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AtsSTRACT

The detection of a nu¡nber of monotel,otrisomic s in intervarietal

crosses and trisomic progenies of barley initiated the present study.

By rneans of crosses to translocation stocks and estabLished l-inkage

narkers, they were identified as 14 + 15, l-4 + 2L, Il+ + 13, 14 + 4L,

1& + 55 and l-4 + 65. Two additional aneuploids'detected in the progeny

of 14 + 15¡ ditelotetrasomic L4. + 2 - LS and Trisonic Bush, were included

in the studies.

A study of plant morphology of five existing monotelo-

trisomics, revealed that the addition of an extra telocentric produced

rnorphological effects of the saae type but less pronounced than did the

addition of a whole chromosome as in trisoÍLics.

Meiotic studies showed that the exLra telocentrics were associated

in heteromorphic trivalents in 63.5 percen¿ of l,i I cells examined, other-

wise they remained as univalents. Ring-rod and. tandem chain were the

predominant trivalents formed. ûn the average, unival-ent tel-ocentrics

were orientat ed on the equatorial plate in 49.8 percent of ceLls,

divided equaüionally in l-2.2 percent and showed TI and TII abnorma.l-ities

In 9.5 and 20.3 percent of cells exarrined. Micronuclei were observed

in I5.5 percent of the quartets. Monotelotri somic s were trênsrtritted to

the progeny at an average frequency of 28.3 percent.

Ditelotetrasorric l-l+ + 2 - 15 rnorphologically was highly sterile

ånd later in maturity than diploid sibs. The sel,fed progeny reveaLed

7.1 percent diploids, 45.7 percent monotelotrisorric s and 47.2 percent

díteIos indicating a high ¡ate of trans¡nission. The extra telo was

transnitted through 44.0 percent of maLe gametes. At diakinesis the
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extra telocentrics were synapsed with. one ano|her or with normal- homo-

logues in 98.4 percent of celLs examined.

Of eight ehromosome-I-a ssociated genes tested lrith t& + 15; As3,

Xl2rsb and ea were for.rnd to be located on the short arm of that chromosome.

When it was discovered that the frequency of homozygous recessi-ve

segregates in nonotelotrison:ic F, progenies was inversely proportional-

to the gene-cenLromere dislance, the genes h'ere arranged Ìinearì-y along

the short arm reLative to two established genes fq and br.

The centronere of chromosome-L was founC to be located betv¿een

r¡arke¡s 81^ and erL-d. lwo ner,¡ mutant, genes, revoluted lead and Parkland

spot, for l¡hich the symboLs ¡! and pe have been proposed, r+ere found to

be inherited as sÍmple recessives ard fccated on the short arm of chro¡no-

sone J, along v'ith a new dotrLinant seni-dwarf gene.
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CÌihPllr;it ï

ïiìTr¿0DUCTI0i,J

Coniltou ì.>itt'1ey (üç:.:Ç,ç,.it¡=l -1¡::lgi,Lg L " Iìri',entl "l:rr:.i) , i.s ¡r¡o¡:rbJ,y tl'r.:

lnost, e.xlcirs:ivcl¡r s¡.,¿r".rn of irJ-I croir p-l-aììt,s, r';ith thc cxee¡:t,llon of co-rr1.

l-t h¿rs ce¡'tai.n cìr¿,. ract, cr'i, sl,:i-r: s {.h¡.1 :¡aìçe it dcsireabl.e for geneti.c and

cyt,ologi.cal studies, i-ncJ.ucìing r: dipl.oi"rl gcìnètic coirs'r ít¿tion, lc''rr

chro:rror¡o:r¡e nurLber', Ìargo chrorncsc':¡,csi aìld f-l,oi.a.l- par.ts ã1d ¿ r':o:l.f'*po:l-*

lini'i-,:i-irg reprotìuctive h::bit. The :ì.rrt,rcrduc{:Íon of refi¡red cyLol-ogica.t.

tcchnÍqu.is by Tji.o ancl J,cr,¡]'ì (l.t50) ar:cf Lhc.j c s Laìr.Ì. j. s hinent, of Llic st¿rrr,:l¿rcl

)<ar'¡'oly¡r^ by lJurnìrarn nnd ]iagber6 (-1.95(r) i,¿'t' " Breat l]' fa.c:ì-l ital-,erl cyto*.

logica), stuCi<-rs f-n thi-si crop. In addiL:ion, it r¡¿r e fj.l'!a:1.:Ì.;' sho.::n b¡r

'lsuchi.ya (f959a ) by rnoaìls of t:'j.rro:nj-c irnalysi.s, tlr¿rtr t,he s.¿ven llio'..r

f-inkage gr"oups coì"re$porxl to thc se-r,eu iraS.rs ol ch!'o:t:oso:nr..: s . Thc

genetic ane.:ly$i$ of this crop ho',rcvor i-" ì¡y no nteans co:n¡:ì,etc:. Tire

cellt,l"o:ti¿re ¡-'osit,Ìoirs on the Chrolnoso¡¡eg }¡ave not becn .Lccatec! r,l:itl.l

cePbaì.ni;y, and ì-arge nui¡bcrs of associ.¿ t,ecl. gcnes ar,rai-L nral:¡ring ( tü-l"an:(:.96& ) .

Being a di.ploí.d, the arlount of chr.c¡los¡omc e n¡;J.ireer.Ì.rrg that thi.s

crop r,riJ,ì. t,ol.e¡'ate is l"j.nited. Tetraploids havc bcen proCucecì i.n barl.ey

by itelnbelgs (Ì964) and a sixteen chro:nosone pJ-ant by Tsuchiya (19ó9).

A nrr,ïber of viorke¡'g including Rar¡aee (1955), Xerber (1g5S), Tsuchiya

(1959, 1967), ru'(1"968) and Eslick and Rarrr3ge (r9ó9) trave j-clenrj.fied anc

studiecl trÍso¡nics. Trisol¡úcs are indivicluals l¡Íth a chronosolne mürber

of 2n= 15r in ¡.¡l¡ich one ch¡onìosone is present in tripJ.icate.

Repo¡ts on mcnot elotrisomic s, (pl.ant,s h'itlì ê chro¡ìosoÌe nur:ber

of 2n= l.(, -l- tel<¡cent,ric ) are infrecluent, and ofterr inccnpl.efe. The nono-

ielotr j. sonr-ic s that, have becn reporLecl, described mere)-y as fragrnents,



2

have not. bcen i.cì cl.rt-,:.ì-f :ied no¡ sl,rrcìicC ¿<::x: LicalÌ¡, in cìetail," Srr.ch

ane up:l,o:ì-(ls, r,rì-ren j.dent,ifictj., rrould ì¡c usefrù j.n e.ssooiatj,ng go:es vi r

theÍ:: r'es;pcctirrr: chrc,¡losoiìre etlls by vj-r'Lnc of triso¡ni_c rat,ios, j.ìl

locat,i.r4 ocntrôrn.rro pos:!.ti.cns ancì cì c.¿ e¡,l rì. nín¡3 gc¡o-c enlro:lcre d.ista¡ces.

The oocrrrrcltce of o. nulrber- of ¡rrot-rot clo.Lr j sol¡ric s j-n progen:i,cs of

trj-so;:¡.c s ¡lade possible thc j"ilibj.ati<¡n of th-i_s sf;u.rìy " Thr.: cxLra tcl_o*

ccntrics l+ere j-cìentj,ficti by cr:oeses Lo t¡.au s.l,oc ai,ion s,co,¡lts aircì ap¡lro-

prÍzLte -ì.ì.:-iìragc ¡rLat.jçc;:s " 1'he l¡ielolic beltavj,o: of the ext".r¿r telccc¡rtric¡

r,ra,s stucü.ed a1.ong rriLh thci.r. effects on pì_ant roorpholo¿y" Th<,l i,rìc¡nt.i_ficrì

¡ronot,clol,r j. sor¡ri-c rì Ì,,'er e uced to aeçocj.ate nru'uant, gencs rrj_ r re prcrper.

chrorioso.Ìrì3 at:ìns, to J-oo¿;t,e i,he posj-ti,oD Of one qenflro:lorc, 1,o J.oc:Lt<;

gencs for R arylase act,ivity ancl to rìet,er'¡¡j.¡rc J.f Urc pllcrronienon of

so;ir¡"ti-c associai-,i.on of honto-l,ogous ch¡'o:loso¡te s rras ope::a,t, j.t,e J,n bar)-e¡'.



C}IÁPTDII I]

nEV-l-lll'r 0F LITlllUrTi.iIlll

A teloccuiric chrolroso¡rte i.s co;;pc:iecì of a si-ngì.e chr'ouoso::re arr:t

v¡ith a ternj,na.l- cenLro¡rere. llel.o c e¡rt',¡i- c s l¡aJt rcpréôel1t colnpoììenl parts

of set¡eral <liffe¡.'en'¡ 6r:troi-,ypes or chl'olios;o:ite con sti t,rtti.otls; four of r'ìlich

alc outfi.ncd ìrcL or.'.

(f) Iintire co;tpl.cicent tel.ocenlrj"c.

Jo¡:es atrcl Cal-dcn (1.9óB) re1:rcrl, that thel entj-re cotal:l-etnenl, of

I¡gftS¡ggl:i!_i¿ !Éç¡'-q¿!lç, a tet.ra¡rl.oicÌ r'¡:i-th a cìrro:noso:ire nunber of 2n=" 2!+¡

i-s conposed of teloccirtrj-c cht-omosones " It prolrably evolved fro;i'i an

ancest¡al di-pl.oicl by ceirtlonere brea)<age j.n acroeent¡ic chro:noso;nes and

Loss of i¡re:'t or cìel-eter"j,orte arns, fol-.Lol';ed by poly¡lo:id j-zat:ic¡n.

(2) lfonot,eJ-c.'so¡nics

Are planls t¡j.th onc chronoso:rrc r:epresent-.ed bJ' a telocenl;:'íc ¡ús-

dj,vision product for one compl,cte chro¡,tosonte arn, s)¡nboLize.l by 20rrl- t,r.

(Kimuer and Scars, Ip(r8). Su-ch a loss of chronlatin can onJ-y be toler'¿tcC

by polyploids such as r.rheat¡ (Sears.), oats¡ (ìÍccinnis S! a}.1963), ano.

cotton, (Endrizzi anC liohel, 1!6(r), Thus, for each rlc¡toso¡¡:ic thc:¡e ale

tlro possibJ-e mcnoteloso:nic s. Sears (194ó) reports that nionoj.so and

monoteLosorúcs exist for each of the 2l- !¡heat chronlosontes, but in some

cases only one of the two possible ty¡les has been established. Dj.telo-

sorrr-ic genotypes have also been reporLctl by Sears (1946) in vheat ancl by

Dubuc (1968) in oats.

(3) Co:rpensating telocentrj-c

Snith ( I94?) reported on a pì-ant of II!ÞiglLqì !ìo¡qq-çÌcgl,tg Ì'ùose

configuration at ¡teiosis r+as six bivalenLs, one norillal- univalent, one



l+

j- sochrornosor;le an.l o]1e te-l-occtrtric. The J-at.tcr tt,-o units ì'¡ere corrìpensatiÌig

for ¿ l:or¡rg.I r'ihol-e chrouôscne. h si¡ij-l¿ir $iüuation has bce¡r report,cd

by sourhe:.n (1,969) in üyr{æl--e'oj-cf!u."

(4) ÞIon o t, e l. c¡ t, r'i s oud- c

Àró pl-ants r,áth one clrt:o:¡r,osone lepr:esentecì by a tri.rralenl con-

sist,íng of tr','o co:;tpì"ete. chro¡itoso:::es anC one t e .ì.ocentric ch ro:no:; orr'ie. ln

barley thj,s lroultì be syrnbcJ,ized as ?tr -f t t or' ó rt . ''ri. ?tt t (Kj-¡ilì¡el' a:rd

Sears, 1.9ófJ). They l.¡ere tei'rlccl telosc:ìj,c t}i.so¡lics by Burnham (1.9ó2)

fol,l-o-i*ed b)' ô.ìl abìrroviaLion to tel.otriso¡nics ìry l(hush e,ncl lùick (L9óB),

howetrer rvhele ap.plieal¡.Ì.e the terninoJ,ogy and s¡'nrbols of l(i.rìbcr and Sea.rs

(l-968) r,,ill be used throughoul, thÍ-s presentat,i.on. IÍonot c.l-otr':Ls;outc s

have bee¡r rcl:ort,ed in Zeq lla¡.:- (Rhoacìcs, l-936, ).gt+O)., Ð¿$:1.+ ,:!:S!Lq+:1lllì

(BlerkeeJ-ee and Á.vcr"y, 1938), llicol¿iÊ¡ra py,l-ye s;t r j. r; (Gooclspeecl anrl Äveîy,

1939), 3åi.!å-c.tllll lÌIg_!.qg9s.c_v{il (Snith, 194?; }íoseìïan and S::rit,h, }!!{),

Sççel-e. _cel9-q.Lg ( tiar:rono5. and Jenì<ins, l9ó2) , ¡!¿'g9l3! Lql.'g,-ql-g ( Tsuchi.ya,

]-959' r967i Yu, ).9ós), lstvs r)9{t:$lrlq!"u!. (clion atid cra¡'L, .1,9ó{ì), a.rrtJ

ly: gp_çfu_ieg¡ ggc3{gl1Lq¡ ( Kh ush a nd lìi c k, I 9 6 B ) .

The firsl observation of t,eLocentric chrornosoines tras relde by

Huskins (192S). He observed a hei;ero;nor¡:hic bivalenl at, rnetaphase I

Ín ulìea¿ anC described the phenontenon as a cyiol"ogical abnoraal-ily caused

by the J-oss of approxÌ.nntely one*half of a ch¡o¡nosorne. Huskj.ns and Spi er'

(f931+) carríecl out further stuCies on heteromorphic bivalents in r,¡Ìreat.

Love (193t) ¿.ssociated a phenotypÌ.c effect rrith the loss of one arm of

a chronoso¡ne. Heterozygous uhite-chaff vdreat plants displayed 20rr+tlrr

a¿ ¡ìetaphase I (ì.lI), t,¡ith one chro;¡rcsone of the hetermorphic bivalenL

hav:ing a ter¡rinal cent,rornere caused by the loss of the shor'r, ar¡n.
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Ho;nozygous rdritc-chaff p}auLs r'rere lro::rozygous for t,he cìeficíency, In

subseqr:ent rc¡ror.'os, Lci'c (:1,940, 1.9l+L, 1-9 43) clescribcl the s¿.rrre ¡ralc:i:ial-

in l¿hj.ch niisdivj.s;ion of the ccnl,rojÌleres 1','.ì s cc¡rsicìererl. l-ollo';ring the

reports by Upcot.t Q"937), Koll(rr (193íJ) anc Dar1iügton (1939, l-940) that

unival.ents tm-y rir,..i scl ivi,d e, it, beeo:ne obvj.<.r.ts that i sochro:noscrrc s ând

teloccntlics arj-sc t,hrough the nli sid. j.\. j-s i on of cenùroijieres.

DarlingLorr (l-939) and Sears (1,952) ouLlinecl cletail-ed stucÌie; of

univa l-e¡rt ¡rrisdivis j,ons , They generall-y êgree on the üype of rirtsdi.visiio¡rs

that can occu¡ and the fol}o,¡d"ng dcsci'ipti.ons repre,s;enl" the eetrtroì?iere

brealcages thal r,¡ere obse¡vecl j.n r+heal un j.val-err-r,s at arraphase I ( À J )

by Sears (f952).

(a) One ¡ror¡nal cl:rornaùid p¿Lsse.l to one pole l¡hil-e the tt¡o e,r¡ts

of tho other ps.ssed separately tc tho ot,hel pole or rerrrained acentric

on the meteLpl-ra$€ pLaùe" This insLance r*ould appear No bc a co;nbin¿tion

of a noi'lnal longitucli"nal cì.eavage foll.oi.¡ed by a tlansve:'se isdi.vÍsion

of the cenü'o¡n¿re of one chronrat,id.

(U) two j"clentical arns rrent to one ¡ro1e l¡hile the othcr t\{o arlts

either r,¡ent to the oLher poJ-e or one or both reru,ined acent:'ic on the

pÌâte. This is the typical rrnisdívisionrr !.e_.- a transverse lupLure of

ihe ce¡ntromere. ft r'¡a s the nost frequent t¡pe of nisdivision observed

arrl r+as responsible fo¡ the rtajority of the isochrolnosones forned at, ÀI

(c) In tirc thirct category, three ¿r'ms r.renL to cne pole r"hile the

fourùh either 1,rent to the other pole or re:¡ninecl acentric on the p1-ate.

The above observations indicate that a cen+,ro:lere is capable of

sub-dividing inLo fou¡ fu:rctional parls. Ifarks (I95?), I;rr¡¡ de Faria

(1958) end Sti'j-d (]968) consùru,cted nodels of the centrone¡e sl¡ucture
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ilì.r,rsLrating the possible br.carrooini¡; ¿,,nC j-nlir:aLecl thaL, foIl.o,*i.ng

breal<a.ge, this nuìnbel' of fnnctional. rurits rrny be fo:'¡¡red 
"

Tel.ocentt'ics nay al.so be p:.oJuced at Â II frorì soÌne of t,he l, J

proCucts. Ior exalipì.e, tlic i soohr.onoso::re s p:'odrice,J i_n (U), nay clj.vide

transvcrsal.J,y at the cenl:rolnere t.,o proCuce tuo tel ocellLri.cs each.

Sinilar"ly, ncrna.I ch¡.o¡¡iat id proCucLs of /i L liray ¡lri s<J ir.icì. e at Â TI in tìre
sarrre ì.,,¿,y to al-so prnducc, tv¡c tclooeni;rj"cs. Â brue tel-ocentr"ic chrorirosoiirc,

therefore, consisLs of a si_ngle <:lro;tioso:'re ar;li r,¡j.th a termi-na]_ cc)l]l,roììlere.

Brea]<s of l,l.ri-s tyire l:hror.rgh the centr.otnr:re of barley chro¡roso¡ies have

been rc¡rorLed (naoøge .g*L gL, 19ó1).

Tel,oeentrj"c chlo:¡roso¡nes; h¿vc been reportccì irt a minber of cro¡rs

and thcir sources are as varied ¿s tìre ¡neang used t,o íderrt:i.fy them. Tn

oats, (ìlcGinnis -g! g]-, l-9ó3 ) e" short arm te-Loce¡rtric for chro;noscnrr: I/.,.

arose in the proge:ry of an Í¡rLervar'íel,a.I cross and r,¡as identifj_ecl by

karyoLype anaJ-yÍj j,s and coropar'Ísons rvith a sta.ìlCar,l i.di.ogra-rn. 1.he ¿bsetrce

of the Long B¡'rJl t,Ja rr "rssc¡ciat,od r¿j.th a chlorophyl-I defici-ency.

In cotton (2n=16=92), a tel-ocenLric, hapl-o lfl, r.'as fo:rmed

througir the n¡:isCivísj.on of rnoncsom-ic ha¡:J"o L7 and t+as found to be

deficient fo¡ the Ìong arn (lniite anC Enc),-izzí, I)'J). An additional-

four telocentrj-cs in cotLon vere rcported by Endfizzi and XoheL (1966).

Bolh teloceni,rics fo¡. ch¡'olnoso¡ne 6, and one for Ì6, arose through rni.s-

division of knor,,nr monoso¡nic s. Their ictentity rvas verified by phenol¡tic

resenblance to knôì.m monosc¡¡jc s and supported by genetic stucli.es using

knot*n linliage nrarkers. Tire same authors reported that têIo 15 arose j.n

tlie progeny of a cross involving a ttisonlic awl transloeaLÍon d-LJ.
In a hybrid containing lhis tel-o and tra.nsloce.i;ion l¿-,L5, a ìfI
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{
confj.guraLion of 2-lrtt ),.ILv chain Ì..a$ observeJ, 1.,.ith l,he telo l-oc¿rtcd

ter:nrna1,J.y Ín the cha j-rr. Icìen¿ity of the specj-fic a.r:rr inr.ol-vc:l r¿as

ae co:rpl:ishcd b¡. usin¡1 Ìcro',rn }inìtiige n¿rrl<ez's 
"

/r monote]-otri. soliic of Tritieu-r¡ lnonccoccr)j,t r¡as fortnd ín the pr-ogeir¡.

of ê. plan¿ l,rj.th thi¡teen nor":r::.l clrromcsoriles, otle tc-l,ocentric and ono

i soclrr or!ìcsorno (S¡nit¡, ¡.9;*?). The trisornj-c r:atj-os observecl for gronp I)

r.,,he)T tfie molroteloLr.j. sc¡ j-e r,;as crossed to síx of the sev'en knoirn J.j-nk:ige

groups, servcC to irìenLif¡' the lelo.

fncìj.viclual chro¡rosones are clislinct, at, the ¡:achyt.eire st,age of

meiosi€; ilr cor:tl, anC a teJocentric for the shori ar.il of chrorncsone !
r¡as identified in thi.s manner. (lìhoarlcs, I!J(r), fn the sarqu r,¿¿rty, the

size of the ceuLroltere of the tel-ocentrj-c r+as found,cqirzlt,o a nor¡¡al onç:.

Six ¡nonoteloiris o:nic s r,rere produceil in the to,-nato (lihush anC }lick,

196tj). Five of these occurred spontaneously in progeiries of ùertÍary

¡notrosonics and trisol:ti.c s e¡d one ar.ose in the ploge¡¡' of a cross inr.olvj-ng

a t,eriiary triso:¡ic ancl disc¡nj.c. thr.ee of the six, 4L, 31, e.nd BL, vere

not truly tefocenLric but h¿d suÌ¡Le¡'¡ninal cenLroneres. PachyLene

anaÌyois revealed the pi'esence of heterochroaatic chromo¡ìeres as reììììlants

of the roissing arÈìs. In a true sense those tel_ocentrics rvere actuaì-ly

tortiary trisorrics but il r¡as considered that the distally locat,ed

het erochro:rai.in vas inert; thus giving functional telocenLrics. It !¡as

also shovm by pach¡.Lene analysis that not al-l teloceni¡ics had cent¡.oroeres

of equal size. The centro¡¡eres of ?L and lOL rr'ere of no¡¡naf size uhile

that of JS was about one-ha1f nor¡e.l size. The l"atter teLoeentric rsa s

unsùable and became eli¡ninated in sc¡netic tissue, probably as a resul.t

of air inadequate cenbro:nere,
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i{onol,e-lot¡'isor,ric s rr':::e deLccterl at J-or'r fi:oquencies i¡r progcni.es

of prirnar.;r trj,sonios of Lt&IÞ (Chen and Grani", l.p6B), $eçq,.!g (Kerno¡aj,

ancl Jeirk5.ns, )-i62) , a.nrl ,llg::Sll,_t¿.3 ( llsuc )r:i-¡'"q, f 967 anC Yu, -1.!ói3), Ìruí no

cf f o:'L tras ¡:rade l,o i.dctltify the:l nor sLricly thel.r ¡ne j.oi:ic bcha.r,i,or,.

PJ-ani,s r'¡ith one to thi"ee srü:Ìpez'i-iulle):ar:y frag:rrenl;s r+crc isol.ate¡ì Ín the

progcni-es of ba:'.le¡' prinrai y 'u.r'Í,somics ( l,'rost, e-n,.ì Is:i,ng, l!6i¡.). Theso

fragnents r¡cre character"j-zed b¡' sul-'tcrinj-ual- celll,r'o;irere posj,tions, a.nd

therefore rtere not, true t e.l"o c ent,ric sj nor conll:ì-r)te trj-s;orrrics. The tr"atr¡ -
rnissj-on l'¿rt,es, enC ¡neiotj.c behavior of thc .f;raginen t,s l,'ele sr',uC:i.c<l- Lrul

it t'¡as unfortr,urate l,ha'¿ tlt c¡' 1r""" ¡rot identified no¡: conl-d thcj-r' ¡'cl"ativo

chro:uat,in content be acculatel"y ¿rssesscd.

The tel-occnl;r'ic rriay beco:ne o$socj-âl,e(l lij,th seve¡¿r]. t¡pes of

cl¡r.oinosorrre eonîiguration$ at neio$i.s. The three possiblc heùcro)nÒl'phic

trival-e¡rtc; that may be producccì by the synapsis of 2 horno}oguos plus a

horuologous telocentríc a:'c shor¡r in I'igrrre :- (page 9 ). These conf:'r"gurer-.

tions rvere obtai.ned by extr:apo)-ating from the possiblc confignrati-ons

produced vhe¡ì 3 holìolo6ues ,eynapõe (Darli.ngf;on, 1965) 
"

The tanden-V and tandc¡r chain,are the sírnplest trj.vaLent configu.-

rati.ons, oaoh lequiring only one chj,asrrur per ar;n. /i trj.ra.cìial configu-

¡ation also requires a ndni.nur¡t of 2 chias¡nata both l-n the sar¡e arm.

Ä rÍng-rod struÇt'ure Ís the ¡uost cornplex, reqniring å tot.al. of J chiasmaia.

fn cases l¡her<¡ no chi.asr¡rata ãre for¡red at cliplotene betl¡cen the

tel-ocentli.c a:ld nor'Àrâ1. chromosonÌe, the tel.o+entric renains unpaired at

metaphase leaving the trgo norna.l- hoinologues associe.ted in a bival-ent.

The telocentlics of tonat.o ¡ronotelot¡'i so¿fli.c s rrere fotrnd either

as univalents or paired with normal- honol-ogues at cliakinesj.g, g!.ving
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confÍßul'ations of l.2r¡+ tr or' 11 "'1- ¿2"I at, frcqucncj.os of 55 anC 45

pelcent,, reepecl;Ível.l ( ii.!rr.rsìr and Rir;k, 1!68). Onì-¡' ¡¡¡¡:.1.¡r r:srr.e th:.ee

rrrìj.\'al.cnts obscryeC. Thc po.iring r:as al-r*Lys ¡lon-ra.t-rcìr¡ton r*ith nor¡i,l.l.

honologues perf e::<,:nt:ia1) ¡' pa:i-ring t,¡it h each othet., J-earri.n¿¡ i;ìre le).o as

the unival-ent. Thr'r J,onger tlrc tcl.ocent,rj.c ¿ìì'ìi1, tùe ¡rore frequcntly i-t

bcca¡re irrt'o.l.ved- i.n l,rir¡aIcnt s " The segrcga:tion of tlrc tht'ec mcrnbers at

anerphase r+as l"i-kei,¡ise non.-ratrcìorn, bul pref erential.J,y 2: I r¡ith the tel.o

aì.r'rays accompan¡':lng a nor:sl. ¡ne¡nber of the pair. Tor¡ia.to ¡nonotelo Lrisor:úcs

l¡ere founcÌ to be tr:an.q:n:itt ed thlough the pi-stj.J.l.ato parent at an avere,.ge

frequctrcy of 36 "5 ìlel'ccì.ìt,; pri-rtar"y tr"i.sonúc s for the ccrresponcli-ng t,eì.os

were only ralcl,y ¡ecove]aed 
"

The monoi;el.ot:'Ísonri.c for the sìrort artn of chlo::rosc::ie 5 of ccrn

(Ilhoades, f93ó) shol+e'J ¡¡uch the $aÌle type of mej.otj.c behavj,or as repor.t,ecl

for tolnal,o teì.os, r:-i,th ¡ìon.-ra.ndoln pairing at rneiotic propìrase and non.

raud,orn dísjuncLioii at anaphase. Synapsris of honol.ogous segnienì;s rrao

initiated at the ends, so thaf pailing of three cl.¡romoso-¡es

at ono spoö Ha$ never observed. ?he frequer:cy of cells r¡ith lrivafenfs

at ntetaphase in corn rras otrì.y 35 percent. The beha*vior of the telocc¡.¡tric

at anaphase r.¡as sj.núlar to thai: r'eporLecl by Soars (1.9 5Z) tor tel-os of

wheat, in that if a telo r,¡as paircd with anôtheì: telo or. l¡ith a nornal.

honologue it behaved normally. If unpaired it could be expceted to

behave abnorma)-1.y. First of al-I, it nåy or may not beconie orientatecl

on the equatoriaì. plate. If not, it usualJy remained in the cytc'pJ-a,sm

duling the formation of the daughter nuclei and consequently became

exch¡ded. l'lhen orientated on. the plate, i.t usual1.y rrrigrated to one of

the poIes, but at a sl-oøer pace than norr¡-f chrornosomes, and agêj.n tras
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suìrjecL Lo excÌusion. The unj-vafcllt, t,cll.o rtoulcì occasiona.lly dj-vi_de a'¿

anaphase f , but onJ,y af l.er the nori:rr-1, clilcrnoso:les had rea.checl the ¡toì-es,

The onì.y type of mi sCivisj.on possi ble f ol the tcl-<¡ u¿rs on¡: in r'rh j.ch ar.¡

isochro¡roso¡ne r'¡as for.lned. Sears (l-952) repor.t,ed that ltono¡)eloso:les of

uheat r¡oul-cl f o:::n iscch¡ol¡toso¡ìes et T II rvj.tlt a freqnency of \3 "3 per.ceni.

?hc ¿rdrlit:ion¡.I fragnenis obser.ved in ìral'loy (Irrost an<ì Ising,

l9ó4) exhj-ì"'itccl a r::lcl e rat':ge of liLeio'¿i c beh¿vior., l.íeiolic coi.rfigurations;

¡rere scorccl i.n fift¡' colls r'¡hj-ch containecl 2n.= 1./+-l- 2 fritgr:icn'r, s. In 5ti

percent, of these ce.l"fs tùe 1,1¡o ext,r.a fragment,s r'lere u,npai.r.ecl , in 26

percenù they v¡cre ¡raii.ccl r*i.'uìr each other, ancì in tire rene.iníng J.6 percent,

they synapsed l¡iùh nonrnL chro:noso;nes to forlir quadr-ivalents. llc¡r-

orientation of rmivalenl,s on r:ictaphase plantes !ra.s oìrserveC, r'¡i th solne

division at anapìiase ¿lnd many )-aggards at tel.opha.sc. PÌant.s r'¡ith onc

fraginent showed a louer t¡.a¡s¡¡-ission ral,e on the rlale tha.rr fernle side,

whi.ì-e a transni,ssion late of . J r,,'as observed on bot,h sides; j.n pJ,ant s

rv-ith tl,¡o fr.agments. The individual. fragrnents r¡ere found to be transnitted

at dífferent frequencj.es.

The t¡iso¡nics of the Shj.n Ebisu l-6 variety of barley (Tsuchiya,

1967) exhi.bíted an average frequertrcy of 89.9 percent, cel-l-s lrith trivalents

at diakinesis and 10.1 percent r¡ith unj.val-ent,s. The trivalenL configu-

rations; ring-rod, chain and triradial- triple-arc; ç'cre forned at

average frequenci.es of 54.L percent, dO.6 pelcent ancl 5,3 perceut, ¡es-

pectir.eLy. 22.'/ percent egg transnission of the extra chromosone !ra.s

observed l'd.th virtual-ly no pollen transnrission.

Telosonric êenoLypes are useful. for cìeternrining the ar:l location

of genes a¡d their dista¡rçes fl.om the centro¡lere. Ifo¡roteLoso:¡ri.c s we¡.e
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used to l-ocat,c: genr: posi-1,ion:; on ch¡o¡ncso:nes of cc¡Lton bJ' ]hdr:i-z,zi and

I(ohel (L9óó) usi.ng the fo]-ì.or':j-ng methcC. ifonotelosoriúc s ca.}ryin¡i

dorirrinanL e.l-l-eles ì¡ele crorì$od to honozygorls recess:Lt'e di-¡rloids. In

thj.s lnaterial aneu¡.lloids r'¡!?re ntcrr'plìo:ì-ogic ali ¡' dJ.sIi-n¡çtr,ir- s;haì;l.e fro¡n

diploids. F, aneupl-oid hybri.cìs r'rc:' c rccj.procall.)' te:;t*cr"osscd Lo hono-

zy{loun t'eccssir,o cliploíds. The test*cros:i I'Iâs useal to det eririi.nr.: tìle ¿rr';¡¡

l-ocation of eL gene. Getres l-oeatecl on the ar¡l prescirt :hi cìupl-ioat e

segregated in ¡ror'¡ral diso:uic ratíoo, uhereas Senes orl the hetnizygous

arin segregaterì as j,n the case of noncso;rri.c:s.

The recl.ploca:1. tcrrl, c¡'oss: g__-.o -*-....

a^
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gave on1.y diso¡¡ic progelly; the tel.ocent,ric is not, trans¡litted throu¡1h

the poll.en in cotto¡r her:ce n-l g¿rìretes did ncl fuirctio¡r. Therefore an¡'

do¡rinant s.l-l-elc linor*n to be }ocatecì on the te.ì-o (as dete¡¡l-i"necl by the

test-cross cìescribed above) that t+as transrniLted to the progeny nust

have been shifted to the nornnl cht'o¡losouie as a r"eöult of reconbination.

The frequency of transni ssio¡r of the donúnant aì.Ir:le viÊ the nornral

chromosone r,'a s indicati.ve of the a¡nount of reco¡obitutio¡l and hence the

gene-centronere distance.

Driscol} (1966) used ditelos f¡'on both ar¡ns of chro¡.".osone XIIf

of uheat to deterr¡jne the erJn l-oeation of It+, a do¡ninant vax inhibitor

gene knolrn to exist on chroroosane XIII. Honozygous recessives feniales

ditelosonric f'or bot,h arms lrere pòl1inateC 'oy honozygous dorrinani diploÍ<is

and the resulting F, hetelozygous aneuploids r¿ere allowed to self-

polì-inate. F, pro8enies invdì-vi-ng the non-critical arnl sho'¿;ed no seÉ{re-

gation. The focus therefore l¡as focated on the erú that showed
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segreg..lti-oi-r for r'¡¿¡-1..i.¡ress i.u thc F." Gcnc-.c ent ro¡ner. e clistânces ì,reì.e¿

esli,¡rated by det-eräiin:ing thc frerluency of aneu¡rì,oì-cìs amorrg re rcces¿rivo

r', segr:egal,es ar¡(l ¿ìpì):ì.)rj.r]g the i{axi¡rur l,:i}relÍhoo¡l f orr¡u-la to ti¡e dat-,e, 
"

Sea¡'s ancì Locgcr'.Ì.ng (I96iJ) usêC r,¡heat cliteloso¡¡ics to riaÐ stcí
l'ust I'clij.stance grncs !¡-! ancì $r.'l-(r " 

,.1,h e lr.-o Âcncs t,.erû 1,,,r*r, to ¡"
located oll ch.o;noso'e 2iJ buL their nap locat:Lon uas requirecl. tso r

ditelos 2ìlS anc] 2ilj, r':ere c¡..osseil to lhe hontozy¡lous r:esistant linc. f1

aneu¡:loids r¡ere tosL-ci'Osec¡l ar; fei¡¿l-e to the hontozygouc recessíve stock

of thc sanc variclry; i.-er.

ll.----o

L--*--o-*.-:

I.*.--*o..--**

r-

Susceptible offsi:i'ir1g r+er.c exanlncd oyt,ologic aJ_J,y. Any susceptibt_e

inclividu.al-s c&rrying tr+o ',;hofe ch¡o¡ncsones r¡ere ind-icati-ve cf a cÌ'oss..

over betrreen the i;elo ar:cl normaJ-, lri,Lh the relative fi:equcncy of cross-.

overs refl-eslling the nap di.sLanoe. ForlrLula s lrere proviclocl for the

d et,er¡i-inal"ion of tlìe acluar nap distanc e. The srìriìo cf f ecii.ve rnethoc ¡yas

usecì (Sears ancl liri.ggJ-e, l9ó9) to locat,e genes for niL<ìer.¡ r<;sislance

that were l-ocated rnore than JO units fron the centr.onere.

A ¡nonctelot¡:i so¡nic fol the shorl" arn of chr.o¡¡osone I of rm.iøe

rr¡as used by Rhoades ( f.g3l)) to Locate the position of the A2a2 Locu_s on

that arn. A nonotel.otrisonric hor.oz,ygous for A, was polì.inated by an

a2a2_ source. F, telotrisorrlc hetcrozygotes liere teeü_crossed r*ith a,
polì-en. Disomic parents gave 1r I B.c. raLios es expected r"'hÍfe Lel-o-

trisonics shol*ed deviant .,ratios in the o.cler ot 5Lrt 3ar, The magnitucle

of the deviation depenrìecl on ihe frequency lrilh r¡hich the telocentrÍc
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chromosolne c¿ì.r"¡"y-ing the donúna¡:t a.l--l-cl-e r¡as incl.ud€d Ín the fc;ul-a

ganefes 
"

.Ànc¡tlrer c¡'j,terion of the sa.lire test that rey be used to locate

genes on 1,he shorl, a¡'i¡ is Llre presellce in the R.C. proguly of Ìronioz¡'gous

recessivc nonot, elot,ris<¡nri.c i.¡rdi-r'i.cïu¿rls, rhicb l¡oul.d be the ¡esuft of

chror¡ral,:icl crossi.ng*cver.. Thj.s fait,er test r'roulC iequire snla.tfer progenj_es

a¡.rcl r¡ould be of a nor.e crj.tica.ì- nature (lìhoacles, l.Çl(r).

Â slighLJ.y nìc¡I. e eff'j.c iei)t techni.c¿ue rtas used (lìhoacles, 194.0) to

l-ocate the 13rg/_l.l:l l-ocris I'el.ativo t o Ar/a, on the sho¡'L arni of chro:ncsone

5. The mcnoùelotri so:iúc plnnt" 
"..r*yirU 

recessive -b.t and a, aLl-eles

on the l,rì'o nornral homcfcgues w-ith 
* 

or,O 
1l? 

on the teloceirLri.cs, r,rer e

crosse(l recíprocally to homozy6or.rs recessive diploicls. l^ihen hype::ploid

plants t*ere used as pol"leir parenLs, dipJ-oi.d p¡ogelly planls t*iLh doninant

phenolype r.¡ere the result of recombinal,j-o¡r betl;een the telocentl:ic and

nor¡nal chl"o¡nosone, so that tÌre dcninant all-efe flor'l the telo nas exchanged

for the recessj.ve on the nornra.I .homologue. The cbservecl frequency of

A./a^ and Bn/b:rr in thc B,C. progeny vras 1.74 percent and 0.25 persent¿z
ã"pl"tiu"fy, i-ncìictrting that the fatter r'¡as losated cl-oser to the

cent,::o-.rere on tìrat arm. fn othe¡. vords, the frequency of r.eco¡nbination

vras directJ-y pro¡:ortional to the gene-cent,ro;¡er e dietance.

Àfonotelotriso:rLic s lrere used to deter¡line the nap locations of

several genes i.n the tonato (Khush ancl Riek, J-p6Ba). The crosses rvere

nade between dodnant ¡ncnotelotriso¡rj.c s as female parenls and recessive

nutant stocl(s. F, hybrids vlith a recessive allele on one nor¡ral chro¡no*

soi!1e anC dc¡n-inauL alleÌes on the other hcnrologue anci the telo were

allol¡ed to produce se-Lfed seed. lf a gene r¡a s not l-ocateC on a
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particular telocenLric ¿'l:;jì, bor¿h rlisonic anC t¡.isorrúc progenies segre*

gated in l: l. ratios for the locus Í¡r qucsii.or.r; oLherirlse a critical
triso;rrj-c lal,io r,¡as observeC. F'or the pul"poscs of sLrch tesl,s it v¡¿s

desirable to separal,e diso::úc fl,o.'it lllonol,elo Llis o:rri.c progen.',¡ pl,onts ar"rd

dete¡'¡rì,ne the scgre¿;ation iir ea"ch fra.ctir.¡n¡ hol¡evel. the aulhors poj_nL

oub t.hat even íf rLcnot,e.ì-otrj. s;crnj-c p:.o¿1cny pì.arr'cs canrol.; be cìistinguishecì

frora <ìi-ploÌds, Lhe r.ati.os folr the bulh F, p¡ogeny coul.tì stj_l.l be

evb.luat,ed buL. t,rith l.oss d isc ri¡rinatiot't.

ft r'¡as al,so staLccl ín thc sa¡ne ¡raper. thaN al.l tnonotelo Lri sonri.c Fa

plants h'ill be of dot¡rina¡rt phenolype. Obvious.l¡', the effects o.f recÐin*

binati-on betir'een ì:e]-ocentrics and no¡'nial. chroinoso;:1es were¡ltt coneiderotì

since iL ís possible to obi:ain in sueh an F2, nìcnotelotr.j-scinic plants

ùhat are hoinoz¡'gous ¡'ccessive as a ¡'esul.t of chronati,l clossing.-ovor

as ill.usLl.at,erì by Bu::nhanr (1962).

Reeves et S:! (1968), recol]si.cì ored Lhe above conclrrsion:; abouL

tri.sonj.c ratios, S.ndicati-ng that, clossin¡r-cve¡' bel,r+een no¡:mal chronc*

sones an.l telos rr.i.LJ, íncrease the proporLic¡l of clo:¡dnants at the exponse

of recessives. The clegree of reiluctio:r of the ¡iut,a.nL category r'r:ill

depend on a nu,nb e¡ of facùors, one of vhich is the disLance betr¡een the

l-ocus and centronofe.

The addition to, or the del-etion of, rr'l'roì. e chroriosones or por.uions

thereof fro¡r the nornurl genome r¡i1l- often ¡nanifesL iLssl.f in the n::'pho-

logy of the pLanl. The first report of a disbinct, phenolype associated

with a tefocentric condition r.¡as that of a vhile-chaff nu'uant in wìteat

(i,ove, 1938), it was caused þy the absence of one arm, i.e.- a cìitelosclric

condÍtíon.
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In [iSg':f¿4? g.IJ¡c.J-.!ti,s, a tola.ì. of tr':cnty ncnol,el-ot,riçonic pla.ni,s

vas sl,r¿Cie<ì b¡' Goocìs¡;eed anC Avcry (L939). ÁIL but, thi:e¿: diifer.:d fro;rr

both dipi-oicìs ancl colrespoitCing trj-soniic s fr"on tà:lch they aror;c" ùnì.y

t!¡o plant.s ¡esenbled pì'j,rrai'j. trj, soriic s ¿uraì one a double rno:roso¡nic.

The le.l-ol-,r.i.sc:¡li,c f or' group D of T. nonoc-ocÌ-crrri (S:ni.lh, 194?) r,¡:is

shor¿er t,iran the Ci.pJ-oÍd, r.rith f<li'¡erl J-caves, spÌì<es and cul.ns anC hacì

lorr'cr. .fe:'tili-ly. T)re t elot,r j. s;omj"c for lhe sholt, e.rrn of chro::roso:ne J

of cor:n (lÌhoacles, ).936), vas i¡rler;redia-te in plienotype betr",een the d-Í-p-

l-oid ancl triso;ric 5¡ the f¿.tter exìribibing thiclt, broad lea.ves vd-th

bì-unt ti¡rs, stubb¡; l¿sss1- and reclrrr: eLl pl.ant height,

Long arn r'ronot,cloirj.s oni.c s of Lhc to¡¡¿to (Khush an.l Rick, 1!óiÌ),

resenibÌed the c orr.espo:rC i.ng trisorni.cs in gross nror¡:hology, r,,'j-l,h shorL

ar¡n teLos being disLinct fron dipl.oid$ onl-y un.ler opl":'inur;u gro;rth condi--

tions. The two arms of ch:iomcso;rre 3 each procluced a distj.ncl, phenoLy¡:e

when present in triplicate. The internodes, J.eaves, ÎIo".¡ers and fl'uit
of trj-so¡¡ric J uere J"onger an.ì narrolrer tilan thoss of the dipì.oirl. In

contrasL nonctefoirriso:lic 3L had sl-e¡rder b',ÌL not eì-ongale organs, làile

lS had elongate but nct sl"ender parts. ït fol.ìl.ows that each arin con-

ferred a specifíc feaf,rrre on p)-ant morplrology.

A considerable amount of irrformaLion exists in the Ii{;erature on

the mo:'phologicaL characteristj.c s associ.eted t¿ith a trisorni.c condition

ín barley. These effects v¡ill- be conrpared to those produced by the

presence of single arms in tripJ-icate. In so¡ne cases the effects are

sonrewlrat coniparable. Snith (194I), and I'iclen,.ran (lgln? ) , r*ere amcng thc

first to isolaùe a fe'vr barf ey.trj,so¡rics. These plants, though rveal< and

sLerile, had no ol¡vious rncrphological- features that sould be used to
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distin¿ui.sh thein fro;;t clipJ-o:ids.

Ra¡rage (1,955) j-sol-a1,ecl e- rur¡rÌ:e:r of triçolics an.l clesc¡-'rbecl tho

norpholo.gy of each. l,rnere specÍ-fic phenot¡'pi.c f e¿t',ur:.es rrere expr.esseC,

the¡/ rverc co fi-nnjd l,o e r+eaìter, shorLer glo'rring coirdiL,ion, r,rith a hj-gh

de¿r'ce of sl;cr:i. l iLy 
"

Tsuchi,ya (.1-954.) ¿e¡.j.r'ei al.l^ seven triso:¡ic types fron li. .spÆhrtS_\il

and separated t,hen j.nt,À se\¡etì Broups based on p1ani, norpìroì.ogy. Each

t*a s si.gnifi.cantly dj.ffcrent fron eve:'y other one e.lld fro:,n dj,solrric sibs,

The seven pìrenolypes r¡ere descrj.bed using the designa|i.ons Busìr, SJ_cnder',

Pale, lì,obrtsl,, P seuclo-.nornlal, PaLo ancì Sani-'erect, cor.respondì-ng to

chro:no$olnes l- t,o f i-n th¿t ordc¡'. ?hese sa¡ne st,anC.e,r.cìs r¡cr.e lat,er uged

successfulJ-y to ídentify Lho seven lr-i.scllics of a cultiv¿,ted variety,

Shin }ìbj.su, No. 16 (Tsuchiya, i-96?) ancì of a sjx-ro¡ cultiv¿r.teC var:ieiy

(Yu, 1968).

Frosi; anC Isin6 (1.96l].), sLudieC the effecL on plant rnorphology

creatcd by thc acldi'Lion of exLra chro¡ncsoine fragnrenLs. They forrnd ttrat

the adrliLion of ons to three fragments had a retardin¡! effect on vege-

taüive developnr:nt in the seedì"ing st,age. 0n ol.<ìer plants¡ the ex¿ra

frag,'nenLs had no sj-gnificanl effect on stt'au lengLh anC nurnber of culms;

the onì-y l,wo characte¡'s ¡reasured.
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l.rATERrÂLS a¡io ¡ærsc¡s

The Eaterial containing the tel-ocentrics used in this study Ì,as

derived froo severa.L sources, incluCing the progenies of intervarietaL

crosses and progenies of t¡igorcic s. These sou¡ces and their respective

authorities a¡e listed in Table I. The triso,ric rtBushrr used in these

studies lras obtained in the progeny of nonotelotriso¡tic 1,. It wee studied

for two reasons: first, as a couparison to the behavior of monotel_otrj_so¡nic s

and secondLy, the series of t¡isonics j,solated by Kerber lacks Bush,

consequentLy this irdividual, has never been studied in that series.

The chronosone franwhi.ch the tel,ocentric was derived was idenLified

by means of crosses to honozygous translocation testers listed in

Table II, and subsequent analysis of ch¡onosome peiring at I,l I in Èhe

hybrid. Prior to t¡anslocation testing, the telocent¡j-cs were putatively

ldentified by either the t¡isonic they were derived froro, their plant

norphology, o¡ chronosone norphologr at somêtic netaphase. On this

besis, only e 1iÌ'ited nrr¡ober of translocation tes¿ers were used and the

ldentity of the tel-o proved to be the ex.oected.

The criterla of the t¡ansLocation test were as foJ-lows (Tsuchiya,

1961): nale garoetes from the transl-ocetion tester carrying two inter-
chenged ch¡onosones vril1 synapse with honologous aections of

nornal ch¡o¡oosones provided by the fernale ganete, resulting in a quad-

rlva1ent configuration at ìfI of ¡neiosis in the hybrid. In a criticel
cross the exbra tel-ocent¡ic ui1l. share hoaologies w'ith the chronosones

Ínvolved in the quadrivaLent, wil-1 synapse w'ith then to fo¡rr a hetero-

uorPhic pentavaLent (V), while the renaining chro¡ooeones form !rr. In a
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non-critical- cross the tel-o w:ill synapse rv:ith its tvro honologues fornúng

a heteromorphic trivalent (t2','¡, leaving the renairder of the genone
iv

agsociated in L + 4r'.

PositÍve idenLification of the tel_ocentric was achieved when

pentavaì-ents were found in two dÍfferent hybrids invotving two rliffer-
ent transl-ocation tests that had one translocated chrcnosone in common,

e.g. pentavalents in Tl3a and TÌ?a positively identifÍed the tel_ocentric

for ch¡o¡nosome I. As the technique outJ:ined w-i1l only idenLify the

tel-ocentric with a specific chromoso¡re, the specific arn involved was

identified by means of crosses to kncwn linkage narkers, w-ilh the use

of ChÍ-square analysis of F, daLa to distinguish between disoraic and

trlsondc ratios. The rnutantg used for the identification l¡ere selected

on the basis of their location and description as oullined by Nilan

(1964). Follow:ing their identÍfication ühe nonotelotri. so¡llic s rve¡e used

first of all- to deterrrine the arn Location of a nunber of mutant genes

previousJ-y shown to be associated wiüh chror¡osome 1 ( t{al-ker et al_, 1!ól).
MonoLeÌotriso¡dc t4+ 15 was used to determine the position of the

cent¡omere on the linkage üap of chro¡¡osome ì_, using narkers Located

ln that area of the chromosome (Ni1an, 1964), and finally the erm loca-

tionsof a nuxober of previously undescribed nutants were determined.

fn al-l cases, crosses were ¡nade bettreen monoteLotrisonic s as

the fenale parents, receiving polJ_en from homozygous diploids, ¡ecessive

for narker genea. Fa rnonotelotrí somic hyìrids were selected cybologi-

call.y and alLor¡ed to self to produce F, seed. For every monotelotrisoûLlc

progeny grown, the seed from a corresponding disoraic F, hybrid wes gror,r¡l

ouL as a check population. lndir¡idual Fa plants r¡ere scored. for each
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seg¡egâting cltir¿ìcter ì.ir qucsti.on aì-Ìl tlìe ratj,os t.Je]:e dctc:.;:rj-ne¡ì fo¡

the bulk fauj.lies, i-:_g1 j.¿ l¡as t.rot ¡:css:ible j.n :nost cases to cl:'.s tingu:i s,;h

norphol,c.'¡1i-ca1.J.y bctr¡cr¡:r d j,soi¡j-c and aircuploi.d se¿,1'{?g¿ìtes. Tesfls for
assocÍat-ì-on tvel'e lnadc b¡r ¡n"^t.t* of Chi-.square anaì_ysi-s of F, Fopr-rlati orrs

for fiLs to d j,ri o¡¡j-c ¿.nd trj.sc.¡r¡ic ratios. f¡r ¿-l_l cascs a tliso¡tic F,

r¿tio r.Jas the criter:i on.used to assign a ¿1ene to a sp.:cific clìï,oìtlcsorítc)

ûrrn. I'he na jo:'i- Ly of Ir, h¡òr'ids l,,cr.o in clr.rplox condition, thus rcrkirr;3

it relativel.y convenienl, to cli-sl j.tr¡;uis;h betr¡ccn disoni.c atcl trisoriuc

ratios j"n tho F2. l,Jliere 2! ¡:ei"ccnt, I'eccssive segregat,es arc cïf.€cLed

in si.nrpì.e dir;orr,ic ratioe, the correspondi-ng rralue for triso¡ric rat,ios

vas in ùhe order of J.O porcenl;. Ìlcx,evcr a fetr of thc Fa hybrícls vrer.e

in slmplex coltCit j on in tr'hich case 35.6 percei:t, ¡'ecess.ri,ves .r,ia n ex¡;ectccl

in the Fr. In older to dete¡¡úne the nrcde of inheritance in these

cases, it t,Jas ncce$s¿Ìry to se¡;::.ra.te cìj,so:ni-c fron rnonotelotri.sorni.c seg-

regat,es by ileatrs of ch¡'ouosor:ie couirts anC deter¡rrine thc ¡'¿rtios ir: each

group separateì.y.

For stuclies of sorratic rnet.arphase preparations, ancl for cl-.rrono-

some counts, secds ucre gerrrri-nrrted on ¡toÍst bì.otters in gern-inat,ion

boxes, r'oot-tips were co).)-ected, processed ancl st¿.ined ldth Feulgen

(Ostergren and l{eneen, 1!ó2). Early trial"s shol¡ed that telotrisc¡:lj.c

seeds häd a l-or¡er gcrnrination capaciùy than norniaL dip)-oids. To over*

cone this, such seeds were 1eft in ger:irination boxes at -t-2oC for pericrls

of three to four. neel<s ¿t which ti¡ne all seeds gerninated equall-y vrelJ_.

Ifatorie,l for nei.otic studies was grol.,{i in either the fieLd ot,

in a growth-cha¡il¡er at a ternperatule of 2OcC ancì a ló-hour d.ay. SpÍkes

r¡ere col].ected in the boot sLage, kil_Ìed and fixed in Carnoyrs 6:3: L
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(ethanol: chlorofor.;r: aceùic aciã) at roc:l te;rr.uerature for four to f:Lvc

days, then tr.¿',nsf crrccl üo fO percenl ethalro.l. an<ì st c,red uncìe:: refrig*
er¿rLi.on for pcr:iods of r,rp to sever¿,-l uont,hs. l.leiotic chro:lolonrc ìre*.

he.vior rr,as stucìi.cC i.n te4oore"ry ac ¿rto.-ca-r¡¡i.ne pr.e¡:ar.a t,:ions . Onl.y c}:a::*

ly discerniìrle cel..i.s !¡e¡o scorecl. Suil,¿Lb.r-e pr.epar.¿Lionrj rrcre nta,rÌe

serri-perrn-anent, ar¡d stor.ed for photographi.o pur.poses. Dilule aceto-

carmitre l,¡as useC to deterr¡i.ne tl:e proportion of stai.nc*bfc o:" goocl poì.ì.cn

for each genot¡rce.

A br.ief norpho-Lo¡1ica.I cieocr-i.ptíon of each ancuploid lr¿ìs a¿te¡lpted.

Because of the diversity of the pat e¡ìtage, each genot¡'pe vas conp:rred

to its diso;¡Lj.c sj.b. Deta o¡r ¡¿onotelot:'isonj.c s l, 3, 5 ancl 6 uere

obtainecl fro;n field-gt'olrn laterial, r,¡hj.Ìe the corr.esponding data for
2, lç an1, dit eloLetrascÌ¡ic t/+ {- 2- l.S l¡ere obtaj.ncd frorn pì-ant,s gror.,,n in
â glolrLh cha¡nber. ht least five plants vrere usecl fot scorj.ng ea-cÌ¡ of

the characters conside:'ed. The termi¡rology anC s¡4lbols pr.oposed by

Ki¡trer and Se¿rs (19¿iB) for Tri_iìcinae aneuploids vril.l be utitizecl Ín

this reporl vhere appl,icable.



TÅUr,I I
SCUP.CE VARI1TIES O¡ ?Ei,OTIT ]SOì.]IC STOJKS

TeJ-ot ri so:¡ic
TYP"

Source
ve.rlcLJ. (].es, Ar"rthor':l by

14 + 15

I1+ + 2L

ri+t3
14+4L

14 r- 5s

li+ + 6s

lle::t,a X l.icn,3

)nl.n ûDISU J-O f ll'l-$olrl:r.(:,/

0ÂC21 x l.:lontcal¡r

Shin ljbi.srr fó ( Tr,isomic )

OAC2]xl,fontca.ì-m

Gatei.ray ( Tri sorrric )

K elber

Tsnchiya

Yu

Tsr.rchS.ya

Yu

Kerber



CIIÁPT'Jiì IV

EXPiIiìIJ.J-EIÌT¿1, }IIìSULTS

I. T<l cnti fi.cat i- on of .í.lo not elot,:ri, so:ni-c s

(a) Cyto.l-ogj-cel icl entif io¿r1, j.on by ¡re¿ns of trars.ì.ocation tc$tet.s.

BarJ.ey, r'¿i,lh seven pai,rs of cì: roiiìo$o::re s, i:s ca¡rabJ-e of having

fou¡'Leen dilferent. teLocenlrics. The karyot,ylre shor.'s¡ that ¿rl_1. cirrol;ro*

sorììss are rr¡eLac eltt,r j-c and, uitit the e:;ception of tt.ro satel_lited arirrs,

the other tr'rel.ve ar;;:s cannoL be distin6uì-sheri cyt ol,ogicalì_y. Indi.vicìual_

chro:noso;res ar.e nct d j_s l,j.nct, et pêchyùctle, as they arc in colir, tìtrrs

J-imì.tÍng ùbe usofulness of th:is sla¡ge for identification, Corrs eqr:ent,ly,

aLL tel-otrj,so¡aic s r.rer.e putativeì.y ictcntifj-ecl on the basis of their
origin, pJ-ant nrorphology or chro:nosorrre nicr:phoì^oÊy, thort crossed to

spec,'rfic t::a¡slocatj-on teslers. Thc f,l'an slocation st,ocks: usc(l and the

results of ¡lI cltronosotÌìe pairing aualysis in thc F, hybrj.d are shor,,r-r

in TabÌe II.

Â criticaL cross ì¡as i-clentificd urho.rl n Ì-tl +. 5¡ l.¡cr.c sce¡r at

dialcinesis or nìetapÌlase I (Fi.gr"tre 2a). Occasiolially in such hybrirls
ì-

rlf .t 5,, + tt t¡el'e scen (Figure 2c). To obtaj.n positive iCentificatÍon

of the telocentrj-c, two such c¡itj-eal- crosses vrere requJ.red, w:ith the

coÍìÌ'ron tt ansl-ocatecl chro¡nosor:ie idenlifying the telocentris. In the case
ì--

of a noìì*c¡itica1. cross, a l'íT confíguration of 1ìrl 4 ¿2rr r + 4rr va<

observed (Figure 2b) .

ït vras expect,ed that the het,e¡onorphic quadrivaLent woulcl fre-
quentl-y fail to for¡n since the hornologous sections invclved were quite

short. That is, the telo r-epr-esented onì-y one-half of a chronoso;ne

while sone of the translocated segrnenLs vere Likerrise quite short.
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However, difficulty in finding a pentavalenù was encountered only for the

telocentric involving chronoso¡¡e ó. Although ris telo synapeis v"ith

normaf chromoso¡nes at a ¡nuc h l-ower frequency than other LeLos (Tab1e VII),
several cell-s were found that conLained a heLeromorphlc penLavalenL. fn

addition, the pentavalent was found to be assocj.ated ç-ith the nucleolus

at diaki¡esis stages. Since telo 6 has a secondary construction, i.e.
nucleolar organizing capacity, ( rigs.l.Z b,)c . d, è this observation is
further proof of its identity.

The frequency of ceLls containing the pentavalent was esüÍmated

in hybrids from the cross I4 + teLo t x Tl-?a. 0f 25 celLs examined,

{l¡ percent shorr¡ed l- tu* 
5,,, /a8 percent fiv + 5,, + tr and I percent

6n + t?rt .

These results and those presented in table II identify the

chronosone f¡om which the telo was de¡ived but noL the snecific arm

involved.

(b) Genetic identification using linkage mårkers

To deternrine conclusively the identity of each telocentric, the

nonotelotrisonic s were crossed to known tinkage rnarkers located on

specific ch¡omoso¡¡e arms. The linkage narkers used for this purpose

(faUte ftl) l¡ere sel-ected. according to their location on the chronosomes

and descriptions provided by Nilan (lgttn). F, populations for markers

II¡ and Brrbr were grown in the field wj-th the farriÌies from other

nêrkers being grown in greenhouse beds. Fo:: aII llnkage narkers (faUte ¡V)

disonic check F, progenies, though not shown, were grown. fn each case

a Chi-square analysis showed a good fit to an expected disonic ratioi
of 3: L at each of the J.oci, indicaLJ,ng si:uple inheritanc e.
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(o) criLicat. cross - 1-ü r.5,,

(b) Non-criLical croij.r - 1Ii * ¿2,,, * ¡n,,

(c) Cr:itj.cat cross¡ * 1fi -,. 5,, a ¿,
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Genes n and þ were introduced.fron the sarne pollen parenl and

segregated in the same progeny. The segregating progeny obtained from

¡oonotelotriso¡n-ic-l crossed as the female parent tl'ith the two narkers

showed a good fit (taUfe tV) to a disomic ratio for the n Locus but an

uneaiisfactory fit for br because of a deficiency of recessives, hence

a trl-so¡lric rati-o, for this gene. Since br is knolrn to be located on

the short arm of chronosome l, the presence of this arm in triplicate

is lndicated. fn contrast, the progeny from a trisonic (2n=IJ) vrhich

appeared anong the Fa hybrids fro¡n this cross showed trisortric F, ratios

at both ! and br J-oci, irdicating that the exLra chromosome was a homo-

logue of chromosone l.

The or gene, Iocated on the short arm of chromosome 2, showed a

disonlic segregaLion ratio in crosses to monoLel-otrisonúc -2. this indi-

cates that the telo of chromosome 2 must represent the long arm. The

Chi-square data for the F, popuÌation from telo 2 x or should be inter-

preted w-ith caution. The population was exLremely smelli it was obtained

fron one highly sterile monotelotrisoraic F, hybrid which produc ed only

nineteen geeds on thirteen spikes. Ocuìar micromeLer neasul'enents were

nude of aì-I telocentrj-cs to deternine their reLative lengths in cornparison

with the lengths shown in the star¡dard karyotype of Burnham and Hagberg

(:fgf6). This cornparison i¡dicated that telo 2 represents the long arur.

No linkage narker data were obtained for the chromosome 3 frag-

nent. Since it r¡as not ê true telocentric, no furùher identiLy was

required for the purpose of these studies.

À disoruic Fa ratio was obtained for the segregation of K vs. k.

Since it is located on the short ar'rn, this result indicates that
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TABLE III

LINKAGE GROUPS AND MARKER GENES USED TO ÐENTIFT

TELOCENTRIC CHROMCSO}ßS

Llnkage Atü Gene Genotype ofunaracterGroup Location Synbol Monotel,otrisomic s

I Norn¿l vs. brachyLic Short Br. br Br,Br

I CovereC vg. naked
caryopsis Long N. n N,N

2 Green vs. orange seed-
ling Short Or.or Or,Cr

4 Hooded vs. awned Short 4.À k.k

5 Nornal vs. 3rd oute¡
glune Short Trd . trd Trd ,&d

5 Nornal vs. elbino
seedling Short At.et A!.rÀt

ó Nor¡oal vs. ora?rge
leme Cent¡omere 9.É 0 . O

ó Nornal vs. uniculm Centronere Uc 2r1tc2 lJer tlJc,
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nonotelotit j-soinj,c /+ teprcsenùs t,he long arll. In this cl.oss the soulce

of l,lìe K gene r'ras clo::ti.¡¡anL givì"ng a sirnp)-ex l', hcLeroz,ygote, fron r.rhich

a trisoirìic rat,io j.$ di.stingriished fro;rr a disornj,c one r.rit,l: cìj_ff:Lcult¡¡.

To resolve thi-s arnbigui-Ly, 6C F, secrìs r¡olc scparat,ed inLo di-so¡ric ar,cl

mcnolel-ot-riso¡nic cl.a,sses b¡' s.rraati.c chro oso,'ìie count..i, ljiso¡rric ratios

wene obtained j.n bci,h por¿r'-on$ (TnbJ.e V). Tìrcse rcsr -ts su.opo;'t the

cclìclusion clcrj-verl fi"o¡r the bu1.i< l'a.

fn ùesls invol'¡ing l, e].otr:i so¡nj.c 5, a sj.glnificanl, cievj.aLion fro¡n

diso¡ric expeclaLj.on lras shoull fo¡ Trd vs. _l¿ld (f'aUfe fV). This gene is

knor,¡n Lo be loc¡,teC on 1,be short arrrr, inC.icat5.n¿ that the tel_o l¡å.s

de¡ived fro;n thi.s sanìe errn. A triso¡'ric raTio t'¡as l-ike;*ise ol¡served

for the g! gene ,,rhich is al-so reporteC to be locat ec.l on the short ar¡n.

Di,so:rúc segregaLi.on pattez'ns verc obscrveC at bot h !,!92 and o f oci.

They are bcLh knor.;n tc be l-ocaNeC in the ceni¡onere region of cìrro:nosoiire

6 (Níl-an, 1964), fn the curre¡lt stu,lj.es a frequency of one percenl re-

ccmbj.naLion belr,¡een the tr¡o Loci l¡as observed, uhich is J-n agreernerrt

r¡1th Shands (f9é|^) , r¡ho found. ihe¡n to be vel.y cJ.ose]y L j.nked. The

resul-¿s thris far indicate that telo ó, being satellited, represenls Lhe

shorL arm of chromosone ó and l-oci _tìq2 and o, by virtue of thej-r diso¡¿ic

segregation patterns nìust be located on the J-ong ar'¡n síde of the centromere.

On the basis of Chi-square analysis of F, populations (Taule IV)

and karyotype analysis the follo'"ring barley rncno',,e1-otriso¡nic s have been

positively id:nLifi-ed: JJp*lS, 14+2L, l4J-4L, Ì4+ 55, and 14+63.

The symboJ-s used are the sane es those adapted for tomâto telotriso:nics,

(Khush and Rick, J-!6Ba), uhere the nuuber refet's to the chromosoi'iìe fronì

çhich the teLo was de¡ived an,l the large case S o¡. L refers to the shorL
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or long arn respectiveLy. The ditelotetrason_ic, derived from L4+ LS,

wiLl be refer¡ed to henceforLh as 14+2-1S and the trisonic derived

fron the same source as r¡Bushrr, the trÍsorTri-c for chroinosonte I.

TABLE V

x2 ,sNnlysrs uF F2 popuLATrùNS FRcì,f

MONOTELOTRISOì,ÍIC 4 x Kk FOR 3 ! I DISJì.{IC SECREGATION

Fråction Frequency

Xx
x2

â.l

Recessive

Disomic

Monotelot¡ison¡-ic

.75

,75

t229

13 .44

,5o -

,50 -

29,3

3r.6

2. l.lorphological Descriplion of AneupJ.oid Forms

A considerable anounù of detailed ncrphological data were obLained

on each telotrigorric and are in TabLe Vf. The details that wiII be

presented in this outline repreeent ùhe most significant morphologicaL

featunes of each genolype snd are neant to conpì.enent the data in the

table. The different teLotriso¡rics were quite dÍstinct f¡om each other

as deterrtrined by t,he parental background and genotype. The rnorphological

coroparisons in each cs.se were nade with Lhù corresponding disorri.c sib.
(a) Mono¿elotrisomic 14 + 15 (fig. 3.-8, 3b, 5A, D)

Monot eloùrisolrlic 14 + LS was derived fron an intervarietal c¡oss

be¿lreen Herta and llong and retained sorne features fron both parents.
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For example, the erect, ahrÍìl-etted, six-roÌ¡ed spike is si-rnilar t,o that

of l,Iong and the urixed blue and yellow aleu¡one kernels is a characLer-

istic of Herta. The lelotriso¡rics had fev¡er tillers and v¿ere sJ-ightly

less leafy than the diploids, but neither of these differences was great

enough Lo pernrit visuaJ. differentiation with any degree of cerLainty.

The fertiJ.ity of the aneuploid wag onJ.y slightly Lower than that of the

diploid, naking it desirable for genetic studies. RooL and coleoptile

Leng¿hs were ¡neasured on one-week-o1d seedllngs of diploids and compared

by rneans of a paired t test to those of monoLelotrisorric s. The test

Índicated no signifÍcant differencos.

(b) lrisorric BUSH (Fig. 3a-D, 58)

The morphologicaL featu¡es were sinilar to those of the Bush

trisoÍriss previously described, (Tsuchiya, l9ó?; Yu, 19ó8). It l¡as in-
cLuded in this study because the series of trisonr-i.es, isol_ated by Kerber,

Lacks a representative for ch¡o¡¡osooe 1. It was ).ighter in color than

diploids because of a waxy bloon covering. It tilLered profusely for a

prolonged perioC producing many shorL, thin cuLns. From the seedling

stage to near naturÍty it r+as characterized by numerous, 1ong, narrow,

sonewhat folded leaves. The florets subtended long auns that were rough

in textu¡e and caryopses were inconpletely enclosed by lemma and palea.

(c) nitelotetraso¡¡.ic I1+ + 2 - IS (Fig. 3s-C, jC)

Ditelos were nedi¡.un green in color and rnediruo waxy r,¡-ith an intense

red coLor at Lhe base o-f the stem, possibly a dosage effect of the Rs

(Red e¿en) gene. Sone plants had a very unLhrifty appearanee from

Beedi.ing etage to eÂturity beginning v:ith a prostrate type of vegetaLive

grorrlh. CuLns we¡e thin. and ¡i.nkéd, bearing few, short, r¡ide leaves.
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Spikes were sho¡'t r+Íth at.rns of ln:dj-r:rr lerrgt,h, not, unll.ke the dipl.oid,

Ferlility v¡as lorv because of the nany floreLs thaÍ cont,aincC oirly hya-

ìine, vestigial anlher.s. The seeds that, r,¡ere produced r,rele J"argel, than

those of the d j,pl"oj.cl.

(d) t.{ono¿el-ot¡iso¡nic IL +. p,f, (Fig. 3c, jp, F)

Thá-s rnonoteLotris o¡nic differed f'o¡r t,he cii_p1.oid sibs ¡Lio::c t\¿L'

any of the others str¡(lied. rt cÌosel.y resenbledl srendei:, the L¡':i,sorú.c

f or ihrclncso:,'¡e 2 . The tso-¡.oved, long ar,r;red s¡tike is cha¡..cteri,sL:ic

of Shin Ebisu 16, the variety florn r¡hich ij, r,¡as clerived. ìfonotelot.ri*

sonics l+ere lighLer in colo:' and shorter grol.ring than the dipl_oids. The

very l-orrg, nart'o!/, drooping l"eaves ve¡.e eviclenl frorn the earl.y seeclU.ng

stage to niaturity. I'lany of the feaves r*ould senesce prema.l,urely at the

juveni.le stage. Nu¡neror¡s blind ti]Le¡e i*ere produced. ThÍs genotype

v¡as mueh later in heading ihan the diploid, u:iLh the spikes rcost ofLen

einerginE throu.gh the sheath of the fl.ag le¿f rather than purihing through

the top in the usual ¡tanner. This action rnay have caused a spiral- that

vas observed in the neck of the culn. At the racliis nodes on the spi.ke,

instead of the usual- spikeleLs, ¡úniature spj.l<es, each r+ith several

spikeÌets, were ofLen fornrecl, giving the spike a busy appearance

(Figure 5F). The fertiliby of these spikes was lo'nr, the seeds produced

we¡'e small and not fully enclosed by the 1emna and palea.

(e) f4 + acrocentric fragmenl, - 3 (FiC, da, JG, H)'

These monotel,otrÍ sorú c s were shorte¡ fhan cìip]-oids, sonev,*ral Late:
in heading arrC ma,turity, with fer+er tillers.

(f) trionotelotriscnic l¿ + 4L (rie. 4¡, 51, ,J)

Monotel-ot¡isonic l-4 + l¡.1, lras derived from the !uo-row, Iong a,rrned
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variety Shin libj.su -16. (io.lìpal'eC 1¡it'Ìr Lhe ttip)'oicì sìbs, thesc pl-ants haC

thi,cì<, t+ar:y stenis l¡j.th l-ess l¡axy lcavcs that' v¿ere cla-t'lier itr color" The

fl.ag J-eaf of lhis årleuploid rras comparaf il'ol'y sÌna}l' rl colrsiclerable

a;irout of red pi.grient l,'as observccì at the basei of thc sLem and in the

aurj.c.l-os. A pronoutrced spiraÌ ua.s Iro';ed ¿rt t'he base of the at'¡ns; and

the necì< at the b¡rse of tire sp:ilie ' Spikes on Inature plants ofl'e¡r rc-

¡¡ained encl-osecl by the sheath of tho flag I'eaf re'ther than prol'rudÍng

through the top in the usua1 mannel" An e>'planatio¡r fol t'he phenor'enotr

can be pr,tt f ol'tù. It v.'as nol,i ccd that the top itlt er:ncrìe otl tlre ¡nono-

telotr.i solrrì.c s l;it:asuled /+.6 j.nches i,n avel'age l.ength lrhile t'he sattle sec-

tion on dip.'l,oi-rìs meag'.tred- ?. ó inches ' The cul¡r¡s of dl ¡>loi ds t'iere

corrrposecl of tl',o otlier' ínlernodes, measuring 5'O anrl 3 't j.nchr¿s itr Ìen6-;ih

on the averaEe. The respect'ive lengLhs of these internoCcs in mc¡noLel"o-

trÍsonúcs r'ierer !.J, 4.? encì a foìlrth inl;errlorle at the bese ineasuring

2.5 inches 5.n average 1.ength. The fe¿rtures ten'icd to give nonoteloLrí-

somics a st,out er appeerance than that of diploi'd sibs' but this rv¿s of

J-esser ltagni.tude than the rrRobust'tt charactel'istic s of trisomic lr'

(g) ì,fonotelotrisorrtic 14 r- 55 (Rigure dc, JKL)

1l+ + 55 l¡as derived from a síx-rolr long-armed background ' Monotelo-

trisonrics were darker in color than corresponcing dipl-oids arr(l procuced

50 percent, ¡oore till.ers. The cul-ms of tillers r':ere shorle¡ ancl thinner

than those on cliploici sibs and had ¡tore nunerous but narrol'¡er leaves'

Telotrisonúc seeds were small.er in size than diploid seeds'

(h) I'fonotelotris omic 14 + 65 (Figure 4d, Îf N)

This monolel-otriso¡ric uas derived from a sjx-row, Iong aHned stock'

The plants díffered nrerkedly fron dipl-oicl sibs being darker 1n color'
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TABI,E VT

MORPHÛLOGTCAL CHA-RÀCIERISTTCS ÙF BARLEY ANEIJPLOIÐS AI\Ð ÐISCMIC STBS

Leaf
lIidth

IlI I¡

14+ 1S

14+ 2- 1S

BUSH

ZN UìI

l.t++ 2L

2nCK

t4+ f )̂
2nCK

l++ LL
2nCK

l4+ 55

2n CK

14+ 6S

2nQK

Leaf
Length

mm

10.3
n)
6.6

5.7

5.5
8.0

]-3.5

Il+.7

ol

9.5
11.5

19.0

LfiI
Raiio

in Leaf

15r.¿¡

79.5

108.2

\25.2

u6.8

Spike
Length

mn

)J+.7

LL.1

l6.t+
22.I

26.7

15.3

ro.2
Ô^

Ð.t
14.0

]-2.t,
1) "l

ll o

15.1

Rachis
Length

9L.l+

lO9.2

r27.o
1ó0.0

Lll.ó

190.5

u2.2
-Lô).1

L39.7

I52.1,

L3I.3

r25.o
I02.t+

118.1-

146.r

225.6

165.I

Rachis
i I noCe
ie::gih

nm

59.2

50.1

l+5.4

35.o

68.2

)t.t
63.3

öt.¿L

t).¿

Fl orets/
'éar

IL.O

6.0
6.0
¿t.l+

)<

l+.9

).)

L.t"

23 -5

l+5 
"O

l+l+.5

1A )

tt6 "O

)l.v

¿t.o

u.h

56.o
<1 

^

Days
No

lt o

92.1+

67.9

Height

l+2_ .l+

4.1
l+.1+

4.0
).)

No. of
Ti-lÌers

La.5

O!+. /-

44.6

58.5

51.0

47.5

4L+ .6

4D.¿

56.9

27.8

1< )

)l-o
8ó.0

62.A

?1 0

66.0

LÖ.'
)1 2

20.0

¿> -v

¿o .4

26.O

26.5

2!.2
30.Ì+

ìo ,

)r. O

¿1+ -)

1) 
^

Õ-u

2\. t+

lô ar

'ìÃ al

39.6
2A.O



36

FïGiJiìlt 3 - PI,AN'Ì' l'íO}lpltùl,Ocy 0t I.f0¡¡L)?¡ìL0TIt.IS0l.ll,cts ./lND DI*cOi.iIc sTtss

(a) 1,. Disoni.c Checlr

ts. 1/r + l"s

c. l.t, -t- 2 - l-s

D, Tri.sorìdc BIISH

(b) /r. 1.4 r- ts

B. 2n check

(c) ¡.. 2n check

B. 14+2L
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FIGUTiIJ 4 .- PI ¡1,,;T I'l0iù)llcl,ùGï 0¡' l.roNJTilLoTäI SI]íICS AND DISOì,il:C SIBS

(o) Â. 2n check

B. 14+f3

(ir) A. 2n checll

B. lrf J- lli,

( 
" 
) ,¡1. 2n cl.re ck

ts. 1.4 + 55

(d) Â. 11+ + 6s

ts. âx check
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FIGUiIii 5 - SPIK¡ tl-iAll/.CTJiììISTI.CS OF ÂNliU!,LùlDS l!l{D llISù1'lI0 SI}jS ( 2nCK )

(r) r/+ r- ls

(B) TIj.sc;n:i.c Bl-lSil

(c) 14+2*fs
(D) 2ncr<

(E) y+ 1- zL

(r) 2ncK

(G) lo r.13

(H) 2ncx

(r) rb + r!,r.

(¿) 2ncK

(K) 14 + 5s

(r) 2ncK

(]'r) ]4 + ós

(N) zncK
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shorter, â"nrl Ì"¡j.¿ h f eivel tillers t,haL borc fe'¡;cr but, J.ar¿1ci' lcaves. li

slight spi.r'al r'¡as ¡roi:,ed ín t.l¡e n:.cÌ< and al¡ns. The ar';ns rvert: t:cina)- j n

lenglh lo thosc of bhc <ìi¡rloids brtt coerrser atld tlorc dil'el'gent,. The

noC e:s shor.¡eC a purpJ-e col.orat:i.on Lj-ìte thet obscvvetl j,n trisonri,c rrPu;'¡ller'.

AneupJ-oiri se ecls r".el'e sl,ighll¡' pJ,unper than di¡:J.oid secds 
"

3 , l'litc¡sÍs¡ in iirno'¿e1ot,r'i so¡rli.c s

fn FigLri'e 6 (" * g) are sho"'m tho solrlalj.c :ür:tapha-se Pl'epariìlionrì

of aneuploì.iis .Li+ + l.S, Il+ 1' 2- - l-S, l-4 r- 2L, 14 -l- f3, l-1, + i'1,, 1.4. l- 55

anc 1/l -l óSr :'rcspcctivel-¡'. Tile cÌ:t ra frirgtnent of chrortcso:iie 3 is

actuall;¡ acrocenl"ric, (Fíg. 6rd), v¡irj.l-e t,he teLo of l4 + 65 sÌlor','s the

seconCary consùnr'ctiorr v¡:Lth the lalge satel,J-ite (Fig. 6, ß). That the

Latter exlra tel-ocent.rÍc h¿s r¡r¡cLcolus organi.zin3 ca.paeity is ve¡'ified

by its associalj-on uith the nucl-eol.us e.t diakinesis ancì late clj.pl-otel)e

(fÍg. IZn, c, d, e), The prepat'aLions fo¡ the re:rainj.ng ane'rpì.oj.ds

(FiE. 6arcrerf) indieate tha| the supernurn¿rary fragmentsr ere t'l'Lì:l y

telocentric. CelLs of the cìitel-o 1.4 't'2 -l-S e¿rch contain tv¡o identic¿1l

telocent,rics (fig. 6b).

L. Þleiosi.s in Monotelotrisomic s

Chromcsome behavj.or at various sta-ges of rneiosis tvas st'r¡lied in

fÍve telotrisonúcs, one ditelotet:'asomic arrì the Ll'isoÍtic BUSH. The

follo'n.ing data represent obselvatj.ons nade on sevelal plants of eaoh

type. In diploid sporoc¡rLes, 7ìr l¡ere ahrays observed at diakinesis and

rnet,aphase rrith the bivalent s formi,ng ring configurati.ons in nearJ-y l0O

percent, of the cases. There were nc clt¡o¡nosonal abnormal.itj.cs in

subsequent stages.
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FIGLAE ó - S,J],IJITIC Ì'Í}ÌT¡.P}IILSE

(n) t/+ +. l"s

( b) i-/+ r- 2 - r-s

(") rL -t 2r,

(d) i)+ + f3

(u) r+ + 4L

(f ) t4 -r- 5s

(e) t4 + 6s

PJì]:]PÂII¡T]OìIIS OF I]AFIIIìY TJ'I,OSOT]C S
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( a./ Dl.a l(f ne sJ. fì

Ât Ciakincsís of first metapha:;e the chro;¡oso;ries conxronly fonned

configuratiols of ei.ther 6tr +. tZllt oy '/tt + t' (itig. /d) al, avc.rage

frequencics of '13 .!+ aorl 26,/¡ per<:enL (t'aUlr: VII) . Âll ¡tonot elot,¡iso¡rtic s

uitlr thc excepi,ion of J.L¡ -f 65, shoi.red essclbiaÌ)-y the sa¡;re patLer.n uiLh

y+ + 2L slror,:j.ng the hì.ghesL frequenc¡' of trivalents a1, fJ:ì"5 ¡:er.cent,.

TeJ-oLriso:¡ric l.l+ + óS deparLed sigrrifi.cirtrLly fro;¡r tlie olher fleo.utencies.

by for:lj-ng Lrj,val-ents j.n only 35.1. percenL of the cases. This figue

Lor,'e¡'eC the ar,'erage for the enLirc group.

l\to t)?es of hete*ornorphj.c trivalents rter.e ¡rr eclo;nJ-nantl¡r f ot merJ .

These r,re¡e tanrleer chain- tandan V (¡':,g. 7c, e) and r5.ng-rod (Fígure /a, f)
at averô.ge frequencies of 3l+.5 ancl 62,6 percent respectiveJ-y. IÌ,¡en j-n

14 + óS, in r'¡hich trivale¡lts lrere forrned at lor,r frequencies, the ring-

rod type rras preCcninant. This a1:pears unusuaf since it, is the ¡nor"e con*

pl-ex tlivalent, requiling three chiaslnata, lrhereas the châin t)"pe

requires onl-y tr*o. The extra clìroüosorrte of Trisoinic llush forned tv,'o

additíonal types of trivalenLs at, lov frequencies. These uere trir.adial

and trj.pl.e arc types.

( b) I'fetapha se

As the stage of neiosis advanced through dial<inesÍs into neta-

phase there r¡as a decrease in the frequency of órr+ t2xr configurations

by abcuL 10 percent r¡iLh a correspcrdÍng increase in the frequency of

7u + L,. At. the sane tine the frequenc¡' of chain t¡ivalents increased

by abcut 15 percent at the expense of the ring-rod, probably a.s a resul.t

of chiasna ter'¡ni nal.izaiion , Telotiisonic 14 + 65 had lhe highesL fre.,

quency of ring-rod trivalenis tni¿h 14 +4L having the l_owest (faUte VtlI).



TABIE VII

FREQUENCY (Í) oF cmoyrosoi"E ASSOcTATToNS êliÐ TypES oF TRTvALENTS AT DrArrr[csrs rN
IÍO¡IOTELOTRISOì,íICS, .Ai\D TRISTJì.IIC tsUsi{

Genot¡r-oe

14+ 15

BUSH
( 2n= r5)

l.t+ + 2L

U+4L
f4+55

14+6s

6II+lITI I 7TT +:.7

Chrorrosome Associetions

85.9

67.5

79.6

35.!

20.7

13.l+

L9.2

6l*.9

29.O

I ornu' i r.rc. ol c"ns

Average
of Telos

).t

\.2

69.6

lÀC

It+2

279

19r

r72

I

I unaln

lypes of Trivalents

Il_-
I .lli-nrg-rod

r,/'. - l-

2lÃ

¿c.0

l-5.t+

1.&. Total lÌ09

ial )

52.3

61.3

ó¿. >

56.2

58.6

Average I J.0

.7)

5.6

i.ô

j T:'ive1e;rt s
I nhêâ,-.ô.J

Ìtì

L2u

:_)o

I i.ô

6\

2I9 To+"ei L823



TABLE VIÏI

FREQUENCT (ø) OF Clü.0t"iOSOì'{E ASS0CIATIONS ¡.¡iD TYPES 0F TRIVAL,ENTS AT ì-IETAPH/.SE Ï IÌù

MONOTELCTRISOI{ICS, AND TRISOMIC BUSH

Genotype

u++ts I zo.e

BUSr{ I

(zn=r5) 
| tt.t

!u+L i zl.i,

u++r,L I 
ou.t

r/*+5s 
I 

6e.5

14+6s | 2r-.3

l-
Average 60.?

6rr + 1uI

CtlROl{OSOrïE ASSOCIÀTI0NS

7II + ].I

29.1+

21+.3

20.0

)L+.9

29.1+

78.6

38.5

()lher

.6

t.5

1.1

No. of Cefls

¿L4

366

(tó

)tv

367

a) q,

Ìì
li
ll

1i

lt
li

il
tl

ii
Àverag

lr

Chein

TTPES OF TRIVAIEIiTS

50.0

l*6 .9

Laa

65.3

51,.7

2n1

> 5L.7

Ì

Rir:.g-rorì I otr'r".

.8 Total 22BO

50.0t0l
ttLC.t+ | 7?-.7 

i3?.o I .t 
ì33.e ì .8 
Iti{,5.1 I .e 
I

.1., e | - I

il

No. lrivaleni
0bse:'ved

s

I

Ib5.e | 2.5 TotaL 1,522-

tt

563

¿))

4s
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FIGURÌj 7 - CHiiOil0SUjüì C.JäììIGUIìIiTÌONS OF B.]l-lÌi,!J IfOliCf ItLíJTRISüì.iICS hr\I)

THISO;,IIO ]]USH Iil D].ÀKI¡¡ÐSTS ÂI.;D ¡Ir]lIIP}iIiSiì ]..

(n) óir + t2rrr rin.1-r'ocì t¡ivalent, - dj-akinesis
tr:o bi,vslents associ.ated r,rith nucl-eol-us

(b) ?'r - disolnic check* netaphase

(c) ór! + f trr - tanrlcnt-V trivalent netaphase-tríso:nic llUSIl

(d) 7rr -t' tr * tc.Lo univalenù- <ìj-a1<inesis

tl¡o nuclecli pel c eJ-ì-

(n) 6rr + t2rrr - tanden chain trÍvalent- d.i¿rkinesis

(f) órr + t2rrr - ring-rorl lrivalenl- neLaphase
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ViiLh reference Lo the sìlapes of bj.vir.lerrts, in JC ¡.,crcent oi the s;:oi:o-

oylres they ru.e¡'e all in l,he foi":a of I'ings, in the re:riaj-nCcr of the cctls

one roC biv¿-IenL occurred amcng lhe rin¿i bJ,val.ent,s. Diso:nj-c sibs con-

sis|eirtl¡' shorved ftr (¡':ig, 7¡) at metaphase.

Sor4e of the unirsuaÌ configurê"tions obse¡ved aL cìj-akinesis ¿rncl

metaph.lso, but, nol; .l.isled i¡r 1'aìrf cs Vf-I ên(l VItI Ì,'el:e:

1) In P.li.C.'s of 1{ + 15, tuo cel-f s each uiLh ó,r + l-'r (tr.irêrlial.)

lrere seerl at diakinesis.

2) 1À + 2L had one cel.I rdth 6rt +. tìrr + lt .

3) l4onoteLotrisor.Lic l.¿! +' I.L had one cel.l of each of :

a) 5" + ¿2ttt 4 (1t -r- 1t ) .

b) À 6't 41rrr (f,¡i=rarìj.al-)

c ) 6tr -l- ¿1tt l. (1r + l. r )

4) 14 + 55 har:l one cell r'riLh 6'l + t2hr (trÍra.iial), a ce].I vj. Lh

only 7rr, possibJ.y an inriícai,j.on of scn¡atic eì.inrination, and

a triso¡ri.c ceIl rvith órr r- Ìrll.

( c ) I'ieiosis in Diltel.otetraso¡r-ic 14 -r- 2 - f S

The tr.¡o teJ.ocentrics of the dite_Lo 14 + 2 -1S shorved a high degree

of pairing bo*,h with one anothei ancl vribh homologous arras of normal

chromosones I (Tabl.e IX). Àt diakinesis the config.rration occu.pring in

the highesü frer4uency, r¡as that j.n l¿hich the tr,¡o telos pair:ed r¡ith the

two normaLs üo for¡n heteronorphÍc quadrivalenLs. This arrangeinent was

observed in ó1.3 percent of the celLs. Àpi)roxirßately three-quarLers of

the total quadrivalents observed v¡e¡'e in the forn of chains, (¡'ig. Sc),

the renaining one-quarler rve¡e in the forn of ring-rorìs (Fig. 8d) and

trirarlial- trces (Fig. 8a). The chain quarlrivalents are the simplesl
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TAtsL]r) TX

FiìEQUjJlrCljs OF C0ì,Í.iiIÌ\r/r1'Iùì,lS 0F V¡iiìIOtlS C lLt0¡jùS 0t,í¡ì ÀS,JùCi j1"?tOì{S

AT DI/rKIir'¡jSl-S LliD ì.!ìT,l.FÍ L'LSli I OF lrITEiOlt¡tTR;iSOj,jIC 14 r- 2 - l"S

Corrrbination

of
Associations

Perccn*. of ToteÌ Ce.LIs

Diaìtinesi.s lietaphase

óll + I (t'r1|)

6'r + ¡.2,ta ¿r

?,' +. t
7rr 4 (¿r 4 ¿r)

4.,3

ìa

37,r

,3

9.5

38.l.

1.3

Total ee.ì-l-s observed

Shape of
--asrq¿ivi"L"rÉ

Chain

Ring*rod and triradj.al.

318

7l+,O

26,O

559

7r.t,

28,6

Totaì- quadrivalenLs r.96 286
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F]GI,'RE 8 - DIÀI(INESIS CHRCì.IJSOI.ÍE CONFIGURATIONS OF DITELOTETRASOMIC

14+2-15

(.) 6r' + l(tr'Ìr') - triradÍal type quadriveLent

(b) 7rr + trr

(c) 6" + 1(t"l'r) - chain quadrlvalent

(d) 6" + I(t'rlr) - ring-rod quadrivalent
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type, requiring only tirree chi.asmaLa to hol-d then inùact, vhile the

other for¡ns require four. The next nost frequent group was Lhat in

which the tr^¡o teLos alone synapsed to forn a bivalent (Fig. 8b) at a

frequency of 37,I percent. Least frequent v¡ere two caLegories; one in

r¡hich one ielo was unpaired, and the smâÌlest group in Ì,rhich both ¿eLos

Ìrere unpaired.

At roetaphase, the salte combj-nations were observed in Lhe sane

rel-ative frequencies as in diakinesis. However, the actual values had

chenged, probably as a result of chiasna ter¡ninalization. For example,

the quadrivalont frequency decreased by about J-0 pereent and ¿here was a

corresponding increase in ceIls l¡ith a trivalent pl-us e univalenü telo,

which nust beco¡ne detached during terminalization. The proportion of

chain to ring-rod quadrival-ents was not noticeably aLtered betv¡een

diakinesis and metaphase. The frequency of unpaired telos aù metaphase

was one percent greater than at diakinesis.

Morrison and Råjhêthy (19óOa, 196Cb), and John êrd Henderson (1962),

arnong others, have sho!.m that t!¡o-thirds of the chrornosomes in an auLo-

tetrapLoid cel} will become agsociated into quadrivalenLs at fÍrst neta-

phase, whiJ-e the rernaining one-thi¡d for¡r bivaLents. A Chi-square test

was performed on the data from diakj.nesis pairing observed in the ditelo-

tetrascmic to deternine the goodness of fit to a 2: L ratio of quadri-

valents to bivalenLs. A Chi-square val-ue of 3.3 aL I degree of freedon

indicated no significant deviation fro¡r the expected.

In surunary, it rny be said that chronosone pêiring in the ditelo-

tetrasorúc occu¡s in the same påttern as observed in autoteLrapÌoids .

To obtain the 2l L ratio, pairing of the four homologous armg of
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the ditel-otetrascr¡ric must t,ake pJ.ace in the follow:ing way (Sved, 1pó6):

x--_o--]
r-¡.-2

,t3
.'4

Pairing betr¡een x and y arms is initiated at the ends (Kasha and Burnham,

1965), is complete and results in fo¡n¿tion of chiasmata IOO percent of

the tine. ì,feanwhile pairing in the shorL arm aLso begins at re ends,

and the four ar¡ns nay synapse in three conbinaüions as follows:

1) land2pLus3+4
2) land3plus2+4
3) Land4plus2+3

Combination l- will resul-t in the formation of trvo bivalenLs while 2 and

3 will both result in quadrivalents, hence lhe 2: j. ratio discussed above.

(d) UnivaLent beharrior at netaphase I
l{etaphase r ce}l-s were exan¡ined to deter¡n-ine Íf the monoleloc ent¡ic s

as univalents, or as bivalents in the case of the ditel-o, r¡ou1d become

positioned on the equatorial plate with the norn¿I bivalents. The fre-
quencies of rron platerr and rtoff pJ_aterr locations are presenbed in Table X.

The position of the t,eLo ín the cel-I varÍed fro¡n an lon p]-êterr Location

(Fic. 9b) to a polar one (Fig. 9a), with aÌI positions in betr¡een. Some

of the rron platerr univaLents vere locaLed al the extreme periphery of

the pLate (fig. 9c), apparently no loqger unde¡ the ÍnfLuence of the

neiotic spindle, and woul"d likely be elir¿inated frorn telophase nuclej.

because of their immobility. The positions r¡ere grouped. into trso cato-

gories onJ.y, rron pl¿letr and rtoff plate , to deter¡¡ine if differences

existed beüween individuaL telos and ¡vhether positioning affected the
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FTOURE 9 - POSITION OF' UNIV¡,LENT TE],OCENTfr,IC REIATTUE TO

EQUATGIAL PLATE

(a) rtoff platert - polar location.

(b) "on pLats', loca¿ion.rnote tande¡o_V trivaLent
(c) at periphery of equatorial plate.
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TÂBLE X

POSITION OF IJ}¡IVALENT AND BIVALENT TET,OCENTRICS

RELATIVE TO EQUATLRTAL PLATE

Aneupì.oid

T}?e

Total-

CeLls Observed

PosiLion of Lelos in f
0n Pl-ate Off PLate

14+1S
14+2-15
u+2L
Il+ + l+L

l¿+ + 55

14+65

6U,o

9 5.r
50.5

65.6

48.ó

æ.2

Ave. of teLos l+9 .8

98

l-oI

95

99

't2

114

36.O

l+,9

49,5

)4,4
5r.4

79.8

50.2

TÂtsI,E XI

CHROÌ'ÍOSOIM BEHÄVIOR, OF MONOTE],OTRISO}Í ICS

AND îRISOMIC BUSH ÂT AI AND TT

Anaphase I TeJ-ophase J
AneupJ-oid

Type
Nunber
Cells

0bserved

Cells with
Dividing Univalents

Number ié ot
Cel1s Total Cells

Observed nith laggards

14+15
hnsom:ie EUSII

14+2L
14+¿L
14+55
1¿+6s

?T

85

66

132

89

r22

1ó.9

9.3
10.6

15.1

IO.I
11.3

214

186

283

356

266

l^46

L7.5

11.3

7.8
16.ó

il..3
25.1+

690 Ave. of I2.2
lelos

lotal 1537 Ave. of 15.?
TeLos

Total
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frequcncy of cij.v-isj.on al, /r.l and subsequcnl, 1.a-g¿1i,ng e"nd e;rc.l nsj.on al TI] .

Thr: I'on ¡rl:rle'r uni-r'al cnts lrere not ex¡i¡.ined for orj,entet¿:cl or. rroll-

orj.eritat,erl positi ons. Thor-rgh not s¡:le c i fi. ca),J,y scorcd, the rtr:. jori.l,y oÍ

the telo bivalerii,s on thc pl-atc a¡,rs¡:r¡ed ori.entatcd positiorLs, í . e.. r.riLh

cent,ro:rieres aligncd t'rith pcì.ar I'eg j-oris;.

In 95.1 percenL of thc ccl.-ì-s exaÍ:inr:d, the te].o bival.ol:t r+as in

an rron Ì)Lat,crr posJtS.ori" In contrast,, thtl telo rinival.ent,s r'¡er,e -Lccated

on the plat,e at a rnuch l.or'rer fr:equency, va.ryin¡3 fron a high of (,J.6 per-

ce¡rt for l-4 + 41, to a l.ol¡ of 20.?- for 14 * óS r¡i-th an aveÌ-ate oÍ 49"8

percenù for tho fi\re nicnoLclotris o¡ric s . The 3-engbh of the t,eloccntlic

didnrt appear lo inf.Luence its frequency of pos;itioni.ng on the pl.ate.

Thc short,est arn, Ì1¡ + 55 vras posit,ioned on the plate in 48"6 percent

of cell.s exanin(,ìd, r¡hile the l-ot:gcst, U+ + 2L &ssuned tho sa¡ne position

at a frequency ot 5O.5 percent, vrìlj.Ìe the l[ + óS univa]enù, whj.ch is

intermediate in length betr,¡een the tvro, l¡as fcunC j.n the sane position

in onJ.y 20.2 percenL of ihe cel-l-s examÍned. Per.haps the positioning of

the telo affercts its rate of division at the subsequent anaphase stage.

(e) .a.naphase I and Telophase I

Since coniinuous chrolüoso¡re ¡novements cannot be fol-lov¡ed directl-y,

their configuratj.ons are observed at distinct stages and the inllervening

süeps are obtained by ext,rapolaùion. The di stribuLion of chromoso¡nes

in dartghter cell-s at anâphase I r¡as observed, i-e=. r¡hether ?: / telo dyad

or ?ltronad: f +nonad distributi.on, to determino Hhethet the urpaired

telocent,ric had clivided at anaphase I.
The telo bivalent in 1.,+ * 2 - 1S divided reductionaÌIy in 91.2

percent of the cells observed ancl in the renaining celLs either moved
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FIGUIIB 10 - 0ljil0¡los0i.iL:l Dtii{,4V]OR hT h I Ál{ll T I 0F Ì'íOìJOTIìLOT¡ÌISCi l:iCS

(n) 7 z 7 1-Le].o tlyad disjunctj-on at. /rf,

(b) Laggi.n¡3 ancì fra.gnenl;at j.on of telos at TL

(c) 7 j- mcnaC ¡ 7 + rrrone'd cìisjunction at ÂI.

(d) leggj.ng dya<i at AL
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poler.rard u¡¡dj.vicìed o.¡ re:irai.necl on the, cquâtor5,al plate. The high raLe

of Al reCrictional cìivision ì.s expected in accordance rdth a hJ.gh degree

of paj.rj-ng of f;br.; tr¡o tel"os¡ folfol¡cd b¡' a high f¡er¡uency of o¡ient,atj.on

on thrj ¡tetaphâs€j pl.ate (fa¡te X).

ïn contt'arst, division of Lhe u¡rival.cnt. telos at ./r I l.rou Ld bc

equational. an(l t,Ììerefcre precccious" The unpair.ecî telcs shor¡erl thj_s

type of behavj.or in an average ot I2.2 percent of the cel-Is ( TaU:.e Xt.),

(ni-g. fOc). Te,Lotr.isorrri.c lle * l-S sl¡olr'ecl the highest rat.e of .tr I divisio'
al l.6.) percent and l"l! {.55 the l-or*est aL 1O"l_ percent.. Trisoui.c llus;h

shol¡eC a l-otrer frcquetì¿:y of A I dir.i¡;ion than the ¡rcnctelotr:-i sonúc s . I¡
the rnajority of the cells, ther.efor.e, t,h¿ tel"o as a dyad movecl to one

of the poles along ldth seven trormal- dyads r*hi.le the other seven ¡roved

to the othe¡ pol.e (Fj.g. loa). Oceasionally the telo dyacì rr,as observeC

lagging on the equatoriat pi.ate (nig. IOA). The unj-valcnts that divjded

åt this stage nresumbì.y lrei-e those th¿Lt had becor¡e orientat.ed on the

pì-a.te.

The frequency of laggards at telophase r*as cleter¡¡ined. The unj.-

valents thêt divid.ec usualJy did so after the no¡mal bivalent chromosonies

had conrpl.eted thei¡ division and consequently Lagged. Occasionaì.ly

fragmentation of the laggíng chlo;noscnres r+as observed (rig. rou). indicating

a ce¡tain a¡rount of eli¡nination at this stage. The univalents located

at the periphery of the equatorial pì.ate, infrequently remained in this
position du:'ing anaphase and telophase and Jikely were excluded fron

teloph:.se nucLej-. Ho'r;ever, it is likeÌy that so¡¡.e of the laggards

were the result of unival.ents moving onto the plate afte¡ the norma-1.

bivalents had divicÌed, and divj.d5.ng 1ate. ngain at teLopliase 1, the
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dit,elo had tl'ìe Lol,:erjt freqncncy of J"aggai'ds at, 6.9 pc¡:ce:.rl a¡rC ¡lono.-

tel.otrisc:nj.c l/+ + ósj had tìrc lri.ghe:rt frequcrrcy a.t 25.1+ foÌì.o';red by

1"1+ + i+L aù 16.6 pelceni. llor-iotel-o L¡'j,sorrric :ì.4. + 2L shot'¡:cl tlre lor.rest,

frequerrc¡. for the tcl-os at J.B percent.

( f ) Anaphe-se, II ¿,bllo:'¡rrali.Lies

Abnor:naliti.cs ¿t /iII consist,ed nrainly ol' ì-aggards wil,h occasioral-

fràgrnentation (fj.g. 1.1a, b). ?he clitelo lli + 2 - lS, ap¡:ro>:J-niat,i.ng a

ncr:;¡;¡I chro¡nosolne beiravior l,hrortghout, neiosis, agaitr showed a lol¡ fre-

quenc¡' of abno;:;na-l-itie s . at AII, at a frequenc)' of 5.5 perceÐL (fa¡:.e xfl).

lìgain t,he highesl freqttency of abnc;:¡tal-it .i.es, 2tj.'/ percen+., 't+as shown

by llr + 65. This telo sho'¡ecÌ the hi.ghest freouency <.¡ f ab¡ro¡:n¿rli i;j. es

throughcut mei.osis, beginning lti.th a high frequency of unívalents per

TABI,E XII

CH,¡iOì'ÍCSOì'1E BEHAVIOR ÁT A II OF ]'IONOTüLOTd,I3Oì,ÍICS,

TAISOÌ'ÍIC BUSH riNll ÐIT¿LoTüTtlAsùi{IC fô + 2 - l-S

AneuploiC
lYpe

Total Nu:nber
Cells Observcd

Cells r¡ith
Chro¡nosonal Âbnornatities (l)

14+lS
14+2-15
lrisonic BUSH

l't+ + 2L

L4+4L
14+55
14+65

138
to^

146

287

r7I
328

146

L6.2

5.5
18.4

1I. t+

]-2.?

15.l+

28.7

Tolal r396 Average of lelos 16,9
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FIGUrìil LI - CHRJìiOSOlll Á¡ìNùiIUALITIIìS .rrT ltll LND TII IN ì.fONOT¡lLOTiìISOlíl tS

Lagging and fragmenta,tion of tel-o monads i.n boLh

dauglrter ce-Lì"s.

Lag¡¡ing and fragrnentation Ín botÌ: daught,er ceJ,Is.

Non*synehronizeC di,sjunctior'¡ in two daqghter ceì.ì.s

ai ÀII. Daughter cell contojning univalenl in poì,ar

position divides l-aler than its baLanced counterpart,.

(a)

(b)

(c)



ü-
T 1.
t

tu
ì 

t
f\ 

* ,r
#

ül
ì* ...
\t

tù
'*

*1
r

d 
a 

t¡
 

3q
*

F
Ü t



5?

cel} at diakinesis and netaphase, the highesL frequency of roff platetl

locations at IlI and a high frequency of l-aggards at TI. i,jhereas the

AII abncrmalit,ies for the najority of the aneuploids consisted of

laggards and sone fragnentatj.on; in the case of 14 + óS there was a high

frequency of cells in r,,*rich the telo had assurned a polar position at

MII, while the normal chromosomes were on their respective rnetaphase

plates (Fig. Ilc). In the Latter figure, the unbalanced daughler celì.

w-ith the extra uni-valent in a poJ.ar position divided Later than the

balanced daughter ceJ.l.

(e) Nucleoli per ceì-I

On the average, 9J-.3 percent of the cells exarnined contained one

nucleoLus (Fig. l-2d, e), while 7.? percent shor¿ed two ( Tabl_e XIII,
Fig. 12b, c). This woul-d suggest one pair of chronoso¡nes with strong

nucleoLar organizin¡¡ capacj.ty, and a second pair w-ith a sinilar but

r,¡eaker funclion. The for¡ner must be chronosorne ó, v-ith the large second-

ary constricti.on, and the latter chrornosone f. In the case of field-
grown nonotelotri sonic I¿+ + 15 and trisoitric Bush, up to three nucleoli

per ceII rrere seen at tj,ues (Fig. 12s). These consisted of one large

nucleol-ue and two snaller ones; often the third was of mirliature size.

These observations support those of Tsuchiya (fS59) wno suggested thaù

the exLra chromoeo¡ìe of Bush had a r¡eak nucleolar- orgenizing capacity.

The standard keryotype of E¡¡ænha¡r and ¡lagùÊ'rg (I?56) suggests a Einute

secondary constriction in the long arm of chromoso¡ne 1. perhaps it is
responsible for the extra activity. If so, it is difficult to explain

why an extra dose of the short arn should have sinilar increased activity.
Äl.so it is 4ot unreasonable to assuüe thêt the ninute nucl_eolus observed.
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at late dipl-otene (Fig. 12a) v-ill fuse wlth one of the others to give

tlto functiona.l nucleol-i at diaki.nesis.

(h) Nucleolus-chromosome relationships

Follolring the scoring of nunbers of nucleoli per cell, observa-

tions were made on numbers of bivalents and/or univalents eesociated with

each nucleoLus. The resul.ts are presenbed in Table XIV. The average

for the group indj.cated that, in 32.8 percent of cells, one bivalent

wag assocíated l¡-ibh the nucleolus, with tv¡o bivalents per nucleolus Ín

the ¡ernainder. This observation supports the data of Table XIII in ,,

which it was shovm that there are two najor nucleoJ-ar-organizing

chro¡oogomes.

Celfs of telot¡isorúc f4 + óS showed e variety of nueLeolar-

chronosome relationships. In cells v:lth onì-y one nucleolus, ihe

following ch¡onosone arrangernents were obgerved associated w-ith it:
(a) tr.¡o bivålents plus one unival-ent (¡iS. fZe)

(b) one bivalent plus one trival.ent (¡'ig. fZa)

(c) one bivalent plus one univalent

(d) one bivalent

Where two nucleoli were present, the following patùerns were seen!

(e) one bivalent, at each

(U) tt*o bivalents et one a¡d one univalent et the other (f:,g. f¿c)

(c) one bivalent plus univalent at one, with one bivalent at the

ottrer ( r'te. Lzu )

In the case of I4 + 15, 1n.r+hich up to th¡ee nucleoÌi Ìrere seen

per ceJ.I, only rare3.y r+ag a second bivalent associated ¡,r-ith one of the

snal].er nucLeoli.
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Flì.llQLiIìNijY ( tí) Or CpU,S tJITll V,'rliyll.tc I'igl.lt jEIìS CF ¡JUùL¡9LI i.-T' LAT1C

PROPI.{,,ìSiL Oir i'fEI0Si-S Itl li'Jl.lLlTirlIl-)TIìIS0ilI0S, TRISCÌ'lIt BUSiI

/rl1Ð DITEï,tr :ì./+ + 2 * l.S

**' . l;o. gi_li.trcÌ c.ol j. -r¿9r _qcl_,,\._*__ . h,c . Cetts
I 2 3 observed

l.4r-1S G"C"

ld+ 1S fj.eld

T¡isorûic llusil

14+ 2- IS

14+ 2L

141- 4L

14+ 5S

1.4-F 6 s

99.)-

58"t

96.o

96.1

96.5

98.1

96,e

89"8

o

3l+.8

3"o

3.9

3.5

1"9

).¿

10.2

n)

l-,0

l0?

279

1)t

r52

171

106

364

89

Average of Telos 89.7 o2 l_.0 Total 1393



óo

PIGURII L2 - Ntl0i,E0l,LrS-CHR0Ì':i0S0l,TJl ll]il,ATi Oi,iSllIPS . Ill l,f0Ì',10T1:ilt)TlllSùl.li.CS

(a) One large, ti,¡o snal,l nucl,eoli et, fate dípJ-oi;ene of l/s -t- 15.

(b) One bival-ent pl.ìls unj.va,ì-ent, .qssociated rrith lar6e ancl

one bÍvalent ar¡soc ia-Led lvith snal.l" Ìucleol.u.rì of f4 + óS,

( 
" 
) Tl'.o bival.ent, s at lel.ge ancl one un:ì.valent at srnal]

nucleolus of 14 -F 65.

(d) One trival.ent. (ring-rod) plus a bivaì-ent associatcd

with single nucl.eol.r.rs of t4 J- 65.

(u) 1\,¡o bj"valents plus a unival.ent per síngle nucJ,eoì.us

of l[ + 65.
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ThBLll XIV

PiìùPCRTICN 0lì CllL,LS i,ÌI'lil Vj.llìYl¡is Nlli f BnlìS Oiì BlV.¡il,llliTS PIII Ì'lU(:l^,lrol,US

IN l'iO¡\¡r)T¡iLOTR:lS0:'lICS, TR:l.SUill'(l Blr:ill AND lXTitLO 14 -l' 2 * LS

Gcnotyl>e
__-þ¡yd.gr-N-y'-¡lçlç-e,-þn-(lJLr--99.1.]^q)---
I2

No. Cell-s
ObservoC

1/++1S

14+ 2-- l-S

Triso:ni-c BUSH

).4+ 2L

14+4L

1À.+ 5S

14+ 6s

68.l

31,5

2r.6

23 "2

ú.5

5r"7

lv2"O

3r.9

62.5

78, t+

76,8

83.5

48.3

59.'9
Èot

285

40

I20

r56

103

r29

_28_.

911i,ve . of Telos {.0 
" 
3
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(Í) ì,Licr'onucl-ei per qualt,ct

Irrequetrcy of ¡ri.cronucl,ei, pcr quartrcl r'¡as deterlirincd fol each of

the ancuploicls anC thc i¡'ìf orrrìtt:i.on sut:l¡l¿l¡ j. z ei:Ì j,n Taìrle 1l¡. 11, r,;as

assìrlned tha.t rrricronì¿clei- i.¡tdicat e the excl.usioir of exLl.a unpa.:ìratl

chro¡nosoi¡¡es from deiughter nuc.l,ej. because of t,ireir aor¡orn¿rì uej.ot,ic be-

havÌ.or, silch as lagging and precoci-ous divisjon at Af ¿ind Âl.L Of the

quarLeLs tlis.t exhj.l.)j-tecì ¡dcronu.cfei., thosc coiri;ai.tri:r¡¡ one (l.ig. ì_Ji:) r,rcrc

rnore fr"equent than those cont.aini_ng tlro (Fig. l3b, c). TeloLriso¡.lio

i.4 + 65 shol.¡ed the highest frequenc¡' of qua.rt ets r,rith m-icronlrclei ¿t

23.3 percent,r r'rhich rna¡' bc expect,eC as ê. conÊequsnee of its erratåe bc-

havi.or during the preceeding meio¿Íc st,ages. Such unbal¿rnceC ¡rej.ol,ic be-

havior rvil,.l. lj,i<ely be ref.ì.ected in the rate of transnis sion of the extr'¿r

telocentric.

llhether the ¡ni.cronuclei obse¡'ved v¡ere the resul,t of lagg-ing¡ ai-,

anaphase I or anaphase II nr-ight be deterr¡ined by the pcerition of the

nric¡'onucLei in the quarüeL. l,,h en tr,¡o micronucl.ei t,¡ere pr'(..sent per qr.raz'Let

an alternat,e arrangernent (¡ig. l.3Ot generalÌy shoul-d incìicate an ana,phase I
divj-sion and exc]-usion, lrhi.le an adjacent arrangenent (Fig. l,3c) slìouLd

be the ¡.esu1t of AII abnor¡nal"ities, though not absoJ.utely. Scoring of

rricronnclei positJ.ons for a number of tel.ocent,rics ¡eveal.ed equal nunrbers

of acljacent ancl alternate arl'angements, indicating that excLusion has

caused by both anaphase I and anaphase II divÍsions of the exL¡a telo.

Ditelo Id + 2 - 15 shor¡ed the l-oviest frequency of nricronucLej. i.n

accordance wj.th its regul-ar meiotic behavior up to thal point.
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ThLrLn X\¡

FRiIQIJt¡jCY OI I'jl illìl)ì{UCl,ltI PXR Q(lÅRlrfì'l IN l.ÍtÌ'lC)Tjrl,/.)TäISO¡1ICS,

ïùïSi.lÌrllC ll'i.lSH .'ii!D DIjIELJTRI-soliICS .l.lr + 2 - lS

AneupJ.oi-d

Trpe

Total {i}ralt et s

0bserved

9yïi:!:*':lL-l::tl-.:"-r-g,--lÌ'Í,-.
ot-2

14+15

:lJ+J-2-t.S

L r-tsorùc lJUSlt

U+2L
14 + l+L

14+55

r++ós

Total l99l+ Average
of Telos 83.0

2l+7

358

89

r62

413

422

82.6

o?o

82.O

90.2

81 .8

BO.6

79.7

5.O

]2,t,

6.8

tl .0
10. /+

15.1

h,o

1...1

5.6

3.0

l+,2

9.0

8.2

]-3.l+ 3.6
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FIGUiìll 13 - ÌíICRUNITCLEI IN QU.4lìt'.ITS 0F M{J¡IOTEL0]]RISCI,ÍICS

(o) No nlicronucl.ej-.

(b) One r,rj-cronucl-cus .

( 
" 
) Îv¡r.¡ n¡icronucLei -

(d ) l\+o ¡úcror.rucl-ei -

adjacenl êr¡-angemcnt.

alternate ant'angement,
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5. Reproductive p roperties of {neuploids

(a) Transnission frequencies of extra chromosornes

The determination of transmission frequencies was nade in a1l-

cases by counting ch¡omosone nunbers ín somatic metaphase cel1s. Scoring

nas done in this manner since euploid and aneuploid plants were not

sufficíentl"y distinct to permit visual identification.

The frequency of LransrLissj-on of the extra chromosorne through

seì.fed aneuploids ranged frorn a high oî 35,5 percent for the acrocentric

fragment of chronosome 3 to a low of 9.9 percent for 14 + óS with an

aversge ot 28,3 percent for the group (Table XVf). The snall sanple size

scored for l4 + 65 nay not be sufficient for a reliable esli¡rate.

Some of the unusual genoùypes recovered in the progenies of

selfed monot eloLri so¡ric s ¡¡ere as foLlov¡s:

(a) ¡'ive ditelos ar¡d two pri-rnary trisornics in L4 + l-S,

(¡) One triptoid in 14 + 4l¡

(c) two primary t¡lsomÍcs in 14 + 55,

(a) ¡, r:.ng chronosome in sonatic cells of 14 + óS.

There appeared to be no correlation batween the J.engths of the

telocentrics and ¡elative frequencies of their trangnisgion. The fol-
lowlng represents the ranking of the telos according to their J.engLh

from the longest to shortest in relation to transnission frequencies

shovm in brackets:

y++2L (32.r), 14+4t (29.6), 14+6s (9.9), t4+ts (33.ó), tt+ 5s (26.0)

The relatíve Lengths were derived from a combinaüion of ocul-ar ¡qicrometer

neasurel:rents on sonatic cel"ls and comparison w-ith the standard barl_ey

karyotype of Bulnhae -qÞjt, G956). Perhaps the rel-ative nagnitude of



TÀ]J],]I XVI

TRÀI,]Sì,IISSION }I¡\TLIJS O}' Tii]i T-TTiì1r Ci.IììOìIO,S.J)¡¿5 IN
Piiociti ; llì,s 0F slriiìj-¡u i..ii.)N0TJìLoTRIS0ì.fICS Alil)

2n= IL+ i:eì-o X 2n crôÍjses

Âneuoloi.d Total SeeCs

Exarnrnecl

I

lrç,-p: -gl:gl: l l:l""llg:x: _tl--r- -

2n -- 14 2 n == llr-1 telo

14+1S

TrisonìÍo BUSII

I!+ + 21,

IL+ f3

14+4L

14+ 5s

l4+ 6s

Tot al- Averages 71..1

l+85

r56

r43

L9l

n9

258

121_

66,7

79 "5

67.9

6l+, 5

?o.3

7+.o

80.1

3r"9

20.5

21 ì

35.5

29,7

26,o

9"9

1"0

ôö

1.ll

28,3

Pro¿erries of 2n -F telo X 2n2 ctosscs

l-4+ ls
It+ + 2L

14+ f3

14+4L

14+ 5s

14+ óS

5BO

30

72

50

2r9

80

68"2

76.7

70.8

'12.o

'17.2

85 "0

30.2

23"3

29.2

28"0

22.8

15.0

1.6

1.4

1oüal- 1O3l- Averages 72.4 2?.r

l- ^.^- Seli'ed progenies incluCed those from parenüa1 aneuploids ancl Fa hybrids.
2 Th. 2o polJ-en parents were Ìlnkage ¡narkers anc t¡ansl,ocation stocks.
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d c.ì.ctci'r;Lous clfeci,s oi i;lrc iulivirlu¿']. Lel.os t;â:J rrrrc of a cotr bl.ibrr1;i-l]:,

factor t,o their tr¿ls¡¡i.ssJ_on r¿rte than v¿s thei.r' ¡'cla1,ive lengt,h.

The freqlrenoy of :nono Le],ot,ri- so¡li. c s 5_n the progeny of nicnoir:lo.-

tliscnri c b¡' clj-sonì-c cl^.)sscs t:eprescnt.s the t:"¿rn srrù s s:i.on of the ext¡a

telo c>:clusiveì-y Lhr'ough thc c;4g ocì-Ì. The frequency. ranges fr.on a. high

oî 3O.2 percent, for. l-4 * ]S to a loi1' of 1.5.0 percenl for l.ll + óS l.¡j_th

an overall avera8e frequency of 2-7.I (ta¡fe XVI). Th1s f:Lgu¡e ís

slightly Lol¡er than that observecl j,n sel^fecì a:reupJ-oicls. The J.atter may

reprosenL a ce¡ta-i.n very J-o:'. frcquency of poJ-J,en transmission aì.so

indical,ed by thc occasional. recover.y of ditelos at a l^ol,¡ frequency.

Howe\rer, the resu.Ìts fron pol-len transmissiorr for Id + 15 (Table XVII)

indica|e that the rate niugt be ver.y Lol, The s¡iafl senpì-e sizes for
y+ 1- l- and l-4 + !L nay not, have given a true estinaLe of transnrission

in these tuo aneuploids.

Some of the unnsuaL aneupì.oids ol¡served ln the progenies of

2n +I x 2n crosses !,,et e as foIlor,¡s: seven pririary trisomics, one tri-
ploicì and one 16 chro;nosorne plant fron J-l¡ + 15 and three prj.nrary tri-
somics in the progeny of 14 + 55.

No direct esti,¡nates r.rere obtained of the infLuence of seed size

on tel,o transnrission as reported by Rarrage (t955) and Tsuchiya (1959),

but a general observation r¡as that the snìelLer seeds, nhich gernrinated

slower, Ì¡et e the ones bearing the tel-o. CenLral and lateral kernel-s

were studied separately buL no differences L'ere found between these tr¡o

groups in frequency of transmission of t,he telo.
(U) fotten transmission,of extra tel-ocenLrics

To determine the rate of t¡ansnission of the extra chronoso¡re
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thrciugh l,)re pol.len, the tl¡o aneu¡rì..oi.cls:i.uvolvj-ut chrollosolrts I (1'al)l-e XVll)

t¡ere usecl as ¡ul-e paren'r,s j.n crosse s to ¡ror;t¡,r1. dipl-o:lds. Cirlo¡:oso¡¡e

nul¡il¡ers rrere coLl¡tccl in so¡¡atic cel.lsr of the hyì;l'itì progeny to dele¡;¡ine

transnission ratcs.

TheoreLicall.y, bal.aucc<l (¡= J) ancì unbalanced (n-' I -l- teì.o)

gametcs shou-ì-d be proCuced at eqr.tal frequenci-es by ea.ch ¡rtcnolcl-ot ri sol;d,c

and a,l-l- g¿Lrile ìres prod':cecì by thc ditcl-o sltouJ-tl ca:'ry f 4'telo, assurn:i,trg

perfccL nej.otj.c beh¿'.r,ior " SrrbtracLing from those rn?.ïj.rrìû the frequc:rcy

of ganeLes carryS.ng ¡dcronuc-l.ci ('tatte XV), tho ntc¡lotel-otrisonrlc is

stilJ. expectecì Lo contribube rurbal.anced ganetes at a 36"0 percent fre-

quency, v,'irile that expecLed front the ditel-o t+oulcì be 97.0 percenl.

¡\s shoun in Table XVII, ther"e h'aa no transnússion of the exl,ra

chrornoso¡ne tlrough tlre pol.Ien of the nlonolelotrisontic , inCÍcetting the

inab::',ì.ily of unbalanced garnetes Lo cornpele .rd'¿h thc norr¿rl. In tlre case

of the diüeto, 4/+.0 pel:cenù of unbalanced gailetes r.Iere able to funct,i.on.

Since 97.0 percenl of the male gartetes prøluced by the ditelo are

unbalanceC, and only dd.O percenL of then functi.on, indicates thaL rm-

balanced ganetes are at a disadvantage. Also it nust be eonsidered that

the size of the san¡rl-e studied l¡¿s sntall (fa¡te XVlf).

(c) Transnfssion in s.elfed d iteloietra sonic s

No c¡osses l.re¡e nade us5-ng cìiploid polì-en on diLelos as fenale

to deter¡tine the actu¿], rate of trans¡utssion of the telos through the

egg, Having established the transnission raöe through Lhe polLen

(taUte XVII), exaÌLination of chro;nosor.-re nunlbers of seLfed progenies,

shonld give sone indication of the rate of transnission through the

egg ceJ-ì.. Assunr-ing a leveL of meiolic abnormalities at me¿asporogenesis
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TITBLE T\TII

FIIEQUINùY 0F Tlìr'rillirilSSl0i.l Ol¡ 'l¡lll IJXTììÀ C!ìiiOifOSOÌ,Ë T¡JiiOUGil THij P0ll,lli\j
01ì ì,1üi',i0TÐi,0T1lïsOì,tIC :t,tr 1- l_.3 .4¡;ll DlTIJj,OTjlT.rì1,S0ìirC 14. J_ 2.., t.s

potl.en Tobal.seerts *,-q!lg,:?lq,I:-:Il¡jl9l*,* fTr.ansmj-ssrj.onof
Pe rent' rle l-4 -t terfo 14.l- 2 Lcto uxL}a ch¡'o:Ltoso:rie

l_/+ -r- f s 5t+ 5t+

14+2*l-s 
'2 

30 22-

0.0

4k,o

TABL¡J XVIÏ]

TRANS}.{T,5STO¡I OF T}iD EXTRA TEI,OCENTftICS THiì,OUGH

SELFID PROGENMS OF D]T¡ìJ,OTETRÀSO}flC ].à + 2 - ]S

Total" Seedì.ings Í Transmj.ssion of
--_-cÀL9!9e-9,n9_¡!u¡nl,Sf __ _*-Banrined .&Lra Chro¡nosome1/+ ld + telo J.l¿ + 2 teJ-o

No. 7O

Percent

532

7.1 \5.7 t+7"2 92.9
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si.nj-lê.r to that ol¡s:e¡.vcC aL rni.o'or;po:'oqcn csi. s tha.t g5"vc rise to nicro-

nucJ-ei, ¿he eggs r,¡oulcl. be cxpocì:cd t,c prod,-rc<; 97 pei'cent unìr¿fa.nced ancì

3 percerr'r, balanced gamel;es. Cotnbin:ì.rL¡l thi.s f requc::rcy for. Lbe cgg r,;it,ìr

that obser:vcC in the pol-lc:r ('lat,l.e llV.tl), a self eC ditef o shou-lC ¡rro:ìuce

)-"8 percent clipl-oi.rìs, 55.9 i;e.ì.ot,r j- so;rric s an,ì 4:1..9 perceìt¿ clitelos as

shoi¡n ín Figurc 1ir.. The pr.oportions of tlre l,hrce gcnotypes that r.:ere,

actually obse¡ved are shoin Ín Tabl-e XVLI.I. The total- nrlirrber of $ee.ì,

J-ings exarnin':d r'ras s;nall-, but there \'¡ere rnore cliploi.ds anC ditelos

for¡ned than expected bu| feir'er ¡ncnote.l-otr j- somic s; the di.screpancies,

howeve:', uare nct, great. UnU.ke the tr¿nsmission thr.oqgh the poì.J-en, tho

tra-ns;njssj.on of the exira teJ-o throu3h the egg is close to the expectcC

frequency"

(d) Primary ti'j-so¡nics j.n monotelotriscrnic progenies

Primary trisoraic plants vere recovered froi¡. l,hrce diffe¡:ent

soulces during the ccurse of these studj.es ( taUt.e XIX) I

(a) progenies of seÌfed telolr j.sonri-c s,

(U) n, nyUria s fron 2n = f/+.l.t,e.l-o x 2n crosses,

(c) segre¿ating F2 populâ¿ions fro;n teloi¡.isonic X linkage
narket'crosses.

The frequencies r¡ith ¡rhÍch triso;rdcs occu¡red in these three populati.ons

we¡e 0.59 percent, I.jì percent and 2,2 percent, respectiveÌy (faUfe XtX).

The trisc¡rics occurring in the first t!¡o groups were detecLed by so;tatic

chroÌtosome counts. Trisonrics in F, populations involving l-,[ * 15 vere

detected rno:'phologieally by their Bush phenotype. Their iclentity in

the latter case h?s not verj,fied cytologically.

UndoubteCly trisonics aLso occur¡'eC in F, progenies from crosses
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FIGURE li+ EXPECTED }'iì]]QUTNCY OF .A¡IEUPLO]DS IN DITBLO 14+ 2- 15
COì\ISIDIRING ÙBSIR.VED RÄTE CF POI¡EN TRfu\SI,ÍISSION CF

TELù Al'ÌD EXPFIT¡jD EGG TRANSì.trSSION
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be iee¡l ¡nc¡rote-Loti-i sojilic Ì4 +- 5S and lj.nl{ege mar.}:c:.s, buL the },seurio-

ncrrul ¡rireilolype orl trj-so:rric J vras nct dislj.nc¿ enou,glt t,o periiiil, visr:al

seLecti.on.

It, Ís a ssr-r.necl lhat srreh tr.iso:irics rcsul-t fro¡l the f eri"i l, iz,ali on

of an ej-6ht chro;;icso;ric c¿¡g b¡' a ? cì)Ì'o:!Lcsojr: slterrn nucleus. The e :i.gìr.b

ch¡'o;¡tcsone egq is for;ried l¡i' a 2 no:':m]-:,.ì- te.l.o disjunc¿ioll fro:tr a tri-
valent, insteacì o-i the usual. f norinel -t- I telo: l- nomal type of

disjunctioii.

It has been re¡:orte.3 by Chen and Grant (1968) Ín l,elgC L-e-SlnSqlglgê

that rrtriscrric shiftsrr had occurz.ed, i,.€_. progeny were not triso;in-ic fo¡

the same chrol¡ros;o¡ne as the parent. 0f the nLùrer-ous reporls on barley

triso,'rrics, no;re describe sinúlar evenLs in that species. fn the sa:nr;

vein, the quesLion might be asked, are the pri.rnary trj-somics that v¡ere

derived fro:l ¡ncnotel-oLrisorúc s actually triso¡nie for: the same chro;:rosorr,.e

as the tel-o? The folLowing evidence r+j.Ll inCice.t e that the indivicluals

examined lrere the same.

An F, trisomic hybri.d pl-ant rras obtained fro:n the cross 111 + J.S

ElrN x.blt,! vdth b-l l.ocated on the short I on the J.ong alm of chro¡nosone I
as indicated in Table III. Of 87 F2 plants gro'vrn fro¡n this individuaÌ,

five r¡ere ho;nozygous recessive !r!l and three honozygous recessive brrbr,

i.e. boLh shol+eC trisonic ratios at their respectíve Lcci (taUte IV).

These dafa indicate that the triscrnic represented chromosome l and is
evidence in support of iLs Bush phenolype,

l.fonotelotrisor,ric ani trisonic F, hfbrid s vere obtained f¡o¡n the

cross between 14 + 55 x SV1O3. F, populations grolJn fro¡ bolh of these

hybricls sho'r¡ed trisonric segregation at, the SVIOJ l-ocus (Table XXV). If
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TATJI,I¿ XTX

Fil;JQUtjiliOY OÌr 00Cijtil¿ltl'lC.ìl Oit TI¿lS0i"lL0 PI/\lilS
IN P]IOÎÐNIIIS OF ¡ÍONOT]]LOTÌìTSC;.{I(]S

Source Tot,al
!,\ami ne d

Nu:nber of
TrÍs onri-c s

%of
Trisoni-c s;

1) sel-f ed nlcnotef otrisori'.i-c..;

1.41- l s

1,4+ 5s

),d + ÌS x 2n

Ì¿t+ 5S x 2n

F, populatiorrs

i.4+1Sx rnutants

1l¡+lSx br

14+ 1S x la

7

3

2)

A.at )

258

580

21.9

5L6

410

5c2

t3

10

I

.À.r

oll

,È -r .591

I"2

1"4

2.21,

x=

J)

2.5

2.1+

r.6
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T¡itllll )ü

PllRClììriThGIl ùF cü,JD P0l,I-,1 1,¡ lli BrìRI¡lY 1I]IEUPLO:IDS ÀND

TIIIìIiì ÐÏSOì.íIC SIRS

Nuíber of Po-l-l-en Gi.ai.ns

GenoLypa hìnpLy ancl Ðe¿lener.aled Good Tot¿l-
fr Gooà
Po]l-en

l4+l-s

2n Checlç

TrÍsomic BUSH

l4+ 2* ts
).t++ 2L

2n Check

?
).1+ + f'

2n Check

lt++ 4L

2n Check

14+ 5s

àr Check

14+6S

2n Check

6?

28

T5?

798

r20

82

376

97

32

29

L37

?5

100

'T

101-o

1,0c0

518

Ilç62,

1o3r

IO27

l-000

IO22

1011

I0l-0

906

Loo9

1012

1009

707'/

102fj

675

2.260

1l'5t

t10g

r376

1119

roh,3

to39

l:Ot+3

1084

l-112

totr6

93 "tl

97.2

6tr.6

89.5

92,6

72,7

9)-.3

96"9

97.2

e6.9

v).J.

9l.o

96.5

Average of Anerrploicìs

Average of DipJ-oi.cì Checks

84.0

9t,"7
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FïGUfrE 15 - PùLl,llìl GilÀINS ST/iIlì60 itITH DI LUTiJ lrCI;TJOAA¡fIl'ft1

(u) 2n check

(b) 1,4 + 1s

(c) Trisonic tsush

(d) 1"4+2-ts
(e) rt, + 2L

(f) r4 + f'
(e) l-4 + lll
(h) r4 + 5s

(i) 14 r-ós
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a t,r'isonj-c had occul'r€.ì, the m'.rbant, gene in tile t:riso¡nj_c popula.iion

r,'ou-ì-d not have segregateC in a tr.iso¡rric fatio.
(e) I,ol-l-en ¡,¡:i.¡,bj.l iL)'

Pollcn viabj,tii;y ',r'as st,uij.ed on âI1 ntcnctel.otrj- s:nlic ri, the. diicl.o*

tet¡.asonic ¿nd tr.isomj.c Bush (lable X):). 'i'h e pì,atrLs that rvere sanpled

r',¡ere gror'¡rì 5-n a gror*t,ir-charnb er uncler contro.l]eil colrdi.tions as rnenti.oned

previously. Pol,letl graitìs, ful-1 of cytop).asn, that stainecl vre l.l_ r,rj-th

ac ei;o*ca-r.:tine t¡e:'e sco¡'ccl as gooC pcl.l.en, colpared to ernply or degenerated

grains thai, dirl not staii.r (Fi.gure ]l.a- j.). The percent gocd pollen

varj,ecì fro;n a hi.gh of p6.6 percent for Ì4 .1- lú to 6l+,6 percent for
14. f- 2 -.-)S wiùh an averåge of B4.O fo¡ atl aneuploj_ds, Even thcse mono*

ùel.oLrísonics that set very Littl_e seed such a-" 1,4 + 2L and 1/+ + 65

(fa¡f.e Vf) shor¡ed a hÍgh pereentage of gocd pollen at 89.5 and !l.O per-

cent, respectír.eì-y.

The pol-len of disornj.c sibs corresponCing to each aneuploid uas

scored itr the sa¡,re manner. The values ranged florn a l-o¿ of 91.,3 fo:. the
?

f'disor¡úc check to 97.2 percent fo¡ l4 + l.S check" No stt¡diee r¡ere ¡lad¿r

of the rel-ationships betr+een polì-en grain size and genotype,

6. Genetic StuCÍes

(a) Deter:nination of ar.rn-l-ocation oI genes associated with chrornosone l-

A mrnbe¡ of r¡utant genes reported to be associated with establ"ished

¡narke¡s on chrornosone I (viarter el aL, r96J) we¡e crossed to nonoùerotriso¡ni.c

14 + 15, ini+,Ía11y to deter¡line their arn locatio¡r. These ma¡kers, thejr
s¡mbols, and the corresponding genotype of 14 + 15 are listed in Te.ble XTI.

The F2 populations fron crosEes involving each ruLanL gens lre¡e grolrn

and scored in the fiel.d in ùhe su¡uier of l-9ó8. AII ¡nutant characte¡s
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llel'e cf eal'l-)r e):presscd ui1,h tlìe e):cept j-on of sb ( subnode.l bracL) r,.,hich

shor.red varia.ble e:¡rres si-r.i,ty :rs dcscr.ibecì by lialkcrl gt-,{]. (.1 y63), T}Ìe

bracts r'rere ranColJ,y arr'anged and r¡e¡e absc¡nt on sorae s¡ri-l<es oÍ ¡nutant

pJ-ant',s. The observed I¡, segregat,ions fo:: each rnarker gene r;ere tested

by rneans of a Chi--square ¡¡ocdrrcs s*of-fit 'best for devi¿tioirs fron a 3 ¡ I

raLio. Í'ive of the 1I mari<els list.ed j.n Te"bl.e XlI, l¿, þ, ]::-, j] onC

¡v shor"ed a gooC fil to a 3:1 raLio (taUte XXll). Thj-s p¡ecJ.udes thcir

l-ocation on Lhe short ar'¡n of chroniosorrrc l-. They musl be located ej^t,het

on the long a-r¡n o¡' cl-ser.¡'nere in the genolle . Tf -ì.ocat ed on the long arn,

thei¡. dj-stances froin the centt'one¡e on that arm corrl-d be deterini-ned by

the use of monoLel,ot,ri solúc 11+ ,r ì.L, Trisornl.c liush, or they could be

mapped by the conventi.onal three poinl; test.

Tabl"e IXII shorr.s the Chi-sc¡uzrre anaì.ysis for mutan¿ genes br,

31, *", gl?, * and J¡v2 tl¡aL shotged a signifi-cant, clev:iation froin a 3: 1

rati.o fo:' segregation at their individual, Loci. The high Chi-squarc

values obtained for these gcnes and the lov¡ proportion of recessives in

each F,.., ifO.? to 6.8 percent) l-ed to the conclusion that these r*e¡e
¿

tris onic ratios. It tvas difficuLt to apply theoretical- trisoÍric raLios

to bul-k F, Populations such as these. TheoreticaÌ ¡atios of this so¡t,

have been published (Burnhan, 19ó2) and sruunarizeC (tsuchiya, 1959).

These ratios are dependant, however, on a nunber of factors, sone of

which are: ability to distinguish aneuploid frorn diploid segregát,es;

the degree o{ pairing beth'een the extra chr.o¡ios;one ancì nornals; the

amount of reconibinat.ion betueen these chromosomes; frequency of trans-

r.ission of the ext,ra chrornosqne, et,c. EstÍr¡ates l¡ere made of sone of

these para:rreters in an effo¡.t to arrive at a possi.ble trisonic ratio.
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TABLE frI

I'IARK-ER GENES ASS0CIATED IIITH CH80ì'{0S0Ì.E l-, THAT hIERE CROS S!}D

T0 1,4+ts T0 DETEHtfINti ARlf LOÛATION

Gene
SyrnboL

Chåracter Genotype
of ]4+ 15

Br br

Ea ea

Fc fc

Ge? gs3

Lz rz

La La

99,
IrIj
Sb, sb

Yv JI,

ro2!"2

Normal vs. brachyLÍc

Early vs. J,ate heading

Nor¡nal vs. chlorjina seedì.ing

Nornral vs. gLossy sheath

Lax vs. compaci spike

LaÌ vs" conpact spike

NormÂI vs. J.ong weak basal ilnode

Covered vs. naked

NornaL vs. subnodal bract

Green vs. yellow viable

Green vs. yellow viab).e 
a

Brå.

b!e
Fc, Fc

9"?"",,h
f4-.1'_g

Lb3, Lb3

N.N

sb.sb

Yv.Yv

Yv ÌYv,
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TABLE XXII

2
X- ANALYSIS OF F^ POPULATIOhIS OF CROSS,IIS BETI,JF,EN I'fONOTELOTRISUI'ÍIC ]]+ + 15

2
AND I'IUT,ITI\¡T GENES ASSCCIATED 

.TJITH 
CHK.JTYOSOÍ.m 1

Segregation Ofasses
Xx

Chi-square
2.1

Percent
Recessive

La fa

L^ l-^

tb^ Ib._2r_2
Nn
-t-

Yvw

Br br

Ea ea

Fc fc

Gs. gs,
"-¿r-'¿'
Sb sb

Yu2 w2

390

240

l+I5

826

5l+O

111ó

to32

l-387

520

793

590

r ,yJ

2,2.

3.63

.93

2.I2

210.61

l.35.8t+

204.I2

'18.63

23.73

].:Ot+.93

"25- "rO

,25- "ro
.10- .05

.5o-.25

.25- ,rO

1.Ol

<.01

<.o1

< .0L

<.o1

< .ol

¿¿.)

a't .)

28"1+

¿). t

27.3

6"8

IO.I

9.2

8.9

10.7

7,5

lI2

65

l.65

25?

203

B2

11ó

140

5r

23

48
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As shown in Tab1e VIII, the telo of 14 + 15 enLers into trivalent con-

figurations w1th nor¡aa1 chronosomes in 70.ó percent of metaphase celIs.

this indicates a high frequency of chiasna fornation and it rnight be as-

suned that chiasmata are physical ¡nanifegtations of recombirration.

An estinate was made of the anount of chronetÍd crossing-over

occurring in the F, population involving the fc gene. A popuJ_ation of

25O Fa plants r,ras grown in the greenhouse, of which J0 showed a honozygous

recessive fcfc, chlorina phenotype. A cyLological. exa¡rination of these

30 indit¡iduals revealed that th¡ee r¡ere ¡conoteloürieo¡Lic . According to

Bu¡nham (]-962), nonotelot¡j.s onic recessive honozygotes arlsing fron

duplex monotel-otrisorlic s are the regult of chromatid crossing over. The

frequency of such crossing over in this case would be J.O percent. put-

ting together a 10 percent frequeney of chro¡natid crossing over coupled

t¡'ith a 30 percent frequency of teLo transnission, a tri.soltric F2 ratio

of LI: I wês expected, but it was found that not aLl Fa ratios wouLd fit
this expectation. In f¿ct a sÍng1e ratio lras not found that would fit
¡ì I P, sgg¡sgations.

Tt¡ere are a nu.mber of variables affecting trlsonic ratios of genes

that tend to affect indivÍdual genee differentJ,y. The telocentric in

thê cese of nonotelotriso¡nic s was t¡ansnitted at a rnuch Lo¡ver frequency

that expected on a random basis. There was no pollen trênsnissLon and

onJ.y 30 p€rcent egg tran$trission, though there wae a potential of !O

percent transnigsion through eech type of ganete. The telo carried the

doninant alle1e in a duplex F, heterozygote, and even with no recombina-

tlon, there would be a lower than ocpected ratio of do¡rinanl ! recessive

in the Far because of loss of the do¡¡.inant al-lete with the telocentric.
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Wit,h the occurrence of reconbination the recesslve allele wouLd be

placed on the telo in exchange for the doninant, then lost with the

telo, resuLting in a shift of doninant : recessive to a higher ratio.
The greater ûhe distence beüween the locus and centro¡nere, the greater

the incidence of recombination, hence a 1ower proportion of honozygous

¡ecessive indiviciuals in the F2.

It was found that j-inkage rnarkers fc and br gave ),2 and 6.9 per_

cent recessive individuals in their respective F, populations, (Table

Ð(II). Slnce br is knovn to be located distal- to fc on chromosone I
(NiLan, 1964), the relative proportion of recessiveg obtained in Lhe F,

is j.n agreenent r.¡'iÈh the postulates outlined above. GoÍng one step

farther, the other narkers w-ith trlso¡ric ratlos ( Tab1e XXII) were placed

at rel,ative sites on the linkage nap of the short a¡m of chronosome I
based on proporLlon of. homozygous recesgiveg obtalned in each Fr. They

were .:located relative to the known positi.ons of fc and br (Ftg. 16).

(b) Locating the centronere position on chronosone I
The poaition of the centronere on the linkage uÂp on chronosome...I

hag been ¡eported to be l-ocated in the area ." fiF by Robertson (196l+),

and ac2 rs bl, ert,d n by NiJ.an (19ó3). l.lihen napping of transloca_

ti".Il""*p-.inil oil*-o.o-"or" 1¡ ( Ranage and Burnhan, 19ó3 ) ,found the

centronere to be located in the region of n. Unfortunately onl-y the

Earkers ac2 and n were considered Ín that study, the intervening ones

shown ebove were not.

Using nonotelotrisonic 14 + lS end the markers Ìisted in Tab1e

)o(rrr the feaslbility of locating the centromere positi-on on thls chronoi,

Eone Has tested. By crossing each @rker to 14 + LS and observing the



I honozygous

recessives in Fa r0"7 6.87.5I0.1 9,2 8.9

centronere

FIGI,TG T6 ARRANGEI'íENT OF ASSOCIATEÐ GEN¡]S ON SHORT AR}f OF CHROMOSO¡ÍE 1
RELATM T0 PREVI0USLY L0CATED GENES fc AND br
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ratio for each Locus in the F2r the centromere position should be found

l-ocated in the intervaL between the two geneg li'here a trisorúc ratio

changes to a diso:llic.

Diso¡ric inhe:.itance for the narkers ert-d and n (Table ]frIII),
indicated by a good fit to a J: 1 ratio, confirmed their l-ocation on the

long arn of chromosone 1.

The deter¡rination of inheritance patterns at the Rs and Bla J.oci

vas nore compJ-ex than for the two previ.ously reported narkers, n and

ert-d. The 14 + 15 parent,al material was red-stemned. To deternine if
thÍs was conditioned by the same & gene as the one Listed on the Link-

ege Inêp of chronosome 1, it was crossed to a known Rs stock and a test

of alLelisn carried out. A total of 72 disonic and 122 monotelotrisonic

F2 progeny plants were grown. There were no green segregetes in these

populations, indicating that the red ste¡o in 14 + 1S was conditioned by

the Rs gene.

A c¡oss nas nåde between l-4 + 15 and a green sten (rs) po11en

perent for determination of ar¡n location of Rs. Chi-square anelysis of

the Fa deta showed a significant derriation fro¡n a 3n1ratio (faU:.e IXIIr).
The high Chí-square value combined H-ith the srûÂLl proportion of recessive

segregates indicated a trisonic ratÍo, hence a short arm Location.

. The expressi.on of the red coloration in segregating progenies

appeared to be light sensitive. I,lhen Fa plantings vrere made in rows

perpendicular to the long axis of a greenhouse bench, it was impossible

to classify aecurately individual segregates and erríve at clear-cut

retios. There was an obvious light di.fferential between the edge and

centre of the bench, resuJ-ting in poor exp¡ession of the red color. It



TABLE XTITI

)x- ANA¡YSIS 0F F. PoPULATIoNS OF CROSS¡IS BETI,JEEN L4+ts ANDa
MARKMS USED IN I/JCATING CENTROI'ÍERE PÙSTTION ON CHf¿OI'ÍOSO}Í¡] 1

Percent
Recessive

---¿.Ã
x 3¡1

Ifarke r
Oene X

Frequency

B1^ bl^

H, ert-d

$!
Rs, rs

94

826

248

2?

257

l+3

48'-96

.47

.93

t6.23

<.01

.5O-.25

.50- .2'

<.01

35.7

22.3

23.7

4.7



85

was onLy when plantings were nade in single or double rows, parallel to

the long axis of the bench ard individual plants were more evenly

illuninated, that segregates could be classified with any degree of ac-

curacy and clear-cut ratios determined.

The proportion of honozygous recessiveg in the F, popuJ.ation from

the cross 14 + 15 (ns) x rs was Ll¡.8 percent. This is a higher frequency

of recessives than reported for any other monotelotriso¡nic F2 (Table XTII).

!/ith lhe Rs Ìocus being located in the centronere region of chronosome 1,

then the þ alle1e located on the telo in the F, heterozygote would

urdergo e snall amount of reco¡rbination with the ry a11ele on the norrnal

chromosone. The rg aLleLe therefore r¡ou1d be transnitted to the progeny

at a high frequency while located on the no¡naL chronosorne, resulting

in a high frequency of recessives in the Fa. In the case of a locus

l-ocated farther fron the centronere, a higher frequency of reconbination

would ehift the recessive alLele to ùhe telo, with which it would be losù,

altering the segregêtion j.n the F2 es a consequence. This result pro-

vides fu¡ther evidence for the postulate fornulated earlier about the

,Fdl.atiqnshfp rJf reconbination to gene-centromere distances.

Chi-square ånaLysis of F2 segregetion at the BI, locus likew.ise

shor+ed a significant deviation fron a dLsortric ratio (faUte XXttI). fne

proportion of recessives in this F, population was 35.7 percent, which

is different fron observed varues for other populations shown in Table )o(rr.

In thig case, the cross invol.ved 14 + ls (bl2rÞI2rg2) x BlarBl2r resulting

in a slnplex F, heterozygote ¡ather than duplex as in the othe¡ cases.

The proportJ.on of recessives expected in the F, obtained fron a simpJ.ex

F, heterozygote is 35.ó percent when diptoids and telotriso¡cics are not
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separatd .

An 11:7 ratio wss used by Kerber (1958) to explain lhe triso¡n-ic

segregation observed in the progeny of a simplex heterozygote. The rat,io

assumes non-transmis sion of n + L poÌ1en, 2J percent transmission of

n * 1 female ganetes, factors which are not at variance with the situa-

tion in the current studies. The trans¡nissíon rate of the telo 14 + 15

through the egg was slightly higher at J0 percent. No estirnate of

chronosone segregation was obtained, though it is assu¡oed to be the pre-

do¡uinant t)¡pe.because of the proxirtrity of the Bla l-ocus to the centronere.

The Chi-square analysis of goodness-of-fit of observed data to an Il_: ?

ratio gave a value oî 3.42 with a P. value of .10 - .05. These results

indicate trisonic segregatlon at the Bl, locus.

This leads to the conclusion that the centromere position on

chromosome 1 ís located between Eþ ana erLd sj.nce Rs and tsLa showed

t¡isonic segregation rihile ert-d and n provèd to be disomlc.

(c) Inheritance anC a¡m location of new nutant genes.

The Table )GIV, are lisLed six mutant stockg that have not been

reported previousl-y, nor have they been aesociated w1th any ch¡omosome

of the cpropleflìene. These st,ocks ïere supplied by Dr. T. Tsuchiya. One

addltional nutant, Parkland spot, found to be associated with chronosome 5

(S. A. WeUs, personal comoì¡nication) was suppJ-ied by Dr. We1Ìs under

thet nane.

Five of these narkers, fI2., SI¡103, ¡úm114, 118 and Ì?4 when

crossed to 1À. + LS showed diso¡aic segregation in both digo¡¡.ic and ¡oono-

telot¡isonic progenies indicating thaù they l¡ere inherÍted as si-rupÌe

recessives and that they rrere not Located on the short arn of chro¡oosone I.
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FIGURE 1? - LEAF CHARACTmISTIùS OF HUTANTS RIVOLUTED IEAF (r1.)

AND PAAKLAND SPoT (ps).

(a) A - 2n check.

B - Revol,uted leaf (rl-)-note counter-clocku.ise spiral.

(b) A - 2n check.

B - Parkland spot (ps)-note teaf spotting.





88

lfuù83 was inherited as a sÍmple do¡ainant. The Fl hybrid exhibited a

setni-dwarf growth habit, i.e. 15 inches in height, when diploid checks

of 14 + 1S grew 2/a inches t,a11.

fn crosges to L4 + 55; -SV52, l1!, I1B and 174 again showed disonic

ratios in both diso¡ric and nonoteLotrisonic proger\y indicating that they

were not located on the short arn of chronosome 5 eiiher. Chi-square

analysís of Fa nonotelotriso¡ric populations f¡on parkl.and spot and svl03

(ta¡te XXV) showed significant devíaüions fron disonlc ratios. The high

chi-square values and row frequencies of homozygous recessives indicated

that triso¡ric segregation occu¡red at these two loci. Fa disonic check

populations showed a good fit to 3: 1 disonic ratios. This is evidence

that Eutent genes SIIIO3 end P¿¡)¡f¿¡¿ spot are inherited as si_nrple reces-

sives and are Located on the short ar¡o of chromosome J.

The nutant Stlt03 is cha¡acterized by the tips of Juvenile leaves

becorúng roLled into a tube (Fig. 1za), th¡owh a countercLockw.is e spiral.
The characler is nost proninent at about the three-leaf stage and per_

sists through to near natu¡ity. Segregating popuJ-ations rnay be classi-
fied with eage at any of these tines. A suggested synbol for this
nutant ls ¡!, representing the revolu¿ed J.eaf phenotype.

Parlcland spot is characterized by the appeerance of sû¡all, brovn

Ieaf-spot-like specks that appear near the tips of young leaves, begin_

niag at about the three-Ieaf stage.(fig. Ifb). The syabol g is suggested

for this Eu¿ênt; representing Parkland spot.

The two muùente just descrlbed shouLd be useful for genetic

studies. They ere clearLy expressed at an early stage of plant growbh,

pernitting early cJ.assification of segregating popuLations. Mutant pJ.anLs



TABIE XXTV

NE}J MUTANT GEN-ES THAT I.IDPJ OHOSSED TO MONOTE¡OTRISO¡.ÍICS 14+15
AND I4+5S IN CRDEN TO DETERÌ'ÍII{E THEIR ARM LOCATION

Identity of I'futant Cheracter

su 53

sv103

Islf4
[s¡]9
Kn174

Kn183

Parkland spoù

glossy sheath

revoluted ..leaf

annles s

spiral neck

erectoides

seni dwarf

brown f.Lecks on upper half
of Leaf



TABLE trV

t
X: AN/IIYSIS 0F F^ POPULATIONS FRO¡Í CROSSES BETI,JIEN

¿
14+ 55 ÁND NEW MUTANTS

Mutant
Gene

Frequency
Xx

x2
3:1

Percent
Rec essive

14+ 5s x lSeL
2n Check

MonoÈeLotrisonic
Progeny

r4o 41

606 r00

.67

44.3r

.5O- "25

<.01

22.7

u.2

14+ ,S x SV103
2n Check

Honot elotriso¡tic
Progeny

T¡isor:ic Progeny

L9,3

10.8

12.O

50 L2

33o 40

27r 37

1.05 .fr- .25

39.7t+ <,.01

27.78 <..01
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ere not depressed in growth; are as thrifty as normal sibs, and as fer-

tile if grown to eeturity.

@$, the semi-dwarf , when crossed to 14 + JS, gave an F2 ratio

of 7I: 15 for donrinant : recessive at that locus in the disoraic progeny.

The calculated Chi-square value fo¡ a 3 ¡ I ratio amounted to 2.ól vrhich

gave a P. value of .!O - .2\r:indicating a good fit to the expected

disonic ratio. The segregaLion in the monotelotrison-ic progeny at the

game .l-ocus ¡¡as 131 I 91. The FI heterozygote from thls c¡oss was dwarfed,

indicating a doninant gener. therefore a sinplex constituLion in the nono-

tel-otrisonic. A Chi-square value for goodnes s-of-fi_t to an 1t: ? ratio
gave a vaì.ue of .4I vrith a probability of .50 to .75. These data Índi-

cste that lunL83 is inherited as a si-rap1e doninant w-ith the locus located

on the sho¡t arn of ch¡o¡r¡osone 5.

(d) Iinkage roap of short ar¡o of chro¡nosome 5.

Marker genes at and trd were used to identify the short-arn telo-

centric of chronosone 5. A-l-though only small F, populations were groun,

it was found that they produced 10.3 and J.2.J percent, recessives in their

respective Fa nonotelotrisonic progenies. In cornparisonr p and r1 in

their respectlve F, progenies (Tab1e XXV ) produced Lf.2 anC l2.O percent

recesgives. On the essumptfon that the frequency of honozygous reces-

sives in the Fa is inversely proportional to gene-centronere distance,

the fou¡ genes can be Located at relative positions on the short arr¡ of

chronoso¡oe 5. The positions of at and trd, deterndned by cJ.assical

genetic anåIysis (Nil-an, 1964), are in agreeroent w:i.th posiùions based

on the frequency of honosygous recessives in monotelotrisorric progenies

for these two genes (Fig. 18). On the same:basis; the genes E ånd 11,
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l.farker

. ps et rl ùrd Genes

tl¡r
cen!roßere

14.2 I2,7 I2"O 10.3 Perc€nt
Recessives in F,

FICIJRE 18 . RELÂTIVE POSTTIONS OF FOUR I'IÀRKERS ON SHCRT ARM OF CHROMCSOì'{E 5,

BASED ON PERCENT HOMOZYGOUS RECESSTVE IN F2 MONOTELOTRISOMIC PRUEENT
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can be assigned to trÂp positions relative to at and trd as shown in
Flgure 18.

The position of the centronere on chronoso¡ûe 5 has not been dete¡-

nined. Fron available data this position tuy be deternined by approxi-

Eation. Referring back to the genetic data obLained for chroraosoroe 1!,

in F, populations fron crosses !¡i¿h 14 * 15, the Rs. locus, known to

be located in the centromere region of chro¡nosone 1, shoved l4.Z percent

recessi.ves. fn cros'se"s !¡ith 14 + 55, I4,2 percent of the F, monotelo-

trisorric progeny l¡ere recessive for the E phenotype. 0n Lhis prenise

j.t can be concluded that the centro¡ûere on chronosome 5 is close to the

p locus and distal- to the other narkers studied on chrornosome 5.(Fig. IS).
This ¡aethod of positioning the centromere, though indirect, inay give sone

lndicaiion of itg location, which at present is not known.



CHAPTER V

DISCUSSION

Telocentric chromosomes in barJ'ey have been isolåLèd frorn several

sources. They have arisen spontaneousJ.y and in intervarietal croeses

but the most prolific sor¡rce has been triso¡nicdin which they arise

through nisdiuision of unpaired univalents. The reporLs of Tsuchiya

(1967) and Yu (19óE) indi-cate that telocent¡ics have been detectec in

the past but never identified nor studied. With the demonstration j-n

this report of Lheir uti).ity, every efforl shouLd be made to retain and

identify åny new ones discovered. OnLy five monotelotrisor¡-ic s of the

possible 14 required for a conpJ-ete series have been described in Lhis

repcrt. At the ti¡ne of the preparation of the nranuscript (Àugust, 1969)

at least two other nonotelotrisomic s were knovm to exist, namely 14 + IS

(Tsuchi.ya, f9ó7 and unpubtished data) and one containing the non-satel-

Lited arm of chro¡noso¡ne ó, presunably 14 + 65 (Metcalfe, 1!68). The

observations by Ramage, et al (1961) and Hagberg, et aL (19ó3) that some

induced translocations involved breakage r¡ithin the centronere of one

of the chromosores, suggest that irradiation of t¡iso¡lic seeds may in-

duce addi.tionaL nonoteLotrisonics.

Because barley chroroosotres are structural.Iy meLacent,ric, cyLological

identification of lelocentrics aù somatic netaphase is virtuaì.Iy inpos-

síbIe. The use of t¡anglocati.on testers provides irrefutable identifica-

tion of chronosoues fron which tel-ocentrics were derived buL not of the

specific arns. The identity of the arms util.izing linkage narker data,

is delayed through the necessity of producing an F2 population; however,

the recombination values obtained therefrom can be used as poinLs of
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reference for future genetic studies.

Plant morpholo.qy r.ras affected by the addition of a telocentric

to the regular chronosome complementthrough manifestations of a sinril-ar

type but of l-esser nragnitude than those produced by the addltion of the

corresponding whole chromosome as in trisonrj-c s. The one excepLion to

this generalization was I4 + 2L. This characteristic lack of morphological

distinction el-iminates this as a means of separatinq diploids from

aneuploids in segregating generations" On the other hand, the high vigor

and fertiJ.ity of ¡qonotel-otrlsonic s ís ample compensation for the l-ack of

nrorphological distinction.. The completion of the series of monotelotri-

sonics wiLL perndt the study of contributions to pLant morphology of each

chronosome arm in triple dose. Plants w:ith the Long arrn of chrornoso¡re 1

ín triplicate resembl-ed those trisomic for this chrornosome while 1/¡ + 1S

r,ras not unlike the diploid. In this respect.the designation of short

arm is appropriate. Genetically, however, the linkage nap of the short

ar¡n is no¡e extensive than for the long arrn (Nilan, J-p6{,); containing a

greater number of located genes. The phenotypic effects lead to the

assunptJ-on that the existíng linkage nap nÂy not reflect the true gerlic

content of the long arn nor the importance of the gene functions contained

therein. From existing infor¡ration it may be pr€nature to conclude that

in barley, as in the tornato (Khush, g! aI, J.968), long arm monoteLotrisomic s

resemble trisorûcs in gross morphoJ.ogy vrhile the short arrn counterparts

ere only rareJ.y disùinct from dipì-oids. The resutts obtained w-ith

14 + 1L and 14 + 15 índicate that this måy be the case.

General.ly, the frequency of synapsis of the exLra telocentric

trith two normal ch¡omosomes at dÍakineeis was sJ.ightJ-y Lower than the
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synapsis of the three honologues of rrisomics. Trivalent configurations

were observed in 73.r+ percent of monotelotrisomic and. in gg.1 percent

of Lrisomic ce1ls. The higher frequency of trivalents in t,he latter
aneuploid rìay be the result of a greater number or different arrangemenL

of the hypotheticaì. pairing initiation poj.nts caLLed zygo¡neres (Sybenga,

19ó8). The behavior of the extra telocent,rics in subsequent meiotic

stages was similar Lo that of additionar whor-e chromosor¡es i-n triso¡nics

as reported by Yu (19óg), resuLting in simifar transmission frequencies

of the extra chro¡nosome for both grouos of aneuploids.

One characterisLic shared by both series of aneuploids v¡as the

abnornål- meiotic behavior of aclditionar- me¡nberg of chromoso¡ne ó. rn
64.9 percent of l-4 + ós cel]s univarents were observed at diakinesis,
whire the åverage for five mono¿er.otrisonic s was 26.ó percent. A sinir.ar
pattern v¡as observed at diakinesis in the Trisomic purpre (Tsuchiya, 1!6J;

Yu, 1968). A high rate of synapsis is expected of telo ó l¡ecause of its
nucleolar-organizer function. rn this capacity the three honologous short

arms, through association with the nucleolus, would be in close prorinity;
a prerequisite for complete synapsis. rt Ís noL unreasonable to assu.ne

however, that the telocentric rey associate with a second nucÌeolus,

precluding Íts association i¡r a trÍvalenl configluation. lvlen synapsed

the telo was most frequentJ-y invor"ved in ring-rod trivarents; the nore

comprex type requiring three chiasnata for their formation, l*ìereas chalns

require onry two. The extra chro¡nosone of trisorLic 6 displayed a si¡dIar
low frequency of pairing and .l_ikewise ring-rods were the most frequent

trival-ents formed. No expÌanation can be offered at present for the ab-

no¡¡¡al, behavior of these two genotypes other than to suggest that
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chromosome 6 carries factors that influence chronosone pai¡ing.

The teLo of 14 + óS was onì,y infrequenLly orientated on the

equatorial pIate. The rnjority of u¡ivalents v¡ere located at the peri-
phery of the plate and in polar reg5_ons, presumeabJ-y beyond the influence

of the ¡neiotic spÍndle ana in a position conducive to excLusion fron

telophase nuclei. A high frequency of laggards, observed at T11, became

excluded from daughter nuclei and formed ¡nicronucLei in ¿he quartets.

If such meiotÍc behavior is characterÍstic of megasporogene sis then 1t

becomes obrrious why the transnission raùe of 14 + óS was onJ-y 9.9 percent

rf¡ile the averåge for other nonotelotri soÍrics lras 26./a percent. OvuLes

with an unbalanced chromosone nurnber may sbort to furLher decrease the

transnrission frequency of the exLra telo.

It r¡as shown that unbalanced male ganetes r¡ere excluded when in
competition with balanced garneües in the case of 14 + l_.S, while onì_y one-

hal-f of the expected nunber of unbaLanced male garnetes of t,he dítelo

Ii+ + 2 - l-S were invol,ved in fertilizatj.on. This may be partially

explained by the observation that ch¡omosornes in daughter cell-s w:ith a

balanced ch¡o¡nosome nuraber compleLed their AII division more rapidJ.y

than did their counterparts in the u¡balanced daughter cell. A sinrilar

phenonenon vas observed at AII of trisomics (yu, I9óB) and subsequentÌy

at pollen nitosis in which eisht-chromosorne pol1en grains completed

nltosis much fater thên nornal rn-icrospores. Accordingly, it is believed

that the unbal-anced ganetes wou.Ld be innature at the time of anthesis and

wouLd fajL to compete vrith mature, balanced ganetes in gerndnation ard

pol"len tube growih.

Synapsis of homologous arne of dÍtelo I/r. + 2 - lS is similar to
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that observed in auùotetrapl-oid s (l'torrison and Rajhalhy, 19604). Pre-

sumeably the process of so¡natic or preneiotic association is responsible

for positioning the four homologous arns in cl-ose proxirn-ity to each

other at the nuclear nembrêne Lo lvhich they subsequently become a¿tached

thr ough the medium of the centromere and or telomeres (fetOman, ttó6¡

Sved, 19óó). The letter concept is sornewhat speculative, since nuclear

membrane associatj-on of barley chroroosomes has never been reported. Such

an attachnent has been reported for so¡ne planL specíes (Pusa, 19ó5) and

other organisms (ì.{oens, 1969). Kumar (L96ó). by irradiating dry barley

seeds, was abfe to lnduce a high frequency of dicentrics and lower fre-

quencies of ring configurations arnong the chromoscmes. Dicentrics r.¡ere

for:ned by breakage and reJoining of chronosones in cJ-ose1y-åssoc iated

cent¡omere regions, with rings resulti:rg from si¡nifar processes aü

chro¡nosorne ends. Prerequi.sites for this these phenonena are polarity

of homolo¡1ous centromeres with free-floating chronosome ends, inplying

en association of homologous centroneres. Conversely, Kasha and Burnharn

(1965) report that synapsis of homologous chromosomes is initiated at or

near the ends, implying as association in regions distaL to the cèntronere.

In this case a premeiotic association of some description is nandatory

to perruit pairing i.nitiation at chromosome endg without the production

of lnterl_ocking bivaLents. Presurneably these latter tr,¡o functions that

of premeiotic association follol¡ed by pairing initiation at chronosome

endg.are responsibl-e for the high degree of pairing observed 1n the ditelo.

Sears (t952) as a resuft of studies w-ith wheat telos, indicated

that a chronosome even a telocentric dispLayed a nore nornal- meiotic

beha!{or when in a paired condltion. I'ihen a conparj'son was made of the
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frequency of abnormaLilies at various ¡neiotj-c stages in monotel-otrisomic s

and díteLos (fa¡te nVt) it was obvious that the same concept apptied

to barl-ey ùeLocentrics.

TABLE X.XVI

FREQUENCIDS (l) t.¡r ¿¡¡i¡il.LrrLITIFjS AT ì,IEIOTIC STAGES

IN ì,ICNOTELOTRISOÌ'{ICS AND ÐITELO ]4 + 2 - 15

Frequency of cell-s with:
¡,ve. of 5

Monotelotri sorric s Ditelo

UnivalenLs a.t diakinesis

tr orientaled on equatorial
plate

tr division at A1

T1 laggards

T11 abnorrnaLities

l{icronucLei per quartet

Transnlssion frequency in
selfed progenies

29,O

49.8

12.8 ( equational )

l-5,7

16.9

17.o

28.3

r.ô

95.r

91.2 ( reductional )

6.9

5.5

6.6

o"o

In every conparison nrade the monotelo showed a higher frequency of

abnormalities than observed in the ditelo. The transrLission frequency

of the exLra telo as univalent was ccmparativeJ-y 1ower than the trans_

nission observed through the ditelo. The frequency of aneuploids in
the selfed progeny of a ditelo at 92,9 percent appears relaLively high,

however it is a total of ¡ncno and ditelos observed at frequencies of

l+5.? and /¡f.2 percent respectively. With perfect neiotic behavior all
progeny should have been ditelos., These results indicate indeed, as
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suggesLed by Stebbins (f95f) tnat the increase in the basic chromosome

number of a diploid wiLh subsequenL rneiotic stabi)-ity is a rare event.

I'fonoteLotri somic s have certain advantages for J-inkage nappÍng

studies that rnay not be especially manifesL in barJ.ey because of the

existing exLensive J-inkage rnaps. They may be used to deterrrine the l-oca-

tion of a gene on a chromosone arm bearinq no mapped qenes, a situation

which precludes the use of eonventional three-point tests. In addition

a monotel-otrisonlic test, if properly executed, can be used to deterrnine

gene-centromere distances on chronosome arms havj.nq no knovrn narkers.

In the present study a number of nutants were crossed to mono-

tel-otri so;nic s, buLk F2 populations were groïTr and by virtue of trisomj,c

ratios the nutants were assigned to specific chromosome arms. This was

the sirnplest type of test, al-lowing F, planls to set selfed-seed froÌÌr

which J-arge F, populations Ìrere grokn. A nore efficl-ent technique though

more laborious, involves backcrossÍng the F, plant so that chromatid

crossing-over can be detected directly in the progeny by scoríng the

frequency of homozygous recessive monotel.otrisomi-c s . Approprlate fo¡mul-as

can be used on such data (Reeves, et al, ì-!ó8) to deterrLine gene-centro-

mere distances. This test-cross method will place physicaì. Iirn-itation

on the size of the progeny that can be produced, but smaller populations

are adequate, since the precision of the tesL is greater than that of a

bul-k F2.

An inversely proportiona3- relationship was found between the

frequency of homozygous recessives in an Fa monotelotrisonric progeny and

the distance betueen the Locus and centromere thus ÍmpJ-ying a direct

proporLion between gene-centromere distance ard recornbination. On this
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basis chro¡rosome-L-as soc iat ed genes were arranged al-ong the short ar'¡n

of the chromosome reLalive to two previous)-y mapped genes. This pro-

cedure was carried out despiLe the statements made by HaSberg and Per-son

(196Ð, !¡ho stated: rrThe distaL locaLization of ci,iasmata in barJ-ey is

not defj"nitely proved but there are nany indícations that Lhis is the

case. This rneans that chromosomaf material is inherited to sone exLenL

Ín seven big blocks rthere exchange sel-dcn occurs.rr This stateinent inpli es

that recombination, if and when j-t occurs, is confined to Lhe distal

regions of the chromosone. The observation reported here of interslitiaL

chiasmÂta aL lale diplotene in bivalenLe possessing two terr¡rina1 chiasmata

is accepted as evidence opposed to the general-izalion that chiasmata

are al¡no st exclusively terninal in barley. In addition the observation

of tL.? and ó.8 percenl honozygous recessives in l'a progenies for genes

Rq and br located proximal and distal from the cenLromere respectively,

indicates that the proportional-ity between gene-cenLromere distance and

reccmbination is oper.ative in barley in agreement wiLh weÌl documented

reports fron other crop plants.

However, using telos ín trisorùc conditions as opposed to the

use of mono or ditelos of wheat creates complexities that musL be con-

sidered before actual gene-cenLronere distances can be deterrrined

accurately. The frequency of trivalent formation as r,¿el1 as the loss of

univaLents must be considered in the calculaLions. It is also required

that aneup).oids be distinct froro euploids in segregating generations

(Sears, 1!66).

The nono or diteLo method will detect cross-overs betv¡een a

critical- gene and å centronere with a probability of 5C percent. fn
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t¡Ísonrics or monotelotrisorlis s on the other hand (taking a hypothetical

exanpì-e ) r^¡here ?2 percent Lrivalent formation is observed and J0 percent,

of univaLents are lost the probabili¿y of a gatnete being. the critical-

aa type foì-lowing crossing-over between the "aÍ Locus and centromere of

an AAa indiúidual drops to two percent in monot elotri soni c and five per-

cenù in the diploid portion. In order that probabilities of the Lrisonic

method approach Lhose of the mono or ditelo method, following a cross-over,

both cross-over chrornosones musù pass to one pole aL AI and the two

chromatíds carrying recessive alleles must also preferentially segregate

to the same pole at AII.

That telocenLric chronoso;nes may be unstable and become eliminated

in sonatic tissue has been the subject of a nu¡rber of reports (iìhoades,

1938, 1940; Sears, l-952i Steinitz-Sears, 1!66; Gupta, 1968; and Khush,

e!.a1, 1p68). Somatic elimination of the extra teLocentric has been ob-

observed in l-4 + lL Índividuals through chÍnera formation (Tsuchiya,

1968). Thege monotelotrisorric s are charact eristicalLy Bush in phenotype,

i.e. dwarfeC compared to diploid sibs, so that diploid tilLers can be

detected by their taller growLh. Chimeras of this..type have been ob-

served for the teLo IX of ¡.¡heat (Sears, 1952). There is only a limited

anount of evidence for somatic el_imination in the remaining monotelotri-

sonica. Because of morphologicat sirrilarity between diploid and aneupJ-oid

tille¡s in 14 + 15 and 14 * 55 chimeras cou]d not be detected. fn
somatic root-tip cells of 14 + 55, nornal diploid cell-s v¡ere observed

and spikes frotr this aneupÌoid and l-4 + LS l¡ere harvested in which no

monoteÌotriso¡nic seeds were found when 3O percent lrere expecùed. Occa-

sionalÌy seecs known to be monotelotrÍsornic produced entire prants bearing
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only diploid seeds. The nost connon reason offered for this elimination

is an incompJ.ete cent,¡.omere. Telocentrics ol¡e their existence to the

fact that partial centromeres are able to function; however, the func-

tion may be Less than perfecù. In barJ-ey Lhe unsuitabiJ.íty of the

pachytene stage makes it dífficutt to analyze centromer.e structures and

establish this as the prirnary reason for somatic elininatíon of telos.

ft has been reported (Endrizzi and Kohel-, 19óó) that intrachromo-

sornal- cornpensation fo¡ reco¡nbi,nation has been detected in at Least one

heteronorphic bivalent of colton. The absence of one arm vras shovn to

increase the amount of recc¡nbination in the existing arn. Does the

absence of the long arm Ín heteromorphic trival-ents of monotelotrisorLic

hybrids increase recombination in the short arn, thus decreasing the

frequency of homozygous recessj.ve segregates in the F, cornpared to the

situation in triso¡aics where th¡ee whole chromosomee constituùe the

trivalent? There were IO.8 percent homozygous recessives in the mono-

tel-otrisordc F2 progeny frorn 14 + JS x SV103 and 12.0 percent in the

triso¡Lic progeny (faUte XfV). The lower frequency of recessives in t,he

former ís indicative of a higher incidence of recombination in accordance

rv:i-th the previous model and may be taken as evidence for conpensation

except that a Chi-square val-ue of .0ll indicated that the tv¡o values

uere not significantly different. Houever with existing monot,elotrisorric s

as tools, the concept may be more adequaLely tested ueing several" rnarkers

located at varÉng distances fronL lhe centrornere.

The nonotelotri sonic s ídent,ified in the present investigation and

oùhers of the sa"Te type that should be isolated in the future have

severaL applications. They offer a higher degree of precision than
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t¡iso¡rics in genetic studies and investigations of gene dosage effects

on bioche¡nical traits. v/ith existing monotel-otrisomic s the centromers

positions on chro:"nosome s 2, l+, 5 and ó rìay nor¡ be mappe{ by techniques

previousLy described. Pollen transndssion of the exLra teLocentrics

r+as observed for the first tin¡e in barley and lrill provide greater ver_

satiJ.ity for c¡rt ogenelic studies than has been avaitable prerriously.
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