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The prililarJr cbjec,; oí ihis investigation l.,as to syn-uhesize a hoino-

zygous t,ransl-oca'i,ion s1;ock involving a-l J- the chro¡aosoroes i-n barley and

'i-^ ^r^''^'i' .--^-ìjrilr¡.r-¡ inforrra.'r,icìn.ryr t.hp rìinlnidizinr" eÊfccl of irans-uv vv vQLLt 'JI vllrl¿ll]gr r.r* vJ_vll vII þ11ç uIIJlv!L¿!/J.u}5 v! r vu u vf

ì ^^_+; ^- _^.-.-r ^__^^ ^r rr^^ +^_.^^"-¡lOid- l_eVel "¿vvo ulurr uvllNlg^çú d, u ut¿E uç ua d l-

Tîo nethods for ihe synthesis oÍ comp-Lex i nterchange s'uoclts luere

used and conÞa.red. vi,z., irradiaiion of ed-siing t::ansloca'L,ion stocirs and.

iill-.ei.r:rossilrr; dii'fereni. cnmn,lex inierch:noes in nrdpr. f.n der¡elôÐ filore

cotnpl-ex stoclis" Using X-rays, a total of 1,7 translocations Liere induced-,

of ldrich l/r r^rere established as homoz;'goies. Five differenÙ 1ines,

hoTnoz-¡sors for t.ransfoca'Lious involvinE 12. chroinosomes r{ere isofa'¡,ed frorn

X-rayed oopulations of the sbock 5903, hor,roz;.gou-s Íor translocations

i nvolving ien chrornosomes, ll:e chronosoi=nes involrred in iransfoca-bions

of four sioclls T.rere compleie\. ideni,ifiecl. Using the j-ntercross r,iethod-,

a stoclr honozygous .for 06+O4-12II l'¡as isolated from progeni es of ihe

lrybrid T3-5-7a x TL-Za. This stock has been crossed ..'nLh 5903 {,o ob-bain

a si:oclr hoinoz¡6ous Íor a 0l-Gl-04" The relative meribs of boLh ihe methods

1'rere discussed a.Trd i'u j,4ras concluded thai: ihe i-r::adiaiion mei,hod is more

d-esj-rable for the synihesis of como-l ex interchanges in barley particularly

at a higher level of chronosone participabion"

The ferbili'by cf -trans-l-ocation heterozygo-Les of varying contplexity

',..ras recorcLed-. Transloca'bion heLerozygoies v¡ith a 01G-04-, Otã-lÏI and-

014 v¡ere al-most sì;ei'ile. The prac'cicabil-ity of l;he rtOenothera.rl nethod

r.,,a,s d-iscussed" The ,oresenl, procedure of synthesis of -branslocaiions

r^¡iì,hou"t an¡' consideralion of fe¡:bi-liiy a;opears io be responsible fori;he

hiolr si-.ar.ilii.r¡ nf nnirnla:¡ ìnì-.arnh¡nøes in 1'¡¡rler¡vvL )L: vJ



Colchic-ìire incì.u.ced i;eirai:-joids r'uere obiaii.led fron five complex

'uransloca-"ion hybrids, in rihicir 'r,he e;qlected iil senfigì.rra.-bions l'trele a

TT 'I'T
Ol0i-2rr, 0l2l-1", 0ó+0/,-l-04, 0l-G1-04 and. 0l/+. The di1:loidizing effec'r, t'¡as

-'o.o,r-ad lrr¡ an-'^rirri"inø t.lre ferJ-,ì liirr nÎ lr-¡ìr-irì f.,.+'^^.'r^: .l^ '-i'!ra +helileasuf'gq oy cojrJ.rJ*- ___o __ -__-l uJ uI llJ uI lu uE ua é-Prv¿v-ù irJ- u¡¡ u

tetraploid-s of 0,4.C"21, used as a con'Lrol.

Fe¡biJ_ity of hybrid i;eirapJ-oids rras lov¡er and bhe frequency oÍ

.enei¡nlo'ìri nl¡nj-,.s r^r:rs rriuch hiEher than tirat of -r,he control " In viet¡¡ ofq¿ av e- t/-L v+v

the lj_ïni't,eci- da'ta of 'che present sÌ;udy, j-ì, i^¡as considered thai fu-r1,Ìler

ìhr.^^-r--i-^*i^¡- -yrê necess¡rv before final_ conclu-sions abou-t di1:lcidiZationJ-IIV çtù UJúcl UIwltù d,a v ¡lvvvÐrar J

cou"Id be uade,
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IT']1RODUCTTOI{

The existence of '¿ru-e breeding, mu-ltipl e transl_ocaiion he'r,ero-

zygotes v¡ith al-ierna'r,e ciisjunction in Oenothera, and the finding Lhai

irans] oca-l,ions can be prod-uced- by ineans of irradia',,ion (f;f ) led to a

p:'oposal by Bu-rnhan-, (f4) l<noi,¡n as the rrOenotherarr or rrrLult,iple trans-

loca'bion'Î method of establishing homozygou-s lines from promising h¿vbrid-s.

rn order to test the prac-t icaÌil,y of i,he melhod, a hon:ozygous muli;ipl e
,the

transloca'bion si;ockJ(-, lririch in/heberozygous condi',,ion will produce a

complete ri-ng of a-l I chromoscmes ai metaphase r i-s a .orerequisite.

As pointed out by BurnÌra.rn, this inethod v¡ill- be alrpticable onl-y to crops

vrith fol''¡ chromoso:ne numbers, in v/nich such a iransloca'i,ion conpl ex is

suffici-ently feriil-e in the heterozygous condi't,ion. He suggested tha'b

barley l'¡ould be su"ch a crop, because of its 1ol,¡ chr.omosome nurnber (n=?)

rnrì hioh ferl.-r'li' r ' ae¡d\-,. -*--ty (approrj_ma'ely 'l5i'") of a. sLoclc he-t erozygous for one

transl ocati on"

it second possible use of such a stock suggested by Prof. Shebeski

/ - ^^ \\L23) ruould. be to produce tetraploids, uhich display d_iploid pairing

or sdiploidizatione. Theoretically, if a translocation heterozygote

inr¡olving al-I ihe chromosoiles is doublecl> according to Darlingtongs

Ìr¡rnnÈJraoia nf 1¡refei pnf.irl n¡ir-'ìno3 crrlnc¡mrìa*in ncirino -.rnrr'l .1 OCCUï

in t,he resu-lting tet,raploid. Fer'r,ility of the tetraploid barley shoutd.

therefore be improved.

Synthesi s of a compl-ete -i;ranslocation stock is the fj-rsi, requi-

sit e to f est these theoretical possibil-ities . Tv¡o :ne'bhod.s have been

suggesied for the synthesis of complex translocation s-r,ocl{s, viz",

intercrossing tluo homozygous translocation siocks invoÌving a cornmon

T. Hereafter referred io as complete iransl-ocation s'bock,



cl-lror,iosotile and- cycfic irradi¿r'Lion of ex-isi:ing ho,lozy-gous iransfocå.'r,ion

s-uocl{s" Evidence i-ndicates tira-L 'r.he second inethod 'is inoi'e proäÌioing

although i;ang (ti+À), found iha.L insbeacl oÍ'ind-ucing a nei.i'rransroca'Lion,

ihe origi nal irans-l-oca'bion r.¡as losl in a nutber of l-ines. This coul-d

indicabe differ:en[ia]- sensi'¿ivit,y of -'che chrornosomes to 'irradi-ation.

If this is'bru-e, i.riih i,he increase of -Lhe translocai,ion coilplç;; i¡ t

stock i i. l¡ould- be Inore and rnore difficuli io malie further progress using

the i::r'adiati on technique.

The presen'u study 'r,.¡as uncì-eriaken prrrna.r'ily Lo syn-Lhes'ì ze a corn-

Pl ete translocabion stock in barfey a.nd- t,o obtarn pre-li:,r-inary inforna.-

-uion on ì,he diploidizing efÍec'U of 1,ra"ns'locaiion coi-nþlexes ai '¿he

ieirapjoid level. Since boi;h ihese aspec-i,s are indel:end-eni: of each

otherr-Lhe resul'ts are nreseniecl in üvo,oar-r,s. Pa.r'L.A deals r.'"d-th'"he

synihesis of cornnl e;', in'berchange stoclcs and Par'ì- B, deal s r.^,.rr;h 'r,he

d-ipl oidizing effect of translocation co;:rol-exes in auioie-r,raploid barley"
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W
I. S-L_uÈies plr lìeciprocaf In-!.src_hanges

Thai, non-hoinologou-s chronosomes can exchange seg:,rents,'triâ.s

Íirsi; suggesied ìry Bridges (fZ) 'uo explain';he linlcage oÍ a gene in

Dr-os_goþil-a l.,riih genes si'¿uated on tv¿o clifferent chromosoätes. Ea.rlier
/,, \Gales (d{) observed -bhe a.ssocia'bion of more than tin¡o chroilosoìnes l-n

a i'ing in -OengþerA. iloiyever', Llu.ller (tìO) consid.ers Stern (lgS) to be

i,he 'iirs-i, l',o nro¡¡iIe hn+.h ctr-nai-.in rnd nrri-n'lnni-rl arriIannoq rrnnr'ltrç rla e u uv ìJr u, -v-v -*U c|IIU Uy uO ,OBIC¿,_ -. -,.'l ng

ì;ha'b chromosoìne breakage had- been íolIor,,¡ed by the a.itachmeni of one

of i,he Þieees t,o a differenl.; chro¡nosone.

In pl-an'r.s, BeÌ-l ing (5) vlas ihe.firsi'i:o r.epor'u a. prol:ab-l-c ca.se

of inlerchange, based on his resul'Ls of in-i;erspecific crosses in S!iaql-o'-

hìrlm Tha hr¡h¡'id f.¡aS fOUnCl tO be lrseruis,¿efi lgtt. I-{e nTonosefl : ff-¡I,VO

factorrt hypoLhesis i;o explaj-n ihe resul'i,s, buL poínted oui, -r,hai, i'b could

afso ::esult fro:n lhe abnori:ial behaviour of tr^¡o chromosomes " Iio c]¡to-

logical evidence t^¡as ob-r,ained in-Lhis case, bu'u tuas obtained Iater from.

I\rori( on Datu::a (Br9), Bel-line (6) sugges.Lecl Lha.t 'L,he $!izo!oþi1rn case

al so could be Ì,he resul'L of lrsegrlenlal interchange be'br.reen non-

homologuesr?. Since ihen thi s phenomenon has been s-,.udied in a nunller

' r- " -^)ol Þ-Lants \ ròjray/.

The firs'. repori. of chrolnosonal- in'¿ercha,nges in barley is crecl-

iLed Lo S:nith (tZ:). This l.¡as of â spoÌ't-r,â.r'ìeou-s origin. Subsequen'.1-y

a m::aber oÍ repori:s on ini;erchanges produ-ced. a.r.l,ificially by {-rays

and otlrer ::rui;agerr-ic ëtg€l1-r-s have a.ppeared- (20r21 ,2?-r23126r50,51-r5Lr57,

58,65,73,90,9L,92,93,LOr,102,1-24,L)+0,Lt13,l-t+A.,LL.6). /r-ra/s have been



2

used nlos'b elrtensively for the induciion of rnuta'bj-ons including chr.oino-

somal l,ranslocations, rn x-rayed Ì:arley, caldecott ano smith (23)

observed reciprocal translocations as the most common type of chromo-

somal aberration" The opi;imun dosage of X-rays varies wii;h dif'ferent

species, For colnmon cereals including barley, an X-ray dose of
-\L101000 to 20r000r uni-r,s is ihe most suiiabfe (48), A ô4 (J-,e. an

inierchange between two non-homologous chromosomes) has been reporLed

to be the most common type of transrocation i-nduced, but multiple

translocations involving more than 'l,wo chromosomes giving a o6, zø4.-

08 and 0ó-rc4 also have been observed (z2rz3rgLrgzrr4ó), Niost of these

stocks have been established in the homozygous condition wi'thout any

difficulty" A number of cytogenetic and linkage studies on barley

interchanges have been carried out (zzr53r54r58r5g)" For mos-L of the

'branslocations, ihe participa'bing chromosomes have been identified"

Based on roof tip analysis, Hagberg and rjio (53154) and Burnharn and

Hagberg (20) r,rere able to deterrnine the chromosorne arms in uirich the

exchange had occurred, For a ferv transl-ocations involvins ùhe satel--

Ii-be of chromosome ó and 7 2 the local-iza'bion of breaks was sornewhat

more precise than in -bhe res-b of the translocations " Burnha.rn and Hagberg

(eO) found a high break frequency in the rtþu sþ¡emesome in the 27

interchanges of the variety Marsrbut this was not 'bhe case in the 13

interchanges obtained from 'bwo-roi,¡ed varieties" Hagberg and rjio (53)

proposed a s'bandard system of designa'L,ing barley chromosornes usj-ng

-)i The symbol 0 refers to a ring of chromosomes observed. at metaphase I,
and shall be used hereafter.



AL:abic nu.r:rera.ls. ltccording io ihis s)¡ste:.r chronosoioes

designa.1:ecL in order of decreasing J-engih; chromoso¡ae ó

saie-llit,e ancl chromosoile 7 has ihe srnarrer sa'LelJ_i-Le.

I -1'^ (

has i,h

o

drg

p I oir oar

/ \ n",,(a) l.[glhod_.s of idelt,ifi¡in& chrogoso]:res involvecl in
ptsg.g¡aB.çÊ.

-A-nong the meihods of idenrifying chromosornes i-nvolved. -ìn

ini;ercÌranges su-mmarized by Bu.rirham (r9), i,he nost conr,mon rnethod is
by crossingthe u¡-lcnor.,'n in'cerchanges r,,riL,h a se,ü of -lesLers coverinp

a.ll '¿he chro,rosomes and studying the F1?s cybologicaì-J-y at, iaeiosis,

For e;rarnple in bar-l-e¡., '¿he ies-'uer se'b is builb up of five slocÌ<s (zz) .

The chroinosorLe configurations ai neiosis oÍ' ilre Fl es lril_l girre inÍor_
rra'uion as to i.,inich of the chro¡nosoi-nes are invol_ved. in the unknor,m

i-n'¿erchange (tl ) as fotlo,¡¡s:

-Ies"L:ç{,gÞs.

T(L-5) x Tr

r(r-'/) x r,
r(r-ó) x ri
t(t-A.) x rr
T(2-4) x Tr

l.ie''ra.pha.se I Coirfi gura.'¿i on

- in 'bhe_ Hyþrid.

2A1,, -r 3IÏ.

ZOt¡ :- 3IT

96 '. 4IÏ
ø6 + 4.rr

zOr,. + 3II

lnte,:plgtalion

l- and- J noi invoived

I and 7 no'i; involved-

l- or 6 involved

3 or 4 involved-

2 and 4 no1, i nvo-lved

0n this basi s ihe chroinosomes involved are 3 and ó. Tire iester
sei:s are esiablished. ini--;ia.Jly by crossJ-ng different interchanges ancl

analysing the F1 meiosis in a si-t-ilar ¡ranner. Such i,esLer sels have

a-Lso been es'babrished in naize (lg) an¿ Li"q¡g (óa¡. other method.s

includ.e i:achyi;ene ana-ì-ysis in corn (zz), sa.rivary gJ-and. analysis in
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Ðs9!-a2bi1q (6J) roo'; iip anal-ysis as reported- in barrey (2O,53,if), use

of trisor,úcs as reporied- by Bulrrìra--,t (U) in corn and linllage ies1,s

be-Lr.¡een par"i¿l steriliLy and- l,:arkel' genes (Sg),

(b) Si;eril i'¿y. se¡¡rega.tion-.a.qd" faclorÞ affectine gegre,qaiion
in a tragsl-_oca'bion heterogygotg

Consid-erabte cliif el:ences betr¡een specì es have been reporl,ed

in s'ùeriliLy of individuals, heterozygous for a translocalíon inr,'olv-

ing trro chronoso:les. Cer'¿ain species shor'r predoninani;ly randon seg-

-aryc-l--i^n ¡.rifh ohnrrf. ÃO nar- r.cir'l-. q'ì ,r.rrilìf.v slleh ¡.s corn (l?). neasIçõaUrvfIvJIU]joUv*v)9tJ9LUvrfL]Juvr+3+U/

(67,6¿,rl-5,116), sorghr:-n (4].), raclish (ll), soybean (Ul) ancl ri-ce

/nr \ ^, ì- -. ^-i ^^ ^.,^l- ^^ n-l- /^\ h r1^-ô^^^^.rr- ll?o(9f). Oiher soecies such as Da'¿u-ra (!), Trr-l¿icu,,.:.:t5iyy--yyy=.. r-'.t)s

Ll+g), ilord.eu: vulgai.e (zzrtz5), Ll'cgoers.icurÍ -es.qgle$lq (4) and

Oeno_-cherA (28) sho-n¡ predo:iinan'tly direcì:ed segregatíon, the s-berilij;y

being as -l-ot^¡ as 5 to l0 percen'i, in I" @g.cqç.crxr and on ihe average

2\ t-ta;. eø-n'r. i n h^--l ^-' T- +la^-.â snpni cs - 1-,here i s ,c þi ¡tþ nronOriionL) ]-JVr vgf ¡u lff Jð"L J-\'J . Jil UIIEùV ÐlJvwrçp, u¡¿vr v re s ¿¡r5¡¡ yr v-vvr

of a]-ternai;e dis.iunc'¿ion of -bhe chromosomes in a ring (¡S).

Differences in degree of sterili-ty also exis-i: r^rithin a species

for differeni; interchanges. Thu-s in barley the range in average per

cent s''¿eriJ-íl"y of an j-ndi-vidual heierozygous for a single translocaiion

l:as been reported. to be 20"6 to 92"2 per cenu (ez), 20 t'o 6! per cen-r,

(9f) an¿- 26"1,,'uo 6L.5 per cent (P4). Lengih of ihe j-ntersiiti-al seg-

i:reni (segLreni be'Lr'¡een cen'r,ronere and- brealt poin-") Itas been cons'id-ered-

res,oonsi-ble for Lhese differences (fS). A cross-over in lhis region

ivi-ll produce spore abor.'Lj-on even if segregation is a-l 1 a-ì-terna'üe, a

rrc-¡-i;.rli r nl" (fl ncr nenl-. - i f errnr^r. i¡,+i or:-'ll-,e h¡ s one OI' -:ûOre SUCI1 CrOSS-::rG."¿,ur-!u|r vr ./v 'Jvr vur¡v, fr vi e¡.1 ::.vLvv¿
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overs. Ilanson ancì. Iira::er (55) su-gges'icd thai in bai'leJ'r ìntei"changes

rangiirg Ír'on a-]-nosi conoleie ferli-'l-il,y'co )0 per cen'l, sie.cilii;'should

be exirecied" They al-so fou.nd that l-or^¡ sier''ili'i,y l.Jas asscciaied r,n'-ih

a shor'r. inbersti iiai se,qnent.

An inportanl, qu-estion st,ill unsolved is r,,/ny segrega-b'ì on is

directed in so:üe species and not irr others. Burnha¡o (fe) iras ¿n¿-lysed

-Lhe evidence for and againsi differen-I, vier,¡s pronosed 'co ansl¡er ihis

^.'^^+-: ^* -i-* -1¡6-¡rl onanio. sholrìno ¡ hìøh i"ranl:rrnev of ¡lt,ertfatequsÞ urvrr. Irr öçrrçr éI; Ð wÇulgÐ ù_-- vqv-çrtuey vr Qruçr

segrega-r,i on have been Íound to possess certain cyLological feaiu"res

-r - ^^..-"^. . +r.^ .:hrolosonles are 1.eìai-,ii¡elrr l:n.i.For-- i * -r ^*-r1^ .L?^â
¿II vvrMIvlI, u¡Iç UjIa V:-LUùUljM dI ç f vrauÀv v¿J w¡rrvt:11 IlJ IUf 1j;UlI, Ullg

centroneï'es are inedian or nearl-y so, and the chiasrnaia are rtosily
r / - .r\terninal (18')" ]fvidence in favo:: of the ''¡ier.¡-Lhat, Ì,er¡ina.l chiasna.L¿

tend, '¿o favor a-L'bernate segregaiion trù'as obtained by Gaird-rrer and

, /^^\ , /--^\DarlingLon \3c)) jn CaJ:panuþ, Sax and -Anderson (119) in Tfedescgnti+.,

-.^r ^^.^^-^.^ / r n\ i tt liicoì;iana. T,ev¡n l6q) - ltotrerrp.. i',-nnrJ-.,=rì ranclo;;td,IlLf. ud,IÌYÞa¿I \¿+u/ rlr 1j.:gllgjj!!La !çvGrr \v/,/, ¡rvu¿svÇr ¡ açiJvr uEu rc

se¡-eo:lt,ìon'ìn Al'l irlrr cey.n¡lti7l- in snit,e of chi¡s*'^'!^ L^i-- +^--'i-nAf¡ÐçtLgtauLvrf rfl ÕIfIwjl sjrql¿jl. J_¡f o¡J¿uu vr u¿¿acùr:6ud uglffY uvll-u

In 1937, Da.r:lington and Gai:rdner (30) statecl-'r,hab the absence of

-ber¡únal ization l)reve flrr,s regul-ar zígzag orienia'cion of ihe chrorno-

sones in a nu.ltio.l-e rins.
, l¡ / --\Burnhairt (l-6rl-7) studied crossing-over and- bhe lrj-nd of segregai-

i ni'r r'ìe'ì nc 'i nt.^-ch¡nãr?s i nrrolr¡i ng chronoso-c l-r i n rn¡i zr.¡. r'¡hi ch lta,s '¿he

nu-cleolus organizer as a,rlarlier. lle found'¿hat ihe length oÍ the

ini'pi.ql-.i'l-.i:l qpc";roni. iq ntra frnl-.n-r effan-l-ino qar.-^-^.'-; ^- L)^-l^+'----o --SIegA.Ir On. fteIAÜave

l engbh of Lhe ri,ìro ar,es does not appear to Ìrave any effeci on segre-

-^.r-;^- 'r-^ A^-^.11^^--^ r-,^^ l- ^*^loca-r,ions tha-r, have su_rvj_ved in na.¿urexd uluil o IrI Y911j1!:!91_!!. ur I(- u | .t. L iò
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are those r'tth a shori ìnbersii'¿ial segncnt (ló). Catcheside (25)

reported al'uernaie segrega'ci on in Oejno-i;hera intì: very u-nequ.al ini;ei'-

cha'noe seonetri,s nrorJlle.erl l11r -,{-1.2r:< llonna ô^rìâ'l ì +.. i h I ^--+L ^f ihevjrqjfóv ue5r:!çf ruù 'Jt vv_u-çgv_ uJ' J!-J QJ ù . rlgr¡vs çqqolr uJ lrr rvrrð ur¡ vI

chroilosorles in the inLerchange conplex is noL e necessal:y factor'.
/^-\\Fro1iì< (lS) suggesied. ';he possibiJ-ity of a gene-r,i c control-

of segregation as diC Durnhan (-17) an¿- Garber (lnZ) " Searcir for such

a factor in i:nize has noi been successful (fe¡. Eviclence agains'r, l,ire

geneiic control h;42o',,hesi s coltes fron lhe r.¡orl: of Ler'¡is (Zf ) in

Cl-arlcia elep:ans, Further in Cotl-j=¡s:þ he.berophylla, ihe ri-ngs ;oro-

cì.u-cecl by X-rays shor'r an excess o:î al'¿erirate segrega'Lio:r (fJ)rr'ftereas

ihose prod.u-ced. by colchicine shor+ randoi¡ segrega.'r,ion (f3ó). Garber

, /, ^\and- Dhi-l-l-ou (43) cons'ìdereoL Lhai; perhal:s colchicine iird-uced breaks

in ihe chiasiria for:ning segmenis and radia-bion in bhe internal segrrrents

of i;he chromosoräes. The inl.erchanges thus prod.uced, cliffer in ihe

length of transloca'Led segrnenis, r.,/nich nay be res.oonsibl-e for the

observed- d'ifferences in uhe iype of segregation.

Burn-han (l-9) consid.ers that orieniai,íon inay be a rna1:ier of

iitring. In sone sÐecies, all :he c.h::o,.losoi:1es nalr be s¡mchronized fo

irass to ihe plaie'bogebher. In others, il nay be a progressive

Ðrocess and ihe first orle '¡hen deter¡r-i-nes the r¡anner in l,,{rich the su.cc-

essi-ve ones r,¡'rll be ori-eni;ed-. ile a-l-so considers tha,t differences in

ceTl'¿rolqere aci,i''¡itJr r,n;r be responsi-bl-e for" the difíer"eni i,¡oes of

^^^-^^^¡--ì ^*ùs6r çód, uJ-u]r.
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transloca'¿ion raeLhod.il of garnete se-lecbion. jls Ðo-r'nted out, in the

i-n'r,r'oduction, a colrn-le-be 'Lranslocation s'rocli is a prerequ,isite 'i,o

-Lest -r,he appficabijiì,y of this nethod. Tv¡o d_iffereni r¿e-l,hods cf

produciiE lar'8e cltro::rosone rings have been described by Durnha;:t (f_4.).

One is the gi-n'cercross nethocl? ancl- o'cher is by c¡r¿li¿ ii:radiation

oi' a honozygous -L:ranslocai'ìon st,ock. In the einte::cross methode.

tl''to separa'¿e inierchanges involving a coì:¡llon chromosoäre are crosseC.

A cross-over in '¡he di-íferentia-r segment (the region bei',veen tire

l:r"eak þoin'¿s of iv¡o i.ransloca-Li-ons involving a conrnon chrorrrosoroe)

r'¡ill corabine the tr.,'o::i-ngs into one bi-g ring. Tìre su.ccess of this
:ne'Lhod- -i s cleÞenclent, iherefore, on the recovery of ihe cross-over in
the d-ifferential segraen'i,. Burnha:l (-14) su_ggested .Lhai ilre tonger ihe

dj-fferenlial segmen'L, Ll:e greater i,he chance of obtainins a cross-

over in ihis segment" The in'cercross me'Lhod- has been used- success-
a,.ll-.;* ar^.-^^*.:-l ¡ ne*sieij.nl_ir /en) ainl.np¡ r,,1. , t--^\ ,! '-LLJ rrr ]lg:ir.véf rqró ;Jvr Þ-LU¿r uI-Ld \/ _ / 2 .. "".Lea-i' \ r)u/ anci inarze

| /,.\\62). rn ein:torn r',/neat, Yarnasl:iua (r50) re;oor'ì:ed. syrrthesis of a riirg

involving all- -bhe chronosoiles (2n:4) but both parents of ihe cross

contribu.'¡ed i_nt erchanEes .

5'bs¡-iliiy in interchange heterozygq%s i-ncreases peraltet to

il:e sj-ze of the rins (l-24.). Tìris appareniþ- raises a probterr in using

'¿he ini,ercross nethod a-L a Ìrighe:: Ievel of translocation. Ini,ran (62) ,

ho','rever, sugges-Led- a nethod 'Lo or¡erco¡re 'bhis difficu-lt:¡. rn this inebhod-

in'r,er"changes are chosen su.ch 'uhaì: ihey have i:ranslocati ons i n corulnon

ancl d1Ífer by onl;r tiro ínoLependen'b iransloca,¿ions" This irou_td give

s-LeriJ-i-r,y co:rparable 'lo 2Q/;. in crosses of 'ìnterchanges. rÐ crossing
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i,r.yo sioclcs honoz¡'gous for a. Q6, rdth one iranslocation j-n con:lnon,

he ob*r,ained a s'¿oc'.. haT:roz1,tou-s fora 0Êì. ile cÌiagrailmed di-fÍeren-L methods

of crossiug and- se'lec'L'ion íor builcl-'ìng -'l-arger r-ì ngs j-n corn. But these

meihocLs invo-l-ve considerable cross'ing ',¡orl: ancl irìejr noi; be appJicable

to a sel-f ool'linaied llant sucir as barley. l.lacDonalcl ('ß) in barley

u-sing ihe ¡re'¿hocl- suggest,ed by Iruran (óZ) ¿i¿ no'L su.cceed in identify-

ing a singJ-e cross-over'¿hat coinbined the'¿H'o i-n'"erchanges, in rnore

'uhan J-0r000 plants reÐresenring nz'ogenies of eighl hybrid-s. de a'¿''¿r'i-

bu''¿ecl ihis fail.u-re to the 'ì nad.equacy of the method- of sel ec-,,ion used.

or to 'bhe lol'r fi'equency of crossing-over i n the proper dif Íerentia-l-

ancl inters Uir;ial seg.lents f ol lo'.'¡eC by the a.oprol:ria-Le i;qpes oÍ segre-

¡¡1-inn iìnnnrÁin¡ -i,o h'ìrn i-.ha qì-.ì¡i ìifr- nf .r l¡-¡co ¡inc -hrli'l 'i ìr:¡È;éu¿urlo ilvvvlLL!-^r JéprIrUJ vl 4 -LaIõv r!1t¿3 uq:-J-u uJ

selecl;ing cross-overs in i;he differen'Lial seg:reirL i.:ray no'i, be as grcat

as a. r-'i np nroduc^i L-- ---'r;-+-ì^- l",riih no selection for cross-overs in----o -- - - - -- r çu uJ ! dLLJ-d ulvil

-Lhi s region.

The second :neihod of c¡rçlis irrad.iation has been su-ccessfu'lly

a-olr1ic;d- in corn (tS) an¿ barle¡r (26191 ,Uv3,!=t+). Irlisiri¡ru.ra and

/ ^^ \ ,Ku-r'akanú (92) have ou'i,l-jned- 1,he proced-ure of prod-ucing larger rings

hw cwc I i e i rr"" di.ati on "

Burnhai:r (tB) reporLed synthesis ofa0I0 in rnaize. In barlêy,

/a¡ \ 
F TT'

¡jr-si1r-nlura \yrl s¡mbhesizecL lines honozygous for 0&l-3rr, O6a-0Lt+2"',

fI Tî

?[Ò/,r,-l JI - (ll O-12-- . :nri O9.i-O/,+l --. Intercrosses beti¡ee]l sone oÍ these)"4-'_ , a¡rwl ve' v+' L

TTlines procJ-uced- l:-Lants he-'r,erozygous for 0lll-04, 0l-2.-I-- and 0l/+" Also

/-, ^\ -^---L-l ---^,Lt^^-j - ^p ^ -j-^^1- L^-*^-*----- - î^-^ ot^, 
^IITuleen lLL,3 ) re¡or-bed syn'bhesi-s of a s'¿ock hornozygous f or 010+2-

Recenì;ly .'re-)F has obtaineC 'r,1.,,ro siocks honoz¡rgou-s for O1Ûl-04" One

ì\- .. - ¡¡/^" llrl een 1963, personal- coinrnuni cati on"
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of tliese t'.'as prod-uceC by crossi-ng 'Lr'io slocìrs, oire beinB hoi::ozygous

tl -¡-r
f or 0,1-ùi-2*' and- l,he other' 'ior O\-rJL! " This s'¿oclt has been i d-enti-

. ^/^ / ^\ /^ , \fied ¿s T(3-5-1-6-7)12-l:.) " The oiher s'r,oclt i,ias producecl by X-r'a¡-ing

^ - '!_ ^ ^ 
1. l- 

^.. ^-..- ^s o uvv.! rrv-:!váJ 6-us f oz' 3OL!L-'' "

Chang (zó) obtainecl severa-l lines honozygous for O8+3II uy

irradia.tion" I{is i'esu-l-is su-pporl, the efficiency of lhe X-ray r,re'bhocl-

over tha'Ì, of in''uercrossi-ng bu.'r, accorcling to hi,-¿ tire probabil-itJ' of

i-ird-uci ng ad.clitional- desirecì. interchanges by X-ra.ys is highest i n an

in'l-,er-cìr¡nør¡ sj-.oelr involv'ì ns â. iileclian number. of chromosones in the

inl,erchenge con¡l ex. The ini;erchange pattern and- alsc -r,Ìre position

of bree.lç points is noi l:noi'¡rr in large ri-ngs nroduced bJ'X-ra.ys.

Sol:rc'bi::ues irrs''¿eacl of induc'iils a ne1,i translocalion by ,{-ra¡rs, a

re-L::airsl-oca'¿ion r^ray occurin the original -ì n'l,ercirange ho:itozygo'Le,

res',,oring to norrna-l one of i,he translocaLed. chronosomes(26r1-4./+.), bu-t

at preseni ev'i dence on this phenoi:renon is not sufficient i-o es'¡ablish

i;hat 'ì,his is a requ.la:' occurrence "

Once a cor-rÐ,rete transl-oca'-ion stoclc is synthesized, the

appJ-ica't,ion of the t?0eno'L,herat? i:rethod- could be ì;esied, bu.-L i'c1s

success l'ril-l d-epend onthe fertil-i-ty of th-is sioc]; in the he'i:erozygou-s

concl-i-i,ion. In a crop such as barleJ¡r i'iifh predonli¡¿tt-r1y al-bernaie

segregabion (56) such a s'r,ocll invol-ving all ihe chronosomesjn one or

tr^¡o rings i.¡as fou.ndL i;o be alrrosf cor-rp'ls¿.Iy sterile (9lr9trrL24) 
"

Shih ancl Shebeski (tZtr) reirorbed- thai i',ûren an equal nu,'Lber of in;er-

c.l":nøe r:liror,oso¡rês nâ r"t.i ei n¡t,ed - sl',er"i I i ì-,v tva.s rJerrendent, nn i,he size

of '¿he chronosorne ring or ri-ngs. For thi s reason }lisir.Ínura and
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iíu-ral:a.i,ú (92) 
"oggesiecl 

'¿ha; a s-i,ocl: cor:.biniirg al-l the chro:ioso;-res

in t,i,¡o rinp:s such as 08!i-0ó or'0ll|04-','¡ou'ld be nore useful-' TTrey

esiir'r¿.i;ed that the fer-r,it:-i;' of a sioclt i'd-th 0iì"0ó shou']-d be L2'6

per cen'r.. ilishfurura (91) found fertj-li-i;y oÍ siocl<s ivi-'i;h 0â-l-0ó,

gt2i-lfl, OlGl-64- and OlÀ.'uo vâ1'y j¡eir,¡een 0 to l-0 pe¡ cent and'r.irere-
T-f

fnra qrroøi¡s-l'.s t,hab a siocl< l'rith 20ó--1-'äri-ght be of inol:e prac|ica-l
r vf v,

r.al-ue, iÍ it, cou-l-d- be syn'r,hes'ized-, The ferì,ilit¡' o.f olants hetero-

zygou.s fo:: a Old rias reltoried -bo be Li "72 per cen'b in einlcorn l',ritea'¿

/ r rôl



l':"iiTEitIirLS :\ltD ].'ETiIODS

The r,,'orii reporLecl in this stucly r,,¡as done during the years

t n/ ¡ 1^/ 
^L96!-!963. T\'¡o ¡-'"e'¿ltod-s, Tirradiar;j-ons anC ?in'¿ercrosss, r.rel'e used

.?^-." r-1.^ ^---+l^^^-l - ^3 r--^-.^^f ^^,--'--:¿vr . u1rç ÈJlrL,r¡çùrs of '¿yattsloca-ì,ion stoc.ks in barley"

I. ïrrad.i aii on l4ethoC-.

i\ nui:rbei' of honoz¡rgous 'i;ransl-oca-ti on stoclçs froll var,i r¡u-s

sources Ï'rere se'lected for irradia'b-ìon to ind-u"ce fur-'uher transloca.-

^ ^_ _ JCtions as lis'l;ed in Tabl-e I. The s'i;ock JJO) homozygous for a 010",

tns synì,hesi zect in ihe P-l-ant Science Depart:.ren-L in 'cr¡o s-Le1ts by

X-radia-Lion" Fro¡n irradia,Led. seed-s of bhe s''¿ock T3-5-'/a. (ol-d.

ciesignaiion l+256-L) hor.tozygous .for a @6, a -line iras obfained, l,h¡.i

r¡as honozygous for O&i-O{.. Seecl oÍ ihis line, d,esigna.'¿ed. as lól- rras

Y--¡¡r¡od ¡'nrì i¡ qrtÌ¡<onrrani nrnearrioq {QO? r-¡ps ìqgl¿.t,gj-"irr u quuvyv_vr¡ u ,Jr vòvlr:vu ,t / v) \taa LL

Throu-ghou.i, the study, Ilon'¿ca.--l¡r lirê.s u.sed- as 'Uhe s'i;andard

nornal varieLy in crosses for id-entificaiion Þu-rposes.

In l'ray l-959,200 seed-s of each of the trans,'ocation stocks

l-isted in Tab-l-e I (ezcJ-u.díng 5903),rrere irradiatecl by lOrO0Or" uniÌ;s

nr Y--¡r¡ic cnrl nlarl.''çed in the field, Par'1,i-al}y sferile sl¡j-hes l.rere

se-Lected- from the X1 genera'r,ion, and i^¡ere avai-l-abl-e for fur-r,her anal;r-

sis a-L ihe '¿r.rre this stu-cly l.ras begun. Seeds 'iror.,76 of these snilles

rc¡rcs,.'nl-.inç 7A nlrrrt.q r,ra-na nlrnf.ad ;nÊroo-n ltnrrqo in tr'ah-nrr¡ -4\7 1^/1I vrJf çÐli,lluJlI¿5 / U :Jr-o¡ruÐ, vJça v ,ro11l,(j!¿ III/ 8l'Ë(jtI ¿IUu-Ðs rr¡ r'eur u.ot y J-)O-L"

Su-bseo¡reu'rlJ,', in 'bhe su:l¡.ei" of -l 9ó1, a!pro:it:nì;e1¡,- j00 seecls of the

-)i The e>qr::ession ¡?horrozygou-s for a OlQtt is usecl and l¡il-l be used here-
afte:: to refer ',,o a honozygou-s t::ansloca''uion stocll invol-ving -ben

cht'ottosones t,inich I'rhen crossed r¿ith a noraal- s-r,ock rri'll produce a-;..^- ^-^ ^r.^;,-. ar :;ietaphase I in ,che F1 "r Jr¡¿í vf vl¡Glr1
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stocl< 5903 ltere L::ea'r,ed- bJ' '¿he sarrie dose of 1tr'-Ie/s and- pl-anied i n Ì.he

íie,l-d. X. '¿o-ba1 of 76 pariiall¡r stei-il-e spilíes, repr"eseirtinS ll9 diff e::eni

plan'cs was sel-ec';ed Íron 'uh-Ls ponulaiion for furiher analysis. The

necessauy sieps o-í ihe method. for -,,he inducii-on, debec1,ion and ideniifi-

cai,ion of nelt -branslocaiions. al'e oullined belor+:

(l) Trradi aie alpro>j-natel-y 200 io 500 seed.s of iro,rozySou-s -Lrans-

location s'r,oclis by l0r000r u.ni'¿s of )l-i'ay.

(Z) Grorv the X1 generation" Inclu.de con'uro1 af'ì;er every ien'¡h

T^1^t

(;) Select, part,ia-ì_þ s'Lerire spikes a-b:,1¿.''¿uri-r,y; harvest'Lhei-t

sei:arate-ly and record i:irei:r ierLi-lit;r, Partial sieril-i'ty

-rv?s used, as a irrariker foi: llossible transl-oca.ti ons.

(¡) P-l-ani, si;i -Lo ''¿en seed-s fron each larti-alþ s-r,ei'iu're X1 spiÌ<e.

(¡) .Iarll 'rhe X2 fa:ril-ies segrega',ing Íor feri;i-Liiy.

Theore-r,ica.1ll, haif of the pJ-ani,s in sucjr a fa:úly i¡oul.cì l:e fer-bile

ancl hal-li irar.tia-rþ steril-e. In jud-ging for parbial s'Leri-l-i'by, erirl:hasís

rras pl-aced on'uire pa-btern oÍ sterj--lity in a sni-rce in adclition'¿o uhe

per ceni sterility" T'his lras consid-ered i-rirporianL, since ti'ro spilçes

-'^-, !.-r'^'Fhn a¡*ra dae-ceo nf qì-.ar.ilil-.-¡ i-rll'l-. in ô,rê eåse- t,hr: si,r:fili'r,r¡J:L!J 11d,V ç Ullg ÐA--V llçÊ)t vç v¿ J uvl r.|d/ , uqv

Ìirå.lr þs restric-Led. io one aree alone, and in iire oiher, disLribu-ied- all-

a]on8 the heacl as illusiraied in Fi-gure r.

-i,l:e I a-i;ter i,,'ou--l-d be ¡aore i¡,:rportanf "

I'iarvest one orl,i.¡o heads fro¡r each plant oÍ' 'ulte segregating

fa:-,rilies and recorcL thej-r feriility, pl,an-i:s l¡i-i;h iì0 per ceir-l,

or rìore fertilii,¡¡ 1.¡eï'e consid-ered Íertile uncÌer greenhouse

condi ti-ons.
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FIGUEE l" T\,¡o different pai,terlns of ovìl1e'ete:rii.itf in ba::-'l-ey.
{In "he ebol.c fi-gur"e. -,,he cnp'L,j* fiore t,s hai'e been i:e,iro.,'eo
1.o inc;::easc con;ras'¿) " ri!-Lho.igir, Lhe percen; fe.rriJ.i-;y in i.hr
-r,r,'ío sp'ì iies. i s ai:los l, eo¡ai, i-hc 1ra:'Le rn of s Leri-l-i 1;y is
C-iffereni,. In iy¡;e i, sieril-i'"y is :::r-:sirici,ecl '¿o one area.r
r¡hcreai i n :ype 2, i" :-s l'¡.ndo:r- ¡r cì-is r.:il¡uuecì " ii.y¡re .r i s
nore Lii;eJ-y t,o be environ-nental

2
4t+"2

.¡; Ê
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(6) I', fa;.úl-ies segregaLinS for fertilii,;'¡- Plairi si:'. l,o ten

seeds front a pariial-ly steri I e pì-ant of each of the X,

.qeøre,'¡ i-ì ns faril ies " E-ra.n:ine Pi!ÍCr s of thevvÕ¿vos*---o fatiries" Dra.r'ine Pii0ls of these pf..t" iot

ring fornati on" If a Lransl oca.tion has occuffed, hal-f of

'i,hese plan'Ls v¡ou-Id shor,'r ri-ng fo::r¡aì,ion"

Ilarvesf fertil-e nlants of only 'bhose far:rilies in r'*rich rinß

for¡aa'bion has been observed.

(ry\ T^ fert,'ile far=iúl-ies: - P'lait'¿ six to ten seeds frorn each fer-
\ f ./ r!2 + v¡ urlv)

tiJ-e pi-airi oÍ bhe X2 fa'túJ-ies segregating íor fertilii;y

(step 5). l.laiie crosses rd'b1"r l,Iontca1n and- the a'pro1;riate par-

ental siocll"

iÌarvest'Lhe crossed. seed.s and one or tlro heads Íron-Lthe Plan-,

lrl:ich has been used. in crossing'

ln) ßror.¡1-.hree to fou-r plan*ts fron each cïoss and e¡,a-irúne Pi'ÍCes
\L./

¡1-. r¡r.:t,anhr"e I-)í-. This r,¡oul{ identify ihe l-ines honozygous for

nehr transl_ocations, in cases where a rinS formation has been

observecl in the xj faririlies segregating for fer'uil-ity. Theo-

f.aff o-f the X. fer'tile farn-il-ies 1^rould be holnozygousretical fI:

for a nel.,¡ t::anslocation and tralf homozygous for the origina"l

translocai;ì on'

(ç) ÄJ_so grow eight to ten plants frorn each of tire feri;i-le pì-an.bs

harves-'r,ed. in s-i:e¡ 6, in case of failure to ic].en'ciÍ;i-bhe line

hornozv.oous for a new'translocation in s'r,eps 7 anC. å. J'ialce crosses

-'' 
Ilereafter ref erred bo as t'ÍI.
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i',zth I'lontcal¡ir and. ihe appropr-ìa-Le parental s-bocll.

(fO) pfan',,20 to lO seeC.s fror,r each of ihe l-ines ho::rozygous for
-bhe nei,,¡ iransl-ocations, ì'lalte crosses vd--bh I'iontcal:l and oi;her

iesi,er s-r,ocl<s. The iester s'uocl<s u-sect are lis'¿ed in Tal¡]e

II"

(lt) C::ow i;hree -bo four plants from each test-cross. tr'<a.r¡-ine

Pl''lCe s a,¿ i'f1 aircl ideniify the c1':.ronosoi,tes involved- i-n the

t ranslocation co¡ri¡l-ex"

TABü1 II" Descri¡t'ion of bhe tester s-Locl<s used- for
ttre icl.ãnti fica.iÍon of the chronosomes involved-
in Lhe ne-..rr -Lranslocati ons 

"

Nel'¡ u_LC- raren-ùar urr8rnarl-ng
Sysiem Sysi,em Source Station Rer¡arlcs

T1-5b CL3S5 (a-b) l.'iars Univ. of Ì"fi-n¡" Burirhanîs tester

T1-5d. CL3S\+ (a-f) 11 tl

Tl--5f NTL2 (a-b) Bonus 5v¿l öÍ

Tl--7a C135S(b-d) tørs Ur-'ì-v' of l''Iinn. Burnha-mes tesier

Tl--óa CLt+}3(¡-s) t?

TL-2a Cl-310 (¡-f) :11

T2-3ð. CB36 ("-r) ¡1

Ît 11

T2-3c IlyL l+7 ("-f) Bonus Sva,löf

T2-Lp. Cl1+2O (e-f) j'lars Univ" of l'íj-nn" Bu-rnhanes tes'¿er

T))¡a CLl+32 ("-u) rt

/---^/\15-ba 7'T9 (a-S) Bonu.s Svalöi'

î? I t
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In -,,lte fall- of 196Lt a to'ì:a} oi 76 '*{2 Íar:ri-lies of tLre siocli

5903 were gro.r,,r1t in gi.eenhouse (s'uep 4). Tnese far¡ri--l-ies l'¡ere cla.tr¿ged fror'l

sulnhur bu-rninc and tÌtereíore jràd. to be replanted. Fourteen oí 'r,hese
v v-¿i¿¿'¡4;

f¿:,ifis5 cou-ld- noi; be gïo'v',rrl, since no e.rrLra seed r''¡as avail¿bl-e" For

frrr.*hei. qn¡l¡rs-is l-.hei.e-l'nrrr. onl.r -l-.hc ].p;.r¡i nlnt 62 fa,d-lies representing
s-¿s-¿ e-- t UltçI çl v¡ v, vrrJv v_ .l.-'--*-O

,!4 plants l,¡ere avail,able. Du.r'ing ihe sunmer oi 1962, the naterial

su.ffereC baclJ-y from hai-l- d-arrage . Ifost of the crosses (step 7) r¡ere los'u"

Becau-se of space ¡!-¡n-itation i n the greenhouse as r.vell as 'ì;j:ae l-irri'bali-on,

¿ll'bhe þ fertiie far¿rl'lies of the stock j!01 cou-td noi, be groi'm and

only those t.,ihich haCL been j-d.eni;ified. as carrÉng a'brans-location (sbep 6)

.r.rere grol,r¡n and- crossed- l,¿th l.lontcal-rn ancl lhe paren'r, stocli.

II " In.þrcroes-lgirhoq

This nethoc1 r.¡as usecl in an attenp'i, 'uo obtain a stcclc ho¡ro-

zlro.ôrs for Ol 0-i-04" If such a stoclc is procluced,, i'b cor]ld be further
4Jf>vqe ¿v¿

X-rayecl '¡o unite i;he i;l'¡o trauslocat-i ons

T¡e honoøygous trans.l-ocation si;oclrs 5903, '13-5-7a (luZSO-t)"

ancl Tt-2a(Cf3fO)J(- T,,rere selected. for this s'cu.d.y' Tire ín-ber-r'elai;ionship

betr,,¡een -i;he si:ock s 5903, and- T3-5-7a has alread'y been i'tenl'ionect earlier

(page f4), Tne siock Tl--2Ã r¡as obtained íro¡n -ihe varieiy lfars f::orn

the Universi-ty oí I',ärr:resota, This si;oci; tn¡as sefec-bed. because -these trvo
| .ta 

^9

chror:rosomes a3e noi invorved. in the translocation cotrpJ-ex oilfilt8nS{r'tåf

ti'¿o stocl:s .
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lionì;caL¡n r,,ras used as i;he s"i;and-ard no::na'l varìe-r,y in crosses

foz: identifi cation llurrloses.

Tlio anproaches to nrod-uce a s-boc!: horl.ozygou,s for 0J-Gi-0/¡ ltere

..^^^
UÐçU o

/ \ n.(a)

Tr',.o ne'bhcd.s oÍ con¡leiing the syn'bhesis r¡ere used.

I Ð^ ^r- ^-^^^i *^a o !d.UA Vf UÐ ù¿l1õ; .

/. \(i) Cross 5903

/.. \\aaj -Uackcross

tr'. hrrlvi rì'L "¿ *"*"

unbalanced

F" or r¡at a q
^ J_ õe"''"""

5¡i " 2N. In

(¡rt.2]Jli)" x Tr-2a (¡nu"zrr)

the F. hr¡brid (¡n¡"eru) Lo 5903. use** \/
¡s the rna-l e n:.rent 'uo eli¡:ri-naie bhe

ñ^..^.F ^^ .p--^- .rr*^.1.t ^*; *- r,,-^.r,iOlfal
õOrllç UVÐ I I Ullt I ullv UJVIIIIIÈ;. t ul¡v

shoul-d be JT"2T, 5T"2N, 5N"2T and-

pollina'ri-on, use as much polJ-en as pos-

/...\(j-ii) Pfant the bacl< cross seeds and study Pl,iCes at lviI.

Theoreiical ly, the chromosonle óonstitution, and- l'[

configurat,i on of the back cross population v¡ould be

as fojlor¡s:

r_r+ v vru f ,í uI @ ur vl J,

TT
rò/. -F Ã-'/--

7LL
010 ì- 04._
0f0 -i- 2rr

Chroriros ome Consti-r,-
ution _

5TT.2TN
5TT.2NN
5TN " 2TN
5TÌù.2Nt'l

ltna^t r an nrlr r vq qv¿¡v¡r

l
l-
t
t

Remarks

desired
noi, desired

lî 1r

Represents chronosome constitution oíthe corresponding translocation
stocl<" 9Ts refers to a translocaied chronosomerand 9itl9 ¡gfs¡s 'uo a
normaf chr:omosome "



T,iT Confì ør'rY.¡-

_ . tion

7ir

2_2

/. \ ^ -lav/ Se rec'i; ¿:nci se.'Í lhe desired. .¡J-anLs (O¿o-,-rII).

One quar'uer of ihe lrogeny: shou-lcl be hcinozygou-s

for the desired genot¡-pe,

/\(vJ Grot'¡ 15 Lo 20 plant,s fron ste,o iv; e;ca-lrine raeiosis

and. cross the plants i^fnich shorrr ]If l^riì;h ì4on'bcalm

and- 5903.

/ .\(vi) Grol^¡ ihr.ee to four planis Íron each cross, and

exa-rn|ne in meiosis " 1he desired nlant i^d-Il shor,r

Otli-O4 and O/++5II, l,fl coirfigurations in crosses

with iÍontca]-m and JjO] respectiveJ_y"

2" E^ anal-ysis"/-
This rnethod i.s essential-ly sirnil-ar t,o the one ou-bJ-.i-ned

rlrnr¡a avnanr- tþat, 'bhe Ir. h-¡hrid iS SelfeCl . The I¡^ t¡1"OB_vrlvv.|Ju u¿¿qu 
L 

tr.J vL _Lq rÐ ù9¿f ççrô r

enj-es ai'e anaþsed in the sane way"

Theoretj-calJ-y 'L,he chroiroso¡¿e consiiiuiion and. ilf config-

uration of the Fa popula'¡'ion '"uould be as foll-or¡¡s:

Chromosome cons'citution of the F1/5nV.Znt

I\rnctional bal ¡rrnarl Tt o:rno'l-as 5T "2T, 5T.21{, 5N.2T,

5N"2i\1"

Chronosone
Constiiu-bion

5TT " 2TT
5Nt"i.2TT
5TT.2M{
5I{N " 2lifii

5TT ,2Tr[
51'[N"2TN

trtra^rr annrr
- À vv uv¿ ¡v¡t

I
l_

l-
I
.)

Õ

RenarÞrs

most desirabje
not desirable

1Ì ?t

f9 t3

desirable
not desirab-le

a[ + 5I1



l.f, Configu-ra-
i;ion

Ch.::OinoSone
Consti Ì;ution

5Ti\i"2TT
5Tlr" 2r'ral

5T1't"2TN

TÞa^r r an nt¡r r vv v-v¡¿v,y

:-a^rr i ¡arì .
¿ vq v-+r vs .

Chromosone
Constitul,iog

5TT.2TT

5TT.2TT,5TTø2TN

Rernarks

Not desirable
1r ?t

tÎ tÎ

Size of Ponul-ation
¡n ¡ - F.:ll;:. lêÌ¡ê I ht. I âl¡^ '!/e IvVvJ )/J !vvç!

47

)? t5

2

4

(i -a nfl +h^ ï' '.OpU-latiOn""" '2 -- -

Frequen-cy

l-

3

010 -r- 2IÏ

0_10 + 04

i'Iost desirable plant

Desirable 1rJ-ants

The above expecl,ation is based on ihe assu-nrliion thai onl¡r

the bal-a,nced ganetes fu:rc't,i on on both nral-e and femal e side. ït is

knor,rn, holvever, that unbafanced gajneies l,rill fu.nction parLicularly

on the femal-e side and give rise to aneuploids. These aneuploids,

could be discarded on 'i;he basis of 'r,heir appearance or by checking

r¿ito'Uic chromosone number i n root 'uips.

(¡) Bridging appro-acþ

This approach is }¡ased on the i-dea su-ggestecl ¡y Inrnan (ó2)

ihat the problern of sterility in bui-Lding large chromosome rings by

the inte:ccross meÌ;hod rnay be overcorle by choosing i nterchange parents

having ì:ransl-ocat,ions in cormon and d-ifferi-ng by only ir',io i-nde.¡:end-en-b

; --i-^*^1.^--^- ThiS a.l¡i-¡ro¡_Ch ís 'f,err,refl 9ltri flci nng ]rer:p¡se j-,þe svntheSislll Uçf Vl-r¿f róçÙ o l:¡ae utrrvr vçv¡¿ ¿p uvr rrtvv vr -Lqõa¿t) - vvv@uJ v u¿rv uJ

of the clesired siocl< is to be carried ou',, in two steÌ¡s "

The chroräosomes invol-ved in translocaiion of ihe stock T3-5-7a,
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are also invol-ved inthe transl-ocaL,ion corrrplex of bhe stock 5903"

Therefore, it vias planned, first to synthesize a stock homozygous for
TT

¡/,a¡,^¿I roô+o4r-2-" by crossing bhe stocks T3-5-7a and rr-2a, and fhen 1,o cross

this stock rrith 5903 " The resul-ting hybrid would show 06{-0 t*+zI'T

configuration at ÌuII and its ferbilil,y would be higher than the

5903 :< Tl-2a hybrid. A stock homozygous for 010+04 could be i-solated

from bhe selfed progenies of this hybrid.

The initial crosses between the stocks 5903, T3-5-7a ana

Tl-2a were made in the surûner of 1!61, and subsequently handled in

the manner outl-ined al¡ove "

IfI" Fertitity of Translocation Heterozyeofes

Dai;a on fertili'by of various tes'c cross hybrj-ds i4rere recorded "

For this purpose the first two spikel-ets from 'r,he top and from the

bot'bom of a spike were renoved and bhen the nurnber of seed.s and total

number of flor-ets were counbed. Fertility percenbage r¡ras determ-ined by:

Nunber of seeds

Total m¡nber of florets x l-00

t l/ | 'r* ^ | | Tanhni ¡rta <¿v o v.y uv¿vFilwq¿

Irteiosis was studied in Pi'fCts using the acebocarrn-i-ne smear

technique described by snrith (tz6) " The spikes v,¡ere fixed and siored

in carnoyts sol-ution (6:j:r) of ethyl arcohol, chl-oroform and glacial

acetic acid respectively" The MI configurations r^rere recorded. as

rings and/or bivaleni.s, iryespective of r,rrhether .l,hey were open or

closed t¡rpes. The variation in configuraiions observed in the sarne
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sl-ide rc'as scored, tihere varia'bion exisi,ed some configurations appeared

more often than o'bhers bu.t 'r,he configurafion involving the maximurn murLber

of chromosomes in a ring ruâs âccepted as ihe luil configuration in that

particular rnaterial.



RESULTS AI\D DISCUSSIOX]

I. f rlq!-i_ation }Ie'bhod

(a) Induc-bion and. d.etectioi-l of ner.,r translocaiions

Ger¡rination of the X-rayed populaLions of 5903 groïryì in the

suluroer of I9ó1 iuas very J-oi,v" Out oÍ a total of 500 seeds planted, onl¡r

about S0 seed.s gernúnated. This 1:oor germination could be attribu'r,ed

-uo the after-effects of radiation as d.iscussed by I'lilan (89), since

thele'was a lapse of four to five days between ircadiation and- pl¿n¡-

{ ñð

The resu-lts from the pari;ially sieriJ-e X', spikes s'budied are

nresen'¿ecl 'in Te.bles TTT-T\I ¡.nrJ V" Table IIf presen'bs a conplete list
i?¡ vuv¡:vvs

of tnu X^ farnilics ser'reoatirro for ferti'l itv as v¡ell asthe fert,iJ-ityv¿¿ v rL^ v v¿r¡ vùe e¿
¿.

of .i-,¡e n¡.ren1, X, -^ìì-^- ^n¡l Y- --'r^-r-^ +lr^ -^--aorfinn fnr fo-n'l-.i_fiiyvr ur¡v lrør w:ru r! | 5,UIriçÞ Alfll L2 U-Ld,ll uÞ, u1lv ùvóI ç¿iø

i- v -n¡r +ha 'Prenllennr¡ of rinp. .^--^.F'ì ^- ;- v ,. The j-nforrnaiionLlI .L2t d.lIL¿ L/lrV ¿ r ç9uçIIUJ uI MlÉ r va lI5 ulv¡¡ ¿rr r!3

r^rìf]¡ -¡aanao* *n fhnca lina< inv !r:¿vu, :.^ lfnich neÌ\r trans-to".t,iot" were detected

is presented in Tabl-e IV. The relationshi ìo between Partial sieriJ-il,y

-ì- Y .-nrl Y- .n,-l i.þp frcnrrraner¡ of deteei;able tfanSfOCabiOnS in ÏIn Âl aflQ .¡-ZTaIIU- u¡I.ç -LrËqus11uJ UI rleUUUUd,U-Lg t/!-d,]]ÞfuvdurvrrÐ Jrr r3

is given in Table V.

Stadler (f:O) proposed Nhat a muj;ation in one pri-nord'iurn rnay

no'¿ be du-plicated. in o'r,her prl-;rordia, and therefore pla.nts from X-rayed

seeds nay be chrmeras, The Ðresent clata (avaifable onþ for 59O3t Tabl-e

III) are in agreement i.rith ihis vier^¡. For exa;nple, four spikes viz'

59O3-39a, 59O3-39b, 59O3-39c and. 59O3-39d, i^¡ere se-l-ecled Íroir the same

plan'u, bu.L only two of Linet¡- 5903-39c and. 59O3-39d. gave both pari;ial þ

steril-e ancl fertile.orogenies, rrfnereas the other t'¡¡o gave only ferbile
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)¿

Ðrogenres. Oirly one (yçO)-jg") rias Íound 'uo cerrl¡ 3 nc,..,¡ lr¿ns]o-

ca.'L] 0n.

Consicle::e.b1e ::ange iu íer';jl-LiLy rn.s observed in -.he parbíally

s'LeriÌe ä., spikes (3 -"o Jl,, cer cenl) anoì. X2 ¡-e.nts (fó ¡o 73 per cent),

bu-'b bhere I.Ias no rela.-Lionship be'r.;,ieen the per ceni feriility and- Lhe

Ðresence oí Lr"ansloca-Lions (Ta.bl-es III and IV) . Therefore, -blLe acLual

¡ acri pe nf s1-.pr-ì I i irr nnrrt ¡t nni l.e USeCI in Sel eCtiOn f Of. ''ufanS-l OCai,iOnS .uvót vu v¿ u uvf !J-! vJ¡

Considering ihe facl 'i,hai; fer.Lifij-y j-n a '¿ransloca''i.ion he'r,erozygo'¿e is

dependent on su-ch Íaclors as'uy.r:e o-f orientaLiou aL I'f, leng't h of -i;he

in-LersLi'l,ial- seg,,ieni, ancl Lhe frequency of c:îoss-overs (:-l:), 'Lhese

resul i;s are not, surnr-i sin,q "

Theoi:eiicall¡t a transloca'¿j-on he'l ei'ozygo'Le on serfinS produ-ces

ha-l-f fe::i;i-l-e and halÍ par'¿ial-l-;u s'¿erilc progenies, the -l-e"'Lier be-ì nS

e,haraa+,e-,.izecl br¡ ^ - i-- ir^-..h-+.irn at l.[. The data l¡r,esen',.eC- j-n Tablevr¡OI Gv ,JJ á I rliò f VI lr@ U-ì-Vlt G U r'! . rlrv v-<

T\I rrc in :or.ocr¡enb 1..¡ith this e,.qrecj;a|ion. Qui; of a ''¿otal o'f 12?- Xt

,:-rants e;ca.:nined cy'bo]ogica1ly, 67 p]-ants shor.,¡ed a 04, and. Ijj pJanl,s
TT

shor+ed. 7'" The devia'¿'i on froiil I :'l rafio r,r'as fou.nd s-ua.iisiically to

1.^ h^h-;-- jij nn-n-'. (ch;-enr¡-no : l.tS). Si_niilarly in the )i, fanúli-esUV llullÞ¿¿jl]ll J-Udf IU \ wlrr-ÐVuGr ç L. La /

segregaiing for fei''uiliiy, 'i,h.e ra1j-o of partially sterile io ferbile

^-l ^rr! .nh¡^a'i rrll-a'l r¡ I . I f ha llhi -qnlrr-rê hêi *- 
^ ' ^-J *^*^ '

'J!érlur vNo,Ð ø:J J-. vr*-.--vv--d ---*) - *-lng U.4 anO- nO.|-fSAg-

niii can'i, "

In Table V it can be seen'r,hat ou-i, oí ¿.'LoLaL oi J-jB X2

fanrj-lics gro1rr1, 55 fanúhes (Zç.e per cenb) r.rere np"rlced. as segregai:ing

for Íerl,i lil,¡r. Partia-1. si.e::-i-U-'i,y in the rerrai-ni-ng 6l spil¡ss, literefore,

coulcl be due to o-i,her nonheriì:able faclors (l-rg). Â-Lo'¡al of 17 out



))

of the 55 farufles selected, ::ep:resenting L2"3 per cent of ihe X,

farilies grol'rn and 30.9 per cen'b of ì;he families selected-: was. found

to carry a nei,¡translocation. These results confir¡r lhe usefulness of

- 1î+i.r o*a--i lir-1¡ ¡s e ine.rl<er for nOsSibl-e 'r,ranSlocations. QU-t of thelJd.a urér ÐUçIMúJ s¿ a lsr

l7 families, ring forr-ation r,ras observed only in f5 fanil_ies (Tables

- *--\ ^/- -\ /^ , \IIf and IV), r¡Trereas 'ìn ii'¡o farnil-ies T(f"5)12-l+)a-5-3 and 59O3-3Eb-2'

eviclence that a 'bransl-ocation occurred. ivas obi:ained frorn the 'Lest-

cross results involving fer-uile plants of these fanil.ies and. Ifontcal¡n

| - - - --\(Tabl-e VT)" 0n this basis, althou.gh partia.J- sterility in the r:emain-

ine 3Ê families could be du-e to causes other than 'i,ranslocations, such

as viable d-efi-cienc'ies and- genic ¡:rutations, ìt appears that a'i, least

sone of these fairilies do carry a. transl-ocation, ivl:.ich could not be

ricf.cnt.pd nwt.o'loc:-i ^^'r r-, r-,-¡ - --ìhð for.naì;ion"uE UEU Uçq VJ UV¿võrv@rJ-J uJ @ r lrrõ

Â considerabl-e difference e:"i.s1,s in 'Lhe frequ,ency of nei,¡ trans-

focations beti,¡een different stocks (ta¡fe V) " In the stocks Tl--5c and

rftlf _rZl t'c_a\- lô ¡n¡l 'l ,1. ? no¡ nanl raqnan*-ir¡a-lr¡ ^¡ r-tr^ \¡ ¡^'--i t-ir\-L-l l\a-)ld.t -Lv ørrq L'+ê) vvl vvlJ.u lvòuçuulvlJrJ oL tne /.2 laln:Llaes

segregating for fertility r,¡ere found to carry a nehr transloca'bion, r'drere-

as in -bhe remaini-ng stoclcs the freo¡rency of translocations ranged frorn

2.rl -l ¡ (l-l na-¡ aon* irinn¡¡ f ¡ o* a-¡a qrr nJ¡ ¡ q oornt.t¡rrt ev ¿/v tJvt vv¡ruô r'@r¡J rowuvro vÉ-.¡ ..v ov¡¿v-r'.Je, Age, OlSrSen And

rnoisture content of seed.s have been rei:orted to afíect radiosensitivity

of seed.s çeSro9), Although Ì;hese factors l'¡ere no-L controlled, iN i5

doub'r,ful if ;oronounced differences would have been present in these stocks,

since they had been s'r,ored und-er the same conditions and -l,he seed sources

¡"¡ere oÍ'r,he sarne age, Therefore, no defìirite reasons cou-ld be attributed
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for these differences" In view oÍ the small population studied, these

^iffarenrlê.q 
mâv have been even fortuitou-s.ua: r vr v¿rv vv ¡_lgJ

(b) Identificaì;ion of iines homozygous _for ner¿¡ tra.nslocaiions

The Xa or X, flert,ile nlents'u¡ere crossed with L''ionical-"r and the
> '"Lv

rnnr.onrì:-i,e nerenta-l- stock -r,o identify -l-ines horaozygous for nev¡ trans-
aP r!,r vy¡

locations. In general, crossing 'r'^¡¿s quite successfu-I, except v/nere

5903 or l-ines der'ìved from it l.¡ere used as a female parent" In the

fa_l_I of L962, a iotal of 150 spikes from Nhe X3 or X4 fertile planis

of 5903 1,¡ere crossed with I'.lontcalm and 5903, bu--b only one cross 1^Ías

successful. Crossing had io be repeaì;ed, bhi-s time usint l'Íonfca.l-il as

a. female paren-b, and- therefore atralysis of the fer-tj-le plants had {,o

be based on resu-lts obtained in crosses t¡rith I'{ontcafm alone (fa¡fe Vf ) "

A siuil-ar failure T^ias encountered. bJ' tr''iang (Ul) in crosses using a

li,ne 1+256-1-ó-f (fater designated- as l-ó1), as a fernafe parent, and .ttras

consid.ered due to the danage ca.used- to the pistil in the process of

enascu-lation, As mentioned- earlier, 5903 l¡as obtained frorr the above

li¡e b¡r iryadiation. The e:qrlanai'ìon by tttrang t,ias noi consid.ered satis-

factory, and 'r,herefore other possib-l-e reasons idere subseoJ.enily investi-

gatecl" This information, and. the conclusions reached r'¡'ill be presented

under general discussion.

The FJ_es of all crosses beti'¡een fertil-e X, or X¿ PJ-ants, Iviontcalm

ancl the parental stocL:I,fere gro-y,n-l, anct e;tail,-ined cytologically aì: l''f.

The resul-ts a.nd. in'r,erpretations aï'e ilresenì;ed'ìn Table l,[" I'b can be

seen from this bal¡l-e tha.t ou.b of a total- oi 17 translocations indu-ced



40

(taUte IV) 14 r,¡ere es'babfished in a honozygous condition. These lines

are l-isted in Table VII and given a nerÀ¡ designation" The l{I configura-
'bions in the F-, Îs of crosses beLween some of Lhese l-i-nes and Ìvlontcalm

I

are illust'rated in Figures 2 fo l-1" rn the remaining three cases

(lalle VI) viz. 5903-3a-, 59O3-34a- and 59O3-48a-, configurations other
TT

than already existing (OfO+2") were not observed, although the nr¡nber

of fertile pl-anl,s bested Ïúas seven, si'x and four, respectively. The

exact l:eason for this is not knor,i"n. A possible reason, however, may be

tha-r, in these cases a transloca'blon occurred betu¡een the chrorrrosomes

alread¡r invol-ved j-n the '[ranslocation complex, v,rhich was detecbab]-e in

the forrn of a ring in i;he Pi.ICss" Evj-dently such a transl-ocabion will

not affect the exis-bing level- of translocation complex, and therefore

would no-b be effectj-ve in the synthesis of a corrrpfe'Le trans-location

stock" That this occu-rred, cou-l-d be confirmed by crossing these fines
TT

wjfh 5903 and studying PlICls in the hybrids, A O4+5'r configuration

at i,II woul-d prove this predicì;ion, since normally ^ 7f,I r,¡ould be

expected in such a hybrid" Unforbunately bhese crosses, though atternpted,

were not successful- as rnentioned earl-ier.

The resulLs in Tabl-e VI in general, are as e>pected., and there-

fore onì-y 'i,he f ei,¡ exceptions r,.ril-l be discussed here, The lines T(2-5)

ß-Ða-t+-1-1, T(2-5)G-t+)a-t+-3-r, r(z-5)(l-t*)a^t*^4-2 and, T(2-5)(3-4)a-
TT

4-6-L showed a 04+5II in crosses r,u-ith I,[ontcaÌm, and Oót€4+2'- in crosses

i,rith the parental stock al, i'fl ínsiead of the expected configurations

- ^^, ,-rf ^rror 2O4+J*t and /** respectiveþ, This could indicabe that a back

bransl-ocatj-on occurred in 'both the original translocations in such a i,\ray
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TA31,E VII" Lines r,¡hich have been identified. to
be honozygous for nel¡ translocations*

Irine designation Hornozygous for
New

designation
proposed.#

t(r-f)Q-Z)" E 24 *2*1
*7*?

t(z*¡) ß*+)" Ë

:o+ + rff
344 + T- 620l

o¿v1

6203

620+

6205

630I

6303

650+

6305

6706

ßB

@5

^3*2
-3*5
*2*L
*3-7

Ë 2b *2*L
*4*L

É4 7a *4*1

*jOa *2-I
*2*2
*2*I47

*JIa *2*1
*4*l"56

*JBa *5*1

rc+ + rfl
7O4 + L'*

06+04
06+04

-IÏ+ )TT
+ 31i
+ 5--

-TÏsrÈJ + 2tT
0B + 3--

TT
012 + L*-

.TI9rz + J-TT

012 + lll
"frVL¿+L

. ,II9r¿ + J.TT

OJ.Z + J

0B+04

ròa

OB

OB

6 *1+6
*l*a'5*5
*1*5*B

t(r*r) Q*Ða

t(r*5)c

t(z*4)a

5903

, ^II+¿
+ zlr

o¿uo
06 o 4l+
06 +ç;
06 +Ë-

d 3 *3*4
*5*5
*5*B

TT
204 + 3;;
204 + 3;;

-LL¿c¡+ t )fT
20+ + 3-'

2 *5*3
-5*L*1*5-5*1
*5n5*2

-II+-L

ffi
f, , utøæanv 

Å\f^,, -rcqÞ,,/
\-.--- r'-
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TA3I,E VII COI{ÎTI{UED

*JBb *4*I gtz+tII 6107

O,Uö-39c -1-I
-5-2

012 + 1+T
012 + 1--

L,ines, originating fron the sqme partially sterile \ spike should. be
id.entica-l- in chromosome constitutionn and therefore Ëave been proposed
a common d.esignation, fn new designatÍons, the first two digits
represent the year of s¡mthesis,
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Yi,%,*,

FIGUPfi 2: ;\ OÄ.i-5ÏÏ u¡ netaphase I in
ihe hybrid from lhe cross TL-5c-3--)-)+
-- 4r-t tr ^¡- J r-ru.

&*
ffiwwffi

ai rleì;aphase I
ihe cross Ti*5c*

ffii*

'þ¡

.W

FIG-tTli.E L": 1,, ZOlt+:II
'i .he h:¡hr-id i'ror iþ9
:; j'{onicalm"

^t- -¿.^+--ì.-^^ T ì-
d v t:!Ç ú4 j)Itd,ù v : 4r r

cross \2-1-ra*2*5-')

t&'ê
æ'4

FrGtnìE l: À o(; - -
-i n the hvblid fro:r
3-3*| :l i'ionical-n.

Wffi
#ffi

w

W

ffi

FIGURE 5: À 081-3II a'ú rne'Lapitase I
i n iìro hr.hri rì froni ihe crcss¡¿J v¡ &çq r ':

5903-2Ð-2-l x l"Íonì,caim.
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FIG1¡pE ó: A Oó-i_O I++ZII
'l^--l^--ì Á P-^- r- 1r ^ÍI-\¡Ðf rQ tf'O:'l ,-Ile CfOSS
i.fon'uca-l:n,

tt**"t@

@

Y**W
W,,.t,*&'

^r .-^r.^.^1-^^^ T in ihedu rilgudP¿r4ùY J !.

r ( r-i ) (.2-+) a*5-34. >:
FIGUP,E 7z 3@|¡.LTT at
l,l"e hvhrid frorr '¿he

2l+-3-2 x Monlca-'l¡n"

rnef.rnh:.p T in
c:ross Tii*7) (24)a-

FIGUF.E 8: A O8-l-OÀ,'.1II u'
the cross 590j-'J8a*5-l :;

ner.aphase I in tl:e hybrid- f::orri
,l,iontca]-ln"
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FIGU]ìE 9: À O1Z+III
i,he hyì:r'id frorn i,he
;e I'lcnicahr"

a', ne'ì-,¡.nhase T i¡
c'r'oss 590?-1:O¡-2*i

//v/ _/vs r!

FIGURË lO: Ä ôt2l-,*' a'r, rnet,aphase I
in i:he hybi:id fi:ora -uhe cj:osË 59A1*
3La-2-L ;t ïvicnj;cal i:r.

FIGUPJì
h¡¡l-¡-ri ri

rl. Ä 0l2a,r"' al rneNaphase I in lhe
fr.nrrr ì.ha ^F^êc c903*3\b_4_l x Ì.fon1,ca.l_m.\'L v¿9 /
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tha'r, i-n one of then boL,h'¡he iransloca-i,ed- chronosornes 1,¡eïe lles'boïed- to

i.ha irnr"¡ l l-:-¡r¡n'l-.¡rno r,rmorar. i n -Lhe O.r,hef .tfanSl oc¡.i-.i nn nnr. el.u: jlqrJvvJ')çt llrref vdÐ rr1 UIle OUflel'.tI'clIli.----* -..- -jl.folllo-

solne I'¡as resiored to normal and. the other chror^ûosorLe e,Tchanged â segrrìen't,

lrith a chrolitosone not invofved in the translocations. Su-ch a chanÊe

1.Ioul-d resuft itr le"u of bo'¿h the original transl-ocations, and s;mthesis

of a new transL.ocation" If this is irue, iL is necessarJ' to visualize

sj:nu.ltaneous breaks in five cl'Lronosones" Further, these breaks 'r.roLltd

have to occur in boi.h honologues a-t, ideniical posiiions, since none

of 'che four X2 fertil-e far¿ifies tested lrrere homozygou-s for tire origina'l

confìgura-bions" Tnese conditions, and also the facb that rinp: forna-

tion -v¡as no'l, obsen'ed- i ir l,he correspond.ing X, far:iilies segregat,iirg f or)
¡^--+; t:-:--- ( ¡F^.1^ì_ rrr\ | ",1ierLr ¡ r.-úy \raÐ re iJl), (al-though iies possibiJ-ity cannot be ruled out

en'i;irely because onJ-y tr,ro plants Ïrere ei(ar,Lined cytorogicaì--ty), i ncl-i caie

that such a change is unfike-ly io have occurred, lhe possibility of

an error in crossing or j-n plantíng'r,he naterial- r^¡as al-so ruled out b¡r

repeating ihe crosses and confir:rú-ng the resul-ts. Thereíore, no d.efi-

niie ex-olanaiion could be su.ggested at this stage" It appears tha'i; some

error in hanclling the rnaterial in an earlier stage oí i;he program may

have been responsibl-e for the resu-l_i,s obtained."

Tlre lines T(1-5) Q-L)a-S-l-l and 59o3-38b-d-1 shoriecl synfhes'is

of a ner,¡ transl-ocation, being homozygou-s for O6I-O4J-2II (Figure ó) anO.

Ol2+-Ìrr (Figure J-i-) r'especiivefy, This rrras une;mected since ring íorma-

tion r.,ras not observed in '¿lr.e correspond-ing Xa fa::ri-lies segregati ng for
far.f.i li*r¡ lT¡lrla -"\\.*-,-- 1V.). 'lhis j-s pa::ticuJ:.r1¡r ¡"u-" for line 59O3-3Bb-2, vhere

seven Plants r',ie::e c¡rbologicalþ e,-€flined" The e:cact reasoïL for a fai-l-u-r.e
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oí the ilew +r,ransloca'L-ion to shor,r as a ring at i{I i-s no'¿ i<not¡n. A

nossil¡le i.e¡sÕn- horu-e¡rer- nor¡lrJ be an incorrect ictenti-fication of thel,/vuuJ_s¿v r vsuvrr,

--^--r;^-rr-. ^¡,^-; -r e X^ Þ'lan.b used_ for grotring Xo p:.ogenies, i,:hich ruerei-Jq¡I UrLl,¿1J ù usM 
/_ _ 

)

cyt,ologiçally exarnined" In a.ddÍÌ,ion, ihis could also resul1, from an

envirorrmenNal- effect since i;he bwo populations were grotrn in dj-fferent

enviroirlents and envirorrrlent i s irnor.rn io affect chiasna frequ-enc¡r

lrn.<ì

Tne lines 59o3-2b-2-r (rigu.re 5) and 59O3-2b-4-L

honozygous for O8'i-3II i nstead of Ol-Gl-2II tu u*pucled '
'that a back transfocation of 'uhe type repoybed by ilang (I44) ancì. Chang

(26) occurred- in the original 'brans-locatíon comp-lex" A riore or' less

sj¡rilar ca.se of back transloca-tj-on occurred in the ILne 59O3-3Ea-j-1 '
iden'cified- to be hotnozygous for Oll-04'.1II (nigure 8), r,ihereas the

T1-
paren-bal stocl< v¡as honozySou-s f or 0l Gl-2rr ' liere one chronosome in the

translocation cortl-rrex apparent,-ly exchanged a segm.en-b rd-th a fhird

chromosoile. This rvould require sii:ru-ltaneous breaks and e,'cchanges ârlong

-bhree chrolitosornes, tr''ro of irùrich lvere a-Lread¡r 1¡tttolo-ed in the 'r'rans]-o-

caii on coinplex. This r,¡ou-Id effectivel¡r ¡""¡ore one of the chrollrosomes

io norrual"

(c) ld.entificaÌ;j-on of-!;Ìre c.hr-onlosomep involv.esl in ihe
EansJ"ocationg

Ou-t of 'bhe 14- nei.ily synthesized 'br"anslocai,ion siocl<s (ta¡te VII),

fou.r have been ìdentified rrri'bh respec'u to-bhe chronosones invofved in the

iransl-ocations. In add.ition¡ 'uhe chrornosoirles invol-ved in the i;ranslocation

co;nplex of the stocl< JJjj were also i-dentified-. The resulis and in-uer-

i.¡ere Íound to be

Thi-s i ndica'bes
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/--\preta-r,rons are Ðresented in Table VIII (arbrcrclre).

The stocl: 5903 r,¡as lr.omozygou-s .ior @1ü-2II (Figu.re l-Z), In ihe

hybrids be'¿r^¡een 5903 and. the t,esiers T5-6a and T3-4a, 1,r.ro i;r;oes of t'il

^^h.F,-ìôrr*-+.ì^*^ ( 
-tr rr' - t-. - ---+-. \vvrlrsqaourvrrÐ rGlGi-2*' and 06+3**) riere observed (Taìrle VIIIa),

indì ca-uing that chromosornes 3tl-t5 and 6 vere involved. The test-cross

resu-fi,s invol-ving the tesiers Tl-/a, T1-5d and- Tl-5f indicai;ed that

chromosorne 7 -r,lias involved" Therefore, it is conclud-ed i;hat 5903 is

lroinozygous for transl-oca'rions invol-r'ing chro:aosoi,rcs 3-5-7-l+-6 "

The siock óZOl (Table WIIb) r.¡as found to be homozygou.s for
TT ¡-. Þ\<ldt/,-;- t-*- | t1 f orr?ê

. /- F¡\ 
' 

/^ 
^\f 

^^ 
a 1- I 

^nc 
1.tô_4ê |u.vrv \L-'/) and \2-3). 0n cr"ossing thj-s fine l,¡ith the testers

TT

Tl--óa a.nd T1-5b, l,he hybricls shoi¡ed 081-O¿J-l-r-L çe¡figurations ai I'lI,

j-ndi cati ng ihat chronosomes 5 and ó luere invol-vecì, i n ì;he nei,¡ transl-o-

ca'bion, since chro¡rosone -l- l.¡as ah'eady invol-ved in one of thc e"i-st;ing

translocations. The results involving other 'ues'uers support ihi-s

concfusion, 0n this basis, J-i-ne 6201 v,r¿s found. io be hor,iozygou-s for

trans]-ocations betr,¡een cllromosor,i.es (f-Z) Q-l) and ( 5-6) ,

The lmornm chronosoines i-nvolvecl in the st,ock 62OJ (ta¡te TIIIIc)

t^ -\ , /^ , \rrrere (2-5) and \3-l+) " The hy-brid beir^¡een this stocl< and the tester

Tl-óa at ifl shot"¡ecl- 2@L-3IT configu.ration, indica'Ling that chro:.rosones l-

and ó i^¡ere i-nvolvecl in the ner,¡ transl-ocation" The results r^¡i-bh other

'Les'¿ers also su-pport tl'ris concfu-sion. Thei:efore, 6203 is holrrozygous

.for -Lranslocations beii.¡een chronosones (-t-¿) (Z->) and (3-4).

/^^t l- , - \ .ihe l-ine b204 (Tab-l-e tIIIId) r,las identified ì;o be honozygous íor
^, . ^, . ^TT /^-0ó+04+2* (Figure I-J), and fhe ]cno-,,'¡n chro¡¡rosomes invol-ved. ¡,,¡ere (2-5) and.
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'l'-{tslIl \IJJI (au br c r due),

test-cross
6zot" 6203,
stocks"

I;ietaphase I configurations in il:e
hybrids involuing üre stocks j9qT,

6ZOh anA 6307, a¡d different tesier

ãø S'uock 5903, homozygous for @l_O+2rr" The j<nor^m chro¡nosomes
Ínvolved were J-J-J"

I,fï
lester Configrrration Translo catecl Clrromo some s

ltiumber
of plants
exa¡¡-ined Interpretation

Tl -trf
T5-6a

Tl-*7a

I3-4a

ote + lrr
oL2 + 1rr
oro + 2** )oB+5")
otz + lrÏ
^a^ . ^Iï rv¿u -f ¿t, )
0B+jt')

either tlt or r5l
ll tt

both r58 an¿ t6t

either rf¡ oT r78

both rjt and r4t

7

T

I
Chronosomes
i nr¡al rraÂ ^-^? ¿¡¡vv¿vgu d,Ig

J )-2- I_¿I^O
5

T2*3c Ofe + lff either t|t or tlt. 
5

T2ðA OtZ+tII n ro 
2

b, Stock 62O]'e homozygous for_104+lÏI.. the 1a:own chromosomes
involved rvere (t_7) (z*t)

î1*6a

T1*5b

T2*4a

T1*7a

THa

oe{o4+lu

0g,,O4+fIÏ

06+04144

both rli and 16r (i¡ two
different rings)
both flr *rU t5r (in
two different rings)
either r2s or r4r

both ,l_r and ef r (in
the same ring)
either î3s or r4r

2

¿

Chromosomes
involved
are (r-z)
(z-Ð (i-a)zo4 + 3rr

06+04+04

c6 Stock 6203, honozygous for
involved r,¡ere

.Jo4+11I,. The keoim chromosomes(z*ilß*q)

T1*6a

T1*5b

zg4 + 3rr both rl-r and r6c (:n ttre
same ring
both 11$ a:rd. r5r (:n two
d:ifferent rings)

Chromosomes
invoLved are
(z-Ð(s+)

í¡ r\
\-t-o,,

o&@4+trr
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*cÈé

T2*Aa

T1 *7¡

I7-4a

oB+o4+1Ir

ø6-+0,44,0,4

zo4 + 5Tr

both r2r a¡d r4l (in t"ro
different rj:lss)
either rlr or t7E

botLt r3r e¡d ¡40 (in
the same rins)

TT
d.* Stock 62040 homozygous for .O6fi4+2'1. The knol,¡n chromosomes

i:rvolved. were (2-5)ß-+)

T1-5b

T2*4a

T1-7t

T3*4a

Oe+o4*1Ïr

oto + eÏr

ogro4+trr

o6 + 4rr

either rft or t5t

both r2r and r4r (in
\

o.r-ïï. eren-E rl-ngs/
ai{-har t1 t 

^? 
t7l

I

both rJr and r4r (in
oo.o -ìno)vs4v ár!¡-Þ/

Chromosomes
involved
are (z*5:7)
ß-q)

¿

two

the ¿

e" Stock 6707, homozygous for Ol-z+lf,r, fh.e lalovus chromosomes
involved. ttete 3*5*7-4*6

f1-6a
T]-2a

014

014

ei-ther

ei-ther

rf s or r6r

rlr or r2r
+

¿

Chrornosomes
involved are

eA/¿--Þ)- l-¿ito
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ffi
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#

T1'
FIGmì¡l l-2; i 01Ct2-* a," ne+"a.pha.se
i n t,lre h.¡bri ri fro::: the c:loss
5943 ;r l'{on'Lça.lm,

T"f
@6*Ø!+12-' ai rLe'Lai:hi'se
fro¡i ;he crcss T(2-5)

x }'ton-'i,cah"

,W*

W
W

&
ffi"uu%

w,-ffi:u
ruw

., l:

Wll

F'Tr-:rTt?lt r(- ¡ oA+Ot-f2-II rt ncia¡hase--)" :\ vv'v+r<

I in ihe hybrid from tire cross/-^ ^ \t'!')-5- {a x. '!'L-¿a)-L-Y }'- .l'1on-Lc¿l-ili.

FI.GUP,E l-.? : ii
'ìn rho hvhliri

ß*t-)a*s*2*1.

T

].-IGUIìE 14: Â GJtH-O;d ai
i n f.h+ hxrhri r'i fro¡f i-he
fF-l a^
!L-/-Ja

inetaphase I
cross 5903 :<
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t^ , \lj-Ð. -l'he test-cross resu-l'i,s inr¡clvinê; ihe bester T1-5b exc'lu_ded

ihe possibili-r,y of chrcrnosorne I being invo-l-ved-: since chr.onosonie J

r.¡a.s a.lreari.¡ involved in one of the oriEina.l tr¿.nslocations. Results

involving the lesì;er TI-7a indicaì:e that chrorlosone / ras involved-"

Fu-rfher, resul-ts usi-ng i;he ì:ester T3-l+a suggesi ttrai fhe nelir -r,rans-

location tras ad-ded. ì;o the translocation involving chrornosones 2 ancl 5"

0n this basis ì;hi s si:ocl< has been identified- as invol-vins chronosones

(z-fq) ano. (3-4).

Tlre l<novm chronosomes involved ín the s'bock 8O7 Oab1e VTIIe)

r^^,-^--.^^.,- r^- arr^rrII r-.------ r-\rrvr.rw¿J6wu-Þ rvr ¿1 7,-1-' (Figure l'l), I.¡ere 3-5-7-Ì+-6, and therefore

either chrorilosone I or 2 r.uas expecied to be add-ed to "l,he e>d-sti ng -brans-

l-ocatj-on comple;1. The tesf-cross resulis involvj-ng the tesiers T1-6c

and Tl-2a ind.ica'be '¿hat chronosoli:ie 2 tms'involved in the translocaÌ;ion"

Tlra¡afnr^a *hi c r i no i õ h^n.^-r,..^u,s :îor tr.ans'l ocal,ions ilrvolving chT.orÍlo_!u rrvrrrv4J, óvv,Ð r. v¡ uI @Ir9:vv@ -L-rv v¿ v *:!5

sorrles 2-3-5-7-l+-6 "

| ^/ \Chang (26) pointed out, that using a standard tes'fer set Íor

identification of nultipl-e -r,rarsfocations, no inforna.tion is obtained

on iheir interchange þatiern" LccordingJy in the present study iden'¿i-

ficai;ion of the stocks 5903, 62OL and ó307 clo"" irot -orovide arly inf orm-

abion on '¿heir inierchange pati;ern"

II. fnlgrcross it'Iethod-

(a) Direct approach- by crossine 5903 and Ti-2-a

A iotaf of 12 Ìrybrid seeds, ob'ta.ined fron crossing 5943 and TI-2a

-vlrere pl-anted- in Sepie,:lber 19óf" i:.Ieiosis r.,as checlied in il.¡o clanis and
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iq êì^- ên+orì ¡ J.iT nnni"ier¡'"-*i ' /-' -' \vvu s ¡¿4 vv¿*lciu-a@u¡vrr ¡1' Q lLtf(9i-¡ (I"i-3ure l4J l.¡as oÌrservecL"

l" Back crossins

Liie:npÌ;s tc baclic::oss the F., hybrid Lo Jrog3 Ì^rere no'll success-

fu-l-. fn the i:eginning, a reason for th-ìs íail-u.re T^ras consid-ered'i;o be

!l^^ ^l^^^*^^ ^F trnori nol'lan 'nrndrrc,-d 1'¡r¡ *.hc It hrr,ìrr-iÁ lìr* in lcto-¡ r^¡nrl¡urrç duùEltuv vr Svvq r-ruJrç]] ur uL/_uçcu- uy uíle -e I 
jlJutrL¿o JJuu _Ltt -Lauv-L !t/Lrt.j!,

as rnentioned ear-li-er on page 39 diíficulty l¡as encoÌln-bered in crosses

using 5943 a.s a ferl¿l-e parent, and therefore appears to be res,nonsible

for fai-lure of this äreihod.

2" FZ anal¡rsi5

The 12 hybrid ¡lants obtained fr.on crossing 5903 and Tl_-2a

r{ere Sroi.n ro na'Lu.r'ì'by: and. as e,çreci:ed. (glri-ZÐ trere f ouri.d. io be a]llos,¿

comi¡leielJ¡ sierij-e' A total oÍ onfy l5 FZ seed-s r.¡ere obtained" l.Iitotic

chroiiìosone nu:nbers of these seed.s r^rere checkecl in roo'i; tips " Eight seed.-

lings gave a irornal chror¿osone couiri (Zn:lJ*), -four l,,rere .fouJtd. to be 'brisomics

(Zn:L5)rand. one seed did- not germinaie, Chromosome coun-bs could not be

obÌ;ained in the rerla.inlng i'1.¡o seed-s, buì;'uhe pl-ants froril'bhese rr'e::e alnost

clrr¡¡r.'fl :nd nnmnlpi.elr¡ qf ori I o i nrlì n¡*i¡a *1no* no-.h-r.o -Fh^ar --l -^Lrvrerr G¡fq vvr.!ì/re--*d **r.uJ-uaul'r15 ulrdu ljcrllaps üney also'hlere

^ -^,.*-t ^,,' J ^dltç u r.rIUIuò o

Ì.{eiosis in tire Pi,ICts of ihe eight, nomal_ plants r.¡as stu_died;

f ou.r of these shor¡¡ed Ol Of Oir-, ì;l.,ro shol',e{ O4+5II and Li.¡o sl:olrred 7II "oir-
fi¡u-rations at lir" Tneoreti-ca1J-y, these iì-'ifferent tyoes are exrtected

to be in equal frequenc¡r bu.t ihe popu--ì-a bi on ifas too s¡al-I 'l;o r,'eri fy the

h.r-r:o';hesis " On i;esi-crossi ng 'i;he pJ-ants 1,,ri'bh 7II ur'rO. ihe fert'i ie pro-

gerries fror,r those lvi-'r,h odj-Jrr, none 1,ìi'às fou:rcl to carry the d.esired.

citroi:rosonie constibuti on,
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/. \
\ c/ Jjrl-c|.S:ì-n¡ arll)T'oacn

Apnro:r-,laiefy 30 liybrid- seecis, obtainecl fro:i crcssinE T3-5-7a ancl

T\-Za -r,;ere pl.aniecl- in the fal-l oi l-9ó-l-" l'{eiosis i,,ras siudied- in tr'¡o

planls, ancl as e1¡itected Qó-i-Ol¡l-2II s6nfigu-ra'r,ion at l.f r,¡as observed-.

.4. ''uoial of 50 seeds fron a sin6-i-e F1 hybrid- pl-anl tr"as ;rlauted-.

Är;ong'chese, ieu irlants T.Íeï'e founcl to be ch,arfs and/or s'l,eriJ-e, and.

per.halts l,.Ielre aneu-pl-oj-ds" The frequency distribu'r,ion of l'lI confiSura-

'L-j ons in ihe reiaining [0 rriants -ì s Siven in ifab]-e IX.

T.ABLE IX" Frequenc;,r cli st,ri buti on of ]'il coirfi3urati ons
in the F2 .oopr,r-J-ai;i-on of the cross T3-5-7a:,c
Tl-2a "

l ,I u ulrr r¿3 u-j. d ulvrrÐ l]uili:er of P-l-an'cs

06

Dr,¡arfs

îì ^-l- - l

^.TT

-TT
Ll/.:- Ãtr

r¡l- r r.II
T-i--i A4 ', ,--

"/t'ñd / 
^T 

q'¡ êì-f | ê

o

5

LA

t0

5o

Theoretically, ihe differeirt b;r¡res of I'[ coníigu::ations are expecteC

'ï;o be i n equal Írequency, bu'b da.ta. in Tabl e IX ind-j-cete a consiclerably

hi elra¡ 'frô^rrêì1¡rr nf 'l-.ha Ïf - r.1rïìê -^r ^-r^ ( 
^Lllrl-'-tJ' 

'
¡rJörrvr +: vyqv4^vc¡r ! -u:-, pJ_anis i@si04-l-2 

*) 
" A sir:úl-ar il:end-

r.¡as i nclicated. i n bhe resuli,s ob-i:ained froiri ,ùne 5903 x Tl--2a irybrid

/ -^\ - ¡ /^r \ ---\1rage )J/ " riu-llrla.:r 99 ë. \¿t-) Tepoy-ieò. 20 .rlani,s -øi1,h @Ë-FJ--, 9 pl-enis



))

-IIi"iarn / anci one plan'L.,'.'iih O4-l-5u ii:Ì ihe F2 popu-lation of a hybrid-

These resul'ús aÐÐear l,o i-nclica'be ihe e;isj;ence of solie,¡riih OBi-3II.

-i-.;¡'ro nf r:o;-'nei,-it,-ì on ìre'bileen tlor:Ë,,r clt::o::losore genoLy-oes and- translo-vJ:Jv v'

ca1;ed chrronosone genoiyl-les ei'Lirer ab ihe ga,netic or a-b the zygo'l,i-c

level, ancl- a.-l-so Ì;he beb-r,er coi:rpeti'bive ability r¡f -i,he transloca'bed

cir::o¡rosoiire genot¡rnes, The l-inii;ecl inf ornaiion avai l¿ble in ihe ilresent

s'Ludy, hor.reve::, d-oes no'ù Ï,eïrâïlt any such couc-l-u-sion, but ì;his p.renorûei1on

apllears 'l,o be wori,h;r of fu-riher s-Ludy.

TÌre F, irlants, r'/rrich siror.¡ecl ?II at I.:I r,rere compleiely feri;i-Le"

The jll confi gura1;i ons of hy-brid.s invo-'l-ving i,hese 1:lanbs and iLonicalriL

el'e presen,¿e<j- in Ta'ble ]{. Ib can be seen -fro¡l'íhis Table ihai planis

(V-5-7a :< TL-2a)-L-6, ('t3-5-7u x T-l--2a)-r-8 and- (tl-S-7a x T-l--2a.)-l--9 tave

a coniiguration of Oó+04-I-ZII (nigu.re 15) a.i 1'[, and-'bherefore -v¡e::e hono-

'P^'- ] n*'l'r ihe 'r,rañslocations ' Tnese plairi:s l^rere e'qlected to bezJl 5U UÐ 1 vr vv u¡¡

iclen'¿ical in chro:nosor¡af constiiu.tj-on" Tnis i',¡as confirned by maiting

crosses beti¡¡een them and. sì;uCying neiosis in '¿he hybrids. /ls e:qlected a

coni'iguJation of 7II o*" ol¡servecl at l' .

One of these fines (V-5-7u x T1-2a)-1-9, designated- as 6309 i^¡as

setectecl, ancl cr-ossed. -i.bh 5903. A tota.l of l-l hybrid planbs i'rere $101111L"

jteiosis r.¡as sbuclied- j-n the Pl'fCEs oí one of i;hese plants, and as expec';ed

T1

at i"il 06l-04ì-2rr senf-ìgu-ra'tiol-l lv'as observed. Tne clata on fertility of

j;hese tl-airts aïe presented. in Tab'le Xf. I-L can be seen froi:r this table

tlrat '¿he feri;iii'i;y of ind-'ìvidu-al- pJ-ai-ris vai'ies -iror, j"5 to 33"3 per cen'.

¡.rì.1-.¡ ¡n,â1¡e.¡â.rre for-ì-.il'i.l-.¡r o'î l?.! per cent. This shoi¡s a consid.erable
! j! uIl o,Il @ v vf uòv ¿ u'L v¿¿r eJ -LJ

i:nproveiren-i, in Íerti-lity as e:qrecteO- (óZ) ) over the hybrid 59O3fll-2e,



TÁBLil À. ia con-iigu.i'aì,ions iir ihe I'¡ Ìrybrid-s, ob-La.ined fro:;r
c:'ossiirg F2 ferbi-l e 1:lau'r,s--of '¿he cross T3-5-7a x
TL-2a and tllonical¡1.

i{u-¡rber of
r rd,1luÐ vJ uv-LU6-h'^ i'ê1.-¡.r lê nlrnl-.

cl,esignation Ì'tr co-nfisuraiion

ø6-,'øt++zf,I

7rr

ØA,-ØL+zrr

ØGi-ot+-t-2rr

O/¡ -i- 5II

Od + 5II

7rr

-1 -7

i n:r I l r¡ E'r:l¡i n,ed Tnt.ernreì-,a.-i-,i on

-r-B

-l_-9

-l-r0

-1-25

-t-?5

-1 -J,2

06| 4II

ø1,,+ 5IT

lio:nozygous for
both i;ranslo-
ca'bions.
Ll^--^--.-^"^ iî^-lrulrrváJóvqÐ l ur

norr¡¿l cht'orrro-
some consti-
tution,
Ì_T^-^-{-^^rì^ p^".
lluliruáJ óvv-Ð J vr

both 'branslo-
ca'Li ons.

T.Inllnz'r¡onrrq itnr.

one iransloca.-
¿-; ^.

I? T?

I-Tanrnr,¡ronrrq for.
nori:æ.-L chroino-
sorne consii-
tui;ion,
llonroz;'gous for
one transloca-
+; ^h

1? tÎ

TABLE XI" Percent fertiï-ty of F-, hybrid plan'ts
ob't ained fro:¡. ci'ossing-the stoclr 6309
r.nth 5903-

It. h¡¡lr-ri d i¡-l : nl-.
-cl.esi,gla-fion 

- -- Per cen1; Ferbili'clr

I t ¡na -^a^ \\o)vYií)Yv) )- J-

-2
^-t

_: J,

-5
L

-7
a)._ a:i

-9
-i0
-11

//la r\

^^-)).)
-r)../

i/ ñIo. /
o^+
-V.a
1^ -L) n-)

T1
/èL

nr7I ol
f ô a!
L¡a- o Ò

---
)Jê)
aQ2

-- 
')") -

Averaqe ì^ ^... - -----!:/-2¿---
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l.¡hich is al-rnost completely sieril-e (see also Figure 16).

Ánnr.nvi¡aa*a'l¡¡ l?fr ri caarìc have been obtained fz.orn f.hcsc hrrþ¡idL¿v L 
2 

evvvu rlav e ueetr vu uGrftuq ¿r vltr ur¿çÐç IIJ,

plants, i^¡hich wil-l be analyzed furl,her in the hope of obtaÍning a line

homozygous for 0l-0-l€4"

1-rl- riôÞ+ i I i +r' of Transloca'bion Heierozygotes!¿r o 1_:a v¿{¿ u-y \

Resulbs in terms of per cen'L fertility of transloca't,ion hetero-

zygotes according to their i.il configuraLions are presented i-n Tabl-e XII"

In this tabÌe, 'bhe average per cent ferbility of transloca-bion hetero-

zygo'bes reporLed- by Shih and Shebesti (fe4) have also been incl-uded for

cornparison. The resul-ts ob-bained in the presenb si;udy could noì; be

considered very reliable, since ihe ma'i;eria1 v¡as grohrn at diÍferent,

i;i¡nes and in differen'b environmenis,

Results Ín Tabre xrr indica'l,e a wide range i-n fert,irity between

translocation heterozygoi;es involving i;he same nunber of chromosomes

as well as betrn¡een planbs r¡rithin the same translocabion heterozygoLe,

Burnha¡r (1ó) poinL,ed out bhat in a species with alternate chromosome

separa-bion, ferbility is dependent on'bhe amount of crossing-over, which

occurs in the inl,erstibial segnent, Further, in barley fertilii;y is

exbremely sensitive to envirorunen'b, and 'bherefore, these resul-ts are

-^+ ^..---i ^; *^rlvu ÐuyarÞ¿1IË!o

Tn oonarrl the feSUl-bS Ob.l,"inarì -in -l-.ha 
^-esenf, st,llflv ar-e i-¡vvuq¿¡lvu ¿rr u¡¡v yI gJvrtu 9u4uJ ot I f

agreercent with bhose reported by shih and shebest<i (Ì24) " Hor,rever,

'bhere are a few excepLions" For example, the ferbility of plani;s r'rith

^, ,,II06l-4.** and 0ódo4J-04 r.¡as consi-derably higher in 'l,he presenl, si;udy ùhan
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I:r-crovei'nen'¿ in fer";i1iLy in rhe 6309 x J)Ot2 h¿rbrid c-.-er
tke 59Aa; ;- TL*Za l:ybrid. (In tire above figui'e 'rhe er:,r-"y
floreì,s ha.ve l¡een re¡¡ro.¡ed to incree.se contras'¿J" The
hy-irrii 59C) :- TL-?-e ll ) r¡as al-,rost ccnirlei.ely s';ci'iÌ-e,
:ire:rcal 'ihc hybrÍò 6309 :¿ 59O) sho','.'s inr::o'.,-e:,reni, in
ferrilii,y (Z ancl 3) "
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TÁBIE XII, Percent fertility of translocation
heterozygotes at d.ifferent l-evefs of
chrornosome partici"oation,

Number of plants FertilitY
Source evaluated. Average Range

TT
l'{etaphase I Confiq'uration : 04+5--

r(=-+) (o-z)¡
ivlontcal-m
s(z-z)ß-+)"
r(r-¡) (z*+)"
T1-5"
llontcaj.m
c1510)-Fzts

Plants r,¡ith 04 + 5u 17 "6 - 62,2
(la"j - 75,6)+

Iuie3aphgse I Confizuration ; 06+4II

t(e*i) (5*4)a-e*z-r
TL-5c-7-3x

(+znø*t

't(z+)G-t)a-ø-t->*
r(z-¡) ß-+)a+ "
r(e-¡) ß-+)"-vz-t
t(r-r) Q-Ða-5-5-L
T.L-Jc-:J-J*
\L-5c-5-5-9

14256-r

lc

á.

X
Ã

X

6
17

+
2
+
7
e

52"5
62"2
60"5

17 "6

77 "O - 7O"O
'58"5 - 75"O
45'B - B1"B
40.7 - 51"8
2B"O - 53"3
49"O * 54"9
55"5 - 77,7

x_ cr452
X i{ontca^Ln
x c1510)-.1t2 f s

2
X

3

5+.7
(n+"2)o

M.6
58,4
48"2

+4"O * +5"2
50'O * Æ"8
4Iu6 * 63"6

Pla¡ts with 06 + 4II L7 4¿fso
(z+.1)+

50"8
39.4
Za\ t\

7"'7
LB,4

58,4 ^ 4B*2
(r5,4 * 57"8)+

t(r-z) Q-l)a-zq*s-z
t(e-¡) ß-+)a-s+-t

r(1-5) Q-ùa-a*q*L
T2-4a-2-5x

2
+
4
z,

tB"4 - 4l,B
25.O - 5r,2
8"3 - 38ø4

L6"7 - 55"5
1"6 - 39.3

ivletaphase f Configuqation_ : 204+5"

x c1358
x. cL452
x, cr4a3
X liontcaL¡r
X l¡iontcalm

Plants r¡ith 204+5lI 71 6,

(zz ¡\r\))o+1

18,4 - 59"4
(lD"ø - 5r*t)'

r(z-i) ß-+)n-to-*'
r(z*S)ß-+)",ø-z^t
t(r-l)Q*ùa*n+-t

L61
(+z>çt
6509

x r(e-r) 3-Ð"
X ivlontcalm
X lvlontcalm
X Montca]-m
r c1510)J2ts
x- 5903

t'4
1
+
/1T

B
1L

25*6
20*6
22"7
ffrT
28"5
t1^g

2O^O * 37*O

L4"'.5 - 1r"2
7 *7 * 17"6

12uB * JB"!
5"I - 53'5

2r"9
(eo,o)+

Plants with 06*0++ZIT lL*5 - 28"5
(ta"T * 27,9)+
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TABI,T] XI] CONTIIWED

Metaphase I Configuration: O&I"5II

r(:-+)(ø*l)vø-tn' X lviontcslm L3,6 3,6 - zL,O
(zt#)* (t4,3 - 29,8)*

TT
I,ietaphase I Confizuration¡ 010+2-1

r(e*i) (1-ùa.-s-z-t
5907

59O5-X? fertile
' fa¡rilies

lt

X
cr42o
Itiontca-lm

I{ontca-lm

1
¿

48

3,1
aø)

1ø*

( r"r ] 8,5)

( o - 10,6)

Plants î¡I'ith 010 + zJ.t

Metaph-ase I Confieur.ations 0&¡-O4+1II

5T

t(r-z) þ-7)a-z+s*z
t|lltl

r(z*5) 3-ùa-6-5-3
^/^ -\t- "\t(2-5J l7-4)a,-a-z-L

¡t ll tt

y, crß1
x c1585
x c1420
x cr385
x cI55B

¿

2
c
AT

+

lo Á

tq'l

5,7
6"3

L1"6 * 26"5
4,8 * 2Io7
9"5 - 22,2
2"O * 7"8
4'"1 * 8"6

PLants r,¡ith O8+€4+tIl tq

Ivietaphase I Configu¡ati.on: 06+94*04

l-2*'l( e,a)*

25"O
Lg.7
5"0

r5"3 - 25"8
r(r-z) Q-1)a-zq^z-z x cr42on r¡ n )l CI43Z
r(e-l) ß-+)a-6-3-5 x cL55B

I

1

Pl-ants with 06t€4+O4 5

Metaphase I Configuration: 010 + 04

5901 rc c1510

L7 "2(5J)*
5o0 - 25"O

(oog - 5.8)*

L,86 0d4"8

Ivietaph-ase I Configq.rafion: OL2 + l-Jr

O:
o

5903 xilx
ilx
lrx

cLSU
cr336
rrl qÃa

CL42O

2

+

0"0
0,0

1r1
1.0
1,6
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TABI,E XI] CONTII\IUED

59O3*3Oa-2#
5905*79c*1
59O3-1Bb-4

xÎ12
Ert 47
lviontca-l-m
iviontcaL¡r
ivlontcal-m

4
A.+

t2
T

4

qonr Y
' 

JVJ,, J(
vÂ

*2X
J\

'+õJ

0 71

Pla¡ts r,rith 012+1II

Metaphase I Confizuration: 0L4

ct481
^l?ì^

1"0 o +,740

5903-1Bb-4
ll tl

T

4

)t
X

nn

Pl-ants r.¡ith G14 o.o

&

+

Data from d.ifferent j"ines have been ¡ooied together
These figures represent the average percent fertility reported by
Shih and Shebeski ç tZtn) "
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relorieci by 'uhese authors. 0n 'i;he cont::ar;-, íe::-bilii,y of 1rl-an'Ls lri--r,h

01G.2u tlas fou;rct i;o be consid-era.bJ-y* l6l1s3'¿han thai; reported- b;r Shih

and. Shebesl:i (fZL). These d-iscrei:ancies can be ex:l-ained- on the basis

'i;hat ì,he material- studied ì n ì;he t-çvo cases l'¡as di-ÍÍeren'u as tn¡as the

envirorrireni" Tne hy-b;'ids betr¡een bhe -l-ine T(1-l)Q-l)a-2t!-3-2 (horto-

zygous Íor 30i.. ilII) ur.d. o'bher tester stoclls gave uni-fornly hi-gher fer-
-!-ìrì+¡¡ T;hr^Þ+ri'^^r'^r*. ^^+^ ^- fr=rt,i liiw of flÌri.s line in the heterc-UJI-IUJ c Utlrul vwnuçlJ 9 Vdbd vll av: ur-+uJ

zygous condition are no'r, avail-able" t\ possible reasoit, horrlever, could

J:e iha'c 'chis l-ine is a tr,'¡o-ror.¡ecL tylre and- ii has been observed- a-b the

. -\¿Jlni r¡a¡<i i-¡¡ ¡rf Å-1 1-a- 'l-- l":' ü- -h.-r ¡^-j-pur ua, ,,J ,,*o."o-ií, thaf tiuo-ror¡ed type t,rans-l-oca'¿ion

he-"eroz;'gotes are rela-Lively nore Íe::'Li-l-e ihan si:;-roi'¡ed t¡-oes"

Sirih and. Shebesl:i (tZl), and ì'Jishj.:nura (9t) re,rori:ed thaL ihe

fertility of transloca-Li on heteroz¡.gotes decreases l.¡i-i,h increasing

nn_,¡i¡la¡rìl-.r¡ ,¡f .l:h^ +--^-^--r ^^^+¡ ^. i ,e" the nUmber Of ClffOrnOsones inVOlVedtzU-lllrIÇ¡* UJ wI UlIg UJ dllùIvUd UIwllJ

and ihe size of ring or rings" The results presented in Tal¡le XII
TT

are in agree:,rent r,.,rith bhis conc-l-usion" For exanple, plants ',,rith 08+3--

r.rej'e ïrore st,erile than Oó1-O L:=ZIT plants " Si-milarfy 0]-CF2II p,'-u.nt" *u""

fess fertile ihan either OSI-O4+IJI or Oó+OLJO/r p-'l-ants. The s'beri-lity of
'rT

Oô,i-01+-11-' planis iras higherLhan tha'¿ of 06i04+04 :rlants" In adclition,

f.hc nresent, resu-lts also indicaie-Lha'b of the t-,r¡o facl,ors viz, i;he

nulrber of chronosoätes-involved and the size of ring or ringsr'bhe l-atter

i,¡oul-C be more j:ajroriani in its effec't, on fer-biJ-ity. TÌre re-ì-a-Lionsliip

beii¡een iil coirfigu-ra''¿ion and feriil-it¡r in trausl ocation heterozygoi;es

has been íllustrated in Figure lf,
-Y-

n', ^* arì l:r q:,ì r-h I r oçi l!¿u-U USLL PJ ÐJtLUlI \!<.4 /



FÏGURE 17. The rel-at,ionsìrip betr.¡een I'[ configure.ij-on
and fertility i-n =¿ransloca'Lj-on he'cerozygotes
nf lrc-nl or¡ I T¡ l-ho ¡ lrnrra fi orrrp *ho oinntr¡vr tJÇ,!LVJ. \Á1r llfç AUvvç ¿!õu-f V-- UIfç VITUUJ

-flore'bs have been relnoved to increase con-brast).
ì'.iiì-h -ìhn-ñÂi-i-.. 

^^rnjrlar-i*¡¡ in tho *p¡n-'ln¿-ì-i nn¡1IU¡I ¿Ilvf V¿ùJl]ð çUllplgruUJ IlI UllU Uad,I!ÞrUUd,UIUfI,

ihere is .r. gre.clual d.ecïease in fer-rility (Z to 7) ,
rrn* i I ¡nr.n] a* ^ nr ¡ l'¡no! nnrr¡l a*a q-t ari l -i *r¡ i qw¿ull vvriLlJIS Ug Ur <llJltuÞ u UUIILVÌtr; Uç Ð vç¡ rI¿ uJ ¿Ð

reached in pla.n'i,s i^ri1;h a Ol?illf,, 0llF0/¡, and
^r 

t /-. a -¡\014 l[ conf i gurations ( B r 9, Ì0) . Feriiì-ity seenls
to be nore dependent on 'bhe size of 1fte rìng or
rings than i,he nunbel' of chroinosones i trvol-ved| , / - - À\

, A ñFd / Hl\vvfi},4rv ¡+ru d,rlLl I sa,l .
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The average peï cen'i, fer'r,ility of nlant,s l.d-th OIO+O{ and- Ol}i-iII

t,¡as 1,9 and l-.0 r'espectively, and. ihe range in íerLilil,y var-ied fron

co¡no1ei;e sterili'by Lo 5"6 per cen'b. These resulis are in agreenen-b

wii;h those of iiishi:irura ( yf ) .



W
T - lloi¡n:i.i son ôf DifÍe::eni iiei;hods

Tne s¡'nLþesj-s oí conl¡l e;c iransl-ocaiion s-t ocl<s in barl en: reporbed

in ihe presen'3 siucl.y has been accornp-ì-ished u-sing it'¡o rreihods l¡iz'

i¡racliai;ion of homoz¡'gou.s 'cransloca-'rion sioclls, a.nd intercrossing ir'ro

inì,er.change sioclrs" Using the ir¡adiation ne'bhod-, a io'¿al of 17

iranslocations have been induced. (fa¡:-e lV) of r¡hicir f4 (fa¡fe lrlf)

have been established- as honozygoies. Tnis represents a fairl-y high

'l'renrenew ancl inclicates the success of i;his ¡nethod"

The irraclia'¿-ion method- vras lroclified in the ì:resen'u study io

ni ni mi ze n¡rJ-.ol 6¡¡i ^^ I r.nr-r¡ A -gçOnd- SeleCj,i On On ihe baSiS Of f eCl.U-Ced..i:l-l-.Ll.l-j!-¿C UJ uw:wóf Ud-!- vJUl a-. J1 ü\

foi"l-.i l-ìi'.¡¡ r.r¡c ¡¡rrrltnrad ìn .f 31"1 l-L^ ^-'+^r ^ñi ^1-'l deteCiiOn Of aI Þ-L Uf :r uJ rrÉÐ vull(ll.,f (/ uriu. Jlt r\2 çtlrs ulls vJ uvrvörvc

i:ransl ocation r,¡as carried out i n the X" ,orogenies ratherbhan in ihe
)

Xj as is usua.l Iy done. Consid-eri ng 'uhe fact tha-L s'beriJ-ity in the

ilrn".liai,e X-¡-a.r¡ed noirrla'i-,io¡rs cou.Id be d.ue to fac'¿o;'s other ihan recii:-
¿llu!çv-Ja Lbd vv Jv /s

roca-ì- iransl-ocations (¿r9) it seei.rs logica-l io assu:¡.e ihat sterility

in X, ponulation shoul-d l¡e more indicai;ive of nossible '¿ranslocai;ions

raiher than in X.,. Results presented ìn Tabl-e V su,:i:orl this assu:ä¡:tìon"

Ou.i; of a -t,o[,al of f38 X., fa:nilies grol'¡n, onþ 55 famlies rtere found
L

t.n lro qcøre.o¡f.inq for fer.ri litV ^.e r.i1i o1¡ 1r7 ..T.I.iecl a 'bfanSlOCatiOn.
v vö¿ voe uI f ll¿rvI¡ ! I v4,

Thus consid.erab-le na'Ì,erial coulcl be cliscarded in X^ r,'d-thout resoriing
aa-

.j-^ n:,1-^-l n.-i nn'l ^-^'rt,^.i ^ rftra 11r+.:.-^+^ -rñ+h^ôì S Of a ifanS]_OCaiiOn,]JO CylO IOöICraI AIIA'JSlii o fil(J u-LrJ-!l,ld,uç ÐJfrur¿sÐ¿

¡nr.rarra¡ r,ri I I he ¿el¡*¡ecl þv onc -^n^-.ii nn SinCe i t tal:eS leSS thaifIlul,'J(ivçi, 
'J-L-L-L 

uç w-eeJ vv- uJ vfrv ë;8119!éulvrro ur

three tnon'¿hs 'uo gror,t a gene;rai-ì on, 1:ariicularly i'/nen ad.equafe greenhouse

io .rr¡ir¡hla- t.ho'l-.irre loss is nerrlir"ible in rel-a'Lion to the
Þ IJCLUV JÞ 4V O+..@lJrv r v¿rv

affi ci,anr:rr of the me'i;hod,v¿r !v*v¡¿v.j¡ vÄ
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Àl',.,hough the irradiation nethoc has been used successfuflj¡ j-n

]ra-¡ler¡ i"or f,h,,¡ srmi.h,.sìq nf larîF1.:.incq (cA ql ¡r¡ ¡"\va:,-vJ rvr ul¡u v¿, '<r¡rv. \.!v, /_l!4J: l¿ld/ ânO_ ffle

pi'esen'b resu-l-is are al so in agreer,lerlt, ihere ilas been so¡re ind.icat,i on

/^/ ¡ r r \
l2orll+)+) thal, insi;ead. of inc-ucing a nei'¡ irensl-ocaiion, ì;he origina'l

trans-loca'bion could be -lost" 
Based- on the evidence in the l"itera-r,u-re

on the differential sensit,ivity of ceriain parl,s oll chromosomes to
-i-^--^^i^+-ì^- l¡l 'llr/ ttar't1^ rcc+\ +l^: ^-Lr-^:r^--r-r r.^ - -------,:r¿oqrÕurvrl \<,+, t-t'(rLL¿rt¿Ar1.J¿) t]riS r,¡¿S a'btr"ibU-ied ì,O a proCess oi'

bacl: '"r'anslocation by uang (l¿). If such an event occuïs frequen'bJ-y

it 
""¡ou-l-d- 

be theoretical-f.',¡ rrlore ånd riore di fficu-lt io ¡¡¿l<e further

lrrogress in a trans-l-ocation stocl< r.,¡ri;h increasing col:rp'ls;3¡y of its

ì;r'ansl-ocat,ion" fn i;he present s-bucly, hoi,iever', out of 'btre l_7 -brans-

loca1,i ons indi.r.ced., a bacl: transl-ocat,ion appareni;Iy occurred- onþ ín

truo rines 59O3-2b- end 59A348a-5-I (page 4?). Ind-eed, in the l-ine

59O3-38a-5-L a ner,¡ trans'location ?ras a-'l-so s:y-nihesized" Such a }ov¡

frec¿u-ency of breaks at, l,he sanre position could be du-e to chance a-l-one

and therefore, shou--ld not be a problen in ',,he synthesis of a compJ_ete

translocation stock. Furbher sutoT:orL to this conclusion is obtained

by ana.þzing the frequ-ency of desi red interchanges induced in 5903 on

a probability basis, assuling no difference ilr radiosensitivil,y beir,reen

d-iffereni chromosornes. The probabili'cy oí ind-ucing cl.esired- inier-

char€es in 5903 i'¡ourd be 10"-,.4..,_/l.t*"2:40/9L for seecl- ¡reatnen'-, and

the actual resu--l fs ai'e in agreemenb v¡i'¡h this e;çecì;a'cion" Ou-'c of i;he

-ben trensl-ocat-ì ons induced- in 'chis stocli (tafte IV) , six r,¡er.e consici-ered,

to be desirable, since in three cases translocai;ions al:l:eared '¿o ha.¡e

occurled r,rithin the original- cor,rplex (page 40) and a baclc iransl-ocaiion
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occurïeil in one case (page Lfl). Tnis is close to the e,x-oecì;ed

- /. , \ - 3_--*r r^ '--^ ^+^+; ^l-ì a^ l ì:r
frequ_ency (4"4) and ,¿he cl-ifÍerence T.ras Íou¡rct ic be sNatìsi'ica-l-ly

*^^^-: ^*i {'.i ^^-+ ( ¡t^; : n ÃâìIlOlI5-LBlf!-Li-UcllliJ \v1l-i--Þqud,J- E - va )Q,/ è

Tire success of i;he rintercross? rnethod- is dependeni on the

occurrence oí a cïoss-over in the d'ifferential segrnent ('ihe region

be'¡,r,¡een the brealt points of '¿'t"tro 'branslocations -i-nvolvi-irg a col:ünon

-L- ^,..^o^-o) i *.q qrrhq,,¡nrran-l-. rlaf.e¡i.i nn . ¡nrì f ei'tì r i r-- ^F +L^ l^"]^--id
-v / t - - vv ulvrr, -' ---IJ- tJJ Ur UIf s ¿rJ vI

be-b-r.¡een t'ç.tro '¿ransloca-lion sioclrs. Al-'chou-gh this mei;hoci has been used

s¡ccessfu-] -lr¡ j-n fla-'rnrnrr'l , l/qn) einltoi'n r'¡heaf (f¡O) and. rpize (62) t---- v41tr'iallq..@ \)v I t

at1;empi:s in barley dicL not succeed- (rc) " Tne faifure ha.s been con-

sid-erecl ei'birer d.u.e to inad-equ.acy of the ¡leì:hod oÍ seiecfion or 'ì:o

.i-.h,., lor,r 'lrenr)e¡c-r oí crossinl-o\¡er in bhe d.ifferential seg¡.ren'L' T'l:ere-
ul¡v rv Yf ¿ r vYqv¡¡v/

fore in -bhe p::esenb study the lrie''r,hod. r^¡as rnod-j-fied -co overcom.e 'Úhese

l-j-::::itabions" Firstl;', i'¿ r'¡as used Ì;o s¡mthesize a. stocL; hornoz¡rgous

for OlGl-Od, to avoid ì;he necessity of a cross-over" Such a siock could

be irrad.iated to unite the tl.¡o transloca-r,ions" Second1y, tr'¡o nethods

nf nr¡or^¡1orni nrt st.ai.i I i f,-r l:Iai'c Fì.J¿tô'.-!aÄ n¡rrol:¡ ^'i 
' â^+ o-mf haci 5 þy

Ò v vvJ JVliiU Uçq, ¿l@'lv-LJ , urr vv v vd

back-crossing, ancl a tl,ro-siep brid-ging a.nproach 't o carry ou-'b the s¡m-

thesis, Tne bacLi-cross n'Lethod, although e.'çeci;ed to partialfy overcone

*tra nr¡1¡lar¡ nf c!^-ì "r-i-r--- --^ h1+. snncessfì:l - lrecause of tlfe iffabiJiiy
uJ.f g !r vwIçr-: vr Ð UtiI'J-I-L t/J , fJci.ù IIv u È qu vvuu¿ v-!,

to use 5903 as a fenale pareni. Ilo',',¡ever, this iireihod- caru:.o'b be ruled

ou'¡, since in-later lroi:l: b¡r a nod-ifj-ed l'leihod of erlasculê'-uion, 'iì: r"¡as

possibl-e 'Lo rrod.uce hytriil seecl using 5903 as'¿he fet,ale parent' Tne

resu-l-ts ob'¿ail:ed using 'i;Ì:e bri-dging approach ind.icai;e -bha't' this me'¿hod
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I',¡ould be successful- bo conp-Lel,e lhe synthesis, but i;he ainorm.t of l,jme

requi-red '¡¡ould i:e almost trvice that required when ihe synthesis is done

;* ^-^ ^+^-^alMlç ÐUVUo

In conclusion, it woul-d appear tha'b the irradiation method j-s

more desirable than the inlercross meLhod- for the synthesi-s of complex

'bransloca'bions in barley pariicularly at higher l-evels of chromosome

pari,icipation" ft appears possibJ-e to syn'bhesize a compJ-ebe translo-

cation stock excl-usively u-sing irradiation i,'riì;hout causing any appreciable

break-down of a pre-e;cisi;ing 'l,ransl-ocation complex" Furbher, a ring

nrorJilcerì bv.irra^j^.r-ì^..;^ ^".^^^ted i;o l¡e more sbable than bhai; buit-b}JJ. UW9q uJ ¿r¿qu-Léulull ¿È w^ìJçl

'by selec'Uing cross-overs in the differential segrneni as poinLed out

'hr¡ 1.T¡¡Tìn¡o''ì ¡ /rya\uJ f-foulvrlqru \ l-lrr 6

If the complei,e translocation stock is to be used in the

diploidization of auto'betraploids, the irradiation rneihod -would have

an additional advantage" Cyclic irradiati-on of a 'translocai,ion horLozygobe

is expected to induce cr¡rptic siructural changes besides the cytologically

d.ebectable translocaiions, Gradual accumui-ation of such structural

changes v,¡ould resulL in greater differen'biaiion of the karyo-bype, r,rhich

may be necessary for inducing diploidization of autotetrapÌ:ids"

IL Practi cqþil-ity oi_Lbç_llelrothera I'lethod

The fertili'l,y level of a hybrÍd obiained from crossing a comple'be

'branslocation siock l¡i-th a normal s'bock, is an imporbant factor in

determining the success of the Oenothera me'bhod" In barley the probJ-em
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oí high s'rei:ilit;' l:as been reporied to be a i::ajor obstac-l-e in ¿rolis¿-

'¡'ion of i;he OenoLhera methoC (9lr9t+rlzt+)" 'ihe resu-l-ts obta.ìned in

ihe preseni stucly (ta¡te ìiII) also 'ìndj-caie a sjlj-lar ireird..

À possi-ble reason for the high sL,erili'cy of ì,ransloca'l,ion hetero-

zvcoi,es r,rì f,h i nere,âs'ì no cn¡:r.'rl e:cì f,r,- i n i n-ì-,erelrpn...rc ântrêât^s i,o he 1,heqiJlJvqr

j?resent trroced-ure folloi,red for the isolation of transloca-bions" In

transloca-L,ion si:,udies, pa::tial steri]-it¡r þ¿s J:een used as a rÍlårl{er

for possible translocations. This neans Ì,hat onþ those iransloca'bi-ons,

r,¡hinh rr.r. nJ-lannÈ.rnri¿-nIlrr ¡n-nrranf. lr¡¡ nrr-ì-.-ì:rI ef.ariIitr¡ :r o isnl:'.arlur v -)/:¡v¿rvv.l JLVqLJ-J s)l.vaf v¡ru vJ uq-! u¿u! v vvr +:rwcl ur v ;ev¿auvv-,

and theref'ore high st,eri-J-iiy i-n Jarger" r'iqts shouid be e:necied"

AccorcLing 'Lo Bui:nha¡r (ló) ìn species rr'rth al-berna-Le segregal;ion such

¡s h:rler¡- i,he dn.,rr.oe nf s*,cr"i l-5*.rr rìononr] q nn 'i.he frenllcne.r¡ of el.OSS-qe pst -:v¿ t

overs in the -ìntersbi'¿ia' seg:lents" Baseci on i,hi-s l-lanson (5?) 
"nggesi;ed-

rl^^r- -i*+^-^:^^*-^S rFnçrinr fror.r e.onirlcrf,p flert,i lifr' +^ Ãf\ r'^.. aâh+, Stef-UIIOU ll¡uçI vllórlÈ;çu rG¡riirrró rr vi:r vvl-l.r/IçUç Içf.U¿-4UJ vv )v :JV! UvIIL

/extensiveiJ-ity shou-Ld be exlrectect in l:arley, bui no'attenp'; has been r¿de so

far to del,ect -ìnLerchanges rri'bh conpleì:e or al;nosi comþlei,e ferti-Lity.

Tha'r, such transl-ocaiions occu.r, cou-ld be i,ested- by irradiati-ng a

rel:f,irrelr¡ sn¡'ll ^^' "-1 ^''--ì^* ^*r ^.-^-.;*'i-- ^*-+^rrrr-ie.al'lr,- nrorenies ífOtXI 9¿o u¿v vI't Èr'@!I -vvrJq¿Q úIvIf Ollu VÆit4!É¡I5 vJ Uvlvó+vor:.i. 1rI v¿iv¡4v

*'t ^-.r- ;,- ,_lle nr:::i, rener:f,ì 6¡.g v vr J tJ)ørLú f rl u¡rv ¿r94u ¿1çr¡9I o uJ

Àlthough a I'¡ide range in sierili'bJ. of translocati on he'r,erozygotes

-:,---^-1 ,.;,-^ -þ1^^ ^-r¿rvvrvr¡r¿; ur¿ç oør.te ttujîber of chronosorûes has been reirort,eO- (t:-rD4)

and vr.,-'s al-so ol:served in ihe Þresen'L stu-dy ('la¡te;"JI), no seleciion for

for.'l-.'il'ìi.rr h¡s heon lile.lê irr rlqinr' -int.arnlr¡i'roeq i"ori.Ìre qi¡iri-.h,-sis oi''iâr.'oei.lrqu pvv¡: r:@qv r¡r v-p:r¡õ v¿¡u¡¡õvu f v¿

-^-i*^^ T.^ rL^ - -aqan-l- q-l-rrÀ:¡ -l_'hrc hrr'hr^ids l.r,i-,h ^ i.tT ^^*-1-i ".,.--^.{--.'în oÍI!tóÈr J¿t UIIç JIEÐçIIU ÐUUUJ, UffV rlJUr¿go !¡IUIf, ø !'iJ gv¿u¿6qIQU¿ç
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ì-T
^--, ^' 

, -II 1 
^/0ij+04i-l-- and 0ô-i-04-i-04, obiained fro;:L crossing ihe '¿i'¡o-ro'.,'ed- 'line

^/- ñ\/^ ^\ ^, ¡ ^ t¡ ',-TTlT(f--7)ç2-j)a-21+-3-2 (honozyEou-s for J0!+1--) r,riih oiher Les'¿er sioclrs

slroi.¡ed uniforìrlJ high fertiliiy up to 25 ler cenL (Ta.l:le,\II)" I'ü

iras been obse::ved ai the University of ;\lberta b;r ]iasha-)(- ihab'i;iuo-ro¡¡red-

he'ierozygous translocation l-ines aïe i-rore fertile than sit.i-roi,¡ecl-

and. 'bherefore such a line r\ror-rld be n:.ore desirabl.e for i-nd-ucì ng fu-rther

translocations,

In conclu-sion, it annears tha. l, lhe presen'L nethod- oÍ s;m'r,hesis

oÍ J-arger translocai;ion rings r'¡j-thou-i Ð.n;r "otr"tderaiicn of Íerti.J.i'Ly

nay have been detrimental io 'r,he success of Lhe Oeno'Lhera netirocl of

gameie selec1;i-on. Tne ooieni;j-a1 r¡al-u-e of su-ch a :i:iethocl, ilierefore,

catrno'b be adequ-a.tely 'rested un'r,il- a conceried efforb has been næ.de io

inr::ove 1;l:e ferii!i-1,y oî coirnle:; 'branslocai,ion irete::ozygol,es folJ-ot'd-ir6

, : /- -^\iÌre suggcsiions ou--i;lined above" Tai;lashi'la (150) reported a íertiii-'Ly

of l-3 "72 per cen'i, in ti:.e ';ransloca'r,ion heterozygote in¡olving a.11 the

cl:roinosorir.es of einlrorn rÊreat, rlnich j-s si¡rilar to bar--l-eJ¡ in chroriosome

m¡;r'ber and other as-oects "

III. Difficu-ltl' in Crosses Involvinc the Siocl: 5903 ov Lines
Le::rvd :rqn it aÞ -+ Ieì¡+1e .Pq q

/-, | \.rang \r¿l+7 renorted- d-ifficuJ-iy in us'ìng a line d.esignaie¿ tt1$ltt

as a fer.lale 1:areni in a h;rbrid.ization pîo6ram" Tne stock jlO)'tras

ob-,ained Írolr i,his l-i-ne by 'r'ry'acl-iation" Ls ;:ren-bj-oned. earlie:: (pge 39)

in tlre presen-b s'uudy crosses j-nvolving 5903 or l-ines d-erived froär it

as i,he fenal-e l.¡ere not si-rccessfu-l-. In orcier t,o find the cau-se of this

-"- gr-ot"d bJ' Snii¡ (tZt)
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Íai-l-u-re, varj-ou-s'Þossj-bil-it,ies l¡ere consj-cle.i:ed- and tesi;ed. 'Ine resu-l'¿s

are cliscu.ssecl be'l or',¡.

Since Ì,ire line r"¡as feri;ile i,'¡hen natu.r'alfy selfed-, ncn-s;mchyanLza-

i;ion of poljination r'¡ith ovary-natu-ra-'¿ion 'r,¡as rul.ecl ou-t. I{ol^rever, r/nen

',,he sa-ne line r^¡as enascul¡.ted. and se-lfecl r¿.nu,a'lfy, no seed r^m.s obtained

even thou6h siriÌies rlrere er-nascu,-Lated at d-iff erent stages of :raturi tJ.,

and pollina'"ed at different-ìnter.¡al-s in re-lation to the time of eï¡ì¡,scu,-

l-ai,ion" 0n close e,ra¡únati-on of crossed heads. it ',^¡as for::id. that

fertilization occui'red in a nu¡¡.ber of ffore'bs bui, the enbryos began to

degenerate -'chree to four days aiter ferti_l_ízaLion" I'¿ l.¡as consiclered,

l,hat perhalrs sorye su-l:siance essential for '¿he noi.na-l- develo'cnent, of

a,rJ¡r¡¡nq r.m c rJ-ocìli i lr the hr¡hr-i d e*rllrvos ¡nrl t,hp.j-. nnss.i h-lr¡ i.hì q SU_b-¿¿J vr !u vr.rvr J v9 ol¿v. uj¡É v 'rvÐoÀuJzy uI¡¿Ð

s'"ance.;ro11-]-d be nornally sunnlied" b;r ar'ms ancl-/or íJag -Leaf, which u-suafly

-!.rere rerlloved. in the process of er,rascu--l-a,ij-on, To test this hy1:oihesis:

tr'¡o headsl/ù-ere enasculated fz'oin Ì,he sicìe l.¡j-t,hout re¡roving any ira.ri of

Li:e spike¡ and- i;hen nollinated. Surprisingly, a goocl seed set r.m.s

ob'r,ained- in both scilces. This ind'icated thai in'L,he stock 5903, pres-

ence of âl,,rtLs I'.Iâs essential Íor the norrnal developrnen'r, of the ernbryos "

To -,,esi; thi s further, in one head. the atrns t¡ere renloved appro,xirna.tely

2l+ Lo j6 rnours after na.tu-ral- polliir¿'t ion" Seeds deve]-oped. norrrrally

ind'icai:-ing that, even 24. hcu-rs af-ber iro'l J-ina-r,ion arr¡ns t¡ere not essentj-al

for i;he d-evelopneni of the ei:rbrycs" In crd-er to ol:tain addiiiona-l

inforlaì;ion, a fer,¡:rore heads trere eìîasculated in cì-ifferent r,;ays, such

as flag J-eaf re:noved but a','¡ns l-eft intact, ar..rns relnoved. from one side

oí the head- bu'u -l-eft in'r,act on the other. ar^¡-ns renoved anci- left on



(1

al-berna.i;e floreis ancL so on. T'his r','orll r,¡as d-one on a vellJ'¡ Lj.id-ted

scale r.¡ith.r,he fert plan',r,s stil-'l available for c::ossing, ancl'bherefore

ii -r,¡as not possible 'bo dra1',r many conclusions. seed-s r^,'ere obtained in

all cases Ì,Jhere sojîe ar^jns l¡ere lefi on Lhe spike i ncli ca'i;ing that i'''

is no-i; necessary íor the en'bire spil<e io renaitl in'¿act. Line 5903

is apoaren-bþ very sensìtive Lo the e:lascuLa-bion Þ:'ocess and the

fac-r,ors cau-sir,g sieril ity rvhen ar'¡ns are relnoved- shoul-d be s'bu'd-ied in

dei;aiI.
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DTPLOIDIZINû] E]'-FECT OF COT.PI,EX I¡]TTA,CIJÄI'IGES AT

TETRAPLOID I,EVEL ÏI'J BA-RLFT



LITERATU&E IìEVIE"l,ll

f " Fer'¿ilify oL Ar.¡.'Þo'betrapl-qids

Though 1,he first, ariificial polyploid in higher plants r'ras

produced by l,'linkler (f4S) in 1!16, the usefu-l-ness of polyploidy in

plant breeding rras not realized u-ntil L937 t r,vhen Bl-akeslee and Avery

(I0), and Irlebel (87) inOependeui:þ demons.braied that chromosone doubl-

ing in plants can be induced by means of l,he drug colchicine. Since

ihen a large mlnber of au'botetraploids have been produced artifi-cially

in maqy crop species (35r76rLO3)" Aubol,ebraploids have proven more

useful in crops lvhere seed is nob an econonj-c prod.uci, (76tL34),

Exarnples of such crops are sugarbeet, turnip, alsike c-Lover, red clover,

berseern, grapes, watermelon, snapdragons, etc, In seed crops, however,

l-ol^¡ered seed sei has been i;he greatesl deterren't in ihe utiliza|ion

of auiote'braploids" The only er',arnples of success in seed. crops are

rye (U) and ioria (991100) " O'bher cereal and oil seed crops, such

.ô -^þh f -ì ¡- ?.erl er¡- ¡nfl oi I sreecl rp.ne shor.,r J-,he ¡sllnl n.øronomi.C4Ð UVItLt LLØt W@IIVJJ Atrq V!¿ Ð99U royv pr¡vrr v¿¡v qrq@ qõ¿v¡¡v¡¡u

advanl,ages of chrornosorne doubling, but i;heir Ìowered seecl fertility

outweighs the increased vigor"

According to Smith (f25) in culi;ivaied barley, the first auto-

tetraploid sirain was produced by Müntzing in L936 by means of heat

shocks. Since then considerabl-e nurnbers of autotet,raploids have been

obi;ained rrith colchicine (27 r33r34fi7 r47lOr82195rLO7 rL27 rI2Br141).

The exLensive l-i-berature on various aspects of barley autotetraploids

has 'oeen summarized by Smith (L27)" iì,ecentþ lìeinbergs (fO6) outlined

1-,he lrresenl-. srlâ.p.^ ^'e ^"+^+^-l--ñ*loid lrreedinp' in 1^^--l ^-- m^+-^^r.oidu¡rç .[Jr 9gelru I uq6Ë uL d,L¿t/v uv uL'd,PJ.vru w¿ 99u!r¡ð !¡¿ uoa ¿9J ê ¿ 9u¿ @yf
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barley -orod-u-ces larger seeds ihan the dii¡toids: bu-i; the nurïber of

seeds per soike is lower (97rt1]-rr27rr2}rlt+LrrLz). soine of these

seeds are underdeveloped- and fail to sernrin:J-.rc (55rtz7), Aneuproid

plan'us lrith chroÍtosolre nurnbers ranging fyon 26 to 3l- have been reported

in-the progeny of eunl-oid.s (z7 r3Lróo,fo8, rrrrra2rr25,w5). i,Iost oÍ

these aneuploids are associated. Ïdth dl,r¿rfism. and in others ihe

fertility is substantiall-y reduced in ccinparison r'rith eupJ-oids" All
these factors resu-l-'b in considerably l-olver yields of the tetraptoid-s

as compared r,,¡ith -bhe diploids frorn which they were derived. Ì'fi.inbzing

/¡-^\(82J found thab the average yields of ten t,etraploi-d strains of barley

r'¡ere from ó0 to 79 pev cent lor,¡er than the yields of the corresoond-ing

dipl oids . several authors (82197 ,Io7 ,tz7 ,LzB,L45) repor.Led lor.¡er fer-

t,iì-ity in ietraploid- barl ey, and that fert,ility varies r,¡ith the variety

and enviror¡nent.

Tne factors cau-sing sterii_ity in autotetraptoids are not corn-

pletely understoocl. Darling'"on (zg) consid-ered. thai the sterility in

au-totetraploids i-s due io the formation of mu-ltiva'l ents and irreEular

disjuncti-on of chromosomes at anaphase r, resulting in inviabre,

u-nbaLanced gameies. Kos-r,off (ó4) posi;uì-a'bed that, si:ecies r¡¡ith snafl-

chromosones wou-ld have a lol.rer frequency of qu-adrivalents, and thus

would be less sterile. I''ftÍntzing (81) ho'ruever, did. not accept this view

and soon it i,'as d-j-scovered that ihis is not a},lays irue (fO:). Horrison

and Rajhatny (ZB) in a s'r,ucl.y of rneiosis of various au.toteiraploid- cereals

and grasses found no su-ch rel-aiionship bel,ween chromosome J-eng'i;h and.
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quadrivalent forlut'ion" They proposed. ihaf in all- autotetraploid.s.

appro:<ina¡sly bl',ro-lhrrds of 1,he chronosoläes foi.irr qu,ad-rivalen'ùs, -irrespeci-

i-ve oÍ -iheir size differences.

St,r'ong evidence in supÞori oí Darli¡glones v'iern¡ l¡as from the

rìrìnrêì4ôrrq rannni5 oÍ aneuploid ,ol,ani,s in f,he ni^ogencv of ¡r:f,ni,ef.r¡i¡loi¡lsv.jJvr vv v¿ qrrvqlJ¿ulq ,u_e^Àv !,L va_-__¿

(Lr2,Lr,27 e3Lr:6o,77 ,tJzrE3, r oSr lll, f12r 1zz,l25 ,LL+Ð " considerab-t_e

di-fferences have been found in 'i;he frequ-ency of aneuploids between

dif-f ereni crop species and betv,¡een di fferent varieties of i,he sailre sÐec-

ies" Thus Ale;cander (Z) reported, that in maíze, seed se'b may be red.uced

as nuch as 39 per cent i;h:rough aireu-p1oid.y. In auto-Letraploid- rye,
. / -.^ \Iärntzr-ng (Ef ) reporLed 23 per cent aneup]-oi_d pJ_anÌ;s. lìeinbergs and-

Shebesl<i (fOS) re¡orted 2L.9 io 3t.7 oer cen-'r aneuÞroids in d_iffer"ent

PoÞu-'l-ai;ions of auto'l,etraploid- barley" l.{ost of i;hese aneu-;oloids T,¡eïe diuarfs

a,nd coiapletely s-Lerile. In adclition, I to 77.8 per cent of ilre euptoid

plants v¡ere aj-so found to be dv¡a::f s. These '!.\rere considered t,o be unbal-anced

enploids of the 'bype reporbed by Snith (tZS). Ronnel (fff) also found

a similar rel-ationship be'bween aneunloid.y, seed- set and sterility in
a.u.botetraploid barley, l'h-"g (145) reported that enr¡iromnenì; has also

a signiÍicant effect on the frequ-ency of aneu.lrt oids i-n barley. Thus

aneuirloidy apÐears to be narticularly disturbing to d.evelopnent in bar-le¡'.

Lrmst,rong and Robertson (3) founcl no aneu_ploid. ptant,s in autoteiraofoid

alsike clover: and- considered that if aneuploid gane-bes occurred., the z¡'goie

íor'¡ned fro,ä their. rmion apparentþ failed to fu.nction"

There are three oirposing vieu¡s as -to the rel-ationship bety¡een

raeiotic 'iri:egulari'Ly and- fer'cility. A nu-nrber of Ìuor.jçers (l.trz7 rl+616l'rg5,



g6rL37 rLl+LrLl+z) presentecl evid.ence ';hat high cluad-rival-ent frequency

and oihe:r meiotic irregularii;ies are a.ssocia'i;ed. t'¡i'r,h sierili-ty" A second

group (3 rLLÐ found. a posi'¡ive correlation be'Lr+een per cent seed- sei and-

quad.rivalent frequency. Roser^¡ei:: and. Rees (f¡-;) ''rrorking wii;h rye sbatei'

that selection for high Íerti-li''r,y should be based on increasing the

quad-rivalent frequency and red-ucing ì;he unival-eni and irivalent ÍrequencSr"

They r,,rarned. thaì; |his surprising positive correlaiion må)r no-r' be -t'rue

of o'i:her autotetraploids' since in i';'s 't'he chias'nJï?t d'ista-l ancl

relatively feui, allovring a reguJ-ar separation of quadrivalents fn

anaphase I. Arrnsi;rong and- Robertson (3) a,rso noiecl stable äreiosis in

ie.Lraploicl a-l-srke clover, chaÏacte:rized- by a high frequ-ency of quadri-

rralents: 
'.irricÌr 

separaied. regularly at anaphase I. I-lorvever, they failed

to associate c¡,-Lological behaviour r''¡iih fertitity' A third Sroup

(3 r77,79 ;-OLv-1-29 t45) failed to esfablj-sh an)¡ rel-ationship bet'¡treen

meioì;i c behaviou-r and fer'¿ility'

various suggesti ons have been niade tha'b the sterility of au'to-

tetraploid.s nay have a genetical basis (L] ,60 r77 ,79 ,83 r100, LOI+'LO7 '

;1LI+.LZZ.L1¡) " O'bhers proposed that i;he clistu-rbed- geneÌ;ic relationship

brought about by chromosorne d.oubling r¡anifests itself as a physiolog-

ical j¡rbalance causì-ng sterili'i;y e6r66)' Parthasarathy and- Raian (99)

sugges'r,ed. thai ferl,ility is governecl by a systein of po}ygenes, r.driclr is

a balanced. s.Late in ì;he cliploid.s and. ilris bafance is upse-,, by chromo-

sone dou-bljng"

Schv¡ani'i,z (fZ:-) postu'laÌ;ed bhai; the sterilj.ty in au-toi;eiraploíds

ï/as caused. ä]ainþ by physiol ogical d'isi,ur.l:ances in the plants ' This
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vier,r has ireen shared by several other rvor]<ers (3lr32r55156177) " Some

of -Uhese workers sugges-r,ed genoiypic con1:rol of these physiological

disturbances.

Stebbins (DÐ concl-uded ì,hat the mosf- common defecis in induced

auto-betraploids are slower gror,"th and reduced fertiliì;y, and since

both these defects are physiological in nature, genetically controlled

physiological j:nbalance i-s usually responsi-ble for sterility in auto-

tetraploids rather than irregular chromosome behaviour, But Reinbergs

and Shebeski (f08) on the basis of the ol¡served high frequency of

aneuploids, concluded that the main contributing factor to s'i;erility

wa.s ìrreør:lar chromosome d-istribution"

Selection has been used as a rnethod of improving fertility of

autotetraploids, and has been effective in cross-pollinated crops, such

as rye, toria, maize, red clover, alsike clover, and buclcwirest (IO3),

but not in self-Íerbilized crops such as barley (tOórtO7rl28); although

the .firs1; aitemp'bs seerned to be encouraging (82195196197), Reinbergs and

Shebeski (82) pointed oub that selec'r,ion for increased ferl,itity should

be made in the heterogeneous populaiions of autotetraploid hybrids"

Earlier experimental evidence in support of this vieur was provided by

/^^\ /r ^^\líúntzing (82), and Smith (]28). These authors found that the tetraploids

obtained from variet¡' ¡U¡"tds were superior to those from standard varieties,

and ihat selec-bion fer fertility in such hybrid popula-l,ions was somev¡hat

effecl,ive. 0n the basis of these resul-ts it appears possible to

irnprove fertility of aufotetraploid barley by suitable hybridi-zaiion

be-r,ween i^ridely divergent stocks and subjecbing the populations to
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ulti¡nate success of bhe meihod"

II" Diploidizai;ion

,i-r-r^*^'ì-*r^ids in o..ener¡l hewe resl:la.r meiosis- r,.hareeteri zedru¿VPVJJ}J¿Urqù lrr óvr¡v¡ e¿ ¡rQv v r vöt.A@¡ l¡!vM!Ð9 VI¿ql @WUVI a¿

by diploid pairing and consequently satisfactory fertility" Auto-

polyploids, on'Uhe other hand have irregular rneiosis, characterized

by multivalenb forrna'bion and uneven distribution of chronosomes, and

consequent,ly recluced. fer-r,iliL¡ $Z), A.l-ihough, no defini'te relabion-

shil: has been established be'bween the e>l¿enb of mul-tivalent formation

and seed íertilil,y in experi-r,rent,a11y produced autotetraploids, st,ill
-bhere are indications bhat fertiliùy nrust be dependen-i; 'bo a certain

exbent on meiotic regularity" Thus it should be possible io increase

the fertility of au'i:otetraploids by induction of norrnal chromosone

pairi-ng and disbribution, so tha'b bhe autote'Lraploid will- behave cyto-

logically as a diploid" This process has been referred to as rrdipl-oid-

ization't (L33),

T¡ n¡f rrra J; -] ^.i J; -^+.: ^'^ L^^ -'r ---^r ^'^ ;*rortant role in. the¿lr rréuru s, L¿aprv¿L¿riáou¿urr rroù IJI4Jvu ctll !it-

evolution of most of Lhe polyploid species, Earlier autopolypl-oids

were thought Ì;o be of a l,ride occuruence a Later it was realized 'bhat

autopol¡rploidy by itself rarely produces morphologi-cally distinct

speci-os, and most of the e¿rlier ercanples turned oui 'Uo be

/5 
^^\allopølypl-oids lL32). The sponfaneous nuLation process followed by

natural selec'bion resulted in gradual diploidiza'bion of au-bopolyploids

'boi^¡ards allopolyploids "
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E;'a¡eri:lenial evidence on dinloi-dization in t'ì iera'r,urê is rather

scanty" Gil-les and P'andorpn (¿ó) i,¡ere the first, to d.e¡rons,r,raie ihe

occurrence of a grad.ual- shift frorn a rnu_ì-tival-en,¿ to a bivalenf t;rpe

of synapsis in induced- autoì,etrapJ-oid.s of maize over a oeriod. oj. ien

years. Sj-rnilar r"esul ts l',¡ere obtained by Sl¡arainathan and Su.l-bha (Vl)
in toria" Tlrey stud_i ed ?rawe (CarCr) and. eevol_vede (ClTrC16rC19)

autoietranloicls of toria. The latter rvere obiained by â rrrå.ss i:ed-i-gree

systern of selection. Their resu-lis ÏJere even nore stril<in,e than

those of Gilles and- P,anclorpn (¿+ó) " rn autoi;etrapJ_oid. rye, Byener an¿

Bre¡ner-Reinders (.Lt) ano llilperi (6r) re:corted. thai; se]-ec-Lion for
feriile pJ-ants i;'as accornpanied by :tei_otic regu.J_arit¡r,

Tr^¡o methods have been sugges bed by l,rhich d.ipi-oid-izaì;ion of an

auiopoiy.oloid- .',ri-ght have occur.red- in naiure (V:), i.e., accuÍnlLai;ion

of structufa.l chrcnosome changes, and- ¡,tutations conì;rolling chr.ornosorne

pairiirg. i\iåny e,-"amples in sup,oort of the first rrreihocl have been provided

by Stebbins (lSl). The principle behind. this n-rethod oriEinates froin

the hy-oothesis of preferential pai-ring due to d.ifferential affiníty
ai.-long the chronosorJies ,croposed by Darlington (29). Evid.ence iir su-Ðport

of the second ne'bhod that chrorûosone pair.ing is under geneLic conirol,

has been presenied by Ì.iüni;zing and pralrken (a4), nees (ro5) an¿

Iìi1ey aird Chapri'an (fOç). S¡raninailran and Su-l_bha (UÐ consider tha,¿

these -r,1ro methods ii:,ay not l:e nrutual-l¡r excfu_sive, and :r,ighi; be operaiing

^;..,,1.!^.^^^,,^l--Ðltrurud,llvuL¿Þ_r_y o

st,ebbins (lslr) suggested. i;he possibility of e>q2erireeni;al}y -ì nd_uc-

ing dinloid. 1:ai-ring ín auiobei;raptoicts by irradlation. In the sårre year
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/-^^\ ..--^^-i-^À *rn^ ..-e of a cojnllleì,e transloca.tion stockSheDeslr:L \ | ¿) ) sugges'úe(l urle u-ite

in inil-ucing d.ipl-oi¿i¿¿i-ion. lIc0ollu-,r (?5) using ircadiation, r"ras able

io increase pre.íerenti al pairing in ihe te'braploid-, obtained froi-r

nr-nssinr t,r..¡o srrl¡qr¡r.eies of D:ct,vlis Slonerata, in r',/nich poflen of 'thevf voÐfrrfi

nal-e paren-l, r..¡a.s i::radiai;ed to procluce chronosonal aberrati ons.

Flagberg and- Ålcerb erg (52) ou.i,lined tire d j-fferent ï¡ays in -ofnich

clinloid-j-za'r,ion can be ind.u-ced. e:perì-rnentally in au-toi,eì;raoloid popu-Ia-

-bions as follows:

(t) p,epeated 'Lreatnent by nu-'bagenic agents¡ irl-t'€l:crossiry;,

ancì. setec-r,ion in nany d-istanLly r.el-a-Lecl au',r,otefraploid-

popu-l-ations.

/o\ ¡^-,,..,,'r-*-r^n of struc.Lural nui,ations aÌ; Ì;he d.i-cloid l-evelr
\/-/ .ilvvwll.v-¿@ ulvr¡

and 'bhen d.ou,b'ling Ì,he r1 ants heterozy8ous for ;¡a;cirLu:i

al¡erra-bions '
l?) Svst,e'r'raf,i r: hwir-.ì c1i zat,i on cf d-ifferent 'branslocat-i-on i¡rpes
\-) I v,J

covering all -bhe cht'orüosomes of the sped-es, and- then

d-oubling i,he chromosome set of n:ari¡rura heterozygosity.



W
Prel i¡:'i narJ¡ i'rorli on 'ül1e devel o,oriten-'1, oÍ au-co'¿e'uraÐl oids-)l i n

b¡rjev trot¡ hvÌ'rricis invol-vinE hc-"^- -l-'^r-locaiion stocics v,as stariedvcr leJ !a vi.r r¿J . 
--€ ^-illuáJóuL¿ù UJ-d,ljÐfL

-in Trah- rr¡-" roÁr.n Initial-Iy, a |ranslocaiion stocl< 5903, horaozygous forI¡1 Mt qGtJ L/Vlo III:UIA:IJ, G

¿1¿nslocaiions Ínvolving -ben chror:tosorÌ1es and a nol:rrral varieiy 0.4.C"21

'!.rere crossed, The origin of 5903 ha.s been meniri-oned earlier on page

Ll+" O"Á.C" 21 r¡¿s selec'bed. because of its relaiively high f'ertility

at the tetranloid. level (fOZ). Su-bsequ.ently in the sur.ïler of 1961

íour nore hornozygous transl-ocation stoclcs v¡e:ce inc-l uded in i,he s-budy

to 'r,esi the d.iptoidizing effeci at different levels of translocation

i'lariicipaiion in ',he resu-l-ting tet::airloids. The hybrid.s obtained. fro::t

crossing these stocirs are -l-isted in Tabl-e XIII along -,'¡ith tirej-r e)rtlecied

ñ^+^- h--a T nn¡îì ñ1ì- -1-ì ^hê Th +hi õ l--1^l ^ +hê na¡^r qrrqi-o;r n-î doqi crn¡---j-ltiL,ct'IId,Þ\i -L UUllIlüUId.UIUllùo ill Ul:Jù Uc],UIlJ;, UJlü 11çli ÐJÐ uvr:l uI qvv-o.ù-

ing the'branslocation s'r,oclis has been u.sed anCL the old d-esígnation

is given in parentheses. The origin of ihe stocl;s Tl--5d and Tl-2a has

been rnentioned ear]-i-er (fa¡fe II)" The siocl<s f(r-6)(2-5)a an¿

^t^ - -,\/, /\Tl3-5-7) (4-6)a rrere s¡rnihesized in the PIanì; Science Depa,rtrnent. Tïre

stocl; f (f-ó) (z-S)" l'¡as ob'r,ained by intercrossing .i,he stoclts T1-6a and

T2-5a, rdrich r¡ere cì.eiived frorn'bhe variety l.iars at bhe University of

Ilinnesota anC fron the ''¡arieiy Bonus at Sval-öf respectiveþ. T,J-5-'l)
f t /\(4-ô)a r¡¡as isol¿ted fron an X-r'ayed- population of a stoclc T\3-5-tto

ob'¿ained fron tÌre variety liars at ì;he University of i'ï-n::esota.

The h;ùrid seeds obi;ained- from different crosses as '¡,¡el-l- as

seed"s of the varie'cy liontca.l¡r r¡ere -r,reated- wj.-bh colchicine to prod-u-ce

+i liereafter referred to as 'r.etranloíd-s.
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i,e'branloids, Tne fol-l-o',rrins Ðrocedure r,,¡as adooied.

T;\BLiLl /JII" Tne F1 hybr:-ds obtained fron crossing clifferenl,
Ìrornozy,gous '¿ranslocation sioclcs and iheir elçpec-
ted netaÞhase f confisuraii on.

Ì'l¡¡brid
nrçected l'f,

Con.fiEu-rati on

5903 x

5905 x

r (3-5-n (¡*-6)a ( t6t)+ x
ÃOÔ? V
J./v) i!

)/v) 
^

0"/i"C.2r

' ,-L
Tr--5d \cJ38t+)'

, .J-'II-2a (Cl-3f0)'
,,-!-

Tr-2a (C1310)'

r( r--ó ) ( e-¡ ) a (rr4.).-

OtO + zIÏ

012 -F 1rr

A6 -l 0l+ -'. 04

0t-0 r- 04

014

-]- |-i øllr.es r,ri r¡.þi n n---an'l-hôÕõ- F^n-êaqanf. nlrì jaci onc*ì nirt r r5,u_r 9o yJturtrJl lJaa ç¡ru¿¡Eùçù f, ç j_,r vuvrf u vru Ltvù+!;Itcl u-t-\JILo

Seeds l"rere geririna'ued in oe'uri dishes on noist fil-ter paoer

at room teinpera.ture f or 48 to ó0 hou-rs " The seedl'i nts r¡ere ihen

placed in a sha-rlorr'layer of 0,1 per cen'b aqueous colciricine solu-

-tion for three hours. Afier treatment, the seedlings l,¡ere rinsed-

in l.'raier and- planted in a f-lat pan containing soil- and sand- inixture.

.4. second col cl:i-cine Lrea'r,ment i.'ras giveu ju.st be.fore the imì;iation

of fl-or',¡er prr:norclia" In barle;r this occurs r,¡hen -Lhe seecl'lings are

in 'uhe three-leaf s-Lage (i..elnyl:, personal colnluiri-caiion) " Seedlings

r¡,rere eâreîlrllr¡ reiaOVed fron the Con'caj-nerS" The roOts r,.¡ere thorouphlr¡

l'¡ashed to renove the soil- ancl i-mrirer.sed- in 0.'l per cent solu'¿ion for

one hour'. After thoroughly lçashing the roois i-n irater, the seedlings
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lrere transplan'ueC in pots " These irea*red seedl-ings v¡ere desigira'Ì,ed

as ihe Co generai;j-on,

Tne screening fo:: 'ueirap-l-oidy iras d-one c¡r-iei-ogically b¡.

chronioso¡iie cou-nts in rooì: tips of seed-lings in the Ct_ generaiion,

The fo-lioi'd-ng procedu.re t¡as foll-or'¡ed. The rooì; tiÞs r¡ere pretreaied

'i n i;ap rrfa'uer at 0 to 2oC Íor 2l- Lo 24 hou.rs ar:d f'ì xed in Farmers

f -. - \ -Íj-xative (3:1 of ethyJ- alcohol and. acetic aciC respectivel;r). So,uashes

r¡ere nade using the standard Feulgen technique. The hybrids 5903 X

T1-5d-r 5903 x T(1-ó) (z-S)a ancl. 5903 x TL-Za wer,e highry steril-e and

i;hereÍore a'll- the availal:l-e seed-s i'rere cy1,ol-ogicaì-ly e;ial;úned., idrereas

in case of the ìrybrids 5903 r 0""À"C. 2.1 anci T3-5-7)Qo-¿t)" x Tl-2a,

and tire varie-b¡' iionl,cal-l.i a na:iinu:,r of 1.5 seed"s froia each Ce nlant rrere

cytologicali-y analJrsed-" SeedJ-ings r'¡rth ¡iitotic chror-rosolle nui:rl:ers frol
^/ , -¡/^ l^ \26 Lo 32 -,¡eye planted ìn the greenl':.ouse in iÍarch 1962 (Cr generatj-on).

The nu-rnirer of dr,l"arf and si:erile ,olanis r,,riNirin each'ponul-ai;ion rr¡as

no'ued. Fer'"i1ity of the rerna'ining Þlants l.¡as de'ber:i:ined. according 'uo

ihe method. used by Reinbergs and Shebesl<i (lOZ) as foJlol^¡s: Fift,een

sl:iicel-ets attached to the five lor^¡er iniernodes of a spilce v¡ere cu.t and

rernoved, The nexb 30 slriilelets l.¡ere cou-nted and the part of the spilre

above 'bhen r',as reiloved-. These 30 spiliel,ets ruere ihreshed. b;r

hand and the ni-rnber of seed-s cou-nied" Per ceirt fe¡:'cil-ii;y l,¡as d-eter¡r-ined

b'r¡ -Lh e f ol I oi,ri nc Íornru-l a :

lrlunber of seeds obfained-
3o

x l-00
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Seed-s íroir, incl.j-v'id.ual Cl plan';s r,'¡e::e harvested separa.'bely,

The C, generat-ìon rÀras pJ-aniecl in i;he fie'ld d-u.rin3 iire sir:rutier of 1962"

UnÍoriu¡ately ihe r¡ateri al t^¡as bad-'l y danaged by haiJ- and. i:herefore

d.ata on ÍertiJ-ity cou--l-d not be recorcìed" Tire ieiraploid- popu.laiion

íron 1,he cross 5903 :< T(f -ó) (Z-S)" llras conn--l-eieJ;¡ des-,royed.. Tne

available seeds from the i-enaining Íour '¿eiraploid. nol:u-labions lrere

harv-ested. in bujk,

Tlrr:.i re r-h ' - bl e c^ seeds froll therrur'-Lrl8 r,rre SUlTnef Oï lyO, t ê,.J t tne aval-.lê,v'c v3 Þçc(rÞ al.L

'Uetraploid popu-laii ons of the h¡¡brids 5903 x T}-Jd., T3-5-7) (¿o-ó)" ,*

T1-2a and 5903 z; TL-Za and approxinateiy 120 seeds fro¡n each -'cetra-

ploid of ',,he Ìt;'brid 5903 x 0"4.C "21 and 0"4"C. 2l- 'r¡ere 5;erinina.ied a.nd

chror¿osome counis :-ra.de in rooì, 'Lins follor.dng Lhe ,oroced-ure described-

earlier" The seedl-ings r.rere transp-Ìanted i-n the field ior Íertility

conparisons, UnÍortuna-ì;el-y -i;he r,iateria.l- r¡as hea.vily inÍected by

ste¡r ru-si and-'¿herefore it r^¡as no'r, ¡ossib-]-e to record observati-ons

n¡ fap*i'li {-r¡vLLLvJ õ

în --^.,-i..^,,ì-. t.lre s.{-.rr¿lrr f.hr. r{ - 'r ^'" ,¡ --^.-; ^+-? llontca]rn l.¡as usedrr¿r vu_¿3rrvqu u¡lv Ðuuu_J t utLv qriJrvrLL vdJJ9uJ

as a conirol- and'¿he le'braploid. varieiy 0"¡."C" 2I -''¡as u.sed. as a

q i.¡ nd r -¡el rrr n'ì ai r; f nriao-nf i I i l-.v n-omparl_sons.



RESULTS AND PISCUSSIO}I

L Induc-bion of Teirapl-oid.f

The results of colchicj-ne treailnent for induci-ng

t.af.rnnloir^lr¡ i11 ycninirq hrpìorr hrrþ¡lds and -r,he Vafie'by ì'lOn',,CaLm afeuv ur aiJlvr

presented in Table XIV. Ii; is appareni, fron l,hese results thaN 1,he

treaì;rneni ï,Ës quibe effective in inducing 'betraploidy in all ihe

hrrhr-ids- ¡ncì eomn'l ei-.el¡r i'nr¡f Fec.'f,ive in ihe case of I'Ionbcal:n" Amongl¡J vr !u9, q¡rq vv¡rrlr¿

the hwh'¡irJs- ¡l¡¡nc{- nnmnlaf o srrrlggss WaS Obtained in 'bhe hybridsU¡Ig IIJ vMÐ, w vv¡¡rl/¿v

5903 x O.A,C " 2!2 5903 x T1-5d, 5903 x 'IL-Za and 5903 x T(t-ó) (Z-5)a'

l.,ihereas in'bhe hybrid T(3-5-7)(ln-6)a z.T\'Za, l¡I"2 pet cenf of the

planbs trea-bed and 20,ó per cenL of the C, seeds e-'car¿ined t¡ere

doubled"

llJ-ihough a m¡nber of rrorker s (27 ,33 r7o tLoT) no'biced

differences beilueen barley varieties in response io col-chicine, no

one has reporied as high a frequency as obtained in the preseitb si;u{y"

Smi'r,h (128) obtained 4 and 18 per cent doubled seeds in .bhe treabed

populal;ions of barley varieties and hybrids respectively' This dif-

ference was stai,isticalty significant" 0n this basis he concfuded

that ii; 'ç.¡as easier to obtaín ieiraploids by brea.ting Fr diploid seeds

-bhan seeds of pure varie'bies. Since'r,he hybrids in bhe preseni, s'budy

were obtained. from crossing translocation homozygotes, it r'¡ould appear

that the Lranslocation complex of Ì;.re hybrid.s tends to favor Nhe

ac'bion of colchicine in induci¡g' chronosome doubling. An al.bernate

expl-anation could- be 'ì,he e,xistence of genotypic differences in



Ã
O

lì?
 

v 
aì

 
¡ 

ll 
11

)/
v)

 
J\

 
v.

f¡
óv

ô 
tu

¿

r(
3-

5-
?)

 (
¿

r-
6)

a 
rc

 r
l-2

a

59
03

 x
 T

l--
5d

,

59
03

 x
 T

1-
2a

59
03

 x
 r

(1
-ó

) 
(z

-S
)a

i[o
n'

¿
ca

]¡
n

T
irB

f,E
 K

ïV
. 

T
he

 e
ffe

ct
in

 v
ar

io
us

iil
ur

:r
be

r 
of

^^
^^

 ^
Þ

çE
V

-Ð

l'ü
u¡

rb
er

 o
f

C
6 

Þ
la

n'
t 

s
se

ec
l-s

 o
f 

ld
ric

h
u¡

er
e 

e:
ça

nn
i-n

ed

of
 c

ol
-c

hi
ci

ne
l¡r

rI
er

¡ 
h¡

rl-
lr.

ìd
s

na () -r
'1 3l
+

O
U 20

tr
ea

in
en

'¿
 in

 i
nd

-u
.c

in
g 

te
tr

ap
lo

id
y

an
d 

th
e 

va
rie

ty
 i4

on
tc

al
n'

tq 11

9 7 7 B

-)
í 

R
el

rr
es

ei
rt

s 
eu

pJ
-o

ic
is

 a
s 

lle
ll 

as
 a

ne
un

-l.
oi

ds
.

n 
,^

r 
^*

r-
^ 

J^
,.1

-t
 

^d
.

\/ 
O

. 
l-)

J-
c¿

IlU
Þ

 u
uu

u-
Ls

ffi
r-

9 
10

0.
0

7 
Lr

.L
"2

9 
l-0

0"
0

7 
1C

0,
0

6 
85

"7

0 
0"

0

l{i
,u

nb
er

 o
f

C
1 

se
ed

-s
¡¡

¡i-
 n

l 
no

i 
e:

 I
 I

 r
r

L6
h,

L2
6

at )+ tg 2A óB

C
. 

se
ed

-s
 d

ou
bl

 e
d-

)i
.L

LT
rr

rr
'l¡

ar
. 

T
)a

i-a
an

'l-
.¡

oa

13
9 

B
l+

.8

26
 

20
,6

34
 

lo
0 

"0

19
 

l-0
0 

" 
0

L7
 

85
.0

0 
0.

0

r) -l



EB

lhe :rraterial l'¡itir resoect to the action of colchicine" These

possibilities coulcl be exp-l-ored by anal:yz-ìng co-l-chìcine -r,rea.'r,ed

l¡opu-lat,ions oÍ trans-l-ocation sioclrs oÍ varying ccxpled--'ry as r,'iel'l as

pure varJ-ei:ies ob-Lained. fro¡n diverse sources.

r /rrn\ ^r^!^;-^J ^".-r^-ì 'r ^*^ ^-^r,-.1^i,n L^-^-l^i-ì -^-Ä-l'HOf.frel (ì lUz vuué¿rrçv- eqiJrvau- dr¡v- diivu^,Jr--'c fIe}.,å,pIOl-O Sego'IlnES

i-¡ *lra ñr^fêni¡ 6f *ai--n:rl^i^ 1--..lpr¡ nl .ciri-.s ¡nj ê---r^ì'^^J 'r-l^^;-
-I tr(' t I'AiJIUILI UAI'--¿' *--- -r'\1rlcir11çu- urrsrr

oïigin fro:l unredu-ced gaurelues fertilized- b;' vs¿tced ganetes" In ihe

pl:eselli s'';udy, tl"¡o seedlii:gs lri';h 2,tolnZ chror:rosomes l,Iere obtaìned

in: C- Ì1rôr.env of f,he hwhrìd qqô"., /-r ¡, Í 11 Tharr lirrer'l ¡nnr.Ox-JlIdw.']lJru¿i9rtJvlur¡vfIJUIIq-//v)¿Lvêlaôvo4Lo

i rr,¡ l-.elr¡ 'l-,hrea r.n g.l¡g .!I@ UVJ-J

IT. iqeriirity Coirnarison in i;he Ct Genera'i,ion Betrreen Teiraploid
Bal"]-n P"p"f-g-if"IÞ*

The f erLì I ity ireans and. range in ferti--l-ity in ihe C1 ¡;eireration

of '¿Ìre tei;ra.oJ-oid. populaiions (er:-i:J-oid as l.rell- as aneuploid plan'cs)

are preset-ìied- in Tabl-e XV" The diploid yari ety llontcaln, used. as

å. con'r,rol r,las conplebely fertil-e anct tirerefore, fertility correciions

i,üer:e not necessary, ¡1s is eviden-b frorn this -bable, a considerable

d.ifference in fer|iJ-i-ty betr.¡eei: different iei;raploid popu-1a'bj-ons as

r,¡el-l as beti,'reen planì,s of ihe salte population exists " These resul ts

are i-n agreer:ìent r,ritir the conc-l-usion oí earlier lrorlieïs (82;-07 tI27 ,

LzS, 145) Lhai fertiJ-i'i;y of tetrapl-oicÌ barley is clelrenclenL on varie'Ly

and environ¡nent, I'Joire of the hybrid ie'LrapJ-oids i"ras be'bter than -r,he

O"lt"C" 2l i;e-i;raplo'ìc1s u.sed as a sta.nd.ard for courparisou" Co::rparing

tlre hybrid popu.J-aiiousr'beì-ra"c-'l-oids oí tÌre hybrid. 5903 x 0"4"C" 2l gave

re-Lativel-y betler ;oerfort:nnce, r'd:.ereas -be'Lrap-l-oid-s of i;he tlybrid- 5903 x



qQ

Tll-ó) (z-l), save Lhe cooresi nerÍor,-lance 
"

TIJBLE XV" Average per cent
of '¿he te'urapl oid

f oi.i.i I i i.¡¡ :nd i^:*--* -*nge
,-^.-,, -r 

^ -:-; ^,-^ -; * +1.. ^¡JU,UUId¡ UIUIIù II: UTlV

w!LL vJ

ll r tãnÃ-îa -

Average Nu¡rber of Ra.nge
íert,iJ,:-'l,y plants in ferii-lit¡'

liybrid or variely (per cenb) - tes_ilrcì, *. _(ner cent)

5903 x O.L.C. 21

r(S-l-Z) (¿u-6)" x Tt--2a

5903 x T1-5d.

'5903 x TL-2a

5903 :ç r(r--ó) (z-S)"

0,.4.c" 2r-

ol, t

2L"O

1ry I

ru" o

)+.9

'ìÃ O Ã'l-n Ã? ?
L) /../ vv ¿/).)

l8 L"L ';o llj"j

E 3.1 i;o 40"0

fr

6

3.3 Lo 8.3

L9,0 to 73"3

In genera-i-, ihe eupl eifl i;l-an-r,s lri'i;hin each '¿etra,ll oid _oolru-lation

gave a higher lìr.ean Ðer cent feri;i-'rity -uhan ihe aneuoloid planÌ;s"

lior.rever, a Íel.¡ aneucloid nl-ants l,rere nlore feri;'i-le than soiae eupJoid

plani;s" .{:reuploicl pl-an',,s -with 2n:29 chrornoso¡nes gave reJ-ativeJ-y

higher Íerì;ili-r,y ihan pJ-an'bs r¡rith 2rt-=27 chl:o¡Losor,res l.,lhile ihose

r¡i'¿lr oilrer chro::iosone nu::ibers (2n:26 jAllr32) r.¡ere alnosi connlei;eþ

s-Leri--l e" These resulis are ín agr"eemen'b i.¡i'bh Ì;hose of l'],einbergs

/-^,.\ - /---\
Ano. SneiJeslir- \IUc, anci ilor:ùìie_L ( rlIJ.

rII"
-Iet

i. nri,"lber of aneuploi d" and dr"¡e,rf t:-l-an'bs "li¡ere no¡ect in ihe 'ceLra-



9O

nl oi d i¡¡ rl ev nonul aì:-ì ons . The .r:esul is are P-resented -i n Taì:l-es litfl

and. XVII. TaJ:le )',-üI gives -bhe nu:nber and percentage of aneuploid

n];rnts i rr i,he Ç. rncì C¡ rêi'ìê?Íìì-.i ons . ..ilrer"e¡s Ta.lt-Le XWI retlresents
,, 

J_G:1UU !rf UjrV v1 ar¡v-

the nurnber and- percen'r,age of d',re.rf plants r"iii;hin each group of pi-ani;s

i,i:th ciiffereni chroinosorrie ntulbers in the C1 generaii-on"

TABI,E X\{. i;u,":ber aircl lrer cen-b of aneu.pJ-o'i d- seediings in
the C1 and Cj generaì,ion of ihe tetral:loid barle¡'
,ronula.ì:ions . 

-

ll-ulrber of

lî¡¡1tri cj or va.rie L¡r Genei.¡ i-.i on e;caldned- I'Ju,:r'be.r el(a;-iinei.-1117 '.Zr 
!u vr _v ar +v v?y vjv:r\1{_L, v¿v _ t

^.^^..*-l ^; -l ^^^.11.ì riæ-.lLllç u--u-r-uf,L¿ ùçsu:f,r15Ð
(2-n-26 to 32 chlojroåoires)

Per ceni of
seedJ-ings

5clA3 :c 0,.^,"C"2:ì-

13-5-7)(¿r-6)a x
Tl--2a

5903 x T1-5d

5903 x T'l--2a

5903 t; r(:--6) (z-S)a

0.Â"c"2r

JOL,, 56

¿u t5

?1, 2_l

9L+ 57

lq 12

ì- l^
L) Lr.-

l-7 l-i+

-'r-03

cl

c2

ct

Cn)
cl

v3

ct

c3

C1

'3',

Cn)

r3q 81 5E "2

q? çi

Atn

ou"o

o)"<.

a1 ).

()<, ø )

2l+"3

To-bal or rrÌeÐ.n
/ - n ^r\\ cXCILLGang U"1\" \J. ¿I )

wl
n;

)?\
2l+'l

LÌ+3

l)+g
60.8

ì- -rtr-i c hrrl¡ri fl r.n - rl ao-ì r.¡:¡a¡i¡ rr¡rJ J ¿J þr ¿Lr rJsÙ UçÐ uf wJ vv-
ìt llob e:çarnined,

b.,r- lrail- in the surlller oi 1962.
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ï1, can be seen frorn the Table xvr -tha'r, the frequency of aneuploid

nl o¡f c ì F +h^ -l-'.r -^-^^--^l-; ^*^ npranLs ln rÌle rl¡o generatl_ons ul and cr'øas comparable" The frequency

of encllnl nì rì nl nn{- q i rr i ha }rrrhnrvr q'vq.b,¡vrq 1,¿ar¡v ,." -, ro ietriproi-d populafions was much

higher (fi"}'"o gz"J per cent) than inthe tetraptoid variety O.A"C,2l.

Reinbergs and shebeski (108) reporbed Jf,o per cent aneuploid plants

in i,he C. oeneration of four tet,ralrloid r¡nricf.ies- wherc¡s in t.l-7, è;vrrvt ouJvll wÌ IVLLI' t/YL¿ el-¿v+ rvv¿vvJ *,. _Je
a

present s'budy 60.8 and 59"9 per cenb of the plant,s were aneuploids in
bhe C-t and C, generation respeci;ively. The teiraploid hybrid popula-

tions differ in percentage of aneuploid plairbs, and in general, corres-

ponds io the percent,age of drvarf plants presenb in each popula-i,ion

(Tatc:-es xvr and xvrr)" Iror example 58"2 per ceni aneuploicl and A,7.7

per cen'b dr,rarf plant s Ïrere presenL in the c, generation of i,Ìre tetra-
ploid hybrid 5903 x 0"4"C"21, urhereas in Lhe Letraploid hybrid 5gO3 x

T(1-ó) (z-5)a, these figures ,n¡ere 82"3 and, f 6"6 per cent respecti.vely"

Thi c i c nni orrn¡pj q'1'¡çr qi nno rìr¡¿¡fig¡¡¡ haS been renoi.t.rcrl .l-.n he :¿¿¿!u ru ¡¡v u eQ !v¡ !e!ra6, Ð¿rruv \rwd,I'J- rÞiit lrd.Þ ugg{l -- JSSOC-

ia.ted Ïrith ;rir,cllnloidr¡ in l-r.qrlo., /'' ^A rar r' -\rqevq v{¿vr¡ or¿vu!*_*_¿ \IUÈtrl-J | , L4) ) "

rn general, the proporbion of dwarf plants in different, popu-

Ia'¿ions was relativeì-y higher (39,h Lo J6"6 per cent) than that reported

by Reinbergs and Shebeski (108). Their estiinates r,iere as Low as 23"t+

per cen'b in'bhe variety 0,4.c"2f and as high as 8I"4 per ceni in l4ont-

calm, based on l,he average of the c, Lo c, generations" comparing

diffeíenL chromosome groups, L,he highest percen-r,age of clwarfs i,ras nobed

in aneuploid. plants v,¡ith chronosome numbers 26r3Or3L anci 32 foLlol,¡ecl

by 27 and 29 chromosome groups. These resul-ts are in agreement wi-bh

ì:hose of Reinbergs and shebeski (roa), and Rommel (1lr) " Hor,rever, in



ì-.hp nresenl. s'"ldr,-l-.hie nei"r:en-;.âse oí rl.¡¡arfs inujIç 1rr vovrru J uqLrJ

.\r -h-:- ...-h h'i rhr:r. t,h:n f.hr j-. rer¡nr-f,ed lrr¡rJ-fc!¡ j.LrÞ tld.ù j-!q9rr v f v iJvt wvv- tr¿

(fO¡;). These dr¡arf nlants probabiy represeni

-i-ha ì-"r-na -¿arrnr-l--a' ' J'- ^-\e¿.¿v , -.--* --o- oy Þ1.11-'tn \-L¿)) "

Õ1YI

-r,he 26 chror,rosoine

l?ci nl'¡errrs ¡rrcl Shel:esl-j

unbafanced eu,P-l oids of



GrriF@_DJgqqss.I0N

i,li,hough the factors cau.sing sterili*r,y j-n te-brap-l oid barl ey

are not coraplei;eþ -u¡rderstood, neiotic irz.eguJarlty resuJ-i;ing in a

hígh frequency of aneuploids ín 'r,etraploid nopulal,ions is consid.ered

to be a nrajor Íactor (óOrtO8r11l) " Therefore, a-Lternpts i;o st,abiljze

:neiosis ìn auioie-braploid- barle¡' are e;roec'¿ed to ii,rprove feriiliby.

The Þresent invesi;i ga'r,i on i'¡as underialten to ob'i;ai n preh:¡:inar]r inf orn-

ation on the possibi]:-j¿y of indu-ci ng lldiploidizationt¡ i n autotetraploicl

ì:arley using comÞl-e;< translocation siocLrs. the dip]-oidizing effeci;

l,ras judged by its effect on inÞroving feriili-t¡'.

The success of i;his ¡lethocl in inducing dipJ-oictization wou.]d

depetrd nrirriariJy on '¡he na'r,ure of control of chr-orÌosone pa.iring " This

ntethod r¡,¡ould be su-ccessful only i-f chronlosome pairing is prir,rari-ly

dependent on chroürosome hoi-nology. Tne quesiíon r¡,frether chronosone

pairing is depend"ent on chronosor-ne hoiaology or is under gene',,ic conirol

l:as no'r, been setiled. Recenily evid-ence is accumr.llating in favor of

genetic contr.ol oÍ chro¡rosone pairing (45rIO5rIO9r1]3). Tne iaost

convj-ncing eviclence ìs i,hai of Riley and Chap::ran (fOç) r"dro sho-wecl- that

d-ip-loid chromosorne pairing of ire;caploid lrireai is under p¡enei;ic control-.

Stebbins (lj3) -favours tire v¡ ei"r '¿ha-r, chrol'ilosojne pairing is pririrarily

dependent on ch::ori.iosome honol-ogy, and cii,es rlìany eà?.ilpl-es to suppori

hi s conclu-si on. Based on Stebbins (f¡¿) su.ggestion, Ì[cCol h:: t (75)

using irrad-ìaì,ioi'r. ì'tras able to incluce preferential pairins'ìn the'bet-

raploid oÌ¡tainecl fron crossing 'rt''o subspecies oí Dac!E]5 ,qlo¡neraia"

i. seconcl imoorbant factor deter¡rdning the success of Ì;his ¡äeihod lyou-ld
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-'r.he e:cLen'b Ì;o i,/nicir the chronoso:nes have been struciu-re.l-1y altered

'increase p::eferen'fial pai-ring in the tetrao-loid'

Tne resu,lts irresented in Table XV inclica1,e lh"ri the five 1,eL-

rapl oid hybrids obiaíned fron crossing hoilozygous 'bransiocati on stoclis

r-rere conside.r:ab1¡r-loi.¡er in fertil-ity (4"9 La 26.J lrer cent) in cornpar-

wibh
ison ':-tthe tetr-apJ-oicl. varie';y O"1i.C "2L. Albhough in the .rresent

sl-,llrl¡¡:-.1e.ìnsis ï.r¡- ,.^r ^r...¡i^á +l^ê hi-h f-a^rrôhêr¡ Of aneU_rt]_OidS inÞ uu-uJ r-rç-LvÐrÐ lTdÐ rlu u Ð uv.uJçq, u¡rv }rrór! ¿r çqqçrluJ

irybrid ieì;raploids (a.oproxi-'na';eJ;r óO Þer cent, Table X\II) in conparison

-bo tha'i; in tetraol-oid 0"4"C.21 as lrell a.s in r-he nate::-jaÌ studied ìr¡r

other l"¡or.iers (fOerl-l-1) may inclicate -bhai the lrrocess of uej-osj-s r¡as

nore i.ri:e3ular in '¿he trybrid l,e'ura:rloids. The rel¿''¿ively þìgher

frequ-enc;,r oí di.erf p!-ants a-flong ihe euteLraploid. plants (laUte XVII)

than i;hat reporied by Reinbergs and Shebeski (fOS; supporisthis con-

clu-sion, since increased meiobic irregularity wiJl resu.]l in a higher

nurnber of u-nbal-anced euha.ploid gametes and thereby increase ihe

fr,cnrrennrr ofl rn'b,qlencerJ eu1',etrarr ^;^ - -r^- r-^ The incyeased ¡neioticI J- lJquglluJ vr uf vo-grruuu vu vv ur alJavlu PI¿rf uÐ . ¡r

irregularity rnay indicate that preferential pairing v¡as not induced

in these tebrapl-oid hybrids and that chromoso:les Ïüere associaled

r:nrjnmlrr resr:l i,i no i n mñ-rê nnmnl ex confi p"ure.i-,i ons than ou.a.d-fivafentS "r qrrv-vll4J r vuv-ru!r¿6

In the present study the dipJ-oidizing effect of Ì;ranslocation

com,oler.es cannol be evaluat,ed 'n¡ith certainty for t-,'¡o reasons. Firstly,

the dal,a are too fi-'nited and second.ly the tetraploids of parenl, stocks

used. for producing l,ei;rapl-oid hybrids l¡ere not availab-l-e for cornparison.

The nerfo.r-mâ11¡..e ^.n t =¡L-i.r +^.{---^-1loifl non:la.lions --^^ :..r^^-ì j- felatiOnrrrç,uçrav¿llþ,I¿uç U.l- ilJu-L'l(l. Ueu.L-d,-l-*--* -----r wd,Þ Juv-óçu lrl J
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io that oÍ ietraptoid O.A.C"2L" Since in fetraploid- barley fer-

tility varies considerably rrii;h varieiy and environrneni (fO7rLzB'It+5) 
'

fhìe nornnerison m¡rr nnf. renreseni the Lrue þicNu-re. Fu'rther invesii-u¡¡IÐ vvirrPar ¿uv¡¡ r:¡g.j/

gations on exLensive scaIe, therefore, are necessary io test the

ultima'ue success of the me|hod, bu*r, the present evidence does not

appear to be encouraging"
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