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ABSTNACT

several aneuploid lines of eommon oats¡ Aveng sa.tiva L,, were

studied to ldentify the chromosonel deflciencies in reLation to ttre

standard karyotype. lwo ditelosoraíc, four nonosomie and two nullisomie

llnes were identified.

A line dltelosomlc for ehromosome 20tr and tr¡o isolates ditelosonic

for ehromosome 21L were identlffed by cytoLogical and karyot¡pe analyses

respeetively. Three previously identified lines monosomie for ehromo-

some f, 10 and 20 were found to be deflcient for tlhe same ehrornosomet

namely 20. The gene for normal vs. abaxLal curling of the leaves ¡ras

assoelated with the short arn whl1e the dlploidisation gene eras associated

v¡lth the long arm of cbromosome 20. The gene for notmal- vs" klnþ neck

was also conflrmed to be on ZoLn

One Llne monosomle for ehromosone 6, one for ehromosome 3-0r two for

ehromosome 21 and two lines nuLllsomie for ehromosome lJ were identlfied

by cybologieal and karyot¡lpe analyses.

The reeiproeal trenslocatf-on present between the variety Sun IÏ

and Garry and Rodney does not involve the fol1-owrng ehronsones t+, 6, ]:2r'

14,1-5r 18 and 20.

A study of sonatic essociation of the ehromosomes 1t @ sativg

was eondueted. Root tip cel1s ¡¡ere examined at:'nltotie metaphase, and

d.istanees betlreen homoilogous as well as between non-ho¡aologous ehromo-

somes lfere meesured and their frequeney distributlons compared. Non-

homologoud ehromosomes Ìrere scattered at random i-n the celLs studled,

In eontrast, the nean dlstance between homologous ehromosomes was slgni-

flcantly shorter lndlcatlng a tendency for somatle essoclatl-on of homo-

logues 1n this spoeies.
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I¡üTRODrcTTON

Avena satlva L. ls an allohexaplold species witÀ 2n = 6x = l+2

ehromosones comprisíng three genomesr namely.Ar C and D. Due to the

pol¡4pIold nature of eonnon oats, the defieiency of ¿ ¡vhole ehromosome

or a pair of honoLogous chromosomes ean be toler¿ted, and it should be

posslble to produce a nonosomic and nuLll-sonic serles of 2L different

l1nes. In w?reat¡ also an allohexaplold; a monoso¡nie series was deve-

loped by Sears (Lg}Ð from the progêny of a haploid pLant and a partlal.þ

asSmaptie Line. Ee aLso established the reLated nulllso¡ric and diteLo-

somlc series (sears, ].954),

In wlreat, dlteLosonic Lines bave been used to verffy monosomic iden-

tification, for llnkage napping (Sears, L963) and in sonatic associatíon

studles (Feldman et g!. , 1966). A telocentrj-c ehromosome lncludes e

firnetional eentnomere plus one complete arm of a normal ehromosome. Tel-o-

centrics usua3.ly arise by nisdlvS-slon of unpaired chromosomes at meiosls

(Morris ard Sears, ].:96?).

A monoteLosomlc plant has one arm of a chrouosome replaclng a pair

of honoLogous chromosomes; lts neJ.otic configuratLon is 20 blvalents plus

one telocentric unÍva1ent. DiteLosonics arlse in progeny of self-

pollinated monoteLosomic plants. Because of their neloÈ1e stablJ.ity

and. ferti1.1tyn ditelosonies ere useful tooLs to carrSr out c¡rtogenetic

studies.

Thus far¡ a totail of 19 different monosouie Lines have been idestÍ-

fied in Avena by differont autåors. Spontaneous and lndueed aneuplolds

have bEen the nain sourees of monosomies studied. ïnterline crosses

have been used to detewrine the honoLogy of monosomic lines whose
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univalent ehromosornes appeared similar from eritÍcaI karyotype analysís.

No atterapts have been made to obtain ditelosomic lj.nes from the mono-

somic lines already identlJied though monotelosomics rvere obtelned and

usad to essoclate phenot¡4pic changes with specifie ams of cbromosomeso

Associatlon of honologous ehromosomes in sonatic celLs hes beEn

reported in a nrl¿ber of organisms" Somatic association of homologues ean

be studied in coruuon oats because a number of chromosomes are readlSy

ldentifiable. Chromosome pair 21 (shortest of the eomplement) end a

pair of tel-ocentrics other than 21 are ideal materiaL for sueh a study.

B5r comparing the frequency distrÍbutions of the distances betfieen homo-

logous and non-homoLogous chromosomesr any attractíon bet¡veen homologues

can be established"

The present study is concerned rrlth three major phasest (f) tne

identífication of aneuploid llnes availebLe at this institution ¡¡'ith

the view to completing tbe monosomíc series; (e) tne ÍdentlfieatJ-on of

dÍtelosoui-c Línes and the association of knovrn markers wlth speclfic

arms of ehromosomes; and (3) at irwestigation of sornetÍe assocÍatlon of

homologous chromosomes in the speeies.



LIÎERAÎURE REI1TTE1Ù

Tt¡e estabLishment of a monosomic series in hexaplold oats r¡as fecl-

litated by the use of a standarrC karlyotype proposed by RaJhathy (t96Ð"

Prevlous studies conslsted of assoclatlon of phenot¡tpic changes with

chromosomal defleLencles, each ¡rorker uslng his o¡sn systeno of nomen-

clature for the chromosomes 1nvolved. No relationship exlsted betrueen

the various systems of noneneleture end the results could not be eon-

pared. this revlew, therefore, wtlL only eover the studÍes made ín re-

latlon to the standard karyot¡pe and those ¡¡trlch ean be releted to 1t

througb reeent findings.

Present status of aneuplold l-nvestigations.

A totaL of 19 monosomlc llnes have been ldentifled eecording to the 
i

standard karyot¡4pe. Íbe chromosomes stlll awaltlng ldentÍfication are 
,

:

lL and L6. TabLe L shows the aneuploid cheracterJ.stics speelfically re- i

I

su1-t1ngfront,he1ossofoneehromosomeorapa1rofhomo].ogouschromo-

eonêE¡ the erm of the chromosome responsibLe for the characterlsüie

has been ldentlfied in sone cas€sr the aneuploid charaeterlstlcs are ;,.,.,.,,.,.,

i"lt' :,''''
described as seen on nulll-sonic plants except for neek kink¡messr side- 

i:..,-,;,,...'

panieles and ¡rh1te strfaül-ons on the leaves wberE the monosonie plants "':""'''

aLso denonstrete trhe phenot¡pe due to tJre donlnance of the deletlon in

the henizJrgous eondition 
ì:::::::.:,:,.:,:

Other phenoty¡gie effects such as Lo¡r fertiLityr shorter straw, iili;;
Lack of vlgor¡ snaller panieles, retarded growt'hr etc., are produced by

the loss of a nunber of chromosomes or chromosome paírs. 
i

Duplieation of genetic funetions ere comnon in pol¡49lold srpeeies. :

Several chromosomes 1n bexapLoid oats produced sfuill¿r pbenot¡4pic end ,,,,,'.:.:_:.-::
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leble 1. rdentlfied monosonies and gene-chromosome assoelatlon.

olnduced 
aneuploids"



Chromosome

2

0rlgin

Sun II

4

Sun ïï

Víctorgrain*
(4. byzantina)

Garry*

Russel x
A. .sþisge.

AneupJ-old characteristie s

Glaucous
Complete as¡mapsis

(control early phases
of neiotíe pairing)

AsSmapsis
Abaxial- curling of leaves and

Klnþ neck

Sterility (normal rneiotic behavlor)
Dosage effects for dark grey

eolor of lenmas

Narnrow leaves

Albino
Homoeologous to L5 ard 21

tîu

carry*

Rodney*

*
Rodney

i?;
r',]
|';

Authorlty

Rodney*

*
Victorgrain

Hacker a R1ley, 1965

None

AbaxiaL curling of the leaves

Klnþ neck
Cornplete steriS.ity
Reduced chiasma frequeney

1n one genome

Diplotdisatlon gene
Fruetated panlcles

Conplete as¡mapsis
ControL the pairlng of

one genone

,r;r:i.:: jri.
ì)íî,1ìrlilì.

,il; ¡,:il i

Haeker & Riley, 1965

Singh & lüalIace, ]-)6?

Sun, 1965¡ Lin¡ 1P68

McGinnis "t 41., 1968

RaJhathy (personal
-- 

coumunfcation )

Sun, L965.

Gauthler, 196?

Gauthier, 196?

Gauthier, L967

Singh end üIa1lace, 1)67



continued..o..

Chromosome

I

9

10

u_

32

0rlgin

13

carr¡l

Garrly x Rodney

rt
Garr5r

Garqy*

canC

Garry

Victorgrain*

Vfctory

Garrly*

Vlctorgrain*

Victory

Sun fï

short

short

AneuploS-d characteristfes

short

short

short

Long

l-ong

long

Iarge neerotic spots on leaves

None

None

No reported aneuplolds

Non-s¡mchrony in anther and
stlgna maturltY

fnhibltors of fatuoid PhenotYPe

Neck klnþmess

Des¡mapsis in t¡ro genomes

Asynapsis

Fatuoid phenot¡pe

As¡mapsis

Fatuoid pbenot¡pe

Des¡rnapsís

Faüuoi-d phenot¡rye
Des¡mapsis

Authority

Gauthier, 1967

Lin, l-968

Gauthier, L967

Gauthíer, 1P6l

Gauthier, 1967

Gauthier, 1967

Singh & I'IaLLace, L967

Huskins & Hearne, 1933

Nlshlyama, 1933

Gauthier, 196?

Slngh & WaLLace, 1967

Níshíyama, 1933

Hacker & Rlley' L965

,,: r.ti
: ..:.:.:



continued. r'....
Chromosome Arn

long carr.¡f

0rigin

long Sun IJ

Rodney*

v

Aneuploid eharaeteristics

Abaxial eurling of l-eaves
Ïthite striatlons on leaves
Fatuold e4prcsTon when

part of chromosome 19Sls deLeted

A tr¡o gene control of
ehlorophyll s¡mthesls

AbaxiaL curllng of l-eaves
Seeondary florets enelosed

in prfrnarSr lersnas
hrbescence on prtmary lenmas
Seni-abseissi.on of the spikeleü

PartlaL as¡mapsis
Nuda
MultlJlorous splkelets
Elongated rachilla

of the first floret
None

Thíck cufms

None

Alblnism

Sido panlcles
Thlck stems

Garry x Victoría

1-ong

carry*

Sun II
Sun ïf x Rodney

!'lhite RrrssÍan
x Exeter (F3)

Garry

Authorlty

Sun, 1965

i'.:'::.:,:,;
",iir::'

Hacker, 1p66

Gauthier, L96?

Lln, 1p68

Sun, 1Ç6J

Hacker e R1ley, 1p6J

Lln, Lp68

McGlnnis & Andrews, 1962

McGinnis e Li..n, 1)66

{



continued..oo..

Chromosome Arm

t6

I7

18

0rigin

L9

VÍctorgrafn*

long

20

short

Garry*

Aneuplold ehareeteristics

No reported aneuploids

Protandr¡r
Arlns on prinary and

secondary florets
Green floret base

Klnþ neek
Reduce splkelet slze
Cornpact and upright spikelets

tfeak inhíbitor of fatuoid
erçression ¡vhen ehromosome
14 1s in nulllssnic condltíon

2t

long Garr.5r

Sun ïï x Rodney

Garry x Victoria

Rodney*

oarryo

R,L, l5?+ x Ripon

Long

Authorlty

nodnef x Exeter

Kipþr neck

None

None

Alblnism

None

Albinlsm

Albinism

None

Homoeologous to Lv arrd 15

Singh & Wallace, L967

Su¡r ïT

Sun, 1p6J

Sun, 1-p6J

RaJhathy (personal
coumtrnieatlon)

Gauthier, 196?

Lln, 1968

Lln, 1968

Gauthier, 1967

Sun, 1965

McGinnis & Taylor, Lp6L

McGlnnis et aL", L963

Eacker & Ri1ey, 1P6J

McGlnnis É gI., 1968

@



meiotic changes such as albl¡lsmr abaxiaL curling of the leaves, neck

kinþrness and control of paÍring.

Albinism,

Nulllsony of ehromosome 4, L5 and 2L produces albinism. IlcGinnis

êt g!. (f-968) suggested that these chronosones conprlse a honoeologous

serles earrying the V3r 12 and Vl genes respectively responefble fo¡r

chlorophyll production.

Abexlel errrlíng of the leaves and. neck kink¡mess.

Abaxi¿l eurlllng of the leeves and neek klnþmess are tlro other

phenotypic ebanges essociated wltÌr t*re l-oss of several ehromosone pairs.

These phenot¡4gie ehanges ere also erçressed nildly fn monosoníes. Aba-

råal eurling of the leeves was assoclated Ìritb ebromosmE 2 (Hacker and

R5.Ley, L96il, Ilr (Sun, f965), f (Gauthler, 196?). Neck klnþness wes

assoolated Írith ehromosome 2 (Hacker and 8f.1ey, L965), 18 (Sun, L965),

? and 13 (Gauthiler, 196?) and 20 (GauthLer and. MeGinnls, 1965). Gautåier

end. McGinnLs (fg65) assoeiated tåe genetíe faetor for nomal neck-shape

on the Long arnr of chromosome 20.

S¡mapsís.

S¡mapsls is ir¡flueneed by several chromosomes. NishS-¡rama (L933)

located a synapu-c factor on tÀe long ewr of the rC" chrouosone whlle

Huskins and Eearne (L%ù Located it on tù¡e sbort arm. Gautt¡ler (L96?)

working wlth a fetuold Line 1n the variety GarrXr tentatively identified

the "C' chromosome as 13 and loeated an asynaptfc fector on the long

âr!ûr Singh and WaLlaee (3)6?) aLso norking with an aneuplold låne ex-

presslng the fetuoid phenoüype Ln the variety VÍetorgraln located a

i:,-,r:.
i'::,.:

i;; :':

i:¡i,jììj
i:::;::i::-.

i:'Ì'l::r¿r'
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des¡maptie feetor on the short arm of ehromosome 12 ot l). fhey con-

cluded that the nuLlisony of chromosome 12 or L3 resuLted in desSmapsÍs

of tr¡o genomes by eontrolL5-ng the later steps in the pairing processes

and movements of the chromosomes belongfng to the C and D genomes"

Heeker and Rlley OgeÐ working ¡rith natura$r oeeurring aneupLoids

1n the variety Sun 11 identified tno monosonle llnes for chronosome I

and.Z, Nullisomy of chromosome I resulted Ín conpLete as¡mapsis lrlth

40 r¡nivalents regularly seen at metaphase I end nullisony of chromosome

2 rEsulted in partiaL asynapsis l-eading to a mean pairlng of l} bivaleats

end 32 univaLents at netaphase Ï of meiosls.

Singh and I¡ialLaee (tg6?) reported that nuLLisony of chromosone 7

eaused as¡mapsis. Chromosone / controLs the pairíng of el} cbromosomes

but more specifically the 14 chronosomes beLonging to the A genome.

Gauthier (L96?) worldng with irraiLiated naterlaL fr<m @39 gþ@ vero

Rodney identifled t¡ro isoLates monosor¡Le for chromosome 7" this cb¡ono-

some also had an influence on tt¡e pairing of tbe chromosomes of the

genoue it belongs to by reducing the chiasne frequeney in 6 blvaLents.

In a nr¡LLi-hapLoid plant, the absence of chromosome ? result'ed in a high

number of nultivalents vshieh eould be expLained by tåe presenee of a

diploidisatlon gene on eÌ¡romosome ? (Gauthler and McGinnÍs¡ 1968).

SchuLenbury (t96Ð, in an aneuplold Line for a chro¡nosone in tåe

group L6 - 20, found thet nuLl-isory of the ehromosons resulted l¡ par-

tfaL asynapsis (?II an¿ Z6l) at rnetaphase I of melosis.

SonatÍe Associatlon.

At mltotlc interphase the nucleus appears as a mass of chronatin

¡rlthout any forrn of organisatlon. Yetr at the onset of cell divísíont
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ttre chronatin arranges itself Ínto chromosones ¡rbich separate to oppo-

site poles of the celL with great precfsion" At neloslsr tbe hono-

Logues regularly palr togetåerr form ehiasurata and segregate to oppo-

site poles. Sucb preeision 1s more understandabLe if tbe homoLogues

are aetuafly lying close to each other Ín the lnterphase nueleus.

Àssociation of honoLogous chromosomes 1n sonaüic eells hes been

reported in e number of organfsms¡ namely CrepLs capfllarís (tCtt¿nt,

1963), Dlpterans (Metz, LgL6), Man (Schneideman and Snith, Lg62),

Feldnan et gl", Q966) demonstreted that the honologues i¡ wbeat

tend to Lie cLoser to each other than expected by ehanee aLone by

measuring the distanees between members of pairs of homologous and

between non-homologous ehromosomes in root tip cells and eomparing the

frequeney dLstr butlons, They also demonstrat€d th¿t in wheat the

eentromere T¡ras nalnly responsibLe for the attraction by measuring dls-

tanees betryeen teLocentrics of opposíte arms of the same ehromosome.

Feldman 1a966) studying the effect of chromosome JB on neíotic pairing

ín wheatrfound that ho¡¡ologous ehromosomes ere associated before neiosis

begins. ltrls and the sonetfe assoclatlon of ho¡nologues ín root tip

ceAls suggest that sonatie assoclation is present throughout tÀe Life of

tlre organism" Feldman (1966) aLso demonstrated that genes, Loeated on

homoeol-ogous chromosomes 5A, 5B atÀ. JÐ, reguLate son¿tic association.

:::t:trr,.a,
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MATERTAI,S AND II{ETHODS

the aneuploid lines used in the study v¡ere obtalned fron severel

sources end are outlíned in Table 2. Speclal- attention was given to

the screening of monotelosonic plants in the progreny of selfed mono-

somics previously ldentffled. Dltelosomlc llnes ruere derived by selfing ','.''., ',

monoteLosoníe plants.

For nltotie investigatlon seeds fron aneuploid lines loere pLaced

on a moist blotter, eold-treated at 0 - Zoe fot 2 ¡aeeks and gerrnineted i,,:',, ,.''."'
: .i:í::'.::'. :' .:

al2?ocfor24hours,Theyoungroott1ps¡vereexe1sed,p1aeedj¡ice-
i i''1:ì: i,:-:1:: i:

ehilled lvater (O - ZoC) for 24 hours to aecumulate metaphase figures and 1:¡'¡r''."r'1'''i

then flxed Ín Farmerrs fluíd (l ethyl aLcohol¡l aeetle acid) for at least
'

two days. After fixation the root tips were hydrolysed in lN HC1 for i

L0 minutes and staj¡ed. with reduced basic Fuchsin. The stained meri- 
i

stenatie tip was squashed bet¡¡een a sllde and cover slip in elther 1É 
i

acetoearrnlne or t+5fi aeette acid and the ehroruosomes eounted, In the i

i

later steps of the study, acetic aeiLô, (45%) ¡ras used to lmprove the 
i

i

spreadlng of ehromosomes at ¡nítotic rnetaphase, thus facilitating kar¡ro- ; '

t¡pe analysis, Karyot¡pe analysis was made on the best fresh prepara-

tíons, both by direct exan:ination and by photomlerographs erhere the chromo- l'.t'iti'ì:.

',:,4-,t.,,4 
..''.

sorues eould be eut out and organized aecording to the st¿nderd karyot¡pe ;,";1,,¡:,'¡,ì,

of Rajhathy (].963),

For meiotie studies young panicles, used to study pol1on nother

celLs (ptqC), rir€re eollectedr flxed ln Carraoy's fluid (6 ethyl aLeohol¡ Ë':+
F: ::':lùÌ:::ir;:l

J chloroform¡l- acetÍc acld) and squashed in $ aeeloearr¡ine. The ehromo-

some number detemined from root tip eounts was eonfirned and 1n the case

of rnono and ditelosomie plants their peirlng behavior was particularly noted" 
l

rnterLlne crosses ¡vere designed to eheck the honology of monosomle 
iir.,i:..'..,.

chromosomes, Lines monosomic for the same chromosome ¡vllL give rise to '':¡ :¡::
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labIe 2. List of aneuplold lj.nes used in the study"
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]ll

Line Chromosome Variety (X-ray dose) Authority

Mono VIïI
M-3
R-355

R-5Zt+

w' - TLrz

sr-7
GH-??-].:06

2t-L20
s-aft+

R-L?6

18-81
nx - t+0

sT-17
R-364
Lr-ZT

Gx-26
Gx-J8
Gx-69
Gx-99
Gx - 1J4

Gx-]:&
Gx - 24A

Gx - t+38

ex - 623

H-]:27
R-365
DiteLo 3
stteto 4lZ

Ditelo 21

Ditelo 10L

Ðite1o L02

Ditelo 10J

Mono 8/1
wono 8lz

2

3
l+

6

7

7

9
l_0

12

Sun II (sponteneous)
Victorgrafn (?)
Gamy 13oor)
Gerry l3oOr)
Rodney (150r)
VÍ.ctorgratu (?)
Garry x Rodney

Garry (spontaneous)
GarrT (ssnic vibrations,

20 minJ
Garrly l3oor)
Garry (spontaneous)

Rodney (25")
Victorgrain (?)
Garry (3oor)

Garry (spontaneous)

Garry (ZSù
Garry (100r)
Garq¡ (300r)
Garrly (600r)
Garry (600r)

Garry (600r)

Garry (600r)
Garry (300r)
Garry (L50r)
Garry (300r)
Garry (300r)
SunnII (spontaneous)

Haeker & B1ley, LP6S

Singh & lfall¿ce, 196?

Sun, L965

Sun, L965
Gauthier, L96?
Singh & I{aLLace, 1967
1,1n, L968

McGinnís, unpubllshed

Gauttrier, 196?

Sun, 1965

MeGinnis & Lir,. L966

McGlnnisr unpublished
Slngh & WaLLeee, 196?

Sr¡n, L965

Gautå1er, 196?

Andre¡vs & McGinnis' 1961t,
Í
1l

It

|l

il

ll

il

It

It

fill

Haeker & Riley, 1963
rlltl

14

t5
t5
t7
18

20

: .: -:..

r
rl

n

n

ll

Í

lt

fl

It

¡l

lr
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20 bíveLents in the l*0-ehro'ulosome F1 hyòrids whereas lf the monosomies

are different the neiotie configuration wÍLI be 19 bivaLents plus 2 uni-

val-entsn In F1r ll0 + t-chromosomê hyòrids (monosonie x telosomic aneu-

plold), 20 bivalents plus a telocentric unlvalent i:adicate that the telo-

centr{-c is one ern of the monosome under investigatlon¡ a heteromorphlc

bivalent and a fulL univalent plus 19 bivaLents denonstrate that the telo-

eentrlc 1s not hmrologous to the monosome used as fernale parent (Ftgure L).

Hybrtds betr,yeen dlfferent aneuploids T{Þr€ produced by the int¡rodue-

tlon of ¡reLlowlsh anthers lnto florets enaseulated one to five days prior

to hand-poLLination" Emaseulated florets were bagged to prevent out-

crossing, In interLine erosses involving monoson:icso the nale parent uas

choEen on the besis of percent of nulIísomlc plants in 1ts progenyo The

higher the percent, the greater the chance of havlng 4O-chromosome plants

in the progeny of interllne crosses. In crossing monosomic by tel.osonic

aneuploids, telosorni-e plants were used as the nale parent. The presenee

of a telocentric chromosome in the naLe gamete increases the frequency

of the desired type of hyòrids (lrO + t-chromosome), thus reduefng tåe

effort of produeíng bybrid seeds"

The nr¡mber of nieronuclei per tetrad was scored to ealculate the

frequency of normaL garnetes produced. Tt yras assumed that in tetrads

wtrere no mieronuclei ¡¡ere present four 20 + t-ehromosorne pollen grains

¡çould be producedo wtrere one mieronucLeus oeeumed the ratlo would be

3 noyrnal to 1 defieient gametes and ¡El¡ere two ¡¡lcronuelei were found,

two gametes would be deflclent, ete.

To deterrnine whether som¿tic ¿ssociatlon of homologues lres present

in connon oats¡ a ditelosomlc line (Ottelo 3) was used. The teloeentråes

f, .-;:. : _..:,
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Figure l.
ïdentification of dltelosornÍc línes

Identlfied monosomic
ga¡netes (20 z]..)

Ditelosonic line
(20 + r)

4o + t (retaíned)

at meiosis, two (2) pafulng patterns are possiblel

1) tgrÏ + Lrr hetero + 1r
(not the monosomie used)

z) zoTT + f t.lo
(is ttre monosomj-c used)

4L + t (rejected)
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were not ldentified but are not ehromosorne 21 sLnee 21 blvalents always

formed at meíosis, the teLocentrics pairing togetber to foru an open

bivalent. the teloeentries could be differentiated from ehromosoue 2L

by thelr teminaL centroneres in sonatic metaphase.

Distanees bet¡¡een tåe midpoints of telocentricsn dístances between

centromeres of the ehromosones 2L, and distances between the rnídpoints

of the telocentries and the centromeres of the ehromosomes 2l were taken

in the same eeLl (ptate 1). The distanee bet¡seen the two chromosomes

ferthest apant in tbe ceLl eoneerrned was aLso taken to rnininize the

differences due to squashlng.

If ¡¡e eonsider the non-homoLogous ehromosomes es two points dj-stri-

buted at randorn in an a?ea, the e4pected frequeney distribution (Fig. 2A

pege 40) can be caLculated by the substítution of a series of values from

0 to 11n Eanurersl,eyls fonmrle (taken fron Feldman et a1. r 1966)¿

r(x)(x) = 16 x t cos-l x-xrr -xzljl .

1T L J

the mean and variance of such an oqpected distríbution are 8,452 anê.

0.045, respeetively. The ltilcoxon uratched-pairs signed-ranks test was

used for the statÍstieal comparísons between the frequeney distributÍons,

of dÍstanees of, honologous end non-homoloþous ehrouosomes (Siegel, L956),

the Kolmorov-Snfrnov one sampLe end two sarçIe tests vEere used 1n the

statístlcal comparisons ¡f tfre frequency dlstributlon of distances of

non-homologous ehromosomes with ttre theoreticel frequency distribution

of dístanees and 1n the comparison of the frequeney distribution of dís-

tances of homologous chromosomgs to each ottrer (Siegel, L956),

,,t:-':.::



8ï



:.)

:i

Plate 1. þpica1 sonatic metaphase ín a

where measurements were taken,

l{agniflcation 600X"

root tip ce1l
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RESULTS AND DÏSCUSSÏON

the resul-ts rril1 be diseussed 1n the order given in the introduc-

tion¡ (1) the ldentification of aneuploid lines, (2) tåe identjJlca-

tÍon of dltelosomic lines; and (3) a study of somatíc assocÍation of

homoLogous ehromosomss.

(1) .

The resuLts rrill be given 1n tebLes for brevity. The tabLes do not

i.ndíeate the directlon of the eross but the relevant 1r¡formation wes

given in materiels and metliods. The cross products are given at the in-

tersection of the horizontel rows and vertieal eolunvrs.

Table 3 lists the aneuploid lines used iu the crosses and the number

of F1 interllne h¡lbrids studied meiotlcally in each individual cross.

lable 4 lrith ¡ppendix gives the results of the metaphase I neiotle palrlng

studíes on the F1 interLíne hybrids. hlhen posslble, more than one F1

ínterLlne hybrid was studied nei-otica1Ly to reduce the possibiS.ity of

artjJaets caused by unlvalent shift.

Four monosomíe llnes R. - E?, Gx * L&, Gx - 99 and Gx - r5¡tl' were

found to be monosomic for ehromosome 6, 1:0, 2L) and 23-, respectiveLy. lhe

Lines H - 12? and Gx - L& wer€ crossed to R - 52¿t (monosomic-6, Sun L965)

and A - 41L (nonoso¡nic-10, Geuthier Lg6?), respeetively. fn both easest

the lr0-ehromosome F1 hybrids showed a palring of 20 bívalents (fab1e 4

- appendix). the lines Gx - 99 and Gx - l* proved to be défielent for

chromosome 2l by karyoty¡ge analysis,

Anong unidentified monosonle Línes, Gx - 26, Gx - J8, Gx - 69,

Gx - l*38 and Gx - 623 proved to be deficient for a ehromoso¡ne other tåan

tbose listed in Table j.

i .r :..

I r',:,::
l:'. -".
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labLe 3" the enelysed crosses perforned between aneuplold lines

and the number of F1 hybríds studied fn each cross!
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': ."'' r lable 4. ResuLts of honology studies 1n hybrids betweenl:.1i::j l..:.:r:ii:l;:rì

.: :.i:1..:;';:. l: : :, eneuploid lj-nes.
ì,.::,.,t: ì':';.-,::' :ì

'_.1

^Ao lhe aneupLoid llnes are deflclent for the

sane chromosome.

n the aneupl-old lines ere deflclent for t¡¡o
different chromosomes 

"

' -o. The aneupS-oid 1ínes are deficient for t¡vo

i different chromosomes by deduction,
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îable 4 (append*), ResuLts of homology studtes in hybrid.s

bet¡seen aneuploid lines,
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- _ Ollrer, grossgg peËîo¡mred.an4_ane.lysgs! cytolgeica+v____

Gx - 26 (4L) x ax - ¿10 (41 + t)
i rt tlo + t-ènromo"å*", 19rr + rrr hetero + 1r

Gx - JB (4r) x I{-3 (¿}1)
í r, rro-"hrånosorne , L¡II + zI

@x - 69 (4f) x Mono VIII (þo) (ehromosone 2)
1 F1 40-chromosome, 1,lT-I + Lff + 2I

Gx - 69 (¿rr) x M-3 (41)
1 Ft þO-¿hrånosome t LTT.T + ltr + 2Ï

ex - 62J (41) x 1?-21 (ll1)
L F1 llO-chromosome, ]t9ÍI ¡ 2L

ex - 309 (t+r¡ " n.¡.55
þ Fl 4o-¿hronos"*", few eorÏ uut nostþ

]rgrl + zr

ax - ¿lo (¿*r) x 18-8r- (41)
9 F1 &O-ehromosome t 20Ï.I

A-4u (4r) x Gx - 164 (41)
(nonosonlc-L0)

f f, 4O-chromosome, 2OT.T

n-12? (¿rr) x R-524 (&1) (monosomlq:6)
1 F1 l+o-chromosome, ãol-t

2I-]*2O (þ1) x GR-2?-LO6 (¿+I) (nonosomic-9)
(nonosomie-20)

i ót +o-"rtromosomer :-:gII + z!
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Table J. Non-identitles of J monosomic 1lnes.

Non-hornol-ogy was eoncluded from:

ßi - ka4rot¡rpe analysis.

C - Cytologleal analysls.

P - Phenot¡4pe analysis.

c*- cytologlcal analysis
by deduetion.

(see Table 4)

:¡:.: :. :; - i I

:::':::-:-i

.irrl:a.l' rti r;: i

''rr- : :.'



Chromosome

123I+I9t3 1¿lt551-17L8202L

i..-..- .t.

Gx-26

Gx-J8

Gx-69

Gx - lrJS

Gx - 623

KK
KKC

KCC
KK
KK

CKP
KP

KCP
KC*P

CKP

CK
CK
CK
CK

CK

cc
c

*c'
A^6

cx
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A monotelosomlc l1ne (n-365) ¡ms defíclent for the same chromosome

as Gx - 1t38, an unidentified monosomlc Lir¡er but the chromosome is not

ar 21 8r 9, L3, ].4, ].5r 20 and 21 (Îable þ).

Tsro nullisonic lLaes (Mono 8/t and 8lZ) *r. deflcient for ehromo-

sone L5 when crossed vrlth 18-81 (nonosornie-L5¡ McGinnis and Lin 1966)

(Table 4)" these llnes did not sho¡¡ elther alblnism or side-panlele

phenot¡pes tanowa to be controLLed by chromosome IJ.

t. -.-
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(2) Identification g!_ëtelg€gnic Þneg.

i: ':: ,. " ": ,lr

(a) Dltelosouic for cbromosome 20L,

A ditelosonic Llne (Dttelo 4¡Z¡ t"" crossed to nonosonie

lines l*r 6, ?r 9, Lo, l.2, 1!+, L5, 18, 20 of {. saËiva and

S1-? and S1-L7 of 4gg4g b¡zentina. the monosomies lono¡sn as

L, 2, 8, 13 end 2l ¡¡ere exefuded in the crosses because pheno-

typlc and karSrot¡rpe arralyses revealed the prosEnce of these

chromosomes ín tl¡e genonic eonpLement of the diteLosonlc Lfne.

iEhe nruùer of F1 hybrids studied neiotically and the s¡maptfe

characteristics of the telocentrÍc in eaeh cross are shovrn in

tables 3 and l+, respectÍvely"

As Lllustrated in table L+ and plåt€ 2, the crosses 1n-

volving monosomíe -7, -L0 and -20 reveaLed a meÍotie paÍring

where the teloeentric was a unlvaLent end alL the other chromo-

somês were involved in associatlons. ltris fudlcates that the

three prevlously identlfled. monosonícs -7, -10 and -20 are 1n

fact monosomlc for the sane ehromosome, namely 20. In the

crosses lnvolvlng the monosomícs, other tltan f, 10 and 20, the

telocentrlc lfes afurays paired ¡'rlth a fuLL chromosome forming a

heteronorphÍc bivalent indleating non-honoIory betr¡Een the teLo-

centric and arqr of these other chromosomes.

tfn (1968) suggested that Avena brzanting and {" sativa

di.ffered by at least two reciproeal translocatlons. In the

present study, only tJre palring behavior sf the telocentric

was recorded in the hybrlds S1-? and ST:1? Uy Oiteto 4/2

beeeuse univalents and nultiveLents were present at netaphase T"

.!-s t.. è_ J i: /;,!/r"ua
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Plate 2. Crosses involving monosomic-|, -10 and -20 and

diteLosomie for 20L showing the teloeentrlc as

a univalent.

àt Mitotic netaphase of ditelosomlc-20l (arrows).

b, e, d" Metaphase I of meiosls of the ¿10 + t
hybrids bet¡reen monoso¡nic-fl, -10 and -20

and dltelosonic-2Of, , ""rp""tivoþ.
Magnifícation 600X.
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A heterourorphlc blvalent tres seeu in aAl ce1ls stuðied.

Eacker and Riley OgeS) reported that nuIllsoni-cs for

ehromosome 2 of Sun If had curled leaves and lclnþ neeks. In

the variety Garr'¡r, the genes for these two ebaracters were 1o-

cated on ch:r'omosone 1¿l (Sun, ].:96¡Ð end 20 (Gauthler and. McGiruels,

1965)¡ respeetively. Fron this, Eaeker and Rlley (f965) sue-

gested that ehronosorne dlfferences bet¡¡een Sun II and Garry may

be due to a transloeation involving these ehromosones. Lln

(fg68) conel-uded tåat a reeiprocaL transLocetion involvlng trvo

pairs of chrotnosones rras present bet¡veen Sun II and Garry and

Rodney when he obsenrEd a quadrival-ent 1n PlOs of the F1 hybrids"

lhe present results sho¡r that chromosones 14 end 20 do not par-

ticipate in this reciproeal transLocatlon. The sane conelusion

ean be e:stended to aLL the other chro¡nosomes used in ttre crogses

exeept chromosome p because t'be transloeatlon ¡¡as not present

in the hyòrlds and S1-7 and Sf-17 from {. Þ4þ@.
Earlier ¡'rork (Gauthler, L96? ¿nd McGlnnLs, unpublished)

hes shorrn that the monosonics and nulltsonics for chromosome /
and 10 ¡sere characterized by eurled leaves and kinþ neeks and

those for chronosome 20 erçressed only neck kinlqmess. fn

addition, a hapLoid plant nul-Lisonic for ehromosome 7 (a diffe-

rent isolate than the one used ln the present study) revealed

a gene for dipLoidlsatíon (Gauthler ard McGinnls, 1968)"

Tn the present study, Ðitelosomlc-26t e4pæssed only abaxieL

curling of the Leaves. lf tåe chromosomes prev5-ously identified

as 7¡ 10 and 20 are in fact one End the same, i-t can be postu-

Lated tbat the gene(s) for normaL Leaves are located on tl¡e short



3Lt'

arm ¡rhlLe the genes for dip3.oidisatlon and noxnal neek shepe

are on the long ar:n of ehronosome 20"

Meiotic bebavlor of d.ltel-osomic-20l.

three aspeets of the meiotie behevior were studied, na^ruely

the metaphase I pairlng, the presence of micronuclei in tetrads

and the somatic chromosome eounts in the progenyr

the metaphase I pafring raas studied by scoring the ur¡i-

valents and open aad closed bivalents Í-n J0 meiotie spreads.

A disomie eheek ¡vas ineluded for comparison. A very sinflar

pairing behavior was observed in the ùitelosomic line and tåe

disonic check (1abLe 6). The averege blvalent associatl-on r¡as

20 96 and 20.98 for the diteLosonic and tåe dlsonic check, res-

peetlvely. The presence of univaLents was due to pairlng

failure of fuLl anlvalents in elther case. The n:inimum number

of chíasmata ¡sas verSr similar¡ belng 38,32 and J).J8 for the

ditelosomie and diso¡nic checkr respectiveþr considerÍng that,

the ditpLosomic lÍne has one Less possible ehiasna due to the

open bivalent formed by the telocentrle chromosones,

In a sanrpLe of 1000 tetrads, ditelosorric-2Ot produced

95,q, of n = 20 + t, ga,nretes ¡ûrile the disomic eheck produced

99,+fi of no:mal gametes. The somatic ehronosome eounts of 70

seeds of ditelosonic-2Ol reveaLed only ditelosomic plants.

(b) Ðltelosonic for chromosome 21L.

lbo different lsolates (Ditelo-L02 ard -105) uere found

to be diteLosonie for the long aru of chromosome Z1 (pLat" 3)

by karyoty¡ge analysis.

!:aì,j

i:'' ':,
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Table 6. Metaphase f pairing studies.

Bivalents
Line Cells

scored
tn1v"

(range)
0pen

(range)
Closed
(range)

Average X-esne
Bív. essoe. (range)

Ditelosonie

for 20f,

DiteLosoraic

fsr 21L

Disonie

check

.08

(o-z)
r0¿t

(o-e)

,0¿+

(o-z)

3,60
(r--?)

3.88

(r-a)

2.38

(o - ro)

17,36

(zo - rt+)

u.10
(zo * vt¡

18.60

(21 - 11)

38.32

ß5 - t+L)

38.08

$4 - t+t)

39.58

ß2 - 42)

50

5o

50

20.96

20,99

20.98
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PLate 3. Karyotype of dítelosomic 21L.

âo Mitotie metaphase spread,

b" Karyotype analysls of a.
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The neiotic behavior of diteroso¡nic-z* (isolate dltel-o-

105) vras very sÍrnilar to the disoníc check, the average bí-
valent associatlon belng 20.98 for both of them (ta¡Le 6),

(") Otåer díteLosonic llnes studied.

lbree diüeLosonic lines (Htefo-3, -Zl and -l_0I) were

found to be ditelocentric for the sane ehromosome ann r¿hen

crossed to each other (taUle 4). The F1 tt} + Zt;-chromosome

h¡bríds shor¡ed a pairlng of 20 bivalents plus an open bival.ent

ínvolvlng the two teLocentrd-es. The teLocentrie ehromosome in
these three diteloso¡aie lines is ínvolved in the reciprocal

translocation present betr¡een the variety sun rr and Garr¡r ar,rd

Rodney" these ditelosonic Li¡res proved to be deficient for an

ann of a chromosome other than 1¡ Zr 4n 6, ST-?, Br 9, D, !3,

L¿+, L5, ST-1?, L8, 20 and,Z]..

Gx - 2t1{^, a l-Lne wÍth a hønozygous deletlon for a part of

a snaLl arm, was found to be defieíent for a chromosome other

than l, 2, 8, 9, 13, 20 and 2L by phenot¡rplc, kar.¡rot¡pe and

e¡rto3.ogical analyses.
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(f) Study of somatie association of homoLogous chrornosones'

The frequency distrlbutlon for non-homologous chromosomes (Ftg. Zp)

was not slgnifieantly different from that expected for a random dls-

tributlon (p > .05). Tt¡e mean and variance l¡ere 0.4J0 ard 0.018¡ res-

pectivély. The eLose fit to the theoretieal eurre verifles the assump-

tion that the non-homologous cbrornosomEs lrere dlstrlbuted at rendom i.n

the flattened eell.

fhe homologous ehromosomes lr€re not distrlbuted et random (Fig. 2,

B and C). the frequeney df.stributlons obteined for the telocentrics

(Flg. 2C) and tåe paÍr of chronoso¡re 21 (Fig. 28) were skewed to the

rightr resulting in a lo¡ver meen vaLue. The mean and verianee lùere 0,368

and 0.0t17 atø 0.389 and 0,048, respeetlvelyn for tùe homologues of chromo-

sone 21 and the tel-ocentrics. lhe frequency distrlbutions for homologues

were sLgnifieantly different frorn the frequency dístribution for non-

homologous ehromosomes(P <.05)" Furthermore, the frequency dlstributlon

for honologous chromosomes 21 dld not differ signiffcantly fnon the fre-

queney dlstributlon of the pair of telocentrics.
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Figure 2. Frequeney distributÍons of distances.

.å.. Bet¡¡een 2 points distributed at

random in a eirele.

B and C" Between hornologues 2L and

homologous teloeentricso

respectively.

D. Bet¡reen non-homologous chromosome

2! and telocentrie.
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GENEAAL DTSCUSSION AISD CONCI,USIONS

Several methods have been used to identi-fy ühe unLvalent chromo-

some in monosomic Lj.nes of eommon oats, namely phenot¡pic expressiont

karyotype analysls, chromosome aran retior transnission frequencies and

interline crossðs. Ðrre to tthe nature of polyploíds, severeL chromosomes

ar€ expeeted to control similar funetions or have a slmiler arn ratío

and transmissÍon frequencles. l?rus¡ MeGinnis (1966) coneluded tåat the

only reliable monosonic identification nethod ruas by cytoLogieal analysis

of interline hþrids eoupled with karyot¡tpe analysls.

the produetíon of ínterllne bybrlds and tåeir c¡rtoLogÍ-ca1 anaþsis

are not without difficulties. ltre produetion of i:rterline Ì5rbrf-ds ls

hindered by negative certation effect and non-viabllity of the 2@-cbrono-

some po3.1-en. the value of eyboLogicaL anelysis of F1 40-cbronosome hy-

brids is degraded by the snalL nrrmber of hybrid plants avaiLable, ttre

possibilíty of univaLent shjft and selfing, and the possible nfsinter-

pretation of the data ¡¡hen different specles of Avena are used due to

the presenee of univalents and multivalents.

The use of ditetosornic Llnes ¡¡ou1d overeome narqr of the probLems.

C¡rtological anaþsis are perforued on F1 40 + t-chronosome bybríds.

They are obtained by fertillsatisn of e Z}-ebromosome ganete ¡råth a

20 + lg-cb;ronosome pol-len grain. theoreticallyr ditelosomic 11nes pro-

duee only 20 + t-cbromosome poLLen, thus elirninating the probl-ens wlth

eertation effect and non-viabllit'y of the desired t¡pe of poLl-en. the

effíci.ency in crosses is j-ncreased trernendousþ, the rnajority of the

hybrlds obtained being þ0 + t-chromosome. the problen of undetected

selflng ís non exj-stent beceuse the hybrids are selected on the basis



of sornatlc chromosome number and the presenee of the telocentríc serves

as a narker to identify the source of the pollen. Tt¡e chance of unLva-

Lent shlft givir¡g rise to erroneous conclusions is almost elfuninated

by studying more then one F1 hybrid.

DiteLssonio Línes bave been used in this study to verify monosomic

identification and to determj-ne the presence of somatte assoclation of

homologues in cormlon oats.

Gautbler (tg6Z) m¿de an Ínterline eross bet¡¡een monosomic 7 and 20,

the neiotie palring study of the þbrids showed 19 blvalents plus 2 uní-

valents indi-cating that thE llnes ¡rere deficíent for t¡¡o dj-fferent ebromo-

sonêsr In this study the same nonosonie lÍnes and e monosomic for ehromo-

some L0 were erossed to a d.itelosonic Line for chromosone 20L, the neiotic

metaphase T paírlng showed a teLocentrLc rurlvalent and þ0 chromssones in-

volved in assocíations 1n all three casês¡ It nas then eoncluded, that

the three previously identifled lines monosornic for chromosome 7r l-0 and

20 ¡¡ere deficient for the sa¡ne chromosomer aamely 20. The results ob-

tained by Gauthier een be explained by univalent shift because he found

three double monosmic plants in the self proger¡r of monosomics I anð, 2A.-

The use of a dÍteLosomíc Line in this case proved to be successful 1n

detecting nj-sldentifícatlon. There 1s no doubt tÀat ditel-osonics wilJ.

contrfbute more in future c¡Êogenetie studies.

lnterline crosses between monosomic lineç ¡riLl have to be used for

chromosome ldentjfieation untl1 a complete ditelosomic serles is estab-

lished in @" Presently, there are only 2 ditelosonric l1nes identi-

fied., namely 20L and 2LL aad t¡,ro more are being studied, nanely 1l+S and
a

L5",

Ditelosou¡1c lines ¡¡ere aLso used to assoeiate genes with speeific
::. :ì.:.



antrs of ehromosomes and to ídentify chtomosomes Írrvolved 1n reclprocal

transl-ocatíon. A suceessful association of genes for nornal leaf

shape and for diploidisation nas mede ¡rith chromosome 20S and 20L¡ res-

¿+4

pectively. the ehromosomes involved in the reclprocaL translocation be-

tween trhe variety Sun ïI and Garry and Rodney wore not identifíed posl-

tively but nany possibílities have been eli.nLnated"

The phenomenon of sonetic assoclatLon of honologous chromosones

has been shown to be present in certain specíes of ani¡oals and pJ.ants.

Ditelosoníe plants are ideaL fsr the study of tåe phenomenon in {ggpg

because they provi.de a elearly ldentifiabLe ehromosome pair. The dis-

tanees bet¡¡een homologous and non-homologoïrs ehromosoraes !Ëre measured

and the frequency dlstributions llere eompared. AssociatLon of homo-

Logues ¡¡as deteeted beeause tbey tended to Lie eloser to each other

than ¡rou1d be e:çected by chance alone. On the other hand, non-homo-

logous chromosomes w€re distributed at random in the celL. lbusr it is

coneluded that somatlc associatlon wl¡ieh affects ttre spatÍ-al distributlon

of homologues is present 1n @.
It is interesting to note that a dlpLoidisation gene was dis-

covered 1n Avene (Gauthier and MeGinnís, L968), In wheat, a simíLar

gene influeneed the spatial distributlon of the chnonosomes by acting

as e suppressor of sonatie assoelation. T:r its absenee, the homoeologous

chromosomes paired to forrn multivalents. The dipS-oidisation gene rney

have a slmilar roLe ln Aven¿ but tåís 1s yet to be demonstrated.

A study of somatíe assoeiatíon in nulllsorui-es for the chronosome

carr¡ring the dipLoidisation gene would be appropriete but the chromo-

some carrying the function 1s involved in a transloeation (G¿uthier and

McGlnnís, 1968). It ís not lmo¡rn if the gene is carried on tåe trans-
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loeated segnent because tbe results !¡ere obtaíned on a nulli-haploid

p1ant. The transloeated chromosomes wiLL have to be ldentified 1n

thls nonosomie line before the role of the diploidisation gene on

sonatic association is determined.

ì ìr:l
1-: t:
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CONTRTBUTTON TO ßNOifiEDGE

10 A ditelosornie 11ne for ZOL was identiJied and. studied meiotlcally.

The gene for nornal neck shape was eonfirmed to be on 20t. The

genes for normal leaf shape and for diploidisation !ûere essoeiated ::.: :

".. 
:: :.'.

rritb tàe short and long e¡m of ehromossne 20, respectlvely.

2o Lines previousl¡r identified as monoso¡rrie for chro¡nosome /, 10 and

20 were found to be deficlent for tbe sams ehromosome, nanely 20. 
i,,,,,.,,,

30 &ro different isoLates ¡rere shown to be ditelosonie for etl Uy ;::r'

karyot¡pe analyses. lrr,rl:

40 the chromosomes ínvolved ín the reeiprocal translocation between

the variety Sun II and Garry and Rodney were found to be different

than &, 6, 72, Lt+, L5, 18, and. 20.

50' Three different isol¿tes (Uiteto-3, -2L and -L01) were found

ditelosomle for the seme chromoso¡ne arsr. fbe chromosome lrnrolved.

proved to be different frorn 1, 2, l*r 61 8,91 72, L3, 1¿1, !5, i¡8,

20, and 2l by phenotypíe, kar'¡rot¡4pic and c¡rbological analyses. 
i

60 The monosomic Lines R - L2? and Gx - 16¿l yyere identified es mono-
', . . :,.t.

somic 6 and 10, respeetiveþ by e¡rtologieal anaLyses. 
i:,,..1r..:...

?o ftvo isolates (Mono th ana uono 8/a) nulllsonÍc for chronosome LJ l.li,,
:::1:_

r¡ere identi.fisd by cytologfcaL analyses.

6o Trvo monoson:ie Lines Gx - 99 and Gx - 15þ were sho¡m to be defi-

cient for ehronosome 2l by karyotype analyses.
ií,,,:i,,'i

go the unidenti-fied monosomÍe lines Gx - 261 6x - 58, çx - 69, ;¡ri:::'

Gx - 4J8, Cx - 623 ¡rere shown to be deficient for a chromosome

other than those listed in tabLe 5,

l0o A somatle associatlon of homologous cbronosomes was found. to be
1. ..,,t 

"present in the speeies. i'i:1¡'.1
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APPENDÐ( (¿ef:¡ritions)

.Aneuploid llner A line ¡those somatic nuclel do not contain an
exaet multlple of the haploid nr¡mber of chromo-
somes.e

As¡mapsls¡ lhe failure of honologous chromosomes to pair
during meiosis.

Ðes¡mapsisr 1'¡s f¿1]ing apart during ¡llplotene of meiosis of
chromosomes wblch paired normally at pach¡rbene.

Fatuoid line¡ A líne charecterløed by a fatuoid phenot¡per i.ê"r
genleulate ewn on each floret and a pubescent
zucker noutå attachment to the rachilla,

Monosome¡ A monosouÉe ehromosone'

Monosomj-e ehromosome¡ A chromosone in the ehronosome complement lackÍng
an honologous parfner.

Monosomic lÍne¡ A Líne in uhich aLl the indíviduals l¿ck orþ'member
of one partieular pair of chromosomesr

Monosomic series¡ A series of aLL possibS.e monosomic Lines.

Nullisoruy¡ îhe csndition of an individual- ¡rlth bol*r members
of one partieuSer pair of honoLogous ebromosomes
rnrssing from tÌ¡e ehromosome comlrlenent"
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