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ABSTRACT

The influence of genotype and environment on univalent

transmission was studied in two monosomics, t5 and 2l., of

Aqe_aq.@.
The effect of variety and four tenperature leve1s

on the univalent transmission rate of three monosomics for

chromosome 2t was measured. The transnission rates were

quite close for all three ¡nonosomics undêr the lowest
ar

tenperature ( 5O"F) but the two Garry monosonícs bad a

comparatively higher transmission rate than Taylorr s

monosomic at 60, ?o and 80oF. Taylorr s monosornic was quite

tolerant to all temperature treatnents.

The effect on the univalent transmission of tempera-

ture level at n¡eiosis only, conpared with its effect on both

neiosis and flowering vras also studied on Taylort s mono-

somic. It showed that there is no significant difference

between these two treatments. In general, the noonosonic

transmission rate is bigh under high temperatures and 1ow

unde r l-ow temperatures.

The influence of seed source and variety on

nonosomic transnission rate was studied on three ¡nonoõomics

for chromosone L5 and five monosomÍcs for chromosor¡e 21

grown under similar envíronmênts. The two monosomic-I5

lines obtained fron X-irraaliation showed a higher
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transmission rate than that found in the monosomic obtained

spontaneously.

The univalent transmission rates determined for five

different nronosomic lines of chromosome 21 were not con-

sistent. Monosonics from the sane variety as well as

fron different varieties nay have sinilar or quite

' different transnission rates. Thus tTris characËeristie

cannot be used safely in the identification of different

nonosomics in Producing a series.
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TNTBODIICTION

During the last decade phenomenal progress has been

achieved in ühe field of plant aneupS-oidy. Apart fron the

value of aneupLoids as a genet5-c tool, the use in practical

plant breedÍng is beiag explored. The production of

aneuploid series, especially monosomics, in polyploíd species

of economic crops, has resultetl in major advances in
símplifying the analysis of polyploid Ínheritance, in
locating genes on specific chronosomeg and in analyzíng

chromosone translocations.

the productior¡ and naintenance of monosomic lines

largely depend on the behaviour of the univale nt chromosornes.

If the r¡nivalent transmission rate for each chronosome is

found to be specific in a speciesr it l"tould provfde an

additional tool in the identÍfication of different
nonosomÍcs in a series. It would be especially advantageous

if the univalent transmission is unaffected by changes in
the environment.

Recently several nonosomics have been produced in
common oats, Avena sativa L., and identified from karyotype

studies (McGinnis l}62). The pnesent study has been earried

out on two of them, 15 and 21, to determine the effect of

genot'ype and environment on univalent transmission. Several



sources of both monosomies were available making possible

genotypic comparisons.



LTTERA.îTTRE REVTEW

Following the discovery of nonosomics in wheat in
I92l+ bV Kihara (1I), rnonosomics have beea produeed in a number

of other crops including tobaccor cotton and oats. The

review of literature coneernÍng üransnrission rates in mono-

somics of these crops will be presented separately.

f . WITEAT (triti.cun aegb:L¡¡m 1,. )

Tn L92l+ t Kihara (l-t) was first to discover monosomies

in thís speeies. He also studied the meiotic behaviour of

the univalent. Since that time nany monosomic s have been

produced by varíous workers.

Nishiyana (16) studied the transmission rate ln a

monosomfe. The trans¡alssion of n r 2O âDd rI r 21 gametes

was found to be respeetívely 1l- aadt 8$" Ln the polIen and

73 and 2ø" ín ovuLes.

Sears in 194& (21+) studied the transmission rates

of nale and female Ll ganeÈes in monosomics. He observed

that the transrnission rates through tl¡e ovules ïras about

75/" rcgardLess of the ehromosome involved and through pollen

it varied fron 1 ¡o L5l" depending on the chromoçome

concerned. He attributed the greater frequency of Ll
fe¡rale gametes to the fre quent failtrre of the univalent

ehro¡nosome to be included 1n the ganete, whereas the low
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percentage of n - _l nale ganetes vta s due to their inability
to conpete wíth normal g gametes. No evidence vtas found of

preferential selection in far¡our of normal nale ganetes by

the ovules. The same author in 1952 (25) compared ühe

transmission rates of mono-telosonic, mono-isosomie and

normal monosomic plants. lle did not find differenees anong

them in female gametes, br¡t on the male side, dífferences

lrere quiËe evident with the mono-isosomics. He also

reported that where the nonosomic was an isochromosone,

26.bf, of functioning male gamêtes were 9-:f r 3O.V/o were

20 + telo and þ).&fi were 205!s=
Morrlson (15) from the study of meiotic behaviour

of monosomics concluded that gZ% of the P.M.C. ts showed

20 bivalents and polIen grains ¡sith 2O chromosomes were

twice as numerous as those with 2l chroBosomes, but the

po3-}en grains with 20 chrpnosomes were 30 times less

effective in conpetition with polIen gralns having 21

chronosomes.
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II. TOBACCO (Nícotiana' spp.)

Clausen and Goodspeed in 1926 attributed the fluted

and corrugated characters in !. tabAglr¡ to the monosomÍc

condition (5)r the first aneuploids to be studied Ín this
crop.

Lammerts (12) studíed the inherítance of monosonics

in N. rustica. He reported the percent of functional

female n-I gametes (Ì{ith 23 chromosones} range d between

3L and. 75/". Tn only 3 of 7 monosomics studied were g!
gametes transnitted with an appreeiable frequency through

the na1e.

OLnqo (19) reported that in N. tabaeuq 45.6 to 83.2'ft

of the fenale ganetes were n-1, whereas the Èrans¡rissíon of

g! nal.e ganietes ranged betvreen O and'1 .Jfi, and averaged

4""

GreenLeaf (!) suggesteil that the frequency of

r¡ni.valent elininaÈion was the same Ín both male and

female gametogenesis in lrl. tabacr¡n and that about 80/o of

alL negaspores ¡vere g! regardless of the chromosone

concerned.

Clausen (l) isoJ-ated twenty or more nonosor¡ics of

N. tabacu¡r and found the nonosoûl1c transmissÍons differed

fron one another. He nentioned the value of nonosonic

analysis in this amphidiploid species for associating a

gene or gene conplex wíth a specific chromosome and also
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for analyzing chromosornal lransl-o c at ions.

An 1944, Cl-ausen and Cameron (d.) completed the

monosomic series comprising 24 nonosomics. They observed

that alL were identifiable on the basis of the behaviour

of the monosome in meiosis, of pollen characteristics, of

ovular abortion, of seed production and of g;! gamete

transmission ratios. Each monosomic was characterlzed by

a specific trånsmission rate, bhe range being 5-80%.
t.,

III . COTION (þ.eSyli¡.rr hirsui,ug L.)

Endrízzi (7), in-I96J, conducted genetic analysis of

six prj-marv monosomics and one tertiary monosone of cotton.

He based his classification on cvtological data anci

was thus able to classify six different monosomes trhich

were found to be quite stable. The n-l gametes were trans-

mitted hrith a high frequency through the egg but very

rarely through the pollen. Endrizzi, et 31.(8), advocated

the use of monosomics as a tool for developing better cotton.

Brorvn and Endrizzi (1), in 1961+, studied the origin,

fertiJ-ity, and transrnission of monosonics. The percentage

of monosomic plants from the progeny of selfed monoso¡rics

ranged bettreen 2O.7 and. l¡0.1¡, rnost being close to 361". 
.,.,::l

Thev also reported data on two monosomics (MI and Mf I ) '¡l'

regarding monosome transmission through the male and fenale.



In 2lr plants of MI x G. birsutum I were nonosonics (about

6flo 2 gaøetes and 13% n-l gametes on female side). Tn

the reciprocal cross only 1 nonosomic plant was found among

97 (about L/" n-I gametes in the polten). In Ì.{II , 2 of

2l¡. pl-ants from the cross wlth G. hirsutum pollen were

monosomics. In tlre reciprocal crossr out of 108 plants

studied, no nonosomics rÍere detected. It showed that the

transmission of n-l gametes in pollen is extrenely 1ow.

W. 0ATS (Àvena sativa L.)

Huskíns (10), in !927, was the first to observe

monosomies in heterozygous fatuó j¡d plants in oats. He also

reported the selective elimiaation of fatuoid male gametes.

Nishiyarna (1f) studied the origin of fatuoid oats

and also observed the behaviour of the univalent chromosome

in tbe monosonic pJ.ants. For the calculatÍon of univalent

transmission he employed the nu¡rber of nicronucleí in
teürads and he eonpared these fÍndings vüith the actual

transmission rates. Fro¡n the presence and absence of the

micronuclei ln tetrads he calcuLated the proportion of

I=l and I pollen grains to be 6:1. IIe suggestecl that the

same ratio of 6:l- may be applied to the nJ and 3 ganetes

in the female giving the frequency of zygotes as

3$(2w2), l-2(@!) and 1(29) . He also observed that the

average steriJ-ity of 41 chronosome pI-ants was 57.21t%. He



assumed that the sterility vüas caused entirely by the death

of l¡O-chromosomes zygotes. The ratio of plants surviving

was Èherefore converted to 6[2n-2), 12(@!), I(39], which

shornred a fair agreenoent with his observed data. Nishiyana

also reported another plant' wÍth 2011 plus telocentric (1/,

1S). This 2ou + Ltelo plant was morphologically different
beÍng taIl and fertile compared to the heterozygous fatuoid.

Thus he assocÍated the fatuoid gene or genes w'ith the

short arn of the C-chromosome.

Philp (2O), in 1935, rePorted a monosomic for a sub-

median chromosome which carried a gene for nornal chlorophylL

productÍon. He extensively studied its behavÍour and

reported that the monosomic transmission rate vras about

l@o from the selfed monosomic plant. Further he showed

that the odd chromosome is transroitted in about 7% th:rough

male side and 2@" through fenale side although thÍs dífference

was found to be not significant. Philp (21) reported another

monosomic which carried the gene or genes for broad leaves.

The chromosome invoLved was also submedian but shorter t'han

the one rnentioned above. IIe reported that this chronosome

was inclucled in the póllen nueleus and pre sunably also in
the egg nucleus in the range of l+.25 - 7.751" wíl"l¡. an average

of about Øo. Some variation observed in the ratio was

probably caused by the influence of the environnnent,

resuJ-t5.ng in the death of dO-chromosome zygotes or by
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certat ion.
Costa Rodrigues l6) produced 20 monosomics in

Missouri O4Ol+7, by erçosing pre-flowering panicles to

X - irradlation. Progenies of five of these monosomics

were studied anel the frequency of nullisonic plants was

found to vary from 2.L lo l*6.qr.

Chang (2) reported on six monosonics vrhí ch were

produced by X - irradiation in the variety Cherokee. Hê

studled the progenles of selfed monosomics and reported

that the frequeneies of dlsomics ranged from 3.1 fo l5.l+f",

monosomics from 84.3 to 95.h% and nullisomlcs fron 0 to

6.V". The transmfssion rate of 2L- aud 20-chromosome

pollen of different monosomics v¡as calculated to be 75.O

@ LOq" and O to 25.9/"t respectively and the transmission

raüe of 2L- and 20-chromosome egg to be I.3 Èo 11. J/o and'

86.5 to 9à.fl" respectively. Chang suggested that the low

frequency of nutlisoni.cs rnay be due to a varÍetal effect

or to deleterious effeets of X-rays.

Rajhathy and Morrfson (23) anat Raihathy (22')

determined the karyotype for Avena sativa. 1üith the aid

of their idiograns, McGinnÍs and Taylor (11+), in 1961,

identified an essential chromosome for chlorophyll

production namely chrourosome 21. They reported that the

unlvalent always divlded at anaphase I as reported by

Nishiyana (1?) and Philp (20), and that the univalent
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transnrission through the potlen was 16.8/". The g! poIlen

competed quite favourably in fertilizatÍon witlr Ëhe result
t]nab 63.yÃ nullisomics ütere obtained from a selfed

monosomic plant.

McGinnis and Andrews (13) found a second chromosome,

IJ, Ínvol-ved in chlorophyll production. They found that

6t+.I1" of the progeny of this nonosomic were nullisonÍc t

32.61o monosomícs and 3.3Ø disonics. Their data again

showed that certation was not a factor in univalent trans-

¡nission.

No auÈhentic information as to the effeet of

environment on the transmissÍon rate of monosonies Ls

available .



TIIATERTATS AND METI{ODS

Three different moRosomics for chromosome L5 and

five for chromosome 2l- were selected for this study. A

descrlption of ühe naterial ellployed is listed in Table 1.

TABT.,E 1

Source and Identity of Monosomícs used in
Study of Transmission Rate

11

Monosomic Chromosome
Identity

0¡igÍn

Garry 18-8L

Garry R 

"-521+

Garry R.r-26)

Garry 3-12

Garry 21-JPO

Sun fI

Condor

R". L. L57l+ X Riponx

sDontaneous
(i{cGinnis, 1962)

x-lrradlatíon
(McGinnis and

Andrews,19ó3 )

x-irradi-ation
(McGínnis and'Andrews,l9ó3)

sÐontaneous
(úlccinnis,1962)

sÐontane ous
(i{cGinnis, 1962)

sponùaneous
(Ritey and Kimbert

L962)

sDontaneous
(Horden, L962)

sDontaneous
(tayIor, 1961)

L5

I5

t5

2L

2l

2l

2T

2l

xhereafter referred to as TayJ-otrts monoso¡lic.
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I. THE EFFECT OF VARTETY AND TEMPEN,ATUR5 ON THE I}NTVALENT
TRANSIfiSSlON

Three lines of monosornic-Z1 nanely Garry 3-L2,

Garyy 2t-JÇ0 ancl Taylorts were grown in 6-inch pots in Èhe

greenhâuse; . At 2-3 weeks before the onset of meiosis,

3=ó pots of each were transferred fron the green-house to

/r growth cabinets run at 5lO, 60, ?0 and SOoF respectively.

The intensíty and duratioa of ligþt (1600 foot candles and

16 hours) were maintained the same in all four growbh

cablnets. A panÍcle from each plant was collected (P1ate I.
Figure 3.) and fixed in Carnoyts Fluid (ó:3:1, alcohol,

chloroforn and acetic acid) for the study of tl¡e meiotic

behavfour of the unívalent chromosome and for eouating

micronucl-ei ín the tetrads. The a¡rthers were squashed in

aceto-carmlne.

To study the effeet of treatment or¡ fertílity and

univalent transmission, 3 to ! panicles v{ere retained on

eaeh plant. After the panicles had conpleted fertilization
(the dehiscence of the anthers on the basal florets was

cheeked, Plate I, Flgure 2), the pl-ants were transferred to

the gree*rò-use;. The fertílity was calculated by counting

the total number of florets on each panícle and the seeds

obtained. For studying the univalent transmÍssion rat,e the

harvesteil see.ds Ìùere treated with Arason and put in
vermiculate satuf,ated vrith v¡ater and kept at' 0 - 2oC for two
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PTATE T. Stage s of'derrelopnent of, mo¡o somÍc
oat _paaieles used for temperatræe
g,t-udies..

tr'igure J". A1l fXorets have eompJ_eted
ueiosÍ s..

Figure 2" A3-l trlo:rets bave eonoleted"
fe¡et ili z at ion.

!'igf¡re C. The stage for eolleeting
Þ tJt ar t^¡ .,t 1. v. Þ.

Fig!¡re 4. lh:eee panieles retaÍned on
each ¡Èant fon tre atue¡rt "
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days to break dornancy. The germination boxes þ¡ere then

left at room temperature untiL the roots intere 2 to 3 cn'

long. Root tips about I c¡0. in length were collected in

ice water and pre-treated at O ' 20Ç fot 2þ hours, then

fixed in Farnerfs Fixative (3:1, alcohol and acetic acid).

Staining was accomplished with Feulgen after hydrolyzing in

I N Hcl at 6OoC for 8-11 minutes. Root tips were then

squashed ia aceto-carmine and chromosome counts made on

mitotic metaphase (plate IT, figs. 1-4).

II.THEEFFscToN${EIJNIVAI.,ENTTRANSMISSI0N0FTEI'¡IPER-{TURE
LEVEÍ,S AT METOSTS ONJ,T COMPARSD WITH IlS EFFECT ON

BOTIT MEIOSTS Ä¡IO FTOiÙERING

Taylorr s monosomic was employed in this experiment'

All the nullisomics were albino and could be classÍfied

visua1ly, thus greatly reducing t'he eytological work' Only

the green seedlings had to be exanined cytologically'

?aylorrs monosomie was exposed to the four tenperafure

1eve1s t5O, 60, 70 and SooF) in groTárth cabinets about two

weeks before the plants underwent meiosis' In order to

exc}udetheeffectoftemperatlrreonunivalentbehaviourat
fertilization 9-10 plants from each grovÙüh cabinet were

transferred to thê greenhbuse : at the stage when the basal

florets had completed meiosis white the florets on the

distal part of the panicle were just at pre-flovÙering

(Plate 1, Fig. 1.).



PLATE If. Root tip chronosomes of monosomíc and
nul-f isomic oats.

Figure 1. Metaphaçe of monosomie-I5
r.rÍth l+1¿ chromosones.

Figure 2. Metaphaçe of nullisomic-l5
with lr0r chronosomes.

Figure 3. Metaphaçe of monosomic-2l
with ålI chromosomes.

Figure 4. Metaphaçe of nullisomic-2l
with l+0r chromosones.

L5
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One panicle vras collected for P.M.C. studies and three

other panicles of approxínately the same age (Pl-ate f,
Fig. t*) were maintaÍned on each plant under treatment for
fertility and transmíssÍon rate cal-culations. Root tips
from a total of 3 r72O progeny of these plants vJere examined

in this study.

To deÈermine the effect of ter¡perature at both

mei.osis and flowering stage on univalent behaviour 5-7

plants were left in each gro$¡th cabinet until all t'he

florets on the panicle had eonpleted flowering. They were

then transferred to a greenhouse untfl matì¡rity.

Fertility idas calculated and transnission rate lras studied

by germinating these seeds and counting the chronosome

number in each seedling.

TTI. ¿, COMPARTSON OF TRANSTTIISSION FATE OF MONOSOMIC-15
AI{D IUONOSOitfIC-2I FROM DIFFERENT SEED SOTTRCES OR
VARTETIES (T,isred in TABÍ,E 1. )

In order to further compare the transmission rate of

the same nonosomic from a different souree or varigty,
progeny fron three monosomic lines of chromosome 1J from

different seed sources, grovrn in the field were analyzed

cytologieally. Similarly 5 different nonosonic lines for
chromoso¡¡e 21 roere grown in a greenhôùs€l and chronosone

counts made on their progeny.
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R3SItf.,lS

1. TIiE EFFECT OF VARTETT AND TEMPERATUNE ON TÍIE UNTVAT,EI\]'T

TRANSMISSION

The effect of four Levels of temperaÈure on univalent

transmission was studÍed in Garry 3-L2, Garry 21-390 and

Taylorts ¡conosomic, all of which are deficient for chromo-

sorne 21. The data concerning this is presented in Table 2'

It showed that there was a narked difference in fertility

betì{een the Garry monosoÍlics and laylorrs under each leveI

of tenperature. Taylorr s monosomic invariably shovred the

highest fertitity under aII four levels of temperature '

It had a naximum fertÍlity (87.6f") at 60oF follo¡¡ed uy 7oo¡'

(S4.øù, 5oor (7t+.6"/"1 aad 80oF (25.6{"). Garry 3-12 and

Garry 2L-390 showed the highest fertility at ?OoF of b5'5/"

anLð,33.L1o respectively, and the lowest fertilit'y at SOoF

(¿r.9 and l+.l+tft respeeùively). The fertility of normal

Garry and Taylorrs was 80.9 and 9O,L/" respectÍ'vely under

greerihhues', conditíons.

The monosonic transnission rate was quíte simÍlar

for all the three monosomÍcs under 50oF. At this tenpera-

ture Garry l-12, Garry 2L-39o and Taylorts monosomic

showed transmissfon rates of 37.O; 39.2 aú' 37'Ú/o

respectively. Iìor,sever there were marke d differences at

60, 70 and 80oF. The transmission rate for Garry 3-I2'

Garry 2L-390 and Taylorts was 67.&, ?U'8 and 3L'Ø"



T
em

p.

?A
B

LE
 2

. 
T

he
 e

ffe
ct

 o
f 

l¡ 
te

m
pe

ra
tu

re
an

d 
tr

an
sm

j"s
si

on
 r

at
e 

of
 3

5o
oF

M
on

os
on

ic

60
oF

G
ar

ry
 3

-L
2

G
ar

ry
 2

L-
39

O
T

ay
lo

r 
t 
s

N
u¡

nb
er

of
P

 la
n1

;s

?o
oF

G
ar

ry
 )

-1
'2

G
ar

ry
 2

l-3
9Q

T
ay

lo
r 

t 
s

N
um

be
r

of
F

lo
re

ts

E
oo

F

G
ar

cy
 3

-L
2

C
ra

rr
y 

21
:J

Ç
O

T
ay

lo
r 

t 
s

5 5 3

F
er

üi
1i

ty
 o

f 
G

ar
ry

 d
is

om
ic

 -
 à

O
.9

f"
F

er
til

ity
 o

f 
T

ay
lo

rr
s 

di
so

m
ic

 -
 g

}.
Ld

/o
( 
gr

ow
n 

un
de

r 
gi

ee
nh

ou
se

 c
on

di
tio

ns
)

N
um

be
r 
F

er
til

iù
y 

N
um

be
r 
of

of
 

(y
")

 
P

ro
ge

ny
 w

ith
S

ee
ds

 
l+

2 
4I

 
lr0

T
hr

oñ
õs

om
ãE

Q
ar

ry
 )

-L
2

G
ar

ry
 2

I-
39

O
T

ay
lo

r 
t 
s

3 3 5

Le
ve

Ls
 o

n 
th

e 
fe

rt
íli

ty
Iín

es
 o

f 
no

no
so

m
ic

-2
L.

9L
l+

 
I0

2
88

0 
r2

9
95

0 
70

9

82
4

78
8

l r
l+

72

3 
98

2
3 

59
6

3 
r,

zg
o

6 
2,

L6
8 

10
7

6 
r,

67
2 

73
3 

79
8 

20
4

29
2 

35
.t+

 
t+

 6
2 

26
 

b.
4 

6?
.t+

 2
8.

2
r3

8 
L7

.5
 

3 
74

 
22

 
3.

O
 7

t+
.8

 2
2.

2
t,2

89
 

à7
.6

 
L0

 L
22

 2
2r

 
2.

8 
3t

+
,6

 6
2.

6

10
.8

],l
+

.7
7t

+
.6

I+
b7

]-
97

I'o
92

L 
37

 
62

 
r"

.0
 3

7.
O

7 
38

 
52

 
7.

2 
39

"2
o 

b7
 

80
 

0.
0 

37
.o

P
er

ce
nt

ag
e 

of
P

ro
ge

ny
 w

5.
th

lþ
2 

41
 

,l.
0

-C
hr

oñ
õs

om
el

l+
5.

5 
I 

5b
 t

ll
33

.L
 

t 
63

 
30

8t
+

,7
 

I 
38

 
61

l+
,9

l+
. 

ì+

25
.6

66
62

2
14

1 
29

L 
t+

7 
73

62
,O

E
)A

63
.O

1.
0 

56
.3

 t+
2.

7
1.

0 
6l

.o
 3

r.
9

1.
0 

38
.0

 6
1.

0

6.
4

1.
4

0.
8

70
.2

57
.8

38
.9

23
.1

+
l+

0.
8

60
.3

:,: .:' l il l

'i,

.

ìl; )l :r
l

iì,

F @



L9

respectívely at 6OoF; 56.3, 67.O arrld 38.qo respectively at

JOoF; ancl 7O.2, 57.8 anð,38.9/" respêctively at 8OoF. Thus

Taylorts monosonic showed a considerably lower transmíssíon

rate at the temperature levels of 60, ?O and SOoF as compared

with the Garry monosomics which generally had a high trans-

nission rate except at the low temperature of 50oF.

The theoretical univalent transmission rates

calculated from the presence of micronuclei in tetrads

(Plate III and Plate TV, fie. 9) are shown Ín Table 3.

Âssuning the frequency of n-2L and n=20 ganetes to be the

same ín both the male and fer¡ale, the expected segregation

of !72-, 41- and bO-chromosome progeny from a selfed

monosomic plant vras calculated for each monosomic line and

is shown in Table Ir. This caleulated segregation seemed to

approximate the aetual segregation obtained from chromo-

some counts only at the 50oF level for the tbree monosoni-c

Iines, but at a1l tenperature leveLs for Taylorr s monosomic '
As indicated in Table l+, the actual monosomic transmission

ratê for Garry )-L?, Garty 2I-390 and TayJ-orts at 5OoF is

37.O, 39.2 and 37.Of" respectively, whereas the expected

transnission rate is 31.o, 26'8 and 22'9 respectively'

Taylorr s monosonic showed the actual transnission råfe

of 37.o, 34.6,38.0 and lï.gf" at 50, @,70 and 80oF

respectively, whereas the expected transmission rate was

22.9, 2h.0, 2).) arrd 27.5f, respectively for the 4
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PLATE III. Ietrad stage showiag nicronuclei in
monosomic-2l plants.

Figura I. Higb percent'age of tetrads
lrítb one or Eore nicronuelei.

Figãse â. lligher eâgpification of Figure I.



2T

PtrATE fV. Meiotic sÈages in monosomic-2l pJ.ants.

Figure 1. Late diakineses showing 20II+1I.

Figure 2. Anaphase I showing lagging
univalent.

Figure )-J. The univalent chromosorne dÍviding
and daughter chro¡nosomes going to
each pole.

Figure 6. Tvro d.augþter chromosomes not
included Ín nucleÍ.

Figure 7. One daughter chromosome not
included in nucleus.

Fígure 8. More than tlro daughter chromosomes
not included in nuclei.

F igure 9. Tetrad stage showing micronuclei.
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temperature levels. However tbere were obvious diserepancies

for Garry nonosonÉ-cs at tenperature levels of 6O' 70 and

gootr'. Data showed e,arry 3 -L2 had the actual transmission

rate of 6?.1+, 56.3 anð.7o-4o respectively for 60, 70 ancl

SOoF whereas the expeeted transmission rate was 32'Q' 33'6

and 35.7'fi respectively for these 3 temperature levels;

C.arry 21-390 showed the actual transmission rate af 7L'8'

6?.0 and 57.Ü/o respectively for 60, ?O and SOoF whereas the

expected transmission ?ate was 32'8, 3O'L and 27'7{"

respeetively for the I temperature levels'

rI. THE EFFECT oN THE UNTVALEIüT,TR4NSIuÏSSI0N oF TEMPERATURS

üiv¡1,-s-¿t-uaiosTË oi'är ðõiqp¡'ns¡ rrllTu rrs EFFEcT oN

eõTlI l{Erosrs AI{ID F],0I¡¡ERTNG

The data regarding the effect of temperature level

at meiosis only on univalent transmission rates compared with

its effect on both neiosis and floweríng were tabulated in

Table 5. Taylorr s monosomic was enployed' By comparing

the data using tlre sample mean t-test it r'Eas possible to

show that there was no signiflcant difference in fertilÍty

between the tvro treatmenös at any of the four têmpef,atures

studied. Fertilit'y l¡tas not affected by continuing the

temperature level unlil after fertilizaËion in ttris mono-

sonj-c. SimiJ-arly, although the level of monosomic

üransmission was generally hígher when the temperature

treatment was continued to post-fertilization' it was not
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sÍgnificantly so over the data obtained for the treatment

involving meiosis only. Monosomic transmission rate varied

between 26.3 ar'd 33.3% aE the differenö levels of tempera-

ture at neiosis only and fron 3I.9 Eo t+O.40 for the second

treatnent. The range Ís comparatively narrow in both cases.
a

By using the x'-test of independence it showed the two

treatments to be si¡¡ilar in effect on the transmission rate

at, 5Ot 60 and ?OoF. llowever it seems dífferent aË the

highest temperature 1evel (80oF) where some certation effect
is suspected. The two treatments also exhibited a similar

trend in monosor¡ic transmlssion rate, that is under low

temperature the üransmissíon rate is low and under híglt

temperature, it is high.

The P.M.C. material from the four leve1s of tempera-

ture treatnent were coLlected and studied. It was found

that' the behaviour of the univalent during ¡neiosÍs v{as not

much different 1n the P.M.C. material collected from

&ifferent temperature leveIs. The univalent ehromosone

always lagged at anaphase I, split, and the halves passed

to the opposite pol-es (Plate III, Fies. L-5). One or both

of the daughter univalent,s were often excluded frour the

nuclei at telophase (Plate III , Figs. 6-7) and they lagged

behind the other chromosomes at anaphase II, eventually

passing toward the poles at random. They were seldon
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Íncorporated Ín the nuclei and thus formed micronuclei in

the tetrads (Plate I11 , Fig. 9). Occasionally, 4 or more

micronuclei htere observed (Plate IV, Fig. 2), probably the

result of asynapsis of another pair of ehromosomes or from

misdivision of the daughter unívalents at anaphase fI.

By countÍng the number of micronucl-ei in tetrads the

theoretical percentage of gametes lrith nE2I and n-20 ere

also cal-culated. The data concerning these was presented in

Table 6. the percentage of gametes rÀrtth g[ varied fron

13.9 (6ooF) ú 2L.5 (8ooF) and those with n--20 gametes

varied from å6.1 (6oop) ro 78.5 (8oor). At 6ooF the

percentage of n=20 gametes was higþest. The expected

segregation frequencies calculated by usi-ng the univalent

trans¡nission data lÍsted in Table 6 are presented Ín Table 7'

these daba were found to fit the segregatÍons actually

observed in the progeny of those monosonics, treated at ühe

r¡eíosj.s stage only in al1 temperature 1eve1s. The expected

monosomic transmission rates wete 26.flo îor 5OoF, zlt'.Øo

for 6OoF, )L.ff" tor ?0o and 33.flo fot SOoF whereas the

actual- transmission rates were 28' 5, 26'3, 3o'2 and 33Jl[

for the 4 temperature levels.
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TTI. COMPARTSON OF TRANSMTSSION BATES OF MONOSOMIC.I5 AND

MONOSO1VITC-21 FROM DIFFERENT SEED SOURCES OB VARTETIES

The influence of seed source on the monoso¡nic trans-

nission rates in 3 monosonic lines all deficient for

chronosome 15 was studied. the data showed that both

Garry R"-52[ and Garry 3.2-263 produced fro¡a x-irradiation

had higtrer monosoeic transmission rates of 67.0 and 7â.L1"

respectively, as compared wÍth l3'Ø" in Garry 18-81 which

was obtained spontaneously (lable 8).

The influence of variety on the monosomic transmission

was determined on 5 dlfferent monoso¡cic lines of chromosome

2L, all of which were obtained spontaneously. The data

reported in Table 9 showed that monosomics of Sun II and

Condor both have a relatively higher transmission rate

(?9.0 and 80.ol respectively) than Garry 3'LZ (54.ø"),

Garry 2L-39O (66.qù and Taylorrs (J7.6/'). Tavlor:s

monosomic had the lowest transmission ¡ate in the group.

It appeared that Garry 3-12 and Garry 2L-390 had a some-

¡ichat different ùransmission rate, but the difference was

found to be not signÍficant. Sun II ancl Condor ( different

varieties) have a very similar transmission rate.
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TABÌJE 9" The influence of variety on the frequency
of proger\y type fro¡e aorxo:soni c- ã-l gsolttn
uoden gre enhouse eonditf ons..

Monoçonles
NTrEben of-

Progerq" wi.tå
42 41 4A

-Chroñsomã

Fetcelrtage of
Total Proge,ny witlt
PLant"s 42 4L 4O

Chronoeomes

Garry 8-lâ O

Ga:rry ?1-39O 1

Srm II 6

tondor Ll.

Tay-lorr e S

54 46

66 3g

?9 15

809
70 113

2.2,
r00

100

100

i_oo

186

0.o 54.o 46.0

1.0 66.0 33.0

6.0 79.4 r5.O

11.0 BO.O 9.0

1.6 g?.6 60.8

t {;!5=r) =a"s



DTSCUSSTON AND CONCLUSIONS

Under the lowest temperature leve1 (5OoF) the

influence of seed source and variety on the univalent trans-

mission rate of three monosomics deficlent for chromosome 21

was not evident, but at the other tenperature levels (60,

?0 and 80oF) the transmission raÈe was quite ilifferent

anong them. The itifference vtas especiaLly mârked at SOof

between Garry 3-L2 l¡rith a monosomic transmission of 70'21"

and Taylorrs vüith 38.9f".

The high monosomic transmission rate that occurred

in both Garry nonosomics indicates that either the percentage

of gI male gametes was lower than the ! gaÍretes which 1s

improbable on the basis of micronucleÍ studies, or that the

El pollen competed less favourably than 3 pollen in

fertilizatlon ( eertation effect) at the bigher temperatures '

At 5OoF nore nullisomic p]-ants Írere obtained in the progeny

and the monosomic frequency was reduced. ft seems

reasonable to a ssu.me that these oat monosomics al-so have the

same tendency to produce a high frequency of El fenale

gametes as reported in wheaÈ and tobacco monosonics and

r¡nder low temperature, the pereentage of functional n-l

nale ganetes ls fnereased thus resulting in a higþ pereentage

of nullisonics. Taylorts monosomlc showed comparatively

36
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greater tolerance to temperature on the univalent trans-

mission rate. The percentage of functional n-I naLe ganetes

Tras al$ost the same for all temperatur€ levels.

fn other species such as tobacco, univalent behaviour

is quÍte specif,ic for each monosomic (/) and Ëhus can be

used in identifying the dlfferent monosomics. This study

makes obvious the fact that a simj.Iar precise behaviour is

not present Ín the oat monosomÍcs. The tlata indícates that

transmission rates in some varieties are particularly

responslve to the temperature whÍle others üend to be more

tolerant suggesting genotypic conùrol as we1l.

There are no signifÍcant differences betvúeen the

teeperature treatments affecting the unívalent Èransmission

ratè at meiosLs onJ.y and its effect on both meiosis and

fLowering in the study with Taylorrs nonosonic at 50' 60

ancl 7OoF. Tbus there is no certation effect inposed by

these 3 temperåture levels in this monosomic. Both the

observed and caleulated transmission rates are si¡nilar.

The assuraption made earlÍer by Nishiyana (17), Philp (20)

and McGÍnnis and Taylor (1/+) that the univalent chronosome

is transmitted with equal frequency on nale and fenale

side was found to be correct insofar as laylorts monosomic

was concerned.

The inftuence of seed source on tbe monosomic

transmission rate in three monosomic lines of chroroosome 15
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was noticeablê. The ¡nonoso¡rics produced from x-i.rradiation

gave higher transmissÍon rate than the nonosomic obtained

spontaneously. Perhaps nany of the nullisomic zygotes are

lethal- because of other deleterious nutations caused by

x-irradi.at ion.

The study of 5 different monosomic lÍnes of

chromosome 21 again ctearly indicated that the univale nt

transmíssion varÍes consfderably between varíeties. ÀIthough

there also appeared to be a difference between lines within

the same variety, this difference was found to be not

signÍfieant by statistÍcal analysis (paired t-test). This

nethod of analysis however requires a large difference to

reaeh the mininun level of sÍgnificance. The transníssion

rates are qulte sinilar in the troo varieties Sun 11 ancl

Condor, both having a hieh monosomic frequency (79 anð' 8v/"

respectively). the Garry lÍnes were mucb below this fre-

quency of monosomíc transmlssj.on. the Taylorts monoso¡nic had

the towest transnission rate. The effect of genotype and' its
response to various environments must be an inportant factor

in determÍning univalent transmission.

Oats appears to be a crop that is quite sensitive to

minor variations of either envlrorullent or genotype. fhis

coul-d be additional evi.dence of considerable diploidization
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in the speci.es. Certainly the use of univalent trans-

mission rates for indentifying different monosonj.cs is
unsafe by itself and at the best can be used only as a

guÍde in ldentification.
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