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i - ABSTRACT. -~ - . .
Four common wheat ( Triticum aestivum L. ) cultivars, two - i

{ N

N

each from Canada and Mexico, were reciprocally crossed and backcrossed

in all possible combinatlons. The seeds obtained from dlfferent
generatlons were analyzed for nitrogen content using standard
mlcro-kjeldahl technlques. The genetic study of this quantltatlve -

character utilized Grifflng s ( 1956b ) method of analy31s for gbneral
ot i s
' ccmhlnlng abllity, speciflc comblnlng abillty and rec;procal effects ' {gj

and Aksel's ( l974 ) method of analysis of means of reciprocal crqsses.

The results of the general and specific combining ahility anaIYSis

_ show that there'are genetic differences between the cultivarsjfor

v

seed nitrogen content and that additive gene effects are,more'important o

’ than non-addltlve gene ‘effects in their contribution to the variance.".

. \
- The analys;s of means has ‘shown that the response of the’ 1d10type in

' dxfferent env1ronménts,was cross dependent and that more than one

~

'genetlc model was required to explaln the data. Plasmatype affected

the expre551on of paternal alleles in flve of the 51x crosses

considered and alleles for reductaon of nitrogen content were found ..

. \

to be'mostly donminant. -
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[ \ ' IN’I‘RODUCTION

. ' (
- ghe character nitrogen, and impliditly, protein content

‘in the grains of cereals belongs to that group' of characters, some

/
of economic value, which show a tontinuous gradation of expre851on

dwithin certain developmental—physiologically and genetically determined A_

/
limits and are. referred to as quantitative characters. In regard
to a quantitative character in cereals and in plants generally, the

notion of phenotype can: be derived as a function of variables

1 '\

' idiotype and environment, which are themselves‘functions of variables

]

enotype and plasmatype, and of different climactic and edaphic .
_factors respectively. In other words, the term phenotype applied

to a quaktatative character quite often may 1mply a very complex

J .

v

situation. This complexity, often 1ncreased by assoc1ations o

| among characters some of which may not be defirable, complicates
_ fthe task of plant breeders in obtaining superidr cultivars andlpd j. :
that of genet1c1sts in elucldating the mode of . transmission,
A'expression and assoc1ation of quantitative traits,,Since 1n the‘
case of such traits, the 1nd1v1duals of a population cannot beli
‘f_grouped by their phenotypes into a few discrete genotypic groups,fl
| biometrical methods are used in the study of ‘the genetics of - .{

_ vsuch characters. The purpose of the present work is to study the

inheritance of nitrogen content in the grains of common wheat

(_Triticum aestivum L. ) by using a set of rec1procal crosses

and backcrosses obtained from four different parental cultivars..

.
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: LITERATURE REVIEW

1

Experdments conducted by different researchers -at differént~

" times and-in different places have shown’ that protein content of
:Athe grains of cereals is highly susceptible to changes in different
) environmental factors ( Botkin 1935 Heller & Sieglinger 1944
nEck & Stewart 1954 williams & Smith 954 Genter et al 1956 Miller
‘et al 1964 Campbell & Pickett 1968 /Ho;]:jati & Maleki 1972 ). |
o Moreover, with regard to protein con ent, it'has been noted
_that the contribution of env1ronmenta1 factors to the phenotypic

1t

'variation was‘usually larger than at ‘of genotypic differences

"among cultivars ( Bhatty 1963 ). Several studies conducted on .
) different cereal crops have reported negative correlation for the

characters yield of grainAand protein content in the grains

1n response to enV1ronmenta1 changes ( Botkin 1935, Hobbs 1953

y .
o

Eck & Stewart 1954 Miller et al 1964 ). There are also reports for
dfnegative correlation-between protein content“and'lYSine content'

expressed per weight of protein ( Sauberlich et al 1953 Gunhardt &

-'j“McGinnis 1957 Bhatty et al 1963 ). However, 1t has been claimed

that for wheat this correlation is found only in samples with less

than 13 5% protein ( HOJJatl & Maleki’ 1972 ). In studies conducted Hh;'

"by varying the genotype, i. e., by uSing lines of cereal crops differing

for grain yield, 1t wasrfound that the amount of protein in the
_grains was negatively assoc1ated With the yield of grain { East & Jones

1920, Clark & Quisenberry 1929 Malm 1968 Collins & Pickett 1972a,b ).

"

H ever the coeffxcxents of correlation, although SLgnifxcant, were

’

n high enough to suggest pleiotropic gene effect g§€§;;a of linkage. .



A k,/ oo .

o 'i': " Frey ( 1949 )Shas studied the inheritance of protein

-——‘*~—and -zein-content in—the grain—of—corn‘i—maize )— by_crossina high

-

{

and low protein llnes and analyzing theirx progeny. From his studies,

-

. he has concluded that the cross f1ts an: arithmetic gene interaction/

4
.

§
P model X4 Charles & Smith 1939 ) and that there .are at least 22 genes

affectxng ‘the character proeeln content and at least 6 genes affectlng

L b BRI S

I the character ze1n content However, hk»has assumed that the proteln

. . »

‘content of seeds borne on an Fl plant are a character of that. generatlon
0"

-

X
whlch is. not true,‘ N -

. . '

: Johnson and Aksel ( 1964 ) have studled among others] the

1nher1tance of nltrogen content 1n barley gralns by u51ng‘i

twelve-parent dlallel cross.” They found the character to be 1nher1ted

as ‘a  dominant tralt w1th high expre551on of the charact%r assocrated

" L ’
. . ¢

. with recessive genes. . .
Experimental resilts on proteln content 1n,gra1ns of crosses
. . ?
e - betwézh common wheat lines were reported by Q}arkmandfbulsenberry
| 9( 1929 ). However” the lnterpretatlonAof”th§1rt;esults 1s rather
. R . H AT . \;
difflcult since the generatlonsnébn51detééiégie not grOWn in the .

same'year. Aksel { 1956ﬂ) Srrnveski

= a-.\,

a‘ed the pnoteln content in the )

.

il

gralns of twelve common wh\atacultlvarviagd ten of the1r crosses.
N g

NS o o

He has found that in two.Fl»CIOSses the proteln content of the graln

‘h

* ' was the same as, and 1n elght lower than, that of thelower parent.,

F

The same was true for groups of. plants taken from the F2 generatlon

x .
IS

of some of the crosses. For others the amount of proteln 1n the
L4 SR

gralns of 1nd1v1dua1 F2 plants was elther 1ntermed1ate, tha same as

or-higher ‘than that of_the hxgher parent. . .. _f' o ":' o : <i



" Materijals

,A.

R -
MATERIALS AND METHODS = = - . °

.,

The 'xiia‘terlals’“‘u's'"éd“i‘ﬁ“th’i‘s“’s’tudy‘were‘obta‘iné'd"from~five~f—-4j

supposedly idlotyplcally different cultlvars of hExaploid ‘wheat ./

,'( Tritlcum aestlvum L ) Wthh were crossed end backchSSed 1n all

:npossible combinations ( 5oomro 1974 ).

. provenances are:ﬂ 1i
'2)
“3)

4)

.

. The éhltlvars used and thelr
/ 1

M7Marguis'—-Canadieq 'im

CH-Chinook = Canadian BN
I-Inia —-Mexican‘;

¢-Ciano - Mexi¢an o R

K-Khush—hal - Paklstanl

.There are phenotyplc dlfferences between the parental lines for the

.'character plant helght and for characters determlnlnq the splkeland

kernel morphology. On the other hand, some genetlc 51m11ar1ty 1s to be

o

1
[

\

expected between the Mexlcan varletles Inla and. C1ano 51nce they were

. derlved from crosses Wthh 1nvolved ‘the same cultlvar Sonora 64

‘For each‘palr_of cultlvars_the follow1ng-generatlons of';

>

“reciprocal crosses were grown ( the first parent indicated is the

female ): . _
| [aBJFL
C[aBIF2
[ (aB)AIFL
[ (aB)BIFL
[A(AB)IF1
{B(aB)IF1
__  [(AB)AIF2
. , [(@B)BIF2
A (B)IF2
; [B@B)IF2 &

. The‘notetion follows that of Aksel ( 1974 ). Y

- -

v ftBAdFi = reciprocal Fls ]
' itBA]FZJ - celfed'reCiprOCal Elg_ S
S t@mawry s

[@)BIF1 | reciprocal backcrosses:
a@ye | SRR

o BENFL | L - _

CLrEmaFz 7 o
[(BA)B]FZ., - selfed ret:i;'irocel ey
{A(BA)]IF2 ' ‘téckcrosseS’ . ' V\-
(B(A)IF2 | -
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§ The five parentals, ten différent pairwise combinations of

"these five parentals;and tweqty different crosses for each of these ten

‘different combinations provxde a total of 205 genetically different

"

families The F2 generation was duplicated in each replication sxnce £

’ 5 (23

it has the largest number of segregating loci, to give a total of

1

225 plots per replication. ! L . - R )

‘The materials were grown in 1972 at two different locations.

'in'or'neér Edmonton,'Albertaf'Parhland farm (oDepartment.of_Plant
‘tscience,’Uniuersity'oflhlberta l angd Ellerslie F{eld“haboratory
( Department»of Genetics, ﬁniuersity of'Alberta ). Fertiliser Qas ©
‘ appligd before seeding at a;rate of 56 kg?ha of_11155A0.>The plots ; . §
used wereione—row~plots of 30 seedshEach; The density of,seeding‘was

.30 cm between rows and 15 cm betweer’ seeds within‘rous. Seed harvested
from these plants was used in ‘the present quantitative'genetic

‘.~.' /t')x;, - ) n'.z . . '
study oﬂ\the nitroaen content of the flour of whole kernels.

N One'gram of seed was taken from each of ten consecutive
plants in a r0w’and'pooled.'In Veryvfeﬁ instances'were there less than
ten plants per row; when this was,the case,'an,egual amount. of seed,

L]

- was taken from each plant to total ten grams -This amount of seed =~ ..

is the minimum amount that can be ground in the mill used In: the case
of F2 plants, a total of five grams of seed from each of the two -
. A -

rows in a replication was taken, again equally divided among the T

.

plants in a row, In the analysis of the'five parental.cultivar5~/

”{-in the three different replications within each’ of the two locations,

the ten gram samples of: seed were: treated separately. When all of the

crosses of certain parental strains were studied, seed from ‘the |

-~



¥

 two loqa~tiof;5',_ ( Ellerslie and Parkland );‘v}as maintainéd separate but.

‘ ‘the, ten gram ,samf:les(,_gof ‘each of the three .replications within a location
LI T S ' N '
- were pooled ¢ see Results.:section ). - L

J



. Methods

For this study, chemical methods from the Official Methods
. of alxsis of the Association of Official Agricultural Chemists

?f"(A 0.A. C ) were modified to handle large numbers of" samples w1th the

apparatus available. These changes should not affect the genetic ana1YSis,
since the relative differencés in nitrogen content of ‘different families
;4;1_remainpthe‘same; What follows is anlogtline of thevprocedures used
on flour from whole kernels of. wheat‘ : vbﬁn- ' ‘:'r.

The seed sample ‘was ground for five. minutes to a fairly

-

:uniform appearance in a water—cooled CRC micro-mill 1.5 grams v,

of flour was spread out in each of four aluminium weighing dishes and

a Kl

.’allowed to equilibratefin air for a period of time not less than
four hours because of lﬁe hygroscopic nature of freshly ground wheat

ff', flour"Glass weighing‘dishes ( 3Qx50 mm‘borOSilicate glass )-were

dried.in a 130 °c oven for 1/2 hour and cooled in'a dessicator over

) ; !

«3Drierite for 1/2 hour Flour samples ( Weighing approximately two
i

grams ) were spread out in each pre-weighed glass dish weighed ( to
K r'four deCimal places ), dried for one hour at 130 C, CIosed while, Still'
| in the oven and then cooled for 1/2 hour in a dessicator over Drierite
:'-}before the-final dry weight‘was determined Dry weight determinations}

: were performed in duplicate on each sample of seed~being analyzed

,Kje#dahl nitrogen determinations Were performed in- triplicate on each T
of the equilibrated samples..j L e T ‘

O 1 grams of flour sample was taken from the aluminium _

pans after a minimum of four hours in airtand was. digested for one

e Lo
= B

hour ( see below for time requirements Yy in a 30 ml kjeldahl digestion‘



[ o o o R : o ‘
flask with\the following additions ( all chemicals used were reagent.

grade ). '
S 4—3 carbon boiling chips

134 grams -of-a catalyst~mixture—prepared by mixing- 130———w~—4———
) gram% K so with 4 0 grams red HgO ' '

2 ml concentrated H2804

. The flour samples contained no large particles which were reSistant

' to acid digestion. Follow1ng digestion, 8 ml of ‘a sodium hydroxide/

sodium thiosulphate solution ( 50 grams NaOH and 5 grams Nazs O SH (o] )

. were added to the sample in a. Pregl type ( Parnas—Wagner ) micro-kjeldahl '
distillation apparatus. The ammonia . released was steam-distilled | ) .
. from the sample.and was trapped.in's_ml of‘a boric aCid solution - ;.."*Y
- 4%_H3Bo : . v . :

continued'until at 1east-15 mlfof'water.had condensed in thenflask.:

3) in a. 125 ml‘erlenmeyer,flask. Steam distillation was

Three drops of a bromcresol green/ methyl red indicator ‘were added to
the distillate which was: then titrated to the first appearance of

pink using 0.02 N HCl..ff

: : la
Experiments were run\Qn a pooled sample of seeds to

- determine the minimum time negesgary for complete digestion of flour

as measured from the time of ad?ition of aCid. Distillations of

" the . samples were’ done at random for.five‘replications each of

bne, two, three and four hours of. digestion and for four replications '

| of five hours of digestion accordingﬁto the procedures already outlinedr
.There was no Significant difference‘among,hourslof digestion,in_n ) |
.the'amount'of;ammonia:released and‘there was no'Significant‘heterogeneity
of replications w1th1n treatments. Therefore, all samples in this study

were digested for one hour. An even shorter time. of digestion, 40



minutgs, has been usea for corn protein with a different catalyst

mixture ( Villegas & Mertz 1971 ).



LM

Calculation of percent nitrogen \
. A
\

The percent nitrogen in: the flour samples was calculated

)

10

wlth the following formula:

( ml of 0.02 N HCl ) x 14. 007 x { 100% )
( 100 mg flour ) x (1 - L/1oo )

tN =

o where 14, 007 is the equlvalent welght of nltrogen and L is the

\

mean of the two dry welght determlnatlons expressed as percent water

per air-dry flour. Determlnatlons on bdanks were not performed for

eaeh sample. Instead the pH of the water 1n the stéam generator was

\

adjusted w1th H PO3 'so that less than O. 1 ml of O. 02 N HCl was,
\

\

_}equired to tltrate a distilled water sample. The kjeldahl

- determlnatlons ranged from 8.5 ml to 11.5 ml of 0. 02 ‘N HCl. ‘Three

figure accuracy has been assumed for all the\percent nitrogen

values which ranged»from 2.70 to 3.40. \ _j | v o

,fItvis customary for nutritionists to\multiply'the percent
» : ' : : : .

o nitrogen by 6.25 to convert it to'crude‘protein.s%nce certain R

calculations important in nutrition studies are facilitated by

-

this canersidh ( Pomeranz 1971') .This conversion factor is an
overall average value and is used for all proteln% Cereal chemlsts

multlply the percent nltrogen by 5 7 to estlmate the percent crude

proteln but prec1se methods of amino acid analy51$ have sh;wn that

" on the wheat proteln studled { Pomeranz 1971 )f In “this stud '

',5the proper conver51on factor may vary from 5.24 to 5.68 de endlng )

y
the percent nltrogen values have not been multlplled by a.

convers1on factor for this 1samerely a unlform change 1n the scale

of measurement._Whlle the analys;s has been performed on the char cter




«

nitrogen content, the results should épp;BTto the char

protein as well.

’

N

acter crude

1




. RESULTS oo SR

' Exploratory Analysis I - o L

v '_' six nitrogen determinations were performed on the five

o

parentals for the‘ﬁix replications - three at Ellerslie ( ER ) and

- of the plants.

—

three at Parkland (PR ) - and on the twenty possible F2 families for |
Ellerslie Replication -1 ( ER~1 ). The F2 generation refers to the ;

+

seed generation that was collected from Fl plants, not to the generation

An analySis of variance was performed on data ( Appendix ) .,

for the five parental lines grown at the two locations. A fixed model

-

was assumed and all terms were tested for" signifigance w1th respect

: \
" to the Error MsS. The results are given in Table 1)and show that the

. N

parentals are genetically different for the character nitrogen content

- and that this character also depends on- enVironment. The F ratio

'

for the Location MS is much 1arger than the Between Replications
ithin Locations MS. Thrs shows that the difference between the effects

at the two locations is much greater than that within locations. Because

. of this, it is reasonable to pool the seed sampdes from the three

..replications before performing the nitrogen-determinations .in all the

crosses; Moreover, using larger samples should minimize genetic sampling

errors which may be important since all of the non—parental generations

are genetically segregating and since the Character nitrogen content

is, most 1ikely, controlled by polygenes.

: . B
‘The F2 generations were studied in ER-l in order to.

obtain an idea of the range of variation to be expected in the

hybrid generation§ Since it was not practicable to analyze all the

3
(] .,

¢

12
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fable 1, | o i

13

Joint analysis of variance for the five. parentaf‘

lines grown at the two locations :'ﬁ' 1" - % 

.
ol [

source ss . DF. il "MS & F

Total . 1. 736i7o el  “'f -

vats . ¢ 11.207717 4 j'<;2'301929  s3.a4 "

.0.341120 1 341120 60‘38**
0.010263 4

Between Repllcations

’ L B .
0. 002566 | oa45
within Locations .;f'.q'0d6676'i - .
Exror = .. .0.090393 ' 16‘ . O. 005650 e ..

Cultivars
._Locations :
) Locations x. Cultlvars
"o, 021669 3 84"

- g s >,
o , (;¢*-) P o%o1-
L (%) = o 01 <P “0.05

v (ns) =P > 0.05.

=
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. combinations.of the'five”parents,_one parental line and its hybrid.

““——“progenies were- to—be~removed.
n The preliminary analyses‘- shown’ in\;;bie;3 - revealedfa»:
certain degree of non-equivalence of rec1procal cresses whlch was most
marked. in (MC)F2, (MI)FZ and (CCH)FZ crosses. The differences ’
between rec1procal crosses 1nvolv1ng K parent were small S0 1t was'

;'dec1ded to exclude: K parent and 1ts derivatlves from further analyses.

'$ Although the mean values of the parentals in ER-l differ from the mean

.values of the parentals averaged over the two locatlons ( Table 2 )

it was h0ped that the pattern of non—equlvalence would not depend

'upon env1ronment and that ER-1 would be representative._

In all subsequent*analyses, the four parentals M, C' I and‘CH
‘and their hybrld famllles were ‘used and seed samples from the three '
' repllcatlons w1th13 each’ 1ocat10n were pooled The famllles for the
,,.four parentals were randomlzed and three nltrogen.determlnatlons Were
made on the same day on each.famlly. After thlS was - completed the
famllles resultlng from the cross of C and.: M were randomlzed and
3 analyzed agaln. The llnes M and c had, respectlvely, the lowest and :
the highest expressrons of the character - and thelr F2 generatlons'
:h.showed the greatest noneequlvalence of reolprocal crosses ( Tables 2, 3 ).
. . Other famllieslwere reanalyzed if there were only two
,

vinstead of three determlnatlons or 1f the range in tltratlon values

was greater than 0 3 ml of 0.02 N HCl. :’:'



tTaﬁle 2>

The mean percent nitrogen content for . the five

parental lines averaged over the two locatlons

'nean N over - <nean N
two locations -in ER~-1
2075 0 2,79
2.3 - 2.76
321 332

" ‘Cultivar

HoO xR

“cH . . 2,88 - - 2.88

Table 3

- 2.87 - 3.0

-0

' The mean.percentage nitrogen content of the »

-reciprocal F2 crosses in ER-l

. Parentals - (aB)F2 - (BA)F2 .
MK 279 - 274

M, o ff3:06 s B 2’79‘_ T

Mmooz 87 = 2.75.°
UM,CH o 2,77 . 2185
KC - jz 79 - . 2.80
KT 2,96 R o
CKCH . 275 2.68
Cer 2.8 2,93
c,eH 290 . 302
1,0 . 3.03 . 301

_(AB)F2- (BA)E2

.05
27
a2
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General and SpeCific Combining Ability - o . _ S.

‘The F2 and F3 generations were analyzed for family differences“’

’

*.and location effects, and for . general and speCific ccmbining ability
t( g.c a. and s.c. a. f according to Griffing s ( 1956b ) method 1 ' .
model 1. The results are given in Tables 4, 5 and 6 for F2 generation
iand in Tables 7 '8 and ‘9 for F3 generation. The complete data are |
“_in Appendix II.' '” :f‘ .. L "'.: f_' G f'._; o f: ]<}

- The analyses of variance for F2 ( Table 4 ) and F3 ( table 7 )

e 3
‘ show that there-are‘varietal differences and‘location.effects'on the

’

. character nitrogen content.- the latter.component being a more.,
: 1mportant source of variation than the former.-ﬂjf' |
‘n'f-. The g. c‘a. and‘s c.a. analyses of'variance, for both F2 -
.:(»gable_sl)-and F3 ( Table-sl),.show,51gnificant g.c.a.,and s.c.a.
~._effécts:.dn.the'other'hand,'neither‘generation‘shows significant :‘,'
l _reciprocal differences. lf'the.estimates of'g.c.a.'in these materials
"_lmeasure predominately additive genetic variance ( Griffing 1956a ) |
- then they should remain unaffected by changes in the degree of ;
‘;heterozngSity, 1f the estimates of Ss. c -2 measure predominately
“fnon—additive genetic variance, then they should be affected by thei
yhdegree of heterozngSity. Consequently, the ratio of g c.a. Ms to ,
Hs c.a. Ms should 1ncrease for succeSSive selfed generations. The
7“:resu1ts are con51stent W1th these expectations. First of all

pa1rw1se comparisons ( Table 10 ) show that the g c a. estimates for

‘the two generations are the same. Secondly, the s. c. a. estimates are

.":larger for the F2 than for the F3 generation, espec1ally the estimates

',on the diagonal ( compare Tables 6 and 9 ). Finally,.the ratiopof



F2 Generation

- 2 .-Tahle 4 f
two-way analysis of varianee

Source R ”ss:\ . DF . MS F
\ Families 0.501201 . 15 | 0.039413 - f-6.49**
Locations - 00722 - 1 -0,0722 . ”; 11;2?**

" Error 0.091049 - 15 0.00607. = -
Table 5 L e S
T ana1y51s of variance for g.C. a.,.s;e.a. and reciprocal differences

'Source‘ "' "SS‘:; . DF" S MS <‘F' v . o
, oo - S S kk T
g.c.a...  ..0.2188 0.072933 - 216.28 | .
“s.c.ai’ - 0.070102 . 0.011684 - 11.55 < .
_ reciprocal =, 4669590 6 0.001142 . 1.137°
- differences - : : T a ST
~ error - - 15+ 0.001012% -

[« I ¥

P 6 0 01
0 01 < P <€ 0 05
P >.0. 05

_,'7.(**')"
() =

',’;}'.‘ (ms)

. - ‘ S L :
thlS error ‘MS is -EEEQ-f§§ where b is the number of locatlons and c

_be:
‘is the number of" observatlons averaged for each entry
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s.c.a. and g.c.a.

F2 Generatibn

" . Table 6

( below the.mgiq diagonal ) .

.054
. *k -
109
- .015™
.015"%

. 018

© L0157

B3

SN -

~ B
e
N

Py
Ve
v

~
]

‘BeCole .

c I

ns

‘ K 1 )
.115° -=.085

.098

' ns

. 20069
0169

~.026™%

e k-

. .030"%

.0056

.0126

~

CH

T N
‘54046_1

R
-.078

g.c00.

: ek
~.060

Lk
1142

i

vglues'and reéip?oéai differehces'

——

Jo12 L
0225 .
,0251, -
0195

e

20195
= .0159

- Nt N
]

.0220

- P <001
0.01 % P < 0.05-
oo s (n)=P>0.05 .

o
il

.‘.A-
LW
S
!

o A .
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N

S . & ﬁ\}
\ ’ )
. \ | |
. F3 Generation .
) H 'y ! ?
d ’ L \,;::,)
' S nanre o
o-way analysis of variance
. Source . ss-  DF Ms F
Families 0.491570 15  0.032771 8.30
R . g o *k
Locations 0.072390 * 1 0.072390 18.33
" Error - .  0.055265 _ 14 = 0.003948 y
R T
_ Table 8

analysis of variance for g.c.a.;ms:c;a. and reciprocal differences

\

-

'~ S.c.a. ~ 0.022648
© - reciprocal g
differences 0°009322

‘exror
SN

. N m‘ 0
thls error MS is -f§§§7§§

Jds the number of. observatidns averaged for each entry

‘g.c.a.  0.213163

e

’ N ' *%
3 0.071054 107.98
a- .. =
6 0.003775 ' 5.74
‘6 ' 0.001587  2.41"°

' a
14  0.000658

( ** ) = P 0. 01
(* )\= 0. 01<Ps 0. 05

| ~(mns ) = P4> Q.OS

s
v,

here b 1s=the number of 1ocatlons and c :



‘F3- Generation
o RN
.Téb%e-9

s.c.a, and g.c:a..values,fand'teqﬂprocal differences-‘
. . . e . . .

( below the main diagonal )

s.c.a. © g.C.a. ; L,
o : T 9, | s,
oS * ns- ns - ** o | PR
M -026 4 -+038 . .030° -.018" ”—,072 - - .0049 .0010
) % Lk *k ‘ ns R L L
Cc .06l 070 . ~-,043 .  -,011 .138 .0188 . .0014
, i * ns * T T R L
I 0400 ° ,020°" .053  ~.041 -.035 .0010 .0019
. ' ns - % e - "
CH - 1O0** 035 049 .048° . -,032 - .0008 - .0007.
A xx |
4 =2921 - o V B -
‘ sa( 4 ) = .0064 - sd( §il-§j ) = .0128 .
.gd(agi_)A=t.007?  Sé( fii—fjj‘) = .0257
sd(;fii )‘='f019% ,',‘sﬁﬂ fiitfij ),= .0287,j
-sd(-fijjl = .01%3 o osd( fii—sjk ) = .9222
éd( X5 ) = lego o Sd(-fij-fik ) =.j°?32
: Sd('si skl ? #v.0181
» . . . S l*)=psgo.01
7 T (%) =0.01<P< 0.05
"~ (ns)=P>0.05



. e

‘Table 10 - _— .

_ .K Paj.rwisé comparison Qf g.c.a. estimates
) .j‘from F2 and F3 - . : '
B A | difféience Lo

M F3  F2-F3 - sd e

M =060 =072 012 ;0911 .13%°
¢ .42 .13 - .004  .1970 .02%%" -

1 -.031 -l035 004 - .0424 . .09°
'CH 5,051  -.032 =-.019  .0566  .34"°

~



""g.c.a. MS to s.c.a. MS is 6.24 in the F2.and 18.8 in the F3 generation . °

'('comparevTables 5 and 8 ).

The s.c.a: terms for the parentals are large in magnitude

i and positive‘in’sign while the terms forfthe,hybrids are small and'of

either'sign. The high nitrogen?content:of the C‘parent is reflected in

22

V-WLth similar g c. a., differ in nitrdgen<content-because M has a‘low

the high values of both'g.c.a. and s.c.a.. M and CH parents, although"
) 2 o . N o E

“~

\*«ﬁ .

'and also persists in the F3 generation.

In none of the F2 or F3 crosses is the nitrogen content as

'-high as that of the better parent. This is. reflected in the. many

negative s.c.a. values found on the off-diagonal of the S.C.a. matrices.

' -,Furthermore, all of the families of crosses except those of parents f'

"M and C, show negative heterOSis in at least one generation at one -

-

of the locations, and one set of them, the crosses of parents I-and

» CH, shows negative heterOSis in both generations at both locations.

Since the mean square due to reciprocal differences ts not '

' Significant ( P 0 05 ) for either the F2 or F3 generation of

S
-

-the diallel crOSS, it would seem that there are no plasmatic differences :

‘among the parentals. However, in the anaIYSis of means that follows,

all the parentals except c and I can be assumed to differ in plasmatype

Theqe are three reasons for making this assumption despite the fact
that the mean square due to reciprocal differences is not Significant.{
Firstly, for all crosses except C I .and C CH, the reciprocal differences o

observed in the F2 and/or F3 generations are significant ( Tables 6 and

ee 1

"‘9 ). Secondly, the analySis of means includes backcross generations e



which show plasmatic effects in all crosses except the c,I cross,

vand thirdly the family means are. not averaged for the two locations-

" for the analysis of means as they were for the familles used in the

._g.c.a. andvs.c.a. analysis.

23




'vAnalysis of means

:In Aksel's ( 1974 ) notation, the idiotypes -of the parents
A and B.are<I(A)-= {ﬂ(A),U {a} } and I(BL = {ﬁ(B),U {b} } and those’

~ _th
of the n generatlon of thelr reciprocal crosses are .

24

.I(AB)F = {ﬂ(A) U {a,b} B and I(BA)F {ﬂ(B),U {a b} }. It is assumed
lthat the hybrld has the same plasmatype (1) as 1ts femaiéNEEEEH€‘“\
but- that ﬂ(A) = ﬂ(B) or. ﬂ(A) # 1(B). A
Non-egulvalence of the.reclprocal crosses with‘respect to.
the,character'expression implies~that:ﬁfA)' n(B)'and conceiwably may
» be due to the 1(a) sensitiwity:of U {h}<:{ﬂlAj*U {a'b} } or to the
‘ﬂ(B) sen51t1v1ty of U {a}<={ﬂ(B),U {a,b} } or both. According to
' Aksel (1974 ) thls 1dlotyp1c notatlon, in 1ts most generallzed"brmf
‘15 the same for crosses\as well as for backcrosses. ‘ - '
) The formulation of the genetlc models and the analysxs of
sets of famlly means. follows the pattern discussed by Aksel ( 1974 )
where three ba51c models are 1mp11ed. | |

o l) Genotyplcally and plasmatyplcally dlfferent parents-'

E::(X?)F = m + p[d] + q([h]+A[h]) ¥ r([d] A[d]

where'Ex(XY)F denotes the expected ( E ) mean ( x) of the nth'_-

kv( nv=.1'2'3,... ) flllal generatlon?of the cross between X Q‘;

an'd-Y—d" (X#Y; X=A2,B a8), (B3); and ¥ -A,B (AB) (88); p,q and rv.

dre coeff1c1ents such that p+gq+ x é 1 1f X = A, Y =8B or X =
‘Y = A-'m 1s the- m1d-parenta1 value,v[d] 1s the sum of the genotyplc

‘values of d1fferent1a1 loci when homozygous, [h] is the ‘sum of the

,,genotypic values of dlfferentlal loc1 when heterozygous, and A[d] and -

.



A -are the effects of maternal plasmatype on the expressivity of the

paternak\set of alleles when homozygous and heterozygous respectively.

2) Genotyﬁlcally different but plasmatypically the same parents.

4 + xs-

25

y _ m(xv)r_-.a_m +(p-r)a)+. q([hm 6] [ —

. i

"where Gidj‘and 6[ h] appear only in the backcrosses and denote gene,ZVJ
;dosis effects in homozygous and heterozygous states respect;vely.i'
| '- :3) A mixed model with both A and & terms ¢ where, however,
A may or may not have the same meaning as an nodel 1.°

| | ‘4 The separatlon of A[ j from In], or of both A[h] ande[ i
from- Iéﬁ and Id] 1s p0551b1e only if a certain’ comblnatlon of assumptlons
v is 1mposed on the model and of course, 1f _the model f1ts the

experlmental data. o o ' _ - — _ .
The expression of plasmatic effects, if.any, in the crosses.
Tae on : e R e v

dealt ‘with in this study is rather'confusing and it;doesynot‘appear

‘ to.be consistant. over environments:and/or over generations..M,C cross

- s
o

"‘shows patrocllnous 1nher1tance at Ellerslle but matrocllnous eritance o

at Parkland- M I cross .shows larger patrocllnous effects 1n F2 than
in F3 at Ellerslle but this is reversed at Parkland After examlnatlon

of the data for non—equlvalence of rec1procal crosses, it was - .assumed .

.that all crosses, except C,I, showed plasmatlc effects and the
‘reciprocal cross and backcross‘famlly means were. separated 1nto two s
'supposedly plasmatically dlfferent groups. | |

N _
‘Several of the backcross generatlons, in the ?(A) group

”-for 1nstance, are genotypzcally the same; y;z,.IA(AB)]Fn, [A(BA)]Fn

, Qand,{(AB)A]F#. The families were‘analyzed”first_uithfthese backcrosses
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taken separately and then with theSe families pooled In most cases
( specific exceptions will be noted later ) this pooling resulted
_ in’ lower standard errors for the parameters Presumably, pooling these

equations eliminates random variation among ‘the’ backcross generations

' which cause lack of fit for the separate equatlons.

* ~ The -IhJ parameter can be separated from [h]) only if the :'
reciprocal Fl cfosses ari.equivalent and certain assumptions are
met w1th regard to the expressxon of gene effects ( see Aksel 1974, o ,
'Smith & Aksel 1974 ). The Fl generation is not available in this -
:dstudy:/fhus the term [hJ 1n the additive—dominance model is in fact
N'A'(Ih]_A[ ])dwhen used for fam111es with the same plasmatype Attempte>.
were ‘made to separate A[ a) from [d] but the matydix resulting from
:the families aVailable could not be 1nverted Without making certain
assumptions as to the effect of the plasmatypg on the parental .
gene set For example, if the effect of the plasmatype on the expreSSLOn
of the character is the same fo‘ genes from the paternal gene set
:in homozygous or heterozygous con_'tion then (1/2)A[d] = A[ ].-If |
~ one also assumes ( assumption 6c, Aksel 1974 ) that the paternal gene -
’set is unaffected by maternal plasmatype unless lt has. been assoc1ated
w1th its maternal allelic set for at least one generation, then ,"
"‘-an invertible matrixiresults. This method has been trled for the M c
H)cross whose hybrid generations show the greatest non-equivalence o
,of the reciprocals but no improved fit was obtalned. This would 1mply h S
that either the genetic assumptions necessary'to invert the matrix |
h are’ not valid or that the sxtuation is complisated bg epista51s.:.

o

In the additive dominance model used for one plasmatype,_



@

[a] 35 in fact. (Il 0. - o P,

The parametersv(IdJ+A ). and (_[h]+AI ])'are measured

with respe,_ tom' = Ix{ﬂ(A),U a} } + x{ﬂ(h) U.Ib} }J not with respect

to_m =_[x]%/n) U Ta}_ }—+—x{ﬂfs) U—{b} }] as—is the casghfor—analyses

where no plasmatic dllferences are assumed “If the families avallable

for the different plasmatypes would permlt A[ aj and-A[h]‘to be’

'estlmated, then the terms [d] and [h] would be measured from the

4 :
mid—parental value m. _ o, " . 5

In all of these analyses, 1t ‘has beeﬂ assumed that there -

is. no interaction between loc1 requlrlng “the lntroductlon of the

ypdramEters’Iljﬂ [J].%nd Ill in P}éce or GId] and th] and/or A[d].'
“and AIh].‘In point of faCt analees'were attempted using these:pafameters

but the standard errors of - the parameters were much larger than

v
L3

those obtalned usxng 6[ j and 6[ j so the results have not been

- 1nc1uded No attempt was made to comblne these parameters in analy21ng '

" the data. B

' The systems of llnear equatlons resultlng from a partlcular ' o

”model were solved by multlple regre551on methods ( Draper & Smlth.1966 ).

The six crosses have been analyzed separately and the results
are glven is sequel In the dlscu531on that follcws, [d]' and.[h]'

are ‘( [d] s 1) and '.v( [h1xA ) reSPGQtlYe‘l.y-.



Table 11

a) . Mean nitrogen content of the- famllies having Ciano ( C ) anﬁ‘
— » _ Inia (I) as parents ' )

o

l)ﬂ-

v

2 f(c) R PR - %(1) ER. PR
amilies a i .- families. S
C parent 3. 39, 3.15 I parent - .2.98 . 2.83
(CI)F2. - 2.93. .2.90 -  (IC)F2" 2,93 2.94
(crF3 -~ 3.02  .2.96 . (IC)F3 . | 2.98 2.97
. [cenmJF2 321 3.09 . [I(IC)]F2.  2.84- 2.88
l¢EnFs 3.8 3.03 [T(IC)IF3  2.94 = 2.88
[C(IC)IF2 ° 3.16 . 2.99 = [I(CI)IF2 -2.97 .-
[C(IC)IF3 - -2.96  ~2.95 . [I(CDIF3 3.13° 2.97
S leneFz - == 3.1 [(IO)TF2 2.98  2.88
. [(CI)CIF3  3.21 3,06 - [(IC)IJF3  3.08  2.99
_l‘[(cx)xlpz. '3.12 -3.01° -+ [(IC)CIJF2 - 3.18  3.05
- R ’ o - , e
CI(Cn TIP3 .3.02  2.97 - [(IC)CIF3 . 3.03  -2.90

‘b) Parameter estimates ‘

Parametéxs ;ERT" , “PR
- C e oWk o
& 3. 17 *s03 2, 99 +.02
}[éh ' Z. 21" t04 .16 ‘-.oz N
S R <.48 %12 -M1"%r06 .
w0 8 -577%:33 . -.44™t16
’ ' +.26 . ,187%:.12

(*)=Pso0l,
10,01 <P § 0.05"
P > 0.05

L -
’.
S
]

-~

-]

L
]



- C,1 Cross
: :
) The family means for this, cross and the parameters L

-‘~_estimated from- them on_the_assumption of validity of model 2 are -

~

given in Table ll..

o - ;; The significant [d] terms at both locations and the
significant Ih] term at Ellerslie show that the two parentals are
: genotypically different for the character nitrogen content The alleles
| for lower nitrogen content appear to be mostly dominant.l"
' While the additlve effects of the loci- affecting the
‘character are the same in both 10cations ¢ [3]ER—[3]PR 05 _.04 ) -
<
) the dominance expressed by the alleles ‘for. lower nitrogen content .:

depends upon enVironment ( [h]ERr[h]PR - 37 _.13,) This implies'<

genotype—envrronment interaction affecting the eXpression of

heterozygous but not homozygous loc1.:

The 6[ al terms, while not 51gn1f1cant,_show the same

trend at both locations. This would suggest that gene d051s reduces

e
the expression of the alleles affecting ‘the character nitrogen

content when these alleles -are. homozygous. : ,»“'
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‘ SRR Table 12 : - o
Mean nitrogen content of the families having Marquls ( M )

and Ciano ( o )—as—parents

\

30

"°M)

faxhi_lies"
M paren't"‘
 ()F2
 (MO)F3
[M@C)IF2
© M(MC)IF3
 [M(cM)IF2:
< MM IF3
LMo MIF2
[(MC)MIF3 .

[(MC)CIF2

[(MC)CIF3 .

2.85

°3.15

.3.05.

2.89 -

3.00 .
. 2.81.

2.99
2,90

-3, 08

-b) '\Pa.ra‘met_:er estiJna’t;es’ '

-Parameters

A
'

Sy
R
. DF

m' l'._2;9o*f:.p4f ﬂlg.QS'
',Qspsi.os_:f?i'44
48%5,13
787527
S+.20

§ .
(Jdl

-, 49"

g -

3.08
2,91

ER -
. .v((r)

-
2.73
- 2.93
2.78
2.95
2.74

12,90

. .15

96

. 2 oy

2,84

2.85 -

-.62“5;.24‘

Cagc)
families
- C parent .
C(CW)F2 .
_f'(cu)r3
Ic(anIF2’
-j(c(CM)lrs
[c () IF2
' [C(MC)]F3
. LemciFz.
(CMICIFS -
 LemMIF2
LEMMIF3

.(*g),p

(>

3.39
2.89

2.97
- 3.12
- 2,94
F.z_"gg \l

. 3.10

2.86

PR

2.99 -

2.79

PR
3.15 .
2.94
2.94
- 2.86
- 3.09
3.00
'2.94
2,91
2.96
2.75.- .
2.81 -

< 0. 01"

) =0. 0L <P

0,05

‘(ns) =P>0.05 .



MCCross .- ',

A

Model 2 has been used in ‘the analysis of the derivativeS‘

;;%“ffof “this cross with the redefined m, Id] and Ih] parameters-
‘iéid]‘h dr£]_= 0 has.been assumed for Parkland data. The family means for
Ithis cross and the estimates of pertinent parameters are given in Table
At Ellerslie, the m' value in ﬂ(M) is not significantly ;s o 1.'

- different from x(M) and the [d]' term 1s small 81nce ([d]+A[d]) = 0,

°

Aldl = ~[d] which 1mplies that the expre551v1ty of the addlthE"
.heffects of the U {c} gene set are 1ost to the extent that lt
»gbecomes 1ndistingu1sh1b1e from U {m} gene set Except for m';-none of
. the parameters reach the conventional 1evel of" 51gn1f1cance ( P OQOSe}?th:
:however; the estlmates of [d]' [h]'xand 6[ ]are different for the_. |
' two plasmatypes. This would suggest that there is a certain degree of
hg plasmatic difference for the parentals M and c.- The large 6[ i:estimates ’
’1in both plasmatypes suggest that there may be gene d051s effects. The -
'7'fact that the estimates are’ of dlfferent 31gn suggests that 1f gene . |
‘;-‘d031s is present 1t ‘increases the expre551on of the paternal allelesl

' when in homozygous state in: ﬁ(M) but decreases the expre551on of paternal =

- alleles when in homozygous state in ﬂ(C) SO B



| - | Table 13 el
.a)  Mean nitrogen content of the families havxng Inia ( I ) and '
o Chinook ( CH ) as parents '

%(1) R PR . f(CH) "R PR
families .~ - - families- I
' I parent = 2.98  2.83 7‘.> CH_parent ,‘f2;98fi 2.84
v.(xcn)Fz . -2:88 2,69 - (CHI)F2 2.82 ' 2.69 .
(ICH)F3 . - 2,79, 2,79 (CHI)F3 . 2.82 . 2.86.
- IT(CHIF2 2.81  2.86 - ‘ﬁ [cn(cnx)lrz: 2.83  2.82
IT(ICH)IF3 - 2.97 - 2.80 ' “[CH(CHD)IF3 2.78  2.72
r .f[I(CHz)]Fz';;z,Bgf L2091 }ICH(ICH)]E2‘_2}83’_‘n2 87-
" [I(CHI)JF3.'f2.98_ 2.88 - [CH(ICH)IF3 1290 2. 81 -
IGCHIIFZ’ 2.86 2,90 .. [(CHDCHIFZ 3.85 278 . .
. IKICH)IIF3 2.80  2.72 [(CHI)CH]F3 \2 87 278 .
o ltemicmF2 2.91.¢ 2.81 - [(CHDIfF2 3.01° 2.86 -
- I(ICH)CHIF3 2.90 ° 2.92 . [(CHI)IIF3 . 3.06 - 3.11w.,3*

- B) .*Pax_'axneterléstiIMtés o]

-Parameters = (1) - e i(I) o Yen
B U 2}é3ffi;bsff,'5;o4x-¢:ds 2.8 *+.04 f-’3;02ff;;d; -
far. ot .02%%:.05 . .13 f,bs-"l- 10"%:.06 02
ooR1r o —18™ea7 o -ls3 i;zb;;» - 45" ._.14f-v
"xi§féln-f' ;,‘f?ﬁ:_g,“d_1ﬂg’fj“1 JZT_‘- 44ns_.29~:-
S T T SRR T 08
R fif1168t-3,.fisﬁ;;9°l T'7iﬁo_iiiifil FPe
‘DF L 4 4 f"':ufz'vnft _t*tf::27f§ offﬁif -
( * ) = 0. 01 < P g ‘0. 05
. (ns ) =,pgéio.95,;g;»"

LA



I‘CH Cross - '] ﬂ ) e o :.;J~ _; R

The two Lines,_although having equal means at both locations,

. q,‘are genetically different and the genetic expression of the character

at parkland ( Table 13 oo .

. §[d1 and 6[ ] estimates are 1arge. ‘The large R2 valde suggests that
ek 7

is different in the two plasmatypes. This is especially noticeable
1 v

- Although, in ﬂ(I) none of the genetic parameters other than

' the mid-parental value is Significantly different from zero,«the [hL%,

4
y

‘the lack of Signifigance is due to- reduced expreSSion of the Uy {ch} "
I

gene set in. U(I). In ﬁ(CH) all the parameters are Significant. The
lines are, different in additive gene effects and the alleles for ’

'*lower nitrogen content are dominant Dosis effects increase the expreSSion

' of the character for homozygous 1oci but decrease it for heterozygous'

‘:f'-IOCi. It should be noted that the trends observed for dOSlS effects

in W(I) are the reverse of those detected in ﬂ(CH)

No adequate model has been found for either plasmatype a

: ”':at Ellerslie. HoweVer, ‘the fairly high R value for i(CH) implies '

.that the U {i} gene set is not expressed in ﬂ(CH) and ‘the

' ' .} .
‘midrparental’value m' is sufficient to describe the crosses. But this o

L _‘does not appear tc be the case in 1I(I) where the best fitting model— ‘
" accounts for only 31% of the variation. The trend for ﬂ(CH) at hV

'ilEllerslie does not appear to be Similar to the model fitted at Parkland.‘



. . Table 14 ' .
a) Mean nitrogen content of the falilies having Marquis ( M) and
o ‘Inia (I) as parents L
(M) ER PR o 101) ER PR
families . , . - .. families - :
o _Mparent 285 273 I parent . 2.98  .2.8%
. MDF2 . 2.82 2,70 (mF2  2.76  2.73
L. GmF3. . 287 2.88 C(wFs 2,86 . 2.79
MMDIF2 2.73 2.80 [r(mIF2 2092 2.84
[M(MI)IF3 ~ 2.87  2.77 | ‘.,[IkIM)]E3 279 2,79

M(IM)IF2 275 278 [I(MDIF2  2.89  2.85
IM(mOIF3 2,94 2,96 . [I(MI)IF3  2.86. 2.84
[MDMIF2 2,79 - 2,77 [(IM)IIF2.  2.84° 2.79.
[MI)MIF3 ©2.74 2,82 U HImMIIF3 2.81°  2.77

. e L oL
[(MI)I]F2 . 2.81  2.89 - LammIF2 | 2.8 2.75
[(MI)PIF3  2.83  2.94 . [(IMMIF3. 2.96 - 2.76

. $) Paramet.. ‘siimates
= o | ER - L PR - )
parameters = T(M) = (1), S 1(M) 1(1)
- - "k ' Ckk L kk '
CUR' - 2,85 .£.03 2.95 .02 2,97 £02 2.80" : 02 -
" S : C e k% - P toL
d' - o0™i03 - .04":.03 .24 £,03 .05"%+.02
~ : K SN £ : RE
th1' -.08"%:.11°  -.357.%.07. -.52.%.06 =-.10"%:.06
‘ sfdl &l — -‘;GSnsi_-.ZjLE?; - 33"8...13 T ---‘
. . N 1S R - ..‘.‘.._._'.
| S[n] T MR e E i | .09™ __.10 L
v RE T 97 ',-993 R (T
S t*)=Pgo0.01 v

(* ) =0.0I<Pg 0.05
(ns ) = P‘>'-0"_.05_ .



H,I Cross |

‘ The U, {m}k gene set in. ﬂ(I), while not expressed at Parkland
is expressed at Ellerslie ( Table 14 ). While there is no. ev1dence of
' \

.a difference in additlve gene effects for the two 11nes, ‘they do dlffer

genetlcally as is shown by the signlflcant [h]' term at Ellerslle.

- 35

-

The alleles for lower‘nitrogenﬂcontent'are dcmlnant, The 6[d].term,

while large, is not“significant}‘this_uould‘indicate‘a trend to’
reduced expression of ‘the homozygous loci affecting the character in-

‘this location'but no-similar trend is observed at Parkland.
DG

N e

The U, {1} gene. set is expressed at Parkland and the data
can be descrlbed w1th an addltlve domlnance model The alleles ®
: producxng lower nltrogen content are domlnant.. T . I 15;.

. No adequate genetlc model has been found for ﬂ(M) at

‘.7,E11erslie and no trends can be observed The model with the lowest

standard errors for the prrameters accounts for only 11% of the»varlatlon ,V"'

_ s K g
in the data..‘., SO - -..fa _ '



a)

weemte—-families

o . -

b) Para:neter, estima,te.s

1(c)

Table 1

5

Chinook ( cH ) as parents T

PR

~

S(cH)

Mean nltrogen content of the families hav1ng Ciano ( C

‘36 .

) a'nd

PR

¢ parents

(CCH)F2.
(CCH)F3

* [C(CCH)]F2

[C (CCH) IF3

re(cHo)IF2
- [C(CHC)IF3

}‘[(ccnic]gz‘
[(CCH)CIF3

"f[(ccﬁfCH]Fz""

[(CCH)CH]F3

3.39

2.93°

3.02

2,95
3.31

'3.04

3.24

2. 95

‘3.21
- 3.10

Parameters

DA
m'

).
thi*

on O

[hl

~ DF

[al

13.15
. 2.87
©3.02

;3.07

—families-

' cn parent
 (CHO)F2

3.20

3.04
3.00

3.12
'3.04

(CHC)¥3

. 2.98

- 2.99

'tcH(CHtilpz‘

[CH(CHG)F3.

" [CH(CCH) JF2
”1[cn(¢cn)]r3

3.12

2.99
'2.88

3.14

$2.90

“[(CHC)CHIF2
~ “[(CHC)CHIF2

296
1 [(CHO)CIF2

3.00.

‘1(cn)-f;1"

£.01

i{Ol»

.02

*x
£.04°

4,03

Lcre)cIF2.

"i(c)

314

2.99:
2.96

3.19 .

;pzﬁ +.03

-.51

127

((*% )
(* )

~(ns)

=p

+.07 -
-.11%%:.24
i.ll}x

0.01 < P g
P>

2.84 ,

S 2.76 . P
3.00 -
3.04

- 2.83

3.00

2.97

2,96
2,96

3.03

3,06

S(CRH) .
e
3.05 .07
1675107

-.42™5.25

005
0.05 '
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'C¢CH Cross
‘ o The analysis ( Table 15 ) shows that the expression of the

_loci affecting the character nitrogen content is very similar for

" both plasmatypes at Ellerslie. All'parameters are.significant in

’ -.'1‘(CH) while“v only' twa parameters ‘are significant- in ﬂ(C)-)but the trend
"for the other three parameters in T(C) is the same as’ the results

in ﬂ(CH), the observed discrepanc1es seem to be. due to env1ronmenta1
variation w1th1n the location rﬁther than tobplasmatypic differences.

?
AtAParkland the two-plasmatypes-are very different'from

'each‘other and the genetic expre551on at this location lS very ‘
“different from Ellerslie. In. ﬁ(C) only the [h]' term is sxgn1f1cant~u
and;the alleles produc1ng lower nitrogen content‘are daminant. ,7 |

| No adequate explanation has been found for ﬂ(CH) at
L Parkland The fact that the model fitted accounts for 58% of the '
‘variatlon without any of the parameters ( except m' ) being :

81gnif1cant suggests that the expre551on of the U {c} gene set is

,reduced in 1(CH)



“a)

~

Table 16

- v

o«

'Mean nltrogen content ‘of the familles having Marqua.s ( M )
s and Chinook ( CH ) as parents ' ’

T c )

(-M-)

families
M parent
‘(MéH)Fz '
h~(MCﬁ)F3 B
'[u(mca)]pz,-
[M(MCH)]FB.

[M(CHM)]F2
IM(CHM)IF3
[(MCH)MIF2.
[ (MCH)M]F3
- [(CH)CHIF2 -
 [(MCH)CHIF3'

' b) Parameter: estimates

_Parameters -

MR - 27
‘ ‘- 11

_.",14

[dj. -
[h], B

onro»‘

2.71
2.98

L k%
:2-81,

2.85

2.73.
2.81 .

2.95

2,77
2.85
"2.82°

2.76
2.80

11(34)

2,77
2,91

2.92°

1.01
S+.01
* L
-_.o3~,‘
_i.OG,

81,04

2.73 .
2,71
- 2,69

1 2.83

2.79
2.75
2.91

2.73

’1(cnﬁ 

families
cH parent’
- {(CHM)F2 -
- (CHM)F3

[CH(CHM) JF2
[CH(CHM) IF3
“[CH (MCH) F2-
" [CH(MCH) JF3
 [(CHM)CH]F2
[ (CHM)CHIF3
| [(cmM)MIF2
 [(CHM)MIF3

2.98

- 2.62

- 2.93

2.89

2.84

2981
2:77
2,77
-2.98

'2.82
.2.86

DF

a, oo
“backcross

4

\e‘quati'ons‘- have not been pooled '

v ..: o L ‘ ST .(‘*

' (ns ) =¥>

) =0.01 <P s

PR

2.84
2.79 .
2.77
2.80
2.82
2,67
2.90
2.87
2.73
':2;86.
2.75

=P &.0.01

0.05
0.05
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M,CH Cross

The means of the derivatives of this cross and their analysis

'are in Tible 16.

: Furthermore‘, the §

At Fllerslie,_nelther of_the_plasmatype_sets of famllles‘

_have significant add;tlve effects but both have:s;gnlfrcant»domlnance
_terns. The genetic expression of'the_character differs in the two.

‘plasmatypes as can be seén by comparing the [h]' terms ( .46 *.18 ).

[d]

‘term is significant in 7(CH) showing that gene .

" dosis reduces the:eXpression'of the character in this plasmatype.

._There 1s no 51m11ar trend in ¥(M).

No adequate model has been found for elther plasmatype

-at. Parkland but the relatlvely hlgh R value for ﬂ(CH) suggests that

‘ the U, {m} gene set is not expressed in thls plasmatype

For two of the models lower standard errors result when

 the backcrosses are con51dered separately than when they are pooled

\»

‘The trend for- the results when the backcrosses have been pooled is l”

the same as when they are. con51d ed. separately, in the case of

the.!(GHLdmodel at Ellerslle, the [h\*\and 6[ ‘terms are not

.:_:' el TR AR s s ] . "
ficant wh led b ses’ ar d\rslt t ted
'SJ.gnl 1can W. e.n pOO e} ac v eS\ e use ‘ ( esu S\nQ’epor )

-
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"DISCUSSION"

The degree of expre551on ‘of the character nitrogen content,

™

‘ and by 1mp11catlon protein content depends upon both the 1d10type of

the cultlvar and the envrronment in which thequltivar‘is grown.mIn
:;the»PrgSent case, the variance component due to 1ocation_effects is .
'1arger than that due to.famlly effects'rn the analysis‘of'rariance'of
.parentals F2-and'F3 generation-'Clearly,:environment was nore ‘ |
important thanAldlotype in determlnlng the expre551on of thlS character
although the env1ronmental condltlons at the two ‘locations where f
| 'the‘experlment,was conducted werennot-very'drfferent..More egtreme ‘
'i variation-on the expreSSion.of'genetic1potentlalgfor'the.four S
l.cultivars'naf be.poss1bletin'other‘more‘diverse envlronmentst
L S

' The ‘results show that the effect of genotype on the expre551on
of the‘character is not dramatlc.‘However, thls is not due to lack
of sen51t1v1ty 1n the technlque - mlcro-kjeldahl analy51s is both
sen51t1ve and prec1se - nor to lack of mater1a1 - twenty genetlcally
fdlfferent famllles are avallable for ana1y51s of each pa1r of .

cult;vars.'On the other hand, the procedures of handllng thgimaterlals :

. available does place a 11m1t on the. types of genetlc analy51s whlch

-
W

'_can be undertaken. For example, the seeds from dlfferent plants
u;wrthln a repllcatlon and from dlfferent repllcatlons w1th1n a locatlon
4:Verg-pgoled before,perform;ng_the natrogen determlnatlons; thus,
.'honlYlthe mean has;been'estimated:andinot_its varianceiso.thatggenetic_}
analySis‘utfliaing second-degree.statistlcsicould:not be_employed for
eachﬂlocation separately; | | - | | | .

_Since>there are onlyifour‘parents in'this'study,vthe validity



\

. of the results of a diallel analysis ( Griffing 1956a,b, Mather &
Jinks 1971 ) would be rather questionable. Nevertheless, Griffing‘s..fkfu

L
( 1956b B! method of general and specific combining ability analysis,

—“-~“—‘has-been“used“in_this-study by treating the locations as” block
replicates.\Although.this method has the advantage of simplicity, it -
amounts to little more than a set of descriptive statistics wherein ’
the g c.a. and s c a.,estimates can be related to genetically N
meaningful parameters only under rather restrictive conditions

( Griffing 1956a ). S fi” ,
The results of the .general and specific combining ability

°

analysis show that the parentals differ Wlth respect to both additive .
and non—additive gene action.\It was found that additive gene action B
is the more important of the two in determining the level of expres51on
of the trait. Furthermore, 1n the tables of speCific combining abilitiesk,
( Tables 6 and 9.) the diagonal terms aie large and positive and
the off—diagonal terms are: small and of either Sign. Negative heterOSis
was found in at least-one*generation.at one.of the-locations'for‘all'.~tN
= .. crosses except M‘C cross. In M C- cross, the values of the.hybrids P
were between the mid—parental value and. the -mean for the lower parent
These results“differ frcm those reported in a spec1f1c and general -
ccmbining ability analysis of protein content in a nine parent diallel

cross of Sorghum bicolor ( Collins & Pickett 1972 ). In sorghum the .

1arge s c. a._estimates are found among the off-diagonal terms Furthermore,‘b*v

in sorghum, positive heterosis was observed for two crosses involv1ng _'
' inbred lines with higher than average protein content

The families available limit the genetic analySis of means



since they do not permit [dJ and A[d] or’[hJ‘and‘ﬂIha‘tb‘be separated.

The analysis can be performed using the parameters [d]' and (a1 *

42

~

_with_theﬁeffect,of.the female plasmatype on the expression of the:

but these confound addttive and dominande effects,<respectivelyL;}

§ov
paternal gene set, .-

‘,,:,

The analysis of means shows that there. is idiotype-environment

interaction affecting the level of nitrogen content- crosses involving

different parents must be considered separately in the genetic analysis. -

While environment emerges ‘as the Single most important factor affecting
the trait, plasmatype also effects the expression of the paternal

set of alleles and must be taken into conSideration in five of the:"

' 'six crosses analyzed No consistent pattern can be observed for hybrid o

gene sets in different plasmatypes to gauge the relative importance
of plasmatype in determining the expression of paternal alleles.

Significant gene dosis effects were observed for several of the crosses

but the expression of these effects seems "to be complex depending both

upon environment and plasmatype. A con51sent observation is that all
the [hJ or IhJ' terms 51gn1f1cant1y different from zero are- negative
implying that alleles for low nitrogen content .are mostly dominant
phenotypically. Similar results have been repo*ted by Aksel ( 1956 ); -

in ‘a study of several common wheat cultivars and their hybrids.‘In

.__;//éhﬁ:Jlipter study of parentals, Fl and F2 progeny, it was noted that o l:.
= most of the alleles effecting lower nitrogen content were dominant f,f

and in some cases there was negatxve heterosis.

Iuverse correlations of yield with protein content have o
: .
been reported by various authors for wheat and other cereal crops




( see‘Introductfonl). Consequently,.thefmean yields ( Soomro 1974 y

for families from crosses involving M parent were averaged for the

‘rif;rrthree*replicationsrwithin_each—location“andpafcorrelatronfanalysrs
' ) was performed for the twoicharacters y1e1d and nltrogen content. In

: contrast, no assoc1atlon was detected between the’ characters.dslng
either parametrlc ( r = .12 S+.09 ) or non;parametrlc ( Kendall'

‘Tfé ,058' P-= .17 ) statlstlcal methods. In most cases, the studlesi\
:reported have‘been concerned w1th.d1rect applicatlon ofﬂlncreaSLng
.proteln yleld whlle confoundlng the effects of genotype and |

environment on phenotype. It has been suggested ( Munck 1964 ) that1
the 1nverse correlatlon observed fox yleld and prot;ln content in
‘ many studles does not lmply genetlc llnkage or. plelotrop1c~effects
‘but reflects the effect of some 11m1t1ng nutrlent on the synthe51s :
of proteln 1n hlghe proteln stralns. In this: study, the seedsbwere
: space—planted in_experimental plots whxch had been'fertlllzed w1th;,’
inorganlc fertlllzers before seedlng. Consequently, the guestlon of::
" '1J.m1t:mg nutr:.ent effects can be ruled out and ’the plants should be
“., able to express the1r full genetlc potentlal. It is also p0551b1e.
:.that the correlatlon of the two characters 1s cross dependent and
that, therefore, a correlatlon coefflcrent calculated on aggregated data
:3from several dlfferent crosses is not meanlngful. However, the ,
fpoollng of seed samples w1th1n locatlons has greatly reduced the number _h
of possxble comparlsons precludlng attempts at detectlon of what mayv_ B

hbe weak assoc1atlons for sxngle crosses.. ’
. : : . . I , ‘
The character nltrogen content as measured here 1nd1rectly

-. serves as a measure of-proteln content and, thereforef rs of:great,



a4

' practical importance as a measure of flour quality or the nutritive '

‘value of - grain for certain animals. Kjeldahl determination does .not

)

o ih animal nutrition."'

detect nitrogen in N—N NO or NO linkages ( A.0.A. C. 1955 ) but IR

‘ does detect nitrogen in C—N linkages..In wheat kern\ls, the majority'w

of C-N linkages are in protein or free amino acid pools but a minor

component is derived from nitrogen bases. It should be remembered that

_measuring the nitrogen content as- grams nitrogen per grams dry—weight

_‘flour, expressed as a percent, does not however, distinguish between

‘ the several poSSible causes of increase in the percent nitrogen.v B

o

7De5irable changes in certain cultivars such as an increase in the

protein content resulting from an increased syntheSis of protein cannot

be distinguished from the Situation in other lines in which there

'_Ahas been no change -in the amount of protein syntheSized but starch

TpsyntheSis has been reduced On the other hand, percent nitrogen is of
Igreat practical Significance Since most of the nitrogen is in endosperm ¥

', and an increase can be correlated Wlth several measures which are used -

',to determine baking quality ( Pomeranz 1971 ). Finally, although the

\

‘method of nitrogen determination used here does not distinguish

~.

\\ N e

B changes among different tissues in the wheat kernel this would

make little difference where whole seeds are used as, for example, f -

The results of this study imply that the Simplist way of :7; PN
increaSing the protein content of wheat is by manipulating the k

enVironment For example, heavy nitrogen fertilization will increase

,the protein content of cereals and reduce the amount of protein supplement

. necessary for balanced nutrition. Since additive genetic effects are



moxe important'than nonradditive genetic effects for:the’character

-’nrtrogen content it should be. possrble to select homozygous wheat -

a5

'Hflines wrth the genotype and plasmatype necessary for hlgh proteln

content Furthermore, the present lack of correlatlon of nltrogen L

‘ _content with. yleld would mely that some gains in yleld could be

'fselected‘for as well- However, it is clear.that these lines would v

';also have to possess other desrrable characterlstlcs 1ike earllness

'-‘Flnally, taklng economic factors 1nto consrderatlon, it may’well

‘ and animal'products than to. attempt dlrect genetlc xmprovement of‘the '

‘and dlsease resrstance. should there be negatlve correlatlons between‘..
.these characters'and nitrogen.content *it would benmore drfficult ’

- to rncorporate all of these necessary characters in the same llne.;

prove more profltable to supplement cereals w1th hlgh proteln plant '

~

proteln content.of-cereals;‘
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" APPENDIX I

Mean percent nltrogen values for the flve parental

cultivars in each repllcatlon '

. Cultivars

QH e xR =

. Ellerslie- -

..l.

2.790

2.760

'3.322
3.005:
2.885

2
2.838

2.568 |

3.214
42 910
2;949

- .50

3

2.895

2.890

13.505

3.035
3.055

1

2.680 -

2.462

'3 119

2 645
2.885

Pérﬁland

2
2.727
2.580

. 3.050

2.785 -

- 2.695

'2.595
.2.479_'
3f14o _
2.770.°
2.810



APEENDIX II

Mean percent nitrogen for the F2 and F3 generatlon of

- the 4x4 diallel

' F2 generation ,
' ' - Ellerslie

Parkland

51

M

. 2.863

¢ .2.910
2.760
- CH - 2.620

“F3 generation

M
,2 865
3.020"
2,860
2. 930

- Means

2.915
. 2.745

':Q‘ H h'<k"f,';A

L%

- 2.705

c

3.147
3.383

2.930

2.990

c

3.053 -

3.383

2.980.

3.120

Ellerslie. e
e
2.870 2.810

I . . .cH
2.820
2.930
2.980.
2.820

3.030  3.020

2.980 2.790
2.820 .2.973

2.730°
2.930-
'2.880"
'2.973_“'

over the two 1ocat10ns

Ellerslle ’;,:3’

.
2.803

3.024

3.268 -
2.935
3.875

I . cﬁ’

2.755 2.907

12.760° 2.720
2.915° 2.890
2.905 2.785.

Y.VQ

'?\;j“‘

'CH;'

CH

M—

L 2.743
2920

2.730
2,790

- 2.743

2.933

2.790 .
2.770

- 2.803
2.981"

2.825

£ 2.850

3.153 -

2.975.
2.839

¢ T

2.900 2.700

3.153 2.900

2.940 2.830

2.760 2.690

Pérkland

B
2.860°

2.786
12.960
2.830
2.857

2.970
2.993

‘Parkland . _
e 1

2.920 2.865
3.268 .
2.905
3.057

mlss1ng value estlmated by the least squares technlquev,‘

2.995

'tCﬁ«
2.71.

2.850 -

2.690

2.840

12.690
3.023°

©2.790

2.840°
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