls B L b Sile i
Sogi 5w s 55 Jeas (ST oLl gl p (STD s
i dmwlee (V) adaly b aS s 8 15 esliul 5,50
.(Fernandez 1992)

_ Yp*Ys

Mp (V) e

2 i o o Ses ke i e Ys 5 Ve Jpe b nl 0o
53 L 53 S s Shas SSle Mp 5 25 5 dolos Lo
S Sse 4 ISSR b Sl b5 51 Jol= slail
l{ U AL JAJ)L:ZA (.,bl.r S99 f.\f«) Jw 9 (.,L’L’ Jﬁj)
Ole (Yeh et al. 1999) PopGene32 ;s s Sl eslind
oerla (S5 Aol ISane el ke ( ASSEne
s b S Ol A a5 05U Sl
Al ba SIS sl IS e Sy sl
Sl alowe 3 b 51 J5S0 50 sla S0LES s oMbl lis
Anderson ) L acal=e ¥ alaly 5L (PIC) ISCons SleMb

STI

(etal. 1993

_ 02
PIC=1-5P: ) o,

wen gl aS dib e i Slis gl j T Slsl s Pij oF 55 oS
o (Nei 1978) (5 G5 akols 35 0 033 s (JT1) a T
T ab ¥l 5l (H) s 55

H=1- Ny
Nx+ Ny (\c) AJ@.‘)

Slaws NX 6y 5 X dgad 33 o 0L sl IS slass Nxy
S ol sluas Ny )l 5509 X aiged 53 ks a5 slanil
oy 51D 05 55 p 55 o b 2l3 sy dised 55 L

A dewles O

FE-(E *In) ©) alasl

Al e are o s T sl i Sl 5 PiOT s a8

WWAY 30 0/Y oyl /ot 090 [ oy 98 S

Osad Sloo st il Sladle) 3 A or LSl e e
3 Shes ad g by slid &g PSSl (el &6
ol doys bt 53 o als slaad 5 IS als sl &
RS A s Ll Ve 55 5 (Gelegn) G5 5 055 a2

Ll (6 Sl el il

Ahmadikhah ) CTAB 4l .55 i, 3l esliwl L DNA

DNA iS5 CaS e 8l A 2] 5l (2009
TBE 3L 55 dew s S 58T U5 55535, 51 ol s
ez Sl ol J 5o 655 o () 2 sl A sl
=g o (VJsdr) A3 ealinl ISSR ST Sl e
sl S s a8 kS s 1) S VY PCR STy bl
s Sen s p S 55N S SIDNA 51 23 Koo /A
s K 0 (OISt o5, %) PCR Master Mix )5 Se
S SV ) L STl s S Y e s
505358 s @ 2S5 51 Jool SN pame 5 (5 S
05 55 1 10) Lles o sl (S5l Aosn VIO 58T U5
03,5 jatie ¢l Lds S8 TBE 5L 5o (s See
ssle_wl Ladder 100 bp 5 S350 o300 [ Slas 5l lakad J 5k
plomil i gSTs I3 olaws S osliad b Lad 5l (gl ponSe

A

Gz opl 3 o o3tz ISSR (gla S56T -V Jsu

oY 5 ST s,
(GA)7-RG ISSR1 \
(CA)7-YC ISSR2 Y

(AG)8-T ISSR3 v
(AG)8-YC ISSR4 ¥
(GT)8-YC ISSR5 5
(AC)8-YG ISSR6 5
(TG)8-RC ISSR7 v
(AT)7-RC ISSR8 A
(CA)T-YG ISSR9 q
(CA)8-RC ISSR10 .

3y 25 Syse 4 ISSR gle SHLET gl PCR Lles (o Sl

Wb ¥ Sde 4 AFC s a2 YO ids 0 Sde 4 AYC


https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

L 5 ol s (ke Al

8 g 00 B9 4 Josxie Silige Gl ey (olobid

Cio 5 5l a8 sl Olis Cdo e opl Gl t D0l LS
L 535 Ole ol me sl aalS 5 055 5 axaile Jb
(Fdsd) cdls 3

035 Jlexr oo g B el Lo b gl 4 el 5
Soxt o 5 Jeote Ld (uli Lol il Lol
A elem 058 53 Cibge oV A (Fdsus) a5 13
PO (ol s 05,8 55 105 (g5be 035 ol pen 4 Silige Y
05,5 03 lige (VN0 5 Jesmte s 05 5 55 Sibise (Y
S 13 Jeoa

S Sl oS sls 0L oy S pl gl ol 4
sy slads a bedal s a laes S Ol (53 e
Sl sl 48 sl Ol b, Sl anslis L0 Jsdr) il
Jsdr) Wik oo Lls pms anlllas 3550 Cuds s n gl 05 S
(¥

YA Jate 05 8 50 Bls Silise (2 YN0 Ole Shezule
e U dsie) Las bl 6o 08 Jaod mha o it L
Slaszm 2Ll s SB s kil o 5o o0k o3 el e
LS A

58Sl (10 gsls o50) el ol es 4 G glagY
Slasd cas e 3 Sl Bl e AL Jaize Lol e a e
oy ek S s eV 6050) e 3 55 550
4z S Jlesl o8 Sy Olos b (eag s (s VO 350
Slae i sl as sl Olis Cilse Slis (555 0 bl
O o2 5 Sos SLoled e ol pre Dl andllas e
Soxt Jolize Jas Jl= o oV Jodr) cls 555 s 535
o3 5 ol dens il des Oy Gl o b 5 8 x
S Gl pae Al g ede

i adllae 3550 Slis wen iy (Solsine Dl e 0 (6550
s 3 s2 Sl oy i s L 5 amy Sl stz
Sl (Ao =24/0Y) gy dils 3 Shas 4 by o i J
gt s S adls sl 5 (e s —04/40) 4l 3y «ls
slad (asad g Oboy Dlie oS b 55 oy (As ;3 -YV/¥0)
Sos= ot 53 15 Sl o S S il 5 s ) Ay
(A Jsd) L35 0l Sl

Lt slp B gheul Jlid Jlsl Llg Gas &S bl
03650 b 358 o3, Dlad 51 Jols My Jud Cilige slagyY
0o 03 Gt Jed Sl e sl Tl s EMS
Slags oS sls 0L ilsls 4 el A plil 16 (6 50le
A aalS 505y 5 apady; Ik azdle db )5
5 =Y el glajlis (Ydsd) Cils ool pme Hls
S 5 Ay Sl il ol S & JKULEK - /A
S Sosb a S 3 S 1 Ll el B baazalS
5w Ghie O dals Sl 4 cond ardle W Ol
95 3yse 3 ol LA Il dsys VP 5 s PA/Y
Slas Lol sl il ) Ly e 50 K05 Cans sas
33 Sl bl gl e S0 JSLLIS -1/Y
3 amalyy wazale A3 Olie &S o5k 4 ol 0L adllas
YOI 5 doys FV/A oy VOIA S5 4 wmalS 5 05
Sl ol o i g@t:.} Sl e bl Olis 2l s s
VY il LSS opd a0 Jeote Sibse glacY L2

() JS5) a5 et KL

150

=Y

RN

3 o

? 3100 g

Py

3\‘ g - \\

y 4 so| & by

3 e \

\‘} ]
o - T T T

o] 0.4- 0.8- 1.2-

[ ——5Sleng —s—Rleng ——SW|

2 el (B wmalS 505y s aile wpady Al A, SV IS
(Rleng) wraiy; Jsb (Sleng) wrasle J b NaCl Calses sls foly
Lledd esls OLas il WS e b SW) walS 5055 5

JLis 55 NaCl [l cod My Sibige oY on3les 5 s s
53 Osb oo part w5 LS 15 S ST (g pand
W L gl Sl anlis (I 35) dald Ll b el
L (le 5 axddy) S s A5 4 Gise Y

SoS el N YA b s s amalS IS 5 055 ol pl



https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

e 9Ty 30 Goew 4 Joxin Silige Sy e sl I 5 ol s (g e il

16 gs3le 35 slaamalS (s, Sl sas  NaClL 31 01y 4o -Y oo

Sl e S0k
alS 055 ey, b ool Jb @bl s S e
V/fes™ YYO/f AT \A7AYN f NaCl L3
VYV YVE VA Y IS

(Il =1/Y (6 el SL2B) NACT ()58 25 Cod Sibige oV YA 5 glanalS o aw gl t 031 =Y s

(145) aals i wnS Shre Glasl ala b lacibse Sk Syl o bl Cdo
/v VY5 \/$ Y/¥ \lad N2 (Mm) axasle J b
VE/IA AN o/ A7) YA /oY"™* (Mm) wxaiy; Jsb

Y0 s5¥ TE0 VA% YV/AA AEY** (M) 4xalS 5 035

el Kl anslis s NaCl a5 Ll 2 55 andllas 5550 slacui 55 (sdues S —F Jotr

(o) ¥ o35 (Jomin L) ¥ 03 5 (b ) Y 05 5 () Vs ,S  (S.E) s lulenl sl

Sibge YN0 Sibge Y PO gosle @by + ibige pY ) ibge YA - LY sl
Vv AYY® $/A° £rv? AVE (Mm) ble Jsb o Kika
YA/TY? Ve Sannd a/or¢ ey MM) araty, Job Sk
oyt £¥100 FYANNC raf/rd YOV (M) amalS 5 055 le

.u:l,i(.j)elﬁ.a4.3C,.ZL'»'}AL;Ladyjaéluﬁwl.”fc,j.pMélﬂ5\&1?4{);;51&;[}6@@})5&%).}4{}?;;—0 Jsd=

e Sk
el 5 053 rety; dsb wrile Jb sl 4 S e
VeVYYaQ et A% VAAL/PYHE Al Laes
SYO/FE 1O/ Y/AA e [
ozt 4 Jood lp bl Cbse 2V s SlemalS o ot e (Sbe —F s
MTI196 MTI89  MTI84  MTI22 MTII3 MT79 MT45  MT4l MTI12 I
\RVA \RVA# \KVAS \RVA# Yoy \O/A ARV FIN VV/# v (mm) 4l J b
YF/ vl YA/ \Al YN /) V0 Y4/ ¥/ \E/A (Mm) ety Job
a9 \AM fAS \ial oY 00 faq 7o ovY Y0 (M) axalS 5 05
adllan 3,50 Slio s LT Jlie 15 G 85 (505 sl i lsls 4 Y sl
Jal.»}:! Sl Ao O JMA..':)}QLA)' Ay 3l AJ}{CU.TJ\ >}§L“.p Q\):.’uc..a
Ya¥o/sey v VE/YYE yror ATy AP S
AV« O/ANY /408" FY/fOVE ¥/YAA" OAO/AAS IR fa Cosd
OY/AVW™ YAy av/eYY e Yo/ VAY/ATY YAQ/YON NP
VEVE/AgstS AT 5t W/ A Y0NS VYA VERE X g
VYY/AVY /el WaZal VA/ATE Y/ OA £5/£Y4 [



https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

L 5 ol s (ke Al

8 g 00 B9 4 Josxie Silige Gl ey (olobid

V Jsde aals|
soeis Lo s Sl Aoy e ls sl <ls S sl Wiy J b ;,-imac;.ﬂ
VOY/AFY VOY/AFY™ VYSVY \ZZAMr AVAZY N LSS
NARIARCN INARTVARCN INEY2 700N TOYYASPAS FO+/AVY ™ Sz
VANV VANV NAMAZ Faay/eq ™ AG T 55
SEYIASY FEVIASY F40/\A0™ N V/oa ™ S P IX G5
VSO/+ OV \EO/ OV YaY/AYY YAY/AY +/av4 o

bl Sibge p VA s il Sl [ d SbtH aculie A Ul

Dsd L 3 05 Ao s Syl jlae Gl Sl o o Cdo
SY o/ +/a4¥ AavAN aals (65) 3 Shas

—$4/0Y V/1VA V¥ S
RAAYS J/F¥ AV/SY dals (o) 65 ¢l

VPN /0Ty VYo Sl
— et /0Y4 VO/OA aals oty Bl

-Ys EYY VO/YY S
VALN YA qA/44 als (Gso) ps ad g Ol

\/YY < YYY ARRVATN o
A YN Y/VA dals (p5) wls do 035

V0¥ AN /¥ e
A \ARN YYO/O¥ aals (¢.,5) lases

—\Y/AY £/47Y VAN S
—v/a0™ AT YY/YA dals e slo) ai gt Jsb

-V$/A VY V4/fY s
—TYEE Y/+00 Ve Y/AY dals <ls IS sl

AL \AdRd A Sles
A Y/ AA INVAR dals 2 @l sl

-0+/40 Y/EVO Fe/AN S
A \/0PY AV/44 dals Wby 60k o s

=Ya/vo \/AOA ov/04 o

2

53 350 Lls 1 (A3 M) 5 Shes ol op 220 MTT9 Y &S
VY 5¥00 L e 5 a MT196 sMTI189 -V 5 Sl
Lsls OLES (G s A5 4 oS Sl (23l Ao

8o S Ul Sl Jols 05 g5 mae o n Sl
L2 oslinal ISSR Sl OF Sl g5 40 Jamte ibise oY
Sl 5 b 035 Ole i (Ao 00) LYY &
2L S5 Gl ses YK sl SIS 1 i e
s e 0LaS 1 ISSR sla S5LT 51 S

Y R o ks s a8 s Ol b Sle anslis
O on Llhazils gpole 035w s (6 5VL 5 Shas b e
35 4 Cmd MTAL 5 MTI89 MT196 =ibise oY aw L
Ols s a5 L (Y JS2) Lo 8 )58 (500 5 Sas (5 0Le
MTI89 MT196 <3t ye Y am «(STD) i3 o Laxld
Soxd 5 4 Jod e 0 VL SLls 5 e MT4L

(Adga) Lo

sy QLas (Vo Jsds) o5 2 31 G305 Shae il acils



https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

) Ty 30 GI9h 4 Jomio ilige S pY ol 0L 5 of g5 (S tas] il

45

Jj =

40

a
p b
d C
35 2
e e L

3 ¢ f : ¢

. 15 & B
2 ;
2

10
1
1 5
(od_d : . . . ; ) 0 e

MTI34 MTIZ2 MTR2 ; MT113 4 MT45  MTIE® MTI% ' MT?9  MT4H MT79 MTUI3MTI22 k& MTI2 MTI84 MT45 MT4l MTI189 MT196

S &
(p,5) ag: S5 0, Slae
=]
5
B e

(0,5) a3 S5 5 Sles
(=] o (=]

o

(%)Sué)_,..:u:‘;;.?}(g..«l))L;)j,.:u.‘;.‘.:Q)J...Jz:lj.i:ﬁ&lﬁ;:j\g;_}l:yL;uayjnuvj);ﬁﬁdﬁ&:jﬂwmﬁlyw&a—YJﬁ;

el 2ibse Y 5 sonle o) 53 A5 4 Jed pastll g 55 A5 0pd Bl 0 6 SO s Ses -8 gl

MT196 MTI89 MTI84 MTI22 MTI13 MT79 MT45 MT4l MTI2 |u

YAA \EZAl Yoy YV/f Y4/4 Y4/4 YY/A £Y/Y YE Y0 (08 A5 Okl d s e SO Shes
\A YV/Y VYA Vo/e AIY \Af V0/0 YA/ Yo f (02 o5 Bl 53 € SO s Slas
vv/4 SEIV YY/ YV YAY Vorf for8 FEIY YN YVE oS Al 55 (STD o5 fesss yartls

() Jus

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

Bl Sbge YA 5 (gale (B 5 A5 51 S0 s Shes Sl anglie -V Jyd
MTI196 MTI89 MTI84 MTI22 MTII3 MT79 MT45 MT4l MTI2 1 5,3

3 Slas il
YOV V¥4 Ve W Y\v YO AT YR VA Y ¢F e
/0 VY fY/¥ Y0 \avid A4/ 0¥/ OV/ OV/A £0/4 Lo 3> = g

e WL 185 AT 195

— eew ey e Ee— S S

Il Kles M ¢ bl ibse slac,Y MT196 5 MT12 (1) aals 5, (N ISSR6 SHLT L sals w5 5 b glagpY sl ST s

AR bp J‘}Q}‘
- IWAY 50/ ¥ o yloud [ atd 0590 / oy g5 S



https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

L 5 ol s (ke Al

8 g 00 B9 4 Josxie Silige Gl ey (olobid

09,5 53 slamealS ad> o 53 3, ol sls OLES 55 G
ad> e 3 5 (F Jpaz) c8 5515 les b lacs 555
2 (A dsds) o s Jass bl e g L 0 LelS olS
i ool oy bl el ply bl 15 sl S
a8 By cnl 03 Gopd S a4 Jeo 2 1 eSS
Sl L St ol o e bd 5 450 oS (o
Ahloowalia et al. 2004; Ilirjana et al. 2007; Khan and )
ol 035 w38 oS 5 o (LS e (Goyal 2009
ALS sl YO 51 i 08T sl il (i oSS 4
L S aoledd 5T gl ciS cgr oW1 g 3l ol
sl gl el Olse s b 5 dodr 4z ls Olss 4 Lot
(Ojiewo et al. 2007) L 55 o eslinal i glaag g
@odaze slajilasl 5303 28 55k  EMS lad o3l |
s Sn 5 o ) el 4 e e A5 S
Sl s bl d ml ot osle ) 30 ol et eslin
e G clams Sl a4 s Gled Ol e (bl Wl
lin Sl bl AL e e 5 BMS sl o 40 L
Ll il Lolge 3 el op 5 kol < EMS
il sy Dlio b Je3 LB 5 alad a5 AL (g
=5 (Rakshit et al. 2010) J_3L «xils 3l g olals s
Loy o/) a5 a8 sl OLiS i cpl 3 EMS esle oeew 543
ol oS 35 Lls s S S e sl S i
Loosdhe =i o e Sl 2 i bl
Luan et al. 2007; ) s ls 53Uk 0llS 3 EMS -0l slajss
& o2 ! (Giri et al. 2010; Benjavad Talebi et al. 2012
-V o Ksp chale ;s EMS (Lee et al. 2003) aile olallas
S Uls i sbl 53 1y b8 5Lt +/0

L1l o3y aboter Sl ool cilise ¥ MY L2
2 s Y eolins glagalS d> e 53 EMS 0365
oo Okl s el gl Sl L
S s s Sl o a e Jedly b slagnY Ol se
KU WU R S R TNgc: JPVRNY VO S NPICION K GURL S P
Ll Blil Wb el e s 4 Jed 5 olS

V) Ople s patls 5 Ao VYA S (S g et
L aogY UPGMA i, b (slad st a5 .l dnnloes A3
315 goole (35 sl os S 55 45 550l SIS sdas 03 5 55 4
S s ebse (YA 053055 535 MTT9 ibge oY
(F Ue) ws

OSSOk Bl s Sles 0L
VYA 5 apsses,S Sl s im0 p ST SYOIY
S Jeow atli Sle A alowe 5 3 0 S VO/Y
Loy XA £33 05,8 Glp 5 Los YN0 G o5 S (sl (STD)
e U eas 0L s ol () Jsie) el s &
Tt 03 Sos A Joemite il e slagn Yool 6l e
Al

23 s o adS Il O s Sl sla i Sl eslinad
die Clige Ol ol ails 5 LS laan jls ann
sy 4o o5 OS5l (ol L3 il Sls pas (6l
Ram Din et al. ) dlledd sbsl ploand 5 SGob slao3U 50
=l 31 5 (2003; Morton et al. 2006; Okamura et al. 2012)
d=3 3 ol e Do e Sl (ol 350 sk 4 1
Caglin b Jomd SRl el (gl ol el S Al 00
S Al o5 g LS 5303 8 5 0y gla A5 4
Gl ol asli Wl by 5 ¢ 03 flgld_ Ay o
Ahloowalia and Maluszinski 2001; Bhatia et al. 2001; )
03l e o tege o Dol sl s Sl .(Cheema et al. 2002
als e il g Sl eslid b Ol slacel
ol s Sl sl (SOl el Ul 4 GBSl gl
Ly sl bl ) ol o sllas Dleo st plod il s
(sl O G gt 53 Ly S LS 5 3150 5l eslinu
.(Van Harten 1998; Bodnar and Scott 2010) >3 s3ls o5
sd 2Ol pB1 51 e 1l (5l 3 55 ol Gk
Aib e )5S Jlod dilate BB S a5 5 Shes OS5
L =loter Gb ol osllasl Slo g (s s S
s GBS & Jess 51 055l s Sl EMS 036 50

g)‘_.’.‘ @lﬁb 4>‘UL\.>: fJ)\./\..: )‘J.B ‘-5.1)1128 tp} BE Lg))":’ Lole oJu)



https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

Y Ty 0 Gogh 4 Joomio ilige SlacpY olld

I 5 ol s (g e il

<& X S

-9 W N -

upaN

o5 A b) sbaoles ISSR (sl Siles ull  UPGMA i, L1 (550l 13 ol ien (555 4 Joete bl Colipe (slacs¥ sty S —F IS
MT41 ;MT196 MT184 MT189 MT12 MT113 MT122 MT45 MT79 ;3 a5 Le

OR5  GA5 O Byl s gladss ases Ledd plulid o8 55 53 STD oo 4 Jess Gastls 5 5 ,Shas anglis =V) Jou

STI (%) (0,5 3,8 Lo 320 (65) S5 Ll 2 (0 5) 25 05 Ll 3 o35
YV/0 ARTAY \2t Yoy \
Yo/A Y¥/¥ \o/f Yvy/4 Y

Sl laanly 4 cud VL Jpame St (550 Ll 2
5 G225 ol 4= (Shehata et al. 2009) L5 S Ay 545
sl gl e S8 4 POl il Sl oliss il
Jana ) Al e o) cslee Slosast b bdr sbaa il

and Roy 1973; Lee et al. 2003; Saleem et al. 2005,
.(Anbarasan et al. 2013; Muthusamy and Jayabalan 2013

ﬂ‘@b&*‘)@&gu@ﬁsabowwgu
s (6 s amey sl gl a) axdlles 5 40 Slas aen
0> wls 3 Shas by e 5 4 055 5 U 3 i
ahst 53 S als slas 5 als slas (s s £ 5l A) S e
slaas ¢ pasad s Olej b S5l g8 Sliw oS J- s o

Sz Lalpd 5o 1) Sl S W plE) s s Ay

WWAY 30 0/Y oyl /ot 090 [ oy 98 S

(AJsd=) wsls plis S

Jls 5D &L oS a> o ;5 s oL, (Ahmadikhah 2010)
YA Gl S Iy aelsl 5o (A, Jeas el B gjamy
MTAL Y aw a5 ol Ol S 6,58 kil s s 5,
My W s Sles gl PR Cows MT196 5 MT189
bl L(Adsd) 59 osd o0 a0 3 Y aw SYL Jm
S sl glas Ovdodr) 2o 31 G3b s Shee bl aalo
0> 35 MT184 .Y MTI196 5 MTI89 .Y 55 , osde
gl 3l sls ol t;)}wJWJMJqSWLw}éL oS > 1
sV Olge 4 1, MT196 s MT189 ilise Y 55 Ols o
L) JolS olS 5 lamalS al> o 53 2 55 (55 4 Jeomte
oy e s e G p e e PGS

3 S 2 Sl el e el il


https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

L 5 ol s (ke Al

8 g 00 B9 4 Josxie Silige Gl ey (olobid

&lw

Ahloowalia BS, Maluszynski M, Nichterlein K (2004)
Global impact of mutation-derived varities. Euphytica 135:
187-204.

Ahmadikhah A (2008) Advanced Genetics. Publication of
Gorgan University of Agricultural Sciences & Natural
Resources. Gorgan, Iran. pp 239-265. (In Farsi).
Ahmadikhah A (2009) A rapid mini-prep DNA extraction
method in rice. African Journal of Biotechnology 8: 323-
27.

Ahmadikhah A (2010) Advanced Plant Breeding.
Publication of Gorgan University of Agricultural Sciences
& Natural Resources. Gorgan, Iran. pp 161-210. (In Farsi).
Anbarasan K, Sivalingam D, Rajendran R, Anbazhagan
M,Chidambaram AA (2013) Studies on the mutagenic
effect of EMS on seed germination and seedling characters
of Sesame (Sesamum indicum L.) Var. T MV3.
International Journal of Research in Biological Sciences 3:
68-70.

Anderson JA, Churchill JE, Autrique SD, Tanksley S,
Sorrells ME (1993) Optimizing parental selection for
genetic linkage maps. Genome 36: 181-188.

Baloch AW, Soomro AM, Javed MA, Bughio HR, Alam
M, Bughio MSH, Mastori TM, Mastori, NN (2003)
Induction of salt tolerance in rice through mutation
breeding. Asian Journal of Plant Sciences 2: 273-276.
Benjavad Talebi A, Benjavad Talebi A, Shahrokhifar B
(2012) Ethyl methane sulphonate (EMS) induced
mutagenesis in Malaysian rice (cv. MR219) for lethal dose
determination. American Journal of Plant Sciences 3:
1661-1665.

Bhatia CR, Nichterlein K, Maluszynski M (2001)
Mutations affecting nodulation in grain legumes and their
potential in sustainable cropping systems. Euphytica 120:
415-432.

Blair MW, Panaud O, McCouch SR (1999) Inter-simple
sequence repeat (ISSR) amplification for analysis of
microsatellite motif frequency and fingerprinting in rice
(Oryza sativa L). Theoretical and Applied Genetics 98:
780-792.

Bodnar AL, Scott MP (2010) Using mutations in corn
breeding programs. In: Meksem K, Kahl G (eds). The
Handbook of Plant Mutation Screening. Wiley-VCH.
Germany. pp 187-197.

Bughio HR, Asad MA, Odhano IA, Bughio MS, Khan
MA, Mastoi NN (2007) Sustainable rice production
through the use of mutation breeding. Pakistan Journal of
Botany 39: 2457-2461.

Cheema AA, Saleem MY, Awan MA (2002) In vitro
techniques for the selection of Basmati rice mutants better
adapted to saline environments. In: Maluszynski M, Kasha
KIJ (eds). Mutation, in vitro and Molecular Techniques for
Environmentally Sustainable Crop Improvement. IAEA,
Vienna. pp 161-168.

de la Torre MP, Heinz MGR, Escandon A (2012) Analysis
of genetic variability by ISSR markers in Calibrachoa
caesia. Electronic Journal of Biotechnology 15: 1-12.

Sl KL L sl Cilise slageY J5S0sn Dl o) 2
b s ASCane cldly i sl a8 sl OLL ISSR
B Ak ) mlae ) S sl el L3 (hoys O4)
Siapl Byl JolSS W,y (b oo el anilil Sl ks b aslis
olee aalllae 5550 sladised 53 2p2se (S5 g 50 Adl s
PP L POV L VEVIP LN WP W Y SR ST R A
Ol s pl Asle DNA law s SIS Ol i sl
g5 slml 53 EMS 03Use b ier oblS 5 ool eas
53 ol Jlesl sl 1 Sslsia cos o WL e S5
~t b oslhs Slosar L alS slaanly s S
oy oske 4 Wongswad et al. (2005) asddlas > 5,08
A oslizel RAPD S5l os 5l colige slagnY Sx) 55
5 bt pByl o LSl (OPXI3) S5l G s oS
Sasal b g55 allls > men s 0L | Lo
oslizul ISSR S5L61 0+ I «5 Jatropha curcas oS il
Ol sl aadly (Aoys V) ST 0 L @y el
G 5> .(Maghuly et al. 2011) dulel SISET 1 i S|
35 53 ISSR sla Sl sl bl o sl glapY ol
YA Jals Y 05 8 S MTT9 5 655l oy Juli ) 65,9) e5,8
Sl o2 ) o5 S 4 s Yooy S s i 515 (Ko ibise
OV o) 35 S pln 53 A5 & Joosd ald oa 53 Ses
-oeY izl e w0 ISSR sl Sl oS s e OLES oyl
Sl SSE eles bed 0k 035 51 Jeoe s
sl slulas gl 1 ISSR sla SiLas Ol e s xl
ol o 08w s Sl Slacime 3 Jeseie OG5
Olge a4 |, MT196 5 MTI89 N 55 Ul o uios
BLolS 5 lizalS e 55 8 55 (5558 4 Joomte slappY

RS P



https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

Y Ty 0 Gogh 4 Joomio ilige SlacpY olld

I 5 ol s (g e il

Fernandez GCJ (1992) Effective selection criteria for
assessing stress tolerance. In: Kuo CG (ed.), Proceedings
of the International Symposium on Adaptation of
Vegetables and Other Food Crops in Temperature and
Water Stress, Tainan, Taiwan.

Giri SP, Tambe AB, Apparao BJ (2010) Induction of a
novel, high yielding mutant of pigeon pea. Asian Journal
of Experimental Biological Sciences 1: 152-155.

Hase Y, Akita Y, Kitamura S, Narumi I, Tanaka A (2012)
Development of an efficient mutagenesis technique using
ion beams: Toward more controlled mutation breeding.
Plant Biotechnology 29: 193-200.

Hase Y, Okamura M, Takeshita D, Narumi I, Tanaka A
(2010) Efficient induction of flower-color mutants by ion
beam irradiation in petunia seedlings treated with high
sucrose concentration. Plant Biotechnology 27: 99-103.
Ilirjana S, Ariana Y, Andon D (2007) Induced mutations
for improving production on bread and durum wheat. AIP
Conference Proceedings 899: 747.

Jabeen N, Mirza B (2002) Ethyl methane sulfonate (EMS)
enhaces genetic variability in Capsicum annum. Asian
Journal of Plant Sciences 1: 425-428.

Jana MK, Roy K (1973) Induced quantitative mutations in
rice. Radiation Botany 13: 245-257.

Khademian R, Babaeian Jelodar N, Kianoosh Gh (2004)
Study of gamma radiation mutagenesis effects on some
Iranian rice cultivars. Researches on Agricultural Sciences
and Natural Resources of Khazar 2: 16-26. (In Farsi)

Khan S, Goyal S (2009) Mutation genetic studies in
mungbean IV. Selection of early maturing mutants.
Thailand Journal of Agricultural Science 42: 109-113.
Kinnear PR, Colin DG (2000) SPSS for Windows made
simple: Release 10. Hove, UK: Psychology Press.

Kunz W, Henle J, Ninham BW (2004) About the science
of the effect of salts. Current Opinion in Colloid Interface
Science 9: 19-37.

Lee SY, Cheong JI, Kim TS (2003) Production of doubled
haploids through anther culture of M, rice plants derived
from mutagenized fertilized egg cells. Plant Cell Report
22:218-223.

Liu BM, Wu YJ, JP Tong, Wu JD (2010) A novel semi-
dwarf mutant mutagenized with ion beam irradiation
controlled by a dominant gene, SD-d(t). Rice Genetic
Newsletter 25: 20-22.

Luan YS, Zhang J, Gao X, An LJ (2007) Mutation induced
by ethyl methane sulphonate (EMS), in vitro screening for
salt tolerance and plant regeneration of sweet potato
(Ipomoea batatas L.). Plant Cell and Tissue Organ Culture
88: 77-81.

Maghuly F, Jankowicz-Cieslak J, Calari C, Ramkat R, Till
B, Laimer M (2011) Investigation of genetic variation in
Jatropha curcas by Ecotilling and ISSR. BMC
Proceedings 5 (Suppl 7): O50.

Mba C (2013) Induced mutations unleash the potentials of
plant genetic resources for food and agriculture.
Agronomy 3: 200-231.

Meloni DA, Gulotta MR, Martinez CA, Oliva MA (2004)
The effects of salt stress on growth, nitrate reduction and

WWAY 30 0/Y oyl /ot 090 [ oy 98 S

proline and glycinebetaine accumulation in Prosopis alba.
Brazilian Journal of Plant Physiology 16: 39-46.

Micke A (1999) Mutation and in vitro mutation breeding.
Bahar Samiullah Khan A, Kalani Publishers, Ludhiana,
India. pp 1-19.

Monna L, Kitazawa N, Yoshino R, Suzuki J, Masuda H,
Machara Y, Tanji M, Sato M, Nasu S, Minobe Y (2002)
Positional cloning of rice semidwarfing gene, sd-1: rice
“oreen revolution gene” encodes a mutant enzyme
involved in gibberellin synthesis. DNA Research 9: 11-17.
Morton BR, Bi IV, McMullen MD, Gaut BS (2006)
Variation in mutation dynamics across the maize genome
as a function of regional and flanking base composition.
Genetics 172: 569-577.

Muthusamy A, Jayabalan N (2013) Variation in seed
protein content of cotton mutant lines by in vivo and in
vitro mutagenesis. Journal of Environmental Biology 34:
11-16.

Naderi Shahab MA, Mehrpor SH, Jebelly M, Jafari AA
(2007) Mutagenesis effects of EMS and UV-C iradiation
doses on Medicago sativa L. Iranian Journal of
Rangelands and Forests Plant Breeding and Genetic
Research 15: 183-195. (In Farsi)

Nei M (1978) Analysis of gene diversity in subdivided
populations. Proceeding of National Academy of Science
USA 70: 3321-3323.

Ojiewo CO, Murakami K, Masinde P W, Agong SG
(2007) Mutating breeding of African nightshade (Solanum
section Solanum). Fruit, vegetable and Cereal Science and
Biotechnology 1: 39-52.

Okamura M, Umemoto N, Onishi N (2012) Breeding
glittering carnations by an efficient mutagenesis system.
Plant Biotechnology 29: 209-214.

Patnaik A, Chaudhary D, Rao GJN (2006) Genetic
improvement of long grain aromatic rices through
mutation approach. Plant Mutation 1: 7-10.

Rakshit S, Kanzaki H, Matsumura H, Rakshit A, Fujibe T,
Okuyama Y, Yoshida K, Oli M, Shenton M, Utsushi H,
Mitsuoka C, Abe A, Kiuchi Y, Terauchi R (2010) Use of
TILLING for reverse and forward genetics of rice. In:
Meksem K, Kahl G (eds). The Handbook of Plant
Mutation Screening. Wiley-VCH. Germany. pp 187-197.
Ram Din M, Khan M, Qasim M, Jehan S, Igbal Khan MM
(2003) Induced mutation studies in three wheat (Triticume
aestivum L.) varieties for some morphological and
agronomical characters. Asian Journal of Plant Sciences 2:
1179-1182.

Saleem MY, Mukhtar Z, Cheema AA, Atta BM (2005)
Induced mutation and in vitro techniques as a method to
induce salt tolerance in Basmati rice (Oryza sativa L.).
International ~ Journal of Environmental Science
Technology 2: 41-145.

Sayed OEE, Rizkalla AA, Sabri SRS (2007) In vitro
Mutagenesis for genetic improvement of salinity tolerance
in wheat. Journal of Agriculture and Biological Sciences.
4:377-383.


https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html

[ Downloaded from mg.genetics.ir on 2025-12-14 |

[ DOR: 20.1001.1.20084439.1393.9.3.6.9 ]

L 5 ol s (ke Al

8 g 00 B9 4 Josxie Silige Gl ey (olobid

Shehata SM, Allah AA, Zayed BA (2009) Development of
Salt Tolerant rice lines through mutation breeding. Journal
of Agriculture Research 35: 954-963.

Shu QY, Lagoda PJL (2007) Mutation techniques for gene
discovery and crop improvement. Molecular Plant
Breeding 2: 193-195.

Van Harten AM (1998) Mutation Breeding: Theory and
Practical Applications. Cambridge University Press,
London, UK.

Wongsawad P, Wongsawad C, Mahadtanapuk S,
Kantawong S, Chariyavidhawat P, Paratasilpin T (2005)
Induced mutation in adenium obesum Balf. using ethyl

methane sulphonate. Proceedings of Congress on Science
and Technology of Thailand. Suranaree University of
Technology 31: 18-20.

Yeh FC, Yang R-C, Boyle TBJ, Ye Z-H, Mao JX (1997)
POPGENE, the User-friendly shareware for population
genetic analysis. Molecular Biology and Biotechnology
Centre, University of Alberta, Canada.

Zietkiewicz E, Rafalski A, Labuda D (1994) Genome
fingerprinting by simple sequence repeat (SSR)-anchored
polymerase chain reaction amplification. Genomics 20:
176-183.



https://dor.isc.ac/dor/20.1001.1.20084439.1393.9.3.6.9
http://mg.genetics.ir/article-1-1313-en.html
http://www.tcpdf.org

