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Figure 5.1. Photographs of radio-sensitivity: A) in cowpea (beans) and B) maize (cereals) showing
survival rates and reduced growth in two-week-old seedlings after gamma irradiation of seed at: 1) 0
(control), 2) 75, 3) 150, 4) 300, 5) 450 and 6) 600 Gy. The source of gamma rays was a cobalt 60
gamma cell producing150 Gy/min. Courtesy of A. Mukhtar Ali Ghanim.
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Figure 5.2.

Isolation of sorghum M; plants by protecting heads before flowering with paper bags to prevent
outcrossing and ensure self-pollination. Bags can also serve to protect the seeds from bird damage if
maintained until harvest. Courtesy of A. Mukhtar Ali Ghanim
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Figure 5.3. Example of reduced fertility (seed set) in M plants of barley with increased gamma

0 Gy 100 Gy 200 Gy 300 Gy
irradiation dose rate from 0 (control) to 300 Gy. Courtesy of A. Mukhtar Ali Ghanim.
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Figure 5.4. Scheme for mutant population development, identification, selection and advancement of
mutants from My to M3 generation.
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Figure 5.5. Segregation of M, tomato plants for chlorotic mutant seedlings (yellow arrows) in tomato
after seed (Mo) treatment with gamma irradiation at 300 Gy. Courtesy of A. Mukhtar Ali Ghanim.
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Figure 5.6. Screening for salinity tolerance, in hydroponic nutrient solution, of rice mutants at four
levels of salt (NaCl,) (0, 5, 10 and 15 dS/m) showing variation in shoot and root growth after 14 days
of applied stress (The Joint FAO/IAEA Plant Breeding and Genetics (PBGL), Seibersdorf, protocols
2014). Top row depicting show and lower row for roots. Courtesy of A. Mukhtar Ali Ghanim.
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Figure 5.7. Screening lentil mutants, in hydroponic solution, for drought tolerance using PEG6000 at
four levels of concentrations (A, B, C and D), respectively: 0, 10, 15 and 20%. Photos were taken 6
weeks applying stress pressure protocol optimization experiment at PBGL, Seibersdorf, Austria in

2014. Courtesy of A. Mukhtar Ali Ghanim.
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Figure 5.8. Outcrossing in the pale green mutant rice fields. The dark tall green plants are likely a
result from outcrossing of the wild type with the mutant. Outcrossing rates are often higher than
mutation rates. Courtesy of Q. Shu.
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Figure 5.9. Schematic diagram illustrating the effect of diplontic (somatic) and haplontic (meiotic)
selection of mutated cells, after irradiation treatment of the multi-cellar embryo, on the
mutants M seeds.

48



o A W) Apaias pall LA} 2ae aliny 28 el oY)
dlac @Lssba;\jmhdjmum T o s ) aad g
\.J\ FEIR B \)7.3.15 o)sﬂ\ d.o;.u ‘ﬂ.os\_a J\AJ\J\ u\.s coﬁ.’aﬂ\
d&é&)&)‘g\)@_ﬁ:\mcw\ghom Sl culs
e pas (A MLJ JaY) s aelid Gisuw 5 e
LU 428 glall J) 3V dad o Sin Y e cbaldl
il 1Y) (1 :3) Dlall & 25 5 sl ) dplall &y jallal
Al e ST 2 ga g die cdpmall & Laas 5 40 0Y) 30 jiall 404
LONCIG PN PRUE PR RPN I R PPIVENYS) VNI AN P
o=l ae M2 dis (B Al 325 (e JB o sSin J) )

(2003 «Chema and Atta) <l
s el 8 Jlall g LS UiV (e anaad) bl iy Ladic
5“9)45\4314;.0&_\\}.14@&‘;}\]\&)5&\&3 «zedll
g A L O S Jlaia ¥ ) ells gy a5l
AUl cpiadl 8 Jadlly Bagase Adgl Claly Bae e Y
DA (e 4Bdad L0 A p @Y JiE gd (Ml Jalaal
b Bl gkl il e a e O oSar Al ded )3
O el el il G il aelal of aa g 8l M2
i) 5 Al e Undl) Aaliue (e 2 Ul g cdlind) alas
JJJM u.uﬂ: L_ul\ 6_1\_\.\5\ L_ﬂA_\AY\ u\ 9 Yol S, (2016
&}.m.\)e«_m\ uhhﬂ\@a;@jmﬂ\ui)ﬂ\@.e;@

49



Joni jpedll (8 Bl el ll add Ol (1966) O sSla s
il 8 1das HIST aza gl At ) Al (e STl ik
s_oahll il o Wyl (1967) Sy sl el Adlal) 205
sl ae )l (B e d OIS sl aandi aay glall as ) 2
&Js.d\ Gk e A ) es:\).d\ uﬁg_qsué\_\ﬂj Ay

3 O (eSS al Sl

deayl Jde 3 dhll o jlas 2 Aled) alaadldl ¢f jal ~
< Lgr_i <l yakal) zWl oS Cus cAlopecurus Jia 3 yezdll
s JS8y (mids) aSly M1 GUL e Jo¥) sl J pana
Lzsh d@ el ol@J L;\:m eu\ é @m\ gumj\ L;\
LA&: A.CL.MLJ)M \JA} ‘UAIS‘\_\JLHMJJL)A\}{J.\MJ}MJJ
LAL\S\AJ tA.\;.d\ @ Gas gr‘j\ c_m\)slaﬂ L..gddad\ u,gs;.d\ i)

LELES) (s

gf'ﬁ.*“ S Al

3kl lad st lo S (S clall 1 oS A1
dA\szj DJ)SA cm\}a SEEy alls GA M\j w\
B «polyploids (» =l & Jal) ga LS (sl ) duayY!
el 38 e i Akarall iy ikl e S
Gl & gaaall Cld clilall 8 ade o Lae ST as
Jeon B Arvall dapall axd ¢ JAlL AN o) Al

50



UA] oy 38 (Al Aali (e BaY Daiiad)l @l ilall saladiu
Ja! gl ﬁ.&.’\ﬂ\ AU e Aaiid) 3 jakall Lﬁ)@.ﬁa.d\ nill
frall Baaata Jad g oISl &l jida (he daal) 8 N 3 Sl
il o cpa el pa s M2 di (5,00 O 55 draall
a8 sall il jalall (8 dile o) 30l (<SS Jad g 5K
Al =ad Jie polyploids 8 Jle 23 iy Gaad a8 sLall ALl
(2012 <Hancock)

O 4ld (e ) adaiil) agd o) Lgie el 5 Ll 3 jakall
(il Jin e Aouliall Jalath sl jal delia 8 sl
o AAAA iall bl @l Ll dagall el b
A e bahll Ciaa 13 M1 AAAG il a3 e gaa g
AAAA Lnadl Llal) @l cliall i M2 4 a )
Ssdie Jml dia oS Al W) AAaa Lasas AAAa
Loty a8 Ujals Jilaie adinall ()5S o Ul 5 (ilasila s S
YA sda (Jia Lﬁ SlAl ‘M3 @L&S M\ L;ﬁ\.u\ 1ol
A Jlall s M3 Lo Gasill ¢l jal casy

&#‘éﬂ‘@&
b Bk g of munl gl ey Ly el

e ! Yiaia) il ) o dage 4Dl A5 (53 pun g
bl ey g galy Ayina jue 8 jila (he Blaall a8

51



okl o) J gaall 4,181

e prll ALE Cugl dalind) cliad) of Jaadl o agall (s
Aplalil) ol adall Jase Al o die (Ul Jasw (Ao 3 gloall a8
U FSTEN WACTNC RV I R I (1) I GESTEN G BRENPIS R
Gt 5 tse (Sh) LieSidl s (WX) domedl) elaygud) cilia
(1972) »SS 58 ((Bennetzen and Hake, 2009)
aliss o8 Alall i 4 ddlide bl e 3kl CVae
\JAUAJSEM M\JJL@S(';S;J\HJt_\YM\o& uij‘).\.\SdS.m.\
e.u 23 \J:d\ Ll uﬁ L_ml_u;j\ u\_m J)A\ dJ\A cua\)ﬁ\)’\
L@Jejuﬂ\wﬂhuc\ﬁ\@uﬁj c\.g_ts.\kjj\saju.u.d\.@_mda.u

-‘-\AL;.A MJAP o)s.Ia YAz a

Alghll (856 aniy aaal

80 gall aaas

i) el K13 Lo Alise b ccbilaill Ay 5 dlae ol 2y
s)ﬂaj‘Ms)&&m"w\&u\mw&\g&m
G\.\A)\ alaladll )4.:; 3alall @dujh d...a\_m.k;j\ 44_1)9.9

M\ <l AJ\.».M u‘&’ u.\;@_\j\ 5\ @\ﬂ\ C_\AM\ Az d\):u)l
g 3eliS il il pahall Gy Andlly cdlld pay Adan

52



daaal Al Jlgadl 138 8 (g LAY A il (3 ke 45 jlaa <l jakal)
BpS

o sle Bl ISy A€ Jataal) (o s 4l (30 2 1 e
Aipma Ay yad 8 Aeddiosal) 3 jalaall Adass) g0 a3las) o3 08 il
&) 5 1 Jie zealil) 413 Jualaall 43 saill K0 il jalall o8
Ao slaal 19V 5 ¢ Saall paill g cddaiadl da jall 4d g da 3l
Slo laliel (Sa g AY) A )l il pudlly (al jed
e sl & Al 13 dala dintie 3,ik e deali ma Y
oo Giadll 8 Aul ddliadl il aY) s bl aclu 3
) Aasll) el jakl)

(Sl 13) 5 ¢ ) addl" el Alle o) gall &y jilall dlaladll @
Cosol il Sie JS G Lee ) o Banl s s 4,0
(el 5 el el 5y 5k e ) 48 1 daals

SYSICE, T VS TR (1T PER L - W A I S MPOA (I
AN K o) ga 8B s g

M1 daal o ba Jic e

M4 5l M3 Al M2 e ol 4y 53 o

Laaall paall aa HaAY) sale) o

Alilaal) Caliall 5 VO ae oladll 45 jlaa o

ol e A glaal AL Cagda sl o

53



13) ca¥) Al 5 5_plaiall D)y Aaliial) Cilimgil) Jidas @
(DNA) osal gosil Gasall Juludy 46 58a (Sl
(RNA) (ol (555 (aanll s

M4 M3 s =) Jilas e

a i oAl A5 Sl me el (pagd lgal e
el

B_dlall sl a8) g0 dad) A a0

il g g g )SI a1 Bale) e ol Ay QIR Cl Gl e
A Ladie dsd el cliall 55l (aeadl Judug/ jadl e
Lall e 4 sl oS o 4wt Cameall call Calagin
s Ul

Badal) ) jdlal) 4 g Puilv

Ofipsall saal  pduns 4l daely )l 068y Lexie
oo B8kl 3l (1) tleedS Sl 10 JSE) A (pina sl
Mﬁ\s JJ.JJ C\.u‘)[ @\ﬂ\ C_\slﬂ\ (e BJ‘)SLJ\ L_a\J}ﬂ\ L’é.u.ia
UJ;@_J\LLAGAL@_A\M\ (2) j\ ‘DJ)SAM uJ\Aﬂ\Gﬂﬁghﬂ
Jail 5,81 AU hghd ) 5 o) ball ) 35l L

saall A 5 ) ge 5 lal) deal

54



Identification of
mutants at x Iz

Back crosszing to parent Eepeated cycles of selfing,
and other elite lines and preliminary evaluation and
cultivars (BC1-0) selection at Mg
N N
Advance evaluation and Advance evaluation and
multi location trials for multi-location trials for
release at BCA-5Foy release at Mg g

Registration and releas
of mutant variety

Figure 5.10. Schematic diagram showing options for advancing identified mutant in M, or Ms through
either direct selfing and evaluation (right course) or backcrossing to parent or elite lines and cultivars
(left course) to multi-location trials, registration and release to farmers.

Figure 5.11. Examples of different types of irradiation-induced mutations on spikes (A-Hood spikes)

and leaves (B-Albino, C- Striata, and D- Xantha) in barley (Hordeum vulgare). Courtesy of L. Gomez-
Pando.
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