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_ crosses. Embryo

momacr L
: . ) "“l {‘9”

The oleic, linoleic and linolenic,acid'content of rapeseed

‘(Brassica napus L,) ©oil was investigated in self- and/hrossépollinated

seed on parental lines and reciprocal Fl and F2 populations. The E

.

seed was derived. from*!?ree crosses from three strains of rapeseed [,%
4 .t

[N

‘that produCe seed oil practically free of eicosenoic and erucic acid

and differing in oleic, linoleic and linolenic acid content. A

definite maternal genotype effect on the oleic and 1inoleic acid
content of the cjggs—pollingted seed was evident in two of three T

trol for the quantities of,these two fatty acids
¢

was indicated for the third cross. Both embryo and maternal genotype

control of linolenic acid content was indicated There were no
cytoplasmic effects ev1dent in the reciprocal Fl and F2 populations_
for any fatty ac1d .in all’ three combinations.‘

The Fl population values indicated that the oleic and lin’ :

‘oleic acid contents were controlled by.a simple additive gene system

-in one cross.ﬁ”In the other two crosses, partial dominance for high '

oleic and low linoleic content was, observed. 'Dominance'of‘low
linolenic acid values was observed The heritability estimates for ]

oleic ‘and linoleic acid were similar Hithin each cross. The’herit- ’

abilit estimates ranged from 532 to 782 for oleic, 402-to 862‘for'

~ linoleic and 26Z to 592 for linolenic. The estimates of minimum
;number of effective factors controlling oleic, and,linoleic werev

’similar within each cross.. “The number of‘effective fsctots ranged

'iv
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. M . .

from 2 to 6 for oleic, i’to 5 for linoleig, and 0 to 4 for- linolenic.

. The similarity of genetic behaviorhof oleic and linoleic acid content -
. within each cross and the very high negative correlation be;ueen
these components indicates that the f%%:;ive ratios of oleic and

linoleic acid content may ‘be under the c¢ ntrol of one genetic systen.

. The variable effecf of naternal and embryo genotype oh the
| fatty.acid composition compIicates the effectiveness of the "half—

seed" breeding technique. v
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Rapeseed has became Canada S most fhportant edible oilseed

2 ~

'crop. Rapeseed,-as an oilseed crop, was first grovn commercially in -

'

‘ Canada i£ 1942 Black Argéntlne rape (Bra531ca napus L ) was imported

from Argentina for production in véste;n Canada (Downey and Boltou 1961).

il e
. .

-

.,where acreage has grown from 3 ?00 acres in'l943 tq a maximum of

5, 306 »000 acres in 1971. TVO species of rapeseed are grovn in western

Canada' Brassica napus, commonly referred to as. therArgentine type and

] . . . R .. }1_
Canada. Tbe winter forms are not suﬁfiiiently winter hardy for western

Capadian conditions. Brassica napus is largely self—pollinated while!

Brassica campestris is self-inc&mpatible and therefore cross-pollinated

Brassica campestris production\accounts for approximately 75 percent
of the rapeseed acreage of western Canada. .", 1.w“" h
Canada is a major producer of rapeseed Rapeseed is fourth
in importance in vorld production of edible oils after soybean, sunflower

- f

- and groundnut. Rapeseed accounts for approximat' y 8 pe;gent of the

s share of world

The vorld edible oilseed market is very competitive due to
,l' the interchangeability of different oils. Among fheSe are soybean, -

qunflower, groundnut corn, cottonseed and safflower oils. Improvement

i\in Canada '8 competitive position can best begachieved by improving the

-

1970). -

Vo



fﬁjl‘.' - ;:>. &J . . s : . ' 5\>L’
quaiity of rapese§d oil and meal and efficiency of production. The .
ouality 3P°fdib§5\rapeseed oil is'largely determined by its fatty acid -
composition. The major fatty acids in most edible oils are oleic and
linoleic. Traditional rapeseed oils differ from other edible oils in -
that they contain a high percentage of eicosenoic (9 - 151) and erucic, -.‘ (/
J»'(ZO - 452) acids. The Canadian federal government in 1970 deemed it
vdesirable to elimi te eicosenoiclénd ‘erucic acid from rapeseed oil '
o to improve its nutritional value, Through advances in plant breeding,
Canadian cultivars in both species have been developed that produce

011s practically free of eicosenoic and erucic acid. ‘

L—/\

Two of the present rapeseed breeding objegtives are the

the shelf life of the. oil ‘and place it in a premium quality\eifff:§\:#o

1
increase in linoleic acid content should provide a better balanced

composition for human nutrition.
‘ .

Few studies have been reported on the inheritance)of the PRI .'°

fatty acids oleic, linoleic and linolenic in rapeseed oil Knoaledge //%v.’

"of the inheritance of these components and their interrelationships is
necess‘ry for a plan% breeder to efficiently plan his breeding program.

_ This study was undertaken to’ gain a better understanding of

the nature of the inheritance of the major C—l8 fatty acids in low

s

verucic acid rapeseed (B napus) oil.




e genetic variability. Inbreeding and selection for lov erucic acid

gLIT AV -

a - . . " N , F'I . /
« i % -

\
The application of gas!liquid—phase chromatography to the ?m
v : g
analysis af mixtures of saturated and satnrated fatty acids was &
¢k' I

repofted*hq Craig and Murty 1958). This analytical procedure.das -55vﬁd

found to be usefulggs a rapid and reliableumeans of selecting for fat:y

4
/A)" ' acid composition in rapeseed (Cra&g l961).» , : ~: ) o,

;. R ’ ?

Study of western Canafian grown ra eseed varieties shoved

'that fatty acid variation in Argentine—type (Brassica napusnb ) varieties

x

.occurred in oleic (10. 2 - 23. lZ), erucic (40.0 - 49, 27), linoleic (10 4 - .

© I
17. 2:) linolenic (5.4 - 9. 42) and eicoséhoic dclds (12.1 < 15; 12) -

]

(Craig and’ Wetter 1959) Variation in Polish—type (Brassica campestris

W
L) varieties occurred in oleic (21 3 - 35, 92), erucic (22 & 3”7.22),»

linbleic (15 0 - 19, 82), linolen c (6 0~ 9 12) and eicosenoic acids
- ‘ 3 //“
K (11.8 - ISNBZ) (Craig and
€é"fl major variation occurred

}Significant variation amon locations for all fatty acids and aﬁbng

er 1959)- A similar study confirmed that

oleic,\linolpic and erucic acid content.

B .
varieties for each fatt acidﬁsxcept linolen vere observed (Craig -
\:‘:f
indicated a ma ked environmental effect.

‘ LEruc c acid was the first fatty acid to be investigated for

4

”’h/.

\
1961) . The sig ificant differences amOng locations for all fatty acids e

. .

TN values resulted in the isolation of strains of.B napus (Stefansson et al.

~ 1961ﬂ and B. camgestris (Dovney 1964) uith seed oil containing less than :; ‘
. . P "\_,

. b 4 erucic acid?//lhe decr‘gge in erucic acid produced a simultaneous
o decrease in eicosenoic acid The dgcrease in the level of eicosenoic

and erucic acids resulted in an increase in oleic and linoleic acids
4

. . . P - L 3.
'6>¢~(Downey and Craig 1964) I .PQ‘.;-‘ L - S

DYRN
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éé T Reciprocal crosses between rapeseed plants (B p us) conQW
r

- taining Iow erucic and high erucic acid demonstrated that erucic acid,

content vas controlled by the genotype of the embryo rather than that

a'7-ﬂof the maternal parent (Douney and Barvey 1963). Becaa;e of the high -
J@; o negative correlation betueen oleic and erucic acid percent (Dovney and
_*l " F(Craig 1964), the -oleic dcid percent is 3187 controlled by the genotype‘
. | of the embryo if/yarying amounts of erucic acid_/}e present. The‘
> erucic acid co/tent of B. 252_; Esummer type) seedeoil is controlled Qﬁ
;; E d' by a two gene System acting in an additive manner (Ha;;zy and Douney b
| 1964)._ Each allele for high erucic ‘acid contributes 9 to IOZ erncic '
acid. These results were’ confirmed in a similar study Hhich also
found that eicosen01c acii content is controlled by the same tuo gene
:system Ulth the alleles for high eicosenoi¢ acid acting in a dominant .;
';-; g - manner (Kondra and Stefansson 1965)*1£§§e level of eicosenoic acid in
| 'seed oil f B. :§§L__yas maintained at 12 to 14Z in all but the low
55 erucic ac1d genotype where levels of 1 to 32 were reported., -

The erucic acid content of seed oil in B. ggpest is

conditloned ‘by a sing{iogene system acting in an additive manné%ﬁh The

'fatty aciducomp031ti f theoseed is controlled by the genotype of .

‘ 'the embryo (Dorrell and Dowmey 1964). FUEE : '7 o
’ ui : o The embryo cqnstigptes appr imatelyHBSZ pf the maturenseed
- | eeight vith only a single cell layer -} ndosperm and a thin seed coat R
| :of maternal tisfue. Since the oil is stored uithin the embryo, one e
| vould anticipate embryo genotype control of fatty acid composition.
'Bowever, maternal effect has been reported in rapeseed (B.;_JL_) oil
‘ -V(Kondra and Stefansson 1970). The . unsaturated Cc-18 fatty acids are / -

influenced by both maternal and embryo genotype in lov erucic acid lines

™




- Eicosenoic and erucic acids .are formed by a genetically
.-controlled carbon chain elongation pathway operating by the addition
of acetate molecules to the"qirboxyl end of oleic acid (Downey and
"Craig 1964) The linolei and linolenic acids are formed by a separatev

“desaturation pathway with | leic acid as a precursor (Downey 1966) The

-

selection of atrains of rapeseed with seed oil practically free from A
)- :
erucde and eicosenoic acids was through the detection of a genetic

-~ 'block between the oleic and eicosenoic acids in the elongation pathway.
No.. genetic blocks have as yet bee&freported in rapeseed in the de—

saturation pathway.

-

Maternal effects on fatty acid composition of seed 01l have
. been observed in other oil seed crops which store their oil in the

«
nbryo. The main constituents of the oils from these. crops are the

: 18—carbon unsaturated fatty acids, oleic, linsleic and linolenic. The

L L

égaternal effects have generally been studied at { leveis.b The first

v

18- the study of the fatty acid composition of self- and cross-

\pollinated seed on parental linesr\ ‘The second is the analysis of the

‘i

fatty acid compo* tion of’seed from reciprocally different F1 fnd F2 Co
populations. A.alysis of self- and cross—pollinated seed on‘parental

R corn lines indicated that the maternal parent significantly influences.

- the fatty acid composition in Some crosses ‘but not in others (Jellum
_1966) " The study of reciprocal Fl and F2 populations of corn indizated
?that some cytoplasmic effect was evident for linoleic and oleic acid
content (Poneleit and’ Bauman 1970 de la’Roche et al 1971) The/oleic
linoleic and linolenic content of flaxseed oil is determined largely
by the genotypelof the embryo but is affected by the genotype of the

_ maternal parent to a limited extent (Yermanos and Knowles 1962). A



-

similar study in safflower indicated complete embryo control of oleic
and linoleic acid content (Knowles and Hill 1964) However, oleic,
linoleic and linolenic acid content in soybean is largely controlled
by the maternal parent (Brim et al 19638).
A study of linoleic acid in soybean Teed 0il indicated that
' inheritance was, quantitative with a continuous range of variation in
2 populations (White et al 1961) - In safflower seed oil however,
4 single locus controls relative oleic and linoleic acid content vith
?Le .allele for high 1inoleic acid partially dominant (Yermanos et al.
1967). Stearic acid- content of safflower seed oil ig largely under’ \‘~\
"‘the control of two alleles at a single locus with the allele for low
stearic acid values partially dominant (Ladd and Knowles 1970).

"~ Genetic control of, fatty acid composition in corn. oil appears

.to be.quite‘variable, A singl dominant gene conditioning low linoleic
and high oleic acid was reporte for corn (Poneleit and Alexander 1965).
A second locus and possible modifier genes with small effects were
_later proposed after study of similar genetic materials (de 1la Roche .
| et al 1971) Domdnant, additive and heterotic effects for various |
- atty -acids in corn oil were#r%ported from a study of inbreds ;:d L
%ﬂficiprocal crosses (Jellum 1966). Another study indicated that genetic .
varidation of fatty acid composition was found to be. due primarily to
.'additive gene effects (Poneleit and Bauman 1970) A.single partially
:dominant gene was. reported to control low linoleic acid (Poneleit 1972).-"”“
In flax seed oil, partial dominance was 1ndicated for low _
linolenic acid content and high oleic acid content (Comstock et al. 1960)..»;f
Analysis of non-segregating and segregating populations in flax in- . .

’dicated that percentages of oleic and linolenic acids were highly



heritable when field grown populations were analyzed However
'heritability was greatly decreased when the Same. populations wvere
studied in growth chambersg (Comstock et al. 1960).

Several authors have presented correlation,coefficients for‘
pairs of fatty acids in rapeseed oil containing erucic acid. Correlation’
coefficients for the fatty acid pair oleic and erucic indicated a
strong negative association in g:_ggpgg -.39 and -.78 (Gross and
| s%mm 1966), -.98 (vcraig 1961), =.99' (Downey and Craig 1964) ang

dn B gggpestris -.57 and —.66 (Gross and Stefansson 1966) . Correlation v

coefficients for the fatty acid pair oleic and linoleic, indicated a
close negative association in B Egp_; -.29 and -.86 (Gross and ’
nrfansson 1966), -.85 to -.98 (Stefansson and Storgaard 1969) and in
. cggpestris -.lS‘and —.62 (Gross and Stefansson 1966). Correlation '
coefficients for the fatty acid pair oleic and linolenic indicated a
negative correlation in B __22§- .30 and —.97 (Gross and - Stefansson
v1966)3 -.58 to -.70 (Stefansson and Storgaard 1969) ‘and in B. campestris
;';‘29 and —.79 (Gross and Stefansson 1966). Correlation coefficients
'.Afor the fatty acid pair linoleic and linolenic indicated a positive
i>-corre1ation in B. __Jg__ .84 and .88 (Gross ‘and Stefansson 1966), .31 to
._.55 (Stefansson and Storgaard 1969) -and in B. campestrls .71 and .96
(Gross and’ Stefansson 1966) These reported correlation coefficients X
indicated that oleic generally tends to be negatively correlated with
7other fatty acids while linoleic and linolenic tend to be positively
rcorrelated Hhen expressed as percent of total fatty acids.'
| Correlation coefficients for fatty" acids expressed as percent-

¥
_age of seed weight were reported for the fatty acid pairs oleic and '



<

h

linoleic -.10 to - 89 oleic and linolenic -.21 to .06, linoleic and
i linolenic 04 to .43 (Stefansson and Storgaard 1969).. - With fatty
acids expressed as percent of seed :tight there were no consistently
signlficant correlations for any pair of fatty acids ahd negative
- correlations between oleic and .other rfatty acids were greatly decreased.
H;Lsuring fatty acids as percent of total fatty acids restricts the
freed-m for variation among fatty acids by making the‘sums of all of,
, . . . ]
them equal to a constant 100Z. Hhen fatty acids are expressed,as
’ percent of seed weight a change in a major constituent of the oil
can be accompanied by changes in the other major components such as
prztein and carbohydrate fractions of the seed Therefore the tendency
"for negative correlation between fattgiacids is greatly decreased
Correlation coefficients for pairs of fatty acids in other

ollsekd crops showed that oleic and linoleic acid were closely negatively
'associated in safflower - 99 (Yermanos et al. 1967) and in corn -.97 -
(Poneleit and Bauman 1970) The fatty acid pair oleic and linolenic‘ &~
was highly negatively correlated in flax .77 to -.97. (Comstock et al.
"1960). The fatty acid pair linoleic and linolenic was highly positively _‘
”correlated in one study of soybean .74 and .76 (Howell and Collins 1957),

'and had correlation coefficients ranging from .13 to .96 in another~

study (Mhite et al. 1961). : e
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' MATERIALS AND’ METHODS

¥ .

Plant Materials

 Three strains of rapeseed (Brassica pus L.) uhich ptoduce

seed oil practically free of eicosenoic and erucic acid and differing
in oleic, linoleic and linolenic ac1d content were used as parental :
lines. The fatty acid compositlon of the oil from self—pollinated

~seed from the parental lines is presented in TahIe 1.

lable l Fatty acid composition of 011 from self-pollinated seed of
: : . three strains of rapeseed S i

B R

' Parent Fatty acids as percent of total fatty acid

designation Palmitic. Oleic Llnoleic Llnolenlc E1cosenoic Erucic

1 4.7;,<_‘69.7 12.8 12.2 0.7 t*

. . . . ) N o - | . - ¢ -,
e N T 4.9 56.2 27,4 12,0 1.7 Tt
3 6.0 42.6 35.6 152 0.5 ¢

* t = trace

'Suchvan arrang nt for_n p talylines yields n(n‘— 1) crosses, i
'_reciprocals-inc ..edf‘frs{Zf::z and Fl plants were bagged to produce
‘self—pollinate parental seed and Fz seed in the greenhouse. During

‘the summer of 1971, the parental F, and F

F1 2 populations were grown ln

the field in 1 5 m rows, 0.3 m apart. The seeding rate was 50 seeds



0

per 1 5 m. The crosses: between parental strains vere repeated to pro-

duce cross—pollinated seed. Self—pollinated seed was produced on |

parental,_Fi and Pz plants. .

Fatty Acid Analysis _ o g '
» The fatty acid composition of the seed oil was determined by

gas—liquid—phase chromatography. ; Samples consisted of 8

~

$
parental plants. A bulk sample of 25 seeds was used for the analysis

_.seeds for chemical analysis of self— and cross—pollinaged seeds of

'of self—pollinated seeds of Fl and Pz plants.” Also, 50 single seeds
vere analyzed from Fl plants from each cross. The methyl esters for
gas chromatography were prepared by the method of Downey and Craig
‘:(1964) = | | ﬁ ' o

A Hewlett Packard 5750 Research Chromatograph equipped. vith
a hydrogen flame ionization detector was used for gas chromatographic

analysis. Areas of the peaks were determined by the use of a Hewlett

'5Packard 337OB Integrator.. The areas of the gas chromatography peaks

© . were used to calculate fatty acids as percent of total fatty acids.
Column Specification. |
| - Tube — stainless steel,léd" x 8" "'f*.: L _. -
Solid Phase - Chromosorh/c |
Liquid Phase —_ butanediolsuccinate 62 by veight.
Only ‘the following fatty acids were calculated. palmitic
(16 carbon’ chain saturated), oleic (C—18 monene), 1inoleic (C—18
'vdiene) linolenic (C—18 triene), eicosenoic (C-ZO monene) and erucic;

| (C—22 monene)., Hinor constituents, such as’ the fatty acids stearic,



<

palmitoleic, arachidic behenic eicosodienoic and docoSadienoic were
not calculated in order to permit rapid analysis. Craig and Hetter

/(1959) reported that those minor constituents were present in amounts

less than gne percent each.

Statistical Procedures

Theoretical arithmetic means were calculated according to

g the methods suggested by Powers and Lyon (1941) (Table 2).

)|

Table 2. Formulas for calculating theoretical arithmetic
. means

4
¢
: ‘ . : o Theoretical
Population = -~ Actual mean _ arithmetic mean
! ‘ Y . - >y *
L5t Pl b1
P, P, o P,

- ' ' :
Pl' 20 etc. represent the actual means of the P

tc.
1 2’ e L]
popul&tions' ' o '

. , « _ .
o Hethods to determine dominance were suggested by Klambanonda

rd

'(1950) If no’ dominance exists on an arithmetic scale then the actusl
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' Fl value would be equal to the mid—parent value, (P + P2)/2
A scaling test was employed ‘to test for genetic interaction
between*loci (epistasis). The scaling test was a joint scaling test
developed by Cavalli (1952) . Three parameters, m, d and h were .
1 and &

2 populations followed by a comparison of the observed generation .

"estimated from the means of the two homogeneous strains and the F

'means with expected values derived from the estimates of the three

p;iameters. The three parameters were estimated by weighted least

squares, taking as weights the reciprocals 6f‘the squared standard

errors of each mean. The comparison between observed and expected

means were then effected by aSsuming the sum of squares minimized.in

the fitting process to be distributed as a chi-square with degﬂe%%

freedom three less than the number of family means available (5hree less ' 1;;
because ‘three parameters have been fitted). If the actual means were . |
found inadequate (non-additive) according to the scaling test, then
transformation of the data may - eliminate the non—additivity (Horner,.
Comstock and Robinson 1955 Falconer 1967) .

: Several methods were used to: calculate‘estimates of "broad
sense" heritability and the: minimum number of - effecti e factors control—
ling each fatty acid (Tables 3 and 4) The formulas of Table 4 furnishes .
v‘an unbiased estimate of the minimum gene number when the following
>assumpti ns apply: (1) no linkage exists between pertinent genes, (2) one
parent supplies only plus factors and the other only minus factors among

: those in which they differ, (3);311 genes have equal effect (4) the

_ degree of dominance of plus and minus factors is the same for all and

T (5) no interaction exists between pertinent non-allelic genes (Burton J;

S . "TLA ] ) ) L o

- ,1952) .
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Table 3. Formulas for estimating heritabilicy (hz)

“Formula ’ ’ o Reference
o) ' '
D VF, - VF, * . .
B = 2 1 Burton (1951) v
. VPZ ot
S . . b
o o B
V- oy x w2 o
h™ = VE - Mahmud and Kramer (1951)
Lo - ' -

5 vrz - 1]3(VP1 + VFl + VPZ) o : e
K = ' VE ~ Weber and Moorthy. (1951)

* vVFl,FVPl; etc.‘ate-variénces of the’respective7pcpulatidns Fi, Plg etc.

o
oy
Table 4. Formulas for estimating minimum numbers of gffective
‘ ' factors (k) : ' -

vy '
n' ’

Fbrnula .

k= .
: ) 8(VF2 - 1) g
oy (Fl - Fz)z t':'\'-_vi:"‘«‘e_ "s. o B
B T TR VAT +VE| +vp,))  Weber (1950) |
"2 S TR | 227 .,
s o - 2, = ' i vi>'. e
«25(.75 - h + h )(P, - P,) . . o e T
k= VF, = VF , - ‘Bureon (1952) ,

1

* iii, F., and §5:are actual meahs of-the Pl’ FI and F2 populations'
respectively and VPl, VFl, and_Vszare'variances:of thé'Pi, Fl.an&.

P2 popqlations.tespectivgly.b h = .Fl - Ei{f; *‘Fl



*  RESULTS N

Scaling Test

The Cavalli joint scaling test was applied to the original“

-r~—--—-data for oleic, linoleic and linolenic acid’ ‘content. The resulting

/
chi—square values were highly significant for oleic, linoleic and

linolenic acid values in all three .crosses (Table 5} The significant

-
3

Table 5. ‘Chi—square values for Cavalli joint scaling test for

N oleic, ‘linoleic and linolenic acid content on ‘
original data - A

. ‘\_//

Cross -
' 1x2° ° 1x3  2x3
Oleig C o 1L,37%% 22.ggex 79.02%%
Linoledc . 6.64% © 16.63% . 32,46
Limolenic 24,36 9.47%% 55 55k

k- significant‘at.lz level

‘chi—square values\indicate that the original. scale was’ inadequate (non— -

‘)

'additiveb for all three fatty acids in all three crosses. Therefore,

, g the original data was transformed to a log 10 scale. The joint scaling
test was applied to the 1og 10 values. Significant chi-square valuea
for oleic and linolenic acid content in all three crosses: and for:

linoleic acid content in cross 2 X 3 were observed (Table 6).

14
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Table 6. <€hi-square values for-pgvalli joint scaling teSt for
' ~oleic, linoleic ‘and linolenic acid content on log 10
transforhed data

Cross
1x2 1x3 2x3
Olefe - 13164 33 708 77.63%x
Linoleic 2,53 L 2.40 25.63%%
Linolenic - 32.53% Y 750k 430308

** significant at 1 Tevel

The transformation of original data to a log 10 scale eliminated the
non—additivity for only linoleic acid’ content in two of’ three crosses,
Therefore the original data was next transformed to angles, using the

formula,‘ angle = . arc sine Jpercentage.= The JOlnt scaling test was

applied.to the angle values. Significant chi-square values for oleic S

and linoleic acid content in all three crosses and for 11nolenic acid

c0ntent in crosses 1l x 2 and 2 x 3 vere observed (Table 7).

Table 7. Chi-square values for Cavalli joint scaling test for
oleic, linoleic and linolenic acid content on angle
i ~ transformed data - ’

kt" ‘ : ST . Cross . o BRI
' 1x2 1x3 4 2x3 °
Oleic = </-1o;59**’: 170914 T1.36%%
Linoleic TSt g9loak .+ 30,23
Linolenfc - p.zg**.‘ LS s o

* significant at 52 level o
*k significant at 1% level



Therefore, a scale could not be found which would. be adequate (additive)

T
for all three fatty acids - in all three crosses. . t

. Despite the 1nadequac1es of the original scale, an. analysis

: |
.was carried out on the untransformed data. :

-OY¥eic Acid

i

(a) Self- and cross—pollinated seed on parental strains

The‘oleic acid content of- SP (self—pollinated) seed from N

parental lines -1 and 2 differed 31gn1f1cant1y from eac%sother (69. 81
: and 54, OZ respectively) (Table 8). The ole1c value of cp (cross-'
pollinated) seed harvested from parent 1 was 63. 22 which differed
signlflcantly from the SP seed value of parent 1. The cP seed haré'
'vested from parent 2 had an oleic value of 56. 82 which vas greater but‘
not signlficantly different from the Sp seed value of parent 2, The»“
rec1procally CP seed of 1x 2 and 2 x 1 differed significantly for .
oleic acid content (63 ZZ dnd 56 82 re ectiv y).

| " The oleic acid content of SP seed @rom parental lines 1 and 3"
differed 51gn1fiéantly from each other (69.8Z_and 42 62 respectively).
The oleic value of CP seed harvested from parent 1 was 6l 7Z vhich | |
differed significantly from the SP“seed ‘value of parent 1. The cp
seed harvested from parent 3 had an'oleic value of 52 BZ which differed‘
. significantly from the SP seed value of parent 3 The reciprocally cp
‘seed of 1l x 3 ‘and 3 x l dlffered significantly for oleic acid content

(61 7Z and 52, 82 respectively).

e
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The oleic acid content of SP seed from parental lines 2 and 3
differed significantly rom each other (54 0Z and 42.6% respectively).
'fThe oleic value of CP seed. harvested from parent 2 was 47. SZ which
: differedqsignificantly from the Sp seed value of parent 2 The CcpP |
'seed harvested from parent 3.had. an oleic value of 45.5%. which was
significantly different from the sp seed value of parent 3. The
'reciprocally CP seed of 2 x 3 and 3 x 2 did not differ significantly ‘
- for. oleic acid content (47 52 and 45 5% respectively). L

These results indicate that oleie/acid content is not
;completely controlled by the embryo genotype in crosses 1x 2 and 1 x 3
but is 51gnificant1y affected by the genotype of the maternal _parent.

s A
The oleic value in cross 2 x 3 appears to Le under embryo control.

(5; Self—pollinafed seed on parental Fl and FZ populations
The mean oleic acid content of Fl and reciprocal P (RF )

populations did not differ significantly from each other in all three

'crosses (Table 9). The mean oleic acid content of F, and reciprocal P

2 2

.(RF ) populatlons did not differ significantly from each other in a11
three crosses (Table 10) These results indicated no cytoplasuic .
':effecus\on oleic acid’ content. L ’ ) “

The means and variances of F an? reciprocal % (RF ) h
populations did not differ significantly -from each other. “The Pé and ‘
rec1procal F (sz) populations did not differ significantly fro- each

'other. Therefore, the data of - reciprocal populations were pooled for

further analysis. ‘ o S »vf ' T j>>
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- Table 11. Actual means and theoretical arithmetic means for

21

The mean of the F1 population of crcss 1 x 2 (62.02) was
exactly the same as the m1d~parent value (62 OZ) indicating a simple

additive gene system for oleic oil content (Table 11).

o

oleic acid content

~ Theoretical No. of

' Popq&ftion. | j_Actnal mean arithmetic mean ‘plants’
PR 697 DR | 25
F, (1x2) . 62.0 T 62.0 50

Py A x2) - 63,7 - - 62.0 .~ 100

P2 . Sk2 N
F; (1 x3) - 60.8 - 56.2 50
FppQx3) 611 . 58.5 - 100
Py / o 42,6 | 25
2 sa2 .2
FF2x3). - 's1.9 . 48.4 - 50.

Fy (2x3) - 53.8 . 50.2 100
‘P3 o 42.6 - L 25

" The F 2 popnlation mean of cross 1 x 2 (63. 72) ‘was only slightLy higher

than its expected arithmetic mean (62 0Z) and also slightly higher than

the mean of the Fl population (62 OZ). -In cross 1 x 3 the Fl population'

/ P .

'cnean'(GO 82/ was higher than the mid-parent value (56 22) indicating

partial doninance of hiéh oleic values. The F2 population mean of cross

1 x 3 (61.12) Has higher than its expected arithmetic mean (58 SZ) and :
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'approximately equal to the F population mean (60.82).

1 ‘
In cross 2 x. 3 the F population mean (51.92) was higher than

1

the migfparent value (48. 42), also indicating partial dominance of
high oleic acid content. The FZ plant population mean of cross 24: 3
(53 82) was higher than its expected arithmetic mean (50.22) and also
slightly higher than the Fl population ‘mean (51.9Z;~- . e /K

o - The frequency distributions of the parents did not- overlap
in all three crosses (Table 12).. The F2 range in cross 1 x 2 was 50. 9 -
- 73. 7 percent indicating no transgressive segregation. A high frequency
of both parental types were’recovered in the F2 plant population,
‘1ndicat1ng that the oleic acid content is controlled by only a fev gene
pairs. The F2 range in cross 1l x 3 was 45 8 - 71.6 percent indicating
no transgressive segregation. A high frequency of the Pl parent type
was recovered in the F2 plant population. Only one F2 plant fell
diwlthin the range-of the P3 parent. This would support the conclusion

of . partial dominance indicated by F means. The F2 range of cross

2 x 3 was 45. 1 - 60.7 percent indicating no transgressive segregation.
‘The great majority of Fz plants fell in the P2 parent range further
supporting the conclusion of partial dominance based on the Fl means. ;.

" Since transgressive segregation was not obtained in any of the segre- -
. gating F2 populations, it indicates that + and - gene factors uere'
' visodirectionally distributed in the parents.
| | The frequency distributions of . oleic acid values of the
single F2 seed from F plants (SFZ) were very similar to valubs of F2 ,
plants in crosses 1 x2 ,and 1 x 3. (Tahle 12). .In the cross of 2 x 3
the range of the values of single Fz seeds was slightly greater than

-the self—pollinated F

2 plants..
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In the cross of 1 x 2 the mean of F2

slightly hlgher than the mean of single F2 seed (61. 42) and the: variance

plants (63.7%) was

' of F, plants (18 92) was slightly lower than the variance of single F,
seed (19 42).. In the cross of 1 x 3 the mean of Fz plants (61.12)
' was slightly lover than the mean of single F seed (63 12) and the

variance of F \plants (22 47) was higher than the variance of single Fz

"

seed (15.94). 1In the cross of 2 x 3 ‘the mean of F, plants (53 82);Uas
higher than the mean of single F2 seed (50. 62) and the ‘variance of F P
‘plants (10 70) was lower than the variance of single F seed (19 68).
Heritability estimates for oleic acid content were calcnlated
according to the methods of Burton (1951) Hahmud and Kramer (1951) and
-Weber and Mborthy (1951) The heritability estimates based on F plant
_values for cross 1 X 2 were 752 762 and 752 for the three methods
.’respectively, for cross 1 x 3 were 752 782 and 772 respectively, and -
‘for cross.2 x 3 were 53%, 612 and 592 respectively (Table 13). o

S

Tabie~13. Heritability (Z) estimates fdr oleic acid content based.
' on FZ plant values: o o :

: ~ Cross
Formula .  1x2 1x3 2x3
O s Tull.: T - N T 53
, ' = ww 1172 )
@ n? = VB - (V) xWR)) o 76 ¢ 18 g
(3 w’ = Y - 130, + V) +vp,) s 77 - s9 -
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'Heritability estimates were calculated using the same formulas
with the variance of the F2 plant populations replaced by the variances '
- of - the: single FZ seed The estimates were 75Z, 77Z and. 76Z respectively

for cross 1x 2; 657, 692 and 687 respectively for cross 1 x 3; and 75Z,

79X and 78% respectively'for cross 2x3 (Iable 14)._ The heritability

o | . | . v
Table 14, . Heritability (%) estimates for oleic acid content
' baSed on singl_e‘l?2 seed values .

P
i

o o Cross
Formula ’ B A‘ l"i.'v-l x 2 1 x 3 2x3

Ty

estimates for the three different methods vere in close agreement within
each cross for oleic acid content. For crosses 1 x 2, 1x 3 and 2 x 3,
?the average heritability estimates based on Fz.plant values were 752
' 77Z.and_582_respectively. For crosses 1 x 2, 1 x 3 and 2'x 3, the v
average heritability estimates, based on single F2 seed valdes were 76Z
672 and 772 respectively. v

| The application of ﬁrights (1934) Weber' s (1950) and
Burton 8 (1951) procedures for calculating the minimum number of
effective factors using Fz plant values resulted in estimates of: 2, 12

‘2 ll and 2 12 respectively for cross 1 x 2 5 42 5. 29 and 5 74 Te-.

vquctively for cross 1 X 3' and 2, 94 2. 68 and 3, 48 respectively for
. ¢ross 2x3 (Table 15).

5
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Table 15. Estimates of minimum‘nUmber of e?

: Formula
2 - .
F-ET
ok - 8(VF =7
. -u' 1
. - F, - Pn° | S
(2) k = 5, -1/3(v1= +VF +VP)) 2.11  5.29 2,68
\25(.75 - h + hz)'(pl -p,)? - |
(3 k = T 212 5.74  3.48
: "2 1 !
wl

QEstimates of minimum number of effective factors ‘were cal-’
vculated using the same formulas with the variances of the F2 plant
‘populations replaced by the variances of the single F2 seed The
estimates were: l 60, 1. .29 and 1, 62 respectively for cross 1 x 2“

8 82 8 49 and 9. 34 respectively for cross 1 x 3; and 1. 15 1. 10 and
< 1. 35 respectively for cross 2 x 3 (Table 16) The estimates for

‘1 minimum number of effective factors by the. three different methods i
were. in close agreement within each cross.' For crosses l x 2 1 x 3
'and 2 X 3, the minimum number of gene pairs, based on F2 plant values
were 2, 6 -and 3 respectively. For crosses 1 x 2 "1.x°3 and 2 x 3,

the minimum number of’gene pairs, based on single F2 seed values were

| 2 9 and 1 respectively.




Table 16. Estinates of minimum number of effective factors con—

ditioning oleic acid content based on single F2 seed,
values : : :
. . , N ‘ Crnss '
~ Formula » 1x 2. 1x3 2x3
@ | 1.60 - 8.82 1.15
2 S 159 - g49 1.10
(3) - 162 . 9.3 o135

Linoleic Acid

;(a)‘ Self- and cross—pollinated seed on parental strains

«
0

“ The linoleic acid content of SP seed from parental lines 1
‘ and 2 differed significantly from each ‘other (12. SZ and.27 6Z re—

| spectively) (Table 17). The linoleic values of Cp seed harvested fron

e parent 1 was 19 82 vhich differed significantly from the SP seed

value of parent 1. The cp seed harvested from parent 2 had a linoleic‘
. value of 23.8% which was: less but not significantly different from
the SP seed value of parent 2 The rec1procally CP seed of l x 2 and

i~

2x1 differed significantly for linolelc

d eﬂntent (19, 82 and

7w
{ ¥

v . o

The linoleic acid content of Sp- seed*from parental lines 1

23282 reSpectively).

. and 3 differed significantly from each other (12 52

—aspectively).
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Table 17. - Linoleic acid content of oil from self- and crosg-
pollinated seed from three strains of rapeseed

Linoleic acid as percent of total fatty acids

Parent , _ Parent ‘ ] Parent

or cCross : ’ » Oor. Cross Ol“ cross
1 12.5ar 1 1258 2 27.20
1x2 19.8 _ 1x3 @ 20.1p 2x3 32,9
2x1  23.8 S 3x1 26.5c -3x2 33
2 -2'7_.6c: L 3 3.6 3 g5

20. 1z vhich differed signﬂficantly from the ‘SP seed value of parent 1,

The CP seed harvested from parent 3 had a linoleic value of 26,57

vhich differed significantly from the SP seed .value of parent 3. The

reciprocally Cp. seed of 1 x 3 and 3 x l differed significantly for
linoleic acid content (20.1% and 26.5% respectively)

The linoleic acid content of the SP seed from parental lines
2 and 3 differed significantly from eaqg other (27. 22 and 35'6Z re~
spectively). ,The linoleic value of CpP seed harvested from parent 2

was - 32 92 which differed significantly from the -SP aeed value of

_ parént 2. The CP seed harvested from parent 3 had a linoleic value of

33.8Z which vas not significantly different from the SP seed value of
parent 3. The reciprocally CP seed of 2 x 3 and 3 x 2 did noy differ

significantly for linoleic content (32.92 and 33 82 respectively)
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The results indicate that linoleic acid content’ig not completely

t

controlled by the embryo genotype but is s1gn1ficant1y az}ected by
e
the genotype of the maternal parent in Crosses 1 x 2 and 1. x 3 The

linoleic value in cross 2 x 3 appears to be under embryozéontrol.

(b) .Self—pollinated seed on parental, Fl and F2 populations
A , .

The mean linoleic acid content of Fl and rec1proca1 F (RFl)
populations did not differ 31gnif1cant1y from each other in all ‘three -

crosses (Table 18) The mean linoleic acid content of F2 and

';-§ab1e 18. Linoleic acid content of o0il from seed from Fl and
¢ 2 pOpulations - i} 7

T e

: Linoleic acid as percent of total fatty acids

“ Popuiation Cross 1 x2  Cross 1x3 Cross 2 x 3
P, ._. AEV 20.0 ‘zd.s c‘.' ; ‘295Q,-~'
RF, d. TS - 26;5-‘ | ;“ 29.2
F, . _'18.:‘3‘ a3 \ 284
Ry 180 o 2.8

. reciprocal F (RF ) populations did not differ 51gnif1cant1y from eacho
other in all three crosses (Table 18) These results indicated no
cytoplasmic effects on linoleic acid content.

The means and variance of Fl and reciprocal F (RF )
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_pepulhtionslvere not significantly different; thérefore data was - ‘ g
'pooled for further.analysis. The F2 and reciprocal F (RFZ) populationa

were not s1gnificant1y diffe}ent- therefore data was pooled’ for fur~ -

ther analysis.
: .. The mean of the Fl population of cross 1 x 2 (19 8%) was
.approx1mate1y equal to the mld;parent value (20.1%) indicating a
_ simple additLye gene system for linoleic ac1d content (Table 19)..

Ve

' Table 19." Actual means and theoretical atlthmetic means for

11nole1c acid -content - "
3\
|
: o v ‘Theoretical . No. of
. Population - . Actual mean arithmetic mean plants
By " S 12,8 = S ‘ . 25
FFGx2) 0 19.8 . o201 50
. 3{1 . 5 - v : ) S o . o
F, (1 x2) 18.9. - 2000 100 5
P, 8 2.4 s
- . . N v‘b . o s ' . ] ‘- B
?l N S 1278 - e 257 A
.Fl (1 x‘3). | o 20.8 s o ‘?4,2 . {ioe | .
FpQx3 206 22,5 100 -
R O s
ijsz B | 27.4 - . o : : | 25 .
F, (2 x3) - 291 31 . s0
F, (2x3) o gaas s '39.22 : - 100
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. . ‘ ! —.} '
" The P2 population mean of cross 1 x 2 (18 9Z) was less than. its \

expected arithmetic mean (20 0Z) and also slightly less than the mean

.-Aof the F1 population 19. 82).

In cross 1 x 3 the Fl population mean (20 82) vas lower than
the mid—parent value” (24 22) ~indicating partial dominance of low

_1inoleic values. The F2 population mean of cross 1 x 3 (20.62) was

*

~* lower than 1ts exXpected arithmetic meau (22 5Z) but approximately equal

' to the Fl population mean (20. 62).

- In cross 2 x 3 the Fl populati&mean (29 lZ) vas less @nn ’
the mid-pa¥Ent value (31 SZ), also indicating partial dominance of

low linoleic acid values. The F2 plant population mean of cross 2 x 3 °

-~

"(28.62) was 1ess than itsiﬁipected arithmetic mean’(30.22)-and also_

slightly less than the’F1 pulation mean (29 1Z). ' (

The frequency distribution of the parent did gﬁﬁoverlap -
in all three crosses (TablerZU) The F2 range in cross l x 2 was
12.1 —'26 8 percent indicating no transgressive segregation. A high
frequency of both parental types were recovered in the F2 plant pop—
ulation. This would indicate that the linoleic acid c ntent is d
vcontrolled by a few gene pairs. The F2 range in cross 1 x 3 was 13, 2 -
v:29 7 percent, indicating no transgressive segregation.f A high |
frequency of the P1 parent type was recovered in the Fz p7%u1ation
and ‘no F2 plants fell vithin the range of the P3 parent This. vould
support the conclusion of partial dominance indicated by the Fl mean.‘
The Fz range of cross 2 x 3 was 23 8 - 34 3 percent indicating no
transgressive segre;ation. The great majority of F2 plants. fell in

j]‘the P2 range, supportlng the conclusion of partial dominance based on _'
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v

the Fl means. Since transgressive- segregation was not obtained in the

‘segregating FZ populations it indicates that + and - factors were

Is

isodirectionally distributed in the’ parents. Since the range of the -
F2 distributions in crosses 1x:2 and 2 x 3 included the values of .
both parental types, the number of effective factors or genes condition-
ing linoleic -acid content is not likely to ‘be large.

. The frequency distributions of linoleic acid values of the
single F2 seed from F plants (SF ) were similar to the range of F

. i) , :
plants (Table 20). o o . ‘.y

2 .
~In the cross of 1 x 2 the mean of F2 plants (18 9Z) was S
lower than the mean of single F2 seed (21 lé)mand the variance of F2
plants (12. 80) was also lower than the variance of single F2 seed
(14, 66)'. In the cross of 1 x 3 the mean of F2 plants (20 62) was ’
slightly higher than the mean of single F2 seed (19. 74) ‘and the variance .
of FZ plants (16 89) was higher than the" variance of single leseed '
(10 54). In the cross of 2 x 3 the ‘mean of F2 plants (28 62)'was_

slightly lower than the mean of single F2 seed (29 3Z) and the

2

'

variance of F2 plants (S 36) was: lower than the variance of 31ng1e F
seed (7 66) |

, Heritability estimates for linoleic acid content were
calculated according to the methods of Burton (1951) Mahmud ~and Kramer B
(1951) and Weber and Moorthy (1951) ' Heritability estimates based on

2 plant values for cross 1 x 2 vere 844 794 and 804 for the three

methods respectively, for cross 1 X 3 were 822, 81/ and 81% respectively,

vand for cross 2x3 were 482 402 and 42% respectively (Table 21)

Heritability estimates were calculated using the same

formulas with the variances of the F2 plant pOpulations replaced‘by



¢
Table 21. Heritability ) estimates for linoleic acid content
‘ ' based on F2 plant values

_ , . Cross
Formula 1x2 1x3 2x3
1) , 84 o 82 48
® s am
3. . 80 81 42

the variances of the single F2 seed. The estimates were 862 3811 and
83Z respectively for cross 1x 2 722 692 and 702 respectively for

cross 1 x 3' and 637, SBZ and 6OZ respectively for cross 2 x 3 (Table 22).

Table 22. Heritabilitg (%) estimates for linoleic acid content ‘
‘ ' based on single F2 seed values : S —

. v . , Cross e L
Formula - . 1x2. 1x3 - . 2x 3
@ 8 2 e
(2 s e 58
3 83 70 60

-The heritability estimates for the three methods were in close agree- -
ment within each cross for linoleic acid content. For crosses 1 xc}, N
1 x 3 and 2 x 3, the heritability estimates, based on F2 plant values

, averaged 81z, 812 and 432 respectively. For crosses 1x2 1x 3 and
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2 x 3 the heritability estimates based on single F2 seed averaged 832,
. 70Z and 601 respectively. ’ |

’ The application of Wrights® (1934), Weber's (1951) ‘and
Burton 8‘(1951) procedures for calculating the minimum number of :
'effective factors based on Fz plant values resulted in estimates of:
2.49, 2 60 and 2 49 respectively for. cross l x 2 4, 65 b, 72 and 4.85

respectively.for cross' 1 x 3; and 3 28 3 7l and 3 84 respectively for

cross 2 x '3 (Table 23). Estimates of‘minimum number of effective v

-~ . «

QiTablej23;c Estimates of minimum number of effective factors

conditioning linoleic acid content based on F2
, plant,values : '
. 2 _ ' ‘ Cross o
__Formula . 1x2. 1x3 . 2x3
@ 24y 465
@ 7 2.60 EETER A P I
3). - C2.49 L 4.85 % 3,84

ffactors vere calculated using the same formulas with the variance of

the F2 plant populations replaced by the Variances of the single F

2
-seed The estimates were. 2 12 2.20 and 2. 12 respectively for cross
l x 2 8 61 8 87 and 8. 99 respectively for cross l x 3; and l 73

1. 85 and 2. 03 respectively for cross 2 x 3 (Table 24) The estimates

bfor nunber of effective factors by the three different methods were in

‘close agreelent. For crosses l x 2 l x. 3 and Z_x 3, the minimum

1

number of gene p‘irs based on F2 plant values were 3 5 and 4 respectively.

|
¢
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Table 24.° Estimates of minimum number of effective factors
conditioning linoleic acid content based on. single
F, seed values : ' o

' Cross
" Formula _f%g;%ig;li;glz '  1x3 2x3
W A a1 8.61 1.73
(@) o220 8.87 . 1.85
®» a2 899 2.03
b4 - . Vﬂ w

For crosses 1 x 2, 1 k 3and 2 x 3, the minimum number of gene pairs-

based on single Fé seed'valnes were. 2, 9 and 2 respectively.'

Linolenic Acid
) N &

(a) self- and_cross—pollinated seed on parental strdins

The linolenic ac1d content of SP seed from parental lines 1-

‘and 2 did not differ significantly from each other (12 32 and 11 S%

respectively) (Table 25). No inferences could be drawn from the

-cross 1 x 2.

~

The linolenic acid content of SP seed from parental lines 1

»

'and 3 differed significantly from each other (12 3% and 15. 42 respectively).h

The 11nolen1c value of CP seed harvested from parent 1 was 12.6% which

did not differ significantly from the SP seed value of parent 1 The

-~ CP seed harvested from parent 3 had a. 1inolenic value of 14, 32 which
. 'was less than but not significantly different from the SP seed value

of parent 3. The reciprocally cp seed of 1x 3 and 3 x 1 differed

)

~
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Table 25. Linolenic acid content of oil from self- and cross-
' ' pollinated seed from three strains of rapeseed

' Linolenic'acid as percent of total fatty acids
- Parent” . ’ Parent ' : : Parent
2 or cross Or cross - " . or cross
1 123a 1 123, 11.5a
1x2 115 1x3.  12.6a  2x3  12.8a
2x1  12.5a Y 8%l 4.3 3x2 1354
2 B I S T S, 15.5b

% 'béans of each fatty acid for each group of ‘Parents and crosses :
followed by the same letter are not sign1f1cant1y different at
‘the 57 level (LSD) ' .
\l,fi‘

significantly for linolenic acid'content (12‘62 and‘14‘32 respectively).
The - linolenic acid content of SP seed from parental lines 2
and 3 differed significantly from each other (12 3% and 15. SZ re-

: spectively).' The linolenic acid value of CP seed harvested from parent
1 was 12.8% which vas higher hut not significantly d1fferent from the
SP’ seed value of parent 2 The CP seed harvested from parent 3 had a
linolenic value of 13 SZ which was significantly different from the SP -
seed value of parent 3. The reciprocally CP seed. of 2 x 3 and 3 x 2
did .not differ significantly for linolenic ac1d content (12 8% and
13 SZ respectively).

These results indicate that linolenic acid content is con-
trolled largely by the genotype of the maternal parent rather than the
emhryo genotype in cross 1 x 3. The linolenic content in cross 2x3

appeared to be under enbryo control
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(b) Self—pollinated seed on 'parental,,F1 and F2 populations

L}

The mean linolenic acid content of Fl and reciprocal F (RF )
populations did not differ significantly from each other in all three

crosses (Table 26). The mean linolenic acid content,of.F2 and reciprocal’

[

N

Table 26. L1nolenic acid content of oil from seed from Fi and Pé
: populations » : ~ ’ T .

. Linblenic ‘acid as percent of total fatty acids |

Population "~ Cross l x.2 . Cross 1x3 ) CrossﬁZ x 3

F, o G 12.4 R 12.6 - 12.2
erf 120 12.3 1.8
‘FZ‘ . - "1.1‘.,6 e . 126 O ong
' R¥, ., . ‘. :10.8.‘ | L 1“2.4.' 1-1.‘8_

F (RF 2) popula;ions did not differ significantly from each other in
all three crosses (Table 26) These results indicated no cytoplasnic
effect on linolenic acid content. |
The means and variances of Fl and reciprocal F (RFI) popula-

tlons did not differ significantly from each other. The means _and
variances of Fz and reciprocal F (RFZ) populations did not differ
significantly from each other. Therefore data for reciprocal popu—
lations were pooled for further analysis.

The mean of the Fl populaﬁ&on of cross 1 x 3. (12 42) wvas

- essentially the same as the low linolenic parent P (12 27) indicating
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'dominance ‘of low linolenic acid content (Table 27). The F2 pOpulation

mean of cross 1 x 3 (12.52) was lower | than its expected arithmetic
/

mean (13 22) but was approximately equal to the Fl population mean (12.4%).
!

Table 27, Actual means and theoretical arithmetic.means'for”
. - linolenic acid content

.Theotetlcal : No. of

Population' Actual mean arithmetic mean “plants :
P, S 12220 y ‘ 25
F, 1x2) o 12.2 o 12,1 50. .
‘-F <(1 x2) | S 11.2 _ _ 12.1 100
2}_ 2.0 - . 25
P, 12.2 . : .25
R Qx3), 12.4 k 13.7 50
CF, (1 x ;)/f 12,5 ‘ 13.2 7. 100
Py | o 15.2 | ) ' s
P, oo
F 2x3) Teo12.2 . 13.6 - 50
Ny . . . s - . " . . .
F, (2:x 3) o 11.7 0 1ka T - 100
3 . 152 . R L

_ In €ross. 2 x 3 the F1 population mean (12 22) was’ essentially
the ; same as the low linolenic ~parent P (12 OZ), also 1ndicating o
dominance of low linolenic acid content. | The F2 population mean of
cross 2 x 3 (11 72) was less than its expected arlthmetic mean (13 12)v'
' and also lower than the mean of the low: linolenic parent P -(12. OZ).

The frequency distributions of linolenic acid values for the
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'three parents, although narrow, overlapped each other in all three
Icrosses (Table 28). However, the overlap in‘crosses Ix3 and 2x3
was_only slight,
The F2 range in cross 1 x 2 was 7.8 : 17 S percent indicating
transgre531ve segregation for both high and low linolenic acid values.
| The F2 range in cross 1x 3 was 8.4 - 15.7 percent indicating trans—
mgressive segregation in the direction of low linolenic ‘acid. The

‘great maJority.of F2 plants fell in the'P1 range, further supporting

i the conclusion of dominance based on the F1 mean. The F2 range in

) '
‘ cross 2 x 3 was 9. 0 - 15 6 percent, also indicating transgressive seg-
(

o 'Tregation in ‘the direction of low linolenic acid The great majority
i - of. F2 plants fell indihe P range, further supporting the conclusion

of dominance based on the Fl mean. Since transgressive segregation

; .&aﬁnas -obtained in the segregating populations it is indicated that + ,
'{i‘. andr— factors were non—isodirectionally distributed in ‘the parents.
| ‘ The frequency distributions of linolenic’ acid values of the
K 1”_single.F2 seed from Fl plants (sF 2) were very similar to»the'bulk |

anaﬂysis of F2 plants in crosses 1 x 2 and 1 x 3 In the cross of

2 x 3 the range of values of single F2 seed - was much greater than)the ,;//)‘
‘ self—pollinated Fz plants and indicated transgressive segregation in ‘i
”both_directions. o |

In the cross of 1 x 2.the mean of F2 plants (ll ZZ) was
”essentially the same as the mean of single F2 seed (11. 32) and the
_ variance of F2 plants (2. 14) was slight}y higher than the variance of
;single F2 seed (1 82) In the cross of l X 3 the. mean of Fz plants

(12 SZ) was slightly higher than the mean of single F2 seed - (11. 92)

N

:*and the variance of F2 plants (l 78) ﬁns also slightly higher than the
) . . _ :

r
t

e
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variance of single'l-‘2 seed (1.52). In the cross of 2 x 3 the mean of
2 plants (11.7%) was less than the mean-of single F2 seed (12, 92) and
‘the variance of F2 plants (1.40) was much lower than the variance of
single Fz seed (4. 23) !
Heritability estimates for linolenic acid content were
calculated according to the methods of Burton (1951), Mahmud and Kramer
(1951) and weber and Moorthy (1951). Based on F, plants the estimates
were: 482 592 and 55%7 rESpectiveiy for cross 1 x 2; 3¢%, 462 and 422
respectively for cross l x. 33 and 35%, 262 and ;;Z respectively for
‘cross 2 x 3 (Table’ 29) Heritability estimates\:aliiljted using the

w,

' Table 29, Heritability (Z) estimates for linolenic acid content
based on F2 plant valyes : '

. - | ‘?&{Urossv

. . Formula = 1x2 S Lx 3 2x3
@ w3 35
@ .. - s 46 26

(3) s 29

a -

Same formulas based on single Fz seed values were' 39Z 472 and 52:»

respectively for cross 1x 25 252 1322 and 36Z respectively for cv_

1 x 3; and 792 7GZ and 752 respectively for cross 2 x 3 (Table 39)

\ The heritability estimates for the three methods did not agree as

closely uithin each cross for linolenic acid as they did for oleic and

4
§
i

linoleic acid For crosses 1 x 2, 1 x 3 and 2 x 3, the heritability
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Table 30. Heritability (2) estimates for linolenic acid content .
based on single F2 seed values

e

Cross | _ B 'l
Form018‘ _ o ‘»1n¥ 2 1x3 %ﬁg 3
J 'fv<1> “ T 2 g9
| L (2) . o o320 | 76
3) - sz 36 s

estimates, based Qn FZ plant values, averaged 547, 412 and 30% respec—
tively. For crosses l x 2 l x 3 and 2 x 3, the herltabillty estimates,
based on sinéle F2 seed values, averaged 462 3lZ and 77% respectively.
The application of Wrights (1934) Weber's’ (1951) and Burton' s‘
(1951) procedures for calculating the minimum number of effective
ﬁfactors based on F2 plant values resulted in values of 0. 005 0. 004
and 0. 007 respectively for cross 1 x 2; 1 75, 1. 51 and 2. 40 respectively :
v'for cross 1 x 3' and 2. 57 3. 17 and 3. 56 respectively for cross 2 x 3

' (Table 31).

| Table 31. Estimates of minimum number of’ effective factors con~- -
‘ ‘ . ditioning - linolenic acid content based on Fz plant val-

- . ‘ o © Crosy = .
- Formula - p._;“ 1 x2 - 1x3 @ 2x3
6% . 0.005 - 1.75 2.57
. . : v , o -
T - 0.004 151 3.17

(3) - S 0.007° . 2,40 3.5
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Estimates of minimum number of effective factors we@e cal-

- culated using the same formula based on single F2 seed values. The

4estimates were: 0.007, 0. 006 and 0.011 respectively for cross 1 x 2'

2.93, 2. 33 and 4 03 respectively for cross 1x 3; and 0.39, 0,40 and -
0.53 respectively for cross 2 x 3 (Table 32).

Table 321 Estimates of minimum number of effective factors con-
~ditioning linolenic acid. content based on single F

. seed values | - ' ‘ o : 2 )
: _Cross ,
Formula * S 1x2 1x3 2 x3
@ 0007 2,93 0.39
@ o 0006 233 10.40
3 0.011 | 4.03 .0.53

The estimates for the minimum number of effective factors by ,i

~ the three different methods were . in reasonable agreement. For the.

cross 1 x 2, no genetic differences were indicated as could be expected

.

from the parental phenotypic values. For the crosses 1 x 3 and 2 x 3

'the minimum number of gene pairs ‘based on F2 plant values were 2 and 3

respectively. For the crosses 1 x 3 and 2 x 3 the minimum number of

gene pairs based on: single Fz seed values were 3 and 1 respectively.

'vCorrelatibn Coefficients ‘

A significant high negative correlation between oleic and

!. ~

linoleic was observed in all populations (- 96 to -.68) except:in»P3,

3



(-.35) (Table 33). In crosses 1 x 2, l x 3 and 2 x 3 the correlations
in the F were -.92 .96 and - 92 respectively. A significant negative
correlation was also observed between oleic and linolenic in all pop-
ulati%ns. Bowever, the coefficients were' generally of a lower magnitpde
‘ than for oleic and linoleic (-.75 to -.58), In crosses 1 x 2, 1 x 3-and
‘2 x 3 the correlations in the F2 were - 63 ~.58 and ~ 7l reSpectively.

-

The correlations between linoleic and linolenic varied from a significant-"
/':./"“ N

,,yﬁ positive correlation of 55 in the’ Fl (1 x 3), to a negative correlation
o :
e

Preg of -.3l,in the P3 population. However, in the segregating pOpulations g
©all correlations were positive and significant " In crosses 1 x-2,

1 x 3 and 2 x 3 the correlations in the F2 were',43; .4O,Ana_.52'»

L o

respectively.v_




Table 33. Simple correlatibn coefficients for pairs of fatey
acids for Paiental, Fl and Fé-populations

Oleic and Oleic and

RS

- Linoleic and
Population Linoleic Linolenic Linolenic
P ~ 77%% ;.60** .30

Fx2) -.68%x -,eef*' 45ka
.Fév(l'x 2) .‘-;92** ;.63¥* ' <435
. -.83%% -.57%% '.40*‘

P ‘ ~.77%% | -.60%% .30

F, (Lx3) .83 L-Tsae .S5ax

F,. (1 x:3) -,96**“ ~.58%% 40k%
3" | ',s;as -.61%* . -.31 -

‘pzl 5 L83 ~.574% - .40%
;i_(Zx‘3)l IR i ~.58%x | pEre
, (2 x’3)‘ C-.924% ~.71%% - L52%%

** significant at 1% level

* significant at 52 level



" on. the oleic linoleic and linolenic acid content of the h'

: l x 2 ~and 1 x 3 but maternal control is not complete.'"

2

/.
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<

-DISCUSSION

M o . . 0

!

This study has attempted to separate maternal effect on

fatty acid composition of the seed into two categories. the effect ‘of

-maternal nuclear genotype on the- fatty acid composition of the seed'

and the cytoplasmic effect on fatty acid values of the Fl and F2 pop~f

ulations. y

When comparing the fatty acid composition of SP anpd CP seed

on the same maternal parent, - the Sporophyte genotype and- cytoplasm of

'the embryo cells is assumed to be the same. Only the embryo nuclear

genotypes are different. If $P and (614 values are identical on each

maternal plant, then the fatty acid composition of the seed is com-

pletely controlled by the maternal Parent genotype.- This has been

demonstrated in soybeans (Brim -et al. 1968), The comparison of

‘ freciprocally CP seed on: the two different parental lines assumes that
‘: only the embryo nuclear genotype is’ ‘the same,. If the reciprocally CcpP

seed 18 the same, then there is complete embryo control : This has been

-

‘ffound ‘for eicosenoic and erucic acid’ in rapeseed (Downey and Harvey

1963) and oleic and linoleic acid 1in safflower (Knowles and Hll&‘;964)

,This study 1ndicates that there is a definite maternal genotype effect

ed in crosses

;f x 3 Cross: .

'sindicates largely embryo’ control with only a small maternal genotype

' effect. These .variable results are similar to those in corn (Jellum

1966), flax (Yermanos and Knowles 1962), and soybean (Brim et al 1968)

.
!
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The comparison of two reciprocal Pl populations assumes that

the cytoplasm of the embryo cells and the sporOphyte cells is the Same

within each population but is different from its reciprocal However,.’

the nuclear genotype of the sporophyte of both.F1 populations and the

constitution of embryo nuclear genotypes are the same. Reciprocal Fl

v and F2 populations showed no significant differences in means or

variances. This study clearly indicates that no significant cytoplasmic

' effects were evident for oleic, linoleic and linolenic acids. This is

v unlike the variable results presented for corn where Fl reciprocal

differences were in evidence for oleic and linoleic acid content in

_some combinations but not in others (Poneleit and Bauman 1970' de la

Roche et al. 1971). ‘ | - | o
‘The seed analyzed in this study was produced under field
conditions. A larger difference in fatty acid composition between o

t“'
parental liﬁes was obtained than in a preliminary study performed in

the greenhouse (Kondra and StEfansson 1970) There was less variability
in fatty acid composition within lines in the field grown material than

in the greenhouse produced material.

r\,,
u,,

The relative content of C—18 fatty acids is st ongly in—

3 fluénced by environmental conditions (Craig 1961). It is possible that

maternal effgctf .on C—18 fatty acid composition could be due to geno-—
typic differences in the time of flowering, period from flowering to

seed maturity, and time of seed maturiry. The strains used in this _

» study, however, were selected for similar flowering and maturity time

In this study, the three strains flowered and matured at essentially

o the Same time and therefore differences in rate and time of - maturation

':1Ashould not be a significant factor.'
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Pariial do.inance for high oleic and low linoleic content was
»indicated in crosses l x 3 and 2 x 3. In cross l x 2 however, a simple'
.additive genq system is indicated for: oleic and linoleic values. The
| results for oleic acid are similar to those in flax (Comstock et al
. 1960) in Hhich partial dominance was indicated for high oleic acid.. ﬂv, ‘;y'
The results for linoleic are unlike. those presented in corn vhere a; |
: single do-inant gene was indicated (de la Roche et al 1971 Poneleit
1972) and safflower where partial dominance for high linoleic values was.'

indicated (Yer-anos et ‘al. 1967). Dominance of 1ow linolenic’values

o
-2 8
“Hay

vas indicated in this study. This is similar to the results in soybean B
(White et al. 1961) and unlike the' results in flax where partial domin-
'b~'ance for lov linolenic values was indicated (Comstock et al 1960)..
B The three methods used to calculate broad sense heritability o
esti-ates differed only in the number of populations used in estimating
»environ-ental variances. Environmental variance was derived from Fl é:
variance in Burton s method from the square ‘root of the product of the
.parental variances in Hahmud and Kramer s method and from the pOOIed
variances of the three non~segregating populations in.Weber and Moorthy 8 f;: i?
'-ethod The last method should give the best heritability estimates as h 'v7'

| all three non—segregating populations vere utilized in estimating - |
environ-ental variance. The calculated heritability estimates based on .,t .
the three -ethods were. similar vithin each cross for all three fatty
.lhacids since the variances‘of the non-segregating populations were .,~'
Asi-ilar.. The average broad sense heritability estimates for oleic acid
content in crosses 1 x 2 l x 3 and 2 x 3 based on F2 plant values,.

1

¥
si-dlar to those in flax where a high heritability was indicated for ‘
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oleic acid content (Comstock et al. 1960).
| The average broad sense heritability estimates for linoleic
»acid content in crosses 1 x 2, 1x3and 2 x 3, based on F2 plant valueg,
were BIZ 812 and 432 respectively. These results for linoleic acid
were unlike those in flax where the percent linoleic acid had a very low
heritability (Comstock et al, 1960) R . ¥
The average broad sense heritability estimates for linolenic
, acid content in crosses 1 x 2 1x 3 and 2 x 3, based on F2 plant values,
‘were 542 412 ‘and 302 respectively. This is unlike the results presented :
for flax where linolenic acid was highly heritable (Comstock et al 19609.
The first two methods used to calculate minimum number of
effective factors differed only in the_number of populations used in
’ estimating environmental variances. Environmental variance was derived
- from Fl variance in Castle and Wright's method and from ‘the pooled -
variances of the three non—segregating populations in Weber's method
The third method (Burton s) takes into account the minimal effect of
dominance on the estimate of minimum number of effective factors.' The -
‘second method should ‘give the best estimate of minimum number of effectiVe:.
"factors, vhere no dominance exists, as all three nou-segregating pop—
_ulations were utilized in estimating environmental variance. Hhere o
L dominance exists as: in crosses 1 x 3 and 2 x 3 for all fatty cacids, thev :
~ . third method should provide the best estimate.‘ However ‘the calculated
:v.estimates of minimum’ number of effective factors based on the three
. methods were similar within each cross. The average estimates of min-
'ifimum number of effective factors based'on Fz plant values in crosses |

1x 2 1x 3 and 2 x 3 indicated the number of gene pairs controlling

oleic acid are 2, 6 and 3 respectively. The average estimates of;number
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of e!&ebtive factors based on P plant values in crossges 1 x 2, 1 x 3 S
and 2 x 3 indicgéed the minimum number of gene pairs controlling linoleic
acid are 3, 5 and 4 respectively. These variable estimates of number of
e;fective factors are unlike the results in safflower where a single
locus controlled relative oleic and linoleic acid content (Yermanos et
al. 1967) and in corn Hhere tvo loci controlled the levels of oleic and
linoleic acid content (de 1a Roche et al. 1971).

The average estimates of minimum number of effective factors
based on Fz plant values indicated no genetic differences in cross 1 x 2
for linolenic acid content. Hovever there was segregation in the FZ
population. This could be due to non—isodirectional distribution of +.
and - factors in the parental lines.v For crosses 1x3 and 2¢3 the
average estimate of minimum number of factors controlling linolenic acid
vere 2 and 3 respectively. _
A. Q@;relation coefficients 1ndicated that oleic is negatively |

u)-

correlated with linoleic and with linolenic, vhile linoleic and linolenic,

| is positively correlated In the P segregating generations the

correlations betueen oleic and linoleic, oleic and linolenic and linoleic
and linolenic averaged - 93 .64 and .45 respectively. The correlation
between oleic and linoleic, oleic and 1inolenic and 11noleic and lino-v
lenic are of the same magnitude and sign as those reported by Stefansson
and Storgaard (1969). These results are also similar to those reported
“for summer turnip rape (Gross and Stefansson 1966), safflower (Yermanos

et al. 1967), corn (Poneleit and Bauman 1970), flax (Comstock et al.

: 1960), and soybean (Bovell ‘and Collins 1957 Hhite et a1 1961).

The genetic behavior of oleic and linoleic acid content vithin

each cross wvas very similar. In cross 1 x 2 simple additive gene



' Very similar heritabilities, number of effective factors based on F

‘ magnitude to preclude the development of high linoleic, low linolenici
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:

action was observed for both oleic and linoleic. Partial dominance of

Ll ";tg. %b

oleic and linoleichalues was observed in both crosses 1 x 3 and 2 x 3

2

plant values, and an extremely high negative correlation between the

two fatty acids was observed within each cross. Therefore, the relative

"ratios of oleic and linoleic acid content are probably under the control

of one genetic system. However, the number of gene pairs‘involved and

gene action 1s not the same in all crosses.

_ One of the obJectives in rapeseed breeding programs is to
increase the linoleic acid content and decrease the linolenic acid

content of the oil | In the populations under sé%dy, no transgressive

vsegregation was indicated for oleic and linoleic acid. An extre.ely

high negative correlation between oleic and linoleic was observed

indicating the possibility of decreasing oleic and increasing linoleic

1.acid content Transgressive segregation was indicated for low linolenic

acid However, no very low linolenic acid content plants were identified.

1

’The positive correlations between linoleic and linolenic in segregating f

populations ranged from .43 to 53. These are not of such a large

genotypes.

Saveral possible methods c0uld be used to increake linoleic

and decrease J1inolenic acid content. Introducing new genetic variability

'by induced mutations is one possible metbod for increasing linoleic

and decreasing linolenic acid content. However, Brassica napus is an

amphidiploid and masking of desirable mutants could occur due to tbe o

"buffering effeé¢t of the ' two genomes. The introduction of new genetic )

e

P

e
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.variability for linoleic and linolenic acid from cultivated or wild
selections of Brassica species would be difficult. The inheritance of
'swfoleic, linoleic and linolenic acid content can be com _icated by erucic

content. . - Most wild Brassica species cogtain sign/ﬁant amounts of )
erucic acid which is under embryo control. Low1erucic acid types
‘would have t0'be.isolated before oleic, liholeic and linolenic _acid
content could‘be'evaluated The low heritability of linolenic acid |
:would indicate difficulty in selection for low linolenic acid and sub-
sequent transfer to adapted culti 2

The linoleic acid content of P3 (35%) is considerably higher

than existing Brassica napus cultivars (202). The heritabilities and

, number of effective factors estimated in the two crosses involving P3
would indicate that it should not be difficult to transfer the high
’linoleic character to low erucic, low glucosinolate cultivars through

a straight back—cross or by'a pedigree method or a combination of

~ both. x o

| This study has indicated that it would be difficult to predict

’ the results of crosses of the material in this study with other material

v'as there are differing degrees of maternal .and embryo control Each‘

' cross with new material may have different genetic éehavior, especially

in crosses of material containing erucic acid which is’ under embryo

control This study clearly indicates that cytoplasmic effects vould‘

‘blikely be(ofnno concern to a plant breeding program. .
t.‘ Broad sense heritabilities based on single Fz.seed values‘ini

cross 1 x 2 were similar to ‘the estimates based on F, plant values for

oleic (762 and 752 respective?y) and. linoleic (83Z and 812 respectively)

,and were lower for linolenic acid (462 and 54% respectively) In cross
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AN

!1 x 3 the heritaEiligg estiuﬂ”’es based on s&le EZ seed values vere

; » J -
lower than estimate based @gn w‘- ,es»fgr oleic (672&% 772

i3 ‘ ‘6,5
respective%y), linole%c (70% and 81; respectivei* hd Jinolenic acid

‘n

(3172 and 41% respectively) InJcross 2 x ‘3 the hetitability estimates

based on single F2 seed values were much higher than estimates .based

Cow

’ on F2 plant values for oleic (ﬂ}% and 582 respectively) linoleic (602

and 43% respectively) and linolenic acid (77Z and 30% respectively).

Estimates of minimum nUmber of effective factors based on

: single F2 seed values in cross 1 x 2 were similar to estimates based

*

on F2 Plant values for oleic (2 and 2 respectively) linoleic (2 and 3
respectively) and 1inolenic (0 and 0 respectively) acid In crossX
1x3 the estimates of minimum number of effective factors based on
single FZ seed values were higher than estimates based on F2 plant
values for oleic (9 and 6 reSpectively), linoleic (9 and .5 respectively)
and linolenic (3 and 2 respectively) acid In cross 2 x 3 the estimates |

of minimum number of effective factors based on‘single F2 seed values

were lower than the estimates based ‘on F2 plant values for oleic (1

- fand 3 respectively), linoleic (2 and 4 respectively) and linolenic a

and 3 respectively) acid.

Where both maternal and embryo control was observed the'

t

single F2 seed estimates of heritability for all three fatty acids

remained the same in cross l x 2 and decreased ‘in cross 1 x 3. Esti—

‘mates of number of effective factors for all three fatty acids were

- similar. in cross 1 x 2 and increased in cross 1 x 3 HpWever, where '

primarily embryo control was observed (2 x 3) the estimates of

»heritability based on single F2 seed were higher and the number of



&

‘ Effective factors lower for all three fatty acids.

55
— . hd
Y
Because of the

variable effect of maternal and embryo genotype on the fatty acid

co-position there is no di‘stinct advantage of the "half—seed"

. tec@ique (Downey and Harvey 1963) over . conventional methods.

'

i
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