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ABSTRACT

Introduction: The use of seeds to create genetic mutation brings problems because the use of seeds increases the duration of the research, and the study of traits
requires plant cultivation, making it impossible to test more than once a year. Another point is the presence of shimmer in mutant plants. Biotechnology techniques,
especially tissue culture, solve these problems today. In this method, a repeatable and efficient regeneration system is needed to create mutations in rice plants to
obtain fertile plants from the changed tissues.

Materials and methods: To determine the appropriate dose of mutation induction to create genetic changes in the callus tissue obtained from the mature and
immature embryos of Nemat and Taram rice varieties, a factorial experiment was carried out within a completely randomized design using doses of 20, 30, 40, 50 and
60 Gy (GY) of Gamma radiation in four replications. For callus generation, MS medium with 0.5 mg/liter 2, 4-D and 1 mg/liter Kasein was suitable for both cultivars.
Also, for the regeneration of calluses obtained from both types of embryos of the Tarom cultivar, MS base medium containing 4 mg/liter of BAP, 0.5 mg/liter of I1AA,
0.5 mg/liter of NAA, and 5 mg/liter of Kasien were used. In the final stage, 30-day-old calluses were subjected to gamma radiation treatment with five doses of 20, 30,
40, 50 and 60 Gy. They were compared with the control treatment in the regeneration stage regarding moisture percentage, growth rate and regeneration percentage.
Results: After irradiation, the effect of variety on regeneration percentage, growth rate based on weight and callus diameter, the effect of embryo type on regeneration
percentage and moisture percentage, the effect of radiation on all studied traits, the effect of variety x embryo only for regeneration percentage and moisture
percentage, the effect of variety x radiation for all traits and the effect of embryo x radiation and cultivar x embryo x radiation were significant only for the percentage
of reproduction. The LD50 obtained in Nemat and Tarom cultivars with mature embryos was related to doses of 26.78 and 41.83 Gray, respectively; with immature
embryos, it was 14.55 and 35.30 Gray, respectively.

Conclusion: The difference in this experiment can not only be caused by genetic differences, but it can also be due to the difference in callus humidity and the effect
of gamma rays.

Keywords: rice, mutation, embryo culture, gamma irradiation.

Avrticle Type: Research Article

Avrticle history: Received: 18 Jan 2023, Revised: 12 Feb 2023, Accepted: 22 Feb 2023, Published online: 28 Mar 2023

Cite this article: Kazemi, D. & Rahimi, M. (2023). Mutation breeding in rice using gamma irradiation and mature and immature embryo culture. Cereal
Biotechnology and Biochemistry, 2 (1), 22-41. DOI: 10.22126/cbb.2023.9030.1043

@ @ @ © The Author(s). Publisher: Razi University
BY

NG d- 10.22126/cbb.2023.9030.1043



mailto:davood_kazemi_g@yahoo.com
mailto:davood_kazemi_g@yahoo.com
mailto:davood_kazemi_g@yahoo.com
https://doi.org/10.22126/cbb.2023.9030.1043

O

SME coniont 9 (5580905 g J

Sk YYAY—O1Ye 3 S I UL

SR oaiign 9 (539999

Homepage: https://cbb.razi.ac.ir
LG 9 Jl (o colis g LS anitl 3l ooliiwl b @ 50 i G250 51 Lo

| g0 Ogramn 95 IS 24l

-Qlj-.‘.l ic; i6|m Lg)‘)jLi;S uLﬂ...E;d sz}; !
=4

davood_kazemi_g@yah00.com :asbl!, . Jgtue odius s

ouus

3529 95 Dlio (6,5 ojlail Cgz oLT csS ciS po3) (Bedz loy Do GaliEl a4 e se Sy ez ol Caa a5l eolatul cules 3l doade
olxl gl gy cpl 5o 0ed oo oolainl il s L»o}.a?u G395 g yexd 5l 0590l Mo pl U sl 050 o)Ll Cilige LS o peuds
sl s &y o)l ol wandly it slacdly Sl plsn U el L5 2dy 1S5 2155k w4 5k @i oS 50 (i

la)Uo 9 Ceoxs L;lmé.:é)lj cjbb 9 éJL O )'l J.@b U“’SJLF 8l BN u;i:"‘) U‘M NN Lg‘/,g Bl HH] colio 30 O Sy :Lbufbj) 9 0|5.o
Sz 5o aals ol en 4 LIS 5, (GY) 5,55 500 Fe & (Ve Glogs 5l oolanal b bolas Sels b B o Sl & jo 4 tolesl ¢ e
S ol 1, 59 58 Sl oSS ) 0 oSk V 5 5,535 ) 53 S ke 10 L MS it Ls syl S g0 2l IS5
2o o ke 18 s BAP 0 15 0,5 a ¥ sglr MS il s b 18, (i 59 53 52 5| ol ol (il sl (i 4 o3l
YL osd JooSs MS citS Lo ol ool g5 90 10 40 Coond o8, 51y 5 555 ;o) 0 o5 Lo 0 5 NAA ) 5 65 Lo 10 5 IAA
ol po dy oo 2353 059, ¥o lowsllS Ll al> e 0 .o solatul IAA zJ o 25 LoV g KIN ) 06 5 Lo Y BAP ) 555 Lo
Wad dalie (2l53l woyd g 0SS ugh; wo )3 ezmen (Slho H 51 RaSu b (25l al> e 50 wald e

aghy a5 il woys p Gz g5 Ay eallS B wd) Ce s 5 G5g el 2 D) S iG55k oy o) Sl Hlisin ) ey tlaaSly
Jlite Sl g Slio plas sl 5 pxpd, Jlite Sl iagh; wo)s 5 255k wo)s sl Lald 5 izl blite Jliom)p 9,90 Slio pled sl i il
oy Al i bl g Cani o8, 40 o0l Cwdy (LDsp) s0isS 5o basgie 0l o xe o5k 0o ys (gl Lol 65 ax yuimx 6B g 63 X i
D51 5,5 YOIV s VFIBO o yp a4 @G iz bg (5,5 FVAY 5 YEIVA slajo 4 bogs e

58 5 sllS Cagho e 53 gl Juds 4 il e a8y sl (S slo Sglis S| (3L Wl e b &5 Gialel nl s ol DD 1g T A
sl L g5

LolE g5 5 oy CiS gz g i goelS sejly

iy dlic :allio &g

VE Y/ VA sorST LAV E N YT i Gydy VENNYY szl VF-1/) VA sl o i £95

D g 5 85599 ST UL 5 Wl i iS5 Lol ansl jl oolial b @i 55 iez Gk 5l 2ol 0 Y) o eans 5 5 o solslS s3lictuwl
DOI: 10.22126/cbb.2023.9030.1043 £1-YY () ¥

@ ® @ L)L?"‘"‘“"'ﬁ" © 6)|) oKails ).....»L

BY NC



mailto:davood_kazemi_g@yahoo.com
mailto:davood_kazemi_g@yahoo.com
mailto:davood_kazemi_g@yahoo.com
https://doi.org/10.22126/cbb.2023.9030.1043

Arulbalachandran et al., ) cul olS o g4
2 oleond Sge o a4 L oaS _ig> (2010
99y 3900 03l QI gz 500 Sl Dlogge
Sozge lp S)lye Gl p3 Sl (357> e g5
Sl psis o Ll 5l g2y ol b b dagyl ol
b iz 2 g Dbl a8 sl Bolas g 3l AU
CZge g 03 dgzge ok 4 o il B i
S P 005 o0 Jreads g ol wla Sllg il
S5 Olge 5 iz 5l Jel s (S35 Slse
Sorod |y (Suis geiie dlse 5l ormy ik 9xse
b e )5k o8 alacaisiy dagl o 5l aS o
3l a8 @LQQ—‘ g dol oo ST g onile (BL Wiyl e
LTI S IS IR ST E ST S S
sbedy Sz sl 4 elS pBasEMal ol
Farsi ) w;,g.0 ool a5 0,90 (S5 985 40 (olitws
Syold S e o,k 5l ol (& Bagheri, 2004
Sl 5 s a0 aS cwl ol Selsa Gl o sl )8
o Sl polle (S5 Sl 5 ST sllaels
b gl g 5l o5 gans ool oSl ledll b oS
kel Gyl 5l we Al Sz 08, AV Gl e 09
AMVD, 2018) wloas slow! slez plyer 5 g
Do g golatdl glaygish (28,5 Sl o goliay yo
2 ol 5 Gloy Ysess ol 6590 o552 2! ol

ol pdip,s 50 Ciho 4 0gd e oolilul g by,

doddo
olR el sladle )3 @n ades Gl ele (n et
hoslain b Jos ol 9wl mhaw axly jo odes
G ol a8 g Cepe olPa g slagt,
Ty SHp seaSipas il (S b jeaS 4 cpl Lo
Oefine oS 05b g0 eleml oz ok a4 5l (nl (el
S B ol sl o sy cnl 5l S 4z 0 598
sleasly,y ge,0 5o cel a3 andl anles ool
P Sy 2 sl ) gy, ol Sl el e Sl
E95 952y >Nl dsliy ;o £9,0 deY g0l alge
azlse 55 (al 95008 b (it 0jg el a5 el (S35
St cnl Jo jo Wlgioe &5 ol 5l (o il oo
Abbge iz Wl eolannl Wil )b ol FelEa A
S5 e > ST s Ol e b e
@ bo e swlal Gloonay 3l cisn a5 Conl oals oy a5
Sl Olpeni a4 IS b was o LSS ) ol
Sl (e Gz L S 0di) 0920 50 JLSU
Sl San (68950095 gz bl WL g gos5uses
©o5uded ol w aS wil emdplie slallas 5 3l
S ame €5t Joloe | 56 b 5 angS ol
Snustad & ) ol ks Jolge plo g (b olygle ani!

b slaigr Jlgly a5 ol 51 (Simmons, 2015

oz Wl el ol oud 4 Jeene Ll e

OBl 0 dresge (pds; o Gk 3l el 5 estan



Yo ML g &b o canS g LS anil 5l oolainl bz p jo ez Gk 5l 2Ll

Omiya & Ken, 2004; ) 54 asalss Sglate sla cudgsl

(Sukekiyo & Kimura, 1991
wibios clie pally GBSl el 5o B sl
shls 5 0 8dec sy 5l Canlioe pilly & Sre (o
39 955 oloul gl (g8 oo At dlail coe (go90e slass
Gl 0,8 Dbl Bolas 1) ally (oS 5 oS Olaw
30 ] Cawd w4 pge Jud 50 Eilige HlalS iSlas 4l
S ads 1 sl s 0 590k QS 2STas b cenlie
b SblS Gl iz Gk 5l el SSs o5 L
it bl gl s a8 cenliols coldl 3blie ;5 YU Ulgs
Loy alo (B cpde olge plo g (com olge md 5 aiile
2 ses ol 1) wdlie a0 Jld e (Yob 050
phr 4 G Ole wass 4 e (3 sl L
Szt of 5l ealital ol sblze Juds 4 (T 5 9,55 0
4 lodes LYo il Cdl cenS SoSs b oad alésl
O Gkl el jo cdl s b, 5l esliul cely
3 i e cuyp Ol ol wal o0l
Loalie )0 lacilige ogls @ pluebl 5 e o)
Basri, 2005; Gasol et ) slac, 3o ¢ slablS lisle;]
.@l., 2001; Soeranto et al., 2002; Zhen, 2001
Sdg boeobosln, wile S5leSSen Aise sla s,
SOl s Foske i plapll Wil oo saSehla Ll
Anonymous, ) wil Mol Glaal 4 o, o

(1995; Micke et al., 1991

O by g 00,55 e o JWEI Sl b 5wl 09290
s5b Wb S ISy iy sladisT 00,5 el sl el
Asencion, 1977; Basri, 2005; Lapade et al., )

.(2002; Micke et al., 1991; Rashed et al., 2000
Sipl ol Sl ows, Gl a5 wiil o adlol 6 >
dall ol adsl slog 55 ez Sjge 1) alol o>
i LS slagiy il Sl gss 5 LI L
LY O Co Y P NV PR | ES VR L OWE LR A 511
S &S S8y pp g 00 LIS lagiy iz 5l 8 S
Jul ss> ilal G a @l S sl 9l
Sgin 5l L 5 Sl lagip 0,5 oo sl Wil oo
olS (chagy S3b L el (Llgip 50 5 009 CutiSeg xSl
LIS Sl g5 & S LS 5 )l ook 08
wlor G 9ty 50 i 551 L SebsS zae sk
GSEbl Maalsls s Ll L 5, oy sledeis
WS oo 8 esliinl 3j50 Telhe g TeuS egias
Stadler, 1930; Novak, 1991; Bronzema et al., )
d aile Joke 1 sloogs w56 ge Jule a5 ey (1996
SbolS slaglal ple g (potnn o il sl sle
sladobe gl b Gz Mlgiee Jsho o 05 o

shls jobre Ciligope sloJshe wizmen 5 Cilige

!, Gamma greenhouse
2 Gamma room
3 Gamma field



DalLuzetel,)cw loay o5 oads 2o 166, g0l
30 e B o b islo 5T pla sl 5l Gae ol Ly (2020
Conigy b 90,0 AL 5 G ez 5l Jol egllS

39 (o2 08)) (oo p)lb g (o0 Lol o3))
sy 9 olge

2L olge
5 e pilb) Gaios cnl jo esliinl 590 03, 93 je
4td Sl 93,5 ad Jol @ i e 5| (Coas
3Ll iz 4 slp Lol o oslal o 51 @b i
5 b oolain] Sigg une S 5l ol sl JoSiil
Lo oy 5l cele YF cuidS 5l G @b e s
e x5k o5 el 5 s I s S
Soread Hod sl waiS gl 5l oy5e hlug g e
s o OISl jlaiie O lagi adye (paiz ead
@l &5 5 ok by oz e g wiad ool
o 3l gl hsae Ve olaws g ool lo & fﬁusxT
YU Cioms 4y (i 00,95 5 Comnd 30 )5 iS50
S glp al ooy Y8 cunS e jo iz S
gord Oloy M3 o5 oSl JUb e
Sle V0 Gae g 0g ead atie byl gladles §
@ S glp g w08 Ol (S o o] Slzdles 5

aS gy olKaslesl o an eols Jlaml oKisle;l

UKt Ygeme GlaJSE GlalS 53 gllS 0y
s Wl (s oo 0 025 (o0 Oj90 sladgs GlalS
Ermae lagse,sn (9,5 a8lal a4 Gl (wellS feSis
Ay 5 Cuddse e (Yan et al, 2010) asb .
g8 4 ok (K D 3 oS 2l 5 edlS
9y Gl (A5 jsb a4 o)ls eal lax digessy
Slr ey Sobel (i oialy lacnd & Cons plalS
ey ol 5o 2l Sy ekl g Wl sk
(Gholami & Tarinejad, 2018) s,ls s4>5 pB,l sles
S 3 ndigad 52, (ot ierlin 5| (K2 AU i 4z 5]
S LS dgain, olsie 4 Lol sl e Sl 2l
ol (35t osiss 55 4l aboz | bl go 55 les |
559 wlee Jlo po al) plej 5l (absS 0,93 4 dgusme
O cbie S al> o (40,5 attine g o (gjlelas
cages Jdo 4 Ll (Hagio et al., 2002) ol o i
Ol Shaams oo ez 5 (KR ghy sy izl ool
odliwl o) iz sl 4 093 addllas ol iz g9
&b slaips> (Gholami & Tarinejad, 2018) axlss
il Jlo b a5 oy etes 58 s &
4 ol Seigdnsed Cuxdy 5 Gndy et Bl g ol
wiboo JLb Glagir lp Foe Rl S plee

(Yuetal., 2019)
Gol5 At 50 e 9,509, S i Bk 5l L

slaz 5 g5le by g arwgi el mip jo Logasa a5 ol



Yy ML g &b o canS g LS anil 5l oolainl bz p jo ez Gk 5l 2Ll

o Ved) oyl sy cele YT 51 g aaial ooy

A odibuy o8 sl

el

B oad Gesd slahg) bl 2 ceslie slaugllS
Jsl JolelS oBilej] a0 ol55L et lama 4y ]
S GY) 5 F 50 Fe ¥ Yelajo bg o ools
U5 n ol s S JIE L g5n b oy
@l ciS e a4 b S ofisle;] jo sud
ol dals [l ol o d o, SBBI o g ool Jose
ol wds L5 alpl lalys o (eass oeogiy
(2l irdlls oy bl Galizes oo 50 00l (5,5 05lull
@l 2oy 5 el Casb) wo s (ugllS Al e s
.053

04 QL?U‘ 6Lmu.:5JL§ LK 9..!)) ‘S’LJ)Q 4J.>).o raL?u‘ Ls‘f
LS 555 Lo 3,50 olyile CodS Lo 4 Jlaml 51
@l caS bz & g1 51 S e (e g 23S 18
g gl (pogin 5l el JEe 355 4 by
ko wlagby do s ol i e 4 o] Jlas
AS ol g ady S (gl 03s elel )
A g S oslail Sl as s g esllS

Wools a i

(et 2 9 9550 ) Shole aws Jays56 & j50 4y (tales]

a 525 05 el il Jlg 2 b Bk LS b B o

Loy b JsSib 5l og (spmd Ojgo 4 gl ppmgai]
4 azg b el Seaeas (Jl el (Ssaead by, les
Ceotd o8 (sl p «asS Lo ol il adgl (o5loaig b
5 S Sk 10 Gl el iS e )
o 08, Gln s OB S e S e ) g 60888
L olyon (59,5855 7ol )0 5 (e VIO (55l i Lagmme
5 Ml Gz iS £g5 90 2 50 555 2 o e )8 e )

s ool QUG

)5l edls buxo
P20 Ceand 08y Gl el pogiy ol culS b
sl iy 2 0 e Sk 90 b st oS5 (MS)
S 5 KIN) S ) 5o 0 5o 33 (BAP) 5
w5y 50 e (IAA) ol Sl Jeanl jid o 6,85 e
culS b 5l oolS ool g4 50 o 40 i (e )b
16 BAP J s 5,8 Lo Slez bonds JeSS MS Ly
sl ol il 55 o e <10 JAA 2 s 05
S A ek zn s (NAA) S
Jsl 51 e 2lib a0 ol solaiul Slpdg,ae
o wollS (S Lo (g9l slraind >l & o wsllS
az,0 YA Gloo jo al), SBlbl o celn ¥ Sow

S8 Sl celu A g e el V9 04 10958 g 0l 5 ile

4 Murashige and Skoog



5 O ool pad) S bl ey 68, S
5 2k veyd n ez g9 Sl gllS ks ab, Ce
3,90 Slao pled gl g ol o Jxe Cugb; ws o
Gl hadd 55 Guoxed, blite Sl og jlo ae )y
Flate Jlal b pme Zugb) a5 aliil we)e
bl J1al b gse Slhe plad Glp o5 puxes,
@l weys lp haid gpximianed, 5 §pxoee

O Jooz) wads Hls pxe

s MSTAT-C 5,k T sle ,l58le 5 5l oolaw T Lo ools
oo 4 slo sols sl slasgly oS 5l .ol plsl SAS
by ne g30e sloosls gl (5,0 haws 51y Jloy ne
e 50 Sl hey dr Sl o d e 0l ool |

L85 D )ygeo duo o iy Jlei]

2% 1 3l o 2153k w50
Shom @ik s @howdls Slae (uib)ly arsn gl

‘@L’ﬁ-’)’ )‘ ) el 00 43‘)‘ \ J5A> B UT Gib\)y);

(®9 3 3l o 21536 9 2l lie il ,lg a5 Y Jgue
Table 1. Analysis of variance for callus formation and regeneration traits after irradiation.
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Figure 1. comparison of the mean of Nemat and Tarom rice cultivars in terms of percentage of
regeneration after irradiation.
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Table 2. Comparison of the mean for interaction effect of cultivar and embryo type for the
percentage of regeneration in the second week after irradiation.
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Table 3. Comparison of the mean interaction effect of variety and radiation for different
reproductive traits.
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In each Columns, means with the same letters have no significant difference (P>05.0)
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Table 4. Comparison of the average effect of embryo and radiation for different reproductive traits.
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Table 5. Comparison of the mean interaction effect of variety, embryo and radiation for different
reproductive traits.
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! / percentage percentage
diameter (mm/day) weight (ram/day)
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In each Columns, means with the same letters have no significant difference (P>05.0)
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Table 6- Correlation coefficients between investigated traits in the irradiation stage
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