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INDUCED MUTATIONS IN WHEAT IMPROVEMENTS ON
NUTRITIONAL QUALITY OF THE GRAIN

Genetic diversity is one of the most key factors for any crops improvement. Modern breeding process
has dramatically narrowed the variation of important traits in many food crops, especially among common
wheat cultivars which are widely used in breeding programs. Being essential bulk of nutrients in the human
diet, there is need genetic enhancement of wheat with more of important nutrients which is one of the most
cost-effective and powerful approach of diminishing global micronutrient malnutrition problem. Bioforti-
fication through plant breeding has multiplicative advantages. Over the years, intensive wheat breeding
programmes of common varieties which main focus was in replacement of traditional cultivars by modern
high yielding varieties, leaded to reduction of genetic diversity of breeding lines and varieties of common
mainly by end-use quality characteristics and nutrition quality. Mutagenesis is a powerful tool for crops
improvement and is free of the regulatory restrictions, licensing costs, and societal opposition imposed on
genetically modified organisms. The aim of mutation induction is to increase mutation rate in traits or genes
in a short duration that then can be readily exploited by plant breeders for developing new plant varieties
without any limitations. The article reviews the application of different kinds of mutagens such as chemical
alkylating agents, radiation and transposons which are used to introduce mutagenized populations and the
advantages of physical mutagens such as ionizing radiation as compared to chemical. Mutation induction
with radiation is the most frequently applied treatment to develop direct mutant varieties, accounting for
about 90% of obtained varieties (64% with gamma-rays, 22% with X-rays). In article the results obtained by
authors to use gamma irradiation doses for expanding the genetic diversity of spring wheat and searching
new mutation resource with improved biofortified capacity and for correlations between yield, grain size,
and quality parameters. For this purpose, the seeds of variety Almaken grown in Kazakhstan were irradiated
with 100 Gy and 200 Gy doses from a °°Co source at the Kazakh Nuclear Centre. Our investigation showed
considerable genetic variability in micronutrients such as Fe and Zn concentrations, and protein contents.
Some mutant lines, mostly from the higher dosed germplasm had 2 to 4 times higher grain Fe and Zn con-
centrations, and protein contents increased by 7-11 % relative to the parent. The article discusses the use
of lonizing radiation for wheat improvements on nutritional quality of the grain The data show wheat grain
properties can be improved without negatively impacting on crop productivity.

Key words: radiation, wheat biofortification, mutant lines of spring wheat, grain irdairon, zinc and
protein concentrations.
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buaai ASHiHIH HOPAIK canacblH reHeTUKAADIK, XKaKCapTyFa apHaAFaH
MHAYLMPAEHI€H MyTareHes

[eHEeTMKAABIK, aAYaHTYPAIAIK ABHAI AaKbIAAAPAbI XKakKCapTyAa €H MaHbI3Abl (DakTopAapAbIH, Oipi

GOAbIN CaHaAaAbl. 3amaHayu CEeAeKLMS KOMTereH AakblAAAPAQ, BCipece ceaekLms baraapAamManapbiHA
KEHiHeH KOAAQHbIAATbIH OMAAMABIH  KaparnambiM COPTTapbl apacblHAQ MaHbI3Abl  GEATiAepAiH
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reHeTUKaAbIK, BaprabeAbAIAITIH eAYip TOMEHAETTI. AAaM paLMOHbIHAQ HOPAIK 3aTTapAbl KOAAAHYAbIH
Herisi GOAbIM, MaHbI3Abl HOPAIK 3aTTapAblH Kern MeALLepi 60AaTbiH OMAANAbI TEHETUKAABIK, XKaKCcapTy
KAXKeT, OA 83 Ke3eriHA€ MUKPOHYTPMEHTTEPMEH KaTbIHACbIHAA aCKa >KapbiMay XKahaHAbIK MpobAemachIH
TOMEHAETYAIH 3KOHOMMKAABIK, TUIMAI >K8HE bIKMaAAbl XKOAAAPAbIH 6ipi GOAbIN caHaraabl. bruaanab
OCIMAIKTEPAIH KemerimeH OuodopTMdMKaLMIAaY KernTereH apTbiKWbIAbIKTapFa ue. Makaraaa
61Aat ABHIHIH HOPAIK CamnacbiH FeHETMKAABIK, XKaKCcapTyFa BarbITTaAFaH MHAYLMPAEHIEH MyTareHesAi
KOAAQHY TypaAbl MOAIMETTEP TaAkblAaHaAbl. Kenrteren >xbiapap 6o0Mbl 6MAQN  CeAEKUMSACBIHbIH
KapKbIHAbI GarAaapAamManapbiHAQ HETI3ri Ha3ap ASCTYPAI COPTTapAbl 3aMaHaym >Kofapbl 6HIMAIAepMEH
aAMacTbipyFa OOAIHAI, HOTMXKECIHAE ABHHIH CamaAblK, CMMaTTamacbiHAQ OAAPAbIH TFEHETMKAAbIK,
AAYaHTYPAIAITT TOMeHAeAl. MyTareHes AakbIAAAPAbI >KaKCapTaTbiH KyaTTbl KypaA GOAbIM CaHaAaAbl
JKOHE TeHEeTUKAAbIK, MOAVMUUMPAEHIEH OpraHU3MAEpre >KYKTEAETIH AMLEH3USIAQY MeH SAeYMEeTTIK
OMNMo3nuUMsIFa PErYASITOPABIK, LUEKTEYAEP, WbIFbIHAAPAbBI KaXKeT eTrneinai. MIHAYLMPAEHTeH MyTareHe3A H,
MakcaTbl KIATTIK GeArianepai 6aKkbIAAATbIH FTEHAEPAETT MyTaLms XKMIAITH XKOFapblAaTaAbl, aA apTbiHLLA
KbICKA YaKbIT apaAbIFbIHAQ OCIMAIKTEPAIH >KaHA COPTTAPbIH LbIFAPYAQ OHbl CEAEKLIMOHEPAEP KOAAAHA
anaabl. Makanapa XMMMSABIK AAKMAAEYLLT areHTTep, paAMauMs >KeHe MyTareHAl MOnyAsUMSHbI
reHepaumaAaiTbiH TPAHCMO30HAQP CUSKTbl aAyaH TYPAI MyTareHAEepAl KOAAAHY >eHe (PU3MKAAbIK,
MyTareHAEepAiH apTbIKLIbIAbIKTAPbI, SFHU XMMUSABIK, areHTTEPMEH CAAbICTbIpFAHAQ MOHM3aUMsAQyLUbl
COYAEAEHY KapacTblpblAaAbl. MoOHM3aLMsgAQyLbl COYAEAEHY Heri3iHAeri MHAYUMPAEHreH MyTareHes
MYTaHTTbl COPTTapAbI LbIFapyAQ 6Te >KMi KOAAQHbBIAAAbI, aAbIHFaH cOpTTapAbiH 90% Kypanabl (64 %
ramma-coyaenepmer, 22% X-cayaeaepmeH). Makarapa ASHHIH HOpPAIK camnacbl GoMbiHIWA GUMAANAbI
KakcapTyFa OafblTTaAFaH MOHM3aUMSAQYLLUbl COYAEAEHYAI KOAAAHY TaAKbIAAHAABI >KOHE >Ka3AbK,
6MAQNADBIH TEHETUKAADIK, aAYaHTYPAIAITIH KEHEMTYAE ramMmMa-CoOyAEAEHY AO3aAapblH KOAAAHFAH KoHe
ABHHIH >kOoFapbl 61MoopTUDUKALMIABIK, KabBIAETTIAIN 6ap MyTauMsiHbIH >KaHa PecypcTapbliH i3aey
>KOHEe OHIMAIAIK MeH ABH MeALlepi, COHbIMEH KaTap CaraAblK, NapaMeTpAep apacbiHAAFbl KOPPEASLns
HoTuxKeAaepi bepiareH. bya yuwin KasakcTaHaa ayAaHAACTbIpbIAFAH AAMaKeH COPTbIHbIH ASHAEPiH
%0Co kesiHeH 100 Ip >xaHe 200 [p Ao3aArapbiMeH cayaeAaeHAipreH. XKyprisiareH 3eptrey Fe >xaHe Zn
MUKPO3AEMEHTTEPI KOHLEHTpauMsAapbl MeH BEAOK MOALLIEPIHAE eAdYIp FeHEeTMKAAbIK, ©3repriwTikTi
kepcetTi. Kenbip MyTaHTTbl AMHMSIAAP, HerisiHae 200 [p repmonaasMasapbl ABHAEPIHAE aTa-aHaAbIK,
COPTIEH CaAbICTbIpFaHAa Fe >keHe Zn KoHUeHTpaumscbl 2-AeH 4 ece XKOoFapbl kaHe GEAOKTbIH MOALLEDI
7-11% >korapbl 60AAbl. HoTuxkeaep 6uaai ASHIHIH HOPAIK KacmeTTepi OHbIH OHIMAIAiriHe Kepi
BCEPIHCI3 >KaKcapaTbIHAbIFbIH KOPCETEA|.

Ty#in cesaep: paamnaums, 6maaii GroopTUKaLMiAAY, XKa3AbIK, OMAAN MyTaHTTbl AMHUSIAGD, aCTbIk,
canachl.
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MHAyu,MpOBaHHbIﬁ mMyTareHe3 AASl reHeTU4eCKOro yAyvllieHus
NMUTATEAbHOIo Ka4eCTtBa 3€pPHa NnilueHULLbl

[eHeTMyeckoe pa3Hoo6pa3me SABASETCAd OAHMM U3 HanboAee Ba>kKHbIX q)aKTOpOB AAA YAYyYLLIEHNA
3€PHOBbIX KYAbTYP. COBpEMeHHaﬂ ceAnekumnd CyueCtBeHHO YMEHbLINAA TEeHETUYECKYIO Bapl/la68/\bHOCTb
Ba>KHeMLWmnx NMPM3HaKOB BO MHOIMX KYAbTYypaXx, 0COBEHHO CcpeAn KOMMepYveCKMnx COPTOB MLUIEHULbI,
KOTOpPbIE WMPOKO WMCMOAb3YIOTCA B TMpPOrpaMmax ceAekummn Un AaBASAI0TCA OCHOBOM I'IOTpe6AeHl/I$I
NMNTaTeAbHbIX BeWEeCTB B palMOHE YEAOBEKa. B cBg3m ¢ atmm HeO6XOAVIMO reHeTn4yeckoe yAyduieHmne
nweHnubl C GOABLLIMM KOAMYECTBOM BaXKHbIX MUTATEAbHbIX BeweCTB B 3€pHE, KOTOPOE SBAAETCH
OAHUM N3 HanboAee 3KOHOMMYECKM 3CbeeKTVIBHbIX N AENCTBEHHbIX Crnocob0B CHUXXEHUS TAOBAABHOM
l'IpO6/\eMbI HeAOeAaHNA B OTHOLIEHNM MUKPOHYTPWEHTOB. EI/IOCDVILI,I/IpOBaHl/Ie MNueHMLbl MOCPEACTBOM
ceAekumn paCTeHMVI MMEET MHOXXECTBEHHbIE MNMpenmMyLlecTBa. B cratbe O6Cy)KAaeTCH MCMNOAb30BaHMe
MHAYUNPOBAHHOIO MyTareHe3a AA9d reHeT4eCcKoro yaydlueHnsd nMTaTeAbHOro Ka4eCTBa 3epHa nieHuLubl.
Ha MPOTA>)KEHNMN MHOTUX AET B MHTEHCUBHDIX NMPpOorpaMmax ceAekumn niueHmubl OCHOBHOW aKUEHT ObIA
CA€AaH Ha 3aMeHe TPaAMUMOHHBbIX COPTOB COBPEMEHHbIMUA BbICOKoypO)KaVIHbIMM, B pe3yAbTaTe 4ero
CHM3NAOCb UX TFeHeTn4yeckoe pa3Hoo6pa3Vle B Ka4eCTBEHHbIX XapPaKTepUCTMKax 3epHa. MyTareHe3
ABAAETCA MOLWUHBbIM MHCTPYMEHTOM AAS YAYULUEHUNS KYABTYPD U He nmMeet KakMx-AMbo PErYAATOPHbIX
orpaqueHMVl, 3aTpaT Ha AMUEH3MPOBaHne n COUMAABHOM onno3numn, HaAaraémblX Ha reHeTnu4veCcku
MOAVICbl/IU,leOBaHHbIX OpPraHM3mMoB. Lle/\bK) MHAYUMPOBAHHOIO MyTareHe3a 4BASEeTCd YBEAUYEeHUE
YaCTOTbl MyTaLI,VIVI B reHax, KOHTPOAMPYEMbIX KAIOYEBbIE NMPU3HaKN, KOTOPbIE 3aTEM B TEHEHNE KOPOTKOIo
CpOKa MoryT ObITb MCMOAb30BaHbl cenekuMoHepaMn AAS CO3AaHMA HOBbIX COPTOB paCTeHl/Il;l. B craTtbe
PacCMaTpnBaeTCda NpUMeHeHne pa3dAnYHbIX BUAOB MyTareHOB, TakKMX KakK XMMUYECKNe aAKMAnpyouine
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areHTbl, paAMaumMg WM TPAHCMO30Hbl, KOTOPbIE WCMOAb3YIOTCS AAS T€HEPMPOBAHMS MyTareHHoM
NOMYASILMM W MPENMYLLECTBA (DU3NYECKMX MyTareHOB, Kak MOHM3MPYIOLLLEE U3AYUEHME, MO CPABHEHMIO
C XMMMYECKMMM areHTamu. MHAYLMPOBAHHBIN MyTareHe3 Ha OCHOBE WOHM3MPYIOLLErO M3AYYEHMUS
HanboAee 4acTo MPUMEHSIETCS AAS CO3AAHMSI MYTAHTHbIX COPTOB, YTO COCTaBAsieT OKOAO 90% ot
MOAYYEHHbIX COPTOB (64 % ramma-Ayyamm, 22 % c X-Aydamm). B ctaTbe paccmaTprBaeTcst UCMOAb30BaHMe
VMOHU3MPYIOLLMX M3AYUEHUI AAS YAYULLEHMS MLUEHWLbI HA NMUTATEAbHble KauecTBa 3epHa U MPUBEAEHDI
pEe3yAbTaTbl, MOAyUYEHHble aBTOpPamM, C WUCMOAb30BAaHMEM AO3 FamMMa-OOAYUeHUS AAS pacLUMpeHus
reHeTMUYECKOro pa3Hoobpasms SIPOBOIA MLIEHMLbI M MOMCKA HOBbIX PECYPCOB MyTaLMI C YAyYLLEHHOM
6110HOPTUPULMPOBAHHONM CMOCOOGHOCTHIO 3EPHA M KOPPEASLIMM MEXKAY MPOAYKTUBHOCTHIO, PA3MEPOM
3epHa, a TakXKe MnapameTrpamu KauvectBa. AAS 3TOro cemeHa copta AAMakeH, pParnoHMPOBAHHOIO B
KasaxcraHe, obayyaam ao3amm 100 Ip m 200 [p ot *°Co mcTouHmka. [MpoBeaeHHOe MCCAeAOBaHMe
MOKa3aA0 3HAQUMTEAbHYIO FEHETUYECKYIO M3MEHUMBOCTb B MMKPO3AEMEHTaX, Kak Fe 1 Zn, KoHLeHTpaLumi
n coaep>kaHme beaka. Hekotopble MyTaHTHble AMHWMKM, B OCHOBHOM M3 200 [p repmonaasmbl MMEAK
B 3epHe KOoHueHTpaumio Fe 1 Zn ot 2 A0 4 pas Bbilie 1 yBEeAMYEHUE coaep>kaHust 6eaka Ha 7-11%
OTHOCUTEAbHO POAMTEABCKOrO COpTa. Pe3yAbTaTbl MOKa3blBalOT, YTO MMTATEAbHble CBOWMCTBA 3epHa

MLWEHMLbI MOTYT ObITb YAyULLIEHbI 6€3 OTPULATEABHOrO BAMSIHUS HA €e MPOAYKTUBHOCTb.
KatoueBble cAoBa: pasmaums, 6rodrumpoBaHme MileHWLbl, MyTaHTHbIE AMHMM MLIEHWULIbI IPOBOW

nueHnuUbl, Ka4eCTBO 3epHa.

Introduction

Bread wheat (Triticum aestivum L.) is a staple
crop with global importance for food safety and is
a major cereal source of nutrients in both human
and animal nutrition. Wheat provides 28% of the
worlds’ edible dry matter and it is the main power
engineer for human activities and affordable daily
food product (FAOSTAT 2008; http://faostat.fao.
org; Borrill et al. 2014:1). Insufficient consumption
of one of required nutrients for human’s metabolic
needs result in adverse metabolic violations leading
to sickness, bad health, depressed development in
children, and high economic expenses to society
(Branca and Ferrari, 2002:8-17; Campos-Bowers
and Wittenmyer 2007:1; Borrill et al. 2014:1; FAO,
2016; Hess, 2017). Agricultural systems necessary
to ensure sufficiently products having satisfactory
quantities of micronutrients with the aim of support
of healthy lives. However, in many countries
agriculture does not meet these requirements (Bouis,
2000: 351; Gibson et al. 2010:134)

At present time, over three billion people
are suffered with micronurtinient malnutrition
and the numbers are rising (Welch and Graham
2004: 353; Shahzad et al. 2014:329). There many
human diseases that are associated with nutritional
deficient and two-thirds of all childrents’s deaths
are related to malnutrition (Caballer, 2002). Being
essential bulk of nutrients in the human diet, there
is need genetic enhancement of wheat with more of
important micronutrients which is one of the most
cost-effective and powerful approach for preventing
global micronutrient malnutrition problem (Welch
and Graham 2004: 353; Balyan et al. 2013:446).
Biofortification through plant breeding has

multiplicative advantages (Velu et al. 2013: 261;
Borrill et al. 2014:1).

Successful breeding for improvement of many
agronomic important traits including grain quality
require genetic variation by those traits of the
accessions of target species, which should to be
separable from non-genetic impacts. However,
modern breeding process has dramatically narrowed
the variation of important traits in many food crops,
especially among common wheat cultivars which
are widely used in breeding programs (Stepien et
al., 2007: 1499; Carena, 2009: 426; Magallanes-
Lopez et al. 2017: 499). There are several reasons
for this situation. Over the years, intensive wheat
breeding programmes of common varieties which
main focus was in replacement of traditional
cultivars by modern high yielding varieties, leaded
to reduction of genetic diversity of breeding lines
and varieties of common mainly by end-use quality
characteristics and nutrition quality (Repository
(FAO Document 2015). The key desired traits
for world breeding were high yield and disease
resistance of common wheat and with two main
above-mentioned traits were performed negative
selection or full eliminations. It is also well-known
that the genetic variability of the major crops
had systematically decreased during last several
decades of intensive breeding for the increasing of
the crop yield as well as in recent times due to the
repeated utilization of the local adapted genotypes
in breeding processes which leads to the decreasing
of the wide genetic recombinations which may
posse the novel traits (Reif et al. 2005:859; Akfirat
and Uncuoglu 2013:223).

Mutagenesis is a powerful tool for crops
improvement and is free of the regulatory
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restrictions, licensing costs, and societal opposition
imposed on genetically modified (GM) organisms.
The aim of mutation induction is to increase mutation
rate in traits or genes in a short duration that then can
be readily exploited by plant breeders for developing
new plant varieties without any limitations of GM
approaches.

Itiswell known that the occurrence of spontaneous
mutation frequency rate is very low and difficult to
use in plant breeding (Parry et al., 2009: 2817; Jain,
2010:88). Induced mutagenesis is used to broaden the
genetic diversity by treatments of different mutagens
for improving valuable traits in many crops. Physical
and chemical mutagens application generate genetic
variability from which desired traits can be selected
(Shu and Lagoda 2007:193). Different kinds of
mutagens such as chemical alkylating agents,
radiation and transposons are used to introduce
mutagenized populations. A wide types of chemical
mutagens are described, nevertheless, it difficult to
establish common rules and conditions for treatment.
Classification of chemical mutagens, methods of
treatment, post-treatment handling and selection
after treatment has been discussed for main crop
species in the literature (Jain, 2010:88; IAEA, 2011).
Among them, radiation and ethyl-methane sulphonate
(EMS) and dimethyl sulfate as chemical mutagens
are broadly applied for mutation induction because
of its effectiveness and ease of handling, especially
its detoxification through hydrolysis for disposal. To
use chemical mutagens in practical breeding there is
need to optimize the doses and the effectiveness is
also not high in plants for many traits.

Nuclear technology has benefited greatly
in genetic improvement of seed and vegetative
propagated crops (Parry et al., 2009: 2817). Exposing
plants to radiation is sometimes called radiation
breeding and is a sub class of mutagenic breeding.
Radiation breeding was discovered in the 1920s
when Lewis Stadler of the University of Missouri
used X-rays on maize and barley. In 1928, Stadler
first published his findings on radiation-induced
mutagenesis in plants (Smith, 2011:12). Mutagen
dose can either be high or low resulting mutation
frequency. The lethal dose (LD50 dose) is initially
determined, which is used as an optimal dose for
mutation induction. It is shown that the frequency of
mutation depends on the overall radiation dose and
dose proportionally. It is increasing doses occurs
twice more such mutations. The types of radiations
available for induced mutagenesis applications are
ultraviolet radiation (UV) and ionizing radiation
(X-rays, gamma-rays, alpha and beta particles,
protons and neutrons).

ISSN 1563-034X

The advantages of physical mutagens as compared
to chemical are the accurate dosimetry, allowing for a
sufficient reproducibility and, particularly for gamma
rays (Jane, 2005:113). Mutation induction with
radiation is the most frequently applied treatment to
develop direct mutant varieties, accounting for about
90% of obtained varieties (64% with gamma-rays,
22% with X-rays) (Jane, 2010:21).

Ionizing radiation has a higher and uniformer
ability to penetrate into tissues when compared with
ultraviolet radiation (250-290 nm). Due to these
capacities of penetration, ionizing radiation can cause
a great number of changes. The absorption of ionizing
radiation by living cells can directly alter atomic
structures of target macromolecules through their
direct interactions of radiation, producing chemical
and biological changes. lonizing radiation can also
act indirectly through radiolysis of water, thereby
generating reactive chemical species that may
damage nucleic acids, proteins and lipids (Azzam
et al., 2012: 48). Together, the direct and indirect
effects of radiation initiate a series of biochemical
and molecular signaling events that may repair the
damage or peak in permanent physiological changes
or cell death Emerging changes are expressed in
gene mutations and rearrangements of chromosomes
(Wilde, 2012:31).

The early biochemical changes, occurred during
or shortly after the radiation exposure, are responsible
for most of the effects of ionizing radiation in cells
(Azzametal.,2012: 48). However, oxidative changes
may continue to arise for days and months after the
initial exposure apparently because of continuous
generation of reactive oxygen (ROS) and nitrogen
(RNS) species. These processes occur both in the
irradiated cells and also in their progeny (Kryston
et al., 2011:193). Moreover, radiation induced
oxidative stress may spread from targeted cells to
non-targeted bystander cells through intercellular
communication mechanisms (Hie et al., 2011: 96).
The progeny of these bystander cells also experience
perturbations in oxidative metabolism and exhibit a
wide range of oxidative damages, including protein
carbonylation, lipid peroxidation, and enhanced
rates of spontaneous gene mutations and neoplastic
transformation (Buonanno et al., 2011: 405).

There are of different types of mutations, their
classification and effects have been reviewed in
the literature (Jane, 2010:88; Pathirana, 2011:1).
Mutations can be broadly divided into intragenic
or point mutations (occurring within a gene in the
DNA sequence), intergenic or structural mutations
within chromosomes (inversions, translocations,
duplications and deletions) and mutations leading
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to changes in the chromosome number (polyploidy,
aneuploidy and haploidy). In addition, it is important
to distinguish between nuclear and extranuclear or
plasmone (mainly chloroplast and mitochondrial)
mutations, which are of considerable interest to
agriculture.

Loss or gain of one or more base pairs is referred
to as deletions and insertions, respectively, and if
they do not occur in multiples of three nucleotides
in the sequence, it results in a frame-shift mutation
(within exons of coding regions). Therefore, deletion
or insertion of a single base pair or two may result
in a substantial effect, including the loss of function
through a shift within the reading code. However,
the effect of such a mutation can depend also on
the location where the change happens. Thus, a
frameshift mutation near the 3’ end of the gene will
result in only a change in the terminal part of the
polypeptide chain as translation takes place only in
a 5'—3' direction. Under such circumstances, even
a frame-shift mutation can result in a functionally
similar protein (Pathirana, 2011:1).

The other type of gene mutation is base-pair
substitution, common with chemical mutagens such
as alkylating agents. They result in the incorporation
of alternate bases during replication. The A-T base
pair can be switched to G-C, C-G or T-A. Thus,
one base of a triplet codon is substituted by another,
resulting in a changed codon. This change can lead to
an altered amino acid sequence, the result is a mutated
protein. If a purine base is replaced by another purine
base (G by A or A by G) or a pyrimidine by another
pyrimidine (T by C or C by T) the substitution is
called a transition. Transitions are by far the most
common types of mutations and C to T transitions
occur more frequently than any other base pair
substitutions (McCallum et al., 2000: 439). If a purine
base is substituted by a pyrimidine, or vice versa,
the substitution is called a transversion. McCallum
et al. (McCallum et al., 2000: 439). calculated that
in Arabidopsis, about 5% of mutations caused by
alkylating agent ethylmethane sulfonate (EMS) will
introduce a stop codon (non-sense mutation), 65%
will be missense mutations (a codon coding for one
amino acid is converted to a codon coding for another
amino acid), and 30% will be silent changes, where
the final protein product remains unchanged.

Radiation induces structural mutations which all
of them are associated with breaks of chromosome
and their rearrangements. lonizing radiation
results mostly in such changes (Kumar and Yadav,
2010:157). Four type of such rearrangements can be
distinguished: deletions or deficiencies, duplications,
inversions and translocations (Appeis et al., 1997:

87, Pathirana, 2011:1). The reason for this that
some of the features of the processes occurring
in the tissues are under the influence of radiation.
Radiation causes ionization in the tissues, as a result,
some atoms lose their electrons and other attached to
them, formed positively or negatively charged ions.
If a process intramolecular restructuring takes place
in the chromosomes it can cause their fragmentation.
About 90% of the chromosome aberrations brought
about by ionizing radiation are deletions and often
are lethal (Pathirana, 2011:1). However, some
deletions can block biochemical pathways and, for
example, if this happens in a pathway leading to the
synthesis of a toxic metabolite, such a deletion may
result in a useful non-toxic plant product.
Inversions (180° rotation of blocks of
nucleotides) and translocations are also common
in evolution of crop plants. For example, by
comparative mapping, Heesacker et al. (2009:233)
identified five translocations and two inversions in
cultivated sunflower during its evolution. Growing
evidence of the role of chromosomal rearrangements
in crop evolution suggests that crop improvement
can be quickened through the combination of distant
hybridization coupled with radiation breeding. The
first example of this application was demonstrated by
Sears by transferring a small section of an Aegilops
umbellulata chromosome containing a gene for
resistance to brown rust (Puccinia triticina) to
hexaploid wheat through a bridging cross employing
Triticum dicoccoides and irradiation (Sears 1956:1).
The mutagen treatment breaks the nuclear DNA
and during the process of DNA repair mechanism,
new mutations are induced randomly and heritable.
The changes can occur also in cytoplasmic
organelles, and also results in chromosomal or
genomic mutations and that enable plant breeders
to select useful mutants such as flower color, flower
shape, disease resistance, early flowering types (Jain,
2010:21). The use of induced novel genetic variation
is particularly valuable in major food crops that have
restricted genetic variability (Parry et al. 2009: 2817).
Gamma-irradiation has been shown to generate
a mix of small (1-16 bp) and large (up to 130 kbp)
deletion mutations in the genomes of Arabidopsis
and rice (Cecchini et al. 1998; Morita et al. 2009).
Recently, new methods for mutation induction
such as high-energy ((220 MeV) ion beam
implantations and low-energy (30 keV) ion beams
were used (Jain, 2010:88; Pathirana, 2011:1).
Mutation breeding sometimes referred to as
«variation breeding has one of the major advantages
that mutation resources with multiple traits can
be identified. Mutation breeding is the process to
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generate mutants with desirable traits (or lacking
undesirable ones) to be bred with other cultivars.
Plants developed using mutagenesis are often called
mutagenic plants or mutagenic seeds. There is no
difference between artificially produced induced
mutants and spontaneous mutants found in nature
(throught evolution). As in «traditional» cross-
breeding, induced mutants are passed through
several generations of selfing or clonal propagation,
usually through in vitro selection, desirable mutants
with useful agronomical traits.

The FAO/IAEA Mutant Variety Database for
period from 1930 to 2014 reported more than 3220
officially released mutagenic plant varieties of 214
plant species (http://mvgs.iaca.org/) that have been
derived either as direct mutants (70%) or from
their progeny (30%). Crop plants account for 75%
of released mutagenic species with the remaining
25% ornamentals or decorative plants (Parry et al.,
2009: 2817; Jane, 2010:88). Some of these mutant
cultivars have revolutionized agriculture not only in
densely populated developing countries but also in
agriculturally advanced countries (Pathirana, 2011:1).

Mutation induction with radiation was the most
frequently used to develop direct novel seed mutant
varieties for improvements of yield, tolerance to abiotic
stress such as drought (water shortage stress), water
quality, salinity, extreme temperatures-heat, cold,
flooding/water logging, gaseous pollution, alleviated
CO,, ozone layer depletion, acid soils, aluminum
tolerance, soil with heavy metals (phytoremediation),
herbicides, insecticides and fungicides. The mutation
techniques were applied for improving the characters
to biotic stress fungal diseases, bacterial diseases,
viruses, insects and pests. In the FAO/IAEA Mutant
Variety Database there is information using radiation
breeding to improve some traits such as earliness,
early maturation, late maturation, water logging
resistant, Plant architecture-tall, dwarf, semidwarf,
high yield, nutrition-lysine, straw quality, malting
quality, edible oil content, plant growth-vigour, seed
retention trait, seed size and quality, seed colour, pod
size and numbers, pod morphology, harvest index,
storage quality.

During the period 1930-2004, radiation-
induced mutant varieties were developed primarily
using gamma rays (64%) and X-rays (22%) (The
FAO/IAEA Mutant Variety Database). Gamma
radiation have provided a high number of useful
mutants (Predieri, 2001:185) and shows an elevated
potential for improving plants. In the case of wheat,
cv. Yuandong No. 3 wheat variety was developed by
IAEA in 1976 with gamma irradiation, and it possesses
a complete resistance to rust, powdery mildew and
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aphids and is also tolerant to saline, alkaline and other
environmental stresses. This variety is cultivated in
200,000 hectares, an increase from 1000 hectares in
1986. Heat-tolerant mutants of wheat and their yield
performance was much better than the heat-sensitive
types under the field conditions was developed in
India (Behl et al., 1993:349). The recent report in 2016
showed the recovery of cv. Binagom-1, in Bangladesh.
which is a salt tolerant and 10-15% higher yielder
than salt tolerant check variety wheat variety (The
FAO/TAEA Mutant Variety Database), Bangladesh.
This variety tolerates to 12 dS/m salinity during
vegetative till maturity stages. It matures in 105-110
days. Its auricle color is pink. Grain is amber colored.
Grains are comparatively small (1000 grain weight
is 36.6 g). It gives 2.2 to 3.5 t/ha with an average of
2.9 t/ha yield in saline area but in non-saline soil its
yield is 3.2 to 4.2 t/ha with an average of 3.8 t/ha. It
is expected that 40% of 1 million ha of land in the
saline area of Bangladesh could be brought under salt
tolerant wheat cultivation.

The induced mutants are present their new
potentials which to be realized and integrated into
established breeding programs. Thus, mutation
induction is a flexible, workable, unregulated, non-
hazardous and low-cost alternative to genetically
modified organisms (GMOs). The economic benefit
of nuclear and non-nuclear techniques is given
by Jain, 2010 (:88). Higher output from nuclear
applications over non-nuclear techniques such as
genetic engineering is described.

Traditional breeding in combination with other
techniques such as mutagenesis, biotechnology,
genetic engineering or molecular breeding use local
genetic resources for developing new cultivars
with helpful traits. In genetic improvement of
crops genetic engineering has a lot of potential.
But this technology may not readily be operational,
especially in the developing countries due to high
cost, absences of trained manpower and of isolated
genes, consumer acceptance of genetically modified
(GM) food etc.

In addition, transgenic approach is useful for
a single gene trait. One of the big problems facing
genetic engineers today is the regulation of transgene
expression, with the position of a transgene integration
within a genome which affects its expression. This
phenomenon is known as the genome position
effect. The insertion of multiple random copies of
a transgene in the genome can effectively cancel
its expression and the insertion of a transgene in or
close to another gene can result in the production
of an undesirable phenotype. Therefore, to ensure
long-term stable expression of a transgene post-
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transformation is a concept. The insertion of a single
copy of a gene into a location in the genome where
expression of transgene is not adversely affected
by the surrounding genomic sequences is desirable.
The most successful crop that was obtained through
genetic engineering is Bt cotton insect resistant (Jain,
2010:88). However, recent reports indicate that some
insects have developed resistance to Cry proteins
(responsible for insect resistance) as high as 250 fold
after 36 generations; and in some others seven-fold
increase after 21 generations. These resistant insects
can become a huge problem for sustainable crop
production and may either reduce or complete loss of
economic returns to the farmers.

The opportunity of survival of mutant varieties
are much higher under fluctuating climatic conditions.
It is considered that the use of nuclear techniques
for developing new varieties under climate changes
would be the most ideal approach before any new
cost effective techniques are developed which are
freely available without too many official regulations
(Jain, 2010:88). Molecular biology and transgenic
research are at the experimental stages for many traits

Table — Differences between transgenic and mutant plants

even though transgenic research has made substantial
progress for single gene traits, e.g. Bt cotton and
maize, herbicide resistant soybean. Therefore, there
is economic income. Transgenic crops may not
survive in the rapid changing climate, e.g. during
erratic drought and rainfall conditions or appearance
of new insect and pests or diseases as result of global
warming. Transgenic crops could be developed for
certain traits, for instance, nutrition (golden rice)
or shelf-life (tomato). Gene pyramiding or gene
stacking could be useful for the introduction of
multiple novel genes into plants by simple repeating
strategies. Plants containing several transgenes
can be produced by crossing parents with different
transgenes until all the required genes are present in
the progeny. An alternative repeating strategy is to
sequentially transform and re-transform plants with
different particular transgenes by several cycles of
transformation. This approach could be particularly
useful in asexual or vegetative propagated crops,
such as woody plants and trees.

The table shown below demonstrates the
differences between transgenic and mutant plants

Transgenic plants

Mutant plants

Uses tools of molecular biology to isolate,
clone and incorporate genes into plants

Mutation is a random event

It is a more precise technique than mutation

Requires large population for screening the best desired mutants

Transgene integrates into plant genome randomly

It cannot be directed to make changes at the DNA

Changes at both DNA and protein are well understood.

Mutants possibly can carry other changes in their DNA

It can add new gene/genes in plants. Gene(s) can be from any
source including animals, insect, plants, bacteria

Mutagenesis can only modify the genes of an organism. Mu-
tagen treatment fragments DNA first followed by DNA repair
mechanism, and that results in mutations

It requires tissue culture protocols for transgenic plant regenera-
tion

In vitro mutagenesis also requires tissue culture for plant regen-
eration of mutants

Consumer’s lack of confidence towards transgenic food

Consumers accept food derived from mutagenesis

Transgenic plants have less probability to carry other changes
in their DNA

Selection system is placed for agronomic desirable trait mutant
selection

Molecular techniques are used to confirm the integration of
transgene in plant

TILLING (Target induced local lesions in genomes), a new
strategy for reverse genetics

Costly research. Developing countries may have problem to
support it due to lack of infrastructure and finance to support
research . Most of the chemicals are imported.

Cheaper. International Atomic Energy Agency (IAEA, Vienna,
Austria) provides free services of gamma irradiation of experi-
mental material

Most transgenes are not readily available to anyone interested in
using them. The developing countries will be become dependent
on the supply of transgenes from abroad.

No problem with bio-safety

Bio-safety a big concern

No problem with bio-safety

Mostly single gene trait

Both single gene and polygenic traits

T-DNA mutagenesis or transposons leads to loss of function
through gene disruption

Gives rise to many different mutant alleles with different degree
of trait modification of plants

Concern of Intellectual Property Right (IPR)

Not a serious problem

As mentioned above, plant breeding efforts have pushed for higher agronomic yield and this can result
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in decreased nutritional quality. For example,
during the last 50 years in the UK, the use of
high vyielding semi-dwarf varieties has been
accompanied by decreased grain metal contents
(Fan et al. 2008: 315). Mutagenesis as a powerful
instrument for wheat improvement has been mainly
used for yield improvement, but the nutritional
quality of the grain including protein, iron and zinc
concentrations have been much less studied. In
FAO/IAEA Mutant Variety Database there are only
7 records describing its application for increasing
micronutrients concentrations in rice, oat, barley,
lettuce and vegetable pepper. The improved
attributes were high chlorophyll and amino acid
content. proanthocyanine-free content, low phytic
acid, high protein and lysine content and high
content of vitamic C.

In our study, gamma irradiation doses were used
to expand the genetic diversity of spring wheat. Seeds
of the spring bread wheat awn-less variety Almaken
grown in Kazakhstan were irradiated with 100 Gy
and 200 Gy doses from a %°Co source at the Kazakh
Nuclear Centre. Seeds were planted after irradiation
to raise M| plants grain weight per main spike The
M, generation was grown in the experimental field
of the Kazakh Institute of Agricultural and Farming
in near Almaty (43°15'N, 76°54'E, elevation 550 m
above mean sea level). Single spikes were harvested
from each plant for the M, generation, and selection
of the best lines based on the yield of individual
plants continued to M, generation. In the M, and
M, generations some seeds were grown with a
randomized block design for a Fusarium head blight
resistance screen (Kenzhebayeva et al. 2014:253).
Seed was gathered from the main spike; although
tiller number and size varied each plant produced
only a single main spike. Seeds from the best yielding
mutant lines were selected individually in each
generation. The selection criteria for mutant lines
was as grain weight per main spike and grain weight
per plant. The parent cv. Almaken and mutant lines
were grown in the same trial conditions. In 2011 the
parent line had mean grain weight per main spike
of 0.95+0.4 g and grain weight per plant of 1.7+0.2
g yield values. For the M, generation the threshold
criteria for selection were grain weight per main
spike >1.2 g and grain weight per plant > 2 g for
mutant lines. The initial number of lines in the M|
generation was 300 each for the 100 Gy and 200 Gy
radiation doses. In the M, generation, 61 lines (20
%) were selected from the 100 Gy radiation dose
population and 48 lines (16 %) were selected from
the 200 Gy dose. The same numbers of lines for each
radiation dose were selected for the M, generation.
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After harvesting the M, plants, 15 lines were from
the original 100 Gy radiation dose were selected.
Another 15 lines were selected from the 200 Gy
radiation dose. These two dose-treated populations,
selected from the two different levels of radiation,
were then used for further analysis. Grain samples
from each mutant line, together with the parent
Almaken were planted together in a field trial for
further evaluation (Kenzhebayeva et al. 2014). Our
investigation to estimate genetic variability in spring
wheat mutation resource showed that some mutant
lines, mostly from the higher dosed germplasm had
2 to 4 times higher grain Fe and Zn concentrations,
and protein contents increased by 7-11 % relative
to the parent. The irradiation generated lines with
significantly larger 1000-grain weight, area, length
and width, the largest were 30-40 % greater than the
parent (Kenzhebayeva et al. 2017:208).

It was important consider the association
between grain nutrients and yield. Interestingly, the
parent grain protein content showed significant and
positive correlation with 1000-grain weight, grain
width, ratio of grain length to grain width, and grain
number per main spike, but negative with grain area,
grain length, grain weight per main spike and grain
weight per plant. For grain chemical analysis, grain
protein content significantly positive correlated with
grain Fe concentration, while grain Fe concentration
and grain Zn concentration negatively correlated
with each other (Kenzhebayeva et al. 2017:208).

The highest correlations for the grain nutrients
were observed for grain area and length in high dose
mutants. Within the irradiated mutant lines there
was a significant positive relationship between grain
Zn and Fe concentrations, and protein content. The
highest correlation values for the grain nutrients were
observed for grain area and length in higher dosed
mutant lines, indicating these higher concentrations
may be related to these grain parameters. Mutant
lines with the highest grain area, length and width
were 32.0-42.3 %, 25.0-31.1 % and 32.0-42.3
% greater than the parent, respectively. The data
show wheat grain properties can be improved
without negatively impacting on crop productivity.
Although grain size can be increased by mutation,
the yield per plant or spike was not significantly
changed when compared with the parent. Based on
the mutants identified we discuss the contribution of
wheat yield-associated traits and grain properties in
improving micronutrient concentrations.

Our results showed that this mutant germplasm
developed on genetic background of cv. Almaken is a
genetic resource showing the potential to breed for the
improved grain nutritional quality and increased yield.
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