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A C.q\l-o}m

AEçILarå Jr¡tErrAtrs (Tiffii,r" )

by J,

A eybologieal determjnation of the genome conçlements of tp¡o

hexaploid speei-es 4ggil_gps juvqeelÐ and AegiJprg creE"gg was conducted*

A total of twelve interspecífie F1 Frybrids involving 49" ig¡rsgêris and

a total of thirteen F1 hybrids of Aen crae€e v¡"ith ten cther species of
Aegirgpg.a ùv¡o of fg¡liggg and one of Haynaldicå were examinedu An embryo

cul-t,ure teehnique was employed j-n gennination of the hybrid seed..

Cytologi-cal data on twenty-one of .bhe twenty-five hybrids studied had not

been reported prerriousl;r" The a¡nount and kÍnd of pairì_ng obserwed, at
metaphase I of rneiosis r,ças used as a basis for detervnining the genonre

relationships betr+een the parent specieso

This study confirred earrier reports t?iar, Ag, ,I¡g@¿q eontains

ühe Çu genone of ;&e' gsþgl}sfc!ê zhdr. and the Ð genome of 4e" _guerrosg Ln

Ït aiso provi-ded evidence that, the thirci geno&e is the S, derived from

Ag" çpellgtggg Tausch varu Li#gtisg Fiori, rhe ner+ synboL si r.{as proposed"

This study also eonfi¡rned earlier reports that Ae, crassa contaj¡s
the D genome of Ae_n sgu?Ëros-A I"o and the Wr genomeo Evidence was fou¡¡d

that .å,e. qgggg also contai¡s the S genome of 4s. -Qpglte¿qge"

0zr the basj,s of evidence from several sourees, the suggestion rsas

made that Ag.' m!.t-icê Boi-ss" n'ray belong to the s group rather than the M

gFol}pø

AITALïSIS OF

EïG Ai\ID @, CRASSA B0ISS.
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The genus Ae€Llgpg t,ogether urith Tf¿liç-pmo Aefgpgqe4, Seeg,Ig ar¡d

HaUnal4åg oeeurs in the sub*tribe Tritieinae, tribe Hordeae of the grass

faniJ.y Gremtneae, AegjJ-oæ is composed of, diploids, tetraploirls and hexå*

ptroids, "rrith a basic ehromosome nunber of seven as in rr¡heatu For sone

Èime it nas believed that this genus had participated in the phytrogeny of,

wheat, but it' was only recently that evidence !{as fourd in support of ttris

belief," ?his led to ar¡ increased interest in the elassåfieation of Åqgålæ_q

specÍes according to thei-n gmonic eonstitution, Main studies are being

eonducted ån Japan by Kihara¡ in the United States by Sears and in Ca¡:ad,a

by McGinnis.

AJ-though int ersp ee if ie and. int ergeneric þbrids ånvo1vång Aeå.iåqpg

speeíes have beqr studied eytologically for about thirty years, it was

only lately that their genomic relationshíps have been r¡nderstood, There

are tvrenty*fÍve named speeies in th'is genus rçhose diploíds have been

arranged, inÈo three different groups according to theín genomie rela'çicn"*

ships. These groups are sub*divid.ed int,o genomes, eaeh cf whieh is belieu'ed

to have ari.sen thÞough enolution from a eo&¡non genome of its groupo Eaeh

diplold speci-es has been assigned a s¡'lobol representÍng its genomeê Eaeh

polyploid trs cowposed of eombinations of, these genolnes and all but three

speeies have been studied ect,ensively vrÍth regard to their genomte eonsti*

tutioao The present study was designed to eontribute further howledge on

the genomic eonsèituèion of èuro hemaptoåd speeies, 4g" juvgnal¿E çfne1tr)

Eig and Ag, _crag-gs Foiss"

L
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Oven 250 Ínterspecific and íntergmerie crosses ånvolving Ae&!Ågæ

species have been reportedu A revie¿ of these crosses has been su¡nrnariøed

ån tables by Kihara (13) and Kostoff, (f9) so that only those Ínvol-vÍng

Ae.. jgqçnglås and .:L9" crassa will- be eonsidered in this pâperþ

Kihara (12, u+) proposed. a lfst of nine dipleid speeÍes whích

were used to deter¡ui¡le the genomes and to e1.assífy the species in the

genus .{eei}opsu The nine species were elassified lnto three groupse C, MB

and S as sho$n in Tab1e Tø

TABTE ]
Genome Classifícatíon of Diploid Aee¿lgpg Species

REVTE}ü OF TTTERATT]BE

Grorrp __

M

Åe. g-aqd?te
Ae" wnbellulata

Specíes

These groups are sub*divided into gencmes, each of which arose

Èhrough evolut.ion from a coü¡üþn genolae of its groüpe For exarrrple

the c grorrF is exemplified by "4e, cau4q'Ls but, it also contains the cu

genome of þ" gnþeI]gl-ata" The M group is composed of fou-r divergent

genomese f,þe Me D, l# and Mto The s group consists of lhree cåifferent

genomes, the Su Sb and 51, These evolutionary genomes are now onþ
partl¡'honologous w"lth the genome which is representative of their

Ae. eornosa j-nc},
Ae. r¡niaristata
Ae. mutåqg
Ae* squarrosa

49" jggllgid9g j:rel, Ag, ¿ughetå
As, bisgrrl:lg
Ae" lon&leglTua j¡el-o Ae. sharonensis

Ae" Heldrechii
%
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grÕirpa Hoar-ev'er, their ehrom.osömes pêf.r with suffåcåent frequency Èo

estabLísh their relationshlp.

.A.s would be expecùed the

l,\¡rthe:=nare u there ls a varyfng

of dj-f,ferent groupa as shown by

tfveiy weak 1n most caees {Flg.

gentmee wl,Èhin eaeh g::oup ars bcnoeologoue*

degree of homsl"ogy beÈweeo any two genones

Klhara {1.}) tnougb t}rf"s hcnology 1s rela-

Ï).

-ll I

_ ,/' l_

ur-zx-¡,¡ 4tJ'\_ I6\l
\D

4 II

Ff.g" 1, Tnter- aod intra-grrup relatlonebfps for three

êget]ops groupea

Â neq/iew of a:he Lå+,eratr¿re pertånenÈ &o genome reJ-atÍonshåps

ån ftg* jlryggeåg and S* ggêggC i-s præsent,ed separateS-y as f,ollowç"

tt\



1o þo .junenalis (tfreU") Eig (* Aeu tr¡regEan:þe Rosh")

This specíes uras first descnibed l:r I9O? by Thellung vrtro named

Ít Triticr¡n il{¡renêÀeo T,ater, Efg (Z) reelassified it ae Ae" il¡væa1¿se
At about the same time Roehevítz (a7) aescribed Ae, tr¿rgo¡nan¿gg,øhieh

was subsequently recognized to be Åeu jggen+låq,

Until reeentþ very little information on genoae relationshlps in
Ae. jggenslis. r¡ras avaÍlab1eo Elg (?) placed this epecies jn the same section

as $9" Fquarrosa (n) on a taxonom:ica1 and morphological basiso Kihara (14)

Lt

gave 4go juvenalis the tentative genome designation o(MJcþ)"

Senjaninova*Korczagi¡a (32) in a karyosyst,eloatical stud¡r of the gmus

Aegilops found that Èhe Cu genome was present Ín a nrrmber of, the teÈraploid

and hexaploid speciesn There was strong eridence to show that Ae" iuve¡ar¡g
camies this gercme also" Her stud.ies revealed a sharp dif,ferenee betweer

the sets of ehronosomes of þ" fuenglig and æ, -erassan This report did
not refer to the eonstitution of the remaining two genomes of, S. jl¡vgnalieo

McGinnis (22) presented the first cybologicatr analyses of F1 Wbrids
ínvolvÍng Ae-" igvenalig wltt¡ three AsgÍlops speeies and two if¡!¡qr{n speciesu

In this stu{y he shorsed evidenee wirieh confi.r:ned earlier ùheories regarding

the presence of the Ð genomec This evidence was derived from crosses of

Ag. jggenal¿g with !" durum (An) ana å. vulea,rg (gBo), The juv€rie¿¿g*durgq

hybrid showed ar¡ aÌrerage bivalent assoeiation of or¡ly 3 "fe per celL wheæeas

the "'iuveqalis-rnrlggre hybrid showed an average of 7,6? bivalents, which is
suffieient t'o indicate the Iiresence of a genone i¡ cornnon to both Azo

jgg94êI19 and !u YuLggxe.o Since 3" vulggtg differs fron f, dun¡n by its
possession of the Ð genone, the high degree of pairing Ín the ,juvenalis-



yFtgggg cross was att,ributed to the presence of thís genomeo

McGinnís (24) found an average of, 5.99 bivalent assocl.ations j¡l a

eross of Ae" Jg.vç-4q}èE x Æu ggntqigg_sa (O¡qt)" This low frequency of
pairång was eonsidered to be d.ue to the e*¡olutíonaz'y ehanges øhich had

taken place in the D genomes of t,he two speeies,

McGir¡nfs (ä) suseested Ae" ;iggggêIlg eontaj¡ls Èhe Cu gørome of
Ae-@å3'T}trisþpoÈhesisHasbasedonevÍdencederi.vedfrcracrosseg

of þ" iuven4ig with ae. qgg¿gþlt+s (cu6v) and Aen gre&e (cu¡F), The

Ju-YenalÍs*varj-ab:11:Lq cross showed a^n average of 10,?6 bivalents and the

iweg¿ùis-*ovata cross shorred an average of g"6p bivareqrts, Both of t,hese

cros-qes revealed sufficient pairing bet'r¡¡een e}¡romosomes t,o indi-cate the
presenee of one colmon genoate, whieh v¡as believed to be Èhe Cu genomeu The

onl;r 6¡5ur report of a cross w'ith åe, ju¡renèlie 'Édhi-ch gives pairing .frequen*

eies r'¡as nade by Favcrslgr (.c) in ishieh he described an F, krybrid haging

¿gåqPEgrl ¿ntgr¡ngq¿gq as the cther parenÈ, ?his eress showed. an average of
l"[ bivalents"

2' Aegiþpg eras-ge Boisso

Áe. qrgqgq was described by Boissier (4) in 1946, Kihara (14)

assigned the ryrnbols D}{cr+(?) +,o this species indicatång that the third
genome had. not -oeen determfnedo He showed. evidence Èhat the D genome of

Ag' Wlggg-contribrrt,ed. to the evolutlon of thís speeies" The tetra*
ploid species of, þ* erasre ures given lhe genome designation DMer by

Kihare (f4). Taxonornåcal-ly¡ Efg (?) elassified Ae. q.{gg-g-g isr the same

secti-on as Ae" €guarresqn Some of the crosses reported by Kihara and

others are shown in Table If" ?he pairing observed. !n seireral of these

hybrids suppor-bs the presence of the D gqlome, but littre evidence was

found t,o substantiate the presence of the IFr gencne in Ae, crassaø



Ft llybrids

TABTE TT

Irterspeclfic and Intergeneríc Irybrids røj-th Aee

4e o crassa (DI{cr+?) x Ag. squarrosa (D)

tr !t fl x Aen crassa (otfr)

'8 ¡! 'r x ;, """r*;". (nut)

f¡ f¡ ß x$t l! tl

rr It tr x Ae, r.uriaristata (Ifl)
¡¡ 'r r¡ x;.;(c*¡f)
¡r r¡ tr x Ae" bícorn¿Ê, (Sb)

tt ir rr x * UU"."*,UU" (ge)

n rr r¡ x T* dicoccup (AB)

t¡ ¡¡ rr x-. ffioul
Ê! f! rr x T" turgiqlm (,{B)

ct cø It x, !. polonicr:m (Al)

ü tr ¡, x [" vulger_g (nBl)

¡r 1r Ît x I. sþe1ta (ABD)

lt rt fi x,¡¡ tt tl

6

Bivalents (¡.lo¿e)

6-10(?)

14

6*9

8-10

6-Y

h-e{f)

3*6

o*5

o*3(o)

0*4(0)

0*4

0-4

o-7

6

7

x6

l+-8,

2*7$)

3*8(7)

7-e(7)

4-8(7)

7

3-10(ó)

crassa

fi.frara (12)

iln

!!

¡!

t0

Âuthor

tr rr N Agr" ialg¡rngdiu¡n

crassa (nucr¡ x &o squarrosa (D)

11 !¡ x &. bieornis (Sb)

r' & Illienfeld (1?)

Kihara (12)

Í¡ t¡

" & Lilienfeld (1?)

Kihara (12)

Iongley & Sando (20)

Ê¡ ît !t

t! tt tl

rr¡tu

Êt t1 !1

ilIrt8

¡l tt tl

rinara (1I)

Favorstçy (8)

Kihara (12)

tr tr

" bigngielie_ (Cuuib¡ rc Ae." crassa (oWr+:)

t¡ !r:þr:!stata (gul'{t+t) x &, li t,

" cof'ru4sr¿g (CuW) x &" crasse (D¡,f%?)

'n ïe¡lriçqsa (n}fl) x 'r rr (O¡f" )

" triulgþfi_q (CCu¡ ¡ tt 't (¡lncr+?)

r¡ It

nrt

Miczynski (23)



Parent species

Fiftee¡'r specÍes of 4ggilgpq, two of

rsere used in the erossíng progran of this

with theír diploíd chromosome nunberg and
\.

(12u 14) '

I4ATEBIAT,S AND

Fy

Aeg¿tgpg caudaåa Le vâr. pol-trathgla Boissu

Ae ei-_lepq gþe¿lu]-ata Zhuk 
"

Aeg¿þps !-rrg4_qieliq L"

49gif9pq qolqnrnelie Zhtuk-"

Ae&ilo.;Qe variabille Eig

Á,esil-opÞ cIl:þclr:Lge Host

Aegifqpg ventricosa Tausch

Aegilops crassa Boissu

Aeerlgpe irryglel¿_s_ (rirett") ntg

.Aegilops mutiea Boiss,

Aegil,ops uniaristata Vis.

METHODS

Tritigu-n, and one of HeÐqe¿q_&

study. They are Listed belo¡¡

genomes as designated by Kihara

AeeÍlops speltoides Tausch var" fåffi,!}lig Fiorí

(incl" .4,e" Aueheri Boiss,)

¡tegilopq fogg¿ss¿Eg Schw" et Musch"

(incl" &. sharonensig Eig)

ltit&U¡n aestivl¡n T,o var, Redman

Triticr.¡m durun Ðesf " r'aro hordei{qrllq (Carleton)

Hg¡n3eldte villos.a Schur

AcÆl-Iopå.ewerryee Ï,

?n_-gÞrom"_-qo.

14

14

28

28

^d¿ó

28

28

h2

42

14

14

14

Genomes

(\

Cu

ccu

cuMc

cusv

CD

ÐMv

orrfr+(t)

cup(uJ'+)

Mt

¡ru

S

14

l+2

24,

14

Lle

s1

ABÐ

AB

v

Þ



Fi Hvbri-ds
_@

Á' total of tv¡elve i-nterspecific þbrids were establj-shed. from crosses

involving Âe' jg¡Lqnalfs as the fe¡nale parent and certaÍn of the above

species as the poIlen parents" These erosses Þrere as forlows:

Ae" j-Wg4eliq x &"
ß

tl

n

¡¡

tt

il

il

It

'l

ft

x åg"

caudata

x Aeu uniaristata

x Ae, mutica

x Aeo Aueheri

i¡r¿bellu-lata

A total of t'a'elve interspecific

established frorn crosses involvi-ne Ae"

suecessful crosses wtre as followse

X 49'

x 4s"

:e Ae"

x 4e"

xk'
x Ae"

speltoideg

lo-Fgissi-ua

sharqqçqsis

c¿lis4riqs

columnaris

x &, crassa (2n*i42)

triuncialis

Åe" crassa x Aen

and intergeneric hybrids urere

crassa as the female parent"

x, Ae " irmbellulata

cauCata

x Aeu variabilis

x &" cylindriqg

x 49" ventricosa

x &" speltoj-des

x ég" sharonensis

x Aeo squârrosa

The



I

crassa x Ãeo Aucheri

,8 :r Aeu mutiea

!t x S" durr¡n

tl ;c To aestivirn

tt x, H' viLlosa

Aeo

Crossing technioues

The parent specíe.s l¡rere grown in a greenhouse in six*i6s6 elay pot,s"

Crosses were made over a period from the fall of 1951s to the ¡+:nter of 1956,

å9, jgygg*åg and $¡u craqsg vrere trsed as the female parents in all of the

erosses with other speciesu In the cross involving these two species,

Ae. lggg4glig was used as the female parent,

ThP erosses l¡Iere made at, various periods of the day, The €raascu-

lated heads were bagged and vrere subsequently pollinated two to three days

later in most casesc In some eases pollinat,ion follosed emasculation imne,o

díaÈely" The bags wene left on the pollinated heads f,or ten to truelve days

after pollinationo

EarJy in the progrâm wtren erossed seed was obtai¡redu the kernels

Þ¡ere stored for two to three months to break dormancyo Ehen cerÈain of

these seeds were planted ín pots in the greenhouse, a lor¡ íneidence of

emergence was €neountered, Therefore, attempts ?rere made to gernrinate

oÈher crossed seeds on moist filter paper i:r a petri plate but this nethod

also revealed a low j¡¡cidence of gennina.tionu To overeome this 1ow gernrina*

tion, embryos of the þbrid seed r*ere excised and grown on a nutrient med.ir¡m,

fn the eou.rse of this work a rapid method. of culturing embryos Þ¡âs developedo

With the aid of embrSro cultures, Fl hybrids were established from si:rbeen

crosses whieh had noù been reported earlier.



fubtyo cult,ure teehniques

In prelinrinary exæeriments in which the recognized culture techníque

was followed as described by Brink and his assöclates (5), it was found t,hat

sterilization of the green seed or embryo in as lolnr a concentration as

I p.p'lûo of mereuric chloride sol-ution suppressed lateral root developrnento

In further enperi-ments, where sterilization was elimínated, root growbh

appeared normal and contanination of cultures oceurred but rarelyo Tt¡-is

suggested that an embryo r¡nder greenhouse conCitions is free of conta¡ninants

and bhat sterÍlizathion Þ¡as uflû€coesarlo Thereafter sterilization of the

seed or embryo rcas oÍLitted" Contamination of t,he embryo or culture medirm

by air-borne organisms was avoided by worhing in a small dust-free rooilte

A da'ulp cloth was placed over the lrorking area as an aid in controlling

floating spores" fn three cases, embryo cr¡ltures r,¡ere made in the green-

house" The benches and floors Ïrere watered previously tc control spore

movement and no sen¿amination of the cultures occuruedu The instru*rnents,

a sealpel and a pair of fine-pointed forcepse were kept sterile in a jar

ot 95% ethyl a1eohol.

The seed was hel.d bet'rveen the thr¡nb and inCex finger of the left
ha¡rd and an incision was nade around the embryo within I mm" of the

scutellum" ff the seed was at the cor"rect stage of clevelopment (f5 to ZO

days after pollination), the pericarp could be peeleC back in an entire

section rsith the forceps" In this operation meti-culous cere was taken to

avoicl contact ¡¡iüh the ernbryo in case the for"ceps or scalpel !ûere contam-

inatedu The embryo, røhich sits freely in a hollow on the endosperm, was

lifted off with the point of the sca1pel, whieh was previously flamed long

enough to burn off the alcohol" Anot,her method of lifting the embryo

10



involved the use of a small platinu:n loop. A hollow was cut out on the

surface of an agar slant urith the loop and the t ac!ry loop roras then tou.ched to

the embryo, The enbryo adhered firu:ly to the loop if the pericarp was peeled

back far enoqgh" The eurbryo was then placed in the hollov¡ on the aglar with

the epicotyl pointed üowardthe open end ofthe slantu Square bottles, bhree

ínches in height, with metal screw-caps were used for the slantso Ðifeo

Qrchid Agar was found to be a satísfactory medir¡n in this work, Ït was

convenient to use because it requireC only the addition of rcater, thus

elininating the time-consr.ming work of preparing media from formulae. The

eultures were kept at room temperature under Ciffused light until the

seedli-ngs grew the fuJ-l length of the bottleu The seedlings were then

transferred to six-inch pots with a rdxture of three parts of soÍl to one

part of sand and were grown in the greenhouse"

S cor:lqg-of pairÍng--fgggggncicg

Slid.es were prepared of pollen nother cells at metaphase Ï of ¡seiosÍs

using the aceto-caruíne method of Snith (¡+). The preparations were kept

seni-permanent by sealing the cover slips i.rith a mbcbure of gum-nasÈic and

paraffin" I¿ter the preparations ïrere made peimanenÈ by the tertiary-butytr-

alcohol method (lÐ"

In the analyses of F1 hybrids, records were kept of the nr:nber of

univalents, open and closed bivatents, trivalents, and higher nulti*valente

that occurred per pollen mother cell at iaetaphase I of mei.osis" In order

to facilitate comparisons of results between the different hybrids and to

nake possible a clearer evaluation of the pairing frequenci.es of individual

hybrids, the eomplexities of pairing were redueed to a eomnon denoninator

of a r:nit terrned. a bivalent association as suggesÈed by \hara (m)" Thus

'rt



a closed or open bivalent was interpreted as one bivalent association, a

trivalent equalled one bivalent association, a quadrivalent equalled two

bivalent associations, and a pentavalent equalled tso bivalent associationsn

In most hybrids 200 po]-len mother cells were exarnined and scored but in some

fer'¡er eelfs were analyzedo

Cyb,olcgical examinations i.rere made on a Leitz Orthoh¡x rn-ì-croscope at

a magnification of ó00 dia:neters" Photonricrographs were taken r^rith a

Leitz Aristophot camera on Eastmants tontrast Process Panehronatj-c film at,

550 diameters*

L2

w



The ease r¡,¡ith which Aeu juvegqlig and 49" crassa hybridized r¡rit,h

each of the species used in this s'budy varied considerablyo 0n the basis of

general observations there seemed to be no correlation betr^¡een the ease of

hybrÍdization and the degree of relationship of either Ae" iuggnclig or

Aeu crassa t'o these speciesu For i-nstance, although Ae. iggenelie. eontains

the cu genome of &" umbeIlulata, the cross between these two species

was $ade vrith great difficulty. 0n the other hend, Ae, erassa hybrfdized

readily 
"rrith 

H. villosa whose relationship is believed to be rÊÍlor€o

The capacíty of the hybrid seed to ger:ninate also variedo A few

such as the igvgnefiq-ÐÉtondgg, ig_v€4q1¿_e-eËlnqr¿qe¡ ilve44liq-ereqqe¡

crassa-umbellulatar crassa-g!!g$!gg, erassa-ventrieosa and the crassa-

lriticum hybrids gerninated readily from the whole kernel, 0thers required

embryo cultures to induce germ.inati-on,

The cybological data of the F, hybrids involving &, itrgg4glig and

&" æ99 respectively. are presented in Tab1es IfI and IV" Sunroaries of

their genome homologies are listed in Tables V and VI* In Flårtes I to fir
inclusj-ve, t¡pical metaphase figures of each of the hybrids are presented"

l3

RESULTS
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Siggi;licance of pairinss

It þdlI be readily appreciated. that a genome anaþsis of a hexaploid

species cannot demonstrate precisely the genomic relationshi-p between the

hexaploíd and' a given diploid, tetraploid, or another hexaploid species,

The complexity of chromosomal pairing tends to obscwe the true relatÍonstr-tp

of any two genomes in hybrids fro¡n different species or generaø However,

such an analysis, lf conducted on a large enough scale, gives a fairly
accurate indicaÈion of genome relationshipsu

There are several possibilities some or al-I of which may contribute

to the chromosone pairing as seen ín metaphase I of meiosisu The first of
these is the pairing derived from true homology betr¡een the chrcmosomes of
a genor4e of one parent and tirose of a correspondÍ-ng genome of the other
parent' This type of pairing is characterized by a high frequeney of closed

bivalents and visible chiasmata Ín the open bivalents, Evidence of this
nature, therefore, is a strong i¡rdication of a true relationship between

the genomes in question"

The second pcssi-bility is the pairing incurred by the honnoeology

between chromosomes of dissi-rnilar genomes of the respective parents, that is,
nðn-homologoìrs pairing of chromosomes from d.i-fferent parents, For instanee,

in the F hybrid. of 4.e* sharonensis (s1) * Au. @lfglat* (c*), up to four
open bivalents were fou:d by Melnyk and l.fcGiruris (unpub.), These bivalents

were paired end to end and ehiasmata were rarely sesils such pairing may

result from chromosomal and gen-ie similarities retained by these species

during their divergent evolution from a cormron aneestor, resulting in strong

segmental attractions. This is of little sÍgnificance j-n terms of genome

DTSCUSSTON ¡NÐ CONCLUSTONS
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homolory and where a high frequency of such hi.valents is encountered

discretion must be used in interpretatlon in order to avoid faa-lt;. conclu-

sions u

Tl:e thírd possibility which conÈribubes to the complexity of pairíng

is 'tlre homoeology of t,he ehromosomes of the genoraes derived from a part,icular

parent* The nature of the pairing in this irstance may be much the sêrne as

fhat in the foregoing exa:nple" No direct evidenee on the erdent of such pair*

lng is available for the species used in this study except in the case of
Aen ovata (C"fP), mentioned by Sears (3t) wtrerein a haploid. plant, v¡as found

by I'fatsrrmura to have a maximm of three bivalents per celru

Another source of evidence of autosyndetic paÍring has been derived

from crosse.c with rye species as indicated by Kihara (ff ), Bye chromosomes

do not pair wit,h Aegilops chromosomes, therefore an¡' pairing that oceurred

was among the Agg+epq chromoscnes" Kihara (11) reported that the C and S

genomes shor,¡ed the weakest affinities, whereas the C and Cu genomes of lþ,
tlig¡:cialis shorued the strongest' affinitieso He pointed ouÈ that aIl non-

homologous genomes generally showed segmental sirnilarities in at least one

parb of their chroinosomes in the absence of their true homologueso However,

in the presence of the honnologous genonres, honoeologous pairing was

suppressed "

An assurnption eoncerning the exbent of such autosyndetic pairing may

be made on the basis of the Ìa:or.úedge of non-homoJ-ogous pairing in the

interspecific diploj-d. crosses reported by Kihara (fz) an¿ Sears (e9) " For

instance, if a hexaploid is thought to have 'bhe genome formula CuÐs, the

amount of pairing exhibited by the Cu and. D genomes i¡r the cross CUDS x S

may be inferred. from the pairing occurrin-g in the ciproi,i cross cu x 0,"
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Thís pairing may be sonev¡hat lower, hor+ever, due to evolutionary modifS-ea-

tions in the crÍtica1 g€noilêsa

The fourth þossible source of pairing is intragenomic, that is, of

chromosomal associations within a si-ngle genomeu Katayana (9) end Snith (33)

reported a haploid of g" monogeeqqn in which they found an accasional

bivalent," This type of pairing Ís probably of ¡cinor concern in the present

stu$r. There is a strong tendency of the ehromosomes to exist in pairs

during neiotic prophase and, laekÍng homologous partners, the non-homologoue

chromosomes may attract each otherø

Secondary pairing as described. by Ribbands (26) and evaluated by

Person (25) rn*s noü recorded in this study. The side by side associatíons

of univalents, termed quasi-bivalents by Oestegren and Vigfusson (e4L'rrere

considered by Person to be a result of true honnology" He suggested that

the formati-on of typical bivalents and quasi-bivalents were detenmined by

the presenee or absence of chiasma|a" If erossing*over occurs, a bivalent

is formed, If crossing-cver faj-ls to occur, a quasi*bivalent results" This

t¡¡pe of pairing has a bearíng on the present stud.y in that the number of

chromosomal associations reported herein are lower bhan they actually night

have been if quasi*bivalent associations had been egnsideredo

In view of the compli-cations described above, it, was necessary to

esÈablish a set of basic assumptions ruhich røould be used as a guide Ín the

analysis and interpretation cf honologies in this stud.y' The three

hypotheses proposed by McGinnis (e2) were adopted and are outli-ned below:

1o idhere closed bivalents occur regularly, true honology must exist.

2E Up to three cr four bivalents may be accoi¡nted for through

honoeologous pairingo
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3n Where seven or more pairs occur in a

one geno¡tre is líkely to be comiaon to

Ft hybrids ç¡ith Aeo .iuvenali-s

Lo Ag" iggçaslåa x &" gÞægle (cu)

There Isas an arerage bivalent association of 10"09 of ¡shich l+u!+6 were eLosed

bivalents (taUl-e ffI). ?his evidence indicates that the Cu genome Ís presenb

ín Aeu igge-nalis" This concludion is in agreement r¡"ith the evidence of

Senjaninova-I(orczagina (32) and McGinnis (ef) " The former author based

her conclusion on karyomorphologicar studies of the species Ín Ae&LLops

which shou¡eC that, lþ" juven*Iis ccnt,ains five groups of chromosones which

are almost identical. to those of 4g. gnÞe1lElala" McGinnis (Zf) based hj-s

conclusj-ons on the chromosome pairing observed in crosses of this species

irith tv¡o Ae&ilcps tetraploid species which contain the Cu genome (cf. revn tit.)u
2, .4,e" jgEenalls. x Ae" eauÈgt_g (C)

this hybricl showed. an average bivalent assoeiation of ó"1ó per eeXl

(taUle IlI)" The pairing was conposed largely of open bivalents w"ith ferq

chia.srnata indicating that there was only weak homolory between the ggþþg

and the igvgnali€ chromosomeso The low nunber of closed bivalents, an

average of oO8ris also indieative of remote homologyo The alaount of pairlng

observed nay be accounted for by the paÍring between the C genome of

;le" caudq&a and the Cu genome of Ae. ilgg4ÊUg. Studies by Kíharu (tZj :

and Sears (29) of caudata-umbellrrlata h¡'brid.s showed an average of five

and four paÍrs respectively. In addition, the hcmoeologous pairing of the

renalning two genomes of Ae. iuvenglis could have contributed to the total
pairing,

A relatively hígh frequeney of pairing was found in èhis hybrid"

,q

high frequency of cells,

both parents"



3o Aq" iuvenaf¡g x &, triuncialis (CCui

An average bivalent association of 10"18 ineluding 2.27 cJ.osed.

bivalents wês, eþgs3ved in 'bhis lrybrid. (Ta¡te III)" The se clata surpport

the theory that Ì;he Cll genorae is conrnon to these specieso The nujlrber of

cl-osed bívalents l¡ras lowe:'in this hybricl than in ttre juregs¿i-q-i¿nbe!-filg-la

hybrid but this coul-d be atl;ribuieol to evolutionar.y chan._ees l'.rhich resulted.

in r,¡eakened horlologies" 6r e>lampie of zu.ch er¡ol-u.tionary effects was shcrvrn

by Kihara and. Kondo (f5) in the 11 hybrirl of the cross Âe" lqiuncialiqþCulx
Ae" caud.e.ta-uriùeil-ulaia iCCu'¡, the l¿tter being an amphidiploid produce.d

synthetical-Iy" This ii:,r¡riA sho,red- orr-ly ti'relve bivel-enis in the majorÍty of

pollen lrtotller cells',',¡hereas fotr.rteen bivalenis 1¡Jelre expected in viein¡ of

the fact tì:at;þ. e¿gggj.elis is an a1-Ì-ote'bra;oLoid. eoinposed oi1 the:,.e.

ggg,É83ê and 4e, q¡.b_e}lql-qla genolnesô

L', ^ ;.."-^*^l iLvo ¿!uo .rL.v?r¡d.rrs :t -Àe, coli;.¡rLaris (iui.-c)

the F-, hybri.d of this cro,ss --revealed ail aver"age bival-ent aesociation

of 10.12 with en avere'.;e of j"i3 closed bi.vat ents ('Iable ïIï)" This

frequency of pairing iras appro;riinatel¡.r i¡ç salne es ihat sh.o'¡in b¡r ',he

.'iuven.alÍs-ui¡.'lellula-r,a hybrid-o Since the exeess of pairirE beyond. the

seven bivalent associaiions, r,',rhich are required to establish a gerrome in

coitu*lLon lva.s largely cornposed of hornoeoJ-ogous ch::o¡rosoines in the retäa.ining

tt'to genoliies cf -iq, iuvena-1.-iq, the D ard S, it is not likel.,r that -,he l,ic

genoine of ::Þ. colulnnar_iE particitaied to an]¡ alrlreciable extent in bhe

^^.it.;-- Ên^^^,..'^-rr*, iå --^,- L^ ^^-^ ^a--^ì-¡ 11^ IlJd¿¿rr¿ifo vuilövquÇrrurJ, ru.llr.¿1J ue ccncluded that the feSUltS Of this cfOgS

SUì:¡O1.jl i,he ìrr¡notheSiS Of 'ùl-e ltL p,e¡Ooe llomo'lo¡:¡¡ Ì.:rÈ Änoa nn*lqìJ,Jv¿ v ur¿! "y--wtfì.OSi-S Oi' Tl-" i-- !-.----..- e vu.u qwçÐ r:vu oirOÏl any

evirìence of tiie uresence of an,- qenorne in &",iuveralis.
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5 " -",.ê o ;Ìu-venalí s >: ."ie " unÍari-sta'h: {i,P }

'Lfre average mïnber of bi.¡alen'b associations in this c-rcss vras {"I-ó

of .:.uhich 
"C2 we::e cl-osed. tTa'Ì:i" ITI)" ¡{l-i;houga l{ihara. tj.!i sLlg,gestecì. ihåt

Àe" .iuvenalis coniains the l,ii,geno:xe,'t ire present stud-:'¡ does not support

tbis hy¡c',,hesis" The loi,'¡ pe.í-¡ing freclLlencl¡ oltse:rr¡ed- herein iii,;s'b be t¿ken

as co¡-;:aC,ictcry ::atil::l ihan supporiin-; e.¡idence fo:r i-l;s presence. Tne

pairingthui;dicoccr':rrwasi:::o!:abJ-viheresi-rÌtofhotnoeolo$rþst'it¡een'úhe

D an,f i,,iu gencrnes a.s l,:ci-,.1-d- be ezpec'r,eC. on t.he basis of the report bl¡ Kiiuira

iff) of ihe cross r!e_" UglqlÉtala ti,lu-¡ * þ. squasgoqa i.f] in v';lrich he

fou.nd .,r r:ange of C-ó bj.r-a'l ents -v,rith a ;nod.e of fou:r and 0*l- close'f, bir,'a1en'bs.

iy'bol-ogi-eal evid-ence by iicGinnis {ZZl ¡ased. on a cross of ¿9"" j:¿ge.4al-iq

]f ¿!g. Ientrf::es_¿. iti''Itr) sh.or¡¡eC onl¡ an ¿verafje of J.B] bívalent associations"

This alnount of ptii::ing barel-y s-:';o¡cr"ts -r'he }i¡-Ðst'h.esis:''ega"-'r:ding-bhe prese:ace

of tl:e D ¡;enoine anr]. cer-r,ainl)'o-îfers:rc eul;¡:ori fo:: -the jrresence of the i{

gercír1e" In. iiis jqLelali:i-p-ye-re {tui''io) Hy¡rtO- an a.¡erage of 8"1:2 bivel-en'n

a.ssociaiions lllere obse::¡¡ecl. ald considez'ed. as evid.ence for tl':.e Cu genofie in

tl:e .iuvq[l]-:-a pi1::Ênt" l'Ìris ag¿tin::u]es ou,t the i:ossj-biliiy of 't,Ìre ÐTesence

of an i.,i genoine in tllis species.

6, #." juvej¡-?.];1é.:; l,?, ,-r.l-ticq- (irtt)

¿ srilt|Tisin¡].;r l:,iih freqri.ere¡' of .rai-ri.l.<,: -,'as o'rsel:r¡eC. in -biie ?," h;'-bríd

of th.is cro*qs. Tlieï.e l¡lras a-n a"verage af 6"33 hivaleni; a.ssociatio:rs lne'lurìin'1

"Oû closed bivalen-rs iT*¡:l-" III) " On -r,lie ì:asis of ihe crosses i¡1r¡¡lr¡i1g

ii€, .jui'e1a,lis ".'¡ith siecies con'ba.ining the j.i aenot:le a ir::-rch lci"''¡er incid-ence of

,,ii::ing r';oul-d be an+,icipa'ued "

Ït is di:ificul-t to establi;h ibe ¡:elationshi! of iLe" i:ir'itica io the

cthe:: species in'¡"he 3ea1ls ÆgÐs- siilee ç¡l;'one crose hr::s heen rei:c::ted-
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wåth it" This cross' &e, c.oiriosa (.:i x :r-e, ¡inii;ic?, (iiit) a.:ralfzecl. þy !-lT¡E.ya

Er l,iliciifeld tiZ) siioiried- a. r¿ìnge cI j 1,c J biva.l-ents tu,iih i,-.i: average cf !
"l,'¡iii clL inclurle+ 3 'ic /+ cl o sec-L biva.l-or-,1,s " 'li:ei-r .-g¿-i ysi s of J.e , cs¡lnolr-a i¡¡i x

á;e" srrrar::osa iIJ) shcrvuecì al.rrios-h icientical-:res,:rit,s iüil.icLtírrg-bl.a,l, i;hese J

speci,es a:.'e close'Ì .rr iel-aì;ed-" ¡ic-;;ever., -bìie ,j:r-gengiå:;_-¡ii¿_¿icq hytrricl] si:oi,red

pairi.ng fïeQuencies l'ùÍcn cicseiy- a1:pro;i:ta'beci th.ose of tire,u ¿::ou-p iryb::id.s"

"lL Gxalllill¿;iion cf Ss¡¡j¿i¡i::"o"t-- c,::cz:gil-ruT s irl-e;':q::är'ls {J2} reVealecl -i,ha'b tl,e

ira::;''c'l';;--1-rs of k' ¡muic-a is alnost a.s close^j-]'::efaieo io þ. êucheri as i'b ís

io +q., -c_q1ry.ffL" t'he rrro,:¡hcl-og]' c:î i;he hea.d.s of -t h.e species irr ille .,. Glsoup

"b¡.pifÍeci b:¡ r:g" "gqsa is verl' different f::oin fl:ra.-b of 4e, rrq.t ica,

Zhu.icovsky (3ó) :roted ihat &"_-l$_¿-ca c-ì-cr,er-y :;-'!rotcl:e s jg. longisFjire

{"cl) ¿ì-nd 4g" l:icprnis (sb} in s'c:ì:r-rciure ar-Lcl- üi¿it i'i; grcÍ,¡.s at orjg r¡iih ;,eo

çJel-Þgåd.e_g in cen';ral .åsia liinos-

iLdcli'tional eviclence t'rhich sr.ig;esis bha'b ¡¿g. mrjLí.cq rrÞ..rr þç irr ì;he ,S

group is inferled- fro.rt ¿ì cross of !1" -Èrgru {¿ts¡Ì ;, É. JÉiS-e. funE) .rna,ie ¡y

.iii-liara. and -Liiienfelcl tt'iì. Tliey lepo:r'ceå a lc.nge of 2-S bi¡¡alents {no',J-e

6-7J witir O-J closecì- blr¡¿l sntÊi. These ::esul.i s ,,rere al,rnos'ú ideni;ical io
-bh.ose obt¿.ined frcn tliei.r cross of -þ. i;ucher-i {¡) :, I. !¡g.gi (;,-S). Tnis

h;"c:'idt sircr,ied a range of J-S j:ival-ents (¡mde 6-J) with O-d cl,¡seii bivalen,,,so

Ï-c l;oul.J. appea.r tha'c 'i;ire ho-irrciog;- -rei.lorteo- in ihe cu-:;1uitîr¡¿l;!-ca irybriil. r.,¡cl1r- iJ.

be be'Li"ree¡l the li :llri..,,:i'D gencr:les on'bl:.e basi--q cf the sv'idencç of ,sa:ttiar é¿

stebbins {28) ttrat itre 3 genoine of i,heat originated fron &g" s:Mggc {si,
These a';thors å.rl so noa.teä out ihat keryoi;pes of soinatic chrorrrosoiiìes 1ì'i.'úh a

chara.cterisiic inorpiiolog;, i'.'iLicit a."-ce found. in ihe B genorne of ietraploia

e.niiioÏ 'irheat, eäÍst onJ-y in rþ" spgsgi_4gÊ and.;ie" ruitåca arilong-Lìie d.rpioid

speci es oÍ ;ie¡:jJop_s"
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The foregoing evi-dence suggests that Á.e" mutica is not as elosely related

to the M group as its s¡rmbol indicates arid that it rnay belong to the S

groupe An analysis of hybrids involving þo mutica r¡,rith me.:nbers of the

S group will be necessary to establish its position with regard to these

tr'ro groups 
"

7 n êg. iu:ugnCli_q x Aeu speltoides (S)

The average nunber of bivalent assoeiations in this cross was 8.04.

ineluding .92 closed. bivalents (TaUle IIf), This is sufficient to i-ndieate

that the genome of -{eu Flgltoiqgq is represented in.Ae" jwqCl¿q. The

lottr ni¡mber of closed bivalents and the frequent' occurrence of trivalents

suggest that considerable genic and structural changes have occumed in thj-s

genome resulting in a reduced degree of chromosome homology in the irybrid"

0f the four hybrids of Ae" ,igggnalig vrith the species in the S groupe this

eross appears to cone the closest to the requirenents of the assumptions

established earlier" It may be inferred thlat &" jgrrggalig contains a

modified S genomeo The new s¡rmbol Si is suggested by the author"

I' Ae" iuvenefiÞ x Åg" Auche{i (S)

The F, hybrid from this eross revealed 8,71 bivalent associatíons on

the average including .19 closed bivalents (taUle fIl)" The number of

bivalent associatj-ons in this cross approxi.nated those of the jggelel¿E:

speltoides hybrid as was anti-cipated in viev¡ of the close relationship of

.å.eu Aucheri to A¿, gÆlloldes" The nurnber of closed bivalents i-n the

juvqnalis-.üucheri hybrid v¡as somewhat lower than i.n the jgvgqglig-!æ1toiges.

hybrid but the frequeney of trivalents and other multivalents was greatero

The multivalents ranged in complerity from a chai¡r of four to a chain of

eleven, w:ith oirly cne cell of t,he 200 analyzed lacking in nultj.valents ø
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Suci: eonplex assceiatícns ¡¡¡ere no'c observed in the -j!:f_egj¡-iiç*spe_1!c3d.gs.

h)'brid. and it is d.i.fficrrlt to account foz- thenr,

CIn ihe basis af the nuärbr of bívale¡t associations, ihe

l"his cross sr-r.pports the hypo'chesis tiet the 5 genoine is presen't,

9o qç. fuvenelis-:r þ" igSå"u-Ug {s1}

An average of !.J0 bivatent associations lr¡as observed in

includ.ing u08 cLosed bivalents {Tabte III). This evid-ence sui.jgests tlra'b

.4.e" þlc:jssiJna is.more d-isianil¡. related. to Á.e_" juvenalis tl:ran either J'e"

sqeltgides. ol: þ" 4rlcherj " The lovy average of bivalent associaiions and.

particularl¡'i;he lor¡¡ nurnber of closed bivale:i"bs indicate'birat Àq" longiggj¡iê.

is not directllr involveC- j.n the parentage of þ" juve.naU"qu i{o-ú¡eve::,'bhe

pairing f'"equencies observed give incìirec-r, evÍd ence 1n support o'i' tlLe iìteor1'

+}'-+ +1r^ .q -^'"^.,o i c .,,r"aca-r-i- .ir, 1â -ìrrtr¡r.c¡l.i ^uftdu u¿i!;; ! tjçrlut;:- _Þ :r +,. 5[o .-ts-Elgf-ä-"

1r- i.---^*-ì.i - -- ¡- lc'l ìJ\.q j,Ë.. ,j-uJ-gl-r_úr¿S. -"{ +9. Èar_o¡e+siS iötJ

¿Ìe." s}.j¡.ro¡ensis is consirlered io be a variety' of þ.*-þgg-isFin,å
Ä i €f ¿mì ¡¡¡ f ¡n¡¡ .iu'r¡vr-:'É rr-,, 't by only one tracslocat,iorr according 'bo 'fa.nalca (? 5j "

l'he juJfsnalls-sb-a4o+ensiå ir;ibrid. hacÌ an al¡erage af 6,75 bivaient associati ons

ivirich is 1.4,5 higher tlun ihe iulsnglíq.-f_o¿r¡iss¿j4q hybrid. (talte III)"

Oiherrruise the pairing frerluencies r'íere not greatly cifferent. fhe seræ

3e

resirlts of

:.^ !- {..-^*^1i-rr: Æo J_qy:$d.r¿Þó

conclusion. lnay'ce forrted. for ttris genoírle as for tl:e geno-rne of j-e_" Jor,f,issj-t't+,

tlrat is, that þ" sha::c'-*n-'qnjllj; i,{as not involved direetl;' irr ti:.e parentage of
¡,^ i..-,---^f i ^ðs. _luYtilldllijê

11. " ,'.e " jggqsfi-s. x Ag. -ry.lin-cif¿Sa (CD)

'bhis hybríd

r1n ave:'age of 9,53 bival-enrr, associa.tions ïJere rerealed in tliis hybrid.

includ-ing 1,0Ç closed bival-ents ('ta¡:-e fIï], This evideirce su?lorts the

theory of previou.s 'ú¡orltelîs that 4e, itrrenalis con-,,ains ihe D genonle€



The low nurnber of closed bivalents suggests that these two species differ
considerably in the composition of their D genomes or that Èheir specifíe

combination leads to some degree of as¡mapsis. The additional pairíng

over and above the seven paÍ-rs accounted for by the D genolnes may be

attrj-buted to pairÍng of ehrouiosomes of the c genome of ¿g, cllfnqrige and

the Cu of åg, ":uvenatrs,

l.2" Ae" iuvenalis_ * 1". crassa (Oitlcr+t)

tr: the F* b,ybrfd of this cross an average of 12"82 bivalent assoc-

iations Ì¡as recorded i.ncluding 5,38 closed bivalents (Table III), Since

both speeies ccntain the D genone, approximately seven of the bivalent

associations may be attri-buted to this genome, The remain-ing 5.82 assoeia-

tions may be due to t'he presence of a seeond- genome coüünon to both speci-es

but in modified forns, or it may be the result of homoeology of the other

genomes of the two epecies" The discussion of this aspeet will be found

in the seetion on F., hybrids involving 4e., cres-sa.
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FI hy¡riAs lríth Áeo crâssâ.

The genome analysis of Ae" cqgsga. presented an interesting sítuatlon

in that the majority of the spocies used. in t'he erosses appeared to have

eontrfbuted a genome in the evolutlon of 49" æ In at least' nine

crosses involving wídely separated species with Ae' @E¡ average bi-

balent associations of from seveg to elght were recorded (Tab1e IV),

Such a sltuation nlght be explained by assuming that Ae. crassa is in part

autopolyploid, having one of the genomes representeit twlce in the gameto-

phase" ïf ùhis lrere so, the F1 hybrid of a cross betweenAeo crass& &od

sny diploid species havlag a non-hor¿ologous genome u¡ould display an average

of seven bivalent assoclations fomnod by autosyndetic pairing" An

hy¡rothetical exampi"e of such a cross could be as follom: Aeo ergË-gg

(fnUcr) x åg" speLtoldes (S). The F1 hybrid vpuld reveal an average of

seven bivalent assoeiatlons composed largely of pairing between ch¡omosomes

of the two Ð genomeso

There are sev€ral reasons t,hat may be advanced to rejeet the partfal

autopolyploidy h¡rothesis. Tlre first of these is based. on the frequeney

of closed bivalents' If autopolyploidy r¡¡as lnvolved, a much greater number

of closed. bival-ents woufd be expected than that observêcl" The seco:rd, reason

is based. on the frequency of the total number of bival-ents, both closed and

open. ShouLd Ae" crassa be partly autotr¡olyploid, a cross with a diploid

containlng the homologous third genome, tbat ls the genome not fnvolved 1n

autopoly¡rloidyu would reveal cLose to fourteen bivalent assoeiations aÈ

netaphase ï. An example of sueh a cross i¡¡ould be as followe: Aeo crassa

(no¡vtcr) x 39. uiiiarlstata (Iau). None of the erosses wlth dtploids in this
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study (fa¡te IV) or 1n studies of previous vorkers (faufe II ) shoved such

a high number of assoclations. lhe thlrd reason 1s based on the freo*ueney

of trivalents. Should Ap, srqssg be partly autotetraploid, it -rvould be

er¡rected that crosses with species contafning the genome represented turice

in 4e" craseg would reveal elose to seven trival-ent,s" An example of sueh

a eross courd be as foflows: ag, cras_gg (orn'rcrl x 4g_. eqgglroåa {D)" None

of the resultg of this study shou¡ed such high trir¡al-ent frequeacÍes"

The conelusÍon was made, therefore, that êe" gmÊqa was not fo¡rred

through partial autopolyploidy but rather by a eombinatiou of genomes from

different spoeios, that is through allopolyploidy" A discussion of the

individual erosses is presentecl belowe

I" Aqo crassa x ¡þ. caudata (C)

The F1 hybrid. of t'his cross showed an average at 6"96 bivalent

associations v¿hich lncluded. 2"02 closed bivalents (Tb.ble IV)" On the baste

of this evid,enee alone it mieht be eoncluded that 4e " _gqggqq eontains the

C genome. Ilowever, as the analyses of erosses arith other spocios progressed.,

sinilar pairing frequencies were observed. lt vras concluded from the resul-ts

of this study and from l{iharaes reports (Ta¡le II) t¡at €" pguda_lg is not

lnvolved Ín the parentage of -Aeo srsÊgg' This conelusion was influenced to

some extent by Kiharais report (f¿, r4) thaù g?" cxassg eontafns the D and.

Mer genomes" If the Mcr designatlon is correet, one would expect that a

considerable amount of pairing would oceur b,ebvæen the D and. Mer genomes of

Aeu rrg€Eê (ef,. rev, lit, fig" 1)o Therofore crosses with Ae" _grg_g_*l and

any species eontaining a non-homologous genome r,sould sholq in most cases

about slx pairs formod by the D and Wr genomes, This nay be a partial

eEplanåtion for the high number of blvalent assoeiations observed in rnany



of the v¡ide crosses made u¡ith this specÍesu It might be assumed that tt

was largely this typ of pairing that unas encountered. in the crassa-caud.ata

hybrid"

2u 4q, cre_ggg x þ" eyl¿ggl¿ga (CD)

ïhere r¡¡as an average of LO"22 bivalent associ-ations observed in

this hybrid ineluding 3"?3 closed bivalents (tatte tV)" ApproxinrateJ.y

sevea of these pairs were likeIy derived from the D genones of the

respective parentsu The remaining three pairs probably occurred. througb

honoeology of the C genome of Ae, cylindrica with one or both of the other

tv¡o qraq-ga genomese Homoeology between the tr,vo crassg ge¡tomes may have

been a source of pairing also" rf the c genone of ]þ. qyf.indr¿-ca- rrras

homologoue with a genorne of Ae" craqsa one'umuld expect to find about

fourteen pairs at metaphase f" Therefore the loru average of bivalent

associations in this hybrid lndicates ùhat, the C genome ruas not lnvolved.

in the trnrentage of Ae" erassaø

3. Ae. crsrssg x 49. unbellulata (Cu)

The F1 hybrid of t'his cross showed. pairing frequeneies similar to

those of the cqasgEr-caudaþ hybrid. There was an average of ó"84 bival-ent

associatioas ineludlne 1.4ó elosed bivalents (TaUle lV). Theoretically

such slmitrar resu-lts mf.ght be expected if the gaudgtg and u4be_I¿gfg.lg

genomes rdÊre very similar" However, sears (29) tound an average of onl}r

3'60 Uivalents in his caudatq-umþellulaÈa hybrld.. This disslnr-1J-arity of

their genomes rmas not refleeted in the eytologlcal analyses of the hybrÍd.s

of ]9. crassq with these t'¡ço species" ftrÍs rnay be expla!.ned by tb.e

suggestlon made earlier that autosyndetfe palring of chro¡nosomes from the

D and. Mcr genomes of Ae" cras.qa will forn approximately six pairs in rnost
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of the hybrÍds from erosses vdth specÍes containing

genomeso It vns concluded that t,he Cu genome of 1þ,

homologous coun-berpart in the genome complenent of Ag"

4. Ae. crassa x 3þ" rcêþjiiË. (Cusv¡

The average number of bivalent associatÍons observed tn this

hybrid 'r,ryas 7"12 vùich included an average of 1.t0 closed bivalents

(fa¡1e Iv), This evid.enee suggest,s that one of the genomes of

Ae, Tarlgb:!1:ls, i.u a nodified form, nay be present ín 1þ" W" SÍnee

the possibility of the presence of the Cu gonorne in this speeies has been

exeluded, it is likely that the Sv genome is homoelogous with one of the

crassa genomeso Itrowever lt is also possible that the palring observed

ves due to lnter-genomlc honoeology and that neither of these genomes

are directly involved in the genomic constitution of 4e, jHSo Evldence

whlch is to follow tends to support the former posslbillty,

5" Ae" erassa x 3g" Aueheri (S)

An average of 8"1"0 bivalent associations including 3,32 cl-osed

bivalents rcas obeerved in thÍs cross (Te¡Ie IV)" This erbent of pairing

ls sufficient to conclude that Ae. crassg contains the S genomeo The

incomplete trniring shoin¡r in the F1 hybrid 1s a reflection of the evolu-

tlonary changes which have taken place in eitÌrer or both of the S genomes

of the respective parents" I{owever, the frequency of close blval-ents is

high in corparlson with that of other crgssa-x diplold. crosses and. is

significant in the deterräination of genome homology.

6o Aeo crassa x 4g" speltofd.es (S)

0a1y 24 ceLls were avallable for analysis in the F1 hybrid of this

eross" Ìtrowever, the results generaLly agreed with the data obtalned from

the other erosses in the s group, especial-Ìy with that of Ae" {ucheni (s)"
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There was an ave"age of S"SL bivalent assoeiations v¡trich included I,d2
closed blvalents (TaUle tV). It r¡¡ou1d appear from the consistent pairing

results of the crosses 1n the s group with Ae, crasgg that, the s genome

is present in this speeies,

7" Ag. _grgesq x éå. Shefg!e4g¿-Ê. (S1)

Á:r averagÞ of 8.08 birralent aesociatlone ïrith 2,J{ closed bivalents

$,ras reeorded for the F1 hybrid of this cross (th¡te tV)" Generally these

results support the hffipthesls that the ,s genome is present ln Ae " g3Êgê,

The freo,uency of closed blvalents is a unit lower but the frequency of
open blvaLents is ellrost two units higher than that of the crassa-AucherÍ

CSOSS ø

5W

Further evidonce to supporÈ this hypothesls was found in the

hybrid of hexaplofd lþ" crassa r þ. b:þornÍs- (sb) or Kihara (re),

reported a range of three to sfx bir¡alents with approximately throe

pairs in this hybrÍd"

Senjanfnova-Korczagira {"32) in her karyomorphological study of the

genus AegiÀ9l)s found cbromosomal charaeteristics in Ae, Ægg which wero

found. oaly in 49. -þ¿_ærn¿å and suggested the fo:mation of Ae o cr.a.sså.

involved this species"

8u Ae" erasga x &" rnutica (ut)

The F1 hybrid. of this cross had an average oî 7,7t+ bivalents

including 2.28 closed bivalents (ta¡Ie tv), These palring frequeneies

lrere considered to be ind.ieative of true homology between the .mutica and

-crgÊsa genomeso These results may be interpret,ed in either of two ways

dependlng on the validity of the classification of the mutiea gero¡t€o

.Îf it is assumed. that the genone designation Mt for Aeu mutiea fs incomeet

Hi
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and that this speeies actually belongs to the s group as suggested

earller then the concl-tr.sion i¡ould be that this evidence supports the theory

that Ag" -ffi contains an S genome" If the trt d.esignatioa is co1,reer

t'he eonelusÍon couLd be that the evidence supports the theory proposed by

Kihara {f&) ttrat Åe. ssggs,g has the nrlcr genome"

Kihara based h1s proposal on erosses r¡¡hich inrrolved Ae" p¡gesa and.

severaL Aegllopq species, some of which contained both the Cu genome and

variations of the 1ü genome (faUle tt)" These species were Ae, ovata (CuUo),

Ae' trlarlstata (cuut+?), 3g" gglu¡nnarig (curuc) and "Àe. biuncialis (cuMb).

fltre erosses with these speeios showed a mod.e of / bivafents at metaphase T"

å.nother cross whleh appears to support Ï(ihara's proposaL ves 4g. cgageg x

rle" uniari:tata (mu) vùfeh showed a range of six to nine bivalents (Ttaute tf)"
Honrever the eross Ae" cr3Ê-Es x gg. genùri_gs€g (D¡,rff) (ra¡te rr) gave results

which are lnconsfstent vnth thls proposal" Since both ¡nrent speeies con-

tain a D and. an M genome, approxlnately fourÈeen bivafents should appear

on the average at metaphase ro This cross revealed_ oniy six to nine

blval-ents indicating that only one genome is con¡non to these species,

9u Ae., crasrsa r 49. ventricoqg (DMv)

An average of 8"92 bival-ent assoeiations was. recorded for this

crcss, iaeluding 2,71+ closed bivalents (lbbte IV)" This agresd with the

results reported. by Klhara and lil_íe¡feLd (12) anA Kihara (12)" As indicat,ed

earlier, the presence of a D and an M genome in the parents of this hybrid.

should produee elose to fourteen bir¡alents at metaphase I. SÍnce the pres-

ence of the D genome in Ae, erassa has been adequately Cemcnstrated {IA},

approxiinat'ely seven pairs mi.ght be attributed. to this genome. Tnis loç¡

frequeney of pairing does not appear to be suffieieut to admit the presence
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of a.n M genome ín åq" cra.ssqe -r,herefore tbe Mer ctesignatloa gfvea by

Kthara sb.oulti be regard.etl as teatative until hybrids have been analyzed.

of crosses between AÆ. ctsas;sa and Ae" comosa (¡¡) or Ae. Heldreichíl (M)"

10' Aes crassa x Ii" g.¿¿lggg- (V)

The f.tr bybrid of tbfs cross had a¡ average of '1"46 blvalent assoei*

atlons including L"86 closed. blvalents (fa¡te lV)' Slnce thls amount of

pairing ls fndlcative sf genope homologr, the posslblllty exlsts that the

V genome rnay be closeþ relatecl to one of the getromes of .&e" creg€go Ehe

reports of pairing frequencles between S. villosa and certaln 4g8$!3pg spectes

lndlcate that lfttle or no bomology exists betlseen thelr chromosomes (1, 2s

l, 11)o Horuever, crosses of q" vlllosa wlth all of the tllplof.d specles

representative of the baslc genomes ln the Aeeilopq have not been mad.e'

üntiL thls 1s d.onee the possibility &hat the genome of $. vlllos,g 1s elosely

røLated. to one of these genomes eanaot be exclucledø

Oonsid.ering the alternate poesÍbÍlfty that H" vlllosg is not closeJ.y

related to any of the Ae$Llops species, it nust be assr.¡¡aeds that the pafrlng

observeri ln the crassa-vÍllosa hybrid was largely the result of homoeolog¡r

between the D and, Mcr genomes of Ae" crass-a as suggested earlierø Such an

asstmptlon may Iead. to the obJectlon that 1n some of the interspeclfie

crosses involving Aea crqqsg, which had a¡ average of seve:r bÍvaLent asgocl-

atÍoas, the pairiag was all autosf¿detic" Horvever, the oecumance of

dlfferentlb.l afflnity as postuLated by Darlfngton (6) explalns such

homoeologous pairiag 1n the absence of trtre homologues and the preference

for true palrlng in the presence of bomologüêsø

In the flnal analysls of tb.is problen, thereforee it vras necessary

to d.istingElsh. between h.onoeologous or autosyndetlc palring and palrlng of
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true homotrogues" Thls was accompllshed. fn the present stucly by a eareful

consid.eration of the frequency of closed blvalents whicho it is generalJy

agreede ls a stroag lndicatioa of elose relationshipo ltlhere conclusions

have been mad.e 1n this study regarding tbe presence of homologous genomest

they have been supported by a relatlvely higb frequency of closed bivalents

in most câsêsø

lLo Ae, crassa. x [" æE!!ru (ABD)

The results of thÍs cross generally agreed wlth those of &oagley and

$ancto (20) wbo found. a range of 0 to J blvalents with 4 io 'l blvalents beån€

most frequent, f'he present studles showed Fn average of 8"03 bivalent¡,assoe*

fatlo¡-s lnclutttug 2"24 cLosed bivalente (TaUle IV)o Ihe lolv frequeney of

elosed blvaleats indicates the extent to wblch the Ð genomes of these tvro

specfes d,lffere

12, .Aeø crâssa x 9. dq¡gn (AB)

.å hfgh incid.ence of asyaapsis was observod. in the F1 hfbrid of thts

crossE I'here vras an average of 1u05 bivalent associations àLI of which were

open (TaULe IV)' No closed. bfvalents or multlvalents were see& in the 200

eelLs whfch were analyzed.. These results are sfßllar to those of crossas

between 49" ggggeg and members of the emer group ¡øbleb were r€porteil by

earller workers (20).

On the basts of inter- and fntra-genome homoLogfes fn the AeelloÞs_

as demonstrated by aon-homologou.s diploid crosses and tllustrated by the

chart in Ïig. I (cf. reve llto) lt would be expected. that approximately

four to slr pairs would. occur oa the average ln thls Wbrltl* Sfnce the low

lncidence of pairing observed could be accounted for by the honoeology the

^A and B genomes of 3" dr¡¡gs. (18)r it could be eoncluded th.at the Ae. crassa
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chronøsomes did not pair autosyndetical.Ly* This is contradictory to the

evidence from other crosses in thus study" No satÍsfactory explanation for

thås discrepar¡cy cair be advanced at this tíme, although the possibiJity of

the presence of a gene luhich suppresses pairing m-i.Sht be considered^

;
L̂3 " å9" ,jggæ]ig x &. 9I€E3u

Thç resu-lts of Shis cross were considered briefly in the preeedi-ng

sectiono It was suggested that the occÌ¡rrence of an average of 12.82

bivalent associations ín this hybrid indÍcates tha.b tr*o genomes may be

comrnon to these specieso Since the results of the crosses involsing Ae,

crasqq indicate that the Ð, W* and S genomes uay be present in this

speeies, it may nor* be proposed that 4e, iqvggaj¿g and 4e, greg.ga have the

D and S genomes Ín corrnon and differ r:rai-nly by their Cu and }{cr genomes, IÈ

is apparent from the lor+ frequerey of closed bivalents that their ::espective

Ð and S genornes are not completely homoS-ogousu The reduced anount of pairing

and the frequer:t occurrence of trivalents and higher associations are evi*

Cenee of genic and struetural charrges which ocerrred during t,heir evolution,

14* Ae. _9IaEEê x Aeo :Sggãggg (D)

The F1 lrybrid of this cross had an average of 8,37 bivalent associa-

tions inelrrding ,t"42 E1osed and 2"61 open bÍvalents (ta¡le IV)" ThÍs study

strongly supports the eartier reports (cf" rev, -]-it") that Ae, efgqsg

contains the D genome particularly since the average of closed bivalents was

so higho -qince up to seven c1c¡sed bivalents were observed in some cells, a

capacity for conplet,e homlory of the tv¡o genomes of the respee+,ive parents

is indieatedo

Concluding rem,arks

&CI

Deterninat-ìon of the genonic constitution of he:caploid Açgilopq speeies



by the diploid analyser method used in this study is eomplåcated by the

inter-reiationships of the constituent genones of these polyploids,

Consequently, the method probably shor¡ld not be considered conpletely

reliable in a'l'l cases but ra"ther should be used as a guÍde to indicate

which genemes might be present,, Oonsiderable variation can be for¡nd ín

the response of species f,o this method as has been demonstrated in the

present studyn ?he paírirrg freqrrenci-es okrserved in lqybrids involving Ae"

jgggggl¿g in this study left J.ittle doubt that the genones of this species
j

are Cu, D and SJo In all crosses involwing Ae" jlvenglís wÍth a species har*Í.ng

one of these genones the pairilg ïras signifÍeantly higher than in crosses with

other species, On th: ot,her hand, the eonsisùenùIy higkr pairing frequencÍes

ín hybrids inrrolving Ae" crassa gave rise to difficultíes i¡¡ the identffica,*

tion cf the genomes contributing to this speciesn There was rather clear

evidence for the presenee of the D genome and abaost as good evidence for

ttre presence of the S genome fu &" crassae However the data ds not elearly

indicate that the Wr genome is present as suggested by Kiharao In faet

t,he data support the presence of the C genome equal.ly as ¡,rel} as the Mcro

lhus there is eridence that the true genomíc constitution of &, gæ night

actually be CDS" The eross åg" ggggg x &. conþsa (lt) r+euld help to ¡:esoLne

this question a;rd shor¡-ld be studied p*efore any defånite conelusions can be

madeo

ldhen the genomic constj.tut,ion of thesra tlro species has Ou"n g1¡¡1ly

establishedu they should be sJ"nthesized through hybridizat,ion and chromo*

some doubling using the eaisting diploid species dlich sho¡; -t,he closest

genome homologies. The synthetLc species should then be crossed r¡ith the

/.l1

natural species to deternine the degree of evolnticnary rydq$ffi=åerf,
has oecured j-n the ge.tromes of these specíes"
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