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]N IN@RSFECIFIC CBOSSfi6 OF BRûÉ¡SICA
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.::
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Transnission of the ni¡e unival_ents fron the c genome was

studied i.n the Fl progenies of si.¡< backcrosses of species l¡¡:ith the 
:.:.,

aacc and aa genomes of Brassica. '.;

i:,i..,

the distributíon of these u¡ívalents at first .naphu"u as measu.red. l','

by the chronosone nunber il the F1 backcross populatíons apBroached that

elpeeted from rand.om distribution. The¡e. rrrere some deviatioRs frcúe

randon distribution but i.n arl erosses the inte¡snediate cl-asses rere

represented by Large num-bers and the exbrecne cl-asses by reì_atively few

individuals. It¡e mean nunber of utival_ents for the six baekcross i

populations varied from 3.5 to 5.4. 0n1y snall differences i¡r tra¡rs- i

ur-ission through the male and female gaü.etes were observed.

]::
At fj¡st anaphase the distribution of unival_ents in FI (!. g1g_

pestris x p. napus ) and its reeiprocal was À.3g and h.57 respectively,

and. 4.22 for the F1 (g. napus xB. tril-ocularis). These means a¡e in
al-l- cases close to the opected srean of 4.5.

The number of univalents in the F1 plants from the backc¡,osses

nas negat ively associated with poJJen fertility. Ttre frequency of

monosonies, double monoso¡cics and triple nonosonics in progerly of F1

crosses l¿iith E. ggpgg û¿s quite h:igh (29 .8h16) .

E:;

Lrr.



lv

A gene conùitioning the fo:nation of erucic acid'was trans-

ferred from !. canpestrj-s to B. napus.
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INTRODI]CTION

Ttre genus B¡assica eomprises a large muober of species some

of r,¡hich are an JmportaÞt souÌce of edible oil. Of these, Brassiea

EgpE I. and Brassica canpestris ¿. cotrüûonl_y known as surner rape and

turnip rape respectively, are cultivated in Canada.

lapeseed oiJ is primarjJ¡ used as an edíble oil_ but a small_

portion is used for i-ndustrial pr,rrposes. The nrajor poÌtion is utilised
in ttre preparation of aar.gari-r¡e and shortenings, ete. fn the recent

past, the utiLization of this oiÌ by Canadian processors has furthe¡

inereased its demand. Aecording to Doïney and Bolton (g) 25O,OOO

acres are requi-red under this crop to neet the do¡nestic requirements

for edíble oiI.

In view of the rapid developnent of acreage under rapeseed

in Oanada, which j.ncreased from ?1500 acres in l_951 to 6!!,800 acres

in f964 (1,!) jmprovernent in the quality of rapeseed oiJ- is necessary

to r¡ake it more cotrpetatÍve with other vegetabl-e oilseeds. Some

undesirable effects of rapeseed oil- have been att¡ibuted to the def-

iciency of saturated fatty acids and lrigh e¡ucic acid content (2).

9ü¡ains of B. napus w-ith seed oil-s ¡rhich are free of er¡¡cic

acid have been isol-ated at the Pl-ant Science Departnent of the

University of Manitoba. Ttrus the¡e is a good prospect of bringì ng

the rapeseed oil up to the staadards of other edible oils nhich are

low in e¡ucic acia (42). Inheritance studies in B. napus have revea-led
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that e¡ucic acid is conditioned by two i¡dependent gene loei and ttrat

their dosage effect is additive (V,n).

Fo¡ transfer of desi¡able traits such as the erucic acid free 
,...,,, ,,

characteristic and seJf-eornpatibility from çecies to epecies, know-

Iedge of the nar¡ner in wtÉch chromosones are transnittcd is essential-

for efficient transfer of traits. Moreover, in the last decade spec- 
.,;.,:,,.:.r

tacular ¡esults have been echieved ia the fiel-d of plant aneuploidy .,,'.:'r'.

through the devel-opûent of aneuploid series whfch provide a means of 
i:,,,,¡¡....:,,

associati-ng genes with different chrornosones. The aneuploid work in

!¡heat by Sears (38), il barley by Tsuchiya (45), in rraize by Mc0lin-

tock and Hlll (18), in tobaeco by Clausen and Cameron (5), jt¡ oats by

McGi¡r¡is (t9) a*e a few øcanples. This type of resea¡ch r¡o¡k is becon-

ing nore and more fascinating to the various workers engaged in this

fÍel-d. Ì

' fhe studies of chronosome transnission in interspecific crosses

, of Brassica wil-l- be of special- slgnificance in providi-ng prelttrj-nary

but basic infornation regardi.ng the production of aneuploids j¡e Brass-

, ica. Ttris work r¡oul.d also ¡esu-Lt i¡r i.nereasÍng the genetic variation

dr.le to ùiffereut chromosomal co¡nbínations and thus ¡rould r.¡ider¡ the

pÌospects of breeding in this crop. TÌ¡e detelsi¡¡ation of fatty acid

,: conposition of the backcross populations woul-d also shed sone light

r:.: -r.:r 
::: :i:ì.:

i1;ì:'ì:::.t

on the genetics of erucic acid content of the rapeseed oÍl-.

the research work reported here deal-s u-ith the ehromosome

ùransnission in interspecific crosses of Brassica species r,*ith hapJ.oid

chronosone nu.Bbers of f9 and 10 and the utÍl-ization of this i¡fo¡:rnati.on 
". 

. l
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on chronosome tra¡srcission in asseseing the scope of aneuploidy

and the genetics of rape.

!¡i.¡



LIIERATI}RE AEWEíìI

ïte origin of species has l-ong intrigued research ¡¡orkers.

The genus Brassica which is endorded by nature r*ith a good deal- of

variation in chromosome number was considered an ideal- naterial

for un¡avellj¡¡.9 the secrets of species for&¿tion. ftris resu.l-ted

in the production of a fofltridable vo1ì&e of literature. The

papers selected for review deel with the rather l-i-nited number of

reports mo¡e or less directþ related to the transnission of

chronosomes in Brassica and the Ìnore nutrerous papers dea-Ling with

the sane topic in other speeies. The ¡evler'¡ is srganised jÐto

sections dealing nith eybological phenomena a¡d ehenical- cornposi-

tion of the seed oif.

A. CTTOISGICAL

It is weIL known that tl¡e ehromosones that are pailed at

meiosis have an equal opportunity of orientation to either poIe.

oonsiderable knoûl-edge oa the behaviour of haploids and poþpJ-oids

has been gailed from studies i-n the TrÍticinae. A re¡¡ier'¡ of the

subject has been published by Riiey and 0hapman (36). A few faets

known about u¡dvalents a¡e:

(i) Unival-ents are distributed to the poles at rar¡dom or

the distribution to tho two poles is numerically approxi:nately the

same.

(ü) Uni-valenùs nay pass to either pole rrJ-thout dividing

at first division of meiosis and rnay deivide noruaJ-ly at second
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division.

(fii) There is Èendency fo¡ the u:rival-ents to ]ag aÈ the

fi¡st ùivlsj.on. They nay divide at the fi¡st dirtsion and then

Iag aù the second. IJeualJ.y the J-aggirrg chronosomes ale not

inel-uded j¡ the nuclei resutting fro¡n meÍosis but aPpear as nlcro-

nuc3.ei j¡r the quartet of spores.

(i") Unival-ents which paso to one po].e u-ithout clirÍding

probabl-y diride at the second division.

(") OecasionalJ-y the univalents rnay divide at first,

division of meiosis and aga5.r: at secoad divlsion.

(vi) In some cêses nost or all- of the univalents have ühe

tendeney to pass to one pole.

Otsson (29) stud.ied the cyboJ-ogr of p. canpesÈ¡Ís %r. 9}!þg
Metzg. and observed ten bival-ents at metaphase. A1arn (1) a¡rd Sikka

(39) studied the cybology of q. gryl¡¿C L. ssp. trj-loeul'aris

(no¡r. ) olsson. Ttris species shor,ted the formation of ten bivalents

at diakinesis and metaphase. The entire meiotic behaviour rras

regular.

Nagai and $asaoka (26) ¡eported the chro¡nosome nr¡¡ber of

9. lgægg L. as 2¡-38. All- the chromosones showed cotrplete pairing
È'ì:ta::.:Ì

and chiasn¿ta term-ir.ralised fuJly. ltris nurLber was cor¡fiÍÛed in a i'!r::!:i:rr

nn¡nber of varieties of B. r¡apus (lÀrt+6).

MorÍ.naga (e3) r¡as the first to suggest that high chromosome
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species B. carinaia Braun (n=lf), B. iuncea Coss (n=I8) and

p. r¡apus f,. (rr-19 ) have been derived as arnphidiploid hybrids bet-

ween the species !. niera Kocb (n*), !. oleracea t. (ni) arìd E. ea,n-

pestris L. (n=10). He based his observations on the studies of

chro¡nosone pairing in specíes hybrids and deternined the intergenolaic

relationships between different Brassica species. The genonic con-

stitution in diploid B¡assica species !. canoestris, B. 4'ig, and

p. oLeracea was designated as aa, bb and cc respectively and those

of a.nphidiploid species p. juncea (aabb), !. nanus (aacc) and

B. carinata (¡ucc).

the relationslrip between these specles can be illustrated

by the fa,mous triangle of U (46). He was the first to synthesize

g. EeæE from crossee bet$een !. ca.npestris and B. ol-eracea foflowed

by doubJ-ing of chromosones. I¿ter Urs hypothesís was verified

by synthesis of three polyploid species (LO,lf ,30,33).

9. carinata p. juncea

B. nie¡a
n=€

n=17 n:18
,z-\B.olerecea'- Þ.naPls !. canrpgstris

- ì=9- ' ¡t'=I9 ' n=10

Morinaga (20) stualieci the neiotic behari:Lour of F1 þbrids ., ..,

between þ. napel]-a (n=1! ) anè the lO chronosome species, !. pekj¡¡en-

ÊfÐ E. gg, 9. chi¡rensis and g. .iaponica. In each case the

chromosone nulnber in the sonatÍc cells of the F. hybrid was 29
I
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and neiotic netaphase showed ten bivaLents a¡rd nine univalents.

Mori-naga (e1), Sasaoka (37), U (¿6) 
"¡t¿ 

others stuðied F1 hybrids

between l-0 chro¡nosome sfecies and the aarphldiploid species, B.

¡apus (¡:19¡, and p. iuncea (n=18). In the case of hybrids r+ith

E. n¿pus they found ter¡ bivalents and nine univalents and i¡ the

hybrid with B. jre, ten bivaLents aad eight r¡Í-ivalents. Both

these a:nphldiploid species had one connroR geno¡ne aa çl¡ich shor*ed

complete pairing r,rith the aa genome fu¡nished by p. canpestris

whjJ-e univalents of the exlra genone showed random assortnent.

Olsson (30) analysed the chromosome nurtrbers of hybrid

a]-ants betÌ¡e@n !. caupestris (n:10 ) and B. rriA¡a (n*). Eiehteen

chromosomes were observed. in 9 of the 11 plants studied uhile tJre

other two plants showed the chromoso¡ne nìmbers oï 28 and,36. T!¡e

28 chromosome plant was the resul-t of an unreduced Sanete from

B. ea,mpestris and a nor"mal- ga,mete fron p. niera. lhe plant having

36. chromoso¡nes was the result of unreduced gametes froio both parents

or the resuft of sonatic doublSrrg in the early stages of øygote

developnent. The presence of r¡nreduced ga,uretes in EIælg has

also been observed by a nurnber of earþ wo¡kers (tZ'25).

Otsson (30) observed that seed settíng ¡¡as better ûhen the

parent w'ith the higber chromogome number was ernployed as a fstale

parent. $irÉl-ar ¡esul-ts have been reported in Brassica by several

authors (15,2t,27,N,43). Morinaga (zt) arso reported that when

. : -: .1

ñI1r:-=, '-J{



the ehromosome number of both species is the sa.ne the reciprocal

crosses are successful-.

Haploids in Brassica hare besn reported by several authors. .,,'',i,.

Morinaga and F'\¡kushjma (2d), Konatsu (16), Olsson aad ¡Iagberg (32)

described their cytological- behaviour in B. napus. Rarnanujan (34)

in p. ca¡npestris. Ramanujan and Srinivaschat (35) in p. .ir¡ncea . ,

and Kuriyanra and lfatanabe (1?) in B. carj¡rata. However, very little rr:1:i:::r:l::'

Ís Iceor¡n about thei¡ progeny which could g5-ve some clue about the :,,1'1...'

functional ga,netes produced by thøt. O.Lsson and Hagberg in the

course of thejr study of haploid p. napus observed. that nostfy the

gametes w:Lth n:f9 were functionaf. Infloreseences that htere prevented

fron cross-poll-ir¡ation set no seed but when abundant poJ-J-en from

the norrnal diploid plant was supplied some seeds r¿e¡e fomed. the

seeds r¡"j.th the exception of a fe¡¡ plants with 57 chronosomes l

yieJ-ded norrral- diploid pfants. lbus onþ fernal-e garaetes vith l-9

or possibly 38 chronosones were fi¡nctior¡al-.
i',.;,.;.,,.,,,'

The behaviour of univelents in Braesica as u¡rderstood from 
,:;,,,,,,,,,,,;,

the species hybrids and haploids studj.ed by several- workers (l-?, ¡"".:''

20,2I,22,23 124,32,39) nay be sr.nnarized as follows.

At metaphase the urlivalents were mostly scattered around the , .
],1' ::1: I

bivafents and at first anaphase the bivalents separated first and

then the urivalents. Tre univalents which happened to be present

at the equato¡ diuided and disJoined to the poles a¡rd occasionall-y ' :
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both halves moved to ühe same pole. Univalents which were present

away from Èhe equator òid not show argr signs of splitting and rrl-

grated to the nearest pole. $one uni.val"ents were transferred to

the poles ¡+ithout division, othe¡s divided al l-ate anaphase and

telophase, still others located on the periphery ì¡rere not i¡rcluded

in the spindles. 0ccasionally a'1.1 the u¡ivalents were j¡rclu.ded in

the deughter nuclei. Iagging ch¡onosomes uere al.so obeerved at

second enaphase. A few univalenüs o¡ thej¡ daughter halves rrigþt

l-ag on the spindle. tre division of univalents o¡ tl¡ei¡ eIÍoi¡¡a-

üion resul-ted in the fonoaiion of ga.urotes with a variety of chrorLo-

some nu!.bers .

1t¡e t¡ansnission of u¡rivalentg to the F1 from crosses betÌteen

species drffering in chromosone number has been studied in several

species but there appears to be onJ-y one report dealing ¡+itl¡ tÌ¡;is

subject in @!4.. Catcheside (4) ¿eterrnined, the chromosome

numbe¡s fur eigþt F1 plants ia the progeny of the oross, (9. ntpuu x

B. rapa) ¡( 3,. @æ.. the data are given i¡ the foll-ol¡:i¡g table.

TÆIe I. Chromosorne numbers i-n Fr (8. 4Él-Blts x
B. rapa) x g. !aÆ..(caËctrãsiã'4)).

No. of, chromosomes

No. of plants

353l+33323T)o :::':r: :,' : ,

F¡orn ttre data it is clear that the gamet,es w'ith j¡te¡uediate
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numbers l-3 and f4, were functional- and that the frequencies of

chro¡nosone numbers observed cou-l-d be due to randon distribution of

unlval-ents .

Toku¡asu (d.l¡) stuctied the behaviour of aneuploids in Èhe 'tt:tìt'':

progeny of tetraploid laphanus sativus (lr-+S¡. Besides eutetra-

ploids ühe progeny consisted of hypo- and hyper-ploids of 
..:::.,,:.,..

tetraploids and triploids. these aneuploids ¡lhen selected as

seed. parents were responsibLe fox the collapse of tefreploidy. Ttre ,,,,,,.,,,t

trlploids, ineluding hypo- and hyper-triploid indiri:lduals, l.lere ihe

most i.nportant for the breakdown of tetraploidy as they a¡e the first

to start diploidization. In the tetraploid population the diploid gametes

wil-l- have the highest frequency fol-lowed by zx t !, 2. ! 2, x! 3 ---
¿-2x: n ga.uetes. Às a consequenee the 4x Í¡tdividua].s Í¡ou1d be 

i

the naximnn in number foLlowed. successively by 4x t L, tx! 2, i

i

4z-! 3 ---- 4x i n. thus eutetraploids are naintaining eutetraploidy

and at the sa¡re tj.ne aneuploi-dy. these hyper- and hypo-tetraploÍds

keep reverting to eutetraptoidy whiJe some keep naÍntaining the 
l..

aleuploidy. Hol¡ever, alJ. these aneuploids have a strong tendency ,:..r,.,.,,i
,..1 ., .: :, .. : ,, .

towards diploldizatinn, from tetrapl-oids to triploids end from

txiploids to diploids.

lfhil-e there appears to be lack of i¡fo¡rat ion on tl¡e trans-

mission of univalent chromosomes j-n e¡osses betÍ¡een species of

@e@, a good deal of r+ork has been done concerning the problen

in triptoids or Ì¡igh* pol-ypl-oids of plant species by backcrossing
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u'ith the parents. The resu-Its of these studies have been repro-

duced in ?abl-es II and III (28).

I?re data in labl-e II indieates that narked differences i¡

the firnctioning ability of nalo and female ganetes frora the F1

hybrid sonetÍmes occur. This dj-fference is very evident in Oeno-

thera ar¡d. i¡r most of the cases al1 the possible fernale gametes

are fi¡nctíonal and most rnale gametes with internediate ch¡o¡nosome

numbers are not functj-or¡al-. In Nieotin.la. ÐEgg. and in sne case

in Oenothera whea the trans¡rÍssion through the fe¡uale is con-

sidexed, there is greater frequency of i¡rte¡mediate typesrwhile the

majority of the species erosses sho¡'¡ sel-ective functíoniag ability

for male and fsnale garnetes u-ith the saû.e or nearl-y the sane ch¡o¡no-

some nu¡nber. In most of the cases there is great devÍatíon in

the obsexved frequencies òf segregates fron the theoretical fre-

quencies. The only case of chromosome transraission süudled j¡r

B¡assica Catcheside (4) :.n¿icates transnission of inter:mediate chromo-

some nrmbers in frequencies approachirrg randon distríbution.

The results of ehromosome tra¡rsrnission studies by different

authors in T¡lticu4 pentapJ-oid hybrids sho¡¿n ln Table III (28) indi-

cate that apart fron one instanee where t¡ansnission of intergne*j.ate

ch¡omosome numbers is high all other cases consistently lack the

t¡ansnission of interuediate nuinbers and favour exbreme cl-asses.

Geaerally, a higher frequency of internediate chro¡nosome Runbers

tends to be tranffiÍtted through the fenal-e than through the nale

gametes.

Ii:'
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TABLE III. Transrnission of exLra ch¡o¡nosomes of
pentaploid Tríticum hybrids to thei¡
p*ogeny. (Nji@,, ize))

CrossesOl234 Total Aufhor

4xxF1 4 0 o o o 0 o 0

n71023L21
ft 32JI 3 2 4 2 O 2

tt 33 19 6 6 l+ 2 3l0

4 rí¡ara (1925)

a7 TùatkÍns (t9z7a)

56 sax (1928)

83 ?honpson and C. (1928)

ù 21 12 2 2 3 o l- 0 4J_ Kiharê.hl. aÈd f.(l_933)

-Tqt41 91 43 Jf L2 It+ 5 6 13 2Or

6xxF1 0 0 l- 0 ! 2 3 3 10 Kj-hara (f925)

lüatkins (].92?a)

ltronpson and C. (l-92S)

Kihara.lt- e.nd T- (1933 )

t620I2L43 T9

r105t+2L23633
ff l-lù I 5 2 6 L 7I9 66

Total 30 16 tO 5 f0 9 17 37 L28

F1 xAx 2 4 2 I 1 I o 0 IL Warkins (t927a)

n h2 2t t7 9 7 2 3 2 ro3 sêx (1928)

, tt 44 18 27 .,J2 4 6 I 6 Lt8 Kitr¿ra.$. a+d Y..(+933)

Total SS t+J l+6 22 12 g t, I 232

F1 x6x 7 3 6 6 6 5 0 r- 34 Thonpson and 0. (L928)

$ 6 3 3 la 22 2L 6 I 73 Kiha¡a.Tt. and Y-(1933)

Total 13 6 9 I? 28 26 6 2 107
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To sum up, the resu.lts do not show nuch consi-stency. The

najority of cases show sel-ective functioning ability betueen eer-

taln ganetes and elfun.J-nation of other i¡f-ertiJ-e conbj¡rations. In

sone cases the differences i¡ the t¡ans¡nission of ch¡omosomes

through lþs mals and f€male are qu-i.te clear.

B. OHET{ICAT,

Technolory is pl¿ying al increasingly important ¡oLe in the

deve]-opnent of new varieties. Craig and Murty (?) investigated

the application of gas-liquid-phase-chrornatogrephy for the anaþsÍs

of saturated and unsatu¡ated fatty acids. eraie (6) euLphasized

the need of its application as an aid to plant breeding. It¡e use

of gas-Iiquid-Phase-chromatogrephy nade possible the screening

of large nrm,bers of seed. samples for Èesirable fat'ty acid compon-

ents which largety determi¡¡e the qualÍty of oil for different pur-

poses. lhis rapid screening led to the isolation of strains of

rape with seed. oil- f¡ee of erucic acid from the varíety t'ü¡o (+Z)'

Later on stTains free of erucic acid were also isol-ated from B'

ry obtained from Budepest. The studies on i¡¡heritanc e of erucic

acid content shor¡ed that it is conditioned by two independent gene

Loci and dosage effeet of the Senes is additive. Ttre effect of

pollen source ul¡ich influeneed the composition of the oil- ind;icated

an xenia effeet (13,41). fn 9. gg4pq!¡:g. Dorrel and Eowney (8) have d'is-

covered that erucic acid is controlled by a single gene which shous

ineorrplete doni¡anc e.

l:tl';.1'.:ta
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I?ris type of research shows prornise for the developnent

of rape rrarieties Ïrith seed oif ßore ccurpetitive r¿-ith other oil_-

seeds. Knouledge of the transfer of chromosomes a¡rd genes such

as the genes for 1ow erueíc acid content in erosses between ts.

r¡.a,Þus and !. ca¡npestris nay assist in the devel-opnent of irtrpÌoved

seed oil-e.

lit:



MAMA,ü]s AND ¡4tsTiOF

The seed of the @!gg species enployed for these Ínvesti-

gations uas obtained from the Plant Science Ðepartnent of the

University of Mardtoba. These species are described norphologi-

caLJ-y in Table IV and thej-r fatty acid composition in Tabl-e V.

Fo¡ the sake of breìdty species B. napus L. (zero-erucie

acid), p. canpestris L. var gþ![g Metzg. arrd p. ca¡pestrÍs t.

ssp. @!@þ¡þ (noxU. ) Olsson r'¡:iLL henceforth be referred to as

B. !gæ8, p. campestris and g. trifocul-aris. respeetively.

Ttre transnission of chro¡nosomes in interspecifie crosses

of Brassica was studied in tlre reciprocal backcrosses of the F1

hybrido w:!th each parent species. fn the backcross when the F1

was used as a female parent the number of chromosomes carried' 
i

by the urale gamete was knoun and when tl¡e Fl was used as a ¡na1e ]

parent the number of chronosomes supplied through the føu-1e ga.nete

was lsrorln. thus, ttre'chromosome trans¡oission through the male 
i:,.,:;

aad fenal-e ganetes of F1 crosses was deterrn-i¡red. The following

single and backcrosses '¡!¡ere nade: ,'.-.,.

Interspeci-fic crosses and their recip¡ocaI.

B. r¡apus x Þ. .ga4gtris.

9. leæSE x !. tril-ocul-aris
.i.ìì+i¡-íjr:1

T8

t:t:]]r:::.::l
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TÁ3ïiÐ IV. Morphological description of the. species enployed as parents.

No. of
ï,eveJ. of Nature of chrorlo- r,:Species Common nane ploídy conpatibiJity sones

(2n)

B. !gÆ. L. Sunmer rape Al-l-otetra- Sel-f- 38
ploid compatible

!. campestris L. Turnip rape Diploid Sel-f- 20
var. oleifera inconpatible
Metzg.

B. ca,npestris I". Tellow- DiploÍd 6el-:f- 20
conpatible
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Backcrosses.

Þ. napus x q (E. canpestris x 9. $æSe.)

F1 (p. campestrl-s x B. napus ) x B. napus

p. campestrís x Fl (9. lgæE x 9. ca¡npest¡is)

F1 (!. napus x g. 934PË!É. ) x !. canpestris

F1 (9. iìapus xE. EÜls1anÞ) xB. trilocularis

!. napus x F1 (8,. @q x p. trilocularig )

In the hybrids between B. tril-oeul"aris and !. 4gg when p.

tril-ocu.Ia¡ís was used as a female pa.rent and E. Sgpus. as a nale

parent no seed, was obtained as a result of ovule abo¡tion. Ilur-

ing the fi¡st Èuo weeks the pods ar'rd ovules looked noruraf but at

a l-ater date the ovuJ-es collapsed. Therefore, onþ six of the

possible eight F1 backcrosses coul-d be studied.

.il fairþ large ntmber of florets ltere eross-pofli¡ated to

provide adequate populations. Àl-t the crossi-ng was done Ín the

greenhouse (7e to g5oF) ¡¡here eonditions were quite favourabl-e and

permitted erossing throughout the day. Tt¡e fforets ready to open

in a Èhree days period were emasculated a¡d fe¡tilízed with fresh

pollen obtained from a bagged jJ¡florescence. Þvery possible pre-

caution was exercised to avoid polJ-en conta:nination. Paper bags

(No.31? scentra-l States Poll-iðating Bagsn) of si-ze 3 x I inches

were used to protect the i¡florescences.

the Fl seeds were planted in f-Ínch pots and th€ F1 plants
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êxa:nined cybologlcaIly. AIL the F1 plants were fou¡rd to be hybrids

and were subsequentþ backcrossed to the parent species.

For the deterurinatÍon of chromosome nubers in the backcross

progerry of these crosses the seeds were gerrn-inated,in verniculate.

Root tips were collected j¡¡ water for cold treatßent (O-eof') tor

24 honrs and firced j-n a sofution of ethyl alcohol (95fi), eltlorotorn

and glacial &cetÍc acid (623:2) and ue¡e left there for two days

before c¡rLologipal exanr:ination. The collection of both rooùs

and leaves rr¡as considered advantageous for ensuring cot¡nts. The

seedlilgs were planted in 4-j-nch pots, one seedl.:tng per pot. The

poùs were nÌ¡mbered a,nd kept in growbh cabj.l¡et run at about fJoF.

In cases uhere the chrorrosome numbers coul-d not be obtained fron

roots al-read¡r colleeted, young leaves and healthy fast growing

roots ro¡ere agai:r excised, pretreated and fi-xed as above. The

sampl-es were hydroþsed in N HCt for 10-l-2 ¡ainutes at 6OoC and

stained j-n Fer'lgen for about l¡J rÉ:rutes. The root tips aad snall

leaf salLples taken al-ong the basal nargin of the J.eaf were squashed,

in aceto-ca¡r¡rine. Tt¡is schedule lras fou¡d quite suitable for-both

l-eaves a¡l.d roots as it produced bright staining a.nd good chror¡ro-

s ome spreads. Genera$r better spreads were obtained from ¡oot-

tips than f¡om leaves. Photographs were nade mostly fron fresh

slides whjJ-e some Írere taken from pernanent sl-ides.

For the stud¡r of meiosis of the pêrents and ¡l plants of

different crosses, buds ¡rere colleeted in Carnoyr 5 fluid and

[:
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anthers squashed in aceto-ea¡nine. Pol_Ien fe¡tility was al-so

studied by staÍrr-ì-ng the poJ-Ien grai-ns in aceto-carrnine, thoge

which rerâined unstained we¡e considered to be ste¡il-e.

Gas-liquid-phase-chronatography (G.I. P. 0. ) was used to

determj¡¡e fatty acid cornposition of seed ojJ_. The methods used

were outlined by Stefansson and Houeen (41).



RBUI1S

A. CYTOIOGICAI SlUD]gS

(a) cvLofos of the Parents

These investigations involved three parent species !. .eam-

!gg!4lg, B. trilo cu.l-aris, and !. 4¿ry. The following observa-

tions r.¡ere made :

(i) E. canpestrís. This species showed quite regular

neiotic behaviour. Ten bival-ents r¡ere invariably counted at

netaphase (fUte t; lto.t). Tl¡e bívalents disjoÍned regularþ.

The souatic chromosorxe count was 2n=æ (Pl"ate I; No.2). These

¡esults confj:rn the findings of previous workers (Ir29r3g).

(ü) Q. trilocularis . The neíotíc behav:iour of ttlis

species was af.so reguJ.af. Ten bivaLenùs were counted at meta-

phase uhieh disjoined regu].ar]-y at first anaphase (etate I;
No.3). The sonatic chronoso¡ae count i^¡as 2n=20 (Plate I, No.4).

These resul-ts.are in agreeøent with those of AJ-am (f) 
"tr¿

sikL€ (39).

(iii) p. napus. T'he presence of J-! bival-ents r¡as con-

firrned at both diakinesis and netaphase (Pl-ate I; No.5). The

bival-ents disjoined regularly. Tl¡e entire rreiotic course rrfas

regular. The sonatic chronosome cou¡t ¡¡as 2n:38 (Plate I; No.6).

These resu-l-ts confi¡r¡r the earl-y findings of U (46) and Hol¡a¡d

(14).

'j " l'

24



PI.SIE I. Meiotic and. sonatic ch¡o¡tosones of the parent
species .

No.l Meiotic metaphase shoujng 1OII in
!- eamPestris.

No.2 Mitotie netaphase, 2a : 20 i¡t
P. ea.mpest¡is .

llo.3 Meioti.e metaphase shou-ing fOII :-n
B. triLocula¡is.

No.{ trtltoÈic metaphase, 2n: 2O i¡
p. trilocuLaris.

No.5 Meiotic metaphase showing fgII io
!. napus.

No.ó Mitotic rLetaphase, 2n:38 in
B. napus,

iri':1,ì'.-i!:;..,;il
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(O) CyUofory of F1 Hybrids.

1?re c¡rLological- studies involved ttre folJ_owj-ng F1 inter_
spe ci-fic þbrids :

p. campesòris x E. napus

B. napus x B. canÞestris

B. r¡apus x B. trilocul-aris

B. napus, one of the parents in a1l the th¡ee crosses is an

allotetrapl-oid (aacc) wh5J-e the other two parents B. earnpestris

and B. t¡iLocul-aris are diploid species (aa). The aa genome

which is con¡aon to both parents showed conûpLete pairjrrg whil_e ttre

rneurbers of the c genone appeared as u¡ivalents. At metaþhas e ¡tt
the three hybrids showed l0II + 9I ( el-ate II; No.t-). Ttre bival_-

enÈs dÍsjoined regutarþ v¡hile the w¡ival-ents r+rere apparently

distributed at random. the bivalents were the first to disjoi.n

and move to the poles then the bival_ents were folJ-o¡,¡ed by urri_

val-ents. The univalents which happened to be present on the equator

'v¡ere seen to dir¿ide and nigrate to the poles. Very frequentþ

the univaLents we¡e fsund to J.ag at first anaphase and. quite often

at second a.naphase. $onetimes ell f,,þs nine univalents were obser_

ved at the equator utrj-l-e the bival_ents had disjoined and reached

the po1es. The univalents tct¡j.ch happened to Lie al¡ay from the

equator did not shou signs of division and were possibly not incl_uded

in the anaphase nucleus. The behaviour of r¡nivalents is illustrated



PI"ATE II. Univalent beharri,our in the F1 (!. ca,npestrís x
. E.napus) and sonatic compl-e.:nËnt-of$-þlftgq x

g.@"tr.atr").

No.l- Meiotic netaphase showing 1OII 9I.
(A¡ro¡¡s indicate univalents ) :

No.2 Mitotic ceIL showJng 2n:29.

No.3 Anaphase Ï in ceLL with loII 9I. th"
rl.ine uraivalents have lagged at pl-ate.

No.4 Sjx laggi¡rg univalents diniding at
anaphase I. .Àt the two pol-es are f0
and 1l dyads, respectively.

No.5 lagging univalents at anaphase II.

No.6 Iaggine and dividing uninalents at
anaphase II.

:,,.:;:,'ì; r:::::
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in Plate If Nos. 3 +.o 6. the deta pertainiag to the distríbution

of u¡rivalents at first anaphase are showri in Table VI.

From the data g5.ven in Tabl-e Vf it is obvious that in the

three crosses the meen distributions of unival-ents (4.39, tr.57,

l+.22) were quite close to that of theoretical nea¡¡ of 4.5. AIL

the classes were obtained with the exception of exbrqnes ¡'¡l¡ich

apparentfy were not reeovered. dne to lou¡ elçeeted frequency and

insuffícient sa.nple size. The chi-square vaLues of 8.39 a¡rd

4.55 obtained for F1 (!. earpestrj-s x B. napus ) and its reeipro-

cal- Iespectively i4clicate that ihe distribution of u¡¡ivalents

is ra¡rdon. ltre chi-square value of 27.L3 obtai ned fo¡ Fl

(!. n"pr" x B. trilocularis ) inaicates tbat the observed. unival-ent

distrj-bution d.oes not fit the di.stributiou e4ected from rand on

distribution of nine r¡rrivalents. Ttris ur,ay be due to the fact ttrat

the genone contributed by B. tril-ocu-l-aris is l-ess eloseþ related

to B. napus than the genome from E. eanpestrÍs.

Ttre frequency of J-agging of the univalents at first anaphase

and tefophase has been presented in Table [tI. Frs¡n these data it

ís cLea¡ that the higþest frequency of EICs has one lagging uni-

valent foll-owed by those with two and three laggi¡g univalents, the

frequeney of Ptr4Cs with nine unival-ents beiñg the l-o¡¡est. The mean

numbers of J-agging u¡rivalents wete 3.59 and. 2.OI for F1 (8. -gry-
tris x p. ¡¡apus ) and its reciproeal respectively and 1.57 for the

i..r'::.

iL;r,
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F1 (!. napus x !. triloeularís ). ltre rnean of 3.59 unival-ents djJ-

fered significantþ fron means of 2.01- and 1.57 r'¡hereas the neans of

2.01 and I.5? are not signJ.fieantþ different from one another.

Tltus, the higher frequency of univalents j¡¡ Ír¿l-e gamètes from Fl

pl-an¿s ïtren B. cêmpestris was used as the fes¡ale parent indicates

that the ¡naternal- parent may influénce the degree of laggirtg of

univalents.

F¡o¡n ühe data preoented in Tabl-e VI regarding the distribu-

tion of unival-ents iù is obuious that the frequeneies of gametes in

intennediate classes are greater than the freqr:.enci.es in the exbreme\r

l-ow and high elasses. Houever, the frequency of PIliCs with l- to 5

J-aggi-r¡g r¡nival-ents is greaben thaa the frequency of PI4Cs trith the

high nwbers of laggirrg uaivalents, i.e. 6 to 9.

(e) thromosone Trapsnis sion

The chromosone transmission through the male and fenaLe was

investigated by sonaüic eh¡onosome counts in sj:< backcross popula-

tions derived from th¡ee parental species. The resuJ-ts of back-

crosses of F1 hybrids w-ith parents along w:ith the e)rpected fre-

quencies based on rando¡l distribution are presented j¡ Tables VIII

and It. The resul-ts of transnrission studies are as follows:

B. n¿pus x Fl (E. campe stris x p- napus )

The chromosome counts made on the progeny of this backeross

provide inforrration regarding the functioning ability of ¡¡al-e Sarnetos.
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Chrooosome counts ¡¡ere made on 81 plants of tf¡e backcross progeny.

ÍIith the exception of the 29 chromosone class ell_ other chro¡nosome

el-a.sses (30 to 3g) eryected fror¡ rand.or¡r distribution of nj¡e uni-

vêlents were obtained. Ihe exbreme classes uere represented. by

sna]-l- nunbers of plants ar¡d the lnte¡:nediate cf.asses (Zt to Z6) Ay

a large nunber of pfants. I?¡e ¡esu-l-ts are shor^¡n graphical-ly jJ¡

Fig.r.

ltre chi-square value of 35.83 j¡rdicates a, non-randon distri-
bution. This discrepency is the resul_t of an excess i¡r the 36

chromosone elass and a deficiency j-a the 33 and 35 ehronosone cLasses.

One plant had a sor¡atic chromosome nt¡rrbe¡ of 45. Tl¡is was probabþ

the resul-t of fertiLizaüion by an u¡reduced ga.nete fron the ¡nale

parent and a norrtral- gamete from the femal_e parent.

The rnorpholory of the seed pods of all the plants with

different chronosom.e numbers in the backcross progeny ¡¡as exani¡ed.

Few seeds we¡e forr.ed in pods of pl-ants r,rith seve¡al univêJ-ents

whÍIe nany seeds were forsred in pods of plants u:ith few or no uni-

valents. The pods n-iÈh poor seed set were very much eoastrj.cted

and. Ro seed ras fo¡med at the places of const¡iction. f¡edividual

seeds were fo¡rned in the eryanded portions. lhe pods with good

seed. set ûere nore or less unifo¡n throughout their length and

rese¡nbled those of the eupJ.oid parents (ptate IV). In the cross

plants in the low chronosome classes generâl]y contained more

ur¡-ival-ent chronos omes, than those in the high chromosome classes,

Thus this appearanoe of the pods couJ-d probably be used to
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PIÀTE III. þpical- somatj.c chronosone conplener,rts in the

F1 of the cross or i.ts reciprocal (B.napus x

diploid) x !. ¡rapus.

No.l- 2n = 36
No.2 2n : 35
No.3 2n = 34
No.[ 5:33
No.J Q1 : 32
No.6 2n = 30

irär:-:Ì,.ì;
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PI.ATE IV. þpica1 pod charaeteristics of F1 plants

fro¡n the cross B.napus x F1 (8. ea¡npestris x
p. napus ) illustrating the effect of aneupJ.oidy

on seed set. Chro¡¡osone numbers a¡e shown bel_ow

pods.
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distinguish those plants i¿hose chroraosome nurnber approached that

of the parent lciùh the higher chronosome number.

F1 (!. ca¡rpestris x p. napus ) x B. napus

Since tt¡e F1 was used as the fenal_e parent in this backcross,

the ch¡omosone nunbers of the progeny prorride i¡forrnation on the

functional gametes derived fron the fe-ale. the chrornosome nr¡¡¡bers

we¡e detentrined on a population of 79 ptants. l¡fith the exception

of the 37 ch¡omosome class aIL ereected eh¡ornosome nunbers were

recove¡ed in the progerry. The absence of the 37 chronosome plants

is probabþ d.ìi.e to chance as the oqpected frequency for this cl_ass

was qui.te to¡¡ (1.3 plants). The ch¡ourosone nunbers of 82.891 of the

pJ-snts rarìged fron 31 to á6. Although the chromosome nrnbers in the

najoritp of the plants were i¡temediate, the clri-square test

(r3: gO.ff) i¡rdieated a very significant deviation f¡on the ùistri-
bution e4leeted from randor¡ distribution of trnivalents. Îl¡is devia-

tion r¿as prÍ:narily due to deficiencies in the JJ, 34 arÅ 35 ehrono-

some cl-asse6 and an excess in the 30 and 3f chronosome groups.

Three plants Ìrith so¡ilatie chromosone nu¡nber of 45 were recovered..

îhese plants pn obabþ developed fron the co¡nbination of ur¡reduced

fenale gametes a¡rd nor¡naL nale garnetes.

The appeararrce of the pods in differenù chromosome classes

f,oflor¡ed a pattern si¡nil-ar to the one shown for the previous cross.

However, the dj-fferences were conparatively Less ma¡ked since the

6,t 
unlvEô$ò

LIBflA.Ri
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poor grow'j-ng conditions touards naturity tended to obscure the

variations Ín seed sel which were associated w:ith a high nunber of

univalents.

!. ¡¡apus x f'1 G,. napus x B. tril-ocularis)

The genome of E. ltil.ocularis. diJfers fron the lO chro¡¡osome

genome used in the previous t¡{o crosses. 0}¡ro¡nosome nunbers were

detemined on 36 F1 plants of the backcross progeny. Tt¡e ch¡omo-

sone nuûbers in this cross ranged frorr 3l_ to 38. The lower cl¿sses

of 29 and 30 r+ere not recovered probably due to the l-ow e¡pected

frequencies of 0.1- and 0.6 fon the 29 and 30 ch¡onosone classes.

Again 8O.01 of the total- pJ-ants exarnined felL in the j¡rtermediate

group of 3l to 36 chrem.osome s. Ttle resu]-Ès are shor*n grêphicaLly

in Fig.2. the chi-square va.l-ue of t0.l-2 obtalned indicaües a

non-random distributicr¡ of univalents. Ttris dj.s crepéncy resul_ted

from an excess of plants in el-asses ¡rith relatively l-o¡r Ðcpected

frequencies a.t both the exbrernes. One pl-ant ¡rith a so¡natic chrcsro-

some nr¡¡nber of 49 uas probably the result of tÌ¡e r¡nion of an

unreduc ed ganete frorn the aale and a nol'úal ganete from the fe¡nale

parent.

In the th¡ee baekc¡osses already reported the F1 r+as back-

crossed to B. ¡¡apus a¡¡d the erçected ch¡omosome ¡ange based on the
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random disùribution of nj-ne univalents Lras 29 to 38. In the rernaj.n-

ing three crosses Ìùhich are reported in the following pages the

Fl l¡as bêckcrossed. to diploid parent species (n=lO). The qq)ected

chrcroosome range in tlìj.s case is 20 to 29 chronosomes. The data

pertaj-nj¡g to three such crosses are reported i¡ Table üt.

B. carûpestr1q x f-, (¡. napus :c !. campest¡is)
-L'--

In this backcross the F1 is the male parent a¡d fu¡nishes

infornation on the functional- male ga.netes. Ttre frequeney of plants

Ín chromosome cl-asses of 24 and 25 is quite-l-ow and high in chrono-

sone class of 2l-. As a eonsequence the,|chi"-square value of 2!.27

indicates derriation between the observed and e¡cpected ùistributions

besed on randon distribution,.of unival-ents. PLante Ìirere ¡ecovered

in e'll the e:qpected ch¡ornosome classes. Most of the plants

Q5.5L%) were jl the inte¡nedíate chrornosome group of 22 lo 27 chromo-

soneô. One plant had 18 chromosornes. Ttris is l-owel than the iowest

e)çected m¡nber of 20 chronosdnes a¡d nas the only case utrere a

plant with less than 20 chro¡nosom.es uas obtained (Fig.3).

f1 (9. napus x E. eanpestris ) x !. canpestris.

The F1 was used. as a female parent to observe the tran$Èis sion 
i:..i

of chromosome nr¡nbers through the female ganetes. All- the opected

ch¡onosone cl-asses with ttre exception of the 28 ch¡omosome cl-ass

were recovered. The frequency of plants w"ith inte¡uediate ch¡omosone
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numbers (zz to z7) was 82.6of. Ttre chi-square value of l-5.53 does

not i¡rdicate good fit between the observed and e4ected distribu-

tions based on random distribution of r:nivalents. The deviation

is the resul-t of an excess in the 2I chronosone cfass and a defic-

iency in the 25 and 26 chronosome classes (fig.:). Ttre sou¡atic

chronosome nr¡nbe¡ of one pl-ant r+as 40. This plant probably developed

from an ur¡reduced ga:nete from the F1 and a nornal ganete frorn the

røIe parent.

F1 (!. napus x B. trilocui.aris) x B. trj-l-ocul-aris

üle data obtaj¡red fro¡n this cross again shous trans¡rission

of chromosones fron the F1 employed as a fsnaLe parent. lÍith the

exception of the 28 chromosome cl-ass aIL other clêsses e¡çected

fron randon distribution were obtained. fhis cl-ass was not recovered

d.ue to the low eq)ected f,requency (f-.1) irl t?¡is class. Hovrever, the

plants u:ith interrnediate chromosome numbers (ZZ to Z7) occu¡red in

the high frequency of 76.66%. the resul-ts are graphica$r shown

in Fig.4. IÌle high chi-square val-ue of 51.59 shotrs a significant

devlation frorn the òistribution e:çected from randorL distribution

of urrivalents. The discrepency is the resu.l-t of anr excess of pl-ants

j¡ classes with l-or.,r eh.romosone numbers and a deficiency j.r¡ the 24

and 26 chro¡nosoae classes.

In the backcrosses of F1 to the 10 chro¡nosome species the fre-

quency of plants in the interuediate SrouP was also ni".gnet (78.65fr)

.' ..;, - ¡
r,ìl.jj.-.:
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PLATE V. Figs. 1-4. ffpicat so¡natic chromosorre conpJ-e-
ments obs erved in F1 of the c¡oss or its
reciprocal (p.napus x diploid species) x
diploid sPecies.

No.l 2n: 21
No.2 2n:22
No'3 ?a : 24
No.4 2n = 28

Nos.5 and 6. Aberrant chronosorne eomplements '

No.5 2n: t8 (fron above cross)
Ño.¿ Z": 49 (fron p. r¡apus x F1 (Þ.n¿pus x

diploid) )
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than the frequencies of plants in high (3.37Ð a.nd foïr classes

(L7 .97î6) . The fr:nctioning ability of galnetes r.¡:ith l-ow chrono-

some numbers was better Èhan that of the ganetes iaith high chrorno-

some nr¡mbers.

(d) Pol-l-en FertiJ-ity

Pollen fertiLity was studied in five out of the six back-

crosses. the data for the two crssses r,l-ith e chro¡oosome range of

29 to 38 are shor,m in Table X and tìose of the other three crosses

¡rith a ch¡onosone range of 20 to 29 are given i¡ Table XI. Ïn the

proger¡l¡ of the cross of the F1 and the parent with the higher

chroroosone burnber (n:$), Iow chronosooe nunber and low poìJen

fedil-ity were assoeiated. l1re pollen fertility for 29, 3Q, 3I

and 32 chroroosome plaots was 60.6, 52.5, 56.3 and 63.4í6 respect-

iveþ, whereas the po}len fertility for ch¡oroosou¡e cl-asses of 33

to 38 ranged fro¡n 76.0 to 81.01. Ttre pollen fertilÍty for the

aberrêrìt plants was lß.Oi[ lor the plant with 45 chro¡nosones and.

83.5% for the one t rith 49 chromosomes.

In the reruining three backcrosses ¡¿here the backcross parent

was the I0 chromosome species, the cLasses 'd:ith l-ow chromosone

numbers gave better pollen fertiJity than the plants í¡r intermediate
I

an¿l higþ ch¡omosone classes. The range of polJ-en fertility was froltr

85.t+fr (æ chronosomes ) lo 37.o% (29 chronosones).
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B. CI{E¡4ICåI, STIJDIÞS

The chemical studies deal- w:ith the i-nheritance of e¡ucic

acid contents i.n rapeseed oi1. The two species involved are !.
ca,mpestris a dipJ-oid species and. B. napus an "'qfhidiploid of E.

canpestris and B. oleracea. The fatty aeid conposition of the parent

species is given in Table V. The seed oil_ from anphidiploid.

species !. riapus is free of erucic acid whiJ-e eruci.c acid content

for the diploid species p. ea¡rpestris is about 2211.

The fatty acid composition of the seed oi1 from the ten

plants fron backcross progeny of B. napus x F1 (E. campestris x

B. napus ) was deterrnined. the data pertai:ri:rg to fatty acid cori-

position are reported in TabIe.XII. The e¡ucic acid contents ranged

fton O to 7.5i6. the seed oiJ- fro¡n fou.r of the ten plants was free of

erucic acid, while the seed oil- fro¡n the othe¡ six plants contained

smaIl percentages of e¡ucic acid var¡ring from 4.1_ fo ?.516. f,ecovery

of four pl-ants Ìi':ith seed oil- free of erucic acid a¡¡d six plants with

seed oil- containing erucic acid probabþ represents l_:1 ratio

e:pected fron a backcross on the basis of singl-e gene dj-ffe¡ence.

The 1o¡¡ values of erucic acid in the F1 backcross lrfr.ich has chromo-

sone nu¡nbers fron 3ó to 38 ray be attributed to dilution of the

effects of the gene from B. campestrj.s in the presence of both the

aa and ec genomes. .A gene for the production of erucÍe êcid j:r

!. campestris has been tra¡¡sferred to B. naÞus which was free of

l.i-j¡r:;=;iit
iì1i:':.i¡':in

54
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elucj.c acid. Ttre resul_ts of these studies are in agreement with

the findings of Dorret and Downey (S) that the production of

erucic ecid in þ. canpestris is controlled by a singLe gene.

':



"ry
For the study of the chronosone transmission in j.nterspecific

crosses of Erass¿.g, the cybological_ behav:i.our of the parent species
...:

Ì'ras conside¡ed very essential which if found aberrant could ilfl-uence

the transnission resu.l_ts a great deal. Ttre mej.otic betraviour of the

r diploid as werl as the ar-o¿etraploid specj.es invol-ved in these studies

i ¡eveal-ed that the meiotic course lùas regular as aLleady reported by . . 
:

: ¿Uferent authors such as A.].a¡n (t) , Sikka (39) and others.

the distrÍbution of the univalents beJ-onging to the c genome

contríbuted by g. napus to lhe F1 of crosses between diploid species,

!. ca¡npestris (aa) and the allotetraploid species B. napus (aacc)

approached the dj-stribution erq)ected for rand.on distribution of

univalents.

1Ìre frequency distributions at fj¡st anaphase i¡¡ the threo

F1 hybrÍds show that theþe j.s a tendency of univalents to go to Èhe

] Ootes in combj.:aations of 4 and 5. This tendency thus favou¡s the ..: 
:.:,:.,

I Otoduction of gametes with intermediaùe chromosome numbers in a :.,.,..

.'....''
g¡eater frequency than the exLraneþ high or J-ow nrmbers. Ttre

mean nu¡bers of unival-ents at first anaphase were 4.39 and 4.57 for

I 
t, (Q. ca¡nBest¡is x E. ¡gpgÊ.) and its reciprocal respectivety and 

i¡iÌÊ:
4.22 for F1 (9. napus x B. t¡jl-o cul-aris ) . These means are quite

57
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close to the øpected nean, 4.5 for randon distribution of unival-

ents. The chi-square values of 8.39 ar¡d 4.55 obtaíned from a corn-

parison of observed ùrd Ðcpect,ed frequencies of univalents at first
anaphase j¡ Fl (8. campestris x E. napus ) and its reciprocal- res-

pectively indÍeate agreonent w"ith the hypothesis of random distri-
bution of u¡rivalents. In the F1 (E.r¡apus x B. trilo cularis ) the

tendency appears to be the sa¡ne favouring ganotes with predonr-inentþ

intemediate chromosome nunbers but the chi-square value of 27.43

shows that observed frequeneies deviated from the erçected. The

deuiations obtai¡ied in this cross coul-d. be s,ttríbuted to the aa

genome contributed by !. trjl-ocul-arj.s ¡rhich is not so cl-os ely related

to the aa genome of !. napus as the genone contributed by B. ca¡np.es-

t¡is. The faiJ-ure of B. napus to cross r.Éth q. tril-ocu]-aris as a

fenale parent i.s another indication of its genon-ic differences f¡om

that of B. can¡Þestris. When B. napus was ernployed as a f,eurale parent

the cross r,vas successfuL.

The distribution of univaLents r¡tas further infl-uenced þy their

behaviour at second. anaphase through their laggì.ng and dir¡:lsion. Tt¡e

frequency of ga:rLetes u'ith dÍfferent chromosomes could onfy be accur-

ately observed if counts at second. ana¡:hase were possible. Tt¡e obser-

vations made at first anaphase with higbJy irreguJ-ar un:ival"ent

behaviour ean onþ present a rou€lh idea about galrete fornation. The

backcrosses in addition to yietding some i¡formation about univaLent

behaviour f,u¡nish i¡rfo¡mation on the functioning abílity of certai:t

Ì:: '
1, ...
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chronosonal corùinations. Ttre behav:lou¡ of the laggi ng r¡nivalents

at first anaphase and telophase shon's that in FI (9. .994p.g!5þ. x

!. napus ) and its reciprocal one univêlent occr¡rs with rn¡chun

frequency ot 29.46 and. 46.66% fol-lowed by two univalents (14.?3 an¿

25.33%) three r¡nivafe nt s (I2.g3 utd 13.33l.) respectively. In the case

of Ff (8. ggÆ. x p. trlfocu-l-aris) also one urrival-ent has the naxi:nu¡r

frequency of 6l+.4414 fo]-lowed by two ¡inival- ents (t7.77ß), three uni-

valents (13.33%). The ¡nean nu¡nbers of lagging unival-ents were 3.59

and 2.01 for F1 (8. camþestris x !. napus ) and its reciprocal res-

pectively and f.5 for Fl- (g. !9Ë. x !. tr:il-o cuLaris ) . Tt¡e nean

number of l¿eci.ng ur¡ivalents il the F1 (9. napus x !. campestris)

and F1 (!. I¡gB¿g x p.trilocu.laris ) where !. napus l¡ras a fenaJ-e

parent was ssssnti¡lly tt¡e sane. In tlle case of reeiproeal F1

(!. campestris x !. napus ) where p. ca¡npestris was a fq¡al-e

the means were statistically different from the other two !¡:ith Þ.

ggry. as a fenrale. ltris indicates that the fanale parent rnay influence

the degree of l"agging of univalents.

The perusal of the Tabl-es ÍtII and IT ¡eveafs a greater fre-

quency of plants td:Lth intermediate chro¡uosome nr.mbers ove¡ those u"ith

exLrenely lrigh and low nt¡tbers. Most of the e)çected classes based

oo randon distribution of univalents were recovered. The failure to

recover some of the exLre:ne cì-asses probabfy was a roatùer of chance

due to low øçected frequencies. Univalents at first anaphase are

distributed in an approxi.rnatel-y randon nanner. Ðistribution of

chronosome numbers of plants fron the F1 of backcross progerly deviates
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sígnificantly from et ected if distribution is based on chance alone.

The devj¿ti.ons in certaj.n chromosome cl-asses probab1y are the result

of selective functioni.ng ability of ce¡tain ga.netic combi.nations,

ganetic and zygotic sfirni nalie¡ s!q. I¡Iith a view to havÌng an over-alL

picture of u¡ivalent transmission fro¡a the nal-e ar¡d female the resr¡lts

of sirF backcrosses are reported j¡r Tabl-e XIII. Fron the perusal of

ühe table it is u¡derstood that the mean m¡mber of unival-ents f,or the

six backcross populations varj-ed arotrnd. the theoretieal mean of 4.5 a¡d

ranged from 3.5 to 5.4. ltlhen the trans¡aission through the raafe is

considered the rnean univalent t¡ansn-ission is sornewhat higher than

through the female. ltris is true in the case of both F1 (!. napus x

p. ca¡npe stris ) and F1 (8. ,rap,r" x B. trllocularis ) ""ou".". Tt¡e nean

unival-ent transmíssions through the nafe a¡¡d fqnal-e in backcrosses to

p. napus and B. .gg4p.q!4þ. æe 4.45 and 3.75..respectiveþ.

Ttre results of these studies confi¡¡t and extend those of

Catcheside (4). His very li¡Lited observations also favoured higher

trans¡rission i¡ irrte¡rnediate numbers of unival-ents.

The resu]-ts of Olsson (32) on chrornosone transnission u:ith

haploid !. napus differ fron the present firdings. His results j¡¡di-

cate that mostly the ga.netes with high ehronosome nurnber (n=lp) are

functional and proger¡y are no¡sna.l- diploid plants. Ttre differences

E.ay be due to the fact that J-! ur¡ir¡al-ents are present !n the haploid.

Those gaaetes wh:ich lacked homeologous ch¡omosomes fron both genomes

a and c probably were inviable. Whereas in the present study one

ir;ii.,'i:-ir:
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eompl-ete genone can be elçected to be present in âll ganetes. TÌ¡e

eonplete genorne can be e4rected üo ¡nake a substantial cont¡ibution

to the vi-abil-ity or functioning ability of most of the gainetes.

Ttre aberrant planis found in some of the crosses uith chrono-

some numbe¡s higher than the eryected probably are the resul-t of

Èhe r¡nion of ünreduced ganetes f,roqr one parent and noraa]- gametes

f¡om the other. Ttre presence of un¡educed ganetes in Brassica has

been reported by a nruber of early authors (I2,25,3O).

Studies on chromosome t¡ansrn-ission carried out i¡ a nürtber of

other genera such as Triticr¡n, Oenott¡era, Zea, Nicotia¡a ete., are

reported in Tables II and III. Tn TritÍcr¡n apart fxoÍt onê case

where resu-l-ts favour greater transnission of ínte:medj¿te ch¡omosome

nr¡nbers all others l-ack transnission of i¡rter¡Lecliate chromosone

numbers and yield hÍgh frequencÍes j-a exLrene classes thus indÍcat-

ing that certai¡¡ chromosomal combinations are ¡nuch more functional-

than others. l$hen the F1 Triticu¡n hybrids $ere backcrossed to the

tetraploid paxent there Ìùas a preponderance of gêrnetes Ìrith 14 chrono-

sornes and when backcrossed to he:caploid parent there Ì¡as greater

transnission of ganetes u'ith 2l- chroJtrosomes.

In othe¡ Oenothera species, Zea and Nieotiana the ¡esul-ts of

chromosome trans¡nission f avou¡ transroission of interrnediate nr¡nbers

while others favour exbreme cl-asses. ltris could possibly be the

resu.l-t of Èhe different species i¡Yþlved j¿r the studies. A few



öJ

genera such as Solanu¡n, F¡aAaria and PetunÍa favou¡ exLrerne cfasses.

fn the case of Triticu¡¡ pentaploid Ìqrbrids when the t¡ans-

mission of chromosones through the male and fmale ig considered the

differences are not quite as weIL narked as in some of otbe¡ species.

The present investigations al-so do not sholr conspicuous differences

in transmission through the uLa,le and female. HorÍever, the ¡esults

on different erop species reported in Tabl-e IT indicate some marked

dj-fferences in transnission through the nale and femal-e ganetes.

In Oenothera (3x x 4:ç¡ when t¡ansüission through the nale is con-

sj-dered aL.} the e.:çected chromosone cl-asses appear and resul-ts

favour transrnission of iàte¡rnediate chromosome numbers, uhereas, in

case of transmission through pollen onþ exbrsLe classes appear.

The results in different species show a lack of consisüency.

Unde¡ the cirer¡nstances it is very dj-fficul-t to e:plaÍn the segre-

gation phenornenon fuJJy. Some of the classes whieh shor¿ Areater

deviation fron the erpected frequencies based on ra¡rdon distribution

probabl-y are the resul-t of seleetive functioning ability and

eIj.ni¡ation of ce¡taj¡r ganetic and zygotic combi netions.

PoILen fertjJ-ity was studied in the progeny of five back-

crosses. Ttre perusal of the data presented j¡l Tabl-es I and l[ reveals

that the pollen fertil-i-ty is affected by the number of u¡ivalents

present. fn the backcrosses w"ith the diploid çecies, pl-ants !úith

L,i
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low chronosome nurrbers gave higher pol-1en fertil-ity, whereas, in

backc¡osses u'ith all-otetraploid species, plants with higher chroßo-

some nr:mber gave better pollen fertility. As the numbe¡ of unival-ents

Íncreased the pollen fertility d.ecreased. Therefore, the nri¡nber of

urrival-ents arid pollen fertjJity are negativeþ assocj¿ted.

Fron the results reported in Table IÆII it is evident that the

frequency of monosorrics, double monqsomics, triple monosonics from

backcrosses of the F1 lrith q. rurpus is quite high (29.841Ð. By the

¡andom assortment of nine univalents beJ"ongi-ng to the c genome ûine

kj¡rds of monosoruics are possible. The renaini-ng ten monosomics can

possibly be produced by backcrossing the F1 hybrid between !. napus

and E. gleracea to B. napus. Tl¡ese monosonics l¡rill be the resul-t

of random distribution of ten u¡¡ivalent chromosomes belonging to

the aa genome. The study of the sonatic eomplement ¡eveal-s that

the norphological identification of the conplenent is not feasible.

Only a few chromosome pairs can be identified. Ttrus, the identifi-

cation of the ¡¡onosonies by the study of pairirrg uoul-d be very

difficul-t task.

The species r+hich favour greater transmission of ch¡o¡rosome

nr:mbers on both exLre¡nes uould attaj¡l diploidization in a reLatively

shorter ti-¡ne than those i¡r which the chromosome t¡a¡rsr,rission favou¡s

a high frequeacy of plants j¡l the inte¡rnediate classes i{'i¿h exbr@e

elasses approachj-ng e:çected nunbers. Toku¡nasu (44) studied the

eollapse of tetraploidy in Egphanus. sativus and concluded that
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triploids, inctuding hypo- and hyper-triploids, were the most

important for the breal{down of tetraploidy. They are the first to
start diploidízaLíon. When transnission of exbrenel_y higb or J_or*

''''
chrornosome numbers occurs frequentþ, reversion to parental speci.es 't' '.,,,

wiIL be more rapid than when j¡¡ternediate chronosome numbers are

transnitted uith high freque'cy. rn Brassica hybrids the frequencies

of exbreraely high and .r-ow cr-asses are quite 1or. tre results of alr i.ii ,

the six crosses favour tra,nsmission of int eruediate ch¡ornosome n'm- , ir,.....:;
11.,::..:.::

berg. The aneuploids of Brassica ruiìI require a relatively large ''-l:'

number of generations to revert to ttre parenÈal- chrornosom.al nr¡¡Lbers.

i..*+ì\tiË
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In the present study an attenpt was nade to gain lmowledge

of the transnÍssion of chronosones in Ìlterspecific crosses of
B¡assica.

The raeiotic behaviou¡ l¡i.thj-n û¡e parent species is quite
reguLar. Tt¡e chro¡¡osone nì.¡mbe¡s of the ¿rìF1oid species is n = l_0

ahd of allotetraploid species n :19.

In the F1 hybrids betl4reen a-t I6lstr¡¿O1oi¿ and diploid species

at ßetaphase ten bivalents and nine univarents were observed. Ttre

bival-ents disjoined regularþ a¡¡d ni¡e univalents belonging to the

c geRome segregated almost at randon.

The nean number of univalents at fj¡st anaphase in ry (8. ggrtr_

pestris x !. napus ) and its reciproeal llras 4.3g arrd 4.57 respectively

arLd. 4.22 for the F1 (p. napus x B. trilocul_aris ) which is quite close

to the e4ected. mean of +.5.

TL¡e resul-ts favour transnlission of ga:netes with interrnediate

chro¡nosome nr.¡mbers. Practica]J_y elL of the possible chromogone

cl'asses øpeeted frøn random distribution of u¡dval-ents were recove¡ed..

TL¡e mean number of u¡ivalents for the sjJ< backcross populations

varied between 3.5 and 5.4. Only minor differences j:r frequency of
transnlssion th¡ough the ¡nal_e s.nd f@¿Le ¡¡ere observed.

l:i
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In crosses of the F1 vfith 9. ¡ry the number of cl¡ronosones

is negatively associated u-ith the nunber of u¡livafents and posi-

tiveþ associated ï¡-ith seed setting.

There r¿as a negative association betÌreen poJJen fertil j ty a.nd

the nunber of unival-ents. 'ûJith an íncrease in r¡nivalent nr¡nber the

poJJ-en f ertiíity decreased.

Ttre frequency of monosomics, double monosomics, triple

¡nonosomics in backcross ¡rith E. napus is quite higþ (29.8411). Due

to lack of morphologÍcaI diJferences in the chromosomes of the

eomplenent ttre prospects of produci¡g aneupl-oid series in E. napus

are not good.

The fatty acid analysis of seed oil fron ten plants fron the

proaeny of B. napuÐ x F1 (8. carLpestris x p. r¡apus ) fur ishes t?to

distjrct classes w:ith respect to erucic acid in the ratio of aLüost

1:1. This is in agreeurent with the published results whieh indicat
... ,;:. l.

that the erucie acid. i¡ p. ca¡npestris is eonditioned by a single i: !:':::':

gene. lhe transfer of the gene for erucic acid from E. gæpgþþ to ,',t','..-.'

B. napus has been achieved..
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