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AÌìSf iìAcll

A sturlv of rneioËíc chrorrLoson.e behartior as irrf luerrcecl ìry tenP-

erature r,¡as condrrctecl on ru'heat-rye hybricis pr:ocluced fror;r the cross

!,_¡1es_qlvg'¡ L. c.v. Chinese Sprine x Þ---Qsfg{e L. c-v. Prolif ic.

Truo genotypic classes of iryb::ids v¡e-rc usecl , vi.tt., tìrose containi.ng

a comirJ.e-te irapl.oi.cl cortpJ-ement f lo¡n eac:h pare.¡t (i. e. 2¡ = 2B) ancl

t.lrose clef icient for chr<:inosorrle 5B of 'r,'heat (2n =' 27).

Three dif f erc¿nt lerre-l.s of teÌnper.1 tLrTe r,ret. e ernployed , v i:z . ,

15oC, 21oC ancl 32.oC ancl h;vbrici 1',.i ants of eac.h constitut j on (?-n = 28

ancl 2n = 27) \,rere â1lor.¡ecl to rrr:dcr5:,o devcl,op:itertt ciul::i n1¡ nrcri.os:l'-s at

each tenì;rerê.ture ievel.

It r¡as founcÌ that ternps¡¿ft.ti€ of 32oC af f ec,tecL cl'r.::o¡noscil¡.e

behavior by reducíng hoiuoeologotis synapsis iilrich l'-n tul.n su¡lprersl;eci

chiasina f ::equency.

A. continuous val:iati.on of the freqrrency of hotroeoloqous

chronosorne par'-ring r.¡as founcl to e>rist j.n botir genotyites rrotr¡íttrstandi-rrg

tenperature regiir,e-. An hypothe.lis \eas aclvanced thrt strch a cljstríbtt-

tion frequencv r¿as <ìue to the ef f ect of a poJ,.¡gen:ic systetiì ccniri.butecl

by tire heter:oz1'gous rye parîent and r"hich colrtrollecl chronosoile be-

havior. The significance of suclì a systein frorn both a tl-reor:etical

^--t - ^y-¡{--.,.-'t -L^--1-^-'-¡- -: - riSCr.rSSeCI .¿:lllLr ¿i Pl-<tLLl.ucr ùLdrrulrur¡tL !ù u
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INTRODUCTION

llexaploid wheat !f:=!.:.ç"t'f -e-gqJfru! 1,. (2n = 6x = 4?.) is niacle

up of titree differ:eirt genoir'.es A, B a¡rd D. The three Benomes v/ere

derived f rom closely relatetl 14 chronosorne clíp1.oicl speci,es. Ilach

pair gf hoinologous c,ttro¡¿osoines has a corl:espon.dÍ,ng homoeologorrs

paí-r in each of the other trvo genomes.

In spí-te of the very close gene-ti_c relatj.ot-ìships be.tr.ree-n

hom,->eologous chromosolnes irr hexaploid r¿he¿tts, normal rreiotic be-

havior preclucles pair:'-ng betrveen hornoeologues. Thís 1a.clc of paí-ring

rv-as er,Dlainecì by pos'cu1.atí.i'rg gene mutati.on r.¡hich suppressed homoeo-

logous synapsis. sear:s ancl Olca.uoto, (l 9-58); ancì Rí1ey an,1 Cha1,u,a.,,,
J'

(195S) , sìrorvecl that a ge:re (s) on the long erm of chroniosome 58 (58 ) ,

'h7as responsible for the suppression of homoeoiogous peir:ing at meiosis

ancl that in tÌre absence of this ernt, honoeologous synapsis occllr-c

as it does ín the absence of tl-re complete chro¡1osolre.

Since Ëhe cliscovery of the 5lì" gene (s) ín r.rheat, rnany 
"¡¡¿ppts

have been rirade to eltrcidate its true method of acti-on in t'[re contro].

of meiotic pairing in rvheat alrcl jts h-./brids.

Ear:ly reports irr most hybr:icls betr.'reen T.--qqg!-"-.tlÈ ancl l4

chromosome- dipl-oid species Ín the genera Secale, 4g._ro-¿tr_-9¡, ancl the

abanclonecl qenera _tu_c..Lo_p_q., (no-* íncludecl in lflrf-qg), showed that

there i.s little cl:romosome pairíng at rneiosis pl:esuILlably becairse

homoeologous synapsis is precluclecl by the unncdif:'-ed effect of chro-

rnosorne 58. lleve::thele-ss , Ilaka¡ ima, (1952) ; and ìlakaj ima. aircl Zennyozi,



(1966), have shor";n Lhat cìepenclirg upon th€' specific conbinatiorr,

vrlre¡f--r-r'e Ë hvhrids cell exhiirit r¡:rvirro ir,c,r-r,oç of chrotrosonerr,.¡ \¡\.€rr.Lu\
I

pair j liq everì tÌrouglr cllronroscriie 5ll is pl'escnt . Furtheì:Frore , the
f

findings oÍ l'elclrnarì, (1966), clezrrlr¡ il,1usr:rat.ecl t,hat 58" activ-i.ty

affccts thc: ¡';1ç1¡'siot.ic spa.tr'-a1 dj,stril>utj-oir ancì relative orientation

of i¡o¡¡ol,ogous; anri ìronoeologcus cTrrc¡.ìosornes arrcl that chr:or,rosones

5A and 5Ð liave air effect orì pr:elììej.otic associatíon opposit-.e to that

of their hoi,ro<,:ologue 5ll . I'ij-s sug¡cstiorr that every c'tipi.oicl species

in the rvheat g,rorlp rriay irave a gcllcì sj.lnilar to tire one present on

cllror:rosorne 5l), erìcour-rqec'Ì us to rurcl crtalce a revier; ot'ì tiìe ureíotj-c

behavir:r of r+hea t-r y-e l.rvbr j.cl.s ,
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RI|VIÌ]I{ OF I,ÏTI]I?.ATU}ìE

The behavior of cìrronosoires, especíaJ.1v durjne tlÌe first

meiot j-c r¡etaphase ín r+licat-rye l'ryirr:icìs has been studied j.n detail

f or: rnany years. Early rrlports f rorir Kihal:a , (L924); Thonpson, (1926):

lfuntzing, (l 935) ; LÍJ-j ef ors , (193(r) ; liakaj J-na, (i956) : ancl ot:hers ,

have -ctressc-:cì the J-o,u fr-eciucnc.y of bj-valents at. first nrctaphase of

neiosis ancl :;hoi,¡ecì the distant rel-atíonshii¡ of Secale rvith m.ernber:s

of tire rr'ileat gl-oup. Soi¡le e>lcepLíons to this gener:a1 conclÍtion have

been repoi'Lecì " lor exai:i¡rJ-e, lial."ajÍn-a, (1952) , descr:ibed a r:heat-Tye

hybri-d r,riLh an urrusualJ-y high frequency of Lrivalerits. Later: Ììak;:.jina

arrC Zennyo::i, (1966) , siror,'ecl that in r,,'lieat-::ye liyb::i c1s tiie::e ís a

corrtj,nuous varíaticln in tire mean nuinber of biv¿1c.nts anìong planÌ:s,

farrgirr¡¡ froir conl:1.eLe asyuirpsí.s to 7 .9 bival.ents oer i>].anC arrcl, a

range Írorn 0 - J I paÍ::s per c.c-11-. Thcy concludeCr that the va.::iatíon

ii'r the number of bivalenLs cirse::vecl r¿as influeirce-d bv the qenetic

be.ckground of the r¡he,-at usecl in the ci:oss. .

T

Prior to the cll'-scovery of the 58" ge¡e effect on the control

of honoeoJ-ogous pairíng in he>:aploid r'rheats by Sears ancl Ol-.amoto.

(1958): and Riley and Chapi:ran, (f958); only one class of ruheat-rye

hybrids r!'as reportecl , viz, 28-chrorìosoine hybricls. These LrybriCs shor.¡ecì

very 1itt1-e pairing at rie-tapilase J of neiosís. Wi.th the knoiuledee

f

nf tho iRr' qerro D':1 -... ^-- J nL^-..1ân - suçr'esf erl tllnt the oenetí c rrecha-U! LLIY JÐ óçrlç t !rM-Y õ!-ll Utld!rll¡(¡¡! l

nism rr,¡hich restricts pairi.ng betrveen homoeologous chromosonres of
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\\,iì'.?âL, nrigilt also be resllorisible fcr tire failure of ¡;¡heat cirronlosones

to pr.li.r r,¡itli those of certar-rL sltecics in rel,atecl genera. lliJ_ey,

Chapurair anC Kinber, (l 959) , tested this hypotliesis by conparing

28--cÌ:ronlosc;¡re (-58 present) i.rheai-r-yc: and iuÌreat-Ae¡_il_q¡s_ long-is_sinra

L,.L--' -1 ^ --: ÊL O ?rr)¿Llr.r-Lrb v.'-LLrr ¿r-cirrornosoine (58 deficierrt) liyìrricls ancl founcl ari in-

creased number of bivale,nLs j-n Llte 27 cilrol¡losorne hybricls alorrg ivitir

trivalents alrd quadrivalenis. '1'o ei:pl aÍn the, pr:ìsence of quac'lri..'alents

the-y su.ggested th¿rt ilornoeologous chronosr¡iires fr:our eacir of tb.e tirree

genornes of r'¡ìreat ancl a rye chrorriosoÊìe rri¿1ht be associateci. ì'leverthe-

less, tÌre t'¡heat-rye irybricì clefic:lenl- for chronosone 5Ìì, shor.ted a

iov¡e¡: f rt:quency of bj-valerìts per ce-I1 as cor,rpa,red r.ritlr the levei of

rvheaE-Aegil:¿l ]:"_l¡i:_=¡,9 pairing and they sugeested rliar so¡ne

interf erence f rorrr Liìe rye chro¡rosories dirr-irrq r.rei_osis rnay e:risL 
"

In a furll're:: exarni.natjon of hybricls displaying ironoeol.ogor.rs

pairing, Ì.Íura:rr.atsu" (1959); IìiJ ey, (19(r0-1963) ; Cauderon, (1963) ;

Upacli.ya ancl Sr¿ar¡liuathan, (1963); aricl Lacaclena , (L967) repor:teci hybrios

involving hexaPloid rvireat and niost of the diploÍc1 spec:'es of Aç_gélç_rrs-,

_S_qcg]g anci {Erpp_Ir:en. In all but a ferv hybrids examÍned to date.

the suppression of homoeologous paíri.ng r¡as eÍfective in the presence

^F <rì 1"'r- '.^* in its a.bsence. [4:ere e.>:ceptions occurred, theyvL J y, us L r(u L rlt l LÞ c.uÞçtlLr . ilrisf E ç-f.uglJ LJ'c,Il.l

inclucled hybricls be-ur¡een ll . aestivun ancl the clipl-oid specl'-es T::iticr-rrn

_e¡_g_lto_tqeq (= A.-g_iåqeg !_psl_-L_o_Lqqg) or T.-¡rlþ¡¡po_!çigs_ (= _4e.._ ¡¡q_t-!_q-a_),

in rvhich considerable nieiotic pairínq occurred and ivhicl'r Riley, (1960).

proposeci to l¡e cr-re to the suppressiorl of the 5lì gene by the genorype

of tl¡ose specÍes . Riley (1963 ) : aiso pointecl or-rt the anoiralor_is beha-

vior of rye t,rìricÌr when crossed rsith rvireat) gave rise to hybrids in



-)-

r.¡irich the al-,sence of 5lll cause onlv a ::e-l-atively snìal.l- increase

in o;ririno. Tilis {tinrl ino l orl hi" ¡^ 11' 1i f }rê ï\7o oêrr^f'\r r-t. rr¿lit LO pf OpOSe f fì¿. - -, _ .,_..., *yrpe

inÌribÍts pairing in a r.;ay very sj-rrrilar to tirat of cllroiùoso1ììe. 5Il .

tlor¡ever, ì'iclnvk ancl Linrau, (l-959); contt:al:y to the estal¡lisired oni-

nion, denonstraLed that tlie ch:-olrLosclrnes of rye are capable of inter-

generic iraj.::ing at leasL r.¡i-th tlrose of T. tauscirG (1e.. _1ç¡g5l-r_ro_13-),

dortor of the D gerr.orie j-n 1. aest-iv_urtr. Tiiey forrnrì th¿lt uo to 257i

of tile bivalents oL.served r;ere f ornecl by Secale-Ae;¡í1ops coni trgations .

Okanoio . (1.96?-, I963): aäd iìiJ.ey, Chanman ancl Be1.f i elcl, (l966) :

sLud:'-c¿d thi: effect of niut-aqeüs on t.ire actj.on of tjre 5IJ chrc¡nosorne

ii-L rçÌ¡e¿iL-rye. Ì-iybrÍcls. /i riuLated 5R night possibly be dcte cterl by an

l'-ncreasecl Ír:c j-<icnce of irolnoeololorrs chr:ollioso¡ie paÍ rÍ_rre ( j . e. sìrrDpl:es-

sion of dip-1oír.Ìizrit-ion). ilhese írrvesLi.ratj,ons Je.i ¡ç the finclinq

tìra.t ili aî: l-east sone ìry,'ri:i-cis en unrisuall;r hich f :-equcrlrcv of holioeo-
-l 

^^^,,^ ^..," -?,... ^ + -'r"L)i',()rrs coti-l r-riraL:-ons occr_rrrc:cì. l.;everthel ess, j.t t¡as not possÍ-b1e to

r€:c-oa/er or f ix the "rnuLatedt' maierial- in l.ater eerier:atíorrs, poss;i.bJ-y

becatrse the. hl.gh freqriency of honoeologous paÍ.ring as c:.:Ìribítecl L,-v

tiie fer¡ hybricìs r'¡as clue solery to tire eÍf c:ct olr tiìe rye pollen JlqI-
T

se as distinct f ro¡r a nuiatio¡ral ef f ect írrvo1.vÍ.ug the 5R" t'10custt.

One of the ¡rtost ínÞortant sLudíes j-rr tire uncle::starr.Cíng of the

ef f ect of the 5ü gene (s ) i¡as provi<Jecl bv Fe-ldnan, (196(r ) , usínq

plants of J_r__{gs_!_tyfg r,.'itir c1iffer:elrt dosages of the Ionr; ani'_ of 5R

es an isochronosorie . Felcìnair concl-rr<lecl that tÌle 5lll' sene (s ) oper:ates

by requl-atí-ng the preneioLic spatiill <ìistr ibtrt j.on of both honol-ogous

and ironoeoJ.ogor-rs chr:onosones. Ije also reportec tha,t to a lesser
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extelÌt, citroÍrlosortes 5D arìd 5Ä have an effect on pr:errer'otj.c association

r'¡hicir is opposite to titat of tfre j.r irorloeologue 5BL, anC that higÌr tenlp-

erature rela>res sonaij.c associaiion irr nl rnf c ','itii extr:a dosages of
T

)1Ì , presrrnrably ìry af f eciiug tite actiolt of tìre DronroteLs.

fn a later report, I'e--lcir:ran, )le1.lo-SanÞílyo and sears, (1966) ,

col:cJ-uclei tìr¿rt tlie phclor'.cnon of irrerreiotj-c associet j.on of hoiriologorrs,

and to a lesser e:,tet-it lior,,oco1o¡ous c.tironosofilcs (person;-t1 co¡,iii,tiilic¿rtíon)

in T."- e_e_g*tr'-.1¡g!, j-s not exclusive of tl-re meiot,ic cel-ls. but rat-.he:: a

COiir.i¡ÌorL si.tuation in all cel.1s tirror-rqi.¡orrt the 1j f et oi tìrer p1.anL. 'I.hese

r'ro::ke::.s al.so pr:est:nted a list of refi:re.nces r,,']rj,ch supnclt--erì the,ir

collcept th¡r t so;'¡atjc assocj.atj.on occllrs noi:i¡al..l rt i.n nany anj-rn¿-il. ancl

pJ.ar:t ç{eirel-a.

Ve-r:y r:eccl'ltl,v irel_<1r.ran and i.iel

delrce to siror.,' tilat the phe:ronrenon c;f

is a ver:y cc.ml.lex one. In acldj t:-on

ar¡r of 5i; (SES) also niay act i¡r rhe

Chapiran, Yoring ar-rcl lie-1-f iel.cl , (l çf¡6) .

alsc¡ Ìras evicje.nce r'llicir su..¡gest tliat

ímp1ícated in tire sarne pÌrenonerlon,

the. ho¡iroeologous ch::onosoines of the

1.o-Sai.rpayo, (1967) , nresc:ntecl evi.-

so:ratic assoc:'.ati_on in

to proi,rote-rs 5D ancl 51.,

sarre nranner. as su.qgesLecì

J--... -qq.gti--v-tr¡i

tire short.

by l{ilev.

I¡el-clman (oe::sorrerl comrrlu¡tj.catíon) ;

tite short arrn of 5A and 5D are

These Cata shor+ cle:ar1.y that all

grorlp 5 in T. aesLivun al:e impll cated

iir tìle sarrte pnelnoincna anci renciers plau*si.ble Ì¡elclnlants assuilption that:
L

tile 5li Selle (s) írrÍtia11y pronroteC pi:erneiotíc assocjation but sul¡se-

quently rnutated to a f orm rvitir the opposite ef f ect.

I'eldrlan and ile1lo-sanpavo , (L961 ):. stucl j.ecì thc rneioti.c I¡ehavior

of v.rheat-'L 
--s¿g-1-!-o-i-4,3s- 

hybrids ¡-ncl the ef f ect of ternper ;tur-e- upon tircnr.

Their resul-fs leci their to suggest that Ehe r_.__g;r_e,-l_qo.i_cl_g-s_ genotyDe, has
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a gcrle (s) r.:irich, in conbinatiorr i.¡ith thc,se presenE i.n 54, 5Ilr a¡d 5Ð

L
can j-ncluce honoeologous pairíng rrotr.¡iLhstanCing tire preserrce of 511

in tire sarile- genotype.

Tn a ver:y rec{'jnt rei)oj:t by Lriscol, Darvc¡' and Barber, (1967),

on the ef fect of colchicine ort neiosi¡; of 11 . ae.sti-vur¡i. e-viclence r.:as

founcl to support ea:lv fincìings that preraeic¡Líc associ¿ttion in he>',a-

ploid rvìreat d-oes in f ac t exis t . !'ur tlrerniore " i,rilen tire c]rnq r,ias appliecl

bef o::e the onset of nre.iosj-s i.t acts in a r.;ay very sj-mij-ar to 5BL,

possÍ,bly enhancí-ng iLs ef iect in t.he srrppressi.oil of honologous pa.lring.
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ì'íATEIìIhL Ai'ìD Ì'IETIIODS

Al-1 r¡iteat-rve hvbricls used in the Dresent stucli r{ere deriva-

tj"ves of T, aestivum L. c.v. Chint:se Sprine r.rhich senotypic¿f ly I'rere

êí ttlÊ'r' errnl o-i rl - 2it. = (rx = !+2 ot tiLoilosorìi,c f or

2r-r = 6.:t:1 = 41. The rye parcntal gc:rrotype \,ras a

tire 5lì chronosolile.

strain of Secale

cereale L. c.v. Pro-l-ific. 2n = 14. ilotir spec:'-es i-'eLc mai.ntaÍ.;r.ecl by

the Depa.rtrLe¡rt of Plant Science: Ihr:lversity of ìianitoba.

(rrnl'lrpqi c
,'jJ _' :,"_:.:-:-:t::Ì'_ of }:lybricls

The parental specí.es \.rere Si;roi^,'n in er g,ree¡ihoitse l'.r-ì sj.x-í.Ð.ch

po ts antl cl:osses r,¡ere rnacle clurinf-l larte spr.i-nn of 1.967 . l'Jith the aícl

of e:nbr-vo culture rnethocl in the r.:a1' clescrí bad by lielnyk, (l 957 ) . 52 ,

23-chronosoilre tr1'hricis (21 chi: otris()lìre froni r.¡ire¡-rt and 7 f ronl r)..€:). ¿rnd

1 8 2 7-chrnr'nqo¡r. lrvlrri rl s ( rlef i r-i enf f or 51.,) r'el:ir estalil.i shcri .*-,.¿'./)

The hybricls i¡ere first f,i:o\.'n in a grc;i,'t:h chanber in t.¡hich day

ancl night tenper-a trri:es ave:--a:ìer:i appLo>:Í.niate1y 1 8oC an(l l 0oC (r I )

resrrccf'ive'lv wí f lr a l6-horrt rrÌroton,-r-iod - 'fhe.se c'ror.rin* c.olldi ti ons

ç'ere ef f ective in inití¿ltj-ng good til l.e¡: developrnent during earlv

¿y^"*1. ^{ +1.n 1"'hr-ir] rr'l ¡rrf q
:jlUì1'Lll UI Li.iE Ir_Vurr\r yrd:rL,).

Upon the Cevel.oprrent of the thírd tiller, 1û cf the 52 , 26-

chromosome hybrÍ-ds ancl 6, of the 18, 27-chromosone hvbricls r,¡ere cl.oned

in such a \.rav Èlrat three clonal units r,¡ere sectioned. froil e-ach parent

¡'l ¡nr R^rÌ. ,-n,11llationS rùere tlien allor,¡ecl to cle.ve'l on rrni f ornrilV atPrarr L . rrv Lrr y!,r/rtrcL L rvrro

10otl f or appro]:l'.nate1y 4 ..:eeks. Prior to thc o¡ìset of rneiosís, eaclì

of Èhe tìrree cloiral rinits clerivecl f r:on each parent plant \rere trans-

f erl'ed Ëo one of three dif f r:rent telìperatrrre regiines mai.ntained Curint
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ileioiic cìevelooi''ient, vi:z . , 15oC, 21oC an'J 32oC ( j 1) . llhe reinainder

of tlrc po1:u1at:lorr of ur-rclone.C h1'br:ic1s r,¡i--re cl j.s tr j.buted ecluall)' aarol-rg

tlre three treatnents resultinrl i-n a tot.al- of. ?-4, 28-cÌrro¡loson,e h¡lbricls

and i0 . 27-chroxìosone hybll'.<ìs Lestecl nnc'ter each te'ripc-rature regine.

A photopeliod of 16-hour diiration \.:a,s rrìaíiltained ¡1i¡61rr¡holrt the st:u(ìv.

_C-tt_q-l,oqLqjil_$_t_USl-Lu_-s,

At meiosis, spillcs fronr hybrjcls j-n each of t.he tìrr:ee ten.¡uera-

ture regirnes \'rere f ixccl in Carnoyrs -sol-uti.o:r an<l af ter 48 hours r'rere

trausÍerred to 70,'{ al cohol until. exami.nation. Preilarations of polJ,cn

nLotirei: cell.s at f irst i:ie:í.otic uretaphase t"ere i:acle usirre- tlie aceto-

caruli-ne rirethocl .

f n the anal-vsís of Ir., hyb::i cls , recorcl s r.re.::e itei'rt of the nuin-

ber of trnivaleuts. opert an<'r closed bival.cnts, tlivalrlrrts ancl híghe::

lnu-Ltjr'¿rJ-cnts that occulred per poJ-len mot.her cel l at rnetaphase I j_n

incliviclual. plants in each tre-ati¡errt. In scorin¡¡ the r-iuinber of chias-

mata per cell, open bival-ents r.rere scorccl as one chiasrna. cl.osecl

bivalents as rue1l as trivalents as t-.rvo chiasnata, an<l quacl::ivalents

as three chíasr:rata. Tn orcier to f acil.i-tate compar:i.sons of resul-ts

betrveen the Cifferent hybríds ancl to make possible a clea::er evalua-

tion of tlie paiiing f reqtiencíes of inclivicluril. hybricls, the cornple>:i-

ties of pairínq rvere reduce.cl to a corn¡ìorl denonlinator of a unit ter:¡ecl

a "bívalent association' as sulgested by liíhara, (1929). Tìhus, eitlier

a cl-osecl or open bivale-rrt as t.¡ell as a trivalent coirfj.quration ¡,¡as

i.irterpi:eted as one bi¡,tal-ent association, rvhil.e a quatlrivalent r¡as

consiclered eotri..¡a.lent io tru'o bivalent essocia,tions. Â.poroxÍ:rately
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I C[) ool I r:n notirp.r celIS \irerc e)iamined and scored f or e.aclr hr']rrirl .

Cytological- examínation \'Jas concluctecl at a nìegniÍication of

I25C ciiar:rcLers, r,ririle photonicro3raDhs \./ere recorcle<[ at 1000 rnagni-

fications.
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RTiSU]-TS

The varj-ety Chinese Spr:ing r'ras choscn for titj-s strrCy as tlto

rsheat p¿lrent because it is lcnoi¡n to possess the prírr.l'.tir.c gcnonic

strtrciure of the earlv rvheats. also becar¡se of t1-re r.elative ease

r'¡ith r.¡hich it can be h-rzbr:idii:ec1 r.rith rye. 0¡r the other iraird, Seca.l.e

-c_er:eale c.r¡. ProlÍf ic is of anntral spring grorvth ¿rlrd used extensi-vely

in the Triticale- l-.rer:cl ing prop,ram ín the Plant Scíence Departnicnt.

Cytol.ogical clata of tire F, ir-,'brids at the three dif l. erent
!

tentpcrature tTeatnent are suli¿narized j.n Tables I to VI incl-us:'.r'e. ftr

Platcrs I ancl IT., typical netai-.hase I f igurcrs of son:e of the hvb'¡- j ds

are Dresente-cl .

ì.lei_o__A{l*ql _?_t:qlllgqg ::ç,r,.ç- ..I,- i _ lifltfi_t? at l-5oC . 2IoC ancl 32oC

Seventeen 28-cl.rroi:tosoile r.rheaf:-l:yc hybricls r.¡hj.ch \.rere gro.,.m at

tire l,5oc treatire¡rt r.¡ere anal.yscd at f irst ¡ieiotic nìe1:aphasc. The

avcrage brÎ-val.eirt association per cel-l sho¡,:ecl cont j.l .r.torrs variation

anìong pJ-ants f ro¡r 0.05 to 5 . 63 (Tabl e I) . iÍost of tiie bival-ents r,''ere

rocì-sÌtapecl: trival.ents a¡rcl or rnore conplex associati.otls \,7e1:e not ot.¡-

set-vedl irr the nore asvnaptic Ìrybri-ds (Plate T. Fig. A) . llor.:eveï." .âs

r. h¿, .ìo^raô ^f 1'^t,loOol ooo¡s r:¡ j rítrr Íncretaserl _ :s for exer,lr¡l e_ in

hybrí,ds ll-36 ancì Ii-15 (Table T), r:oc1 ancl ring shapeC bival cnis \,rere

obser:ved as r,rel-l as tr:i-¿alents an<1 auaclri'r¡al-ents (P1ate I. l-igs.

B and C). In general a v¡Ícle variatj.on in tÌre paÍring rel.ationsirip

occurrerd at the 15oC ter:rpereture, rangine fro¡n ce1.1s e:"lhibítin.q con-

pJ-ete asynapsis to so¡l1e r.rhicll íncluCcd up lo eighte.en chr:ornoscines
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llable I. - ]iean pairinq fi:equency pe-r:

present) r.;heat-r:ye hybrícls
cell in 2S-chrourosori'e (58
qrol.rn at 15oC

ll ybrí ci Ce1ls Un j-v.
Sco¡ed (ÌÌangre)

tsivalents
Cpcn Closecl

¡/r'^--^\ /ì-,.^^\
\!\(¡ rtqc rf \¡\d!r<ç /,

Tr irt . Oriad .

(lìange) (1ìarge)

Aver. Ciii.as-
lliv . nìate
Ass. (lìange)

TI_25

li-B

tr È 1
ti-)L

H-63

If-11

il-o¿

H-l4

!r-68

It-66

H-104

Ir-9

H-5

ir-61

11-64

þ,-67

H-36

n-l_5

100 27 .9(t
(26--28)

100 27.42
(22-2e)

I00 2.7 .34
(24-28)

100 2.6.52
(20-28)

100 26.52
( 1(r-2I )

100 ? 5 .9?_

(22-28)

100 2.5 .5?.
(1 8-28)

200 24.33
(1E-28 )

100 24.28
(20-28)

100 23.E4
(r6*23)

100 23 .50
(18-28 )

100 23.34
(20-28)

100 22.(t4
(.r7 -28)

100 22.25
(16-28 )

100 2l . 88
(18* 2B )

100 17 .7 7

(13-2 8 )

100 15. ç)r
(e-28)

0.05
(0-1 )

0.29
(o_3 )

0.32
(0-2 )

0.74
(0-4 )

0.72
(0-6)

L.02
(0-3 )

1.22
(0*s )

L.77
(o-s )

L.7 rq

(0-z+ )

2.0c)
(0-s )

¿. LO
(0 s)

2.L0
(0-4)

? 5S

(0-5 )

2.68
(0-6 )

¿.oJ
(0-5)

3 .8:r
(c-6 )

3.3r
(o_7 )

0 .01
(0-r.)

0.02
(0-1.)

0.02
(0-1)

0.02
(0-1 )

0.05
(0-1 )

0.04
(0-4 )

0.08
(û-l )

0.06
(0-1)

0.20
Q*2)

0 .01+
(0-1 )

0.18
(0-2 )

O lfr

i0-2)
0.54

( r)-3 )

1 '<7

(0-3 )

0. 0l
(0-r)

0.02
(0-1)

0.02
((¡-1)

0.02
(0-1)

0.06
(0-1 )

0 .01
(0-1 )

0. 18
(o-r ¡

ô 1<

(0-2)

n .4,?

(0-3)

0.05

0.29

t\ a?
V . JJ

0 .14

a.74

I . tl,l!

L. ¿q

r ô11..ÒJ

1. B5

2 .08

a al.L . L.a

2.68

2.87

2.97

0.02 4 .54
(o_1)

0.0ó 5 .63
ln_1 \

0. 05
(o-1 )

0.2.9
(0-3 )

U. J¿I

(0-3 )

0.7t¡
(0-4 )

0.76
(o_6 )

1.06
(o_3 )

7.26
(0-5 )

1.89
(o_s )

1.91
(0--4 )

(o_7 )

2.32

lq-s )
.) <t,

(0- 6)

2..78
(0-s )

J.UO
(0-6)

(0-5 )

5.21
(o-1c )

7 .89
(o-13 )
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Plate I - Firsi- ¡neiotic nìeL¿iphase in hvbri<ls of lll:í tt',cllrÌì aes Livur'l

L. var. Ciiinese Spring x !gqa].ç_ ge-rqql_g 1,. var. Irrolific.

Fig. A - An asynaptic 28-chronosomc hybrid groun at l-5oC shor.rr'rrg

one bival.errt anr,l 26 uiri¡¡a lents .

l'igs. R ancl C - Ilybricls iritlt highc:: iro:locologous pa-irinÍ{ gt:o\rn at l.5oC.

B. tr'ro trival-ents , tvro biv¿r.l-ents ancL l- 8 uníval enus .

C. One quadrivalent, f ctrr bivalents ancì 16 un j.valents.

Fig. D -' Asynaptic hvbr jrl [íro\..,n at 21oC sÌrlx,;í"ng one b j-va].ent anC

26 rrn:'-val-€ìnl-s.

Iìígs. ]ì aircl l- - lìybrjcl s r.'ith hi¡,Ìrer honrocologous paírí,ng grol,rlt at:

2IO C.

E. tliree c.l-ose<l aLrd. one operL bÍrral.elrts alrd 20 uiriv¿rlenis

!-. one trival.ent , f ive bivalents alrcl 15 uni.valenLs .
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involved in pai::ecl configuratiorLs. Averalle chiasr,ra frec¡r.ienc¡r pcr cell

rangeci f roiLr L'ì .05 irr tirc r.ios i asyrraptíc plant , to 7 . 89 irr those hybrids

wítir a high leve1 of hor,:oeologous synapsis.

At 2:loC 28-ch::onrosone l'l hybr-icts of J*_eg1Éy¡11 >, :s-. _q-eåqq].q

behaveci sÍmi1arly to those stucìiecl at l-5oC. [yç'rroa ]r¡'¡'r'l a,rr rssocia-

tion per cell ranged from 0.47 to 3.09, r.¡hil.e the rLrean chiasma fre-

q¡rency var j-ec'[ f ron 0.50 t.o 3.39 (Tah1e Il) . ì,1osL biv¿r.l..ents i,¡e::e rocl-

shaped but occassionally ri-n5¡ bival-ents as r¡el-l. as trivalents and ciuad-

rival-ents r''ere ol)serve,cì (Pl.ate I, Figs . D, il arrri I') .

Ten of the 2E-chronLosoiìie hyblj.cls gr,-o',,riì at 32oC r.:e::e a:ralysed

at f irst meiotic nìeL¿Ìpilase. The avcr¿lge birral-errt ¿rsscciation per cc.:11

ra¡rocr'ì fror¡ 0 -1?. to f .12 ancl âver:¿ìpe r:ìl'íasm.a fr-É'nrr.ncv ner cel l r'¡¿rs

very loi,r, ranging f r:onr û. 12 to 1. I3 (lf al¡l e lII) . Almosl alJ- tire bi-

valei.rls scc¡recl r¡er:e roct-slLaireci ancl no t¡::Lva.l.ents or highel: assoc:latj-ons

\ùere- seen. i'farLed asyirapsis r.¡as observed in all- livbrícis groi,:n aL

thís tenrpcr¿rtur:e (I,1aEe IL, l'igs. 7 ancJ 2) .



Table ÌI

_ IJ_

r-.lean pailing freqrrency Per
r+Ìreat-rye irybri<1s grol'Itì at

in 2B-chromosome (58 pr:e:sent)cel1
TLAC

Iiybr j-d Ceils tlnív.
Scorecl (iÌ- nge)

BivaleriLs
Oten 

- 
-*Cl.osecl

(ÌÌange-) (F.an¡¡e)
Triv. Quacl .

(i{ange) (ilange)

Aver. Chias*
lliv. rnata
Ass. (tìan*e)

i-i-34

H-7 L

ti- tl r

li- ii l-

H--62

ti- oq

lì-68

ri-oo

lr-38

rr-18

H-4¡

H-50

0.44
(0-2 )

0.68
(0--3 )

1. 14
(0-3)

1. 18
(o--s )

7.27
(0-4)

1_.27
(0-3 )

1. _s2

(0-s )

I.7 J.

(0-4 )

1.85
(o--s )

L.92
(o--6 )

2.20
(0-6)

2.23
(0-5 )

2.79
(0-6 )

0.03
(0.-1)

() .47

0.68

L.7 tt

1.1.9

I .30

1.. Jo

1 (?L.JI

1. 78

r.85

¿.UJ

¿.LiL

2 .41.

3.09

0.50
(0-2 )

0.68
(0-3)

t. 14
(0-3 )

1.20
(0--5 )

1.. 33
(C)--l')

r..45
(0-3)

l. . t)./-
(o-s )

l.88
(0-4 )

1.85
(0-s )

¿.LL+
(0-3 )

2.6L
( 0-8)

2.54
(0-6)

? ?cl

(0-8)

100 27 .0,3
(24-28)

100 26.64
(22-23)

50 25.72
(22--28)

100 25.62
(1ó-26 )

1.80 25.3c)
(20-2¿)

L[-]0 25.28
(22-28)

2AO 24.90
(rs-2 I )

150 24.43
Qa*28)

100 24.30
(18.28)

150 23.93
( 16-28 )

1û0 23.74
(16-28 )

150 23.L7
( 18-28 )

I2O 21 .7 e)

( 16-2ö )

^ r\1

(o-1 )

('. (\')
(o--l )

0.09
(0-r )

0 .05
(0-1 )

0 .07
(0-1)

0.10
(0-3 )

0. r.5
(0-3 )

n 1?

(0-1)

u. ¿o
(o-)\

0 .01
(0-1 )

0.01
(0-1 )

0. 04 0.0r
(o-r) (o-1)

0. 01
(0-1)

0 .04
(o-1 )
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Table I1I. - ì'Íeall pairin.q fr-eerrerrc,v- per
present ) ruÌreat-rye hybricis

cell- in 28-cl-rro:nosor¡e (5if
gro\^rn at 32oC

Ìlybríd Cel-1s tln j-v.
Scorecl ( fì¿rnge)

Li_yql-q_tÈ"_
0p en Clos ecl

(Range) (Range)

Aver. Chias-
Ouad. Biv. nata

(lìange) Âss. (Rang;e)
Triv.

(Range)

H-40

I-'-6lt

Ir-68

TT-7

li-61

I1--t+9

tr-37

t\-62

Tt-27

ti- ¿o

l.rJ0

r00

100

100

200

100

100

100

200

0.12
(0-2 )

0.13
(0-2 )

0. 15
(o-21

0.r6
(0-2 )

0.17
/rì-?\

n ?/,

(0-3)

0. 55
(o_3)

0.60
(0-2 )

0 .67
(o-)\

1. 11
(0-5)

0.01_
(0-1)

0.01
(0-1)

0. r2

0.13

0.15

0.:t 6

0. l-7

ñ'1/,

0.56

0. 6c

o .67

7.12

t\ 1')
(0-2 )

0.13
(0-2- )

n 1\
(0-2 )

0.r6
(o-2)

0.17
(0-2 )

0. 34
(0-3 )

tì 57

(0-4 )

0.60
(o-2)

o .67
(c-2)

I.r3
(0-s )

27.76
(24-?-8,)

27.74
(24-28)

2t .70
(24-28)

27.68
(24-2-B)

2.7 .66
(24-28)

27 .32
(2?_-28)

26.E8
(22-28)

26.80
(24-28)

26.66
(24-28)

25.76
(18-2 B )
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Plate II - First rneioLic r,retaphase- in hybri<Js of illrl'-rictLrn aestivunr

var. Chine-se- Spring x Secale cer:ea1e var. prol if j c.

Iri.,:s, 1 and 2 - A 28-chroirosome hybri.ds groirn ;rt liígìi tenperatrrre

(32oC) sìroi+in3 asynapsis (28 wÍvaIents, ancl one

bivalent and 26 univa.l_ents respectively) .

l'igs. 3, 4, 5 and 6 - 27-cTv crìosoirìe (5ll def icient) hybr:irJs.

3. A h1'bricÌ gro\.rn at I5oC shortinp; one trival_c,-r:1, f our

closed anc.l L¡,¡o open bi_valents ancl l_2 univalencs.

l¡. A Ìr-ybr: j <ì gror^/n at ]5oC shor,¡inç- three {:r-iv¡ lenis,

orre cl-os;ed a¡r<j f Í_ve operi bj.val_ents ancl 6 uir j-izal_ents.

5 . A hybrid ql.-ot¡r.t at 21oC sÌror.¡inq f ive trivale,-:rts,

one bi,v¿rlent and 10 uni_r'al.ents.

6 . A lrybrid gror,rl at 32o(: shorvinq tr:,¡o tr j_valen Ls ,

three closed ancl trvo open biva1er:ts a.nd l-1 trni-

valenl:s.
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¡ieio¡;;i19;l_!/-_ql1a9¡¡c11o_¡ç_r,'r__rfitLtjÈe_elJ_5.c_,_z_I!_ _eq.l_?åo!

SJ.>l irybrl-cis g_,r:or''n at. 15oC and l-ackj-ng the 5il ch::oinosone \{ê!€

sIuclj-e<] at f j-rst lnc¡loLic r,retaphase. The averace bivalent associetion

per ce.11. v¿u:ieci ar)ìonq plants fror,i 4.09 to 6.26 i;íth a c,hiasrna fle-

\lusrLL_y fdrl¡;rrr5 I

of tire bival-ents obsc:-ve<l in plan';s e>liribi[ing 1oi+ i''airing frequency

Ítere rod-sirapeci, hor..re\rer, ên e>,c:epi:iona1]-v Ìrigh occurrence of rírr53

biv¿rJ.erts also erisLecl . rarrgÍng as higi-r as 5 per ce11 ín those hi'bi:icl.s

exiríi;i.t j-ng a lrigh ler¡el of hoinc-reolog,ous pai::irr¡, (pl.ate- II, l,'ig. 3. ) .

Trívalents \"Jere al-so cc¡rn¡roll es r,'oul-c1 1¡e exnecled in ti're abseirce of

the 5Jì ¡¡ene (s) , uucler ','¡hicir concij.i.ic,ns honrcecrl-ogorrs af f r-ilí t1' 1¡¿g

exllrr:sse<ì ïlr.ol:e olî lcss freely. lìer¡eLthc-l.r.ss; r trival eltts f requency

siror¡ecl a i¡arkeci v¿rrr'-atiorl fror'r pJ,ant t-.o pl.anl- ran¿¡íng fror,l a l.or¿ of

0.34 il lrybriris r.rith:el.acively Iitt.l e pai,ríne to a pleviotrsly tin-

repor:ted hígh of 2.Ct7. per cell. in hy'ur:ids r'¡j-th a h:Lgh Jevel of homo-

eologous syrrapsis. Ouadrivalents r¿eLe oceåsiollaJ ly seen in ir1'lr¡i61s

Sroi.irn at this tenperatul'e, tìrej-i: ÐÌ:ejsierrce rarrg:i.nq fro¡r 0.rJ5 to 0.13

per ce1l. The presertce of quadr:iva:l.ents is r:erliaps oiìcr i¡clic¿rtion

tirat three homoeologous t¿heat c-irronosorres and the correst;cnding

rye homoeologue had associaterl . l'urthennolîe. in solie cel-l-s inore than

seven dif f erent assocÍatÍons \rere scorecl (Ptate II, Fig . 4) , r,'hicii

t¿or-ilcl incìicate thet solrletilnes tlie rye cirromosone L,e,re allosvnCesi-

cal1y (or:, per:iraps autosyriclesical.ly) pairecl in sirnole associ¿rtions

sr.rch as heterorro::phic roci-shapecl bir'¿rl.e-nts. The f reclr-iency of quad-

ri.¿alents r¡as lor,'er than one r,riqirt cxPect r.¡j.th the occurrencc of
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I'iean pairing flc<¡ueÌìcy Del: cell in
absent) v¡ireat-rye hyl'r icls g,ro'..rn at

Cells Univ.
llr¡irriÀ Qnnr,'rl lì1"t..^\rrJ ur r.ç \:r.rr¡lrvl

_lr_i*v_a-!g¡ t_q

Open Closecl
| !.1ñôê | | Vaìlrô I

\ ¡ \q¡^b !- 
/

Aver. Cl-rias-
T¡:iv. Qua<l . Bj.v. aat¿r

(R.ange) (lìange) Ass. (P.ar-rge)

rr-035

Ii-033

Ir-t)2 3

ii-' c2:i

lÌ-01

r-1--0 3

1û0

100

10c

100

8iJ

1t0

(r -'ù)

3.2¿¡
(2-6)

3.45
(3-7 )

3.94
(2-7 )

) 1\
((J-e)

1 /, 1

(o--e )

0.20
(0-3 )

0.2.6
(0-2)

o .47
(0-3 )

0./tlt
(o-3)

r.20
(o-s )

l-. oc
(0-5 )

c.34
(o*2.)

0"43
(0-2 )

0.41
(0-2)

c.48
(0-2)

2 .01
(0-4)

2.Ol
(o-6)

0.tt
(0-l )

0.13
(0-1 )

0. 10
(0-r )

0. 05
(0-t )

0. [)6
(0-i )

0.09
(0-1)

18.38
(1.t+.2?.)

1B. 19
(r3-23)

L7 .35
(l 3-2:1)

16.60
(1.?,-23)

12.83
( B-20)

L?- .47
( 6-18)

4.09 4.78
(3_7)

/, 1(t q <q
1 . LJ J. JJ

I ?-ci I

4.53 -5.41
/-r o\
\J--L)rl

4.96 5.9'3
. (3-10)

6 . t)8 c) .35
(3-12)

6.2(; 10.00
( 7*13 )
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hontoeoloqoLls synapsis, hot"ever, onl-v thosc cel-l-s r,rhich could be scoi:ed

r.rr'f hnrrl- rrrrr rlnrrì;f Of the IlatUl:e) nf n--'i cl.i,¡rr nn-{:j r,rrr,rf-irrns \..rêrt) COlt-SuLdu¡!'rL¡ raç! q:

siclereci in tiiis sttrclv. Cel ls r¡hích aptareÌttl y cont-ained nore conp_l.ex

associ¿rLious but trhÍch r.Iere nc)t ck:¿rr1'¡ discernab-l,e r¿ere not iricludecl .

At 21oC treatìncr-rt, hybrids clef icien.t f or the 5P-' ch::orncsone

presenteci a vcr.y sr'-nlj.lar p¿rttern to tlie ones stud j ed at 15oC. Tire

avcrage t'ir'¿tl-ent associatío11 per cel-1 ranged f ronr /l .18 to 6.31+ rvith

a niear) ciriasiii¿r f ::equcncy r¿ìngirìq from 5 .21: to 10.4û ue¡: ce]_i (TabIe

V). Oil Lire avel:age titqre \.reïe nìany rrìoïe open bj-valents than closerl

ones but ín soinei inclir¡íclua1 cells, tire nurlber of ríng bir'¿:lelrts

ralrged a.s high as f ir¡c. 'lr:ír'al.ents rÌel:e quite conrnorl r-an¿Í.n- f ronr

0.44 to 1.95 pcr cell (Pl;.'tc 11, I,ii. 5): r.rhile tire pr-escnce,of

quadrivaleiìts \/as ailain an íncl j-caL j on of ho:iroeoJ-o¡orls svn¡lt)sis be-

tt'¡ee¡l r..'heat ald rye- cili:oinosor,re.s. In genei:al. tÌrere r.¡a.s littJ e cl j-f-.

ference in Lìre riegrce of hor,roeologous pairinq be[ru'een ti1'brj.cJs gïot.rn

at 27oC ancl t.liose :uLjecteC to a 15oC tenipcrature cÌur-ing meiosis.

SÍx hybrids ctef ic j ent f or chLoi¡rosome 5lJ r+ere stucìi ecl at the

32oC ternpei:a Lure. The aveïage b j.val.ent associat:'-on per ce11 varieci

fron 2.01 to /+.7 anong pl.ants, r.¡itìt a rìiean chl'-asrìâ fregtie.nclt

ranging f-rartt 2.62 to 5.9/¡ (Tabi.e VI). The majority of tire bivalents

observed r.rere rod-shapecì i¡itil Le::ninal cJr-i-astnata. T::ivale.nts rrere

rlqn rrrpqorll'iìr eôni¡a hr¡hri.lc l-r'r -'.. 'l +1 ., _JL rLL generar Eney r.,.el--e not aS nunìerous

as observecl at eícher the 15oC or 2loC ternperatures ( Pl-:ri:e 11, Fí g. 6¡

Quairivalents r';elre obsei:r¡erì at a very 1or,, frerluerrcy (less than 0.1;{).
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Table V - )Íearr pai.r ing f recruency per: ccJ_l in
ruireat-rye hybri<1s grorùn at 2l_oC

27--chronroso;lc (5tl absen t )

Cells tlniv.
Iìybri cl Scorcrcl (P.ante)

0pen Closecl
llìançre) (iìanqe)

Tr:ív. Ouacl .

(Range) (Range)

.A.ver. Chi.as-
tsi.v. mata
Ass. (Renge)

llíval-ents

Lr-O20

H-033

H-060

H-016

Ii-01

H-03

100

50

r00

100

100

100

2.96
(r-6)

3. 30
(1-6)

3. 16
(1 -^\

3. 85
(2-6)

J. UI
r1-Á\

¿.l.)
(2-^\

r).J/
(0-3 )

0.20
(0-3)

c,.62
(0-3)

1.04
(o-4 )

L.02
(0-5)

t )-\
(0-5 )

U. )J
(0-3 )

0.72
(o-3 )

0./+4
(0-2 )

0.:j5
ro-? )

1. 95
(o^4)

1.68
(0-4 )

0.16
(0-1. )

0.12
(0-1)

0.17
(0-l )

0.10
(0-1 )

0. [J8
rn-1 \

0.13
(0-1)

18.21
(r2-2r)

17 .36
(r4-23)

L7.44
(13-21 )

15.17
(L2-2L)

12.85
( e-zo¡

11 AL

( e-1 8)

4.l8 5.24
( 3:10 )

4.'+b 5.50
(s_e)

4.56 5.79
( 3-r.1 )

).o+ t.5i
(4_t r)

6 .14 9 .Lc)
lî--1?l

6.34 1.0.40
(7 -L2 )
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\io;¡rr n: i ri rrc f rr.nrrôrrn., nnr- ¡r.-l 'l

absc.;:t) \r:iìeat-rte irybriC; grc\rn
2 7-cirrollosoine (58
32- C,

:LN

Cells Univ.
ti\7t\rl /r \^^1ô.1 ¡ ¡.¡-!^^ ^ rr:J u! r s r)çu! clr \¡\(1ir:i\:rf

-Pi:_s_Lql!-s_
ODerr C.],osed

(P.ange) (Iìangc)

Äver. Ciri.as-
Tri.r¡. Cuad. B:'-v. nìate

(iìange) (Iìange) .{ss. (tange)

r.1-05 5

r\-023

H-043

Ìr-0 2l

H-01

I{-03

2.()0

100

100

100

100

100

1..39
(o-s )

2 .5?_
(0-5 )

2.33
(1-7)

2.84
(2-6 )

2.0t+
I /-\ ¡

2 .14
(?--(t)

0.28
(0-2)

0.25
(0-2-)

0. 31
(ir-2 )

0. 18
(0-3)

r).51
(0-3)

0.4s
(0-3 )

0.3?_
(0-2 )

0.32
(0-2 )

0.55
(0-2 )

0.48
(0-2)

1. 30
(0-3 )

r .42
(o-4 )

0.01
(c-1 )

0.07
(o_1 )

c. 08
(0-l )

0.03
(0-1 )

0.05
(o-l )

0.03
(0-1. )

(r7--25)

20.2,2
(77 -2s)

I q 75
(r3-2s)

19.40
(r5-23)

j-7.52
(r 3-21)

17 .44
(13-2i )

2.OL 2.62
(1-s )

I a a ñ ô-
J.L-i J.ÖI

(l-s)

3. 35 4 .29
(i _e)

3. 51.' 4. 18
(2-B)

3. 95' 5 .7 (t

(3-8)

4.07 s.94
(:-a¡
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D ISCUSS ITIì.1 ;\}IÐ CO}rCI,Tì SIOi'JS

9-g+_o_t_y_¿i.ç_Ç_o_:tÇ_rs-!gq_Cj1¡_o¡_s'o¡l_q_B_4t-r_ajl3

TÌre occurreuce of genctvpic control of chron',oson.ie pairí-ng

ancl chia.smata formation, ha; been cl.eariy cstai;lislrcd in :nany plants

aird ani.mals anci both continuorts and di.scontinuous variatiorr ir¿rs bee-n

recogrìisecì to exis t b1' manl' attLlrors (iìecs , I 961 ; F.ilcy anci Lar.r,

196-5). llor.¡cvcr-. no or:garri-scr ltas bec¡r mt¡l:e tìrrorrg'liì.y investi3at.:<1

f ro¡l this poÍ-nt of v.i.er.¡ than rye. It is k¡ror.m that signif i cant cl:l f -

fer-.errc.es in ciríasna f::eqr.ienc\, e¡:ist betr.¡een inclivicluals of clifferenc

genotype wirich r'-n turir í.s clepeirdent upon a polygenic systen' of con-

trol. lt ís also l:no-";n l-iraL such genes controllirrq cÌrror:rosone be--

havio:. exe::cj-se Ëhej.r control. in a r.ray silnj--l-¡ri: to t:lrose that govern

r'i¡n ",^.-a -j.'-1.' i¡rjrcr-itefl uhcnof-vi)ic cll¡r-:lcf.er-i g¡lçg.

0ur- rcsrrlts conce::ni rr¡< tiie -l-evcI of ilc.rnoeolo.r,oirs pa.iríng

in the 28-cirroulosone rsllea t-ryc hybrids , are not ilt aÍ{Tecìììc,-llt i".ith

tlie early reporLs of i{íhara , (1c-r?-4)1 and Tiroml)son, (1-926); and

nìore recentl.y those of UpaCirya ancl Sr+ei:'.¡'-natharr r (1963) : Ril cy

ancl Lav, (lî65 ) : ancl Lacader-ia , (19ó7 ) . TÌrese rvorlcers leportc-c1

the occurrence of a loi'¡ frequency of homoeo-logous pairing to occur

in irt rvLieat-rye hybrj-<ls. Ori tlte otl'rer hancì, tire ¡¿or:h of ì,ia};ajina

^^Å 't ^-'-'-"-: /1ql-,61 colrf ir¡rç: thr' rìrpqôrìl* roqrr'l t q in f ir:l- ihnr¡4rr\r ¿çrrllyLr¿!, \J_- __/,

also ciernonst::ated tire possil¡l.e variation one rnight f ind v¡hen a

suf f icíent1y largc t'itirrber of h¡.,'br j-cis is analysed. *'laiiaj j.r,la ancl

Zennyclzi assuned that tile variation oÌ:ser:ved irr holiroeoiogous

pairin3 ar:rong tÌreir iry'oricìs r,¡as clrre to tìre genotyÌ)e of the r'¡h:aL
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.-palreilt. 1ìhey ornitted any menEiou of the possibility of e>:pJ-ainine

sucìr va¡iation as pos:ríbly beinr¡ clue solel-y to tire eff ect of tire

rye po11.err, r,rhich i-n spccifíc cornbinations r,rith t.¡ireat coul<J gi.ve

rr'qo fn lrr¡'¡'rir'l e ¿'xlr'ílijtino r¡¡rrrina rìoc'rpoq nf eìrro¡losorrro n.airir^----Þ -__rL'L:. .- t..r--J(.Ì,

even in tire presellce of chrornosoi're 5ii.

In our stuciies, colÌtinrious variation r¡as clear:1-y aÞparent

. . -ñ.,at 15"C: j.n ru'lli,cli sie1,'enteen 2S-chroülosonle lry"brids rver:e ailalysecl and

the average bival cnt as.socíetion per cell r¡as foulC to range fron

0.05 to 5.63 (Table T). At the 2IoC t::eatLnent, c-rrr1y thirteen

1-'.1.-'-i.:^ ^^"'1 r \e ;:nr'l vslcd arrC a'l l-ìronoll t"re extrîcx1cs Ì.7ere tlol- asrly U! ruÞ LL)U.-l-\l iJu srr<.!J ouu c!!rs drLrrvuljrl

narlíeci as in tlie .l-5oC tÍeatrûent. the sarLie t:;Ltn<l f or a continrrcrrs

t.,'pe of var-iation of hc¡iiloeol-o¡¡ous pairi-rrg r¡as evident-. (Tabie I1) .

Coniinr.rotis variatí-on in the pairing relaIionshí2 l>etr,¡cen

wheaL ancl r:ye c'hlor¡oso¡i..es stroi'rgJ.y srrr:port the coritent:j-c¡n tjraL ¿¡

polyger-ric systen is operatj-ve aircl tirat tÏle size of sani>le is

obvíorrsl-y arì itxpol:tant factor if a conplele ranqe of variation

in chromosorne pairing ooLentialJy exístinE irr a irybrí-cl pontrlatj-ori

is to be obtained. This relatiorrship r.¡as also shor.¡n by Naltajima

anci Zennyozi r,rllo obtainecl a broad range of variation ír'r a large

poptilation. Unfortulrately, nìost of the previoLis reports on Ïrono*

^^1^.-^,,.. *--i-",ro in r.¡lir..:l î.-r-Ve 1---1.--'-:^ ---.--^ L^.-^-ì F]-^ -o'..J-- OfC(iLU((_lULlÞ UdIIIlr:_: rlr !'.'trs(tL !)ç ¡l)u!J-llÞ \'rç!€ udJ(ju vrl Lt¡ç ÞLuuJ '

a very fer" plants r.¡llich could obvj-ously result j-n an erroneous

concl.rrsion regardirrq thc errount of Ìroit'.oeoJ.r:gcus syr-.ansí.s that

occLlirs in srrcir hl.'brids. )iakaj ina, (1.952) slroulcl be creclited as

tire first fhei:efcrre, to shor.r that-. chromosone pai.rinq in \rlieat-rve
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L"L--'.7õ ^.111 ^^^!'r rt' n t¡nr-r¡ Ìr-ioir {:ronrrnir¡r; ô\zên FI"^"^}- l.-'rÀ)UIllt) L<Ilt ULLUr ¡r¡:iLr r.!s\JrrLr(L-y, Lvçrl Lll9UP)tI r¡J.ò dJJLiiLllJ-

tior'ts Lo e:<p1aj.n suclì level- of oaj-rj.nI a.re not in aqreerlrerìt \\Titlì

our o'wn. ile srr?qest tirat a pol.)':ler-ìi.c s1'stern as contrj.l)lrteci by tirc

::ye pollcn govcr-ns hoiooeoJ.ogorrs chrolloson:c pairilìg ...rlLich can only

ha ¡lo1. r,nl-o.l 1.¡, n ¡f ,r¿ì,, ^{: ^ 
-l 1-t--'n,ruç scLcuLsu u} d ÞLuu-y u! 4 LctL Èiu uuPu.LclL!(JrL.

l'el.rì¡:len aird ì,ie1lo-Sai¡aycl, (19ó7 ) , sho'.:ecl tÌrat the ç',en(1s

'i'ri ricr:'r sn¡.'l l-ni'r^ - r ^' ^-^1È^tdcs) e.''rrirls â Íene ls) r:iliclr irij_L+-!'L:j1,..1 ÈJ1_r-l_!_!,J_(.'_L:_Õ_ \:j._(.:. rìl!_J_t_Y.l:._._y_--_; Lc:r r_ru.) o ¡rç¡r- \-,/
q

conibj.natiorr \ùiÈh tlrose presctll ou ciìr-o]losoilìes 54, 5B'' and 5D of

\,rÌrcat, can inrluce horrocoJ oqous paírintl ín r,:hcat-'1'_. -s¡le:1_Lgjl!g_g-

liybricls not\.'ithritendínq tirc' Pi:esence of 5B'' in the sai:re F:etìot-.vpe.

A sil¡.j-lar l:ìeciranisr!ì coui-(i be postulatecl to opcl:ate j-n tire cas;e c-;f

r,.'ho;"'f -rve hvhr-i ri s lenoi-ted herr.r'-n. It is not ínconceítr¿lble lhat

air borr-rc ryc po.l-1ei1 carrics tr'ro geiric systerìs af f ectinri hon:ocol ogous

citronosonìe paii:i1ìg; one íncìucÍ.n.g asyrìaì)s j'-s v¡ìr:'-ch is very r.¡e11. l.lrìor,rn

{-a a.,-'^+- fD^^-Lu ç^rùL \-'ssr, l.t6l ); and allotircl: rrìrj.clr pïoÍ,loles pa.irÍ-nt ancl r¡ìricir

nay be operative cj.ther ciurÍng prenieíosis or ear:-y at fil:st r.rej-otíc

prûPl.tase. Ðepeircìi-n¡, upon tire nurnber ancÌ natLire of suc!r geues as

ruel-l as ttreir interaction, cirrornosome pairing rel-atíonships as ob-

SerVed i1 F 1,7!1srt.-r:rr¡ 1-.:'1,rr'.1c' couid be extrelely variaþl-e fr-o¡.¡
I

-1 ^,.+ f^ ^1 -..+P¿érrL LV frra¡rL r o.

In coinpai-i,son rvith 28-chrornosoi:re hybrids (5ì; present), lrono-

eologous paÍring in 27-chronosoi.ìe hybrids (5il deficient) \,7as erì-

hanced as e,*;pectecì, hor.iever, a continuo'rrs variabi-i-ity in paíring

frequency siruil-ar to that founci ín tire 28-chror'¡osoäe hybrids, rras

agaín evicient. The nore asynaptic 27-chrorncsone hyi)ríd.s confirr.i
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tlre reports of ilí1.e1' , (I9('3), t.'llo strgqesLecì that rye chronoso¡nes

appear to reduce- hoinoeolog,or-is Þa jring r'rhen crosseci rvíth r.¡heat. I{e

propose tìrat tiiis p'Lrenoneuotl nÌay be Cue to specif :-c gerres causj'-ng

esyrrapsis (or dcs¡'itapsis) as introdtrcecl bv Lhe ilcìteroz,)'gotls rye

UdI CII L .

Concer¡r j.irg the ef f cct of ten¡eratrrre uporr chronìosonle pai.rí-ng:

in gerreral r.¡e can say that: for a gívert cltronoso¡ne l-eve'r, there r.ras

1íttl-e difference:'-lr the ciegree of ttonroeclogous synapsís heLr+eln

hybricls gror.rlt at Lhe l5oC as coinpzrLercÌ r.¡itil tirose sul)j ecte<ì to 2loC:

(T:rb1.es I, II, TV ancl V) . Iìor.;ever:, at 32oC, the aver-age b jvalcnt

associatic'ù per cel--l-, r'¡as the 1or..'est value of the tirree treatrneurs

used ('iÌab1es II I arrcl \¡I) . It is tlius clear l-irat t.ernperal-r1res airove

optinlrrn, affect cirrot:rosone pairing ancl cLiiasrna frcquencv pr:r c.e11.

tulri clr in orrl a¡:¡rei-inrents - ranqe-d f rom 0 .12 tct 1 .13 in the 28-chrorio-
t J.r¡ vu:

soirre hy'oricis, arrcl froii.r 2.62 to.5.94 in tire 27-chr:orÌlosc)me irybricls res-

npni'ivplv ïlcrrnrf-hc'1 eee- l-Ìlose hwlrri dq '''ir-í elr n-<hihí1-cd tlle. hiohestv erJ .

clríasnia f ::ecirrency per: ce1.1. at the lolse:: teilperatire, again exlli'c j.tecl

rel-atively high val-r.res at tire 32oC treatincnt. Thjs supports our

assunriltiorl that c,'rromosorne synairsÍs irr r.¡heat-ryc hybrids is primarily

under genic contrcl vhich in turn is modifiecì by Lernpe::alure pre- 
.

vailirrg ciur:irrg rneiosis .

The vari,atíon in chroiiiosome beiravior due to envi.ronnlental-

facto::s has long beerr recognized (Rees, 1961 ; Ri1ey, I966). ì'fost

attention hor,.rever, iras been ciirectecì to ti-re ef f ect of tenperattrre on

cirronosome syrrapsÍ,s. In general, it has been founci titat chiasrna
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forr,iation is progressively recluced as tenri)eratLrre j"s í.ncr:eased or

<1ecre¿rsed 'oeloi¡ Ë1're optimal L'¿ìrìpìe fo:: tire species. Our ol>servations

concerniirg tire- effect of high tenperature confirrl this cxpectation

sirrce alnost conpl.er-e asynapsis \,,'as recordec'l in r¡ost of tlie plants

analysecJ at the 32"C tempc:r:atLrre ler¡el .

The fact that sorle gencs carrj,ecl bv tÏie ::ye pollen in Tr:l--

-!-iç'-gl x Secalc ht'brids can inf J,uence tire r1 r'r,ror' nf hnninnn-l nt.ortqJ'v ¿) v u.,

synaps:'-s duríng r:rej-o.sj.s, is of extlaorclj-närv ínportance frcxi botlr a

theoretical ancl a pj:acLical staricil>oint. It is ¡roi+ clear tha-t qenes

af f ecLin¡; nrciot::'-c citro¡rosoi.te t,ehar¡ior j.n thcr rve parcni:, arc able to

iutelact j-r'r a foreigh cytoplasrt thus eiLher er:Lltance orj rc,-vel:sc the

action of genes affeciin.q r¡ej-otic behar¡ior r,¡ì-ien t¡:alrsferr:c'-tl to a

r¡ireat becltg::ourrcì. Tire f i.nal. rneioti.c picl-ti::e de,1>ends uron the natuì:e

and nunlbcr: of gelcs irtvol.r¡ecl , ancl t-lrcil: cleqree of exlrlcssivitv in

tire hybricl genot--vpe. Theír "all-elis¡1" nay ì>e pr:esuned to ster,r frori

their coïiìrìron evoluLionary orr'-gin. It Ís l:e1.1 1:¡rorn tliaL ai.l the

díploiC specics of the Triticinae arose f rorn a col:ÌlrÌolr Ðrogenitor:.

The fact that rlarry of the qenctic funct:i-ons of the irresent clìrorirosome

conpJ-ex ruer:e retain.cci fror¡i the original chronosone f rot:l r¡hicìr they

arose is best e:<einplif icci bl' the ìlul l-iso;lric-Tetrasoni j-c seri esì a-s

proCuced by Sears, (1966) o in he>laoloici r,¡heat. Fro:r tlic practical.

point of viei'¡ it is interesting to scecu.l-atc. that nlost of the ano-

mal-ies ot>served in ti-re meiotj.c and reororiuctive systcns of tlte am-

phiploÍC Tritical c nay be clrre to Ëhe as1'naptíc ef f ect of certaj.n
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getìe-s of ryer rather tirarr to the interactíon of tr.¡o opnosi-te breed,inq

systens sulrerirnposed upon onc arÌot:her in tllis oire species. It j-s c-l.ear

that rnucir moïe iilformatíon is neecled in order to conoletelv er¡alrrate

this pheirone-ûo11 inclu<ling e>:tcnsit'c sLudies of tltc genetic I j nl--aqe re*-

lationsilips r.-iLlLirt tlic gcnus

- ^--^J-i.-- r1.^¡. -'.. the scarchPgL(tLIVt: LlldL J-Ll

Secalc itse.lf . In

for a TriLicale rvi-th

^,1,1-'{-.i^,. .i+ ;^clCi(l I L-LrJll , l. L l.ti 1ï1-'

imnrnvorl fr,rl-ility

e. r.rj-de relqe of ilenct j.c. conl>írrations be e::p1oiLed, not onl.¡ bet'..¡een

the parental- specics of r,/heat ancl

dllrPrrll/¿v¿lrù 4i!udUy etL4tJJ-LÞLauLr.

rye. ï¡u L af so betv:een Tríticerle
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