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Figure 4.1. Direct and indirect action of gamma and X-rays on
DNA. Top: reactive oxygen species (ROSs, here: hydoxyl
radical) generated through ionizing radiation causing DNA
strand breaks. Bottom: strand break is a direct effect of
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-
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ionizing radiation on DNA.



Figure 4.2. Chromosomal aberrations in onion Allium cepa L.
induced by gamma irradiation. (A) Non- congression onto
metaphase plate. (B) Laggards (C) Chromosome bridges. (D)
Interphase with micro- nucleus. (Images are taken from Kumar
et al., (2011) ; copyright © University of Florence, reprinted
by permission of Taylor & Francis Ltd, www.tandfonline.com
on behalf of University of  Florence, Italy).
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Cells with damaged (relaxed) DNA " The damaged DNA is separated
having single-strand / double- from the intact DNA (the “head”)
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Figure 4.3. Comet assay — principle (modified for plant tissue,
http://www.sigmaaldrich.com).
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Figure 4.4. Organization of cell layers in the apical dome of a
shoot meristem.
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Text box 4.1.

For barley it has been established that each of the main 4-5
spikes originate from 2-4 initial cells (Gaul, 1964). Ukai
and Nakagawa in (Shu et al., 2012) presented an example of
mutant segregation using the M1 spike method that was
previously developed by Stadler (1928) and is based on
separate harvests of M2 seeds from each spike of M1 plants.
The segregation frequency of mutants in the M2 then
appeared to depend on the number of initial cells that gave
rise to a spike. In case of only one initial diploid mutated
cell the segregation frequency in the M2 is equal to the
segregation ratio of a recessive mutant (a’a’), namely

0.25. If in addition to the mutated cell, more cells are
involved in the development of the spike, it will have a
chimeric sector and the segregation frequency in the M2
will be lower than 0.25. The relationship between initial

cells and segregation frequency can be described by the
formula 0.25/k, with k being the number of initial cells. This
means, in practical terms that with a higher number of initial
mutant cells the chances of finding a homozygous recessive
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mutant in the M2 becomes lower. It should be noted that
mutagenic treatments can kill initial cells and that more than
one initial cell can be mutated differently. In the latter case
the breeder will obtain a larger number of M2 mutant plants
with different characters. An additional influence on the
segregation frequency is given by so-called diplontic- or
haplontic selection, which refers to the competition among
cells with different genotypes, specifically between mutated
and non-mutated cells, either in the diplophase between
somatic cells or the haplophase during gamete production
and forming the zygotes (see Chapters 3,5, 6 and 8 for more
information).
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) Aagal) ekl ol pal) e aaedl o) a) ) TE @V a5 o oSy o Juillyg
A e ) sy Wyl &5 clilall 4y 53 al Y saie Gldia 8 o) (Sa
> e bgall J58 a5 Sgid & retro transposon Jia) TE <YK dbl g
Jsd Aol ) qam st b adlos Las dipuall 553l i a2e GMPhYA2 ¢ sl Jiiss
sale) & ¢ Wl (2009 ¢ aTs 15 3US) Ll (35 A Je ) [ all Jaghad ) L geall
B ae JB) G aslie ol G (8 e S8 3 81 i sl o sliall pal) Jagdss
.(2009 «Hayashi and Yoshida) == Jaill o j 5

z)oaY) Gllee e Aalill Aliledd) 4l ) akall e ABeY) (e el e S5 Wl o
Be A e W) Mash A o gk a Ay pall a1 58 55 ik @y 8 Lay s ) Sl
&b .l ikl oda 2y il & ol Ly TES dsas s adl A 50dii LY dega oda (gl
e Bl YL 4sill VN3 (es aaatl oy e g s g 81 dpall culand) il mdd laa
i il g caad sl Alalaa 2y Sad) Sl SYL eany Lea a1l JEGL 1 6Y) Jlaay)
Aa gua g0 5 S Dapall el sl masl)l & (Yan et al., 2006) 2u ) sl sale
Vinl ops & calite gan )y JIU JR) @ik e goalhll baill Gl 3 oSaill o3y
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sk pndlls A ) 8,35 ) (B o sia ) Jess (Chu et al., 2011) Jibaal
padaiill & Ja g3 il TES caliaad 440 6¥) OYWAIYL o gt oY) Joas Lasi n TES e
Ma and <Delhaize) <l il Jo clia e juadll sl 48 ) 4ss 5il) Bale)

(2012 <Ryan

Jani e 30l Wyl iad o dlgadU Alaiu¥) gi€ay ¥ TES of e 4l el
O (B Ol o s A (N el Jag) QB (JEal i e il
il Jla) ol (Jiallys 30l 5 ) aldl il )al dlaial Wyl ey (5 gell U5
Aea¥) daati e 3508 miay O (Sar 30Y) (A (MITE) ceslaall Slsall JAsl jeaadl)
de gana o )V o4t o 8l 3y s (Naito et al., 2009) 4a slall g 5 L)
o Joalad) (oS dpaal L Al g oA gl pue 5 &gl Jagaall (g dad

56) Y il sall aal | s pill gl alay DA (e TES s ol L 3ale
Jaag Las cclSuy) 13a e ) a5 ol (S Ll g 2t TES sl 8 Hlaia™]
OOV A xay paic s (Jadl Juw e (T0s17 aall ¢ siill jaaeS dalic TES
Oe YY) Ol pdie 2l il aladiial o3 3 g das) Ao ) 8 le Sy adayii sale) Al
En/Spm swaic k) &3 «Jiallss (2007 <Piffanelli et al.) suaall sl oy
288 (1991 c@smrim) Chinaadll (8 ¢laiDU (o jpail) Cany O sSall (e 3,000 (4
Ll (g5 4 o) A el mani Las g ol - danadial) (38 4x2Y) o ) Zasll JaV)

2011 <Ya et al. ¢2009 «Huiru et al. <2006 <TE (Yan et al. hais )

.(2013 <Fina and Casati <Questa
Text Box 4.2.

Other examples of TE-induced mutation include the much prized
"hose-in- hose" (Figure 4.5) primrose flower phenotype, which shows
a conversion of sepals to petals, resulting from changes in tissue-
specificity of a MADS box gene that is associated with a gypsy
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retrotransposon insertion in its promoter (Li et al., 2010), and the hose
continuous flowering phenotype (blooming in all seasons) is caused by
an intronic insertion that results in splicing failure of a gene
controlling flower transition, a characteristic under photoperiodic
and thermal control (lwata et al., 2012). Recombination of the
retrotransposon leaving a solo-LTR, restores normal splicing, but the
resulting phenotype is not the wild-type phenotype (Spring blooming),
but a climbing phenotype (occasionally re-blooming in Autumn).

Hose-in-hose Semi-revertant  Revertant

Figure 4.5 Hose-in-hose mutant of primrose, Primula
vulgaris

O TES Lia) a3 43Y 4 sdall cl jalall (e cdass giall (8 ¢ 58S 17 jua BB TE Ll ac
e O ey e 353e (2009 <Naito et al.) 4wl HEY) el ) dadll YA
@l ikl e ddle pun g b ((pxe g 51 (S Lehandi 2 saas TE dlile ol Cag yall
sl g salall laail) Cund A jadl 23l Jasy 08 Lee c0da TE dlile Leanad Al saaa)
Alaine Adlin) 5 e @llin (ouih (Lo ai ) (g5l meall e & lia) Gassi Unses
3 TESs Lasisil o 33 el s siaa O a5 TE Jmall gl oo daalill ) jilall
sl (e 8 ple @l ikl (e b8 dlae] ZUEY Cthall (5 sl (e 5 BB G5
13 a5 o (il e dadlill @ jalal) AUS 5 skl Jealdl Julis il 5 cp LadD
Jas o et o (S G DllaaY) Cila gas g g S i i sale) clilee e Jil e
JEEY 3a3xie DNA CleMaS TES ki) ¢Sy o 5pa] 28 apaiil) e (Jiall

A sl caS) il A 5 8 (Sl apdaiill 5 o sl gl ¢ gl Sl ja il (8

20



