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Eight monosomlc ltnes prod-uced by x-lr"rad'Ia.tfon and.

one derlved spontaneously froro a populatlon of commoll

oats of varlety Garry vfere studled, to ldentify the rnlssing

cÌrrornosome" Enlarged photomlcrographs of well*Spread.

roltotic flgures of eaeh }!ne provid,eÕ the basls for crl-

tical anal¡rs!s of the misstng chromosome" The chromosomes

vdere cut out from the photographse matehed- and mounted" on

rnetr.ic pa-per u A tota] of four nev'r mo]losomlc llnes were

ad_d.ed. to those already id.entified by lricGfnnls Ln the

varlety Garry 
"

Line R I?6-3?6, defictent for chromosome 14, exhibåted"

a distlnct phenotype, 1"e., whtte striati.ons l-n the leaves

of Seed,l1-ngs whteh uüere more pronouifced on nul-Ilsom3-c plants

tnan on nollosomlcsn Ir additlon they were suþfntermed-late

fatuoi-d- and had aba"xla-l curling of leaves ' A hemlzygou-s

ineffeetlve dominanÛ gene (or genes) appeared to condltion

white Striatlons on leaves, wh1le the genes for sublnber-

med.iate fatuoid- and abaxia.l eurllng of leaves acted" as

complete d-omlnanbs " One plant monotelosomLc for tlne shorf

arn was simtlar to nullisomics suggesting that Senes coll-

di-ttonlng all characteristJ-cs were located on the long

arm of chromosone 14"

sister rlnes R 252-t+52, 'Lt'53 u *t+56 u and -+57 were

L i"t
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ôeficient for. the sane chromosome l&, but l_J-nes -452u *U53u

a.nð. -l+56 all had- a neterozygor.rs deletion in the upper pa,yt

of the short arrn of chronosome 19 ø while -4J7 was horno-

zygous for ihe d,eletlon" The misslr'g pa.rt of the short
arm had an ef'feet on the fatuoid. expression when chromo-

some*l-4 was lost*
EL 521+:5?J was deficient for chromosome 6, Hybrid-s

betr,ieen thls l1-ne and_ R W6*376, had 19 pairs and. two

unlvalentsn The two unlvalents l.¡ere not distrll¡uted ran-

Com]y iruü were orienùed_ in clo,se pro,<imlby ùo each otirer,
ind.ieating homoeol.ogy fs proìrably shared, by these tr¡io

chromosoltes ø

Line P, 361+*535, deflcl-ent for chromosone l8u dis*
played a ki-nky neck phenoiype when it i,¡as nul_lisomic"

* high frequ.eney of monotel_osomics for the long arm

seeraed- to be specif ie for this lineu Ïir is su.gge,sted- that
the gene or gel1es for nor:rna.l neck a.re on- the long arm of
chromosoine 18 slnce thes-o rno:roteLosornlcs appeared normal"

Tn ]ine R 355^5083 the c¡:iNiea.l ehrornosome ütas

nurober lþ; nul-li-somies vrere l-a-te in flov¡erlng and extrenely
sl oiu-grolvi-ng-*

R 222^413 s R 263-4?? s and. 2t_:139-L36 içere all- id.entf -
fied. as rnono*l5 anrl R. 261*1p92 *u* monosomlc-Z]-, Both

these llnes ha.d. been obtained. prior Lo this siud-y"



l.i5LI; Oir COirTlìi;TS

IÌ\'TE0DUCTIOI{ e 6 o @ o ð sø o a ô oe e o 6 oo e ê6s o e o o o aôð þs ø e o @

Lfil"i!ì1j¡il]ïjEü ,TE\rj-Etj 6oqoo èeøqø qoeeea6 ooðeoeèøoÊoe oè

I'ïATEHïALS AliD iJiETij_ODS so o oe e þ ø e ase ee qè€e e6 p o@ o ê 6e

BES-uLit-S lii\D DrSCU$SION.S & o o ø a o e o o o ø @ @ oo o ø o e o o @ €q e

COI'JCLUSIO]'TS

BI.I]I,"i:OCIFTAPHY e è o ê d 6 ê o ê e d è o o o o o q g o @ 0 ø ø o @ o o, ê 4 Þ 4 0 ø ê

-l-+:úìF

1¿

I

11

tlrJ.T

,v2

lrnLyl



TABLE

T Tam Â-fl rll/\1f,Ttrcll-'JÐ¿ \r.E If,LI>!-rD

Number of micronuclei l-n tetra-d-s of
monosomlc-4 plants and calculatlon of
unlval-ent transml_sslon frequencs. . " o o o o o

Frequency of 42-, Ill-u &Q+telocentrlc,
and ¿fO-chromosome oat seed-l1ngs from
a selfed- monosotttlc-I4. o6 o eô @oo e ese@E o @ø @

A descrlptlon of different kind of plants
from llnes R 252*1152, *l+53u -h56, and
-LV57 e ê o o 6 o o o o e o ø ê o 6 ê @ @ ô o e 6 o o e o @ e @ ô I ø @ o ø ø

Number of mlcronuelel- ln tetrads of mono-
somlc*6 plants and- calcLtl-atlon of unl-
valent transmissl-on frequencl" ". o ê E o o o o @

Frequency of 42*, 41- u Þa-cìnromosome oat
seedllngs from a selfed nonosomla-6.",**

ldumber of ml-cronuclel ln tetrad.s of
monosonnic-l8 pÌa.nts and cal-culation of
univalent tra.nsmlsslon frequeney",, 6 o o o o

Freqtrency of 42- u l*l--, 4O-chromosone oat
seed-l3-ngs from a selfed monosor-nie-l8" " n.

Nunber of mlcronuclel ln tetrads of
monosomic-4 plants a.nd calculatton of
unlvalent tran.snlssLon fr.equenclu u u o o o o @

The dlsthibutiosl of aneuploiås and- d3.:
soml-es ln the progeny of selfed-
monoFomiesrq e ø o ø o ø è ë øo @ o@ o ø ø a e ø@ o øe o 6 o e e

P;rGE

t+3

L+j

1,

tv

LL

5"

vø

LW

25

1/

jl+

?R

lq
7*

vo

/@

vå



PfuTTE

f.

fI.
IIT.
IVr

VT.

vlÏ 
"

VTTI.

x"

XI.

X]T 
"

XTTf.

Charactertstlc morphology of monosoml-o
llng Pt W6*37/ot " ø e @ ø ao o o ô o 6 o o o o oô 6o oo@o

Karyotype of monosomtc-l4s o o o oø o o ê o o o o oo o@

lliboti"c netaphases of monosomic-14o o o o ó o o o

CTtarac'cerl-stlc morphology of monosomlc
line R ?'52 eoøoøq@o€Þ@essø aø@ø@øo@ooeée

Panicl-e morphology aïLd nûltotle metaphases
Of llng B 252øoooooeoø@ øø@øø @éeeo@o€oo@

t'fltotj-c aetaphases of llne R 252s ar1ð. Ð"

panÍcle of a 4ã-chromosome plant homo-
zygous for a. deletion of chromosome-l9.

Karyotytrre of mo.nosomi-c-6o e e 6 e o ø e @ s @ ø oe @o o o

A ml-totlc metaphase af a' monosornÍ c-6 anù
melotlc conflÊ;urations of F1 hybrið
betv¡een monosõmlc-14 a.nd moäosornl-c-6o, 

"

MetotS.c conflguratl-ons of F1 hybrtrl -bet-
T¡reerl monosõnic*Lt+ and- moä.osòmtc-6ø o o o q e

Plant morphology and. mltotlc metaphases
of ]-lne B' 364*535"" o'oe øø eo@os os o oo@oo@

Karyotype of monosomle*I8aø oo e ø ø @@oo o@ oo øø

Flant morphology and netaphase of mono-
SOmle-/l 6 s ø o o € o o @ o ø o o o @ o e o o o o o e E o Þ o o s o o o

T(aryoiype of monosomlc-&o o o ê o ø ø 6 o øeo oo eôo o

L]ST OF PLATES

16

1B

22

á)

2l+

PÄGE-

)¿

1(

37

27

?n

?l

L?L

t+z

vll



f_\rlEpÐg-çsI.O{

comrnon oats is an allohexapIold- comprised, of the A,

C e and D genoaes (21+) " Because of i;he polyplold. nature of

this specles, the C.eftciency of a single chromosome arrd-

even a palr of chromosomes ls toJ-erated, so that lt shoulå

be possl-ble to produ.ce a serles of all 21 monosomlcs"

Such a serles has been completed. by Sea.rs (26) |n eommon

r,vheat v¡hi-Ch i.S slmtlar to oats i-n chromosoae numJrer and

i:loj_C.y level_" The value of thls monogOmlc serles has

roeen wldel y recognized",

It is reasonable to assume tb"at a. monosomic serles

In common oatÊ would- :orove equally useful in cytogenetle

studies. Two maln Sollrees were found. prod,uctive by Sears,

namely the progeny of a hapl-otd. plant poll-tnated- t"Ii.th

normaL pol]en anil the progeny of a partlally asylaptS-c

nulllsomlc (38) " unfortunatel¡r such sources have not

'oeen so proO.ucblr¡e in common oats " OnIy one haplo|d' has

been obtained thus fay (19) and- asynaptlc nu]llsomics are

sterlle both uh.en selfed and eroBSed"

As polnÙed out by Raihathy (22ì t?re ld-logram of

hexaploi-d oats shows coirslderable va-riation fn chromosome

size and, in positlon of centromere, and nany of the d'iffe--

rent rnonogontics can be ldenttfLed from karyotype StudleS.

Thus Lacix of progress ln establlshl-ng a complete monosoml-e

series has been maLnly d-ue to the lack af a. promising
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soltree of a.neuploid-s" B.eoen'bry a. large nulmber of mono-

-qomios have been prod.ueecl at this insiitui;lon by X-

irracl-iatJ.on" The preseni stud¡r was conducted on a nurnber

of these monosorslcs ln ord_er" to identlfy them,
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SPO1'ü..IÄ}.IEOUS OCCUJ:iEEIIICLJ OI.. ANETJPIrO-TDS:-:r-+*.-- 
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Iiuskfns ( B )

a mollosomic ;ola,nt

L927 was the first o:.1e to observe

oats vqhleh '¡¡as cha-racterlzed- by a

fatuoid. phenotype* I{e classified- the oat fa'buoid-s into

three serieÊ d e F u r (9), The heterozygol.¡.s Í'a'tuold- of

serle,s þwa.s associated with a- deficieney for the rrCr¡

chrornosome" Ilormal- tyl¡eS anù freterozygol-iË types lÁIere

found- to segrega.be in ratlos af LzS to 1:10 plus a fer';

null-lsor¡ics v¡hlch- '¡l-ere homozygou.s fatuolds, The 40*

ch.romosome fatuoid.s had irregul-a.r melosis and, were drçarf

and. sterij c"

Ntshiya.ma (J.7r18) r'eitorteÔ. i'nat monosonlc heiero*

zygous fatuold-s segregated, lnto normal- types, hetero*

zygotes and, dvia.rf , asynapti-o homoz¡rgotesu In. the progeny

of h.eberozygol.rs fatuoi-d-s, some of f-types rdere found- whieh

vrere monotelosomic for either the long a.rm cr the short

arm of the sr,lbmeðian rrCrr chromosome" Ple,:rËs monotelosomi-e

fo:: the sho::t arm uiere heterozygoLis fatuoi.d"s, semLdwarf u

asyna.ptic a"nd- highJ-y sterile" Plants monotelosoiliic fov"

the }oirg arm v,¡ere homozygous fatuoid.s, dwarf , synapti-c and.

partially fertile" i\-lshfyama eonclud-ed 'bhat the gene CIr

genes for fatuold" cnaracberisiics are located, on bhe short

arin and. the gene or genes for synaps"r-q are on the lo:ng

arrn of the trCrr chromo$ome*

{rr

in
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Philp (20) wa"s able ùo deinonsirate that chlorophyl-l

def icleney is associa.ùecl v'¡ith a nul.lisorcic cond.il;ionn

Tn 'bhe advaneed. generation of a cross l¡etween æ, egl-l-v-A

a-nd. l*veqa fat!¿Lu o-ne faml}y segregaied. ] green: 6 al-bino

seed-l-ings" 'Ihe green plan.i;s lÀfere mottosomlc, whereas the

albl-nos "i^Iere all nu]lisomíes 
"

Philp (21) repo;'ted on a nuJllsomi-c with a nar:olît

l-eaf uridth which was found ln the progeny of the Ëame

interspeciflc eross bet-tteen Aqe-{la sally]a p,.ncl 4.g9gq f-?lvã'

iofeasurements aricl cytological observations showed- t]na,b

seed,l-lirgs whose leaf wid.th was less than 3 mm had. ¿+O

chromosomes ani^ tine obhers ha.d 4f chromosomese The rabio

r{as approximately J broaÕ: 2. narrov,i, This ind-icated- that

a gene for normal leaf wid,th is located on ihl-s chrcrmosotnee

IvicGlnnls and. Tayloz' (f5) showed. that alblnlsn ln an

intervarietal eroÊs of Ayçr,¡p. sa-tiv-A resu-Ited from the loss

af a whole chromosome pa3-r. I{onosomic and- d,i.somle plants

r¡iere greelxa In the progeny of selfed monosomlcs, a hlgh

frequeney of null-tsomtc plants resulted" t63"9'l) i.nd.l-eat-

tng Ehat the d-eficLent pollen grains underwent llttle or

r3o certatton ancl competed suceessfully ln fertLlLzationu

Thev identified the chromosome as the shortest oire of the

complenent, namely chromosome 2Iu on the basls of the

id.i.ogram prepared by Raihathy (22) " An albino pla:rt

monotel-osomlc for the short â.rm was later rsolated. whl.ch
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lndicated that the gene for chlorophyll prod-uctj"on is
l-ocated. on the loilg arm of thi-s ehromosome (16).

l-leGinnls a.nd. A:rd-rews (&) id-entl-fied p, seeond chromo*

some i-nvol-ved ln ch.lorophyll p:r:od-uct3-on" fhe ni.llllsoml-c

plants derived from a selfed- nonosoinic segregafed. ln a

ratio of 3 green; 1 a]bi.no" Thls meanb the gene con:

stj.tutlon of th.e monosomic plant u;as VvV-* The chromo-

some carcying the gene for ehlorophyll productlon i.ras

found to be the second shortest one, ir.ameLy chr.omosome

15" One albino waË moïLotelosom1e. foy the short arø mak-

ing tt posstble to locate the gene for chlor.ophyll pro:

d"uction on the long arm of thi-e chromosome also,

Joshl a.nrl Hov¡ard" (10) noted- tnat melosls was not

completely regular in ¿ve4a sat-Ly3, homologous chromosomes

occasfonally fail3-ng to form a blval_ent, Blley a.nd Kimber

t25J cheeked- ùhe chromosone numbers of 631 seed-l-ings of
the varlety Sr.ln Tf, and for,ind- seven plants wtth 41 ehr"omo:

sones and. one wfth JAr chromosomes" Thls represen'bed a

frequency of sponta.neous aneuplolcls of I.3fi, They suggested

that the extraction of a v,ihole monosomlc set by selecting

spontaneoLls moilosomios night be possible in the cultivated
oat u itfcGln:ris ( 13 ) Ln an âtì,s6p¿ to prod.uce an aneuplof d-

serles in hexaplold. oats l-ooked, for sponianeous aneuploS_ds

J-n the varlety Garry" Ouù of Lt,1023 seed"llngs, he fouird- 24

aireuploid.s comprised. of 2 nullåsomies u I7 monosomicË, and
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5 tr3-sorales" This represented- a frequency of spon-

ta"neous aneuplold"s of A^6fr,

In J-963 He,-cker ancl tli-Iey(6) obta-lned. 6 nulIf-somics,

40 monosomics a.nd. 4 trisomies from 3rl+53 seedllngs of the

va::iety Sun TIu a frequency of about 1,2:'/", In a study

of the l¿0 monosomics, Hacker and Blley (7) grouped them

lnto IJ di--stinct classes based on morphology of their

nulllsomlc progeny a.nd- karyotype d"if f erences " Three cate-

gorles of asynapti"c nul-lisomles were also reported,

Lafever and Patberson (11) found a mal-e sterile oat

plant ln a sib l1ne of Cllntland 60 u whlch was a.na.3-yzed.

La.to-r ùo be d.ue Eo a nullisomlc condltl-on. From crosÊeË

of the nulllsomlc l-l-ne vuith disomlcs, monosomic F1 hybrlds

f¡iere obtal-ned" Unival-ent transinisslo.n rate in F1 hybrlds

was simtlar in both the male and. female, about 6'fr, tVo

certatlon effect for the Z)-c]nromosoae gametes T¡ias d-etec-

ted."

Gauthier and T'icGtnnls (,5) sbud"ted- a spontaneous

monosonnlo of Garcy oatsu vihS.ch exhiblted a kinky panlcle

neek. Thls character vu-as exaggerated. i-n the nulllsomie

cond-itiori, The chromosome lnvolved u¡as id"entífied- as

chronosome 20 on the basfs of the stand.ard" ka.ryotype of

riajha.thy {2.?} " Two plants monotelosornle for the short arm

exhibiiing the exaggerated. klnkJ.ness of the nulllsomics

suggested- that the long à:rrn earried- a. gene for normal neøk"
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(a) $:_lq4adla_t_lprr

Costa,:Rod"rJ-gues (4) facili-ta.ted the productlon of

monosomlcs by X*lrra.d.tatlng young oa-t panlcl.es at a dose of

300 re He obtained. 2A monosomics out of Zfj progeny

a:na,lysed-" Such a nlgn frequency of monosomics t7 "2/,) inar-

cp,.ted that LrcadLatlon ls en efficl-ent roethod of ind.uclng

Nhem. I'ÍcGinnl-s (f962, unpubllshed) irradia.ted the varieiy

Cì.a.rr:y a.nd. obtained 4l- monoso¡rics out of 506 progeny arra.-

1¡rsed (B "Li¿) " Costa*Rod.rlgues (4) suggested that X:

irrad"lation induces a. lnrea]x in the two chromati-d-s of a

ch.¡:orno-qome whlch roy f.llegitlmate reunlon would- form a

d"lcentrtc chromosorne" Such a chromosome Ls evenÙual}y

1ost 1n subsequen| chromosorne d,lvi-slons.

In view of the sLtcceÊs realized by the earl.ler

investigations, a project to d.etermine the most effi.cienf

leve} of X-irrad,iation was cond-ucted- by Aridrews and i'ieGinnis

(1)" Preflov,¡eri-ng panicles of the varj-eties G'arry and-

iì"od-ney of -*,vena sativa vtere X-irradiated at 75 TF I5A Yþ

300 r, a-nO- 6CI0 rn They found- the frequency CIf aneuplofds

inoy.eased wtth the l-evel of irradiatlon" The 6OO r treaþ-

nent produced- the most aneu*oloi-d,s, but the greatesb d,egree

of chromosome damage a.S wel-l, AF a result the monosomle

frecluency tnias not increaseC* a.'oove th.n.t obtained- from bhe
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300 T d-ose" The 150 r treatment lyoduced fev¡er aneu-pl-oids

tha,n the higher doses, but a.l1 vuere noraal rnorlosonics"

ft was conclud.ed- that the most effeetive l-evel was from

l5o r to 300 re A total of 53 monosornlcs were prod.uced-

in Garry and. 60 in liodney by this nethod-*

Bajhathy and. Dyck (23) using lorv d-oses of X-lrya'dlatlon

to treat ltreflov,iering panicles of oatg, found- 15'57; a'neuploids

fron i::radiated panlcles. They suggesied the use of x-

irrad:.ati on ls the most ef f l-cient way to prod-uce oaf mono:

sornlcË u

chang and. sari.anàgà (3) obtalned sl-x rnonosomLcs (A

to F) j.n the varie¡y Cirer.okee by X-1r'racrlatf-ng at 6OO ro

The breed_lng behav3.our, morphology, karyotype, and lnter-

crossing results v{ere studled", They faLled- to d'ifferen:

tlate the 6 monosomes by karyotype D.TLa1-Y-qLS, Holvever,

morphologlcally, nonosomes C and F wer:e oroviously diffe:

rent from othersu while A, B, D, and- E d-l-ffered less

obviously as fr¿r as morphology was concerned'

( b) lfaslol*gq

RaJha.thy a"nd_ Dyck (23) a.tÌ;enpted to ,sereerr haplold-s

from a large popul-a.bion of commolt oats" I+rom 672ÐAA0

seedlings in three oa.E varietles they found 148 twlns but

ilo haplold- rtas found-"

In a, slmila,r study ln Kanota, a ve"r'lefy of Avena



byzant_na whleh produced a hlgh frequeney of twin seeð*

1ings, iiïish.fya.rna. (19) fou-nc1 a ha;olotd" By polllna.ting

the ha.plold. wlth nonna"l pollen, six monosomle llnes were

n l-r{- q 'ì re a rlv vue¿a¿çue

( c ) Ist e_rqÞe_Eåf i c_ ffþriÈisê! re¡}

Ë.aJha.thy and Dyck (23) found Eltat late generations

of backcrossed pentaploS-d- hybr3-d,s produce a h3.gh frequency

of aneu.plolds. The authors suggested that becauise of the

hlgh degree of heterozygosl-ty and Lreterogenefty in these

llnesu thf-s method 1s unsatlsfactory, In additlon, sinee

the A genome ls common to all- species of Avenau theoretleally
only 14 different monosomics ccu,ld- be produced,

( d) Trarl-smi_ss_ion iiøLe

The productlon and ma.intenance of monosomlc l-lnes

depends largely on the behavi-our of the unlvalenf chromo-

somes" Llrr (12) carcied out an lnvesttgatlon of the

influenee of genotype and- environment on univalent trans-

misslon in two nonosoml-es, mono-lJ and" rnono-2l of Avq4?

s_atJ-qa_. ft was shov¡n tlna"t when melosis and fertilization

occu-rred uirder the lov¡est temper-ature level tested (5OoF),

the lnfl-uience of seed. Êource and varlety on the unj-valent

transn'rissLon rate of tlrree di-fferent llnes of mono-2f v'ras

not o'ovious, bui at 60u ?A, and BOoF the transmlsslon rate

showecl a positive dlfference among them. The difference

'das especially manifest at 80of " Trt general the rnonosornle
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I-lnes oþtaj-ned from X-iri:a.d.i-ation 'fia.d a hlgher transruisslon

rate than the se,me monosoraícs oþta.ineC spontaneously"
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The varl-e t¡r çu,"rJ¡ was d_evelopeÕ at the Canada Depa_rt-

ment of Agrlcr¿1'bu"s"e Resea.rch statfon, I'lfn:ij_pegu iilanttoìca.,

from the cross vfctorfa x (ila¡tra x Banner) x vtctorl,
t-his variety was d-istv.ibuted wid.ely in tia.nitoba and Nlorth

¡;astern United. States,

The monosomic ltnes used in this stud,Sr l¡íer.e I:)r,od_u.ced

]ry X:irraoiatLon at a rate of J00 r (l{cGln:ils, J.g6Zs ufr*

;oubllshecl)" Ka_ryotype analysJ.s was eonducted. on eig?it of
them in order bo ld.entify the d"efictent chromosorne" rn
addf-tion, one monosomle e 2J"*r3g-!56, obtai_nec1 spon"taneously'

Ïl¡as also stu_d-ied, I'hese monosoml_cs were grow1l in a, grovuih

cabinet in Lp62 and in the fj el'å j.n lg63 a;'nd. lg6l+. The

irra.diated rnonosoml-c lfnes enployed_ are Ð,s follolvs:

irionosomle v¿ ¿ð ¿,LJ

n

tì
I!

n

L76*376 Garr.'y, X-1rre.d.latlon J00 r
IticGlnnis " 1962, unrrublis

1.

Seeds oí each- monoso¡njc llne hiere treated vutth ;rrâ,.sotrp

puf l:r- plastic cont¿riners in vernleull-te satlirated with i,rater

13
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ancl kept aÌ-. 0-2oC for" two days to break dormanoyu Tkie

germl.na.tlon boxes were th.en l-eft at room terupera.ture until
the roots were 2-3 cm in length" Root tips abourt ] om wes"e

exclsed, pretreatedL tn lce water for 24 hou-rs at 0-2oC

and- flxeå ln aeetl-e-a1cohol, After three d.a¡rg the root

Nlps were hyd-rolyzed 1n ]N HCI at 6OoC for l-0 m5.nutes,

stained with Feulgen and. exa.mineC," by the aceto*carnlne

squash techn.lque, Ghro¡eosome eounts V,r-ere made on n:itotlc
metaphase* Irionosomfcs, nu-lllsomics, disomLes and- telosomies

were sortecl out and grov{n i-n J-Inch pots lrr the greenhouse*

A panicl-e was col-lected. from each plant prior to anthesls

ln order to confirm the chroraosome counts rnad-e from the

seed.lÍ.ng root tlps u and. at the sane tlme to observe åf any

chromosome aberratlone had been ind.ueed by X-lrr.ad-iatf-on,

Any oìrserved. morphological d-l-fferences between the mono-

somies or nulll-somics and. the d-I-qomJ-es were assumed to be

th.e result of the deflcienc}' of a partrcu.la¡: chromosor¡ee

A crltica.l- a:ralysf s of the karyotype of each mono-

soml-e 11ne was cond-ucted" Well-sprea.d- mltotle fLgures

were sel.ected for chromosone measurements whieh t¡rere mad.e

by camera l.ucid.a dravrings, mieroprojecti-on dra.vrings a¡d" on

en-larged photomic.rographs, Enlarged photoml-ci:ographs

urere found- to be pa"rt5-cularJ-y valuairle 1n identlf'ying the

monosomi:esu Chromosomes Ìvere cub out from the photographs,

matcherl", and. mounted. on metrlc paper according to the



grou:olngs of the ,standard karyot¡ipe ,croposed- by RajÌ'iathy

(22) ,

By this ;nethod, cerÙÐ,in of the chromosomes could be

read-ily id.entiff-ed" Lines found, to be monosomle for chromo-

Ëomes belonging to the same gilot¿p, and slmllar irr chromo*

Soae morphology, T¡fere intererossed and. tbe 40-chromoscme

progeny analysed at metaphase I of meioÊJ.sø Conflgura:

tlons of ZA bivalents j-n inter:line hybrld-s would- lndicafe

that bhe parent l-irres were defielent for the sane chromo*

Sorne, but 19 þival-ents pltis two unlval-ents would show tbaí

the parent l-lnes vfere deflcient foy d.lfferent ehromo-qomesê



PËÊULTåÆL ÐJ S_QUS-EI ON

For clarLi;y and brevlty, each monosomLc lfne exa.miired

eritical-ry wlrl be deaLt r¡¡ith separately" Empha.sls ts
i:la;ced on norphology, karyobype, and unlvatent transmlssj.on
in eaeh monosor¡lc Ilne"

P" UÉ4_L6

( a) I'Iorphol__eFSL

rn this Line the nufl-lsomlcs were shorter than nor-
mal, reaching J/4 norrcar helght under field. eond.ltlons"
bui only sllght dlfference observed in the greenhouse

(Plate re Flg ,ï,), The reaves V¡ere narr.ower and panlcles
sna-Iler, The plants were so htghly ster.lle that a seed

set of only 0 "5/o wes obtalned, These morphological diffe-
rences were common to the other nullj.somLcs ln thls study
and to some of the nulll-somlc rj-nes studled by Haeker and_

Ril-ey (7).

idhlte stri-atlons ln the leaves of seedltirgse appeared to
be specifS.c for thls aneuplold 1i-ne and- eould be used as a
rna.rker to detecÈ the presence of monosonics and nulrtsomics " on

nearry all the leaves of null-lsomie pla,nts, the white strtpes
rvere present, strlatlons dtd not appeÐ.r on a_ll the l-eaves af
monosornlc pla.nts, and when present lvere noù so pronounced_

as on ihe nuLlisomie pla.nts" The¡' were hou;evey, sufficientlv

i.4.



PLATE T. Characteristic morphology of monosomie
l-lrre P, L76-376"

Figure 1* Compaz.ison in height of e moÍl.o*
somlc ancl nulllsomic. plarrin

I'igure 2. i,,¡hite striations on leaves of
4]* a_nd_ 4O*chromosome pla.nts,

Figure 3 ^ ,tba.xial- curlirrg of a f ea;f of
a nullisomlc plant"

Flgure 4o Su-l:tntermediate fatuofd seed.
wlth a slightly twisted a.wn
and pubescenË sucker mouth,
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proainellts especially u-nd-er the field cond-ltions (P1a"te Jå

I'3.g,2) so 'bhat the¡' i^Iere readily recognlzeÕ." Tn a-dditi-on

to this chara.cteristic, the nullisomics dis¡ilayed alla,xia.l

curling of l-ea"ves, that is they curled. backward away from

Nhe steni (Pl-a-te Je Fig"3) - Thi.s cnaracteristlc r¡as

olrserved by Hacker aad Ìiiiey (7) on thei-r' Class fI nulll:

somlcsu i,;hich d-iffered. from P' W6-376 in lts 1ln.L;age r¡;itLr

kirrky ¡eek of the pa-nicle vihlcb ha.s been reported. to be

associated v¡ith chromosome 2ad5j " Hacker a'nd R3-1ey sLìs-

pected iha| a iranslocation bebwee:n ch¡omosome 14 and 2A

has occur.red.. Chang and Sand-anaga (3) al-so oJrserved the

aba.xia.L curlj-ng of leaves ln their nul}lsomic. D' t¡Íhether

a trp-.rtllocation is in.volved or not rernalns to be dernon-

strated blr making a cross beiv,¡een Garry and- suir- fI, liul]i-

sornics in l}ne R L?6*376 also had- spikel.ets that i¡iere of

the sul¡lniermed.late fatuoid type which consisted of a

pubescent sucker mouth a:nd a slightly tv¡isied aîtrn (Plate Iþ

Flg "4) " *,"Ithough li v¡as not as exaggerated as the true

fatuotcl. line, lt wa.s stlIl easil-y recognlzeð.^

i'ionosonlc plants t{ere crossed to disoml-cs anð- 32 seedLs

i^Iere produced., Al-I !'úere founä to be monogomies and v¡hen

grovJn in the greenhouse, 'bhese monosornics had strfped-

lea\¡es" fn the FZu four monosomic.S ancl fou.r nul-l-lsomics

!{er.e grol¡rlL ln the greenhouse, The nul-lisomLcs d"3-splayed" a



1?

pronounced str:ipirig on the learres, and the nono-"omlcs

e;<hibited vEhite stblpes as v¡el-l" ?hr-ls lt a"ppear=s that

t.øio d"oses of the dominant gene a.ve reclu"ired for normal

l-ea.f color. In the hemizygous state, one d.ose of the

domina-nt Eene is l.reffective in *oroducing the norual

lu^a-f col-or', Tlte gene or Eenes for both the abaxia.l

cu.r'}lng of lea,ves and- the subintermed-late fatuoid- chrac-

te¡:istic l{iere conpletel-y recessive since these cha-raeiers

vJere o¡lv exnressed in the nu-llisomic cond"ifion"-.-; ¿

,- r(.0) itêrr¡piypq

Fron a criLícal- ena-l ysis of 6 wel-l-spread mitotic

fligur.es, it appeared tlnab the rnissing chronosoirie is ihe second

shor'fesb olfe in the subrned-ia.n grolip, namel¡r chronosorne

14 (Plate rI, & Plate III, Flg"l) " One pla.nt monotel-o-

somi.c for the short a.r.m (elate TTT, Fig"2) wa.s 1d-entlfied-

arnong the 226 seed"]ings ana.lysed-" It al-so d.isplayed 'bhe

same phenotype as the nul-Ilsomies but h.ad a. hlgher fer*

tility of 5'/"" This tndicateð- Ehat the long arm of chromo*

sonie 14 carcLes ihe genes foz. normal leaf coloru aba.xi-al

curling of learrçs, a-nd- su-'oiniermedia.te fatuoLd- c,ûa.vacber-

f stic *

( c I !n-Lgalqe-Þ_-4raeqr!Å,q s-iptl

A couzlt of the

nrci o-eì s -rlyio\¡-i ded- the

micronuclei aþ the tetr"ad stage of

dat¿. for d-etermii:ins the theoretica]
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PLiITE trI. Kar¡ro¡ype o f monosomi e-Lþ .
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untval-ent bransmlsslon ra1.-e ln the male. The presenoe

of no ml"eronucl-eX ln a teürad 3.nd.f-e.ates tvro gametes url"th

2L chromosomese and- two wlth 20 chromosomes, whlle the

presence of one micronucfeus indtcates one garnete wlth

2I chromosomese and three wlth ZA chronosorûesB khere

two or more rnlcronueleJ. were observed ln a tetrad. lt was

conclud"ed that al-I four gametes were d-efl-ci-ent. These

resul-ts are presented ii¡. Table f 
"

TABLH }. Number of m3-cronuelel ir: tetra"ds of
monosoml@-l¿l plants and" calcul-a.tlon
of unlvalent transmlssl-on frequene;r"

itiumber of
rnlcronuelel
per tetrad.

Number of
tetra.d.s

Number of
gametes

Total gamefes
wi-th n=27

Percent
gametes

wlth vt=ZL

0

I
2

?

105

393

t+a s

L9

t+20

T,572

r e62o
rzA

210

393

0

0

5o

25

922 ? 
^9.9.

6a3 16 
"3%

To Êtud;r the fema.le tra.nsulisslon rateu 32 seedllngs

fy.om cÏ.ogse5 between monOgomies and- d.iSOmi-es were analyzeð

for chronosome nu-mber* A11 ïùere found to be monosornlcs,

lndlca.tlng a very Lov,i unlvalent transmlsslon vate through

th.e fe¡nale, Thts ls a.ga.!n demonstrabeÔ ln Table 28 i-n



,^

rnrhlch the data on the chromosome number of progeny of

selfed monosomlc are presented"

TABLE 2* tr'requeney of l*T-u 4L-,
and, 4O*chromosome oat
à selfed monosomlc-}4,

40 + telocentnle,
seeillfrrgs fro!û

Chromosoine
number

Number of
seedlfngs

Pereenfage
of total-

4z

l, ¡L!L

40

40

+ tefo

1

1ú

o -t+5%

38 "10%

o "4.5/,

138 6L "91Í,-
226 1OO, 0O%

The dlsomi.cs ocetrrred. Ln a frequency of only O,Lts/'

whi-ch ls Ln accord"ance uråth the observatlons by Phllp

(21), I'[eGlni:1s and Taylor (f5), McGlnirls and- Andrev¡s

(14.), Chang and Sa.d.anaga (3), LLn (12), Lafever and-

Pa"tterson (1]), and. Gauthler anÕ },teGlrmls (5)*

R 252=L+52 r--=U)3*- 4+:)-6 ^--:"4 57

( a ) Moruhologtr

fhese sister lfn,es tdere såmila.r ln certaln fea&uc'es



2L

fo f he above aneu-plold., wrr.ich invo.!_.¡ed- chr.omosome 14,
!-ov" insta.nce, the monosomics a.ncl nul-lfsornÍcs had strinecj_

leaves but ihe strlpes wer.e n.ou Ð-s pronounced as fo::
nul-1i-l-4s possibly because these nu]lisomies r.rere too
rveak to expresË ihe character lJroperly" t',lullisomics r,üere

complebely sterile whlle monosomics had. a very lorv seed
d ^ 

..t-

The d istinguJ.shing phenotype whlch characterized

th"ese monosomie llnes wa.s the fatuoid expression which

r¡ras ln'bermediateu with p- twisted awn on each splkelet an.d

a ]najry articul-ation surface on each grain ln monosomj-e

l-ines -t+52, -453u *l+56 (p1a-be fV, I'igs"1 & Zì, The mono*

scrnics J-n line :]+57 l4rere identified as true fatuoid.s v,¡-ith

a twisted awn and pubescent sucker mouth on ee-ch graj.n

(tlate fv, Figs . 3 & 4) . The nur-r-rsomlcs of all- for.rr slster
llnes l:ad the irue fatuold- expresslon. rn the progeny of
lines -452s :453, azrd -45ø, true fatuoi_d_ monosomlcs in
ad-dition to inbermed-l-aie fatuold" nonosomics were observed_

occa.sionally u artd. olle monosomlc pra.ni; with normal _oaníeles
(flate V, Fig.l) r,,iâs identified- in the ræogeny of l-Ine

-l+fi. Line -45? b::ed. brue as far a-s the fatuoid chayaoter

was concerned " :r d_etail_ed d_esc¡.iption of the d,iff ere:r.t

tJ,i-,es of pl.ants observed. in these four rines l,s preseirted

ln TabLe 3"
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PLATE IIf " i{lbo'blc metaphases of nonosomic-14.

!'lgure l- 
"

liitotlc rnetaphase of a"

monosomic-I4 from whl-ch
the karyotype is prepa"red
(see a.rr,ow) .

liitoile raetapha"se of a
monotel-osomic for" the
sh.ort arn ( see ar::o'¡¡) ,

Figure 2,
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PI,ATE TV" Qìnaracterlstlc norpholog'y of monosomle
line R 252"

-Fri or r -na l¿ +¿ju.¿ u ¿ q

Figure 2"

Figure 3,

Figure 4"

Intermed.ia.te fatuoid seed i'¡ith a
long twisùed ar¡m and hairY artl-
aula.t ion sur"face.

Fanicle of a monosomlc plant deflc-
lent for chromosome 14 a.nd hetero-
zvsous for a d.efetion on chromo-
säñe lg (i\iote an a.vr:1 on eaeh

àl\SþIKEICE J E

Compartson of rno::1:hology of a true
fatuoid- seed- and. normal ol1e"

Panicle of a. monosomlc pl-ant defle-
i.ent for chromosome L.4 and homo*
zygou,s f ox a deLetlon on chromosoirle
f9; (irlote two or three a"vùrrs on eacln
splkel-et),

(r,t
li SRANY
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PLATE V. Panicle
of lLvie

jTl ørrr.e" -t--" -

morphology ancl rnitot ie metaphase
nt l) 16

1" idarmal panlele of Ð- uìonosoalc*l4
pla.nt obta.ined from F' 252-Ll'53.

b-igure 2* Pa.nlcl-e af a nulllsoroic*14 p.l-a¡t
homozy'gous for a d.el-etiosl oi3
chronosome 19"

'l.¡ì orrpn 1 i',ri J-nJ-Í n ¡cÈp-nirçsc Of a ülOllOSOfnle-¿-ÅÉuI u J s rrr vv u¿v :i-ç vu¿P:Lt.¿rpv

14 pla.nt he'Lerozye,aús for a. dele-
tioi: on chromosone*]$ (see arrovr).

Figure l+" l'litotic meta;oha"se of a monosomlc-
14 homozygous for a" deletion on
chromosomê:fg (see arrovrs)"
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(b) Ke-ry-otyJcg

Careful cytological siud,ies on 15 well-spr.ea.d rnitotic

figures of these l-lnes revealed ihe ,oroi:able reason for th.e

,4iffana'nl- rrrnærv.À¡¿v¿ç*s !!vrphology among theni" Âl-1 víere def icieni for

chromosome 14 but in ad"dltlon the upirer part of the short

a.¡:m of a subterrolnal chromosone r{as deleted. in the lines
rn¡hieh exhiblted" the intermedla.te fatuold- appearance, i"ôu

-t+52, *453, and -45ø (Plaùe v, Fig"3)- The subterminal

chromosome was crltically stud"ied- and" appeared to be chrono-

some lp" Line *VJl vtas found- to be homozygous for the dele'bion

on ihe cirromoso¡¡e 19 pafr' (Pl-a.ie \I, Fig"4) " One norna"I morlo-

^^---i ^ '^1 ^.^r- îTom l-ine -Ì+53 d-isplaying no fatutold. chara"cter*Þ u1tl J- l.j L) L¿'.!Lú J J

lstics a.nd good fe::tiIlty ws.s ¿::ral-ysed cytologicailly" The

mibotic conf igura.tl-ons showed, tha.t both chronosome-l! vùe:"e

norma-l- and .Lhe fatuold phenotype was not detecteC in its

progeny (Pla|e Vf u F,ig.}) " Disomlcs screened out from llnes
*452, :t+53, *456 and -457 were all normal (Pl¿:te vI, Figs'

2 8i 3)"

Jt lvas notev;orthy that the deletion of the L:iptrer part

of the sirort àrm of chromosorne-lp resulted ín fatuold

êxn'nessioir in monosomic-llt.* Thus the g'ene or genes on theu r!y& \.

deleted- r:a.rt a1:pear to fu'rctj-on as a i¡¡eak i,nhibitor of tlle

f'a.Luoid character. i'Ihen chromosomes-14 are lost¡ the fat¡-¡'oj-d cha'r-

a-cter is expresËed" The fact that chromosome-l4 ls more import-

ant 1n faËuoicj- expression is lndloated b¡, the îa-ct \,na9



2ry

PLATE \¡r" i{ltotre inetapha.ses of line R z5z, a.nd a.pani.cle of a. ltr7_ch:cotlosome nlant"homo:
zyåou.s i'or a cleletion on chronrosn,nc_.t o

lligriz"e 1" i,titotic metapha,se of moi:o*
somlc 14 r,;i th a. no::¡la.l
ul.i.rrat eni ( see arrow) ,

Figure 2." A pa.nicl-e of a [Z*c¡ronoiJoae
plan.t homozyg;ous fov a. deletion
on chromosome_l9"

Figure 3, I'litotlc meta_phase of a 42_
chr.onosome ;olant hornozygot.ts
f or a del_etion on chromósone_
19 { see aruolus ) .
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disomlcs houozyEous for the deletion of the upper rart of

tTrc short errn of chr.omosone-l9 i^Iere novinal" r'ihether

chromosorne-l9 wa.s the same o1l.e associateo. v¿ith fatuot-c1y by

riuskins (8), i'[ishi-yerma (17s]8), and Cha,ng and Sadana.ga (3)

is unknot,m" IÍ so, ? sirong fatLioJo inhibitor might possrbl-y

be presenü on the lotn¡er pa.rL of .bhe short A.Ym,

Crosses betttreen Et !76*376 a.nd- n 252 vtere attenpted. but

u:rfor'tunately no seeds were obta-iried from rnore tlna;n 50

pol1lna-tions. i\ìe',/el:theless, f monosor:ij-es from R 252 ba.clx*

crosss¿ uiiLh iìisonics a.r-1 c'.is1:la.yeo the i-'ilsnotype of stri¡:ed

trea.¡es a.ga.irr indicating 'bhai fi 252 is deficient for chrorno-

some Ll+ 
"

/ al, Ëñ /Yv )1?:âJ)-

(a) I'iorpholqs:v_

There in¡as r.elaiively l-itt-r-e d-iff erence between bhe

morphotrogy of ùhe nr:11-isomics a.nd monosomics of this 3-1"ne,

and. the d-isomlcs, Á.tienpts to distizrgui-sh them pheno-

.bypically T/ùere in va.in" The seed ferti1.lt;y of monosonics

and, nullisomj.cs lyL the greenh.ouse v¡as ve:ry lorv, but cluite

high und-er fleld conditions (above 3}iil,

( b) lre¿y¡$yse_

criiical exanina.Lion of l-1 enlarged- photogra.phs of

Irell-spread. mitotic configurations disclosed thaL the critical
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chromosoae fnr¡olved. vua.s ci'rromosoine-6 (Plate \¡I-l-e & Plete
-ìVIIT, t"ig"J ). fn some of ihe pþ.otographs the diffev'eirce

bei;ween chromosome-6 and chrT'onrosome*14' cor.alcl vrot be alvia¡r-rl

obServed, Ther"efo::e a crosÊ betvfeelL no.rlosomics of theSe

tr,vo l-ines was mad.e e.S a furth.er step to rrei:lfy thÐt i;hey i"Jere

d if f erent, F itre seecls lrere ohtaiilecl from 45 pollirla.ti-ons,

tv¡o of which. fa"Il-ed. 'bo gel'Iúlnate. The rest 8roüi11 in green*

hou"se pave rise to very dwarf ,olants which tll-lered profusely

'out hacr- no n'hite Stripes on ihej.r' lea"i¡eÊ" The meiotic OOrr-

fi.gu.r-aùioirscfiheseFlh¡lþ¡j.d-swer"eVeT-yinüeresiing-ii]irie_

teen nair.s and tr^¡o ¡-xrival-ents v¡ere oJ:served in all 100 pollen

nother ce}trs anal-ysed- at ciiaktzles!$ Ð.nd metapha.se f " fn

nearly a-11 cells a"na.l-ysed ai d-ia"klnesis, hor¡ever, tkre uni-

valents itiere not d"istributed- rand-omly but vJere oriented" ln"

close proxrmit,¡. ¡o one another; T-sha.ped" configurations were

most ofte:n !,resent (Plate VII-1, F'lgs, 3 & 4) " fn only on'e

ease lsere the two univalents arra.n.ged- stde by si-de (plate

^\VITI, Fig"2). i'iiae S€1.;a1"e-¡io11. of the tt'¡o univalents occurred

in an extreme-l-y l-oir¡ f'rec¡uency, a,nd- no configuraiion of' 2.A

Trirraleni,s ?rrâ.r] recoï'd-ed. There v¡as l-itile doubt that the

ilvo ch-rornoSomes i,,íere non-horcologcus, ì:ut thelr behaviour

strongly þquggested- honroeol-ogy with a 'bend.ency t o a.tLre',cl

each other. "out not su.fficient hornology to .oair" At meta.-

phase Iu the two i,.;niva.lents tenclecl to be separateCr (plate
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PL.A.ifE Vff " Karyotype nf aonosomlc-6"
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PLATB VIII" A mltoti.c metaphase of a mono*6 anð
melotle configuratlons of F1 hybrld
between monosonle-l¿p and monosomic-6

Fígure 1, Fïitotlc metaphase of mono-
somfe*6 from whteh the
karyotype ls prepared ( see
arrovl) *

Flgure 2, L9 blvalents a.nd two unf*
valents para.llel slde by
sld"e in diakLnesLs ( see
arr.ovl ) .

Flgure 3* The two unlvaLents ln a T*
shaped- conflguratlon ln
d-i.a.klnes1s ( see arrow) 

"

Flgure 4* The two u.nlval-ents ln a f-
shaped conflguratlon l"n
late dia-ki-nesfs (see amovl)
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FI,A'IE ÏX" 1.r¡{ n.r-i n nn'¡-îi o_tT¡AtiOnS Of F¡ hvbf S-d betlr¡eenl1ÇJ\/U¿V UVIaJ-¿.

mããosã*i¿:iÀ' ;;ã -6,- r'

Figu:'e 1" 19 biva-lents plu-.'J ti¡¡o urivalents

Figure 2,

3-n metaphase stage.

The two univalents lagged ln
nreüaphase plate in anaphase stege"
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fX, Fig,I) and appeared to be dist::ibuited jn bhe :reiapþase

plate a.L a.:aepba"se I (Plate IX, FLg,Z,'l 
"

( c ) Unival-ent fransnl ssi on

The threoretical unirralent tra'nsrnlssion rate cal-ctå-

l-ated from the ttre Sence of mlcronuclel ln tetrads ls pye-

sented l-n Ta'bl.e 4.

TABLE &. IJumber of mlcronucl-el l-n tetra.d"s of
monosomic.*6 pla:rts and cal-cula-tic¡n
of unival-ent tra.nsmisslon freqtrencSi.

lrTumber of
micronu.clei
per teirad

Total-
I,lumber of game'ces
ganetes v¡lth n=ZL

il-urnber of
tetrad"s

Fercenf
gameües

with i'1.=2].

I

2

2O

'r Q2

Irrt É

U

221+

732

lr9oo

U

LLz

183

0

0

5o

d,J

Wt+ 2 eB56 295 LU 
" 

J7o

The f.or,¡ percentage of 2l*chrornosome gametes (fante /i,)

makes lt diíficult to explain the occu-rrence of a. high

í't"onr'ìê"r'rc\r of notto*qomlcs and. lovl fre quency of nuJlisomiesJ --

from the selferl monosomic pla"nts as shovrn l-¡ Ta.ble 5" A

cert¿ition effecf fa.voring bhe 2.1--chronosoae ga,rnetes through

the male mtght aceount for parb of thts d"iscrepai:cy and-

zygotlc l-ebhallty of nr"rlflsonlcs for the resf .
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TABLE 5, !'requ.ency of
40-chromosone
from a selíed

Ltç* lJ1-
3

oat seedlings
monosoml e-6 

"

Chromoso¡ne
nunber

Number of
seed.J-ings

Percenta.ge
of total

It ¡Ltá

4l_

APU

104

tz

4 
"9t1Á

^ 
/Ltö)"1j/o

9 "8h,7"

L?2 loo 
" 

o oií

^ /l' ¿^ ¿
Y, 

-1O3*Æ

{a) i\ÌqqBhq}!ÊJ¡

Trn¡o nul-l.i-somic. plants d-erlved. f'rom Nhe selfed mono-

so¡nicS were screeneCu out for the purpoSe of morphological

exar-¡ina-i1on" One d-ied- a.ftey J v'reeks, the o'bher one vÍag

obviouslJr dwa.rf , ?"tþaining onl-y half |he h.eight of the nor-

mal disomlcs (Pla.te X, trlg"1) with leaves about ha.l-f the

width of the normal olles ' The plant grol\rT1 1n the greenhouse

was qurite healthy, prod.u-cing a good. number of tl}l-ers'

Panic.l-es v,iere smal-ler and shorter v¡lth only a fev; spikelets

on each" I1o seed was obtained, from tiris plant" lhJ-s nu.ll-l-

somic planù a.lso exhibibed the klnky neek in every tl-l]er

very si¡all-ar to that of l'Ïono*2O (plate Xe Ê}g'Z); ir: ad-d1:

tlon a.l-l- the spl-kelets appeared to be compa.ct aJid iÅprlghf 
"



Q. É.

FLATE X" Pfant morphology and- mitoiic meta.phases of,
line TL 361þ*535"

}'lgure 1. Compa.ri-son in height of a nonosomle
pla.nt and- nulllsomlc p1a;i:t,

Figure 2, Kl",rtl.ry necks on 40-chromosome and"
4l-chromosorne pJ-ants .

Figu::e 3 " i,'litotic r-netaphase of â. monosomle*
lB ( see arrow) 

"

Figur"e l+u tfitotic metaphase of a, monotel-o-
somic for the short a.rm of chrorno*
some*IB {see arr'ow),
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(b) T!arY-q$JP-e-

It v¡as quit.e difficul t to d,eterrnin-e whlcLr chroälosome

i^iÐ.s invofved in the deficíency. i\ prellminar]r exanin.ation

of well-spread- mitotic flgures placed. the missing chromo*

some ln the group u 17, IB arrd- J9" Several g:ood enlarged

phoiog:raphs showed a. difference a.mong the three ehromo-qomes

(PlaüÊ X, Fi8,3, 8c P1a-te XI) " In some of the l"hotographs,

chromosome-I$ was sirnll-ar to chromosome-]7 in length -Out

mueh. longer th.an chromosome-]p, ill other cases, chromosoae-

l-B was sirnilai: to cirromosome-}9, but rnuch shorter thart

clr-r.onosome*1?* llhus, from a. study af 15 enlarged photogra'phs,

Ít was conclud-ed. tha.t ihe ci:'itic.al chromosome tfas number 18"

The frequent oceurrence of rnonotelosomics foy the l-ong

a.Tm (L6"?/;) lil the progeny of selfed- moi'losonics ind-icated

LIz¿.t the urriva.lent had- a tend-ency to misdlvld-e in meiosis

(pla.te X, ir1g"4) " The short arm apparenti-y Xs ee-:sily losi

since it was observed only once ln the 180 cefls examl:red''

Both the monosomics and monoteloso:rics for the long arm

were normal ln morphology, suggresting that Senes for' the

l1ormaI Flant grovrth a.nd- normal neck-shai: ç a,7)Ê probably

locatefr on the J-ong agm of the chromo.qoae. The kinky neek

,ohenoty¡re was first oþserved by Ga"uthl-ez' a'nd- iuicGl-n:l|s (5)

O¡. a SpOr¡baneoç.-q monoSomig plant in the Varlet¡¡ C,af'l'¡r ai-1d-

associ-a1,ed ¡¡iikr chromosome-ZO, LLte l-ong arn of which carries

a, t:ene for norina! nectr< develo;oment" La'"ceru Hagker and
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FÍ,äTE XT, i(aryotype of monosornic-J-Bu
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r3.i1ey (?) o'oserved another monosomlc l-in.e ln. the var'íety

Sun II exhibliirrg the klnky neclt. Jn this monosomic,

a.he.x.ta"L curl-lng of leaves vtas also observed- Iead.lng the

authors to concl-ud.e t]na.t the critlcal chromosome resu.Ited

f::oin a tre.nsl-ocation between chronosome-lll and- -20"

Slnce conmon oats 1s comprised- of tirree genomes, the

kilky .aeck phenotype could be cond.Ltioned by three pa.irs

of g..en.eg and the results of thi.s study support str.cit a

h¡'poihesis"

( c ) Ilqi vp.1-e4!-!rÅan:EgåS,Ëå 
-ol3-

,ilhe iheor"etical í'requenc¡r of 21-cl:rromosor¡e ga.netes

lir the r¡a.le v¡as cal-elilaied from micronuclei cottrrts iÍl the

tetr.ad-s as sholtin tn Table 6.

/'I'AlJlJll O o Ilumber of mlcronuclei in ietrads of
monosomic-18 1:Ia.nts and cal-cula"tion of
univalent transmisslon frequency"

i$unber of
mlcronuelei
-Aê-¡ *a'[--aarf
11ç¿ uv u¿ eJe

liiuml:'er of
t etra.d-s

)ir-¿rnber of
gameües

Total-
^"^*^t-^^Ër.tug t/ç Þ

i,¡lth 'n=21

Percent
^..^*^+^^Éé-Mç t/ ç ù

wlth n=ZL

U

I
fl
¿,

¿uo

-f1')

L76
'ìA

B2t+

1 ??)eþJJÈ

7Atþ

4o

,' a 
^ryr1

U

0

lu

LJ

'( ¿2 2 þ9oo
ñ1, //Ur A
i'J 25,?i"
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A very high freo.uerrcy of monosoml-cs r¡ras present in

the progeny of selfed monosorai.e plants (Table 7) "

TABLE 7" Frequ.ency of 42:'u 4l--, 4O:chromosome
oat seed-ltngs from a selfeð monosomLe-
18.

Chromosone
number

I{umber of
seedllngs

Percenfage
of total

l+?

4l_

4o+telo

L¡+2

3o

3 *23%

78 "88"/6

t Å. á,"to/^4v ô v t //v

4o z. L -Lz%

IB0 Loo,oo/,

A very effecti"ve eerÈatlon favored the Zl-.-clnromosome

ganetes and- a" zygatÍ-e lethalLty of null lsomlcs appears to

have occurred..

R J55-5eå

(a) Mor"pfigÅqeg.

The nullJ-somíe p3-ants were very wea"k, had lea"ves

ffi the wid,th of the normal, and ?úere cha.raeterlzed by

their extremely slow growth as eompa,red wlth tkre monosomlc:

p1ants. A comparison of rnonosomlcs and" nu111som3-cs ln

one-rnoirth and two-montlr stages Le shown in Plate XfIe

Ftgs I &.2" .After two and a lr¡a'Lf months, the panleles of
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n.uLlisonics erneråeil,

(b) Karyotype

From the arralysis of 11 mitotic figures of different

monosomíc plants, the missing chromosome was determlned to

be the second one ln the ined.i.an group, nanely chronosome:/l'

(F1ate ilf u Flg"3 & Plate XIII) " A conflguration of meta.-

phase f of a monosomS-c plant is also shor^¡n in Plate XIfe
t.

J'1E n L, o

( c ) Uni.va_Ien:Þ Trans_mi"sÐå_QXr

The results of microiluclei counts in the Pl'iCs eE

the tetrad- stage are preseir.ted in Table B and. the iListu=Í-

bution of aneupl-oid.s and d-isomlcs in the progerly of selfed-

nonosonics ln Ta.ble 9,

Since the nul-lisomles r¡Iere ahva.ys found- to be from

the late:germinating seeds (three to four days la.ter); one

ni-ght suspeet most of the ungernina-ted seed.s were nulllsomics

whteh would. raise the frecluency of nulllsomi.es ln the pro*

geny of selfed monosomics hlgher than the observed.
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prATË XII" Pla"nt morpholoø¡r and- r:letaphase of moilo:
s oinÍ-c-41 

"

Figure 1, Cornparlson in height of a
monosomic a-nrJ nullisoml-c pla-nt
at a. one-inor:th seed-Iing stageo

Figure 2u Con;oarison in heighb of a rnono-
somlc and nul-lisomic rclant a"t a.

two-month sia.ge,

tigure 3" i*ii'botic metal:ha.se of a mono*
somic*4 (see arrow),

Figure U, irîej-otic netapJrase of a mol1o-
somic:4 ( see ayrow) ,
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PL¿ITE XTII. K?ryotype of rnorrosomi c:4u
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TI-,BLE B, iiîurnber of micronuclel in tetrad-s of
monosoniic-4 plants and. cp."Lcula-tIon
of u:nir¡a lent iransnis s ion f requenc¡r u

Nu.inber of
mic:'onuclel
per teürad.

i$ur¡'ber of
t etz'a,.d-s

i\umber of
ganef e s

aì.\*^!^^Lt:d-lllC lrç Ð

v¡ith n=ZJ-

rcent
-.- - ^+- ^ ^È:d"u!g uç Þ

r,¡ith n=2]

.?UU

öU

¿L+tlt+

nlr
l-L{

I4¿f
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All thr"ee tin-es wejle monosomic for chromoso'-¡'e 15

a,.s d,eterinlned by cri1;ical xarryo b¡i;oe analysi s * In addition,

R 222-'4LJ was erossed r¡¡ith a. klov¡n l-ine of monosomic-l5 a.nd

aS expecì;ed. 20 bival-ents l'\lere fo¡'med. r'egularly- at raeta;ohase

I i.n the Ft hybrid,s*

R ç A,l -boqtutl, . /,

ThJ.s line was found- to be monosorlle f or ch::oaosome ZLu

ihe shortesÈ of the com:olemenf *
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Tt seeas probÐ.ble tlna.t -þeoause of the considerable
varíation in chromosome sl_ze and. positlon of the eentromere

in common oats, one càrL classify the nonosomles into four
iaajor groups and separate them further into ind_1v1dua.l llnes
on the basÍ.s of the ldiogram proposed by }iajhathy (Z?),
IIoÌ{ever, the differences B.mong intra-group chr.omosoÌïres,

especially submedlan and. subterminal groups, are not always

so obvious that from a singre enrarged. photograph tt ls
posslble to tell- thern apart" rLs a consequeneee many welf-
prepared- enlarged photographs must be used. whl-ch collectlvely
pernit a eorrect id.entificatlon, The eombina"tlon of careful
examina.tion of J-d-l-ogra.nns made from vrel]-spread mliotlc ftg-
ures and lntercrosslng between llnes d.effcient for ehromo-

soixes t}]a"t a"ve morphologlca-lly slmila.r greatly reduces the

probablllty of an lncorreet 1dentlfl_catlon" Àny monosomlc

l1-ne a.ssociated, wi-th a Õlstinct gene marker is also very

useful ln sorting out monosomies belonging to the sa.me

ehromosome group" In the present study, for example,

monosomic-6 and. monosomlc-rl+ rüere not easily d,isti.ngui.shed.

in photographs but tlie dlstinct getle na.rker, v,rhite striping
of ihe leaveS Of mono-]Q s¡] rr l af i- 'ì i 1-JrJs dou'þt aS to their
being different"

Unfortu.natelys a gene narker is not necessarlly

s,oecific for a ilonosomlc line. For lnstanceo clnromasornes*l5

t+5
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and, *2L are known to cârry genes for chlorophyll production

and. coul-å be homoeolotous. They are al-so the shortest

members of the Liaryoiype. The kinky neck phenotype was

not speciflc to only rnono-2O but also v'ias observed in mono-

18 wh.l-ch is similar morphologica"lly to mono-zQ' Thus SeTle

markers a.lone cannot Sort out varlous rnonosomles. AIl

evidence, morphologleal, ka.ryotyplc, ancì Lhe cytology of F1

hybrlds of slmila-r lines should be combined ln id-entlfylng

l1elr monosomics .

Slrnilar univalent transmisSlon rates in both SexeS

v,la,s not obs et'ved in al l t he lÎour rnono somics s iud.l ed " The

male u¡.1rral-ent tra:nsmisslon rate -vras cal-culated to be

L6,3'/, for mono-l4u :-o"3-/" for rnono*6, 25.?'/" for mono-l8u

and. 6.2311 for mono*4, bu'b the frequency of 40, îl.'u 42*

chromosone plants ln monosonlc progeny, ind.lcated. that

l"e--l-a.tirrely f ei; cl-eficfent male gametes were Successful ivr

fertilizat jon anfl/or nu}l|sornlc zygotes were generally

lethal 
"
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